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INTRODUCTION

Chalcones (or 1,3-diaryl-2-propen-1-ones) belong to the
polyphenol family and are largely distributed in plants, fruits,
and vegetables. They are composed of two aromatic benzene
rings connected by a α,β-unsaturated carbonyl group [1,2]. The
naturally and synthetically occurring chalcones have numerous
therapeutic activities like antifungal, anti-inflammatory, anti-
malarial, antimicrobial, antioxidative, antiplatelet, antiviral,
anticancer, antibacterial, etc. [3-11]. They also serve as precur-
sors for synthesis of flavonoid. Chalcones and its analogues
seem to be promising molecular tools to evaluate the change
of molecular surroundings both in solution and in biological
systems [12-15]. From various studies, it is observed that the
antiproliferative property of cancer cell is associated with
hydroxyl group present in the chalcone compared to other
chalcone derivatives [16]. Additionally, the position of hydroxyl
group within the chalcone molecule seems to have a great
influence on the activity of the molecule [17-19]. Orlikova et al.
[16] reported that the hydroxyl group present in the fourth
position of the A ring as shown in the scheme is an interesting,
safe and promising inhibitor of TNF α-induced NF-κB activation.
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Although, the interaction between unsubstituted chalcone and
BSA has been reported by Naik & Nandibewoor [20], no report
on the study of substituted chalcone with protein is available.
Moreover, the fact that various activities are associated with
derivatives of chalcone containing hydroxyl group makes this
study worthwhile.

The most abundant protein found in blood plasma is serum
albumins having many physiological functions. They are mainly
responsible for the absorption, distribution and metabolism
of endogenous and exogenous ligands. It is important to investi-
gate the interaction of drugs with serum albumins at molecular
level to understand the drug-protein complex and also draw
vital information that can be useful in designing of new drugs
with improved therapeutic effectiveness. Both bovine serum
albumin (BSA) and human serum albumin (HSA) has 76%
resemblance to each other. Also, the bovine serum albumin
and human serum albumin possess same homologous domain
I, II and III with similar ellipsoidal shape and also accom-
modate with 17 disulphide bonds. The sudlow site I and sudlow
site II present in subdomain IIA and subdomain IIIA of BSA
are the major binding sites for aromatic and heterocyclic ligands.
The binding site is quite similar in both serum albumins BSA
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and HSA, sudlow site I and sudlow site II are also the respon-
sible binding domains for HSA [21,22].

In this work, the interaction of 4′-hydroxychalcone (4′HC)
with bovine serum albumin (BSA) and human serum albumin
(HSA) was compared by using steady state absorption and
fluorescence spectroscopy, FTIR, circular dichroism and mole-
cular docking. The Stern-Volmer quenching constants, binding
energies number of binding sites, thermodynamic parameters,
nature of binding and the distance between the 4′HC with BSA
and HSA were determined. The mechanism of quenching was
obtained for both the albumin with 4′HC as well as the possible
binding site of the proteins with the drug.

EXPERIMENTAL

Bovine serum albumin (MB083-5G) was purchased from
HiMedia. Human serum albumin (A3782-100MG), 4′-hydroxy-
chalcone were obtained from Sigma-Aldrich and used as it is
without further purification. Monosodium phosphate and
disodium phosphate were obtained from Fisher Scientific.
DMSO was obtained Sisco Research Laboratories Pvt. Ltd.
and Millipore water was used throughout the experiment.

Sample preparation: The stock solution of BSA and HSA
(1 × 10-4 mol L-1) were made using 0.1 M sodium phosphate
buffer of pH 7.0. Since 4′HC is sparingly soluble in water, the
stock solution of 4′HC (1 × 10-4 mol L-1) was made in Millipore
water containing 10% DMSO (v/v). All the working samples
were freshly made from the stock solutions. The BSA and HSA
concentration was fixed at 3 × 10-6 mol L-1 in all the samples
and the concentration of 4′HC taken were 0, 2, 4, 6, 8, 10, 12,
16 and 20 (× 10-6 mol L-1), respectively.

Methods: The absorption spectra were recorded by using
Cary-bio 100 absorption spectrophotometer in the wavelength
range of 200-500 nm. The BSA and HSA concentration was
fixed at 3 × 10-6 mol L-1 and the concentration of 4′HC was
varied from 2 × 10-6 mol L-1 to 2 × 10-5 mol L-1.

