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Abstract

The binding of nevadensin to human serum albumin (HSA) in aqueous solution was investigated for the first time by molecular spec-
troscopy and modeling at pH 7.4. Spectrophotometric observations are rationalized in terms of a static quenching process and binding
constant (Ka,Kb) and the number of binding sites (n � 1) were evaluated by fluorescence quenching methods. Thermodynamic data
showed that nevadensin was included in the hydrophobic cavity of HSA mainly via hydrophobic interactions. The value of 3.09 nm
for the distance r between the donor (HSA) and acceptor (nevadensin) was derived from the fluorescence resonance energy transfer. Spec-
trophotometric techniques were also applied to investigate the structural information of HSA molecules on the binding of nevadensin
and the results showed that the binding of nevadensin to HSA did not change significantly molecular conformation of HSA in our exper-
imental conditions. Furthermore, the study of molecular modeling also indicated that nevadensin could strongly bind to the site I (sub-
domain IIA) of HSA mainly by a hydrophobic interaction and there are hydrogen bond interactions between nevadensin and the residues
Arg-218, Arg-222, Lys-195, and Asp-451. As compared to the other flavonoids, the flavonoids containing methoxy groups which are in
aromatic rings can bind to HSA with higher affinity.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Human serum albumin (HSA) as the most abundant
carrier protein plays an important role in the transport
and disposition of many endogenous and exogenous sub-
stances such as metabolites, drugs, and other biologically
active compounds present in blood [1]. And the investiga-
tion of the interaction of HSA with drugs contributes to
understand disposition, transportation, metabolism and
efficacy of drugs, which are correlated with their affinities
toward HSA. Therefore, it is of great importance to study
the binding of such small molecules to HSA.

The flavonoids are made up of an important group of
naturally occurring bioactive polyphenolics, ubiquitous in
plants of higher genera. The basic structure of flavonoids
0022-2860/$ - see front matter � 2007 Elsevier B.V. All rights reserved.
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(see Scheme 1) is usually characterized by three rings (A,
B, and C) and there are two aromatic rings (A and B),
which are joined by a three-carbon linked c-pyrone ring
(C), forming a C6–C3–C6 skeleton unit where side group
is usually hydroxyl, methoxyl or glycosyl.

As early as 1936, since Rusznyak and Szent-Gyorgyi [2]
first recognized the therapeutically beneficial role of dietary
flavonoids, there is growing evidence for flavonoids with a
wide range of therapeutic activities of high potency and low
systemic toxicity [3] such as against cancers, tumors, AIDS,
and inflammation, etc. Recent interests on flavonoids have
largely focused on their biological and relevant therapeutic
applications. It has even been confirmed that HSA can play
a decisive role in the transport and disposition of flavo-
noids [4]. A number of biochemical and molecular biolog-
ical investigations have showed that proteins are frequently
the ‘‘targets’’ for therapeutically active flavonoids of both
natural and synthetic origin [5], so it is necessary to study
the interaction between flavonoids and protein in order
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Scheme 1. The chemical structure of nevadensin.
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to understand the mechanism of drug action at a molecular
level. However, until now, very little was known about the
specific mode of interactions of these compounds with their
respective target proteins at the molecular level. Moreover,
although there have ever been a large amount of studies on
the interaction of flavonoids with HSA [6–17], until today,
the binding of flavonoids containing several methoxyl
groups (-OCH3) to HSA has seldom been reported. The
interaction of nevadensin with HSA has not been carried
out. Nevadensin (Scheme 1) is one of the flavonoids widely
used in traditional Chinese medicine for the treatment of
lymph node tuberculosis, cough with tachypnoea and rheu-
matic pains [18,19] and is widely on the distribution in
plants of Lysiontous pauciflorus Maxim, which is wide-
spread in southern China.

In this work, we have performed for the first time
extended studies on the interaction of HSA with nevaden-
sin in aqueous solutions at three temperatures under phys-
iological conditions utilizing fluorescence method in
combination with synchronous fluorescence and CD tech-
nique. Furthermore, the molecular modeling was studied
with Sybyl 6.9 package on SGI FUEL workstation.

