
i 
 

Deanship of Graduate Studies 

Al-Quds University 

 

Spectroscopic Approach of Protein- Androgen Complexes:  

Study of Testosterone Interactions with Human Serum 

Albumin "HSA" 

 

Rawan Mohammad Khaled Qawasmeh 

 

M.Sc.Thesis 

 

Jerusalem-Palestine 

 

1436/2014 



ii 
 

 

Spectroscopic Approach of Protein- Androgen Complexes:  

Study of Testosterone Interactions with Human Serum 

Albumin "HSA" 

 

Prepared by: 

Rawan Mohammad Khaled Qawasmi 

 

Supervisors:  

Dr. Musa Abu-Teir 

Prof. Mahmoud Abu-hadid 

A thesis submitted in partial fulfillment of requirements for 

the degree of master of physics department- Al-Quds 

University 

1436/2014 



iii 
 

Al-Quds University 

Deanship of Graduate Studies 

Physics Department 

 

Thesis Approval 

Spectroscopic Approach of Protein- Androgen: Study of Testosterone Interaction with 

Human Serum Albumin "HSA" 

 

Prepared by: Rawan Mohammad Khaled Qawasmi 

Registration No.: 21112760 

 

Supervisors: Dr. Musa Abu-Teir 

                       Prof. Mahmoud Abu-hadid 

Master thesis submitted and accepted, Date:     /    / 2014 

The names and signatures of the examining committee members as follows: 

 1- Head of Committee: ………………………………...       Signature ……………… 

 2- Internal Examiner: ………………………………….       Signature ………………   

 3- External Examiner: …………………………………       Signature …………..….. 

 

Jerusalem-Palestine 

1436/ 2014 



iv 
 

Dedication 

 

I dedicate this work to my family. A special feeling of gratitude to my 

lovely parents whose words of encouragement and push for tenacity 

ring in my ears. My beloved  four sisters have never left my side and 

never stopped pushing me forward. Not just this work but my heart is 

dedicated for them. A special dedication for my brother and his funny 

spirit. 

 

I also dedicate this work to many special friends in my life who always 

support me and gave me the identity for being who I am. Special 

dedications to my teachers, I will always appreciate every nice and 

encouraging word have been said to me by my teachers for my entire 

life.  

I also dedicate my work to my colleagues either in my educational or 

career stages in my life. I do appreciate their support by my heart. 

 

I dedicate this work for everyone respected my attitude and believed 

 in me and great thanks for everyone who was and still is special for me 

in any stage of my life. 

I love you all. 

 

Rawan Mohammad Khaled Qawasmi 



v 
 

 

 

 

Declaration: 

 

 

I certify that this thesis submitted for the degree of master is the result 

of my own research, except where otherwise acknowledged, and that 

this thesis (or any part of the same) has not been submitted for a higher 

degree to any other university or institution. 

 

 

 

Signed: 

 

Rawan Mohammad Khaled Qawasmi. 

 

Date:              /              / 

 

 

 

 



vi 
 

Acknowledgments 

Always the first and last great thanks is to Allah, who gave me the ability and energy to 

accomplish this work, all this will hove not happen without his blessing. Thanks to Allah 

for all his graces upon us. 

Great thanks for everyone who have taught me a word during my educational. Thanks for 

being generous with your expertise and precious time. 

My great thanks to my supervisors. First of all, Prof. Mahmoud Abu-hadid who has made 

me all the time motivated and curious about knowing and kept me working. Thank you 

for your precious help not just in Biological field. Prof. Abu-hadid supported me a lot 

during the research in experimental steps, impressive knowledge, ability of analysis and 

deep discussion, positive criticism and his impressive computer skills. Thank you for 

being my supervisor. 

My great thanks also is for my dear Supervisor Dr. Musa Abu-Teir for every moment he 

gave to me from his precious time, for his permanent support, encouragement, physical 

knowledge, experimental instructions, and his positive energy all the time. Thank you for 

being so supportive to me. 

I would like to thank all my teachers in physics department in Al-Quds University and 

Polytechnic University. Special thanks to all my master courses teachers. Thank you for 

every knowledge and support you gave to me. 

Great thanks to every technician in Al-Quds University helped me in my experimental 

work. Thanks to Mr. Sameh Nusiabe, Ms. Mariam Faroun and Ms. Leena Qawasmeh. 

Special thanks to my job colleagues and my manager for being so supportive and 

understanding. My endless thanks are to my family for their love and belief in me. 

 

 

 

 



vii 
 

Abstract 

 

The molecular interactions between HSA and Testosterone have been successfully 

investigated. The absorption, distribution and metabolism of many molecules can be 

altered based on their affinity to HSA. HSA is often increases the apparent solubility of 

hydrophobic ligands in plasma and modulate their delivery to cells. In this study, the 

interaction between Testosterone and HSA has been investigated using UV-VIS 

absorption spectrophotometry and FT-IR spectroscopy; binding constant and the effects 

on the protein secondary structure have been confirmed. From UV-VIS absorption 

spectrophotometry which showed an increase in the absorption intensity with increasing 

the molecular ratios of testosterone to HSA, it is found that the value of the binding 

constant of testosterone to HSA, K equals 34.9×102 M
-1

. FT-IR spectroscopy in the mid 

infrared region with Fourier self deconvolution, second derivative, difference spectra, 

peak picking and curve fitting were used to determine the effect of  Testosterone on the 

protein secondary structure in the amides I, II and III regions. From the FTIR absorbance 

spectra, it is found that the intensity of the absorption bands increased with increasing the 

molecular ratios of Testosterone, where from the deconvoluted and curve fitted spectra, it 

is found that the absorbance intensity for α- helices decreases relative to β- sheets; this 

decrease in intensity is related to the formation of H- bonding in the complex molecules. 
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Chapter one 

Introduction 

Hormones are the most familiar to the general public, due probably to the widespread 

pharmacological use and abuse of steroid hormones for diverse purposes, such as 

contraception and body building (Hardie, 1991). Steroids hormones mainly can act as a 

chemical messenger in a wide range of species and target tissues to produce both slow 

genomic responses and rapid non-genomic responses (Norman et al. 2004). They have 

many physiological effects on human body; their incorrect concentration may cause 

abnormalities in human body (Abu Teir et al. 2010). Steroid hormones help control 

metabolism, inflammation, immune functions, salt and water balance, development of 

sexual characteristics   and the ability to withstand illness and injury (Frye, CA 2009).                                       

 

Figure 1.1: Chemical Structure of cholesterol (Norman et al 2004). 

 

In human all steroid hormones are derived from cholesterol and differ only in the ring 

structure and side chains attached to it (Brandt 1999). Since cholesterol is a non-polar and 

hydrophobic molecule steroid hormones are insoluble in water but lipid soluble and they 

have to be carried in the blood bound to specific carrier proteins such as sex hormone-

binding globulin or corticosteroid-binding globulin. Sex steroid binding globulin carries 

testosterone and estradiol (Frye, CA 2009). 

 

Testosterone is a steroid hormone from the androgen group which is found in males and 

in smaller amount in female. It is 7-8 times concentrated in human males‟ plasma than in 

human females. The metabolic consumption of testosterone in males is greater. 

Testosterone is classified as a strong androgen and secreted primarily from the testicles of 

males and the ovaries of females, while small amounts of testosterone and weak androgens 

such as anabolic steroids are secreted by the adrenal gland (Reed WL et al 2006). 
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The chemical structure of testosterone is (C19H28O2) (Brandt, 1999). It is classified as Δ4 

steroid as the double bond (un-saturation site) is located at 4-5 position. Testosterone 

chemical structure lacks the 2-carbon side-chain attached to the 17
th

 position existed in the 

cholesterol structure, making it a 19-carbon steroid. In addition the side-chain is replaced 

by a 17β-hydroxyl (Brandt 1999). 

 

Figure 1.2: The chemical structure of testosterone (Frye CA 2009).  

 

Human serum albumin HSA is an abundant plasma protein that binds a wide variety of 

hydrophobic ligands including fatty acids, bilirubin, thyroxin and hemin and drugs (Carter 

et al. 1989; Abu Teir et al. 2010). The most important physiological role of the protein is 

to bring such solutes into blood stream and then deliver them to the target organs, as well 

as to maintain the PH and osmotic pressure of plasma (Norman A.W et al. 2004). HSA 

concentration in human plasma is 40 mg/ml (Tushar et al. 2008). Its structure and function 

will be discussed briefly in chapter two. 

 

The molecular interactions between HSA and some compounds have been investigated 

successfully (Gudrum et al. 2002; Ouameur et al.  2004;   Ji-Sook et al. 2006; Abu Teir et 

al. 2010; Abu Teir et al. 2014; Darwish et al. 2010). It has recently been proved that serum 

albumin plays a decisive role in the transport and disposition of variety of endogenous and 

exogenous compound such as fatty acids, hormones, bilirubin, drugs
 
(Tang et al. 2006). 

 

The distribution and metabolism of many biologically active compounds in our body 

whether drugs or natural products are correlated with their affinities toward serum albumin 

which is the most abundant protein carrier in our plasma. The study of the interaction of 

such molecules for example testosterone with albumin is of a fundamental importance.  
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Some investigations have been applied on Testosterone-HSA interaction but none 

determined in details either Testosterone-HSA binding constant (k) or the effect of 

testosterone complexes on the protein structure. Some investigations only indicated that 

the interaction occurred and others used the equilibrium dialysis method to calculate the 

binding constant k (Pearlman, H. W. 1967; Litwack. G. 1970). 

 

Infrared spectroscopy provides measurements of molecular vibrations due to the specific 

absorption of infrared radiation by chemical bonds. It is known that the form and 

frequency of the Amide I band, which is assigned to the C=O stretching vibration within 

the peptide bonds is very characteristic for the structure of the studied protein. From the 

band secondary structure, components peaks (α-helix, β-strand) can be derived and the 

analysis of this single band allows elucidation of conformational changes with high 

sensitivity
 
(Darwish et al. 2010). 

 

For the IR our work was limited to the mid-range, which covers the wave number range 

from 4000 to 400 cm
-1

. This range includes bands that arise from three conformational 

sensitive vibrations within the peptide backbone (Amides I, II and III) of these vibrations. 

Amide I is the most widely used and can provide information on the secondary structure 

composition and structural stability (Cui, A et al.2008; Kang, J et al. 2004; Rondeau, P.A 

et al. 2007; Abu Teir et al. 2010). Other spectroscopy techniques are usually used in 

studying the interaction of drugs and proteins. Fluorescence and UV spectroscopy are 

commonly used because of their high sensitivity, rapidity and ease of implementation. 

(Wybranowski, T et al. 2008; Li, J et al. 2008; Li,Y et al. 2006). 

 

In addition we have conducted an experimental investigation of the effects of the 

interaction of the male hormone (testosterone) with HSA by means of UV-VIS 

spectrophotometer, fluorescence spectrophotometer, and FT-IR spectroscopy in addition 

to that it is a comparison between cholesterol-HSA, progesterone-HSA and testosterone-

HSA bindings. 

 

This thesis is made of five chapters: chapter two discusses the theoretical aspects to guide 

readers to the important ideas of this study. Chapter three includes details of the 

experimental, procedures, and instruments used. In chapter four the results obtained are 

presented and discussed. Chapter five summarizes the conclusions and future work. 
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Chapter Two 

Theoretical Background 

Biophysics represents a bridge between biology and physics. The research concentrates on 

issues related to medicine such as monitoring of heart and brain functions. Biophysicists 

invented instruments for detecting, purifying, imaging, and manipulating chemicals and 

materials. Biophysics contributes to the development of medical imaging technologies 

including magnetic resonance image (MRI), computer assisted tomography scanning 

(CAT), PET scans, Fourier transform (FT-IR), UV-VIS and fluorescence 

spectrophotometers. Advanced biophysical research instruments are the daily workhorses 

of drug development in the world‟s pharmaceutical and biotechnology industries. 