Fluorescence spectra of BSA and HSA were recorded by
Hitachi Model F-4600 spectrofluorimeter equipped with 150W
Xenon lamp, a thermostatic cell holder and a thermostat water
bath circulatory. The fluorescence was measured at different
temperatures using 10 mm quartz cuvette cell. The slit width
was fixed at 5 nm both for excitation and emission for BSA
whereas slit width was fixed at 5 nm for excitation and 10 nm
for emission for HSA and a scan speed of 240 nm per min
throughout the experiment. All the emission spectra were scan
from 290 nm to 500 nm and corrected for the instrument
response function. Fig. 1 shows the absorption spectrum of
4′HC, BSA and HSA, respectively. The absorption intensity
of 4′HC shows some overlap at the excitation wavelength (280
nm) and emission wavelength (~340 nm) of BSA and HSA.
Therefore, all the fluorescence spectrum of protein was corrected
to avoid inner filter effect as described elsewhere using eqn. 1:

1 2(A A )/2
cor obsF F 10 += × (1)

where, Fcor, Fobs, A1 and A2 are the corrected fluorescence,
fluorescence spectrum of HSA and BSA observed in presence
of different concentration of 4′HC, total absorbance of 4′HC
at 280 nm and total absorbance of 4′HC at ~340 nm, respec-
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Fig. 1. Absorption spectrum of BSA (3 × 10-6 mol L-1), HSA (3 × 10-6 mol
L-1). The dotted line in represents the absorption spectrum of 4′HC
(2 × 10-6 mol L-1). Inset shows the zoomed spectra within the range
250-450 nm

tively [23]. The effect of DMSO on the interaction of the drug
with HSA and BSA is negligible within the amount used as
reported by Papadopoulou et al. [24].

FTIR spectra of both HSA and BSA were recorded by using
Brukar FTIR spectrometer furnished with a diamond atten-
uated total reflection (ATR) method in presence and absence
of quencher at 298 K in the region 4000-500 cm-1. The concen-
tration of HSA and BSA were fixed at 3 × 10-6 mol L-1 and the
concentration of 4′HC with both serum albumins is 2 × 10-5

mol L-1.
The circular dichroism spectra were recorded in J-1500

spectropolarimeter in 1 mm path length at 298 K. The spectra
were observed wavelength range from 200-250 nm with 50
nm/min scanning speed in 0.5 nm data interval. The concen-
tration of BSA and HSA was fixed 3 × 10-6 mol L-1 and the
varied ratio of the concentration of 4′HC were 1:1 and 1:3
both for BSA:4′HC and HAS:4′HC, respectively. Phosphate
buffer solution pH = 7.0 was used throughout the experiment
and the result appeared as an elipticity (mdeg) that is obtained
from the instrument directly.

Molecular docking between the optimized structure of 4′HC
and the two transport proteins BSA (PDB: 3V03) and HSA
(PDB: 1AO6) were performed using Autodock4.2 software
downloaded from The Scripps Research Institute (TSRI) [25].
4′HC was optimized using 6-31G (d,p/B3LYP) level of theory
in Gaussian 09 software package [26,27]. Before docking, the
proteins were prepared by removing crystallized water mole-
cules and adding polar hydrogens. Later, charges were calculated,
all atoms were assigned the AD4 type and saved in PDBQT
format. For autogrid calculations of BSA and HSA, the search
space dimensions were defined as (120 × 90 × 120) Å with a
grid-point spacing of 0.578 Å and (90 × 90 × 100) Å with a
grid-point spacing of 0.768 Å, respectively encompassing the
entire chain of the proteins. The best docked structure with
minimum binding energy was then visualized and further
analyzed using PyMol software.
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RESULTS AND DISCUSSION

