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Abstract: In this study, we investigated the interaction of epigallocatechin gallate (EGCG) with
bovine serum albumin (BSA) by fluorescence method and protein‐ligand docking. We separated
EGCG from green tea using the chromatographic method and analyzed structural activity
relationships of the EGCG. The results show that EGCG is a strong quencher of BSA fluorescence
and binds with BSA with high affinity. The binding parameters (binding constant, the number of
binding sites) were determined by the Ward equation. From the thermodynamic parameters,
calculated according to the van’t Hoff equation, the enthalpy change ΔH°, and entropy change ΔS°
were found to be -22.67 kJ/mol and 14.92 J/mol/K, respectively. These values suggest that apart from
an initial hydrophobic association, the complex is held together by electrostatic and hydrogen
bonding. In the docking simulation, the lowest free energies for the interaction of EGCG with
tryptophan residues was −21.92kJ/mol (Trp134) and −24.7 kJ/mol (Trp213). The binding between
EGCG and BSA consists of hydrogen bonds (Trp213) and hydrophobic interactions (Trp134).
Keywords: Chromatographic method; binding parameter; fluorescence; thermodynamic parameter;
INTRODUCTION
Green tea contains catechin complex such
as (+)-catechin, (-)-epicatechin, (-)-epicatechin
gallate,
(-)-epigallocatechin,
(-)epigallocatechin gallate. From these, EGCG is
the richest in green tea, which has a broad range
of biological activity including antioxidants [1],
antibacterial [2], anti-cancer [3], anti-diabetic
[4] and cancer preventive activities [5].

In several in vitro and in vivo studies,
EGCG is a compound of biological activity
with aromatic, stronger antioxidants compared
to other catechins [6]. EGCG’s biological
activities function related to its structure
(Figure 1). The role of EGCG in health can,
therefore, be understood only in the context of
its binding to serum albumin.
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Figure 1. Chemical structure of EGCG

BSA binds and transports many small
molecules (drugs, vitamins, fatty acids,
hormones, etc.) through the bloodstream [7].
BSA has been one of the most extensively
studied of this group of proteins, due to its
structural homology with HSA (76% identity
and 88% similarity) [8]. BSA is a globular
protein consisting of 583 amino acid residues
with 2 tryptophan residues (Trp134 and
Trp213) and has three hydrophobic pockets.
Trp134 is in a solvent-exposed region of
subdomain IB and is highly accessible, whereas
Trp213 is buried in the hydrophobic pocket

near the drug binding site in subdomain IIA.
Most investigations carried out on the
interaction serum albumin with compounds
have shown biological activity, which have
been reported in the literature [9-12].
The study of interactions between
catechins and albumin is important for food
chemistry, pharmacology, and clinical
medicine. Therefore, in this work, the
interaction of BSA with EGCG has been
investigated by fluorescence method and
protein-ligand docking.

MATERIALS AND METHODS
EGCG in the catechins fractions was
separated using the Nexera X2 HPLC system
equipped
with
C18-RP-HPLC
250x4.0mmx5μm. The mobile phase was
composed of water/acetonitrile (A solution),
acetic acid (B solution) and flow rate was 1
ml/min.
Fluorescence spectroscopy and quenching
constant calculation
Solutions of EGCG and BSA were
prepared in a 0.01 M phosphate buffer, pH 7.4
containing 0.15 M NaCl. Fluorescence
measurements were performed on a Hitachi
Spectrofluorometer Model F-4600 equipped
with Xenon Lamp and a slit width of 10 nm,
using a 1 cm quartz cell. These studies were
carried out to select optimum protein and
EGCG concentrations for the interaction. BSA
concentration was kept fixed at 100 µM and
EGCG concentration was varied from 10 to 50

Samples and reagents
The Sencha green tea (Camellia sinensis)
used as crude extracts were obtained from the
Mercury Market (Ulaanbaatar, Mongolia).
EGCG standard and other reagents of analytical
grade were purchased from Wako Pure
Chemical Industries (Osaka, Japan), SigmaAldrich (Germany), and Damao Chemical
Reagent Factory (Tianjin, China).
Preparation of green tea extracts and
separation of catechins fraction
A mixture of catechins was extracted
from the Sencha green tea. The obtained extract
was
partially
separated
by
column
chromatography using chloroform-water (1:1,
v/v) and water-ethyl acetate (1:1, v/v) solvent
systems [13].
High-performance liquid chromatography
(HPLC) analysis
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µM. Fluorescence spectra were recorded at
different temperatures in the range of 300-500
nm upon excitation at 281 nm.

Fluorescence data were analyzed by the
following equation. The following has been
revealed for equivalent and independent
binding sites [14]:

log(𝐹𝐹0 − 𝐹𝐹)/𝐹𝐹0 = log𝐾𝐾𝑏𝑏 + 𝑛𝑛 log[𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸]

(1)

𝐹𝐹0 /𝐹𝐹 = 1 + 𝐾𝐾𝑆𝑆𝑆𝑆 [𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸] = 1 + 𝑘𝑘𝑞𝑞 × 𝜏𝜏0 [𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸]

(2)

𝐹𝐹0 and 𝐹𝐹 are the fluorescence intensities before
and after the addition of EGCG, respectively.
𝐾𝐾𝑏𝑏 is the binding constant, [EGCG] is the
concentration of EGCG, n is the number of
binding sites.

