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Abstract

Protein-ligand binding plays a decisive role in various biological pathways starting from
metabolic catalysis to directive of multifarious signals. Interactions of different ligand molecule
with biological carrier proteins have important implications for drug delivery. The protein-ligand
complexes at atomic level make it possible to design a drug for treatment of diseases. Signal
transduction, transcription, translation and enzyme catalysis all are dependent on various kinds of
protein-ligand binding processes which are essential in living system. The structure activity
relationship, specific modes of binding and corresponding disposal at targeted sites through the
carrier protein is essential in field of drug delivery.

The binding of fisetin and morin with hen egg white lysozyme (HEWL) have been carried out by
UV-vis spectroscopy and molecular docking studies. The binding affinity of fisetin (3.78x10™
M at pH 7.2) towards HEWL is greater than morin (2.33x 10* M at pH 7.2). The interaction of
polyphenols with HEWL has shown the involvement of electrostatic forces (the binding affinities
decreased in presence of higher ionic strength of the media). The binding constants of these
polyphenols are estimated at different pH conditions (pH 2.0, 4.3, 7.2 and 9.0) and it has been
observed that at pH 2.0, the ligands showed no binding towards HEWL. The highest binding
affinity of the ligands has been found in the pH 9.0.

Furthermore we have performed molecular docking studies using ArgusLab software to find out
the exact position location of these ligands inside the HEWL geometry after binding. It has been
observed that both ligands binds near to Trp 62 and Trp 63 of HEWL. The binding free energy of

the fisetin towards HEWL (-6.15058 kcal/mol) is found greater than morin (-5.86477 kcal/mol).



1. INTRODUCTION

1.1 PROTEIN-LIGAND INTERACTION: BACKGROUND OF THE STUDY
Protein-ligand binding plays a decisive role in various biological pathways starting from
metabolic catalysis to directive of multifarious signals. Protein-ligand and protein-protein
interactions are of fundamental importance to processes occurring within living organisms.
Interactions of different ligand molecule with biological carrier proteins have important
implications for drug delivery. The protein-ligand complexes at atomic level make it possible to
design a drug for treatment of diseases. Signal transduction, transcription, translation and
enzyme catalysis all are dependent on various kinds of protein-ligand binding processes which
are essential in living system. The structure activity relationship, specific modes of binding and
corresponding disposal at targeted sites through the carrier protein is essential in field of drug
delivery. Selective molecular recognition between ligand and a receptor via non-bonding
interaction depends on several factors such as (1) similarities of molecular surfaces, (2)
energetically favorable binding and (3) different non-covalent forces acting between the protein
and ligand. In study of biomacromolecules there exist several types of binding such as allosteric
binding and competitive binding. Allosteric binding is defined by binding of two ligands to two
different binding sites. Competitive binding is when two different molecules compete for the

same binding site due to structural similarities.

Figure 1. (A) Single site binding; (B) Allosteric binding ; (C) Competitive binding



The following points to be considered while studying macromolecule ligand binding.
e Cooperativity is important in regulation of biological functions.
= Positive cooperativity: when one molecule of substrate of ligand increases the affinity
of protein for other molecule of different substrate.
= Negative cooperativity: when one molecule of substrate decreases the affinity of
protein for other molecule of substrate.
e Equilibrium constant of protein-ligand interaction provide thermodynamic measurement
of strength of interactions.
e Signal transmission is important to all life processes.
e Protein-ligand interaction is a spontaneous process. Weak interaction leads to strong
affinity.
In biological systems, non—covalent connections play a vital role in structural build up of
macromolecules. There exist several weak non-covalent forces such as: hydrogen bonding, van

der Waals contact, ionic interaction and hydrophobic associations.

i.  Non-covalent and reversible binding.
ii.  Binding occurs depending on the ligand molecules.
iii.  Binding occurs within a particular site of the receptor.

iv.  Weak binding forces are usually liable.

Electrochemical techniques are useful for the study of the interaction of micro- molecules with

biomolecules and have been extensively used to study the binding reaction of DNA with drugs

and metal complexes !,
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Figure 2. Involvement of weak non-covalent interactions in the biological pathways

The study of lysozyme is important in various biological activities. The interaction of lysozyme
with flavonoid is useful in different fields such as medicinal science; pharmaceutical. The
binding of lysozyme with flavonoid is examined by UV-vis study, fluorescence spectroscopy,
molecular docking, and circular dichroism. Lysozyme has capacity to carry drug so, it has
important role in medicinal chemistry. Hence study of protein-ligand interaction is very
important. The contact of small medicine like molecules with the organic targets under
physiological conditions finds significant applications in the field of pharmaceutical and
biomedical research for drug delivery. To examine the interaction among protein and drug is
helpful in studying the pharmacological reaction of drugs and design of dosage forms and
therefore has become an important in research field °. Protein be an essential life constituents
in the living things, which creates a essential role in life growth and development. Studies on the
change in structure of proteins and their binding mechanism with micro molecules have attracted
large interest of people, particularly those who were doing researches in life science, chemistry,

pharmacy, and clinical medicine. The effective antioxidant and anticancer activities of
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polyphenols have attracted scientists in both therapeutic and pharmaceutical fields in recent
times. Flavonoids, a assembly of important polyphenols that occur universally in foods of plant
source, have been proved to show extensive pharmaceutical activities such as anti- proliferative,
anti-tumour, anti-flammation, allergies and so on !"*\. The properties of flavonoids have been
exclusively explained by their bindings to or interferences with enzymes, receptors, transporters
and signal transduction system ). In this case, it is very useful to study the interaction of
flavoniods and proteins for understanding their effects.

Several biophysical methods are useful for the investigation of protein-ligand interactions.