Spectrophotometers are powerful tools for studying biological samples such as proteins.                                              

 

This chapter will cover the theoretical aspects of our work. The first section includes a 

short historical background about the development of FT-IR spectroscopy and 

electromagnetic spectrum. Section two covers briefly molecular vibrations, and the 

following three sections discuss the spectroscopic approaches used in this work; FT-IR, 

UV-VIS, and fluorescence spectrophotometers. The last section reviews protein structures 

and we used the model "Human Serum Albumin (HSA)".  

 

2.1 Fourier Transform Infrared (FT-IR) development. 

FT-IR spectroscopy has been used to study the secondary structure composition, structural 

dynamics, conformational changes (effects of ligand binding, temperature, pH and 

pressure), structural stability and aggregation of proteins. Such information can be 

deduced from the spectral parameters: band position, band width and absorption.  

 

The high standing is due to the sensitivity and stability of spectrophotometers that are 

valuable tools for the investigation of protein structural changes during molecular 

interactions (Kong, J et al. 2007). IR spectroscopy is one of the most common 

spectroscopic techniques used for structure determination in biological systems, due to the 

high content of an IR spectrum and sensitivity to the chemical composition of molecules. 

(Uversky et al. 2007).                                                                                                  
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The discovery of infrared electromagnetic waves is dated back to the 19th century. Sir 

William Herschel was the first to recognize their existence in 1800. Since then, scientists 

have established various ways to utilize them. During 1882-1900 several investigations 

were made into the IR region.  

 

Because of the numerical complexities of the Fourier procedure, it was until 1949 when 

Peter Fellgett calculated a spectrum from an interferogram. In 1964 the discovery of the 

fast Fourier transform (FTT) algorithm by James Cooley and John Tukey reduced the time 

for the computer calculation of the transform from hours to just few seconds and 

spectacular advances have been made in the instrumentation from single beam to double 

beam dispersive spectrometers (Derrick, M.R et al. 1999).                                                                   

 

Lakowicz, 2006 reported the development of a number of mathematical techniques, such 

as Fourier self deconvolution (FSD) and derivative to study proteins. In addition some 

tools such as fluoru-spectrophotometer were widely in biophysics and material science 

after a pioneering research of Kasha, Vavilov, Perrin, Weber, Stockes and Forster in 1951 

(Lakowicz 2006).       

 

2.2 Electromagnetic (EM) radiation. 

Spectroscopy is the study of matter properties through interaction with different 

components of the electromagnetic spectrum (Banwell, C. N 1972). Electromagnetic 

radiation is composed of periodical oscillating electric field coupled with a perpendicular 

magnetic field oscillating at the same frequency. The wave moves in a direction normal to 

both fields.                                             

 

Figure 2.1: Electromagnetic wave representation (askthephysicist.com). 
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The EM spectrum can be divided into several frequency intervals. Each interval can be 

utilized by different spectroscopic techniques. EM spectrum extends from gamma (high 

energy waves), x-ray, and light down to radio frequencies (low energy waves) the infrared 

ranges is shown in figure 2.2. 

 

Figure 2.2: Electromagnetic spectrum (Shernan, M. 2014). 

 

The IR wavelength range is 780 – 3x10
5
nm or .78-300 μm as shown in figure 2.3. The 

range is divided into near, mid and far IR. The UV wavelength range is .2-.38 μm. Our 

work utilizes the mid-IR from 3-30 μm
 
where vibrational and rotational bands are 

observed, and the UV-VIS region from .01-.7 μm (Hollas J. M. 2004; Shernan, M. 2014). 

 

In general, the spectrum gives information about the energy levels of the molecule, by 

observing which wavelengths a molecule absorbs, and to what extent it absorbs them. We 

can gain information about the nature of the energetic transitions that a molecule is able to 

undergo, and thus information about its structure. 
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Figure 2.3: The IR region of electromagnetic spectrum (Shernan, M. 2014). 

 

The spectrum consists of many lines because each level has a number of vibrational 

sublevels and each sublevel has a rotational spectrum, with a number of closely spaced 

wavelengths absorbed. The lines are too close to resolve and the absorption spectrum 

appears as a band or a broad peak (Hornaback, J.M. 2006). 

 

Electromagnetic radiation and absorption can only occur at discrete energy levels due to 

the energy levels quantization. The absorbed EM radiation of by a molecule can change its 

electronic state causing electron transitions; the inter-nuclear distance of two or more 

atoms, or the molecule rotation around the molecule center of mass
 
(OPUS Bruker manual 

version 5.5, 2004 BRUKER OPTIK GmbH).  

 

The total energy of a molecule can be the sum of electronic, vibrational, and rotational 

contributions as described in the equation below (Coleman, P. B. 1993).                    

Etotal = Eele + Evib + Erot        (1) 

The wave-numbers (inverse of the wavelength) at which an organic molecule absorbs 

radiation give information about the functional groups present in the molecule. Certain 

groups of atoms absorb energy and therefore, give rise to bands at approximately the same 

frequencies. The spectrum can be analyzed with the help of tables that correlate 

frequencies with functional groups. 
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2.3 Molecular Vibrations 

Infrared spectroscopy provides measurements of molecular vibrations due to the specific 

absorption of infrared radiation by chemical bonds (Narhi, L.O 2013). The energy at peak 

absorption corresponds to a frequency of vibration of a part of a sample molecule. As the 

starting point for introducing the concept of harmonic vibrations, it is instructive to 

consider molecules as an array of point masses that are connected with each other by 

mass-less spring representing the intra-molecular interactions between the atoms (Wilson 

et al. 1955).                                                                                                    

 

The simplest case is given by two masses, mA and mB, corresponding to diatomic 

molecule A-B. Upon displacement of the spheres along the x-axis by ∆x from equilibrium 

position, a restoring force Fx acts on the spheres, according to Hooke‟s law is given by                                                                       

Fx= -ƒ∆x          (2) 

The potential energy V is given by 

V= ½ ƒ ∆x
2
          (3) 

and the kinetic energy T of the oscillating motion is given as:                                                     

T= ½ µ(∆x`)
2
         (4) 

Where µ is the reduced mass defined by: 

        (5) 

The total energy invariance implies that the sum of the first derivatives of V and T is equal 

to zero. This leads eventually to the Newton equation of motion                                                             

          (6) 

The equation describes a harmonic motion with frequency is given by:                                                                                                  

           (7) 

The circular frequency of the harmonic vibration increases when the strength of the bond 

increases and decreases with increasing masses of the atoms. We may express the circular 

frequency in wave-numbers (cm
-1

) through dividing by 2πc   

          (8) 
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Figure 2.4:  Diatomic molecule as a mass on a spring (bwtek.com). 

 

2.3.1 Normal modes of vibrations 

The normal modes are vibrational motions of the system, such that each coordinate of the 

system oscillates under simple harmonic motion with the same frequency (Rosman, B 

2008). In the Cartesian coordinate system, each atom can be displaced in the x-, y- and z-

directions, corresponding to three degrees of freedom.  

 

A molecule of N atoms has a total of 3N degrees of freedom. Not all of them however 

correspond to vibrational degrees. A nonlinear molecule (the atoms are not located in 

straight line) has three rotational degrees, whereas there are only two for a linear molecule. 

The remaining 3N-6 and 3N-5 degrees correspond to the vibrations of a nonlinear and a 

linear molecule, respectively (Hildebrandt, P et al. 2008). 

  

Non-linear Linear Degree of freedom type 

3 3 Translational 

3 2 Rotational 

3N-6 3N-5 Vibrational 

3N 3N Total 

 

Table 2.1: Degrees of freedom for polyatomic molecules (Stuart, B. 1997). 

 

Stretching and bending are two types of molecular vibrations that correspond to the 

normal mode of a molecule. Stretching is a rhythmical movement along the bond axis and 

can be symmetric or anti-symmetric. Bending vibrations arise from a change in the bond 

angle between atoms or the movement of a group of atoms, relative to the remainder of the 

molecule (Mirabeela 1998). The frequency of normal modes is a characteristic of the 

presence of certain functional group. By examination of this frequency one can determine 

the functional groups present or absent (Shernan, M 2014).  
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Many of the group frequencies vary over a wide range because the bands arise from 

complex interacting vibrations within the molecule. Absorption bands may, however, 

represent predominantly a single vibrational mode. Certain absorption bands, for example, 

those arising from C-H, O-H, and C=O stretching modes, remain within fairly narrow 

regions of the spectrum.            

 

2.3.2 Quantum mechanical treatment of vibrations 

I. The harmonic oscillator approximation treats a diatomic as if the nuclei were held 

together by a spring. The quantum mechanical solution to the harmonic oscillator equation 

of motion set the energy spectrum values 

Ev = (n+1/2)(h/2π)w        (9) 

With w = (f/μ)
1/2

. The potential energy for diatomic molecule for harmonic oscillator 

approximation is shown in figure 2.5 (Banwell, C. N 1972). 

 

II. The an-harmonic oscillator 

Real molecules do not obey exactly the simple harmonic motion, real bonds do not follow 

hooks law they are not so elastic. If for example a bond stretches 60% of its real length 

then a molecular complicated situation should be assumed.    

 

The Morse curve, for a molecule undergoing on harmonic extensional compression a 

purely empirical expression which fits this curve to good approximation was derived by P. 

Morse and is called the Morse function:                

E= Deq [1-exp(a(req-r))]
2
        (10) 

With a = constant for a particular molecule, and Deq= the dissociation energy. Using 

Schrodinger equation with E= eq)
 2

 the pattern of allowed vibration energy levels 

are  

Ev= (v+ ŵe - (v+ 
2 

we xe    cm
-1 

v =0,1,2                                                   (11) 

Where we is the oscillating frequency and ŵe is the oscillation frequency in wave number. 

xe is the corresponding an-harmonicity constant which is positive and small for bond 

stretching  in the order of 0.01. This means that the vibration levels will be crowded 

closely with increasing v (Banwell, C. N 1972).                                             
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Figure 2.5: Potential energy of a diatomic molecule as a function of atomic displacement 

(inter-nuclear separation) during vibration. The Morse potential (blue) and harmonic 

oscillator potential (green) (Wikipedia: Vibronic spectroscopy).     
                                           

2.4 FT-IR Spectroscopy 

FT-IR spectroscopy is a measurement of wavelength and intensity of the absorption of IR 

radiation by a sample (Settle, F.A 1997). The old ways of spectroscopy were heavily 

dependent on dispersion elements such as prisms or gratings which limit the range of 

wave‟s length or energy selections. On the other hand Fourier Transform Spectroscopy 

allows simultaneous measurements at all frequencies and can be applied to both emission 

and absorption (Banwell, C. N 1972).                                                                                                
 

 

FT-IR spectroscopy has greatly extended the capabilities of infrared spectroscopy and was 

applied to many situations that are nearly impossible to analyze by dispersive instruments 

(Shernan. M 2014).  The most important advantage of FT-IR spectroscopy for biological 

studies is that spectra of almost any biological system can be obtained in a wide variety of 

environments (Li et al 2007). 

 

2.4.1 Infrared (IR) Spectroscopy 

IR spectroscopy is one of the oldest and well established experimental and analytical 

techniques available to today's scientists (Settle, F. A, 1997). Simply, its absorption is 

measured at different IR frequencies by a sample positioned in the path of an IR beam. 

The main goal of IR spectroscopic analysis is to determine the chemical functional groups 

in the sample.  
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Different functional groups absorb characteristic frequencies of IR radiation. Using 

various sampling accessories, IR spectrometers can accept a wide range of sample types 

such as gases, liquids and solids. Thus, IR spectroscopy is an important and popular tool 

for structural elucidation and compound identification (Shernan. M 2014). 

 

2.4.1.1 IR-Region 

Infrared radiation is bound by the red end of the visible region at high frequencies and the 

microwave region at low frequencies (Shernan. M 2014). IR spectroscopists usually use 

the wave number which is directly proportional to frequency or the energy of the IR 

absorption. (Uversky, V. N et al. 2007; Shernan. M 2014). 

 

The IR region is commonly divided into three smaller areas: near IR, mid IR and far IR. 

Mid-IR between 4000 and 400 cm
-1 

is the most frequently used region and it is what we 

have used in this study. The rough limits for each IR region are shown in the figure 2.6. 

 

Figure 2.6: Regions of IR spectrum (benjamin-mills.com). 

