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Estudo Teórico e Experimental da Interação entre Albumina Sérica
Humana e Artepillin C, um Princípio Ativo da Própolis Verde Brasileira
Resumo: A própolis verde brasileira é produzida na região sudeste do país pelas abelhas Apis mellifera, que utilizam
como fonte de extração as plantas da espécie Baccharis dracunculifolia. Esse tipo de própolis apresenta diversas
atividades biológicas, as quais estão geralmente atreladas à presença do composto natural Artepillin C. Albumina
sérica humana (ASH) é o principal carreador de pequenas moléculas na corrente sanguínea e, tendo em vista o
potencial farmacológico da Artepillin C, o objetivo do presente trabalho é o estudo da interação ASH:Artepillin C por
técnicas espectroscópicas (dicroísmo circular, fluorescência no estado estacionário e resolvida no tempo), potencial
zeta e ancoramento molecular. A interação ASH:Artepillin C ocorre no estado fundamental no sítio I da albumina,
sendo controlada tanto pela entropia quanto pela entalpia. A presença de Artepillin C acarreta uma pequena
perturbação na estrutura secundária da albumina e nenhum tipo de perturbação significativa em sua superfície.
Estudos de ancoramento molecular sugerem que as principais forças controladoras da interaçãoASH:Artepillin C são
van der Waals, hidrofóbica e ligação de hidrogênio.
Palavras-chave: Própolis verde brasileira; Artepillin C; albumina sérica humana; espectroscopia; ancoramento
molecular.

Abstract
The Brazilian green propolis is produced in the south eastern region of the country by Apis mellifera bees, which use
plants of the species Baccharis dracunculifolia as a source of extraction. This type of propolis has several biological
activities, which are usually linked to the presence of the natural compound Artepillin C. Human serum albumin (HSA)
is the main carrier of small molecules in the bloodstream and, in view of the pharmacological potential of Artepillin
C, the main goal of the present work is the study of the interaction HSA:Artepillin C by spectroscopic techniques
(circular dichroism, steady-state and time-resolved fluorescence), zeta potential and molecular docking. The
interaction HSA:Artepillin C occurs in the ground-state at the site I of albumin and is entropically and enthalpically
driven. The presence of Artepillin C entails a small perturbation on the secondary structure of the albumin and no
significant perturbation on its surface. Molecular docking studies suggest that the main controlling forces of the
interaction HSA:Artepillin C are van der Waals, hydrophobic and hydrogen bonding.
Keywords: Brazilian green propolis; Artepillin C, human serum albumin; spectroscopy; molecular docking.
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1. Introduction
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Propolis is a complex mixture prepared by
bees inside their hives as a protective barrier
used
for
thermal
insulation
and
1
microbiological control. This product shows
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peculiar physicochemical characteristics and
biological properties, essential to bee life. It is
produced in the hive from resinous, sticky and
balsamic substances collected by the bees
from various materials (leaves, buds, floral
buds, and plant secretions) from different
species of plants. After these components
have been harvested in the field, they are
assembled within the colony, where they are
supplemented by varying amounts of wax,
pollen, salivary secretions and enzymes.2 Since
propolis plays an important role in the
prevention of diseases related to the bee
health, this knowledge has leveraged the
application of this natural product to human
therapies for centuries.3 The biological
properties of propolis are often related to the
presence of polyphenolic substances, mainly
of the class of phenylpropanoids and several
classes of flavonoids, with the quantification
and identification of such substances being
considered standards for assessing the quality
of propolis worldwide.4,5
The Brazilian green propolis is produced
mainly by Africanized honey bees (Apis
mellifera) in the south eastern region of Brazil,
having as main plant source the species
Baccharis dracunculifolia (also known as
alecrim-do-campo).6 Its high commercial and
scientific value is related to its biological
properties, such as antimicrobial, antitumor,
anti-inflammatory and antioxidant. These
biological activities are often related to the
presence of the chemical marker called (E)-3[4-hydroxy-3,5-bis(3-methylbut-2enyl)phenyl]prop-2-enoic acid (Artepillin C –
Figure 1).7,8