Different biophysical methods and their applications is planned in the following Table 1.

Table 1. Different biophysical methods and their application

Methods Applications

UV-vis study Determination of ground state association constants

Fluorescence spectroscopy Determination of quenching, binding, thermodynamic and
energy transfer parameters

Isothermal calorimetry Determination of binding and thermodynamic parameters

Differential scanning Protein stability and folding related to ligand binding

calorimetry

Capillary electrophoresis Determination of binding affinity

Circular dichroism Determination of structural changes of the macromolecules
after ligand binding

Fourier transform infrared Determination of structural changes of the macromolecules
after ligand binding

Raman spectroscopy Determination of structural changes of the macromolecules

after ligand binding

MALDI mass spectrometry Determination of mass of the non-covalent complex formed
after ligand binding

Nuclear Magnetic Resonance Determination of the dissociation constant and stoichiometry

Molecular docking study To find a suitable location of ligand in macromolecule
X-ray diffraction Determination of crystal structure of the protein-ligand
complex

11



1.2. Factors Affecting on Protein-Ligand Interactions

1.2.1. Chemical Structure
Protein-ligand interactions are greatly influenced by the chemical structure of polyphenols
(ligand). In general, high molecular weight and flexibility of polyphenols increase the affinity for

(1011 "B_ring hydroxylation of flavonols has a considerable effect on protein

complexing proteins
affinity; the more hydroxyl (OH) groups on the B-ring, the stronger binding between protein and
polyphenols !,

Polyphenols such as rutin, baicalin, quercetin, daidzin, puerarin, and genistin (monoglyscosides)
has lower affinity for BSA by 5-10 and 5600 times compared with flavonoid (aglycones)
baicalein, quercetin, daidzein, and genistein.

Protein structures also have an effect on protein-phenolic interactions. Protein binding to
flavanoids can be affected by protein conformation, charge and size of protein, and amino acid
composition of protein. 1],

1.2.2. pH and Ionic Strength

Protein-phenolic interactions are dependent on pH; maximum level of the interactions is at or
close to the protein isoelectric point (pl).The binding of polyphenols (quercetin, rutin, and
isoquercetin) to other proteins (HSA, BSA, albumin and lysozyme) was decreased by lowering
pH (161,

Ionic strength also influences protein-phenolic interactions. Increases in ionic strength diminish
[17]

the aggregation and precipitation of proteins (a-amylase and BSA) by tannins

1.2.3. Temperature

12



Increase in temperature leads to decrease in the binding of polyphenols to proteins. Rises in
temperature up to 60 °° and 90 °C lowered the ability of BSA to complex chlorogenic acid and
quercetin, respectively !>,

1.3. THERMODYNAMIC ASPECTS OF THE INTERACTION

Molecular recognition is complex in nature and binding processes are oftentimes associated with
structural changes of the receptors. Binding affinity (K;) indicates the strength of the complex
produced between a ligand and a receptor. Higher affinity indicates, greater residence time of the
ligand bound to the receptor compared to a case of lower binding affinity. The binding affinity,
site selectivity and thermodynamic parameters of the protein-ligand complexes are used as an
important basis for (QSAR) quantitative structure activity relationship studies. The binding
constant (K;) of a small molecule interacting with a macromolecule can be determined by the
estimation of equilibrium constant of binding (K.,) or in terms of dissociation (K;) over a

concentration range at a particular temperature. The following equations can be used to present

the equilibrium of the protein-ligand interaction and the equilibrium binding constant.

Protein +Ligand<=> Protein-ligand

th'

i 5 .- [PL]
d

[P][L]

“ ok

Thermodynamic aspects of the interactions are an important part of binding that provides
information on contributions of individual thermodynamic parameter resembling change in
enthalpy (AH®), randomness (AS°) and free energy (AG°) accompanying the interaction. The
change in the free energy associated with the binding process is related to the equilibrium

binding constant (K,,) or binding constant (K}) as described by equation (/). The relation of free
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energy change associated with other thermodynamic parameters is presented by equation (/ and
2).

AG°=—RTInK=—-RTInK...........cc.ccc... (1)

AG°=AH° —TAS®....cccociiiiiiiiiiiii, 2)
The sign and magnitude of the different thermodynamic parameter coupled with various types of
interactions that participate in the protein binding procedure have been characterized !'*). Both
the high values of AH° and AS° are the consequence of hydrophobic association and low AH®
and AS° values are related to the H-bonding and weak forces. The extremely small positive or a
negative AH° and positive AS° values be correlated with the presence of electrostatic interactions
and hydrophobic involvement that outcomes a positive AS°. From the thermodynamic point of
view, there occur significant amount of enthalpic and entropic contributions to the overall free
energy change of binding during the molecular recognition '), Biophysical methods are useful
for the investigation of protein-ligand interactions. Some methods and their implications are
provided in Table 1.

Table2. Thermodynamic parameter of some Lysozyme-flavonoid systems

SYSTEM AH® (KJ/mol) AS° (J/mol/K) AG® (KJ/mol) STRUCTURE OF LIGANDS
Lyz-quercetin -7.558 61.07 -25.15 HQ
OH
Ua
)
HO /
0 OH
Lyz-Myricetin | 21.25 183.28 - HO
OH
W
W
HO /
o OH OH
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Lyz-EGCG -27.12 1.47 -27.57 o

HO.