 

2.4.1.2 IR spectrum presentation 

IR absorption information is generally presented in the form of a spectrum with 

wavelength or wave-number as the x-axis and absorption intensity or percent 

transmittance as the y-axis. Transmittance T, is the ratio of radiant power transmitted by 

the sample (I) to the radiant power incident on the sample (I0). Absorbance (A) is the 

logarithm to the base 10 of the reciprocal of the transmittance (T). 

A = log10 (  = - log10 T = - log10 (I/I0)      (12) 
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The transmittance spectra provide better contrast between intensities of strong and weak 

bands because transmittance ranges from 0 to 100% T whereas absorbance ranges from 

infinity to zero (Shernan. M 2014). 

 

2.4.1.3 Principle of IR absorption 

Absorption is the process by which the energy of a photon is taken up by the matter. There 

are several types of physical processes that could lie behind absorption, depending on the 

quantum energy of the particular frequency of EM radiation for example; ionization and 

electronic transitions. In case of energy absorption, molecules are excited to a higher 

energy states including IR absorption. 

 

IR radiation does not have enough energy to induce electronic transitions as seen with UV 

and visible light. It corresponds to energy changes on the order of 8 to 40 KJ/mole. 

Absorption of IR is restricted to excite vibrational and rotational states of a molecule.  

 

If the frequency of the radiation matches the vibrational frequency of the molecule then 

the radiation will be absorbed, causing a change in the amplitude of molecular vibration. 

However not all bonds in a molecule are capable of absorption infrared energy. Only if the 

vibrations or rotations within a molecule cause a net change in the dipole moment of the 

molecule the bond is capable to absorb IR (Pavia, D. L et al. 2009). 

 

Infrared spectrum represents a fingerprint of a sample with absorption peaks which 

corresponds to the frequencies of vibrations between bonds of the atoms making up the 

material. Accordingly no two compounds produce the same infrared spectrum. Therefore, 

infrared spectroscopy can result in a positive identification (qualitative analysis) of various 

materials. In addition, the size of the peaks in the spectrum is a direct indication of the 

amount of material present (quantitative analysis) (Thermo Nicolet, 2001). 

 

The height of the peaks is defined by the Beer-Lambert relationship. The concentration C 

is directly proportional to the absorbance A. That is: 

A= abC           (13) 

Where (a) is the absorptivity of the molecule and b is the path length or distance that the 

light travels through the sample (Workman, 1998). 
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2.4.2 Theory of FT-IR spectroscopy 

FT-IR is the preferred method of infrared spectroscopy. The resulting spectrum after IR 

passes through the sample represents the molecular absorption and transmission creating a 

molecular fingerprint of the sample (Thermo Nicolet, 2001). FT-IR spectrometer basically 

depends on a simple optical device called an interferometer.  As shown in the figure 

below, the interferometer requires two mirrors, an infrared light source, an infrared 

detector and a beam splitter. 

 

Figure 2.7: The Michelson interferometer (scienceworld.wolfram.com). 

 

The beam-splitter is the heart of the interferometer. It is essentially a half-silvered mirror, 

and reflects about half of an incident light beam while simultaneously transmitting the 

remaining half. One half of this split light beam travels to the interferometer's moving 

mirror while the other half travels to the interferometer's stationary mirror. The two 

mirrors reflect both beams back to the beam-splitter where each of the two beams is again 

half reflected and half transmitted.  

 

Two output beams result: one travels to the detector as the other travels to the source. 

When the two beams return to the beam-splitter, an interference pattern, or interfero-gram, 

is generated. This interference pattern varies with displacement of the moving mirror, or 

the difference in path length between the two arms of the interferometer. The interference 

pattern, detected by the infrared detector as variations in the infrared energy level, is what 

ultimately yields the spectral information (Hsieh, H. N 2008).  
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The interferogram is Fourier transformed to convert the space domain into a wave number 

domain (Viji 2006). The integral equation used in FT-IR spectroscopy can be obtained 

from the definition of Fourier integral theorem. For example the equation for the case of 

Michelson interferometer can be derived as follows: The amplitude of the wave (traveling 

in the z-direction) incident on the beam splitter is  

E(z,v) dv = E0(v) ei
(ω t- 2πvz) 

dv       (14) 

Where E0(v) is the maximum amplitude of the beam at z=0. The amplitude of the beam is 

divided at the beam splitter and two beams are produced. Let z1and z2 be the distances 

traveled by the beams when they recombine. Each beam undergoes one reflection from the 

beam splitter and one transmission through the beam splitter. If r and t are the reflection 

and transmission coefficients, respectively, of the beam splitter, then the amplitude of the 

recombined wave ER is 

ER [z1,z2,v] dv = rt E0 (v) [ e
i(ωt-2πvz

1
) 
+ e

i(ωt-2πvz
2

)
] dv   (15) 

By definition, the intensity after recombination of the beams for the fixed spectral range 

dv is given by 

I(z1, z2, v) dv = ER (z1, z2, v) ER 
*
( z1, z2, v) dv 

                     = 2 E0
2
 (v) |rt|

2 
[1+ cos 2(z1-z2) v] dv                                    (16) 

The total intensity at any path difference x=(z1-z2) for the whole spectral range is obtained 

by integrating equation (16) as 

IR (x) = 2 |rt|
2 

E0
2
(v) dv + 2 |rt|

2 
E0

2
(v) cos (2𝜋xv)dv  (17) 

Fourier cosine transform of equation (17) converts intensity into spectrum as 

E0
2
(v) = ( 1/ 𝜋|rt|

2
) [IR (x) -  IR (0)] cos(2𝜋vx) dx   (18)  

IR (0) represents the flux associated with waves at zero arm displacement where the waves 

for all frequencies interact coherently. Thus, IR (0) is the flux associated with coherent 

interference and IR(x) is the flux associated at path difference x. [ IR (x) – 1/2 IR(0)] is 

called the interferogram. The spectrum S(v), which is proportional to E0
2
(v) can be given 

from equation (18) as 

S(v)  α E0(v)= constant [IR (x) - 1/2 IR (0)] cos(2πvx) dx         (19) 
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The interferogram is Fourier transformed with the help of computer to convert the space 

domain into the wave number domain (Cooper, A 2004).  

 

2.4.3 Sample analysis by the FT-IR spectrometer. 

1. The Source: Infrared energy is emitted from a glowing black-body source. This beam 

passes through an aperture which controls the amount of energy delivered to the sample 

(and, ultimately, to the detector).  

2. The Interferometer: The beam enters the interferometer where the “spectral 

encoding” takes place. The resulting interferogram signal then exits the interferometer.  

3. The Sample: The beam enters the sample compartment where it is transmitted through 

or reflected off of the surface of the sample, depending on the type of analysis being 

accomplished. This is where specific frequencies of energy, which are uniquely 

characteristic of the sample, are absorbed.  

4. The Detector: The beam finally passes to the detector for final measurement. The 

detectors used are specially designed to measure the special interferogram signal.  

5. The Computer: The measured signal is digitized and sent to the computer where the 

Fourier transformation takes place. The final infrared spectrum is then presented to the 

user for interpretation and any further manipulation (Thermo Nicolet 2001). 

 

 

Figure 2.8: FT-IR spectrometer layout and basic components (chemwiki.ucdavis.edu). 
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2.5 Ultraviolet Visible (UV-VIS) Spectrophotometer 

This absorption spectroscopy uses electromagnetic radiations between 190nm to 800 nm 

and is divided into the ultraviolet (UV 190-400 nm) and visible (VIS 400-800 nm) 

regions. Since the absorption of ultraviolet or visible radiation by a molecule leads 

transition among electronic energy levels of the molecule. It is also often called as 

electronic spectroscopy.                                                               

 

Nature of electronic transitions 

Energy absorbed in the UV regions produces changes in the electronic energy of the 

molecule. As a molecule absorbs energy, an electron is promoted from an occupied 

molecular orbital (usually a non-bonding or bonding π orbital) to an unoccupied molecular 

orbital) an anti-bonding π* or σ* orbital) of greater potential energy, as in figure 2.8.                                                                                

 

Figure 2.8: Relative energies of orbitals most commonly involved in electronic spectroscopy 

of organic molecules (Prof. Subodh Kumar. 2006).                   

 

For most molecules, the lowest energy occupied molecular orbitals are σ orbitals,  which 

correspond to σ bonds. So the possible electronic transitions are:                     

 

The energy of radiation being absorbed during excitation of electrons from ground state to 

excited state primarily depends on the nuclei that hold the electrons together in a bond. 

The group of atoms containing electrons responsible for the absorption is called 

chromophore (Hildebrandt, P & Siebert, F 2008).                      
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Figure 2.10: UV-absorption spectra of free HSA (0.02 mM), free retinol (0.004 mM) and 

their protein complexes (Prof. Subodh Kumar. 2006). 

 

By assuming that there is only one type of interaction between testosterone and HSA in 

aqueous solution, leads to establish Equations. (20) and (21) as follows: 

HSA + Testosterone                       Testosterone: HSA    (20) 

K = [Testosterone: HSA]/ [Testosterone][HSA]    (21) 

The absorption data were handled using linear double reciprocal plots based on the 

following equation (Rosman, B 2008):                                                                       

                     (22) 

A0 corresponds to the initial absorption of protein at 280 nm in the absence of ligand, A∞ 

is the final absorption of the ligated protein, and A is the recorded absorption at different 

Testosterone concentrations (L).                                            

 

The double reciprocal plot of 1/ (A - A0) vs. 1/L is linear and the binding constant (K) can 

be estimated from the ratio of the intercept to the slope. From the value obtained we can 

determine if the binding between HSA and Testosterone is weak or strong by comparing it 

to the complex constants for strongly bound ligand–protein complexes vary within the 

range 10
6
 to 10

8
 M

-1
 (Hornaback, J.M 2006).     

 

A spectrometer is an instrument that measures the intensity of a light beam as a function of 

wavelength. Spectrophotometers for the measurement of absorbance in the UV/VIS range 

come in a variety of configurations. The most common routine laboratory instruments are 
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single- or double beam devices made up of a light source, monochromatic, sample 

compartment, detector, data processor and display (Cooper 2004).                                                                                                

 

The absorption of UV waves by proteins has been analyzed in detail and proposed as a 

structural probe from the early days of molecular biology. The absorption of proteins in 

the UV arises mainly from electronic bands in aromatic amino acid side chains ( 

tryptophan, tyrosine, phenylalanine) and ,to a lesser  extent, cysteine residues, close to 280 

n (Serduyk et al. 2007).                                  

 

2.6 Fluorescence Spectrophotometer 

Fluorescence Spectrophotometry is a class of techniques that examines the state of 

biological systems by studying its interactions with fluorescent probe molecules (Dong, C. 

Y & So, P. T 2002). Luminescence is the emission of light by a substance not resulting 

from heat. It is a form of cold body radiation. Luminescence is formally divided into two 

categories fluorescence and phosphorescence depending on the nature of the excited states 

(Soukpo´e-Kossi et al 2007). 

 

Fluorescence and phosphorescence occur during molecular relaxation from electronic 

excited states. Fluorescence is the emission of light by a substance that has absorbed light 

or other electromagnetic radiation (Johnson. L & Spence. T. Z. M 2010).  

 

Fluorophores are molecules capable of fluorescing. In its ground state, the fluorophore 

molecule is in a relatively low energy, stable configuration, and it does not fluoresce.  

Fluorophores are unstable at high energy configurations, and they decay eventually to the 

semi-stable lowest-energy excited state. The process responsible for the fluorescence is 

illustrated by the Jablonski diagram shown in Figure 2.10, where E denotes the energy 

scale, S0 is the ground singlet electronic state, S1 and S2 are the successively higher energy 

excited singlet electronic states and T1 is the lowest energy triplet state (Dong, C.Y & So, 

P.T 2002).                                           

 

The fluorescence lifetime and quantum yield are the most important characteristics of a 

fluorophore. Quantum yield is the number of emitted photons relative to the number of 

absorbed photons. The fluorophore lifetime is determined by the time available for 
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interaction or diffusion with environment, and hence the information available from its 

emission (Lakowicz  2006).                       