amino acid composition) and is the most
abundant protein in human plasma
(concentration around 600 µM). Commercial
preparations contain varying degrees of posttranslational modifications and genetic
variants with molecular weight components
mainly in the range of 66,437 to 66,600 Da.9
HSA displays an extraordinary binding
capacity to the ligand, providing a depot and
carrier for many endogenous and exogenous
compounds. In fact, HSA represents the main
carrier for fatty acids, affects the
pharmacokinetics of many drugs, provides the
metabolic modification of some ligands,
renders potential toxins harmless, accounts
for most of the anti-oxidant capacity of human
plasma, and exhibits (pseudo-) enzymatic
properties.10,11 Mainly because of the
biological importance of HSA in the
biodistribution of exogenous molecules in the
human bloodstream, there are several studies
in the literature involving HSA and natural
products, e.g. hesperetin,12 alpinetin,13
naringin,14
glucopyranosyldihydroxyflavonol,15
plumeran
indole
alkaloid,16 genistein, and curcumin.17
Considering that Artepillin C has important
biological properties and is an abundant
constituent of Brazilian green propolis,
whereas HSA is an important protein to the
biodistribution of exogenous molecules in
human plasma, the present study reports the
interaction between HSA and Artepillin C
through spectroscopic techniques (circular
dichroism, steady-state and time-resolved
fluorescence) combined with zeta potential
and molecular docking calculation.

Human serum albumin (HSA) has a
molecular weight of 66,437 Da (based on
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Figure 1. Chemical structure of Artepillin C and its corresponding theoretical local ionization
potential map at pH = 7.4

2. Experimental
2.1. Materials and instruments

Commercially available HSA, PBS buffer
(pH = 7.4), warfarin, ibuprofen and digitoxin
were obtained from Sigma-Aldrich Chemical
Company. Water used in all experiments was
Millipore grade. Methanol (spectroscopic
grade),
hexane,
dichloromethane,
chloroform, glacial acetic acid and acetone
were obtained from Tedia Ltd.
The main Artepillin C fraction was purified
by semi-preparative high efficiency liquid
chromatography employing a C-18 column
(250 × 10 mm × 5 μm) from Shimadzu. The
melting point for Artepillin C was determined
on a Meltemp II apparatus. Nuclear magnetic
resonance (1H and 13C) spectra were recorded
on a Bruker Avance III spectrometer (500
MHz) using tetramethylsilane (TMS) as
internal standard and deuterated methanol as
solvent.
For the studies of the interaction between
HSA and Artepillin C, UV-Vis and steady-state
fluorescence spectra were measured on a
Jasco J-815 fluorimeter using a quartz cell
(1.00 cm optical path), employing a
thermostatic cuvette holder Jasco PFD425S15F.
Time-resolved
fluorescence
1565

measurements were performed on a
spectrofluorimeter model FL920 CD, from
Edinburgh Instruments, equipped with an EPL
laser (λexc = 280 ± 10 nm; pulse of 850 ps with
energy of 1.8 µW/pulse, monitoring emission
at 340 nm). Circular dichroism (CD) spectra
were obtained using a Jasco J-815
spectropolarimeter equipped with a Jasco
PFD-425S15F thermostated system with
0.1 °C accuracy. Zeta potential (ZP) for HSA
and HSA:Artepillin C were measured in a
NanoBrook ZetaPALS. All measurements were
performed with 10 runs at room temperature
(ca 298 K) and the results were reported in
terms of ZP ± SD, where SD is the standard
deviation.

2.2. Preparation of n-hexane extract from
Brazilian green propolis

Artepillin C was isolated from a sample of
crude green propolis obtained directly from
producers in the city of Carmo (Rio de Janeiro
- Brazil) in the year of 2012. For the isolation
of the biomarker, 3.00 g of pulverized green
propolis were extracted with 150 mL of nhexane using Soxhlet apparatus for 6 hours.
After the extraction, the solvent was removed
under reduced pressure. The obtained crude
extract was solubilized in 3.0 mL of
dichloromethane and to remove the wax and
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resin content, this solution was diluted with
20 mL of methanol, left overnight in the
freezer and then vacuum filtered and
concentrated on an evaporator (300 mg).