2. Materials and methods

2.1. Materials and preparation of solutions

Human serum albumin (HSA, fatty acid-free <0.05%),
purchased from Sino-American Biotechnology Company,
was used without further purification. Nevadensin was of
analytical grade, and purchased from the National Institute
for Control of Pharmaceutical and Bioproducts, China.
Tris(hydroxymethy-laminomethane) was of biochemical
grade and was purchased from Shanghai Chemical Reagent
Head Factory (Shanghai, China). NaCl (analytical grade,
1 mol/L) solution was used to maintain the ion strength at
0.1. Tris–HCl buffer solution (0.05 mol/L Tris, 0.1 mol/L
NaCl) was used to keep the pH of the solution at 7.40.
HSA stock solution of 1.5 · 10�5 mol/L was prepared with
the Tris–HCl buffer solution and kept in the dark at 4 �C.
The stock solution (5 · 10�4 mol/L) of nevadensin was pre-
pared by dissolving appropriate amount of nevadensin in
50 ml anhydrous methanol. The working solution
(1.0 · 10�4 mol/L) was obtained by appropriate dilution of
the stock solution with methanol. All other reagents were
of analytical grade and doubly distilled water was used
throughout all the experiments. The concentration of HSA
was determined spectrophotometrically on a Shimadzu
UV-260 UV–vis spectrophotometer using e280

(HSA) = 36,500/M/cm [12].

2.2. Apparatus and methods

Fluorescence measurements were performed on an LS-
55 spectrofluorophotometer (Perkin-Elmer, America) fol-
lowing an excitation at 280 nm. The fluorescence emission
spectra were recorded in the wavelength of 290–500 nm.
Both excitation and emission bandwidths were adjusted
at 10 nm. The synchronous fluorescence spectra were
obtained by scanning simultaneously the excitation and
emission monochromator. The wavelength interval (Dk) is
fixed individually at 15 and 60 nm, at which the spectrum
only shows the spectroscopic behavior of Tyr and Trp res-
idues of HSA, respectively. The quantitative analysis of the
interaction between HSA and nevadensin was performed
by a fluorometric titration as follows: 3 mL of a
1.5 · 10�6 mol/L solution of HSA was titrated by succes-
sive addition of nevadensin solution to reach a final con-
centration of 3 · 10�6 mol/L nevadensin.

Circular dichroism measurements were run on an Olis
DSM 1000 automatic recording photospectrometer using
a cell with 1 mm optical length at 296 K, with three scans
averaged for each CD spectra at room temperature
(296 K). CD determinations of pure HSA and HSA–neva-
densin mixtures were carried out using the buffer solutions
of nevadensin at a corresponding concentration as the ref-
erence. The results are expressed as ellipticity (mdeg),
which was obtained in mdeg directly from the instrument.

The potential of the 3D structure of HSA was assigned
according to the Amber 4.0 force field with Kollman-all-at-
om charges. The initial structures of all the molecules were
generated by molecular modeling software Sybyl 6.9 [20].
The geometries of this drug were subsequently optimized
using the Tripos force field with Gasteiger–Marsili charges.
FlexX program was applied to calculate the possible con-
formation of the drug that binds to the protein. The crystal
structure of HSA in complex with R-warfarin was taken
from the Brookhaven Protein Data Bank (entry codes
1h9z). The PDB file contains a co-crystal with a small
ligand (R-warfarin) in the active site. This ligand was
extracted and used as a reference structure (a fixed confor-
mation docked into the active site of the HSA). FlexX pro-
gram used the reference structure for the active site
determination – by default, any residue in the protein with-
in 6.5 Å of the reference structure was considered part of
the active site. FlexX program also did an RMS compari-
son between the reference structure and final docked struc-
ture of nevadensin as an indication of accuracy. The
receptor descriptor file (rdf) lies at the heart of FlexX. It
contains the information about the protein, its amino
acids, the active site, non-amino acid residues, and specific
torsion angles. Sybyl interface to FlexX created a default-
rdf file. At last, FlexX program was used to build the
interaction modes between the nevadensin and HSA.
Nevadensin was docked to HSA by FlexX and then it
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revealed hydrogen bonds between nevadensin and some
residues of HSA. All calculations were all performed
through SGI FUEL workstations.
3. Results and discussion