 

Figure 2.10: The Jablonski diagram of fluorophore excitation (Dong, C.Y & So, P.T 2002).  

 

Fluorophores are divided into two main classes. One is the intrinsic fluorophores that 

occur naturally, such as aromatic amino acids. The other is extrinsic fluorophore that is 

added to the sample to provide fluorescence when none exists, or change the spectral 

properties of the sample (Lakowicz 2006). After the excitation occurs, the state exists for a 

finite time (typically 1-10 nanoseconds).  

 

During this stage the fluorophore undergoes conformational changes and it is also subject 

to a multitude of possible interactions with its molecular environment. These processes 

have two important consequences. 1) The energy of S2 is partially dissipated, yielding a 

relaxed singlet excited state (S1) from which fluorescence emission originates. 2) Not all 

the molecules initially excited by absorption return to the ground state (S0) by fluorescence 

emission.                                                                                                                      

 

At Fluorescence Emission stage, a photon of energy hυem is emitted, returning the 

fluorophore to its ground state S0. Due to energy dissipation during the excited-state 

lifetime, the energy of this photon is lower, and therefore of longer wavelength, than the 

excitation photon hυex. The difference in energy (hυex – hυem) is called the Stokes shift 

(Johnson. L & Spence. T. Z. M 2010). 
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Fluorescence Quenching 

Fluorescence quenching is a bimolecular process that reduces the fluorescence intensity 

without changing the fluorescence emission spectrum. It can result from transient excited-

state interactions (collision quenching) or the formation of non-fluorescent ground-state 

species. For collision quenching the decrease in intensity is described by the well-known 

Stern-Volmer equation: 

         (23) 

K which will be calculated in the results represents the Stern-Volmer quenching constant, 

kq is the bimolecular quenching constant, τ is the unquenched lifetime, and [Q] is the 

quencher concentration. F is the fluorescence intensity after adding the quencher which is 

here testosterone and F0 is the fluorescence intensity before quenching. 

 

The Stern-Volmer quenching constant K indicates the sensitivity of the fluorophore to a 

quencher. A fluorophore buried in a macromolecule is usually inaccessible to water 

soluble quenchers, so that the value of K is low. Larger values of K are found if the 

fluorophore is free in solution or on the surface of a biomolecule. 

 

Fluorescence spectroscopy can be applied to a wide range of problems in the chemical and 

biological sciences. The measurements can provide information on a wide range of 

molecular processes, including the interactions of solvent molecules with fluorophores, 

conformational changes, and binding interactions (Lakowicz, J. R 2006).
 

 

The fluorescence of HSA results from the tryptophan, tyrosine, and phenylalanine 

residues. The intrinsic fluorescence of many proteins is mainly contributed by tryptophan 

alone, because phenylalanine has very low quantum yield and the fluorescence of tyrosine 

is almost totally quenched if it is ionized or near an amino group, a carboxyl group, or a 

tryptophan residue (Darwish et al. 2010).
 

 

The maximum value for the dynamic bimolecular quenching constant is (2.0×10
10 

M
−1

 s
−1

)
 

(Litwack. G & Axelord. J 1970) and the fluorescence life time is about 10
–8

s. If the 

quenching constant is larger than the maximum value the quenching is static and we can 

use the equation: 
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                                                                  (24) 

K is the binding constant of testosterone with HSA. When we plot 1/ (F0– F) Vs. 1/ L we 

can get the value of the binding constant from the slope and the intercept (Brandt 1999). 

 

2.7 Proteins 

Proteins are important organic chemical substances in our life and represent a major target 

for many types of medications in our body (Zhang, G et al. 2008). 

 

Figure 2.11: Amino acid structure ( Nelson DL, Cox MM 2005). 

Proteins are found in every single living. They are polymers consisting of amino acids 

linked by peptide bonds. They perform a vast array of functions including catalyzing 

metabolic reactions, replicating DNA, responding to organisms, and transporting 

molecules (Nelson DL, Cox MM 2005). 

 

Each amino acid consists of a central carbon atom (alpha-carbon), an amino group (NH2), 

a carboxyl group (COOH) and a side chain. The differences in side chains distinguish 

different amino acids (Colin, D 2014). 

 

2.7.1 Protein Structure 

Protein chemical structure and molecular conformation are commonly described in terms 

of four levels: primary, secondary, tertiary and quaternary structures. 

 

http://en.wikipedia.org/wiki/Enzyme_catalysis
http://en.wikipedia.org/wiki/Enzyme_catalysis
http://en.wikipedia.org/wiki/DNA_replication
http://en.wikipedia.org/wiki/Cell_signaling


25 
 

The primary structure refers to a linear sequence of amino acids. It is sometimes called 

the "covalent structure" of proteins because most of the covalent bonding within proteins 

defines the primary structure (Gorga, F. R 2007). 

 

The secondary structure is the result of hydrogen bonds between the repeating 

constituents of the polypeptide backbone (not the amino acid side chains). Within the 

backbone, the oxygen atoms have a partial negative charge, and the hydrogen atoms 

attached to the nitrogen have a partial positive charge. Therefore, hydrogen bonds can 

form between these atoms. Individually, these hydrogen bonds are weak, but because they 

are repeated many times over a relatively long region of the polypeptide chain, they can 

support a particular shape for that part of the protein (Reece, J. B et al 2011).  

The two most common secondary structure elements are the following 

The Alpha Helix is the most common structural motif found in proteins. In globular 

proteins over 30 percent of all residues are found in helices (Whitford, D 2005). It is a 

cylindrical shape formed by a coiling of the polypeptide chain on itself with interactions 

take place between groups 3-4 amino acid residues apart. (Hydrogen bonds between the 

hydrogen atoms attached to the amide nitrogen and the carbonyl oxygen atom). The first 

four NH groups and last four CO groups will normally lack backbone hydrogen bonds 

(Gropper, S. S et al. 2009). 

 

Figure 2.12: Alpha Helix Protein (Gropper, S. S et al. 2009).  

 

In the Beta Pleated Sheet structure, the polypeptide chain is fully stretched out with the 

side chains positioned either up or down. The stretched polypeptide can fold back on itself 

with its segments packed together (Gropper, S. S et al 2009). 
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Figure 2.13: Beta Pleated Sheet (Gropper, S. S et al 2009).  

 

β strands can interact in either parallel or anti-parallel orientations, and each form has a 

distinctive pattern of hydrogen bonding. Figures (2.14 and 2.15) illustrate examples of 

anti-parallel and parallel β sheets from real protein structures. 

       

Figure 2.15: Parallel Beta Pleated Sheet 

Protein (Richardson, J.S 2007). 

Figure 2.14:  Anti parallel Beta Pleated 

Sheet Protein (Richardson, J.S 2007). 

 

The anti-parallel sheet has hydrogen bonds perpendicular to the strands, and narrowly 

spaced bond pairs alternate with widely spaced pairs. Looking from the N- to C-terminal 

direction along the strand, when the side chain points up the narrow pair of H bonds will 

point to the right. Parallel sheet has evenly spaced hydrogen bonds (Richardson, J.S 2007). 

There are other secondary structure elements such as turns, coils, 310 helices, etc.  

 

The Tertiary Structure describes the way in which the elements of protein secondary 

structures are arranged in space  
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The Quaternary Structure describes how several polypeptide chains come together to 

form a single functional protein (Cooper, 2004). 

 

2.7.2 Human Serum Albumin (HSA) 

Human Serum Albumin HSA is an abundant plasma protein that binds a wide variety of 

hydrophobic ligands including fatty acids, bilirubin, thyroxin and hemin and also drugs 

(Carter D. C. et al 1989). The most important physiological role for the protein is to bring 

such solutes into the blood stream and then deliver them to the target organs, as well as to 

maintain the pH and osmotic pressure of plasma (Abu Teir et al 2010; Abu Teir et al 

2014).  HSA concentration in the blood is 40 mg/ml. 

 

The three dimensional structure of HSA was determined through x-ray crystallographic 

measurements (Carter D. C. et al, 1989). This globular protein is of Molecular weight 65 

K and consists of 585 amino acids. Its amino-acid sequence contains a total of 17 

disulphide bridges, one free thiol (Cys 34), and a single tryptophan (Trp 214). The 

disulphides are positioned in a repeating series of nine loop-link-loop structures centered 

on eight sequential Cys-Cys pairs (Min-He X,  Carter D. C, 1992). 

 

It became evident from early heavy-atom derivative screens and preliminary binding 

studies that the principal binding regions of HSA are located in sub-domains I, II and III 

each containing two sub domains (A&B) and stabilized by 17 disulphide bridges (Min-He, 

X  & Carter D.C. 1992; Ouameur et al. 2004).  

 

Aromatic and heterocyclic ligands were found to bind within two hydrophobic pockets in 

sub-domains IIA and IIIA, which are site I and site II. Site I is dominated by strong 

hydrophobic interaction with most neutral, bulky, heterocyclic compounds, while site II 

mainly dipole-dipole, Van der Waals, and/or hydrogen-bonding interactions with many 

aromatic carboxylic acids (Ouameur et al. 2004). HSA contained a single tryptophan 

residue (Trp 214) in domain IIA and its intrinsic fluorescence is sensitive to the ligands 

bounded nearby (Krishna Kumar 2002, II'ichrv 2002). It is often used as a probe to 

investigate the binding properties of drugs with HSA. 

 

The distribution of free concentration and the metabolism of various drugs can be 

significantly altered as a result of their binding to HSA (Kang J et al. 2004).The binding 
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properties of albumin depend on the three dimensional structure of the binding sites which 

are distributed over the molecule. Strong binding can decrease the concentrations of free 

drugs in plasma, whereas weak binding can lead to a short lifetime or poor distribution.   

 

Its remarkable capacity to bind a variety of drugs results in its prevailing role in drug 

pharmacokinetics and pharmacodynamics (Kandagal P. B et al 2007).  Multiple drug 

binding sites for HSA were reported by several researchers (Bhattacharya, A et al. 2000). 

 

The distribution and metabolism of many biologically active compounds whether drugs or 

natural products are correlated with their affinities toward serum albumin which is the 

most abundant protein carrier in the plasma. The study of the interaction of such molecules 

(for example: testosterone with albumin) has a valid importance.  

 

Some investigations of the Testosterone-HSA interaction were conducted but none 

determined either Testosterone-HSA binding constant k or the effect of testosterone 

complexes on the protein structure, as we studied in this research. Some investigations 

only indicated that the interaction occurred and others used the equilibrium dialysis 

method to calculate the binding constant (Ouameur, A. A et al. 2004) (IUPAC 2012). 

 

Testosterone does not dissolve in blood plasma, which is mainly water. It does need a 

hydrophilic carrier to move in the blood to reach the target tissues. On the other hand HSA 

is considered a universal carrier to hydrophobic molecules when it binds with testosterone, 

cholesterol and progesterone. In the case of abnormal testosterone concentration regardless 

of source, studying testosterone-HSA interaction and how it affects the protein structure 

may help in determining the possibilities the hormones disorders by comparing the normal 

and high concentration testosterone cases.   

 

HSA affinity to bind with other molecules and drugs may be affected by increasing 

Testosterone-HSA binding. This may cause shortage of supplying the target tissues with 

certain molecules. Accordingly we need to understand this interaction to help identify the 

scope of the above question. 
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Chapter Three 

Experimental Setup and Measurements 

Section one contains information about samples and film preparation. Section two 

includes a description of the spectrometers used in this work, namely Bruker IFS 66/S FT-

IR spectrophotometer, UV-VIS spectrophotometer (NanoDrop ND-1000) and Fluoro 

Spectrometer (NanoDrop 3300). Section three reviews the experimental procedure. 

 

3.1 Samples and Materials 

HSA (fatty acid free) testosterone in powder form were purchased from Sigma Aldrich 

chemical company and used without further purifications. The data were collected using 

samples in the form of thin films for FT-IR measurements and liquid form for UV-VIS 

and fluorescence measurements. Preparation of the thin film samples required several 

stock solutions as described below. 