2.3. Artepillin C isolation from the nhexane extract

The n-hexane extract of the Brazilian green
propolis (300 mg) was initially purified by
open-column liquid chromatography, using as
a stationary phase silica gel previously
activated in an oven at 100 °C for 1 hour. The
mobile phase consisted of mixtures of
chloroform and acetone in increasing polarity
gradient (0-20 % acetone). Thin layer
chromatography was used to monitor the
column chromatography, using acetone:nhexane (40:60, v/v) containing few drops of

glacial acetic acid as the mobile phase. Thus,
the fractions exhibiting chromatic similarity
were pooled and concentrated under reduced
pressure. The main fraction obtained after the
open column chromatography (90 mg) was
purified by semipreparative high efficiency
liquid chromatography employing a C-18
column. The mobile phase consisted of
mixtures of acetonitrile and MilliQ water, with
increasing gradient elution (72-100 %, in 18
minutes), and the peaks obtained were
monitored employing an UV detector at 280
nm. The substance eluted in 6.0 minutes
(Artepillin C) was concentrated in an
evaporator, yielding 24 mg of a white solid
(98 % chromatographic purity - HPLC-DAD). It
was characterized as the natural product
Artepillin C by melting point (97-99 °C), 1H and
13
C NMR (Table 1), being in full agreement
with the literature.18

Table 1. 1H and 13C NMR data for Artepillin C

C

δ H (ppm)

δ C (ppm)

1

-

126.27

2/6

7.20 (2H, s)

128.30

3/5

-

127.58

4-OH

-

155.32

7

7.70 (1H, d, J=15,9 Hz)

147.29

8

6.29 (1H, d, J=15,9 Hz)

114.01

9-CO

-

177.65

1'/1''

3.35 (4H, d, J=7,1 Hz)

29.36

2'/2''

5.31 (2H, t, J=7,1 Hz)

121.19

3'/3''

-

135.04

4'/4''

1.79 (s, 6H)

25.79

5'/5''

1.78 (s, 6H)

17.93
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2.4. Spectroscopic measurements for HSA
binding studies

was done for all steady-state fluorescence
data, since the UV absorption for the ligand is
greater than 0.10 a.u. at 280 and 340 nm (4.65
× 10-6 M, in PBS).19

All spectra were recorded with appropriate
background corrections. Inner filter correction

where Fcor and Fobs are the corrected and
observed steady-state fluorescence intensity
values, while Aex and Aem represent
absorbance values at the excitation (λ = 280
nm: ε = 209,697 cm-1M-1, in PBS) and emission
wavelengths (λ = 340 nm: ε = 35,153 cm-1M-1,
in PBS).

presence of Artepillin C in the 290-450 nm
range (λexc = 280 nm) at 289 K, 296 K, 303 K,
310 K and 317 K. The addition of Artepillin C to
the HSA solution was done manually by using
a microsyringe, achieving final concentrations
of 0.67; 1.33; 2.00; 2.66; 3.32; 3.65; 3.98, and
4.65 × 10-6 M.

The UV-Vis absorption spectrum for
Artepillin C (4.65 × 10-6 M, in PBS) was
measured in the 200-500 nm range at 310 K.
The steady-state fluorescence measurements
were carried out for 3.0 mL of HSA solution
(1.00 × 10-5 M, in PBS) without and in the

The quenching of HSA fluorescence in the
presence of increasing concentrations of
Artepillin C was analyzed using the Stern–
Volmer equation (equation 2A) and the kq
definition (equation 2B):20

where F0 and F represent the fluorescence
intensity values of the HSA in the absence and
presence of the Artepillin C, respectively, [Q]
is the ligand concentration. KSV and kq are the
Stern-Volmer constant and the bimolecular
quenching rate constant, respectively. τ0 is the
lifetime of the fluorophore in the absence of
ligand - the measured average value for the

fluorescence lifetime of HSA was (5.72 ± 0.11)
× 10-9 s.

where F0 and F are the steady-state
fluorescence intensities in the absence and
presence of Artepillin C, respectively; ƒ is the
fraction of the initial fluorescence intensity
corresponding to fluorophore that is

accessible to the quencher (f ≈ 1.00) and [Q] is
the Artepillin C concentration.
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Data from the fluorescence quenching
experiments were used to calculate the
modified Stern-Volmer binding constant (Ka)
of HSA with Artepillin C according to the
modified Stern–Volmer equation – equation
3:21

The thermodynamic parameters ΔH° and
ΔS°, the enthalpy and entropy change,
respectively, for the HSA:Artepillin C
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interaction were obtained from van’t Hoff plot
using equation 4A. Gibb’s free energy change

values (ΔG°) were obtained from equation
4B:22

where T is the temperature (289 K, 296 K,
303 K, 310 K and 317 K), R is the gas constant
(8.3145 Jmol-1K-1) and Ka is the effective
quenching constant for the accessible
fluorophores, which is analogous to
associative binding constant (modified SternVolmer binding constant) for the quencher
(Artepillin C) and acceptor (HSA) system.