HO' OH

2. LITERATURE REVIEW

An outline of existing literature available on the structural and binding aspects of lysozyme. The
study of binding of different flavonoids (e.g. morin, fisetin and hesperedin) with lysozyme will
be performed by fluorescence spectroscopy. The numbers of H-bond donors, dipole moment and
molecular molar refractivity make more contribution to the interaction mechanism and binding
capacities that’s depend upon position of hydrogen and glycosyl position *”. The binding of
drugs to proteins take part in pharmacokinetics of drugs. The pharmacodynamics of a particular
drug depends on its interaction with carrier proteins. The contact between flavonoids and
lysozyme was examined by absorption and fluorescence spectroscopy. The binding constants,
no. of sites for binding, fluorescence anisotropy, thermodynamic parameters and energy transfer
mechanism be also investigated. Conformational changes in proteins was also observed from the
synchronal, three dimensional and circular dichroism. In protein-ligand both the hydrophobic
and ionic interactions involves in stabilization of complex. *'.In myricetin and lysozyme
interaction, binding constant decreases on decrease in the pH from 7.4-6.7 or increasing from
8.0-7.4 because both bears same charge i.e. ionic repulsion at pH 6.7, which may be liable for
decrease in binding ability and increase in binding constant should recognized by N-B transition

[22

in protein **!. The structural characteristics of flavonoids with lysozyme be probed, binding

affinities will be determined over different pH conditions. Due to alteration in protein structure ,

15



the binding affinity of drug to protein increased in lower pH conditions. The pH influence the
change greatly, fluorescence and circular dichroism shows a large change, at higher pH.The

substituent’s of flavonoids had influence on the magnitude of interaction.

In a fixed concentration of lysozyme different amount of chloramphenicol was added,
fluorescence intensity decreases with no shift that indicate that chloramphenical might show
small interaction with lysozyme and quenches its fluorescence **).The intrinsic fluorescence

emission of lysozyme originates from Trp 62 and 108 ¥

The environment in the region of protein was examined by fluorescence, and CD spectrometric
technique. The results obtained from these spectra imitate the atmosphere around chromospheres
molecules. Fluorescence spectrometric technique used to examine the environment around amino
acid residues. The shift in wavelength of emission maximum is associated with the change in the
polarity around the chromophore molecule When the excitation and emission wavelength was
stabilized at 15 nm, the fluorescence gave sequence of tyrosine residues. And when it was

stabilized at 60nm, the spectral feature of amino acid i.e. tryptophan residues was obtained *°!,

Increase in temperature leads to decrease in the stability of the complex results in reduction of
binding constant. In case of the dynamic quenching high temperatures can cause increase in

collision and leads to increase in quenching constant.

The UV—vis spectra of morin changes from acidic to basic pH condition. At slightly acidic pH,
morin show a maximum at 370nm (in ethanol), which is red shifted to 387 and 390 at pH 7 and 9
respectively. This implies that morin is deprotonated at basic pH. The 4-OH position in
polyphenol is in conjugation with B-ring and the C-ring. Therefore, high possibility of
deprotonation occurs at pH condition higher than its pKal value. In case of morin there is no
intramolecular hydrogen bonding between 2'-OH and4’-OH that leads to dissociation of 4'-OH

16



under the experimental conditions 261 At basic pH, a new peak is generated in the region of 300
nm due to dissociation of 7-OH (bandlII) occurs. Consequently, morin exists as anionic species in

solution due to deprotonation of the phenolic OH groups.

The intrinsic absorption peak of tryptophan (Trp) and tyrosines (Tyr) residues in lysozyme (n-
n*) gives a absorption bands at 280 nm .Chicken egg white involve many amino acid residues
which are appropriate for this study.

Solubility of polyphenols depends on various factors such as chemical structure, the nature of the
solvent used in extraction of polyphenols, pH and temperature. The solubility of flavonoids such
as quercetin, isoquercitin, rutin, and hesperetin in acetonitrile, acetone, and tert-amyl alcohol was
investigated. Quercetin shows high solubility in acetone. Hesperetin and naringenin shows
highest solubility in acetonitrile. In some flavanoids water is considered as a weak solvent.

2.1. LYSOZYME: BIOLOGICAL TARGET

7] These are

Lysozyme is known as N-acetylmuramide glycanhydrolase, or muramidase
enzymes which involves the hydrolysis of 1,4-B-linkages connecting N-acetylmuramic acid and
N-acetyl-D-glucosamine moiety. Lysozyme is an antimicrobial proteinase. Lysozyme has many
physiological as well as pharmaceutical functions. Therefore, studies on the interactions between
micro molecules and Lysozyme have a significant importance on realizing the transport and
[28].

metabolism process of the small molecules .Lysozyme present is high in secretions like

e Tears, sliva, human milk and mucus
e Present in hen egg white

Hen egg white lysozyme is a 14.6 kDa single chain protein. It contains four disulphide bonds
involving eight cysteine residues, six tryptophan’s (Trp) and three tyrosine’s (Tyr). Disulphide
bonds stabilize the tertiary structure of protein. Lysozyme is a protein that contains 129 amino

17



acid and important due to its pharmological activity. As the protein rotates there become deep
clefts where six carbohydrate molecules can bind. Lysozyme has five helical regions in the
whole structure. Three are standard alpha helices and five regions of beta sheet which have
aptitude to coil and turn randomly. Active place for binding in lysozyme are in the close vicinity

of Trp 62 and Trp 63.

Figure 2: Representation of hen egg white lysozyme (PDB ID: 3rz4)

Lysozyme protects us from several bacterial infections *°!. It also acts as enzyme that catalyzes
the protection of cell walls of bacteria. Bacteria have a tough coat of carbohydrates, which are
sheltered by different short peptides. Lysozyme breaks down this carbohydrate sheet, destroying
the integrity of the cell wall and as a result of it, the bacteria died under their own internal
pressure. In blood, lysozyme provides shield along with the methods employed by the immune
system.It has anti-viral, anti-inflamatory, anti-histaminic, anti-tumor actions *°* Lysozyme is
used in food industry to prevent spoilage of food. Lysozyme be used in pharmaceutical field.
Lysozyme helps to fight against bacterial infections. Hen egg white lysozyme retains a structure
which is highly homologous to human lysozyme and responsible for the formation of systemic

amyloidosis in the human body.