 

3.1.1 Preparation of HSA stock solution 

HSA was dissolved in phosphate buffer saline at physiological pH 7.4 to a concentration 

of 80 mg/ml, to get a final concentration of 40 mg/ml in the final hormone-HSA solution.  

 

3.1.2 Preparation of testosterone stock solution 

Testosterone (molecular weight 288.42 g/mol) was dissolved in phosphate buffer saline 

(0.7622 mg/ml) at room temperature. The solution was placed on a shaker for one hour in 

order to dissolve the testosterone powder with buffer, then it was placed in ultrasonic 

water path (SIBATA AU-3T) for 8 hours to ensure that the entire amount of testosterone 

was completely dissolved. The solution was placed in a water path with a temperature 

range 37-40c° for one hour to completely dissolve it and make it homogenous. 

 

3.1.3 HSA-Testosterone solutions 

The final concentrations of HSA-Testosterone solutions were prepared by mixing equal 

volume of HSA and testosterone to form the HSA-Hormone complexes.The HSA 

concentration in all samples was kept at 40 mg/ml. However, the hormone concentration 

in the final solutions was reduced such that the molecular ratios (HSA: Testosterone) are 

10:18, 10:14, 10:10, 10:6 and 10:2. 
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3.1.4 Thin film preparation 

Silicon windows (NICODOM Ltd) were used as spectroscopic cell windows. The optical 

transmission is high with little or no distortion of the transmitted signal. The 100% line of 

NICODOM silicon window shows that the silicon bands in the mid-IR region do not 

exhibit total absorption and can be easily subtracted. 60 μl of each sample of HSA-

Testosterone was spread on a silicon window and an incubator was used to evaporate the 

solvent, to obtain a transparent thin film on the silicon window. All solutions were 

prepared at the same time at room temperature. 

 

3.2 Instruments 

We used the following instruments for our experiment 

 

3.2.1 FT-IR Spectrometer 

The FT-IR measurements were obtained using a Bruker IFS 66/S spectrophotometer 

equipped with a liquid nitrogen-cooled MCT detector and a KBr beam splitter. The 

spectrometer was continuously purged with dry air during the measurements. 

 

3.2.2 UV-VIS spectrophotometer ( NanoDrop ND-1000) 

The absorption spectra were obtained using a NanoDrop ND-1000 spectrophotometer to 

measure the absorption spectrum of the samples in the range between 220-750 nm, with 

high accuracy and reproducibility. 

 

3.2.3 Fluorospectrometer (NanoDrop 3300) 

The fluorescence measurements were performed by a NanoDrop ND-3300 

Fluorospectrophotometer at 25°C. The excitation source was one of three solid-state light 

emitting diodes (LED‟s). The excitation source options include: UV LED with maximum 

excitation 365 nm, Blue LED with excitation 470 nm, and white LED from 500 to 650nm 

excitation. A 2048-element CCD array detector covering 400-750 nm, was connected by 

an optical fiber to the optical measurement surface. The excitation was made at the 

wavelength of 360nm and the maximum emission wavelength was 439nm. Other 

equipment such as Digital balance, pH meter, Vortex, Plate stir and Micropipettes were 

used (NanoDrop 3300 Fluorospectrometer V2.7 user's Manual 2008). 
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3.3 Experimental procedure 

3.3.1 UV-VIS spectrophotometer experimental procedures. 

The UV-VIS spectrophotometer procedure was followed as described in NanoDrop1000 

User's Manual (NanoDrop 1000 Spectrophotometer V3.7, User's Manual, 2008) as follows 

 

Operation 

A 1μl sample of testosterone was pipetted into the end of a fiber optic cable (the receiving 

fiber). A second fiber optic cable (the source fiber) was then brought into contact with the 

liquid sample causing the liquid to bridge the gap between the fiber optic ends. The gap 

was controlled to both 1mm and 0.2 mm paths. A pulsed xenon flash lamp provided the 

light source and a spectrophotometer utilizing a linear CCD array was used to analyze the 

light after passing through the sample. The instrument was controlled by PC based 

software, and the data was logged in an active file on the PC. 

 

Before taking the samples absorbance by the NanoDrop 1000 Spectrophotometer it was s 

calibrated or "blanked" by taking and storing the spectrum of a reference material (blank) 

in the memory of the instrument as an array of light intensities vs wavelength. When a 

measurement of a sample is taken, the intensity of light transmitted through the sample is 

recorded. The sample intensities along with the blank intensities were used to calculate the 

sample absorbance according to the following equation: 

Absorbance = -log (Intensity sample/Intensity blank)    (25) 

The measured light intensity of for both the blank and the sample are required to calculate 

the absorbance at a given wavelength, and Beer-Lambert equation is used to correlate the 

calculated absorbance with concentration. 

 

Basic Use: the main steps for using the sample retention system are listed below: 

1. With the sampling arm open, pipette the sample onto the lower measurement pedestal. 

Photo 1 of Figure 3.1. 

2. Close the sampling arm and initiate a spectral measurement using the operating 

software on the PC. The column is automatically drawn between the upper and lower 

measurement pedestals and the spectral measurement made. Photo 2 of Figure 3.1. 

3. When the measurement is complete, open the sampling arm and wipe the sample from 

both the upper and lower pedestals using a soft laboratory wipe. Simple wiping 
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prevents carryover from successive measurements varying by more than 1000 fold in 

concentration. Photo 3 of Figure 3.1. 

 

Figure 3.1: Main steps for using the sample UV-VIS Spectrophotometer ( NanoDrop 1000). 

 

3.3.2 Fluorospectrophotometer experimental procedures. 

The Fluorospectrophotometer Procedure was followed as described in NanoDrop 3300 

User‟s Manual (NanoDrop 3300 Fluorospectrometer V2.7 User‟s Manual, 2008) as 

follows: Before taking the measurements of samples the NanoDrop 3300 

Fluorospectrometer was “blanked”. 

 

Operation 

A 2.5 μl sample of testosterone was pipetted onto the end of the lower measurement 

pedestal (the receiving fiber). A non-reflective “bushing” attached to the arm is then 

brought into contact with the liquid sample causing the liquid to bridge the gap between it 

and the receiving fiber. The gap, or path-length controlled to 1mm. Following the 

excitation with one of the three LED the light from the sample passing through the 

receiving fiber was captured by the spectrophotometer. The NanoDrop 3300 was 

controlled, logged and archived by computer software. 

 

Basic Use: The main steps for making measurements are listed below: 

1. With the sampling arm open, pipette the sample into the lower measurement pedestal 

Photo 1 of Figure 3.2. 

(1) (3) (2) 
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2. Close the sampling arm and initiate a measurement using the  computer software. The 

sample column is automatically drawn between the upper bushing and the lower 

measurement pedestal and the measurement is made. Photo 2 of Figure 3.2. 

3. When the measurement is complete, open the sampling arm and wipe the sample from 

both the upper bushing and the lower pedestal using low lint laboratory wipe. Photo 3 

of Figure 3.2. 

 

Figure 3.2: Main steps for using the sample Fluorospectrophotometer (NanoDrop 3300). 

 

3.3.3 FT-IR Spectrometer experimental procedures 

The absorption spectra were obtained for wave numbers in range of 400-4000 cm
-1

. A 

spectrum was taken as an average of 60 scans to increase the signal to noise ratio, and the 

spectral resolution was at 4 cm
-1

. The aperture used in this study was 8 mm. We found that 

this aperture gives the best signal to noise ratio. Baseline correction, normalization and 

peak areas calculations were performed for all the spectra by OPUS software. The peak 

positions were determined using the second derivative of the spectra. 

 

The infrared spectra of HSA, Testosterone-HSA were obtained for wave numbers in  the 

range 1000-1800 cm
-1

. The FT-IR spectrum of free HSA was acquired by subtracting the 

absorption spectrum of the buffer solution from the spectrum of the protein solution. For 

the net interaction effect, the difference spectra {protein and testosterone solution - protein 
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solution} were generated using the featureless region of the protein solution 1800-2200 

cm
-1 

as an internal standard (Surewicz et al. 1993). 

 

3.3.4 FT-IR data processing 

The analysis of IR spectra in terms of protein structure is not straightforward and present 

serious conceptual and practical problem, despite the well-recognized conformational 

sensitivity of the IR-active bonds. Bands in amide I, amide II and amide III regions are 

broad, not resolved into individual components corresponding to different secondary 

structure elements. 

 

Resolution enhancement or band-narrowing methods are applied to resolve broad 

overlapped bands into individual bands. FT-IR spectroscopy presents several advantages 

over conventional dispersive techniques for this type of analysis through the application of 

second derivative, peak picking, spectral subtraction, baseline correction, smoothing, 

integration, curve fitting and Fourier self de convolution. In the present study several data 

processing tasks were used. 

 

3.3.3.1 Baseline correction 

The baseline correction method applied here includes two steps. The first step is to 

recognize the baseline. This was done by selecting a point from spectral points on the 

spectrum. Then adding or subtracting intensity value from the point or points to correct the 

baseline offset. Baseline correction task is used to bring the minimum point to zero. This 

was done automatically using Optic User Software (OPUS) and successfully removes 

most baseline offsets (Griffiths et al. 2007; OPUS Bruker manual, 2004). 

 

3.3.3.2 Peak picking 

Automated peak picking involves two steps: The recognition of peaks, and the 

determination of the wave-numbers of maximum or minimum absorbance. A threshold 

absorbance value is set so that weak bands are not measured (Griffiths et al., 2007). 

 

3.3.3.3 Second derivative 

Increased separation of the overlapping bands can be achieved by calculating the second 

derivative rate of change of slope of the absorption spectrum, second –derivative 
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procedure have been successfully applied in the qualitative study of a large number of 

proteins  (Haris et al. 1999). 

 

3.3.3.4 Fourier self-deconvolution 

The Fourier deconvolution procedure, sometimes referred to as „resolution enhancement‟ 

is the most widely used bands narrowing technique in infrared spectroscopy of biological 

materials (Jackson et al. 1981). Both second-derivative and deconvolution procedures 

have been successfully applied in the qualitative study of a large number of protein 

(Workman 1998; Kauppinnen et al. 1981). In addition to providing valuable information 

about their secondary structure, the method is useful for detecting conformational changes 

arising as a result of a ligand binding, pH, temperature, organic solvents, detergents, etc.  

 

In many cases results obtained using this approach was supported by studies using other 

techniques such as X-ray diffraction and NMR. However, both derivative and 

deconvolution techniques should be applied with care since they amplify the noise 

significantly (Haris et al. 1999). 

 

3.3.3.5 Spectral subtraction 

Difference spectroscopy is another approach that is very useful for investigating subtle 

differences in protein structure. The principle of difference spectroscopy involves the 

subtraction of a protein absorbance spectrum in state A from that of the protein in state B. 

The resultant difference spectrum only shows peaks that are associated with groups 

involved in the conformational change (Goormaghtigh et al. 2006; Haris et al. 1999). The 

accuracy of this subtraction method was tested using several control samples with the 

same protein or drug concentrations and resulted into a flat base line formation. 

 

3.3.3.6 Curve Fitting 

The Curve Fit command allows calculating single components in a system of overlapping 

bands. A model consisting of an estimated number of bands and a baseline should be 

generated before the fitting calculation starts. The model can be set up interactively on the 

display and optimized during the calculation (OPUS Bruker manual, 2004). 
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Chapter Four 

Results and Discussion 

In the first section, UV-VIS spectrophotometer results are discussed and analyzed. The 

next section deals with fluorescence spectrophotometer results. In the final section, FT-IR 

graphs and data analysis are given.                                                     

 

4.1 UV-VIS spectrophotometer 

Many researchers have reported the effective use of UV-VIS spectroscopy to investigate 

the interaction of drugs with HSA (Dukor et al. 2001; Abu Teir et al. 2010; Azimi et al. 

2011).  The absorption spectra of different ratios of testosterone with fixed amount of 

HSA are displayed in Figure 4.1.The excitation was on 210nm and the absorption was 

recorded at 278 nm.  
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Figure 4.1: UV-absorbance spectra of HSA with different molar ratios of testosterone 

(a=0:10, b=2:10, c=6:10, d=10:10, e=14:10, f=18:10, g= free testosterone). 