M, in PBS) was obtained at room temperature
(ca 298 K).

Time-resolved fluorescence decays for the
free HSA solution (1.00 × 10-5 M in PBS) and for
a HSA solution containing the maximum
concentration of Artepillin C used in the
steady-state fluorescence studies (4.65 × 10-5

For the CD measurements, HSA
concentration was kept constant at 1.00 × 106
M and the Artepillin C concentration was set
as the maximum concentration used in the
steady-state fluorescence studies (4.65 × 10-6
M). CD spectra were measured in the 200-250
nm range, at 310 K. All spectra were recorded
with appropriate background corrections.
The intensity of the CD signal was
expressed as mean residue ellipticity (MRE),
defined according to equation 5:

where θ is the observed CD (in
millidegrees), n is the number of amino acid
residues (585 for HSA),23 l is the path length of
the cell (in cm) and Cp is the molar
concentration of HSA (1.00 × 10-6 M). The α-

helical contents of free HSA and bound to
Artepillin C were calculated from the molar
residual ellipticity (MRE) values at 208 nm
(equation 6A) and 222 nm (equation 6B):16,24

Competitive binding studies were carried
out with the three probes widely employed
for the characterization of binding sites in
HSA, i.e., warfarin, ibuprofen, and digitoxin for
site I, II, and III, respectively. HSA and site
probes were used at a fixed concentration
(1.00 × 10-5 M – proportion 1:1) and the

fluorescence quenching titration with
Artepillin C was performed as described
previously in the steady-state fluorescence
quenching method, at 296 K.
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2.5. Zeta potential measurements for the
interaction HSA:Artepillin C

The surface charge of HSA in the absence
and presence of Artepillin C was characterized
in terms of zeta potential (ZP). The ZP was
measured for HSA solution (1.00 × 10-5 M, in
PBS solution) without and in the presence of
the maximum ligand concentration used in
the steady-state fluorescence experiments
(4.65 × 10-6 M), at room temperature (ca 298
K).

2.6. Theoretical calculations

The Artepillin C structure was energyminimized by Density Functional Theory (DFT)
calculations, with B3LYP function and 6-31G*
basis set,25,26 available in Spartan' 14
program.27 The crystallographic structure of
HSA was obtained from Protein Data Bank
(1N5U).23 The molecular docking studies were
performed with GOLD 5.5 program (CCDC,
Cambridge Crystallographic Data Centre).28
The hydrogen atoms were added to the
albumin structure according to the data
inferred by GOLD 5.5 program on the
ionization and tautomeric states. Docking
interaction cavity in the protein was
established with a 10 Å radius from the Trp214 residue. The scoring function used was
'ChemPLP', which is the default function of the
GOLD 5.5 program.28 The graphical
representation of the best score was
generated with PyMOL program (DeLano
Scientific LLC).29 For more details, see previous
publications.30,31
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3. Results and Discussion
3.1. Binding ability of Artepillin C toward
HSA