18



2.2 FLAVONOIDS: BIOLOGICAL ASPECT

Polyphenols have been studied widely for their multifarious biological activities. Flavonoids are
important dietary polyphenols. Flavonoids are low molecular weight components. They consists
of two aromatic rings A and B attached by three carbon atoms represent the chief and most
varied family of polyphenols characterized by the diphenylpropane skeleton (C6C3C6),
consisting of two aromatic rings connected by three carbons forming a heterocyclic ring. They
are abundant in various natural food components such as tea, coffee, fruits, vegetables, beans,
chocolates, wines etc. They are a category of plant derived secondary metabolites. Flavonoids
are separated and identified from various plants and classified to flavones, flavonol, and
isoflavone according to different structures:

Flavonols:

Kaempferol, quercetin and myricetin represent the high percentage of flavonols in foods .They
are commonly present in vegetables, fruits and beverages. The richest sources of flavonols are
onions, tomato skin, curly kale, leeks and broccoli (31,321

Flavones:

Flavones consist of glycosides of luteolin and apigenin which are present in sweet red pepper
and celery. Skin of citrus fruit and cereals such as millet and wheat also include larger amount of
flavones 1**3% 3],

Isoflavones:

Soybean and its related products have a high concentration of the three isoflavones genistein,
daidzein, and glycitein.

The structural differences also affect their binding process with plasma proteins. The interaction

involving in flavonoids and proteins has attracted great interest among researchers *®**!. The
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interaction between flavonoids and proteins results to form stable complexes. The dietary
polyphenols exist in nature as B-glycosides. Glycosides hydrolyzed to their aglycones to generate
effect on body. Flavonoids were designated to as vitamin P (due to their permeability nature of
vascular capillaries). The essential structure of flavonoids allows a exchange patterns: phenyl
hydroxyl, o-sugar, methoxy groups *°’. Flavonoids have been considered widely for their various
biological aspects. The UV-vis spectra of flavonoid display two types of absorptions, (i) at (240-
280 nm) and (ii) (300-400 nm) for the benzoyl and cinnamoyl moieties respectively 47 The
antioxidant efficacy associated with polyphenols (flavonoids) is mainly due to their free radical
scavenging properties. The B-ring of polyphenols is proposed to be the major site of antioxidant
reactions. The lipophilicity of flavonoid group has expressed in terms of a partition coefficient
(log P) with values obtained from different literatures [4810491(50)-

Flavonoids comprises of biological and pharmacological activities. Anti-inflammatory, anti-

(51521 Anti-oxidants are a compound that protects the

fungal, anti-bacterial, anti-cancer activities
cells beside the harmful cause of reactive oxygen such as hyperoxide, native oxygen, and
hydroxyl radical. The capacity of flavonoids to acts as antioxidant depends upon molecular
structure. Polyphenols are linked to protective effects against cardiovascular disease and
different forms of cancer. Polyphenols can be used as colorants and preservatives in food.

Polyphenols also improve the foaming properties of both B-lacto globulin and egg white

proteins.
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Table 3. Structural position of different functional moieties

Rutin OC6H 120 6 (0] OH H OH H OH OH

(Flavone)

Genistein CsHsOH (0] OH H OH H H OH

(isoflavones)

Myricetin OH o OH H OH H OH OH

(Flavanol)

Quercetin OH

3,5,7,3',4'-pentahydroxyflavone is a  plant 5
PEyy
consequent anti-oxidant dietary polyphenol, used as H°

a dietary complement. In vitro, it shows anti-tumor, 6

anti-inflammatory and anti-cancer actions 53] In a OH 0
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recent study, quercetin was found to be effectual in the diminution of liver damage in mice
model P4,

Rutin
3,3".4',5,7-pentahydroxyflavone-3-rutinoside is
called rutoside or quercetin-3-rutinoside, is a
citrus flavonoid . Rutin is a useful agent against
the human follicular dermal papilla cells

(HFDPC) apoptosis that is one of the most

important agents of hair bulb regression ). It

has also been found to be effective in the lessening of oxidative stress and is able to restrain

nitric oxide synthase activity apart from the ability to reduce the possibility of mitochondrial

scratch °°),
Fisetin
Like quercetin, fisetin (3,7,3',4'-tetrahydroxyflavone) OH
PE,;
o . . .. [61] OH
exhibits the anti-oxidant, anti-inflammatory and 2

.pKa.i'

anti-carcinogenic activities "% in different cell HO

lines. The molecule is also indispensable for its

capacity of reducing kidney failure in diabetics °°\.

logP=178 ©

Another recent study has verified that the nanoemulsion formulation of fisetin is capable to
increase bioavailability and anti-tumor activity in mice model °°'.

Morin

3,5,7,2",4"-pentahydroxyflavone is derived from the Maclura tinctoria (old fustic), Maclura

pomifera (Osage orange) and from the leaves of Psidium guajava (common guava),
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demonstrates the potential as a multi- pK,>
functioning drug molecules ). Morin is also
initiates to diminish free radical induced to

break the cardiovascular cells ®?. A recent study

showed that the flavonol is capable to reduce

OH 0 log P=1097
the oxidative stress induced by high glucose content in rat hepatocytes (>, Morin is also found to
function by the commencement or structural alteration of other enzymes **1°!, hence it’s binding

with carrier proteins is important from a biological application point of view.