3.1. Analysis of fluorescence quenching of HSA by

nevadensin

Fluorescence of HSA originates from tryptophan (Trp),
tyrosine (Tyr) and phenylalanine (Phe) residues. Actually,
the intrinsic fluorescence of HSA is mainly contributed by
the Trp residue alone, because the Phe residue has a very
low quantum yield and the fluorescence of Tyr is almost
totally quenched when it is ionized or near by an amino
group, a carboxyl group or a Trp [21]. That is, the change
of intrinsic fluorescence intensity of HSA is mainly that of
Trp residue when small molecule substances are bound to
HSA.

The ultimate percentages of methanol in all solutions were
below 3% (v/v). Because nevadensin was prepared in metha-
nol, the quenching effect of methanol, and the effect of meth-
anol on HSA conformation were then evaluated. The results
showed that the effect of methanol on the nevadensin inter-
action with HSA could be negligible in the amount used in
our experiment. Fig. 1 showed the fluorescence emission
spectra of HSA with various amount of nevadensin follow-
ing an excitation at 280 nm. It could be seen that the fluores-
cence intensity of HSA dropped regularly with the increase in
nevadensin concentration, indicating that nevadensin can
bind to the HSA, which was discussed further later.
3.2. Fluorescence quenching mechanism of HSA by

nevadensin

A quenching process can be usually induced by a colli-
sional process or a formation of a complex between
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Fig. 1. The fluorescence spectra of the nevadensin-HSA system.
[HSA] = 1.5 · 10�6 mol/L, [nevadensin] = 0, 3, 6, 9, 12, 15, 18, 21
(·10�7 mol/L) (1 fi 8); T = 296 K, pH 7.40; kex = 280 nm.
quencher and fluorophore. The former is referred to as a
dynamic quenching mechanism and the latter a static
quenching mechanism. Both mechanisms can be distin-
guished from each other by the differences in tempera-
ture-dependent behavior. It is well known that dynamic
quenching mainly depends upon diffusion. Since higher
temperatures can result in larger diffusion coefficients, the
bimolecular quenching constants are expected to increase
with increasing temperature. In contrast, a static quenching
process will lead to a decrease in the quenching rate con-
stant with raising temperature.

In order to confirm the quenching mechanism, the fluo-
rescence quenching was analyzed according to the well-
known Stern–Volmer equation [22]:

F 0

F
¼ 1þ kqs0½Q� ¼ 1þ KSV½Q� ð1Þ

where, F0 and F represent the steady-state fluorescence
intensities in the absence and in the presence of quencher,
respectively, [Q] is the concentration of quencher. kq is
the quenching rate constant of biomolecule, s0 is the aver-
age life-time of biomolecule without the quencher and its
value is 5 ns [13] and KSV is the Stern–Volmer dynamic
quenching constant, which was determined by linear
regression of a plot of F0/F against [Q]. The solid lines in
Fig. 2 show the lines of best fit of the experimental data
to the Stern–Volmer equation. The values for KSV, kq,R,
and linear regression equation at different temperatures
are presented in Table 1. The results in Table 1 shows
KSV is inversely correlated with temperature, which sug-
gests that the fluorescence quenching process may be main-
ly controlled by a static quenching mechanism rather than
a dynamic quenching mechanism. Moreover, values for kq

(Table 1) are four orders of magnitude greater than the
maximum diffusion collision quenching rate constant
0 10 15 20 25 30
1.0

1.5

2.0

2.5

3.0

3.5

4.0

F 0
/F

[Q](10-7M)

5

Fig. 2. The Stern–Volmer plots of HSA quenched by nevadensin : j,
296 K; d, 306 K; m, 318 K. [HSA] = 1.5 lM, kex = 280 nm, pH = 7.40.