 

The Figure shows the UV-VIS intensity of HSA increases with increasing the testosterone 

percentage, and the absorption peaks of these solutions showed moderate shifts. This 
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agrees with past reports that the addition of testosterone extends the peptide strands of 

HSA molecules more and decreases the hydrophobicity of testosterone (Peng et al. 2008). 

 

The spectrum of the pure hormone showed little or no UV absorption. This result supports 

the assumption that the peak shifts between free HSA solution and testosterone-HSA 

complexes are due to the HSA testosterone interactions. Repeated measurements showed 

consistent results and no significant differences were observed. 

 

4.1.1 Binding constant of testosterone and HSA complexes using UV-VIS 

Spectrophotometer. 

Testosterone–HSA complexes binding constant was determined using UV-VIS 

spectrophotometer results according to a published method ( Stephanos et al. 1996; Koltz 

et al. 1971; Ouameur et al. 2004) by assuming there is only one type of interaction 

between testosterone and HSA in aqueous solution, which leads to establish equation (1) 

and (2) as follows:     

HSA + Testosterone                                    Testosterone:HSA 

K = [ Testosterone:HSA ] /[ Testosterone ] [ HSA ]     (26) 

The absorption data were treated using linear double reciprocal plots based on the 

following equation ( Lakowicz 2006) :                                                                       

                  (27) 

A0 corresponds to the initial absorption of protein at 280 nm in the absence of ligand, A∞ is 

the final absorption of the ligated protein, and A is the recorded absorption different 

testosterone concentrations (L).  

 

The double reciprocal plot of  1/(A-A0) vs. 1/L is linear (Figure 4.2) and the binding 

constant K can be estimated from the ratio of the intercept to the slope to be  (0.349 ×10
4 

M
-1

) for testosterone-HSA complexes. The value obtained is indicative of a weak 

testosterone protein interaction with respect to the other drug-HSA complexes with the 

binding constant in the range of 10
5
 and 10

6
 M

-1
 (Kargh Hanse 1981) which considered to 

be the range of strong interaction.             
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1/L *10
4
 M

-1 

Figure 4.2: The plot of 1/(A-A0) vs 1/L for HSA with different concentrations of testosterone. 

 

4.2 Fluorescence spectrophotometer 

Fluorescence spectroscopy can provide information about a wide range of molecular 

processes, including the interactions of solvent molecules with fluorophores, 

conformational changes, and binding interactions (Lakowicz 2006).  

 

The intrinsic fluorescence of many proteins is mainly contributed by tryptophan alone, 

because phenylalanine has very low quantum yield and the fluorescence of tyrosine is 

almost totally quenched if it is ionized or near an amino group, a carboxyl group, or a 

tryptophan residue ( Darwish et al. 2010).                                                                                                                          

 

For HSA-Testosterone complexes excitation wavelength at 360nm was used, and the 

observed wavelength emission was at 439 nm. The fluorescence sensor was based on 

intramolecular charge transfer (ICT), which is highly sensitive to the polarity of 

microenvironment. Therefore, it is expected to act as fluorescent probe for some 

biochemical systems like proteins
 
(Tian et al. 2003).                         

 

The fluorescence quenching spectra of HSA at various percentage of testosterone is shown 

in Figure 4.3. The fluorescence intensity of HSA gradually decreased while the peak 

position shows little change when increasing the percentage of testosterone, indicating that 

it binds to HSA. Under the same condition no fluorescence of testosterone was observed. 

This indicates the  testosterone could quench the auto fluorescence of HSA which means 

1
\(

A
-A

0
)
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the interaction between testosterone and HSA occurs, leading to a change in the 

microenvironment around the tryptophan residue and further exposure of tryptophan 

residue to the polar solvent
 
(Petitpas et al. 2001; Wang. et al. 2007).      
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Figure 4.3: Fluorescence emission spectra of HSA in the absence and presence of testosterone 

in these ratios (T: HSA a=0:10, b=2:10, c=6:10, d=10:10, e=14:10, f=18:10, g=free 

testosterone). 
 

4.2.1 Stern-Volmer quenching constants (Ksv) and the quenching rate constant of the 

biomolecule (Kq) 

Fluorescence quenching reduces the fluorescence intensity without changing the 

fluorescence emission spectrum; it can result from transient excited-state interactions 

(collision quenching) or the formation of non-fluorescent ground-state species.                                                    

 

As discussed in chapter two assuming dynamic quenching dominates the decreased 

intensity can be described by Stern-Volmer equation:             

F0/F = 1+ Kq 0 (L) = 1+ Ksv(L)        (28) 

F and F0 are the fluorescence intensities with and without quencher, Ksv is the Stern-

Volmer quenching constant, Kq is the bimolecular quenching constant, τ0 is the average 
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lifetime of the biomolecule without quencher, and L is the quencher concentration. Ksv 

values reflect the sensitivity of the fluorophore to a quencher. 

 

Linear curves were plotted according to the Stern-Volmer equation as shown in Figure 4.4 

for testosterone-HSA complexes. The quenching constant Ksv was obtained from the slope 

of the curve obtained in Figure 4.4. The value equals (0.0456×10
4 

L mol
-1

). 

 

 

          L * 10
-1 

M 

Figure 4.4: The Stern Volmer plot for testosterone –HSA complexes. 

 

From equation 4 the value of Ksv =Kq τ0 from which we can calculate the value of Kq using 

the fluorescence life time of 10
-8

s for HSA (Cheng et al). We obtained the Kq values 

(4.5×10
10

 L mol
-1

s
-1

). This is larger than the maximum dynamic quenching constant for 

various quenchers with biopolymer (2×10
10

 L mol
-1 

s
-1

) (Lakowicz 2006). This may mean 

the quenching is not initiated by dynamic collision but the formation of a complex 

resulting in static quenching dominance (Cui et al 2008; Wang et al. 2008).                                        

 

4.2.2 Determination of the binding constant using fluorescence spectrophotometer. 

When static quenching is dominant the modified Stern-Volmer equation could be used 

(Yang, et al , 1994) 

                     (29) 

K is the binding constant of testosterone-HSA, and can be calculated by plotting 1/ (F0-F) 

vs 1/L from Figure 4.5. The obtained value of K  is (0.382 ×10
4
) which agrees well with 

the value obtained earlier UV spectroscopy and supports the effective role of static 

F
0
/F
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quenching. The highly effective quenching constant in this case lowered the value of the 

hormone- HSA binding constant, due to an effective hydrogen bonding between them 

(Darwish et al. 2010).                                                                                  

 

The acting forces between a small molecule and macromolecule include hydrogen bonds, 

Van der-Waals, electrostatic and hydrophobic interaction forces. It is more likely that 

hydrophobic and electrostatic interactions were involved in the binding process.  

 

Hydrophobic interaction is mostly an entropic effect originating from the disruption of 

highly dynamic hydrogen bonds between molecules of liquid water by the nonpolar 

solutes.  Minimizing the number of hydrophobic side chains exposed to water is the 

principal driving force behind the folding process (Pace C et al 1996). Formation of 

hydrogen bonds within the protein stabilizes the protein structure (Rose G, et al 2006.                    

  

 

(1\L) * 10
4
 M

-1 

Figure 4.5: The plot of 1/(F0-F) vs (1/L) ×10
4 
for testosterone –HSA complexes . 

 

Previous experiment were conducted to investigate the interaction of progesterone and 

cholesterol with HSA using UV–VIS spectroscopy in addition to investigation of the 

fluorescence quenching (Abu Teir et al 2010; Abu Teir et al 2012).  

 

1
\(

F
0
-F

)
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http://en.wikipedia.org/wiki/Hydrogen_bond
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We used the same experimental procedures for the Testosterone-HSA bindings. We 

obtained the binding constant k using UV-VIS spectrophotometer, and the fluorescence 

spectrophotometer and the Stern-Volmer quenching constant Ksv using UV-VIS 

spectrophotometer. The values for the two hormones and their parent (cholesterol) are 

listed in Table 4.1. 

Binding 

constant 

(fluorescence) 

Stern Volmer 

constant (ksv) 

Binding 

constant 

(UV-VIS) 

Molecular structure 
Hormone- 

HSA binding 

21.4×10
2 
M

-1
 6.2×10

2 
L Mol

-1 
26.41×10

2
 M

-1 

 

Cholesterol 

6.56×10
2 
M

-1
 6.26×10

2 
LMol

-1
 6.35×10

2
 M

-1
 

 

Progesterone 

38.23×10
2 
M

-1
 4.5×10

2 
L Mol

-1
 34.9×10

2
 M

-1
 

 

Testosterone 

 

Table 4.1: Testosterone, progesterone and cholesterol comparison. 

 

We can see the testosterone has the highest binding constant of 34.9 - 38.23 ×10
2
M

-1
 

compared to much progesterone (6.35-6.56×10
2
M

-1
) and cholesterol  (21.4-26.4×10

2
M

-1
) 

(Abu Teir, M. M., et al 2010). 

 

The difference is based on molecular structure variation for the three molecules. The 

progesterone shows it is a hydrogen bond acceptor, while cholesterol is considered a 

hydrogen bond donor. The testosterone contains both (OH) and (=O) and it acts like both 

donor and acceptor. 
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A pervious study was conducted to investigate the encapsulation capability of a PCL-PEO 

based block copolymer for hydrophobic drugs with different spatial distributions of 

hydrogen bond donors and acceptors. Drugs used are classified into two groups. One has 

multiple hydrogen bond donors and acceptors in their structure while the other contains 

only clustered hydrogen bond acceptors (Patel, S.K., et al 2010).      

 

We concluded from our study that clustering of H-bonds acceptors restricts their 

interaction with the PCL blocks in the multi-block architecture and this is not the case for 

drugs containing evenly distributed H-bond acceptors. This means the presence and 

distribution of hydrogen donor-acceptor affects the interaction of molecule with other 

molecule (Patel, S.K., et al 2010).      

 

A similar approach is adopted to explain the difference in quenching and binding constant 

for testosterone from progesterone and cholesterol. The testosterone as an acceptor-donor 

molecule has more H-bond sites and it is expected to enhance the formation of hydrogen 

bonds with the HAS. As for both progesterone and cholesterol the binding probabilities 

with HSA is expected to be less. 

 

4.3 FT-IR Spectroscopy 

FT-IR transform spectrophotometers have greatly extended the capabilities of infrared 

spectroscopy and are applied to many areas that are very difficult or nearly impossible to 

analyze by dispersive instruments (Shernan 2014).  

 

FT-IR spectroscopy provides information about secondary content of proteins. This can 

arise from the amide band which results from the vibrations of the groups around the 

peptide bonds of proteins (Haris 1999). Changes in the hydrogen bonding involve peptide 

linkages would occur. This can change the vibrational frequency of the amide modes when 

the binding between drugs and globular protein like HSA occur.       
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Wave number (cm
-1

) 

 

Figure: 4.6: Sample spectrum showing the three relevant regions for determination of 

protein secondary structure.  Amide I (1700-1600 cm
-1

), amide II ( 1600-1480 cm
-1

) , amide 

III (1330-1220 cm
-1

)     

 

The protein infrared is characterized by a set of absorption the amide regions and the C-H 

region. The modes most widely used in protein structural studies are amide I, amide II and 

amide III.   

 

Amide I band range is 1700-1600 cm
-1

 and arises principally from the C=O stretching. 

Amide II ranges is1600-1480 cm
-1 

and it is primarily N-H bonding with a contribution 

from C-N stretching vibrations.  Amide III band range is 1330-1220 cm
-1

 and it is due to 

the C-N stretching mode coupled to the in-plane N-H bending mode (Abu Teir, M. M., et 

al 2010). This mode absorption is normally weak.    
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Wavenumber (cm-1) 

 

Figure 4.7: The spectrum of Testosterone-HSA complexes with different percentage of 

testosterone. It is obviously seen as testosterone ratio increases the intensities of the amide I, 

amide II and amide III bands decreased further in the spectra of all testosterone HSA 

complexes. The reduction in the intensity of the three amide bands is related to the 

testosterone HSA interaction.  
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Wavenumber (cm-1) 

 

Figure 4.8:  The second derivative of free HSA. The spectra are dominated by 

absorbance bands of amide I and amide II at peak positions 1656 cm-1 and 1545cm-1 

respectively. 