Fluorescence quenching of BSA and HSA with 4′′′′′HC:
The interaction of BSA and HSA with 4′HC was studied by
monitoring the intrinsic BSA and HSA emission in presence
of 4′HC. Both BSA and HSA contain fluorescent amino acid
residues like tryptophan (Try), tyrosine (Tyr) and phenyl-
alanine (Phe). It is known that when BSA is excited at 295 nm
the emission is only from the tryptophan residue whereas, when
excited at 280 nm, both Trp and Tyr in the protein are respon-
sible for the emission [28]. However, tyrosine is less fluore-
scence and as such, the contribution by it is almost negligible.
In both the cases, the BSA and HSA emission was measured
at different temperatures by exciting at 280 nm. Fig. 2 show
the quenching profile of BSA and HSA fluorescence at 298 K
in presence of a varied concentration of 4′HC. The fluorescence
intensity of both BSA and HSA was found to decrease with
an increase in the concentration of 4′HC without any change
in the position of emission maxima. A similar trend was obser-
ved at higher temperatures 303, 308 and 313 K, respectively
in both BSA (Fig. 3) and HSA (Fig. 4). This indicates that
there is an interaction in both serum albumins with 4′HC.

Stern-Völmer analysis: The quenching of fluorescence
occurs due to various processes like energy transfer, excited

state reactions, molecular rearrangement, collision and complex
formation in the ground state [29]. Static and dynamic quen-
ching is two most commonly discussed mechanism of fluore-
scence quenching. Static quenching is due to the formation of a
non-fluorescent complex in the ground state whereas, collisional
or dynamic quenching occurs due to collision of the excited
fluorophore with the same molecules in the ground state or
with the quencher. Quenching is well described by Stern-
Völmer equation as given below:

o
q 0 SV

F
1 K [Q] 1 K [Q]

F
= + τ = + (2)

where F and Fo denote the fluorescence intensities of proteins
with and without quencher, respectively. KSV, Kq, τ0 and [Q]
are the Stern-Völmer quenching constant, quenching rate
constant, decay time of the fluorophore without quencher and
the concentration of quencher respectively. Figs. 5 and 6 is
the plot of F0/F vs. [Q] at different temperatures 298, 303,
308, 313 K and the corresponding results are given in Table-1.

As can be seen in Figs. 5 and 6, the quenching data were
well fitted with Stern-Völmer equation, which indicates that
the quenching may be either collisional or static quenching.
However, it is well known that static and collisional quenching
are dependent on temperature and base on this, the two types
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Fig. 5. Stern-Volmer plot for quenching of BSA with 4′HC at different temperatures

TABLE-1 
RESULTS OF STERN-VOLMER PLOT OF SERUM ALBUMINS WITH 4′HC AT DIFFERENT TEMPERATURES 

BSA HSA 
Temp. (K) 

KSV (×105 M–1) Kq (×1013 M–1 s–1) R KSV (×105 M–1) Kq (×1013 M–1 s–1) R 
298 2.14 2.14 0.98 2.30 2.30 0.99 
303 1.99 1.99 0.97 2.37 2.37 0.97 
308 1.89 1.89 0.97 2.76 2.76 0.98 
313 1.79 1.79 0.98 2.85 2.85 0.97 
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of quenching can be distinguished. At higher temperatures,
the rate of diffusion would increase and lead to more collisional
quenching. In such cases, the Stern-Völmer quenching constant
(KSV) will increase with an increase in temperature. Whereas,
increase in temperature would increase the dissociation of
weakly bound ground state complexes and lead to a decrease
in static quenching. Therefore, for static quenching, the KSV

will decrease with an increase in temperature and for dynamic
quenching, the KSV will increase with an increase in temper-
ature. Table-1 shows that the KSV decreases with an increase
in temperature in BSA-4′HC system, which signifies that the
quenching of BSA fluorescence by 4′HC is through the forma-
tion of ground state BSA-4′HC complexes.

However, the KSV increases with an increase in the tempe-
rature indicating that the quenching of HSA fluorescence by
4′HC follows a dynamic quenching mechanism. It is known
that the decay time of biopolymer is 10-8 s [29-31]. The bimole-
cular collisional quenching constant (Kq) was calculated from
Kq = KSV/τ0 and is given in Table-1. It is observed that for both
BSA and HSA, the Kq values are higher than the maximum
collisional quenching constant of various quenchers with the

biopolymer (2.0 × 1010 M-1 S-1) reported in the literature [32].
This signifies that the mechanism of quenching of both BSA
and HSA with 4′HC follows static quenching. However, from
the values of both Ka and Kq in the case of HSA-4′HC system,
it indicates the presence of both static and dynamic quenching
mechanism. This could be due to the interaction of 4′HC with
HSA during the incubation time of around 90 min.