Table 1
Stern–Volmer quenching constants of the system of nevadensin–HSA at different temperatures

pH T (K) KSV (·105 L/mol) kq (·1014 L/mol/s) R linear regression equation

7.4 296 9.781 1.956 0.99906 F0/F = 0.976 + 9.781 · 105[Q]
306 8.031 1.606 0.99877 F0/F = 1.026 + 8.031 · 105[Q]
318 6.558 1.312 0.99853 F0/F = 1.028 + 6.558 · 105[Q]

R is the correlation coefficient.
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(2.0 · 1010 L/mol/s) of a variety of quenchers with biopoly-
mer [23]. This result indicates again that the quenching is
not caused by dynamic collision but from the formation
of a complex.
3.3. Determinations of binding constants and the number of

binding sites

For the static quenching process, the quenching data
were analyzed according to the modified Stern–Volmer
equation [24]:

F 0

DF
¼ 1

fKa

1

½Q� þ
1

f
ð2Þ

In the present case, F0 and DF are the relative fluorescence
intensity without quencher and the difference in fluores-
cence intensity of protein in the absence and presence of
quencher, respectively. Ka is the effective quenching con-
stant for the accessible fluorophores, here it is binding con-
stant and [Q] is the quencher concentration; f is the
fractional maximum fluorescence intensity of protein
summed up, and the plot of F0/DF versus [Q]�1 is linear
with slope equalling to the value of (fKa)�1. The value 1/f
is fixed on the ordinate. The association constant Ka is a
quotient of an ordinate 1/f and slope (fKa)�1.

Fig. 3 shows the modified Stern–Volmer plots for the
system of nevadensin–HSA at different temperatures. The
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Fig. 3. The modified Stern–Volmer plots for the nevadensin–HSA system
at pH 7.40: j, 296 K; d, 306 K; m, 318 K. [HSA] = 1.5 lM,
kex = 280 nm.
corresponding results at different temperatures are listed
in Table 2. It could be observed that values of Ka decreased
with the temperature rising, which was in accordance with
KSV’s dependence on temperature as mentioned above.
This result indicates that the interaction between nevaden-
sin and HSA was weaken when the temperature rose.

When small molecules bind independently to a set of
equivalent sites on a macromolecule, the equilibrium
between free and bound molecules is given by the following
equation [11].

log
ðF 0 � F Þ

F
¼ log Kb þ n log½Q� ð3Þ

where, in the present case, Kb is the binding constant, and n

is the number of the binding sites per HSA, which can be
determined by the ordinate and slope of double logarithm
regression curve (Fig. 4) of log (F0 � F)/F versus log [Q]
based on the Eq. (3), respectively. The values of Kb and n

were evaluated and presented in Table 3. It indicates that
nevadensin binds to HSA with high affinity and there is
about one binding site on the protein. It also shows that
the values of Kb and n decreased with the temperature
increasing, which may imply that a unstable complex was
formed in the binding reaction. The complex would possi-
bly be partly dissociated when the temperature increases,
therefore, the values of Kb and n decreased with the tem-
perature rising, which also agreed with the trend of KSV

and Ka, as mentioned above.
3.4. Binding mode

Essentially, there are four types of non-covalent interac-
tion existing in ligand binding to proteins. These are hydro-
gen bonds, van der Waals forces, hydrophobic bonds and
electrostatic interactions. The thermodynamic parameters
of binding reaction are the main evidence for confirming
acting forces. Therefore, the thermodynamic parameters
dependent on temperatures were analyzed in order to char-
acterize the acting forces between drug and HSA. If the
enthalpy change (D H0) changes little in the temperature
range studied, thermodynamic parameters (DH0 and DS0)
were calculated from the Vant Hoff plot (Fig. 5) based
on Eq. 4 and listed in Table 2. The free energy change
DG0 of the binding reaction at different temperature is esti-
mated from the Eq. 5 and displayed in Table 2.