There
are
numerous
molecular
interactions responsible for decreasing the
fluorescence intensity in a protein after its
interaction with small molecules, e.g.
collisional deactivation, electronic energy
transfer, excited state reactions, and complex
formation. This phenomenon is called
fluorescence quenching.32 Usually the intrinsic
fluorescence of a protein originates from the
aromatic amino acids tryptophan (Trp),
tyrosine (Tyr) and/or phenylalanine (Phe).
However, the indole group of the Trp residue
is the dominant source of UV absorbance and
fluorescence emission in the protein. In the
case of human serum albumin, for λexc = 280
nm the maximum emission of fluorescence at
λem = 340 nm shows no contribution of either
Phe or Tyr. Therefore, Trp residue is the major
responsible for the fluorescence of HSA.33,34
Figure 2A shows the effect of Artepillin C on
the fluorescence intensity of HSA. Although
Artepillin C exhibits weak fluorescence at the
highest concentration tested (Figure 2A in
horizontal dashed line), its maximum emission
wavelength does not overlap with that of HSA,
thus resulting in no effect on the fluorescence
measurements. As shown in the Figure 2A,
there is a weak red shift in the maximum
steady-state fluorescence emission of albumin
upon the maximum ligand addition (from 340
to 343 nm), suggesting that the amino acid
residues around Trp-214 residue are in a more
polar environment in the presence of
Artepillin C.35
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Figure 2. (A) Steady-state fluorescence emission of HSA and its quenching by successive
additions of Artepillin C at pH = 7.4 and 310 K. Inset: Stern-Volmer plots at five different
temperatures (289 K, 296 K, 303 K, 310 K and 317 K) for the interaction HSA:Artepillin C. (B)
Time-resolved decays for HSA without and in the presence of the maximum ligand
concentration used in the steady-state fluorescence measurements. [HSA] = 1.00 × 10-5 M and
[Artepillin C] = 0.67; 1.33; 2.00; 2.66; 3.32; 3.65; 3.98, and 4.65 × 10-6 M
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The fluorescence quenching mechanism of
a protein, i.e. static or dynamic process, can be
determined by calculating either the
quenching rate constant of a system under
different temperatures, or the fluorescence
lifetime of a protein in the absence and
presence of the ligand under study.36 From the
steady-state fluorescence data and by
carrying out a Stern-Volmer analysis (inset in
the Figure 2A), both Stern-Volmer constant
(KSV) and bimolecular quenching rate constant
(kq) can be calculated. To distinguish dynamic
quenching from static quenching, one must
investigate the changes in KSV and kq with
temperature. As can be seen in Table 2, both
KSV and kq values decrease with increasing
temperature, resulting in decreased stability
of HSA:Artepillin C complex formation at high
temperature.37 Since kq values are larger than
the diffusion rate constant in water (kdiff ≈ 7.40
× 109 M-1s-1, according to SmoluchowskiStokes-Einstein theory at 298 K),38 indicate
that the fluorescence quenching takes place
via a static process. This static mechanism
probably originates from a ground-state

association between Trp-214 and the natural
product Artepillin C.16
To further confirm that static mechanism is
the main fluorescence quenching process in
the interaction HSA:Artepillin C, time-resolved
fluorescence measurements were carried out
for HSA without and in the presence of the
natural product. Figure 2B depicts timeresolved fluorescence decays for HSA and
HSA:Artepillin C. Free HSA showed two
fluorescence lifetimes (τ1 = 1.45 ± 0.14 ns,
12.0 % contribution and τ2 = 5.72 ± 0.11 ns,,
88.0 % contribution – χ2 = 1.098), which is in
full agreement with literature results.39 After
the addition of Artepillin C to the HSA solution,
the albumin fluorescence lifetime did not
undergo any change within the experimental
error (τ1 = 1.41 ± 0.11 ns, 15.0 % contribution
and τ2 = 5.67 ± 0.10 ns,, 85.0 % contribution –
χ2 = 1.101). This result is consistent with a
ground-state association between the
albumin and Artepillin C, confirming the static
quenching mechanism proposed by steadystate fluorescence measurements.31,35

Table 2. Binding constant values (KSV, kq and Ka) and thermodynamic parameters (ΔH°, ΔS°
and ΔG°) for the interaction between HSA:Artepillin C at 289 K, 296 K, 303 K, 310 K and 317 K
T

KSV (×104)

kq(×1012)

Ka (×105)

ΔH°

ΔS°

ΔG°

(K)

(M-1)

(M-1s-1)

(M-1)

(kJmol-1)

(kJmol-1K-1)

(kJmol-1)

289

3.15±0.07

5.51

7.97±0.10

-32.6

296

2.99±0.10

5.23

6.58±0.07

-32.9

303

2.87±0.14

5.02

5.36±0.11

310

2.71±0.14

4.74

4.45±0.06

-33.5

317

2.41±0.10

4.21

3.88±0.07

-33.8

-19.9±1.10

0.0439±0.0015

-33.2

Obs: r2 for KSV and kq: 0.9806-0.9966; r2 for Ka: 0.9983-0.9999 and r2 for ΔH°, ΔS° and ΔG°:
0.9989