Binding constant and number of binding sites: The
binding constant (Ka) and the number of binding site (n) can be
determined using eqn. 3, which had been successfully employed
in the study of many drug-protein interaction to understand
the equilibrium between the free and bound molecules [33-36].

o o
a

o

F F F F
log n logK n log [Q] [P]

F F

 − −= + − 
 

(3)

where, F and Fo denote the fluorescence intensities with and
without the quencher, respectively; [Q] is the concentration of
quencher and [P] is the protein concentration. The plot of log
{(Fo-F)/F} against log {[Q]-[P](Fo-F)/F} BSA and HSA are given
in Figs. 7 and 8, respectively. The binding constant and number
of binding sites were determined and displayed in Table-2.
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TABLE-2 
BINDING ENERGY AND NUMBER OF BINDING SITES OBTAINED FROM EQN. 3 

BSA HSA 
Temp. (K) 

Ka (×105 M–1) n R Ka (×105 M–1) n R 
298 2.71 0.98 0.98 2.34 1.08 0.99 
303 2.37 1.07 0.97 2.33 1.11 0.98 
308 2.07 1.15 0.97 2.19 1.24 0.99 
313 1.83 1.21 0.98 1.85 1.40 0.99 

 
The decrease in binding constant with an increase in

temperature indicates that the stability of BSA-4′HC and HSA-
4′HC complexes have reduced as the temperature is increased.
The number of binding site ‘n’ is not significantly altered within
the range of temperature considered under study and its value
indicates that the 4′HC binds only to one binding site of both
BSA and HSA. Higher values of binding constant at lower
temperature indicates stronger interaction of 4′HC with BSA
than HSA.

Thermodynamic parameters and mode of binding:
Various forces account for the interaction of ligands with
proteins. These include hydrophobic interaction, electrostatic
interaction, van der Waals forces and hydrogen bonding inter-

action [37]. The force involved can be characterized based on
the sign and extent of the thermodynamic parameters like
enthalpy change (∆H) and entropy change (∆S). If (i) ∆H > 0
and ∆S > 0, the interaction involves hydrophobic interaction;
(ii) ∆H < 0 and ∆S > 0, the force is electrostatic interaction;
(iii) ∆H < 0 and ∆S < 0, the interaction force is van der Waals
force and/or hydrogen bonding interaction [38]. To understand
the nature of binding of 4′HC with BSA and HSA, the thermo-
dynamic parameters were calculated by using eqns. 4 and 5.

a

H S
lnK

RT R

∆ ∆= + (4)

∆G = ∆H –T∆S (5)
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where, Ka denotes the associative binding constant of BSA-
4′HC and HSA-4′HC complex at a given temperature, R and
T denotes the gas constant and the temperature, respectively.
Using van’t Hoff’s plot (Fig. 9), the values of ∆H and ∆S were
obtained and subsequently change in Gibbs free energy (∆G)

for all the temperature was calculated using eqn. 5 for both
BSA and HSA and are listed in Table-3. Similar nature of
interaction was found to be observed in both the proteins. The
negative value of ∆G in both the protein-drug systems implies
that the binding is found to be spontaneous. The negative value

TABLE-3 
BINDING CONSTANTS AND THERMODYNAMIC PARAMETERS OF BSA-4′HC AND HSA-4′HC AT DIFFERENT TEMPERATURES 

BSA HSA 
Temp. (K) Ka (×105 

mol–1) 
∆H (kJ 
mol–1) 

∆S (JK–1 
mol–1) 

∆G (kJ 
mol–1) 

Rb Ka (×105 
mol–1) 

∆H (kJ 
mol–1) 

∆S (JK–1 
mol–1) 

∆G (kJ 
mol–1) 

Rh 

298 2.71 -30.99 2.338 -30.79 
303 2.37 -31.17 2.335 -31.07 
308 2.07 -31.35 2.191 -31.34 
313 1.83 

-20.59 34.94 

-31.52 

0.99 

1.854 

-14.37 55.12 

-31.62 

0.96 
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of ∆H and the positive value of ∆S indicate that 4′HC is bound
to both proteins i.e. BSA and HSA by the electrostatic force
of interaction unlike the hydrophobic interaction of unsub-
stituted chalcone with BSA as reported by Naik & Nandibewoor
[20]. Moreover, the large negative enthalpy change in comp-
arison to positive entropy change shows that the interaction of
4′HC with BSA and HSA is exothermic and mainly driven by
enthalpy [39,40].