Table 4. log P and Dipole moment of Flavonoids

Flavonoids log P Dipole moment
Quercetin 0.35 5.183
Baicalein 0.02 5.726
Rutin -2.28 4.388
Genistein 1.74 3.627
Naringin -0.49 2.991

3. SCOPE OF THE STUDY: PROTEIN-LIGAND BINDING

Studies on the interaction between micro molecules and lysozyme are significant on realizing the
drug transport and metabolism process. Protein-ligand binding have developed an exhilarating
research ground in chemistry, biology and pharmaceutical sciences. Protein-drug interaction

plays an imperative role in various biological processes within living systems. The circulation
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and metabolism of several biological active compounds in the body are directly interconnected
with their relative affinities towards the biological targets e.g. proteins and DNA. The
investigation of binding of such molecules to the carrier protein, lysozyme is of indispensable
and essential importance. Understanding of interactions involved in drug binding at molecular
level to different targets is mandatory in the field of pharmacology and pharmacokinetics due to
possible toxicological aspects of the ligand molecules °. The interaction is crucial for the
development of molecules, useful for therapeutics. Several biophysical techniques have been
employed to investigate the interactions at molecular level. For hen egg white lysozyme, in
acidic and neutral solution, activity of lysozyme is initiated to be extra in acidic solution than the
activity of lysozyme in neutral solution. The optimum pH for lysozyme activity is 6.2 and
maximum lysis was set to take place between pH 6.0-7.0 /). Recently few literatures have
published regarding the binding of small dietary flavonoids with lysozyme. In the current study,
we have planned to execute the interactions of fisetin and morin with lysozyme under different
pH conditions. The binding is very essential in context of drug delivery and development and
different pH conditions are important to investigate the structural changes of both protein and

ligand molecules.
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4. OBJECTIVE AND WORK PLAN

1) To study the interaction of dietary polyphenols with the hen egg white lysozyme using
spectroscopic approaches such as spectrophotometry, fluorescence anisotropy and
circular dichroism measurements

2) To evaluate the binding parameters for the interactions at different pH conditions from
UV-vis studies

3) To investigate the secondary structural changes of the protein during binding with the
ligands

4) To substantiate the experimental findings with the help of the molecular docking study

5. MATERIALS AND RESEARCH METHODOLOGY
5.1 Materials

Chicken egg lysozyme (MB098) and morin hydrate (RM1130) were taken from Himedia
Laboratories, India. The flavonoid fisetin (TO121) was purchased from TCI Chemicals, India.
Other analytical grade chemicals were obtained from Loba Chemie Pvt. Ltd. India. The
lysozyme was dissolved in 20 mM phosphate buffer of pH 2,4.3,7.2,9.0 and the concentration
was measured spectrophotometrically (Shimadzu, model UVPC 1800) using €250 = 37646 M
cm” . The flavonoids were dissolved in absolute grade ethanol.

5.2 RESEARCH METHODOLOGY

The interactions of flavonoids with lysozyme will be investigated in details using standard
biophysical techniques. Spectroscopic techniques e.g. steady-state fluorescence and UV-vis will
be used for the determination of binding constant and number of binding sites. The changes in

secondary structures of lysozyme are to be determined from circular dichorism (CD).
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5.2.1. UV-vis study

UV-vis studies were conducted on a Shimadzu (model UVPC 1800) spectrophotometer in the
region of 200-600 nm using a 1 cm quartz cuvette in 20 mM PB of pH 2.0, 4.3, 7.2, 9.0 at room
temperature. Under different pH conditions a sample of 25 uM fisetin (or morin) was titrated
with consecutive addition of the protein (0 to 30 puM). UV-vis spectroscopy (absorption
spectroscopy) molecules consisting of electrons in bonding and non-bonding that can absorb
energy in form of UV-vis region to stimulate these electrons to higher anti-bonding orbitals.The
gap between HOMO and LUMO is responsible for absorption of light at different
wavelengths.This technique is used for the determination of the ground state association

[68]

constant. With the help of Benesi-Hildebrand equation ™" we can estimate the binding affinity

for the 1:1 ground state complexation between ligand and the protein.

1 1 1
* v D
(gb _gf)LT (gb _g_/')LTKa M

1
AA
where ¢ ; extinction coefficient and M ; concentration of the protein. The subscripts b, fand T are
known as bound, free and total ligand. L7 ; the total ligand concentration and A4 the change in
the absorbance at a particular wavelength. The plot of the reciprocal of A4 versus the reciprocal
of concentration of lysozyme will provide the value of K, from the ratio of intercept to slope.

The individual spectra were checked by subtracting spectra of protein from the protein-ligand

collective spectra.

5.2.2. Fluorescence anisotropy
Fluorescence anisotropy (polarization) provides information about the interaction between small
molecule and biomacromolecules. The binding of micro molecules with biomacromolecules

restricts the motions of the small molecules and it gets organized in a particular direction of the

26



applied polarization which leads to the increase in rotational correlation time as well as
anisotropy of the system. The steady-state anisotropic dimensions were carried out to obtain the
anisotropy (). The anisotropy measurements were performed on a Fluoromax 4
spectrofluorometer from Horiba Jobin Yvon. The excitation and emission wavelengths of morin
(20 uM) and fisetin (20 pM) were fixed at 390/517 and 370/535 nm respectively keeping 10/10

nm slit widths.