Knowing the value for the modified SternVolmer binding constant (Ka) (eq. 3) between
serum albumin and a ligand is important to
understand its distribution in the plasma,
body tissues and organs.40 The Ka values are in
the order of 105 M-1 (Table 2 and Figure 3A),
indicating a moderate affinity between HSA
1571

and Artepillin C. These values are comparable
to those observed for different natural
products as reported in the literature.12,15,17
Table 2 also shows that Ka values are inversely
correlated with temperature. Furthermore, Ka
perfectly matches the Ksv values obtained as
described above (the same trend), which is
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further evidence of a ground-state association
between HSA and Artepillin C.41
When a ligand binds to a protein, there is
the possibility of four types of non-covalent
interactions, i.e., hydrogen bonds, van der
Waals forces, lipophilic and electrostatic
interactions. The thermodynamic parameters
(ΔH° and ΔS°) are generally employed as
evidence to identify the nature of the forces
acting on a particular type of interaction, and
were thus calculated for the pair
HSA:Artepillin C according to the van't Hoff
and Gibbs free energy analysis (Table 2 and
Figure 3B).34

The negative values for ΔG° are consistent
with the spontaneity of the interaction
between HSA and Artepillin C. Since, both the
negative value for ΔH° and the positive value
for ΔS° can contribute positively to the
negative sign of ΔG°, the interaction of
Artepillin C with albumin must be enthalpically
and entropically driven.42 From the point of
view of water structure, a positive entropy has
been considered as a typical signature of a
hydrophobic effect, since the water molecules
that are arranged in an orderly fashion around
the ligand and the protein molecule acquire a
more random configuration as a result of the
hydrophobic effect.40

3,5
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-1
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Figure 3. (A) Modified Stern-Volmer plots for the interaction HSA:Artepillin C at 289 K, 296 K,
303 K, 310 K and 317 K. (B) Van’t Hoff plot for the interaction HSA:Artepillin C. [HSA] = 1.00 ×
10-5 M and [Artepillin C] = 0.67; 1.33; 2.00; 2.66; 3.32; 3.65; 3.98 and 4.65 × 10-6 M
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3.2. Perturbations on the HSA structure
upon ligand binding

Circular dichroism (CD) is a sensitive
technique to monitor conformational changes
in a protein. The CD spectrum of HSA exhibits
two negative signals at 208 and 222 nm, which
correspond to π–π* and n–π* transitions,
respectively.43,44 Changes in these signals are
widely used to investigate perturbations on
the secondary structure of albumin upon
ligand binding.45 Figure 4 depicts the CD
spectra for HSA in the absence and presence
of the maximum ligand concentration used in

the steady-state fluorescence measurement.
It is worth noting that the CD signal decreased
weakly its intensity upon ligand binding,
suggesting that Artepillin C can only cause a
weak perturbation on the secondary structure
of the protein.40 The α-helical % content for
HSA at 208 and 222 nm were 63.9 % and
62.0 %, respectively. On the other hand,
HSA:Artepilin C showed values of 62.5 % at
208 nm and 60.0 % at 222 nm. The weak
decrease in the quantitative values for HSA
after ligand binding can confirm the weak
Artepillin C perturbation on the secondary
albumin structure.31

0

Ellipticity (mdeg)

-20

HSA
HSA:ArtepillinC

-40
-60
-80
-100

n-p*

-120
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-140
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Wavelength (nm)
Figure 4. CD spectra for HSA without and in the presence of Artepillin C at pH = 7.4 and 310 K.
[HSA] = 1.00 × 10-6 M and [Artepillin C] = 4.65 × 10-6 M

Variations in the zeta potential (ZP, ζ) for a
protein can mainly imply in conformational
changes and/or unfolding/denaturation
processes in its protein structure.46 Thus, the
ZP of a protein can be used as an indicator of
the protein stability upon ligand binding.
Experimental ZP value for free HSA was
negative (ζ ~ 7.19 ± 2.32 mV, conductance ~
30,120 µS, and electric field ~ 13.10 V/cm) in
PBS buffer solution. Moreover, with the

1573

addition of Artepillin C (4.65 × 10-6 M), ZP was
ζ ~ 8.10 ± 1.46 mV, conductance ~ 28,943 µS,
and electric field ~ 12.73 V/cm. It is important
to note that the ZP value for HSA before and
after addition of Artepillin C is the same inside
the experimental error of the measurements,
indicating that there is no significant structural
change on the protein surface after ligand
addition.47
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a high affinity for digitoxin.48 In order to
identify the main binding site of Artepillin C
toward HSA structure, competitive binding
measurements were carried out (Figure 5).
The Ka values obtained in the presence of
warfarin, ibuprofen, and digitoxin were (3.58
± 0.10); (6.52 ± 0.12) and (5.85 ± 0.10) × 105 M,
respectively, at 296 K. Comparing these
results to the Ka value without the presence of
each site marker at 296 K, it was concluded
that there is a decrease of 45.6 %; 0.91 % and
11.1 % for the Ka value in the presence of
warfarin,
ibuprofen,
and
digitoxin,
respectively, indicating that site I, where Trp214 residue can be found, is the main binding
site for Artepillin C.31