FRET analysis on the association of serum albumins
with 4′′′′′HC: The transfer of energy from donor to acceptor is
known as Förster resonance energy transfer (FRET). It is widely
used in measuring the distance between protein and ligand.
The efficiency of energy transfer between protein and the ligand
depends on the distance between them, orientation of their
respective transition dipole and mainly on the extent of spectral
overlap between the fluorescene and absorption spectra of the
donor and the acceptor, respectively [41]. Fig. 10 shows the
spectral overlap between the donors (BSA, HSA) emission
spectrum with that of acceptor (4′HC) absorption spectrum.

According to Förster theory, the energy transfer efficiency
(E) is defined by eqn. 6, where, r is the distance between both

protein (BSA and HSA) and 4′HC, R0 represents the Förster
critical distance when the efficiency of energy transfer is 50%
and was calculated by using eqn. 7.

6
0

6 6
o 0 0

RF
E 1

F R r
= − =

+ (6)

6 25 2 4
0R 8.79 10 K N J−= × Φ (7)

4

0

0

F( ) ( ) d
J

F( )d

∞

∞

λ ε λ λ λ
=

λ λ

∫
∫

(8)

where, K2 = 2/3 for random orientation in the fluid, N is the
average refractive index of the medium in the wavelength range
at which there is a remarkable spectral overlap, φ is the quantum
yield of BSA, HSA and J is the spectral overlap integral between
the fluorescence and absorption spectrum of BSA and 4′HC,
respectively and was obtained using eqn. 8. where F(λ) is the
fluorescence intensity of the donor and ε(λ) is the molar
absorption coefficient of the acceptor at wavelength λ. Here,
N = 1.335, for BSA and HSA φ = 0.15 and 0.118 [41,42],
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respectively. Using eqns. 6-8, JBSA = 2.482 × 10-14 cm3 LM-1, JHSA

= 2.268 × 10-14 cm3 LM-1, EBSA = 0.79, EHSA = 0.80, R0(BSA) =
2.97 nm, R0(HSA) = 2.81 nm, rBSA = 2.37 nm and rHSA = 2.21
nm. The binding distance r lies between 0.5R0 and 1.5R0

indicating that there is a possible energy transfer from BSA
and HSA to 4′HC [13].

Analysis of absorption spectra: The absorption spectra
of BSA (3 × 10-6 mol L-1) were scanned at different concen-
tration of 4′HC from 250 nm to 370 nm. In Fig. 11, the optical
density of BSA and HSA at 280 nm increases with increase in
the concentration of 4′HC. In both UV spectra, a small visible
shift is observed at 280 nm which might be due to the hyper-
chromic and bathochromic effects [20,43,44]. This further
supports the formation of complex in the ground state.

FTIR studies: According to Naik & Nandibewoor [20],
the infrared spectrum showed that the protein contains several
amide bands due to different vibrations of the peptide moiety.
Amide I of the peptide group is commonly utilized to investi-
gate the change in the protein secondary structure. The amide
I and II groups exhibited in the region 1700-1600 cm-1 and
1600-1500 cm-1, respectively. However, the amide I is more
sensitive even to slightest change in the protein secondary
structure thereby making it an appropriate tool for studying
the secondary structure of protein [40,45-47]. A close obser-
vation of the IR spectrum in Fig. 12, shows that the peak
position of amide I shifted from 1643 cm-1 to 1636 cm-1 and
1639 cm-1 to 1637 cm-1 in BSA and BSA-4′HC, HSA and HSA-
4′HC interaction. This implies that BSA and HSA interact with
4′HC resulting in a change in protein structure and protein
micro-environment [44].

Circular dichroism analysis: The circular dichorism
spectral observation of BSA and HSA, protein folding spectra
mainly indicates two bands at 208 and 222 nm, which corres-
ponds to π−π* and n−π* transitions, respectively [42,47]. The
binding of both protein with 4′HC, the disappearance of 208
nm band was observed. But at 222 nm, it was increasing grad-

ually and α-helix % decreases of the proteins. The α-helix %
content was calculated at 222 nm by using eqn. 12 [42,47-49].