ln Ka ¼ �
DH 0

RT
þ DS0

R
ð4Þ



Table 2
Modified Stern–Volmer binding constants Ka and relative thermodynamic parameters of the system of nevadensin–HAS

pH T (K) Ka (·105 L/mol) Ra DH0 (kJ/mol) DG0 (kJ/mol) DS0 (J/mol/K) Rb

7.4 296 8.114 0.99983 �33.484
306 6.815 0.99917 �13.050 �34.174 69.034 0.99999
318 5.622 0.99924 �35.003

Ra and Rb is the correlation coefficient for the Ka values and for thermodynamic parameters, respectively.
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Fig. 4. Plots of log (F0 � F)/F versus log [Q] for the nevadensin–HSA
system at pH 7.40: j, 296 K; d, 306 K; m, 318 K. [HSA] = 1.5 lM,
kex = 280 nm.

Table 3
Binding constants Kb and binding sites n at different temperatures

pH T (K) Kb (·106 L/mol) n R

7.4 296 1.807 1.048 0.99955
306 1.173 1.027 0.99873
318 0.889 1.021 0.99871

R is the correlation coefficient.
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Fig. 5. Vant Hoff plot, [HSA] = 1.5 lM, pH 7.4.

38 D. Li et al. / Journal of Molecular Structure 846 (2007) 34–41
DG0 ¼ DH 0 � TDS0 ð5Þ
where Ka is the modified Stern–Volmer quenching con-
stants at absolute temperature T and R is gas constant.

From Table 2, it can be seen that DH0 is�13.050 kJ/mol,
whereas DS0 is 69.034 J/mol K, which indicates that the
binding process is exothermic reaction accompanied by a
positive DS0 value. The negative value for DG0 indicates
the spontaneity of the binding of nevadensin with HSA.
From the point of view of water structure, for a drug–protein
interaction, a positive DS0 value is frequently regarded as an
evidence for a hydrophobic interaction [25] because the
water molecules that are arranged in an orderly fashion
around the drug and protein acquire a more random config-
uration. The negative DH0 value (�13.050 kJ/mol�1)
observed cannot be mainly attributed to electrostatic inter-
actions since for electrostatic interactions D H0 is very small,
almost zero [26,27]. A negative DH0 value will be obtained
whenever there exists a hydrogen bonding in the binding
reaction[27]. Therefore, it is not possible to account for the
thermodynamic parameters according to a single intermo-
lecular force model. Meanwhile, for nevadensin–HSA sys-
tem, it is found that the main contribution to DG0 value
arises from the DS0 rather than from DH0, so hydrophobic
forces most likely play a major role in the binding of neva-
densin to HSA, but hydrogen bonding also cannot be
excluded.
3.5. Energy transfer between HSA and nevadensin

According to Förster non-radioactive resonance energy
transfer theory [28,29], the distances between the protein
residue (donor) and the bound drug (acceptor) in HSA
could be determined. By Förster’s theory, the efficiency
of energy transfer (E) is calculated using the equation:

E ¼ 1� F
F 0

¼ R6
0

R6
0 þ r6

ð6Þ

where r is the distance between acceptor (nevadensin) and
donor (HSA) and R0 is the critical distance when the transfer
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efficiency is 50%. The value for R0 is calculated using the
equation:

R6
0 ¼ 8:8� 10�25k2N�4UJ ð7Þ

In Eq. 8, k2 is the spatial orientation factor of the dipole, N

is the refractive index of medium, U the fluorescence quan-
tum yield of donor, and J the spectral overlap between the
emission spectrum of donor and the absorption spectrum
of acceptor (Fig. 6), which is given by:

J ¼
R1

0
F ðkÞeðkÞk4 dk
R1

0
F ðkÞ dðkÞ

ð8Þ

where F (k) is the fluorescence intensity of the donor when
the wavelength is k and e (k) is the molar absorption coef-
ficient of the acceptor at wavelength k.