5.2.3. Circular dichroism study

CD studies were conducted on a Jasco-810 spectrophotometer in the region 190-240 nm at room
temperature. Two sets of solutions were taken having lysozyme: flavonoid 1:0 and 1:5
respectively. For far UV CD measurement the concentration of lysozyme was stable at 20 pM.
The far-UV CD spectrum of the protein was collected using 0.1 cm cell with a scan speed of 50
nm/min. The left and right circularly polarized components may be absorbed to different extents
when a linearly polarized light passed through an optically active molecule. The light absorption
follows the Beer-Lambert’s law and difference between the absorbance results in circular
dichorism.CD is important for the structural determination of proteins in folded and unfolded
states.Generally,the a-helices are identified by negative bands with distinct similar magnitude at
222 and 208nm due to n-n* and m-m* transistion respectively. The B-sheet contents are
characterized by the presence of negative band at about 216nm and a positive band of similar
magnitude around 195nm.CD experiments have been carried out on a spectropolarimeter to
detect the effect of ligand on the secondary structural organization of the protein. The far-UV CD

spectra were normally collected in the range of 190 to 240 nm with the help of a 0.1 cm cell path

27



length using a scan speed of 50 nm/min. The mean residual ellipticity (MRE, in deg cm® dmol™)

can be estimated from the subsequent equation 4 7%,

observedCD(m deg)
CpxnxIx10

MRE =

“4)

C, concentration of lysozyme and / ; path length of the cell. From the MRE value at 208 nm one
can estimate the alpha-helix percentage of free and protein-ligand complex using the following
equation 5 "1,

(—MRE208 —4000) 1
33000 - 4000

a — helix(%) = 00 (5)

where MRE s 1s the MRE values obtained from CD measurements, 33000 and 4000 are the
MRE values of a o-helix and that of a P-form and random coil arrangement at 208 nm

respectively.

5.2.4. Molecular docking study

The 3D arrangement of lysozyme (PDB ID: 3rz4) is available in the Protein Data Bank. The
energy minimized structure of the flavonoids can be created via Argus lab 4.0.1 using Austin
modell (AM) or UFF (universal force field) all based on the neglect of diatomic differential
overlap (NDDO) approximate Hamitonian. The gradient convergence used is 10 'Kcai/mol/Ang.
Other parameters number of iterations, convergence were fixed at 1000, 10 "° Kcal/mol . The
docking of fisetin and morin with Lysozyme can be performed by PyMol was used to visualize
docked conformations ™. The grid minimum(X,Y,Z) 15.6675 ,-5,37246 ,-11.5768 and grid

maximum (X,Y,Z) 30.6675 ,17.8275 ,5.2232 was fixed for both fisetin and morin.The
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hydrophobic constant used having value 0.0373.The AG (free energy) and K, (binding constant)

calculated by the dockng.

6. RESULTS AND DISCUSSION

6.1. UV-vis study for fisetin and morin
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——pH43
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; 3
;.’ 0.4 - ——pH9.0 S 0.4 -
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Figure 3. UV-vis spectra of fisetin (25 uM) and morin (25 puM) in different pH conditions
The UV-vis spectra of fisetin in different pH are presented in Figure 3. Figure 3 exhibits that
there are three peaks for fisetin at 247, 319 and 360 nm in pH 2.0 and 4.3. But in higher pH (i.e.
9.0), the peaks are shifted to 268, 329 and 398 nm respectively, indicating the formation of new
species in the medium.

Similar results are also observed in case of morin. It exhibits two peaks in the UV-vis region at
255 and 343 nm. The increase in pH causes deprotonation in the structure and anionic species are
formed even in neutral and also in basic medium. In pH 9.0, the peak positions are shifted to 275
and 404 nm respectively, indicating the presence of some anionic species in the medium. Hence
the binding of lysozyme with these ligands in different pH has some importance to acquire some

information regarding the structure-activity relationship.

29



Table 5: UV-vis peak positions of fisetin and morin

Molecule pH 2.0 pH 4.3 pH 7.2 pH 9.0
FISETIN 247 nm 247 nm 252 nm 268 nm
319 nm 319 nm 317 nm 329 nm

360 nm 360 nm 367 nm 398 nm

MORIN 254 nm 261 nm 269 nm 275 nm
352 nm 359 nm 392 nm 404 nm

6.2. UV-vis study for the binding of flavonoids with lysozyme in different pH

6.2.1. UV-vis study in acidic pH

The UV-vis spectra of fisetin or morin in absence and presence of lysozyme in pH 2.0 (200 mM
phosphate buffer) and 4.3 (200 mM phosphate buffer) in 1:1 molar ratio are presented in Figure
4. From Figure 4 (for pH 2.0), it may be concluded that no such significant binding is present
between fisetin or morin and lysozyme in pH 2.0 because no such decrease or shift is found in
the UV-vis spectra of protein as well as ligands. But in pH 4.3 (Figure 4), the absorbance of
fisetin or morin is decreased in presence of lysozyme indicating the presence of specific

interaction in the binding. Our next objective is to determine the binding affinity of fisetin or

morin in pH 4.3 using the concept of Benesi-Hildebrand.
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Figure 4. UV-vis spectra of fisetin (25 uM), morin (25 uM), lysozyme (25 pM) and lysozyme-

ligand complexes in 200 mM phosphate buffer of pH 2.0 and 4.3.

6.2.2. UV-vis study in pH 7.2

The UV-vis spectrum of flavonoid fisetin consists of three peaks at 250, 314 and 365 nm in pH

7.2 and the peak corresponds to 365 nm is shifted slightly (~ 5 nm) in presence of the protein

lysozyme (Figure 5a). In similar experiment with morin, it has been observed that the UV-vis

spectrum of species is red shifted from 392 to 400 nm in the presence of protein (Figure 5b). In

both the cases the absorbance values at maxima positions are getting reduced with the addition of

lysozyme, indicating the creation of complex between protein and ligand. These results suggest

that the 77 transition of morin and fisetin are getting stabilized. These results indicate the
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Absorbance (a.u.)

presence of electrostatic interactions between fisetin or morin and the residues of lysozyme.