222( MRE 2340
-Helix (%) 100

30300

− − α = × 
 

(12)

The calculated value of α-helix content in the presence
and absence of 4′HC with BSA is 64%, 49% and 38%
respectively and for HSA is 47%, 46.8% and 46% respectively.
From Fig. 13, it can be seen that the interaction of both proteins
with 4′HC led to the disappearance of α-helix band at around
208 nm along with the decrease in the % of α-helix content,
which indicates a change in the conformation of the proteins.
However, the negligible change in the % of α-helix content in
HSA at 222 nm band as compared to BSA suggests that the
interaction of 4′HC with both the albumins cause more struc-
tural changes in BSA than HSA as reported by Chaves et al.
[50,51]. This is substantiated by the observations made under
IR studies on the interaction of 4′HC with both albumins.

Molecular docking studies: The best energy ranked
conformer of 4′HC -BSA and 4′HC -HSA are shown in Fig.
14. In both BSA and HSA, 4′HC interacts in site I in subdomain
IIA [52]. The binding free energy change (∆G) obtained from
molecular docking simulation for BSA and HSA were -25.14
kJ mol-1 and -25.31 kJ mol-1, respectively which is in fair agree-
ment with the experimentally obtained values (-30.99 and
-30.73 kJ mol-1). The residues around 5 Å of 4′HC in site I of
BSA are (Fig. 15): PHE-205, ALA-209, ARG-208, ASP-323,
ALA-212, LEU-326, GLY-327, LEU-330, LEU-345, LUE-
346, ALA-349, LYS-350, VAL-481, ASN-482, SER-479,
GLU-478, LEU-480, -NH atom of LEU-480 is hydrogen-
bonded with O-atom of 4′HC at a distance of 1.897 Å. Also,
the residues in the site I of HSA around 5 Å of 4′HC are (Fig.
16): PHE-206, ALA-210, ALA-213, ARG-209, ASP-324,
GLY-328, LEU-481, VAL-482, SER-480, GLU-479, ASN-
483, LEU-347, LEU-346, ASN-483, LYS-351, GLU-354,
ALA-350. The –NH atom of LEU-481 of HSA (chain A) is
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hydrogen-bonded with O-atom of 4′HC at a distance of 2.08
Å. These results provided a good structural basis at a molecular
level to understand the binding of 4′HC with serum albumins,
it suggests that 4′HC interacts with serum albumins and hence
it provides firm support to the fluorescence quenching results
obtained experimentally.

Conclusion

In this work, the interaction of 4′-hydroxychalcone (4′HC)
with bovine serum albumin (BSA) and human serum albumin
(HSA) was studied using steady-state absorption and fluore-
scence, FTIR, circular dichroism and molecular docking. Both
BSA and HSA fluorescence spectra were found to quenched
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Fig. 15. Amino acid residues of BSA around 5 Å of 4′HC

Fig. 16. Amino acid residues of HSA around 5 Å of 4′HC

in presence of different concentrations of 4′HC at different
temperatures. Stern-Völmer analysis of the quenching data
indicates that the mechanism of quenching for BSA is static
quenching and in case of HSA is dynamic quenching. However,
the calculated value of bimolecular quenching constant which
is higher than the maximum bimolecular collisional quenching
constant for both albumin supports the static quenching observed

in BSA-4′HC system and suggest the involvement of static
dynamic quenching in HSA-4′HC interaction. The formation
of 4′HC complexes with BSA and HSA in the ground state is
further confirmed from absorption spectroscopy. The value of
n shows the availability of only one binding site in both the
proteins. Molecular docking studies indicate that 4′HC binds
to the sub-domain IIA of both the proteins. The Förster distance
‘r’ for both BSA-4′HC and HSA-4′HC systems lie within 0.5R0

and 1.5R0, which indicates the possible energy transfer between
the protein and ligand. The negative ∆G indicates that the 4′HC-
BSA and 4′HC-HSA interaction is spontaneous. The negative
∆H and positive ∆S indicates that the forces involved in the
formation of both the complexes is the electrostatic force of
interaction. FTIR and CD studies show some conformation
changes both in BSA and HSA after the interaction with 4′HC.
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