In the present case, it has been reported that k2 = 2/3,
N = 1.366, and U = 0.118 [30,31]. Consequently, we could
calculate J = 6.49 · 10�14 cm3 L/mol, R0 = 3.30 nm,
r = 3.09 nm. Obviously, the acceptor–donor distance is less
than 8 nm, which implied that the energy transfer from
HSA to nevadensin occurred with high possibility.
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3.6. Effect of nevadensin on the HSA conformation

3.6.1. Fluorescence and synchronous fluorescence studies

In addition to the proximity of bound nevadensin to Trp
residue, fluorescence quenching might result from structur-
al modifications of HSA upon nevadensin binding [32].
Brustein et al [33] considered that maximum emission
wavelength (kem) of the Trp residues is related to the polar-
ity of microenvironment around it. So the changes of max-
imum emission wavelength of the chromophore will reflect
the conformation changes of HSA. It was observed from
Fig. 1 that a gradual decrease in the fluorescence intensity
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Fig. 6. Overlapping between the fluorescence emission spectrum of HSA
(a) (kex = 280 nm) and UV absorption spectrum of nevadensin (b). Cdrug/
CHSA = 1:1. T = 296 K.
was caused by quenching but that there was no apparent
kem shift with the increasing nevadensin. This suggests that
no change in the conformation of HSA takes place and
nevadensin molecules are only located at the close proxim-
ity to Trp residue, by which a quenching process occurs.

The observation that the protein conformation might
not be changed obviously with the addition of nevadensin
was also demonstrated by synchronous fluorescence spec-
tra. As well known, the experiment on synchronous fluo-
rescence of HSA will provide the characteristic
information for the Try residues and Trp residue [34] when
the scanning interval Dk (Dk = kem � kex) was fixed at 15
and 60 nm, respectively. As such, Figs. 7a and b show
the synchronous fluorescence spectra of Tyr residues in
HSA and those of Trp residues in HSA with various
amounts of nevadensin, respectively. It can be seen that
the maximum emission wavelength did not shift significant-
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Fig. 7. The synchronous fluorescence spectra of HSA with varying the
concentration of nevadensin ((a) Dk = 15 nm and (b) Dk = 60 nm).
[HSA] = 1.5 · 10�6 mol/L, the concentration of nevadensin (1 fi 11): 0,
0.3, 0.6, 0.9, 1.2, 1.5, 1.8, 2.1, 2.4, 2.7 and 3.0 (·10�6) mol/L.
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ly, which implied that interaction of nevadensin with HSA
does not affect the conformation of the region around the
Trp and Try residues.

3.6.2. CD spectra studies

CD is a sensitive technique to monitor the conforma-
tional changes in proteins upon an interaction with a
ligand. Fig. 8 displays the CD spectra of HSA with various
amounts of nevadensin. They exhibit two negative bands at
209 and 222 nm, which is a characteristic of the typical a-
helix structure of proteins [7]. The reasonable explanation
is that the negative peaks between 208 and 209 nm and
222–223 are contributed to n fi p* transfer for the peptide
bond of a-helix [35]. However, it is noticed from Fig. 8 that
the addition of nevadensin caused no significant change
(slight deviation arising from experment errors) of the spec-
trum in either the position or the intensity of the bands in
our experiments. This result was in agreement with those
obtained from other spectroscopic techniques mentioned
above that the interaction with nevadensin had not chan-
ged obviously the secondary structure of HSA.