Similar type of outcomes have been observed in the case of interactions of fisetin and morin with

HSA and BSA respectively [*™*,

300 350 400 450 500 550 600

Wavelength (nm) Wavelength (nm)

Figure 5. (a) UV-vis spectra of fisetin (b) UV-vis spectra of morin (25 uM) in presence of
lysozyme (0 to 30 uM) in 20 mM phosphate buffer of pH 7.2. (a) and (b): corresponding Benesi-

Hildebrand plots for the interactions (J. Incl. Phenom. Macro. DOI: 10.1007/s10847-014-0465-

8)

The ground-state binding constant (K,) have been estimated using the Benesi-Hildebrand
equation (inset of Figure 5a and 5b) and the values are found to be (3.78 + 0.21) x 10* M (R*=

0.99, for fisetin) and (2.33 +£0.39) x 10* M (R*= 0.99, for morin).

6.2.3. UV-vis study in pH 9.0

The absorption spectrum of morin in pH 9.0 with the increase in concentration of lysozyme is
shown in Figure 6. When lysozyme is added to morin at pH 9.0, the decrease in the absorbance

shows that there is a specific interaction taking place among morin and lysozyme. No such
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significant spectral shift has been observed and the binding constant for the interaction has been
calculated from the Benesi-Hildebrand equation. The ground-state association constant has been
found to be (20.45+3.85)x10° M (R* = 0.97). It has been experimentally observed that the
binding affinity decreased from pH 7.2, indicates the structural importance in the binding
phenomena. It may be due to the structural changes of lysozyme or due to the lower binding

affinity of anionic species of morin towards the protein.
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Figure 6. (a) UV-vis spectra of morin (25 uM) in absence and presence of lysozyme (0 to 30
uM) in 200 mM phosphate buffer of pH 9.0. (b) The same spectra in the wavelength region 350-

400 nm for better representation and (c) The Benesi-Hildebrand plot for the interaction.

6.2.4. UV-vis study in pH 9.0

The absorption spectrum of fisetin in pH 9.0 with the increase in concentration of lysozyme is
shown in Figure 7. When lysozyme is added to fisetin at pH 9.0, the decrease in the absorbance

indicates that there is a specific interaction taking place between fisetin and lysozyme.
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Significant red shift has been observed indicating some anionic species in medium and the
binding constant (K,) for the interaction has been calculated from the Benesi-Hildebrand
equation. The ground-state association constant has been found to be 7.07x10* M (R* = 0.97)

which is greater than morin.
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Figure 7. (a) UV-vis spectra of fisetin (25 uM) in presence of lysozyme (0 to 30 pM) in 20 mM

phosphate buffer of pH 9.0. (b): corresponding Benesi-Hildebrand plots for the interactions
6.2.5 UV-vis study in pH 4.3

To confirm the structural change of lysozyme by the addition of fisetin and morin, we measured
the UV-vis absorption spectra at different concentration of lysozyme (Figure 8). We observed
that the absorption peaks at 360 nm decreases evidently and have a reasonable blue shift (about 5
nm) with the increase in the concentration of lysozyme, which indicates that lysozyme molecule
contacts with fisetin or morin to form a lysozyme-fisetin (morin) complex. The binding constant
for the interaction has been considered from the Benesi-Hildebrand equation. The ground-state

association constant has been found to be 1.52x10* M™'( for fisetin) and 1.04x10™ M™!(morin). It
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was found that the binding affinity decreases at acidic pH.
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Figure 8: UV-vis spectra of (a) fisetin and (b) morin in absence and presence of HEWL (0 to 30

uM) in 20 mM phosphate buffer of pH 4.3.

From UV-vis studies at different pH conditions (4.3, 7.2 and 9.0) it was clearly shows that a
complex formation takes place between protein and ligand and no such type of complexation is

take place at pH 2.0.

Table 6: Binding constants of fisetin and morin with HEWL

pH lonic strength 10 “x K, (M) lonic strength 10 “x K,
(M%)
LYZ-FISETIN 43 0.2 M - 0.02 M 1.52
7.2 02M - 0.02 M 3.78
9.0 02 M 2.01 0.02 M 7.07
LYZ-MORIN 43 02M - 0.02M 1.05
7.2 02 M - 0.02 M 2.33
9.0 0.2 2.05 0.02 6.66
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6.3. Fluorescence Anisotropy

The ligand doesn’t show such significant anisotropic change with the biomacromolecules. The
binding constant of such interactions is not being calculated due to this small change. The
molecular docking result also reveals that the ligand (morin or fisetin) is present outside so no

such interaction is possible.
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Figure 9: Fluorescence anisotropy of (a) fisetin (20 uM) and (b) morin (20 uM) with lysozyme

(0 to 18 uM)
6.4. Circular dichroism results

The CD spectra of lysozyme exhibit two negative bands one around 208 nm (n—n* transition)
and the other one at 222 nm (n—n* transition) as presented in Figure 9. It is a characteristic of
a-helical pattern originated due to negative cotton effect >, The complex formation between
fisetin (or morin) and lysozyme leads to a small change in spectral intensity of the far UV-CD
lacking any considerable shift of peak positions, indicating the increase of helical content after
binding 7", It has been found that on binding with fisetin and morin the o-helix percentage of

lysozyme enhanced from (31.84+1.59; mean value+se) to (37.81+0.77)% and (37.45+0.53)% at a
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molar ratio of 1:5 respectively. The results show the presence of binding between polyphenols
and protein, leading to a gain in helical stability of lysozyme (J. Incl. Phenom Macro.