Fluorescence quenching is described by
Stern-Volmer equation [15]:

𝐾𝐾𝑆𝑆𝑆𝑆 is the quenching constant of Stern-Volmer.
𝑘𝑘𝑞𝑞 is the bimolecular quenching rate constant,
and 𝜏𝜏0 is the lifetime of the fluorophore in the
absence of the EGCG (𝜏𝜏0 is about 2.89 x 10-9
s).
Thermodynamics of BSA-EGCG interactions

𝑙𝑙𝑙𝑙𝑙𝑙𝐾𝐾𝑏𝑏 = −

𝐾𝐾𝑏𝑏 is the binding constant at the corresponding
temperature and 𝑅𝑅 is the gas constant. Utilizing

Thermodynamics parameters, such as the
free energy change (ΔG°), the enthalpy change
(ΔH°), entropy change (ΔS°) for BSA-EGCG
interactions were calculated at 3 different
temperatures, 29, 31, and 37°C by the van’t
Hoff equations [16]:

∆𝐻𝐻 ∘
𝑅𝑅𝑅𝑅

+

Δ𝑆𝑆 ∘
𝑅𝑅

(3)

Kb, the free energy change (ΔG) value can be
estimated using the following equation [16]:

Δ𝐺𝐺 ∘ = −RTLog𝐾𝐾𝑏𝑏

(4)

taken from Protein Data Bank (PDB ID: 4F5S).
The 3D structure of EGCG was taken from
(ChEBI: 4806) Chemical Entities of Biological
Interest as a MOL file. The mechanism of the
BSA-EGCG interaction was performed using
AutoDock Tool 4.2 v.1.5.6 [17].

Docking studies of BSA-EGCG interactions
Molecular docking is one of the
important methods for structure biological and
making drug design in silico. In order to
understand the interaction of BSA-EGCG at the
atomic level, this simulation is studied by
molecular docking. The structure of BSA was
RESULTS AND DISCUSSION

extract using a silica gel column and HPLC
chromatographic method. Chromatographic
separation of EGCG is shown in Figure 2.

HPLC analysis
We completely separated EGCG from
other compounds in the Sencha green tea
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Figure 2. HPLC chromatogram of standard EGCG (red) and the separated EGCG (black).
The separation was performed at 25℃ and the analytical wavelength was set up for 280 nm

The standard peak of EGCG was
identified as the position with a retention time
(tR) of 12.435 min (red), while in the separated
EGCG was detected at 12.44 min (Figure 2
(black)). In our case, the peak of EGCG has
selectivity factor (α) = 1.99 and the peak area
has linear correlation (r = 0.9994, p < 0.01).
Finally, we purified 46.8±0.21 mg/g of EGCG
Fluorescence quenching and
thermodynamics analysis
Quenching
of
protein
intrinsic
fluorescence was employed for a more detailed
study of BSA-EGCG interactions. The
fluorescence spectra of BSA in the absence and
presence of EGCG were measured with an
excitation wavelength of 281 nm, which is
attributed to tryptophan residues only. The

fluorescence intensity of BSA gradually
decreased with the rising concentration of
EGCG, showing that EGCG binds with the
BSA. The fluorescence titration spectra at 25°C
are shown in Figure 3. A smaller blue shift
(from 346 to 339 nm) in 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚
𝑒𝑒𝑒𝑒 of tryptophan
fluorescence was observed in the interaction of
EGCG with BSA. The blue shift in the peak of
fluorescence emission of EGCG as well as the
increased intensity in the presence of protein
are indicative of the interactions between
EGCG and BSA. Moreover, EGCG was seen to
quench the fluorescence of BSA, meaning that
its two tryptophan residues were involved in
BSA- EGCG interactions.

Figure 3. Fluorescence quenching spectra of BSA (10 µM) in the presence of different concentrations of
EGCG (10-50 µM). pH 7.4;T=25℃
4
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𝐹𝐹0 /𝐹𝐹 versus [EGCG] (Figure 4). The
quenching rate constants are summarized in
Table 1. The values of 𝑘𝑘𝑞𝑞 for BSA-EGCG
interaction are higher than the diffusion-limited
rate constant of the biomolecule (𝑘𝑘𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 1.0 x
1010 l mol-1 s-1) which confirmed that the static
quenching mechanism is the key reason for
protein
fluorescence
quenching
[18].
Considering that the values of 𝑘𝑘𝑞𝑞 were higher
than 𝑘𝑘𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 , the static quenching mechanism is
most probably the main reason for protein
fluorescence quenching by catechins in the
range of concentrations 10-50 µM.