 

In Table 4.2 the peak positions of HSA with different ratios of testosterone are listed. For 

testosterone-HSA the amide bands of HSA infrared spectrum shifted as listed in the table.  

 

For amide I the peak positions have shifted as follows: 1622 cm
-1

 to 1626 cm
-1

, 1636 cm
-1

 

to 1638 cm
-1

,  1654 cm
-1

 to 1657 cm
-1

, 1680 cm
-1

 to 1679 cm
-1

 and 1695 cm
-1

 to 1694 cm
-1

 

.  

For amide II the peak positions have shifted as follows: 1546 cm
-1 

to 1549 cm
-1

 and 1577 

cm
-1

 to 1578 cm
-1

.  In addition the new peaks appeared at high molecular ratios of 

testosterone at 1533 cm
-1

 and 1569.  
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Table 4.2: Band assignment in the absorbance spectra of HSA with different testosterone 

molecular ratios for amide I, amide II, and amide III regions. 

 

 

For amide III the peak positions are also have been shifted as the follows: 1278 cm
-1 

to 

1276 cm
-1

. 

Change in the peak shape for certain elements can occur due to the difference in the 

chemical bonding, between samples and standards. The peaks shape change of HSA after 

interaction with testosterone occurred due to the changes in protein secondary structure. 

Those changes are attributed to the imposed hydrogen bonds between testosterone (on 

both =O and –OH sites) and the protein (Sarver & Krueger 1991).  

 

Bands HSA Free T:HSA T:HSA T:HSA T:HSA T:HSA 

   2:10 6:10 10:10 14:10 18:10 

   1607  1610 1610  

 1622 1622 1622 1624 1625 1626 

 1636 1636 1636 1637 1637 1638 

Amide I 1654 1655 1655 1656 1657 1657 

(1700-1600) 1680 

 1695 

1680 1680 1680 1679 1679 

 1695 1695 1695 1694 1694 

        

 1497 1497 1496 1497 1497 1497 

 1515 1515 1516 1515 1514 1515 

      1533 1533 

Amide II 1546 1546 1546 1548 1548 1549 

(1600-1480) 1577 1577 1576 1577 1578 1578 

      1570 1569 

 1594 1594 1594 1594 1594 1594 

        

 1232 1232 1231 1231 1232 1232 

 1244 1244 1244 1244 1245 1244 

 1267 1267 1267 1267 1266 1267 

Amide III 1278 1279    1276 

(1330-1220) 1294 1294 1294 1294 1294 1294 

 1309 1309 1309 1309 1309 1309 

 1325 1325 1325 1325 1325 1325 
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For the testosterone-HSA amide I band, we observed a shift to higher frequency for the 

second peak (1622-1626 cm
-1

) and the major peak (1654-1657 cm
-1

). In amide II the 

largest shift occurred at the major peak (1546-1549 cm
-1

).  Only one shift in amide III 

occurred at (1278-1276 cm
-1

), and it was not observed for all samples.  

 

Hydrogen bonding can affect the bond strength that causes the peak shift, In made I the 

observed characteristic band shifts often allow the assignment of these bands to peptide 

groups or to specific amino-acid side-chains.  

 

An additional advantage is the shift of the strong water absorbance away from the amide I 

region (1610–1700 cm
-1

) which is sensitive to protein structure. The minor but 

reproducible shift indicates that a partial unfolding of the protein occurs in HSA, with the 

retention of a residual native-like structure. The peaks shifts tend to move towards a higher 

wave number, this implies an increase in the bond strength but with a small percentage 

(Uversky 2007). 
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Figure 4.9: FT-IR spectra (top two curves) and difference spectra (from a to e ) of HSA and 

its complexes with different testosterone concentrations in the region 1800-1500 cm-1. (a= 

Diff (T+HSA) [2:10], b=Diff (T+HSA) [6:10], c= Diff (T+HSA) [10:10], d= Diff T+HSA 

[14:10], e= Diff T+HSA [18:10]). 

 

The difference spectra for [(HSA+Testosterone) – (Free HSA)] were obtained to monitor 

the intensity variations of these vibrations. The results are shown in Figures 4.9-4.10. 

Figure 4.9 shows FT-IR spectra (two top curves) and difference spectra of HSA 

compounds with different testosterone percentages for amide I and II regions. Figure 4.10 

shows the difference spectra of HSA compounds with different testosterone percentage for 

amide III region. 

 

In amide I a strong negative feature appears at 1654 cm
-1

. Another negative feature 

appears at 1542 cm
-1

 for in amide II.  For amide III two negative features appear at 1308 

cm
-1

and 1245 cm
-1

 with a little change as testosterone ratios were increased. 
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Figure 4.10: FT-IR spectra (top two curves) and difference spectra of HSA and its complexes 

with different testosterone concentrations in the region of 1330-1220 cm
-1

. 

 

The strong negative features of the difference spectra become stronger as the percentage of 

testosterone was increased with a little shift in their positions. This is are attributed to the 

intensity decrease in the amide I, II and III bands in the spectra of the testosterone-HSA  

and the interaction (H-bonding) of the testosterone with protein C=O and C-N groups, and 

the reduction of the proteins α-helix structure upon interaction  (Purcell et al. 2000; 

Krimm et al.1986) 

The shape of the amide I band of globular proteins is characteristic of their secondary 

structure Byler & Susi. The determination of secondary structures in proteins from FT-IR 
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spectra is now possible due to the availability of high signal to noise ratio digitalized 

spectra obtained by FT-IR spectrometer. 

 

To obtain a quantitative analysis of the protein secondary structure forming HAS, the 

basic analytical tools used are the infrared Fourier Self Deconvolution in addition to curve 

fit and second derivative resolution.  

 

The aim of Fourier Self-Deconvolution (FSD) is to enhance the resolution of a spectrum, 

or decrease the line width. Spectral ranges comprising broad and overlapping lines can 

thus be separated into sharp single lines. FSD is only useful in the case when the lines are 

substantially broader than the spectral resolution (OPUS Bruker manual version 5.5, 

2004). Amide I, amide II and amide III regions were assigned to secondary structures 

according to the frequency of its maximum a raised after Fourier self deconvolution has 

been applied. 

Amide I 1610- 1700 cm
-1

 was divided as follows: 1610-1624 cm
-1

 representing  β-sheets, 

1625-1640 cm
-1

  random coil, 1646-1671 cm
-1

 α-helix, 1672-1787 cm
-1

  turn structure, and 

1689-1700 cm
-1

 to antiparallel β- sheets.  

 

Amide II 1480-1600 cm
-1

 was divided as follows: 1488-1504 cm
-1

 to β-sheet, 1508-1523 

cm
-1

 to random coil, 1528-1560 cm
-1

 to α-helix, 1562-1585 cm
-1

 to turn structure, and 

1585-1598 cm
-1

 to antiparallel β- sheets.  

 

Amide III 1220-1330 cm
-1

 was divided as follows: 1220-1256 cm
-1

 to β-sheet, 1257-1285 

cm
-1

 to random coil, 1287-1301 cm
-1

 to turn structure, and 1302-1329 cm
-1

 to α-helix. 

 

The investigation in amide I absorption was primarily determined by the backbone 

conformation and independent of amino acid sequence (Krimm, S & Bandekar, J 1986).  

 

For amide II and III band more information can be gained as various types of chemical 

bonds are involved and that can be useful in predicting the protein secondary structure. 
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2nd Structure HSA     

free (%) 

HSA-T  

2:10 (%) 

HSA-T  

6:10 (%) 

HSA-T  

10:10 (%) 

HSA-T  

14:10 (%) 

HSA-T  

18:10 (%) 

Amide I 

β-sheets ( cm
-2

) 17 19 20 21 22 22 

(1610-1624)       

(1689-1700)       

Random (cm
-2

) 10 10 10 10 9 8 

(1625-1640)       

α-hilex (cm
-2

) 63 62 59 58 59 57 

(1646-1669)       

Turn (cm
-2

) 10 9 11 11 11 13 

(1672-1687)       

Amide II 

β-sheets ( cm
-2

) 31 34 35 34 35 37 

(1488-1504)       

(1585-1598)       

Random (cm
-2

) 9 7 7 8 7 6 

(1508-1523)       

α-hilex (cm
-2

) 49 47 46 46 44 44 

(1528-1560)       

Turn (cm
-2

) 11 12 12 12 13 13 

(1562-1585)       

Amide III 

β-sheets ( cm
-2

) 34 38 43 46 47 52 

(1220-1256)       

Random (cm
-2

) 12 11 11 7 7 8 

(1257-1285)       

α-hilex (cm
-2

) 50 47 42 41 41 35 

(1302-1329)       

Turn (cm
-2

) 4 4 4 6 5 5 

(1287-1301)       

 

Table 4.3: Secondary structure determination for Amide I, amide II, and amide III regions 

in HSA and its testosterone complexes. 

 

Based on the above assignments, the percentages of each secondary structure of HSA were 

calculated by integrating the areas of the component bands in amide I, II and III then 

divided by the total area. The result is taken as the proportion of the polypeptide chain in 

that conformation.  
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The secondary structure determination for the free HSA and its testosterone compounds 

are given in Table 4.3. It shows the content of each secondary structure of HSA before and 

after the interaction with testosterone at different ratios. It is seen that α-helix percentage 

decreases with the increase of testosterone ratios in the calculations. This trend is 

consistent for the three amide regions. 

 

The second derivative resolution enhancement and curve-fitted amide I, II and  III regions 

and secondary structure determinations of the free HSA and its testosterone compounds ( 

T-HSA 18:10) with the highest of testosterone in dehydrated films are shown in figures 

(4.11 to 4.16).  

 

For testosterone- HSA interaction:  

 

For amide I: HSA free consisted of 17% β-sheet, 10% random coil, 63% α-helical 

structure, and 10% turn structure. After testosterone HSA complexation, α-helical 

structure decreased from 63% to 57%, β-sheets increased from 17% to 22%, turn structure 

increased from 10% to 13% and random coil decreased from 10% to 8%. (see Table 4.3 

and  Figures 4.11, 4.12).  

 

For amide II: HSA free consisted of,  31%β-sheets,  9%random coil, 49% α-helical 

structure, and 11% turn structure. After testosterone –HSA interaction, α-helical structure 

reduced from 49% to 44%, β-sheets increased from 31% to 37%, random coils decreased 

from 9% to 6% while turn structure increased from 11% to 13%.  

 

For amide III HSA free consisted 34% β-sheet, 12% random coil, 50% α-helical structure 

and 4% turn structure. After testosterone-HSA interaction, α-helical structure decreased 

from 50% to 35%, β-sheet increased from 34% to 52%, random coil decreased from 12% 

to 8% and turn structure increased from 4% to 5%. 

 

The decrease of the α-helix percentage with the increase of testosterone concentration is 

evident and this trend is consistent for the three Amide regions. For the β-sheet the relative 

percentage increased with the increase of testosterone concentration. 
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The decrease of α-helix intensity percentage in contrast to the increase of β-sheets is 

believed to be due to the unfolding of the protein in the presence of testosterone as a result 

of the formation of H bonds between HSA and the hormone.  

 

The newly formed H-bonds result in the C-N bond assuming partial double bond character 

due to a flow of electrons from the C=O to the  C-N bond which decreases the intensity of 

the original vibrations. This consistent with past work (Krim et al. 1986; Jackson 1991) .  

 

The hydrogen bonds in α-helix are formed outside the helix (the amino-acid side-chains 

are on the outside of the helix)  and parallel to the helix axis, while for β-sheet the 

hydrogen bonds take position in the planes of β-sheets as the preferred orientations 

especially in the antiparallel sheets.  

 

The restrictions on the formation of hydrogen bonds in β-sheet  compared to α-helix 

explains the contrasting behaviors  Conformational transitions from an α-helix to β-sheet 

structure were observed for protein unfolding upon protonation and heat denaturation 

(Surewicz et al. 1987; Holzbaur et al. 1996). 
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Figure 4.11:  Second derivative enhancement 

and curve fitted Amide I region (1610-1700 cm
-

1
) and secondary structure determination of the 

free human serum albumin. 