3.3. Investigation of the main protein
binding pocket and molecular docking
analysis

The HSA structure shows two main binding
pockets (namely site I and II) for different
ligands. The protein pocket located in the
subdomain IIA (site I) shows an affinity for a
wide range of drugs, including warfarin,
indomethacin, and phenylbutazone, while
subdomain IIIA (site II) has affinity for
ibuprofen, diazepam, and flufenamic acid.
Recently, another main binding site has also
been detected in the HSA structure (site III),
which is located in the subdomain IB and has

4,0

Ibuprofen
Warfarin
Digitoxin

3,6
3,2

F0/(F0-F)

2,8
2,4
2,0
1,6
1,2
3,0x105

6,0x105

9,0x105

1,2x106

1,5x106

1[Artepillin C] (M-1)
Figure 5. Modified Stern-Volmer plots for the interaction HSA:Artepillin C in the presence of
three different site markers (warfarin, ibuprofen and digitoxin) at 296 K. [HSA] = 1.00 × 10-5 M
and [Artepillin C] = 0.67; 1.33; 2.00; 2.66; 3.32; 3.65; 3.98, and 4.65 × 10-6 M

To provide an explanation at molecular
level on the binding ability between HSA and
Artepillin C, molecular docking calculations
were performed, suggesting the main amino
acid residues and major intermolecular forces
involved in the HSA:Artepillin C interaction
inside subdomain IIA (site I) - the main binding
site detected by the competitive binding
studies described above. Considering that the
spectroscopic measurements were carried out

at pH = 7.4 and knowing that the pKa value of
the carboxyl acid group present in the
Artepillin C structure is 4.65,49 molecular
docking calculations were performed for the
ionic form of the ligand. Figure 6 depicts the
best docking pose for Artepillin C in the site I.
Molecular docking results suggested
hydrogen bonding, van der Waals and
hydrophobic interactions as the main binding
forces. The hydrogen atom of the hydroxyl
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group of the amino acid residues Ser-201 and
Ser-453 is a potential donor for hydrogen
bonding with carboxyl and phenol groups of
the ligand structure, respectively, within a
distance of 1.90 and 2.10 Å, respectively. The
amino acid residue Trp-214 can interact via

van der Waals forces with the ligand structure
within a distance of 2.00 Å. On the other hand,
Val-343 and Leu-480 residues can interact
with the ligand structure via hydrophobic
forces, within a distance of 2.70 and 2.80 Å,
respectively.

HSA:Artepillin
C

Site
I

Figure 6. Best score pose for HSA:Artepillin C inside subdomain IIA (ChemPLP function).
Artepillin C structure is represented in magenta, and the selected hydrophilic and hydrophobic
amino acids residues are represented in yellow and brown, respectively. Black dots represent
the interaction via hydrogen bonding. Hydrogen: white; oxygen: red and nitrogen: dark blue

4. Conclusion
Since KSV values decreased with increasing
temperature, suggest that the interaction
between the natural product isolated from
Brazilian green propolis (Artepillin C) and HSA
occurs through a ground-state association
(static
quenching
mechanism).
This
phenomenon is supported by kq values which
are higher than kdiff value, as well as
fluorescence lifetime for HSA is practically the
same without and in the presence of Artepillin
C. The interaction HSA:Artepillin C is moderate
and causes a very weak perturbation on the
secondary structure of the albumin; however,
there is no significant structural change on the
surface of the protein. The interaction process
is spontaneous and occurs mainly in the
subdomain IIA (site I), where Trp-214 residue
can be found. The interaction is enthalpically
and entropically driven and molecular docking
results suggested that Artepillin C can interact
with the amino acid residues Trp-214; Ser1575

201; Val-343; Ser-453, and Leu-480 via
hydrogen bonding, van der Waals and
hydrophobic forces. This study can contribute
to a better understanding of the
pharmacokinetic profile of natural products,
having a specific application on the medicinal
ability of Artepillin C.
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