Previous studies on the interaction between BSA and
anesthetic chloroform indicated that retention of protein
conformation was crucial for ligands binding [32]. This
may be the same case as the interaction between HSA
and nevadensin. It can be concluded that occupancy of
the tryptophan sites by the binding ligands actually could
stabilize the native conformation of protein. Frazier et al.
[36], Dong et al. [37] and Simon et al. [38] studied the inter-
action of flavonoids, NR and wine tannin with protein,
respectively, and observed that they could bind tightly to
protein without modifying its secondary structure, which
may agree well with our results reported here.
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Fig. 8. The CD spectra of the HSA–nevadensin system in Tris buffer
solution of pH 7.40 at 296 K. HSA concentration was kept fixed at 1.5 lM
(A); in HSA–nevadensin system, the nevadensin concentration was 0.5 lM
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3.7. Molecule modeling

Crystal structure analysis [39] has revealed that human
serum albumin (HSA) consists of a single polypeptide
chain of 585 amino acid residues and comprises three struc-
turally homologous domains (I–III): I (residues 1–195), II
(196–383), and III (384–585) that assemble to form a
heart-shaped molecule. The principal regions of ligand
binding sites of HSA are located in hydrophobic cavities
in subdomains IIA and IIIA, which are corresponding to
site I and site II, respectively and sole tryptophan residue
(Trp-214) of HSA is in subdomain IIA. There is a large
hydrophobic cavity in subdomain IIA that many drugs
can bind. The best score ranked result is showed in
Fig. 9. As shown in Fig. 9, nevadensin binds within the
subdomain IIA of the protein (The Warfarin Binding
Pocket). Nevadensin is located within the binding pocket
and the A and C rings are practically coplanar. It can be
seen that the glutamic acid residue (Glu292) and trypto-
phan residue (Trp214) of HSA are in close proximity to
the B-ring of nevadensin and 6-OCH3 in A ring of neva-
densin, respectively. These facts suggest the existence of
hydrophobic interaction between them. The interaction
between nevadensin and HSA is dominated by hydropho-
bic contacts, but there are also hydrogen interactions
between the 5-OH oxygen of nevadensin and Arg218 of
HSA, 4-carbonyl oxygen, and Arg222, 8-OCH3 oxygen
and Lys195, as well as 7-OH hydrogen and Asp451.

As compared to other small molecules with the similar
structure on non-covalent binding of serum albumin previ-
ously reported, the value of the binding constant for neva-
densin was relatively large [6–17]. It can be seen from Fig. 9
that this may because that more atoms are in the plan of
heterocyclic ring, thus less steric hindrance would be
involved in the binding process. As a result, the binding
of nevadensin to HSA became easier relatively. Moreover,
three methoxy groups in A and B rings may enhance the
binding of the molecule significantly.

4. Conclusions

In the paper, the binding of nevadensin to human serum
albumin was investigated by molecular spectroscopy
including fluorescence, synchronous fluorescence and cir-
cular dichroism (CD) and molecular modeling study under
simulative physiological conditions. This study shows that
nevadensin binds to HSA with high affinity and quenches
the intrinsic fluorescence of HSA efficiently. Binding con-
stants and the number of binding sites (n) are evaluated.
The distance (r) between donor and acceptor is obtained
according to Förster non-radioactive resonance energy
transfer theory. In addition, the results of fluorescence,
synchronous fluorescence and CD suggest that the confor-
mation of HSA was not changed obviously on the binding
of nevadensin. Fluorescence experiment and study of com-
putational modeling indicate that the main interaction is
hydrophobic force and there are also hydrogen bonds



Fig. 9. Interaction mode between nevadensin and HSA, only residues around 6.5 Å of the ligand are displayed. The residues of HSA and the ligand
structure are all represented using stick model. The hydrogen bond between the ligand and the protein is represented using yellow dashed line.
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between nevadensin and Arg-218, Arg-222, Lys-195, and
Asp-451 residues of HSA.

The binding study of drugs to proteins is greatly impor-
tant in pharmacy, pharmacology and biochemistry and so
on. This study can provide important insight into the inter-
actions of the physiologically important HSA with drugs.
Besides, useful information can be also obtained about
the effect of environment on the structure features of
HSA which may be correlated to its physiologically
activity.
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