From the Stern-Volmer plots for the
quenching of intrinsic fluorescence of
tryptophan residues shown in Figure 4, the
values for quenching constant 𝐾𝐾𝑆𝑆𝑆𝑆 was
calculated as 3.13 x 104, 2.28 x 104, and 1.79 x
104 M at 25, 31, and 37°, respectively. It was
also found that 𝐾𝐾𝑆𝑆𝑆𝑆 decreases with an increase
in temperature, suggesting that the temperature
has a pronounced effect on BSA-EGCG
interactions.
The equation (2) was applied to
determine the bimolecular quenching rate
constants (𝑘𝑘𝑞𝑞 ) by linear regression of plots of

Figure 4. Stern-Volmer plots for the quenching of the fluorescence of the Trp residues of BSA. Correlation
coefficients (R) were found in the range of 0.989–0.995

The binding constants 𝐾𝐾𝑏𝑏 and binding site
n for BSA-EGCG interactions at 25, 31, and
37℃ were calculated using Logarithmic plots
(Figure 5). The logarithmic plots for
determining binding parameters indicate that
EGCG binds to a single site on BSA, which is
in agreement with the number of binding sites

n. The value of the number of binding sites
ranged from 0.83 to 1.06. From the Ward
equation, the binding constants 𝐾𝐾𝑏𝑏 at 25, 31,
and 37℃ were calculated and the values are
5.72 x 104, 6.15 x 104, and 6.67 x 104 M,
respectively (Table 1).
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Figure 5. Logarithmic plots of EGCG–HSA interactions. Correlation coefficients (R) were found in the
range 0.987–0.992

of entropy change (ΔS). Moreover, the negative
values of ΔG° indicate that the binding between
BSA and EGCG proceeds spontaneously. For
typical hydrophobic interaction, both entropy
change (ΔS°) and enthalpy change (ΔH°), are
positive, which was different in our results such
as ΔS°=14.92 J/mol/K (positive) and ΔH°=22.67 kJ/mol (negative). The positive entropy
observed accounts for hydrophobic interactions
and negative enthalpy may play a role in
electrostatic interactions, which is also inferred
from the decrease in quenching constant with
an increase in ionic strength [20].

Hydrogen bonds, van der Waals,
hydrophobic, and electrostatic interactions are
the basic interactions that have a key role in the
protein-ligand
binding
[19].
The
thermodynamic parameters of interaction
provide an understanding of binding mode. The
thermodynamic parameters involved in the
binding process were calculated using van’t
Hoff equation. The obtained values from this
equation are presented in Table 1.
As seen in Table 1, BSA-EGCG
interaction is an exothermic process
accompanied by the negative values of free
energy changes (ΔG°) and the positive values

Table 1. The bimolecular quenching rate constants (Kq), binding constants (Kb), number of binding sites (n)
and free energy change (ΔG0 ) of EGCG–BSA interactions
T, ℃

Kq(x1012 M-1 s-1)

Kb (x104М-1)

n

25
31
37

10.82
7.88
6.19

5.7158
6.1521
6.6659

0.83
0.97
1.06

ΔG
(kJmol-1)
-27.12
-27.86
-28.59

ΔH°
(kJmol-1)

ΔS°
(J K-1mol-1)

-22.67

14.92

and Trp-213 was -21.92 kJ/mol and -24.7
kJ/mol respectively. In the drug binding site, a
hydrogen bond was observed between EGCG
and Trp213, which may explain why the
affinity against Trp-213 was calculated to be
stronger than that against Trp-134. EGCG
interactions with nearby Trp134 residues are
dominated by van der Waals interactions and
the hydrophobic effect.

Docking studies of BSA-EGCG interactions
BSA has two Trp residues, for example
Trp134 is located on the surface of the
molecule, and Trp213 is located within drugbinding site I [21]. The docking analysis was
conducted to evaluate the binding affinity of
BSA to EGCG (Figure 6). From the results of
simulation, EGCG was observed to interact
with both Trp residues. The lowest binding
energy for the affinity of EGCG with Trp134
6
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Figure 6. The interaction of EGCG with Trp residues in BSA by the docking simulation. A. complexation
between BSA and EGCG in the drug binding site I. B. The docking pose of EGCG (blue ball & stick) against
Trp‐134 at the protein surface (B) and against Trp‐213 in the drug‐binding site I (C). Hydrogen bonds were
described as green solid lines. The molecular surface of the protein was colored as a yellow cartoon. The
figure was made by the UCSF Chimera [22]

CONCLUSIONS
In summary, the interactions of EGCG
with BSA has been presented by fluorescence
methods and docking studies. The results show
that EGCG is a strong quencher of the
fluorescence of BSA and binds to the BSA with
high affinity. The number of binding sites was
roughly one for BSA-EGCG interactions.
These interaction processes were spontaneous

based on free energy changes. The binding
forces are shown to be hydrophobic and
electrostatic in nature and stabilized with
hydrogen bonding. Moreover, in the drugbinding site I, the interaction of EGCG with
Trp213 in BSA bound to hydrogen bonding.
This report has a significance in the field of
pharmacology and food chemistry.
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