DOI:10.1007/S 10847-014-0465-8).
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Figure 9: (a) Far UV-CD spectra of lysozyme and its lysozyme-fisetin (1:5) complexes (b)

lysozyme-morin (1:5) complexes in 20mM PB of pH 7.2
6.4. Molecular docking results

Molecular docking has been performed to substantiate the investigational data. The stereo view
of docked conformation of fisetin (morin) with lysozyme is shown in fig. The geometry
optimization of fisetin (morin) is done via. Argus lab 4.0.1 using Austin model 1(AM) or UFF
(universal force field).The grid dimensions for ligands (fisetin or morin) is found to be
(37%x59%43).In case of fisetin ,50 final unique configurations were obtained and 48 unique
configurations were obtained in morin. The best ligand pose energy for fisetin (-6.15058
Kcal/mol) is found to be greater than morin (-5.86477 Kcal/mol). For the discussion, we have
chosen the docked configuration of both the ligands because it posses the minimum energy. It
was found that the fisetin and morin bind within H-bonding distance to tryptophan residues (Trp

62 and Trp 63) of lysozyme. The distance be present in fisetin (3 -O to N€E, Trp 63: 8.0 A ,4-
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C=0 to NE€, Trp 62:7.1 A) and morin (3 -O to NE, Trp 63: 7.8 A ,4-C=0 to NE, Trp 62:4.9 A)

fig. The distance of fisetin (4 -O) to Trp 108 is found to be 5.8 A and that for morin is (2 -O to

NE, Trp 108)is 7.2 A

TRE-111

Figure 10: (a) The H-distance of a fisetin with the residue of lysozyme (b) docked poses of
fisetin with lysozyme

According to the results it has also been found that ligand binds in close proximity to Trp 62 and

Trp 63 of lysozyme which is the active sites for binding.

Figure 11: (a) The H-distance of a morin with the residue of lysozyme and (b) docked poses of
morin with lysozyme.
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The expected interaction of the polyphenols with tryptophan residues, Trp 62 and Trp 63 can
also be explained on the basis of the quenching of fluorescence intensity of lysozyme by the
ligands. The AG (free energy) and Ky (binding constant) is calculated from the molecular
docking study. It is found that the binding affinity of fisetin is greater than morin as observed

from the UV-vis and docking study.

Table 7: Binding constant and free energy from docking

Molecule AG® (kcal/mol) from docking  log K, (docking) at 25°C  log K, (UV-vis at 25°C)
FISETIN -6.15 4.52 4.58

MORIN -5.86 431 4.37

7. Conclusion

Polyphenols shows a broad range of biological activities that consist of antitumor, antioxidant,
anticancer etc. Polyphenols used as neuroprotective agents. Considering such importance of
these compounds we have focused on interaction of dietary polyphenols with lysozyme. The
researches embodied in this thesis investigate the interaction of different flavonoids with
lysozyme at molecular level by means of UV-vis, fluorescence anisotropy, CD and molecular
docking studies. The following general points emerged from the studies reported in the thesis

that described:

(a) the binding of small ligand with lysozyme

(b) the effects of pH on interaction with polyphenols
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(1) Greater binding is shown in basic pH i.e pH 9.0 than acidic pH almost negligible binding.
(2) The K}, value of fisetin is found greater than morin.
(3) Binding constant is found to be order of 10* M

(4) CD results show that during binding process the flavonoids are capable to increases the

helical content of lysozyme (change in secondary structure)
(5) It has been found that near Trp 62 and Trp 63 ligands binds.

(6)The binding affinity of fisetin is found to be greater than morin using UV-vis and docking

study.
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	The environment in the region of protein was examined by fluorescence, and CD spectrometric technique. The results obtained from these spectra imitate the atmosphere around chromospheres molecules. Fluorescence spectrometric technique used to examine the environment around amino acid residues. The shift in wavelength of emission maximum is associated with the change in the polarity around the chromophore molecule. When the excitation and emission wavelength was stabilized at 15 nm, the fluorescence gave sequence of tyrosine residues. And when it was stabilized at 60nm, the spectral feature of amino acid i.e. tryptophan residues was obtained [25]. 
	Increase in temperature leads to decrease in the stability of the complex results in reduction of binding constant. In case of the dynamic quenching high temperatures can cause increase in collision and leads to increase in quenching constant.
	The UV–vis spectra of morin changes from acidic to basic pH condition. At slightly acidic pH, morin show a maximum at 370nm (in ethanol), which is red shifted to 387 and 390 at pH 7 and 9 respectively. This implies that morin is deprotonated at basic pH. The 4′-OH position in polyphenol is in conjugation with B-ring and the C-ring. Therefore, high possibility of deprotonation occurs at pH condition higher than its pKa1 value. In case of morin there is no intramolecular hydrogen bonding between 2′-OH and4′-OH that leads to dissociation of 4′-OH under the experimental conditions [26]. At basic pH, a new peak is generated in the region of 300 nm due to dissociation of 7-OH (bandII) occurs. Consequently, morin exists as anionic species in solution due to deprotonation of the phenolic OH groups.
	Hen egg white lysozyme is a 14.6 kDa single chain protein. It contains four disulphide bonds involving eight cysteine residues, six tryptophan’s (Trp) and three tyrosine’s (Tyr). Disulphide bonds stabilize the tertiary structure of protein. Lysozyme is a protein that contains 129 amino acid and important due to its pharmological activity. As the protein rotates there become deep clefts where six carbohydrate molecules can bind. Lysozyme has five helical regions in the whole structure. Three are standard alpha helices and five regions of beta sheet which have aptitude to coil and turn randomly. Active place for binding in lysozyme are in the close vicinity of Trp 62 and Trp 63. 