 

Figure 4.12:  Second derivative enhancement 

and curve fitted Amide I region (1610-1700 cm
-

1
) and secondary structure determination of 

human serum albumin and its testosterone 

complexes with 18:10 testosterone:HSA ratio. 
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Figure 4.13: Second derivative enhancement and 

curve fitted amide II region (1600-1480 cm
-1

) 

and secondary structure determination of the 

free human serum albumin. 

 

Figure 4.14:  Second derivative enhancement and 

curve fitted Amide II region (1600-1480 cm
-1

) and 

secondary structure determination of t human 

serum albumin and its testosterone complexes 

with 18:10 testosterone:HSA ratio. 
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Figure 4.15: Second derivative enhancement 

and curve fitted amide III region (1330-1220 

cm
-1

) and secondary structure determination of 

the free human serum albumin. complexes with 

18:10 testosterone:HSA ratio. 

 

Figure 4.16:  Second derivative enhancement 

and curve fitted Amide III region (1330-1220 

cm
-1

) and secondary structure determination of 

human serum albumin and its testosterone 

complexes with 18:10 testosterone:HSA ratio. 
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Chapter five 

Conclusions and future work 

The interaction between testosterone (male hormone) and HSA Albumin (the universal 

hydrophobic molecule carrier) was investigated using spectroscopic techniques including 

(FT-IR, Fluorescence and UV-VIS spectrophotometers). Our experimental work showed 

relatively high binding affinity between testosterone and HSA.  

 

Using the UV spectrum the calculated binding constant for testosterone-HSA was K= 

34.9×10
2
 M

-1
. The analysis of fluorescence spectrum yielded the binding constant for 

testosterone-HSA interaction to be K=38.23×10
2 

M
-1

.The binding constant obtained by 

different methods has close values. Comparing the binding constant for testosterone with 

the previously measured binding constants of cholesterol and progesterone (26.4×10
2
 M

-1
, 

6.354×10
2
 M

-1 
respectively) one can conclude that testosterone-HSA interaction is the 

strongest as it is considered to be both hydrogen donor and acceptor.  

 

Cholesterol interaction with albumin was substantially weaker than testosterone-HSA 

interaction but stronger than progesterone-HSA interaction. The measured values of Stern-

Volmer quenching constant Ksv and the quenching rate constant Kq for testosterone were 

Ksv= 4.5×10
2 

L Mol
-1

 and Kq= 4.5×10
10 

LMol
-1

s
-1

 comparing to values which have been 

calculated for cholesterol and progesterone respectively (Ksv 6.2×10
2 

L Mol
-1

, Ksv 

6.26×10
2 

L Mol
-1

). These results indicate that the static quenching is responsible for the 

fluorescence quenching (decrease of intensity) which is an indication of complex protein 

and hormone formations. 

 

Our analysis of FT-IR spectrum indicates that increasing the concentration of testosterone 

leads to protein unfolding and a reduction of α-helical structure percentage in favor of β-

sheet structure (Uversky 2007).  

 

We observed that HSA-Testosterone complexes shifted the peaks of HSA. This is due to a 

change in the bond strength and partial unfolding of the protein. The newly imposed 

hydrogen bonds result in the C-N bond assuming partial double bond character due to the 

flow of electrons from the C=O to the C-N bond which decreases the intensity of the 

original vibrations (Sarver & Krueger 1991).                                    
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Previous studies reported that tyrosine absorbs strongly at 1515 cm
−1

, and a band at this 

frequency was found in a number of proteins and assigned to the tyrosine residue (Bendit 

1967, Barth 2000). In addition it was reported that the Tyrosine band shifts are due to the 

altered hydrogen bonding or changes in the π−π interactions and that indicates alterations 

in the local environment of the Tyrosine side-chain (Barth 2000).                                               

 

Our results indicate that there is almost no shift in tyrosine absorption, this can be 

considered as an indication that testosterone interaction does not affect tyrosine residue. 

We can consider it as an internal control for the protein mico-environment change.                                                                              

 

Another study reported that Tyrosine-OH group interacts with the protein backbone by 

hydrogen bonding than constitutively absorbs at 1594 cm
-1

 which remained constant in our 

results. This may indicate that the testosterone interaction with HSA does not affect the 

hydrogen bonding between R group of the Tyrosine and the backbone of the protein 

(Barth 2000).                    

 

These measurements are important for the field of drug design, and can shed light about 

changes occurring to the HSA structure resulting from the interaction with testosterone. 

This can be utilized for diagnostic purposes. 

In case of testosterone concentration abnormality regardless of its source (natural or of 

anabolic testosterone), studying testosterone-HSA interaction and how it affects the 

protein structure may help in predicting their existence or the hormones disorders by 

comparing the normal and high concentration testosterone cases.   

 

HSA affinity to bind with other molecules and drugs may be affected by increasing 

Testosterone-HSA binding affinity. This may cause a shortage of supplying the target 

tissues with certain molecules in addition to effecting the efficiency of some drugs as HSA 

may tend to bind with testosterone more than other substances. 

 

Further investigations are recommended in relation to temperature effects on testosterone-

Human serum interactions, and how does the protein structure varies with temperature. 
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  ملخص

 دراسة تأثير التستوستيرون على الالبومبيه البروتيه النبقل في بلازمب الذم بواسطة تقنيبت مطيبفة الجسيئبت

 روان محمذ خبلذ القواسمي.

 موسى أبو طير والأستبر الذكتور محمود أبو حذيذ الذكتور : إشراف

 

يب انذو )الانجٕيبٍٚ( ٔ ْشيٌٕ انزسزٕسزٛشٌٔ ثبسزخذاو يطٛبف الأشؼخ فٕق رى دساسخ انزفبػم ثٍٛ انجشٔرٍٛ انُبلم فٙ ثلاص

( ٔيطٛبف Fluorescence spectrophotometer( ٔ جٓبص اَجؼبس الإشؼبع )UV-vis spectrophotometerانجُفسجٛخ )

خ رى حسبة صبثذ (. فٙ ْزِ انزجشثFourier transform infrared spectroscopyرحٕٚم فٕسٚٛش نلأشؼخ رحذ انحًشاء ) 

( نهزسزٕسزٛشٌٔ ٔ الانجٕيبٍٚ انُبلم ػٍ طشٚك يطٛبف الأشؼخ فٕق انجُفسجٛخ ٔيطٛبف اَجؼبس binding constantانزشاثط ) 

10×34.9الإشؼبع ٔ انمًٛخ ْٙ: 
2
 M

-1.
10×رحهٛم طٛف الاَجؼبس أٔطم إنٗ حسبة صبثذ انزشاثط نهزفبػم نزكٌٕ انمًٛخ   

2 
M

-

1
َزبئج يزمبسثخ نضبثذ انزشاثط ثطشق انحسبة انًخزهفخ.   ثًمبسَخ صبثذ رفبػم انزسزٕسزٛشٌٔ ٔ الانجٕيبٍٚ , يًب ٚشٛش إنٗ 32.83

يغ رفبػم انجشٔجسزٛشٌٔ ٔ انكٕنسزشٔل يغ الانجٕيبٍٚ َسزخهض اٌ رشاثط انزسزٕسزٛشٌٔ يغ الانجٕيبٍٚ ْٕ الألٕٖ نٕجٕد 

 ٛبئٙ نهزسزٕسزٛشٌٔ.يسزمجم ٔيزطٕع نهشاثطخ انٓٛذسٔجُٛٛخ فٙ انزشكٛت انكًٛ

 

( نهزشاثط ثٍٛ انزسزٕسزٛشٌٔ ٔ الانجٕيبٍٚ ٔ انمٛى quenching rate( ٔصبثذ )Stern-Volmer constantٔرى حسبة صبثذ )

( :ْٙ4.5×10
2
 L Mol

-1
 ,4.5×10

10
 L Mol

-1
( ػهٗ انزٕانٙ. ٔيٍ َزبئج انذساسخ أٌ شذح ايزظبص الأشؼخ فٕق انجُفسجٛخ 

رشكٛض انزسزٕسزٛشٌٔ ػُذ صجبد رشكٛض الانجٕيبٍٚ. ٔ يٍ خلال اسزخذاو جٓبص اَجؼبس الإشؼبع ٔجذ اٌ شذح  نلانجٕيبٍٚ رضداد ثضٚبدح

 الإشؼبع انًُجؼش َزٛجخ رفبػم انزسزٕسزٛشٌٔ يغ الانجٕيبٍٚ رمم ثضٚبدح رشكٛض انزسزٕسزٛشٌٔ ٔصجبد رشكٛض الانجٕيبٍٚ.

 

 Fourier Self( يغ رطجٛك ػذد يٍ انزمُٛبد انًٕجٕدح يضم ) FT-IRٔلذ رى اسزخذاو يطٛبف رحٕٚم فٕسٚٛش نلأشؼخ انحًشاء )

Deconvolution ٔ )(Resolution Second Derivative) ( ٗثبلإضبفخ إنCurve Fitting نزحهٛم يُبطك الأيٛذ الأٔل )

( ٔ آنٛخ اسرجبط Secondary Structureٔانضبَٙ ٔانضبنش نٓشيٌٕ انزسزٕسزٛشٌٔ يٍ أجم رحذٚذ ثُٛخ انجشٔرٍٛ انضبَٕٚخ ) 

 protein)رشٛش إنٗ اٌ صٚبدح رشكٛض انزسزٕسزٛشٌٔ رمٕد إنٗ  FT-IRانزسزٕسزٛشٌٔ يغ الانجٕيبٍٚ. رحهٛم لٛبسبد جٓبص 

unfolding) َٔمض فٙ َسجخ حضو الايزظبص انزبثؼخ لα-helical structure     يمبثم صٚبدح َسجخ حضو الايزظبص انزبثؼخ ل

sheet structure β 

 

ْزِ انُزبئج أًْٛخ أسبسٛخ فٙ يجبل رظًٛى الأدٔٚخ, ٔإػطبء يؼهٕيبد ػٍ حذٔس رغٛٛشاد ػهٗ ْٛكم الانجٕيبٍٚ ثسجت رًضم 

رفبػهّ يغ ْشيٌٕ انزسزٕسزٛشٌٔ, فٕق انًسبػذح فٙ أػًبل انزشخٛض فٙ حبنخ اضطشاة رشكٛض ْشيٌٕ انزسزٕسزٛشٌٔ ثغض 

رنك ػهٗ ثُٛخ انجشٔرٍٛ.  فذساسخ رفبػم انزسزٕسزٛشٌٔ يغ الانجٕيبٍٚ نزهك  انُظش ػٍ يظذسِ انطجٛؼٙ أٔ انًُشط ٔ كٛف ٚؤصش

انحبلاد ٚسبػذ فٙ انُزجؤ ثٕجٕد حبلاد اضطشاة انٓشيٌٕ ثًمبسَخ حبلاد انزشكٛض انؼبدٚخ ٔ انؼبنٛخ.   ٔ ًٔٚكٍ نمبثهٛخ الانجٕيبٍٚ 

اٚذ نلاسرجبط ثبنزسزٕسزٛشٌٔ يًب ًٚكٍ أٌ ٚؤد٘ إنٗ َمض  الاسرجبط ثبنجضٚئبد ٔ انؼمبلٛش الأخشٖ اٌ رزأصش ثسجت اسزؼذادِ انًزض

   فٙ رشاكٛض ْزِ انًٕاد داخم الأَسجخ انًسزٓذفخ ثسجت إحزًبنٛخ اسرجبط الانجٕيبٍٚ ثبنزسزٕسزٛشٌٔ.                            

 

جٕيبٍٚ   ٔكٛف سٕف ٚزغٛش ْٛكم ُٚظح ثًضٚذ يٍ انزحمٛمبد فٙ يجبل رأصٛش دسجخ انحشاسح ػهٗ رفبػم انزسزٕسزٛشٌٔ يغ الان

                                                           انجشٔرٍٛ يغ رغٛش دسجخ انحشاسح.
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