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Abstract In this paper, several spectroscopic techniques
were used to investigate the interaction of engeletin (ELN)
with bovine serum albumin (BSA). The analysis of UV–Vis
absorption and fluorescence spectra revealed that ELN and
BSA formed a static complex ELN–BSA, and ELN
quenched the fluorescence of BSA effectively. According
to the thermodynamic parameters ΔS0=47.27 J·mol−1·K−1

and ΔΗ0=−10.34 kJ·mol−1, the hydrophobic and hydrogen
bond interactions were suggested to be the major interac-
tion forces between ELN and BSA. Raman spectroscopy
indicated that the binding of ELN slightly changed the
conformations and microenviroment of BSA and decreased
the α–helix content of BSA.
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Introduction

Engeletin (ELN), dihydrokaempferol 3-O-α-L-rhamnoside
(Scheme 1), is an effective ingredient mainly extracts from
the dry rhizome of Liliaceae plants Smilax china L.. Smilax
china L. is a traditional Chinese medicine in common use,
which exhibits remarkably anti-inflammatory analgesic,
potent dispel rheumatism, diuresis, detumescence and
antibiosis properties [1–4]. It is widely used in treating
surgery acute infection, rheumatic arthritis, cancerology [5–
7], and so on.

Serum albumin (SA) is a globular protein, which is the
most abundant protein in the circulatory system and
contribute about 80% osmotic pressure of blood [8–10]. It
can transport many endogenous and exogenous substances,
such as fatty acids, amino acids, steroids, metal ions and
drugs, and modulate their delivery to cells in vitro and in
vivo [11, 12]. The binding ability of drug to the serum
albumin will affect the distribution and metabolism of drug
in blood [13, 14]. So the research of the interaction between
drugs and protein has important theoretical and practical
significance in biochemistry and biomedicine.

In this paper, the binding constant, thermodynamic
parameters and the major interaction force were analyzed
by fluorescence spectroscopy. The synchronous fluores-
cence spectra and Raman spectroscopy indicated that the
bound of ELN with BSA changed the conformation of
protein. This study was performed under the simulated
physiological conditions of pH=7.43.

Materials and Methods

Materials

Engeletin (99%, purchased from ICAMA) was dissolved in
ethanol to prepare a stock solution of 1×10−3 mol·L−1.
0.05 mol·L−1 phosphate buffer solution (PBS) of pH=7.43,
contained 0.1 mol·L−1 NaCl. BSA (Sigma, molecular
weight 66210) was dissolved in PBS to prepare stock
solution of 1×10−3 mol·L−1 and stored at 4 °C, diluted
before used. Ibuprofen and ketoprofen were dissolved in
ethanol to prepare stock solution of 1×10−3 mol·L−1,
respectively. Sodium chloride, ethanol and other experi-
mental drugs are analytically pure reagents. Double distilled
water was used throughout.
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UV–Visible Absorption Spectrum

The UV–Vis absorption spectra were measured on a
Cary100 UV–Visible Spectrophotometer (Varian). Added
a certain amount of 1×10−3 mol·L−1 ELN each time to
1.4×10−5 mol·L−1 BSA, the concentration of ELN was
varied from 0 to 5×10−5 mol·L−1, at a step of 1×
10−5 mol·L−1. Recorded the absorption difference spectra
of BSA in the range of 190–450 nm with sample pool of
1 cm quartz absorption cell in the absence and presence of
ELN.

Fluorescence Measurement

Fluorescence spectra were recorded by RF-5301 fluores-
cence spectrophotometer (Japan Shimadzu Company).
Added a certain amount of 1×10−3 mol·L−1 ELN each
time to 1.0×10−6 mol·L−1 BSA. Scan fluorescence spectra
of BSA and fluorescence quenching spectra of BSA–ELN
when the excitation wavelength was 280 nm. The slit width
was 5/5 nm in the range of 300–500 nm.

Fluorescence Decays Measurement

Lifetimes of fluorescence decay of BSA were performed on
a Time-resolved Fluorescence spectrometer (Horiba Jobin
Jvon Company, France) using Time Correlated Single
Photon Counting (TCSPC) technique with a repetition rate
of 1 MHz. The fluorescence decay curves were fit with a
biexponential decay function.

Raman Spectrum

The Raman spectra were recorded on a Renishaw Invia
+Plus FT–Raman spectrometer using an Ar+ laser excita-
tion with a wavelength of 514 nm. The laser power was
3 mW, and the recording range were 200–2,000 cm with a
resolution of 1 cm−1. Scan the Raman spectra of 0.5×
10−3 mol·L−1 BSA and BSA–ELN system of the same
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Fig. 1 Absorption difference spectra of BSA in the absence and
presence of increasing amount of ELN. From a to f, the concentration
of ELN was varied from 0 to 5×10−5 mol·L−1, at a step of 1×
10−5 mol·L−1. g: absorption spectra of ELN of 5×10−5 mol·L−1. Inset:
the absorption difference spectra of BSA varied between 250 and
300 nm. [BSA]=1.4×10−5 mol·L−1
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Scheme 1 The chemical structure of engeletin
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Fig. 2 Emission spectra of BSA in the absence and presence of ELN.
From a to j, the concentration of ELN was varied from 0 to 22.5×
10−6 mol·L−1, at a step of 2.5×10−6 mol·L−1. 1ex=280 nm, pH=7.43,
[BSA]=1.0×10−6 mol·L−1
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Fig. 3 The Stern–Volmer plots for the binding of ELN with BSA at
different temperatures
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concentration under the temperature of 25 °C. The curve
fitting of Raman spectral regions were analysed by the
curve-fitting procedure (Peak Analyzer module of Origin
8.0, Microcal Origin, USA) using Gaussian curves.

Results and Discussion

The Analysis of UV–Visible Absorption Spectra

As showed in Fig. 1, the absorption difference spectra of
BSA showed two maximum absorption wavelength (1max)
around 223 and 278 nm, respectively. The increasing
concentration of ELN caused the red shift of the peak at
223 nm to 229 nm and decreased the intensity of
absorption. While the absorbance intensity of 278 nm
increased 9.26% with unnoticeable change in the position.
The absorption of BSA around 280 nm was mainly due to
the tryptophan and tyrosine residues present in BSA [15],
so the results obtained from Fig. 1 suggested that ELN
interacted with the amino acid residues of BSA.

The Analysis of Fluorescence Spectra

In BSA, tryptophan, tyrosine and phenylalanine residues
were the mainly fluorophores. Due to the effective
intramolecular energy transfer effect between amino acid
residues, we observed mainly tryptophan fluorescence [16].
Each BSA molecule had two tryptophan residues, located

Table 1 Stern–Volmer quenching constants for the interaction of ELN
with BSA

T
(K)

KSV

(×104 L mol−1)
kq
(×1012 L mol−1 s−1)

Ra S.D.b

289 3.603 3.603 0.99804 0.01813

298 3.426 3.426 0.99490 0.02787

a R is the correlation coefficient
b S.D. is the standard deviation for the KSV values

Table 2 Lifetimes of fluorescence decay of BSA at different
concentrations of ELN

[ELN]
(μmol L−1)

Lifetime(ns) Amplitude <t> χ2

t1 t2 A1 A2

10 1.68 5.97 9.38 90.62 5.85 0.96

20 1.64 5.89 9 91 5.78 0.99

30 1.93 5.95 11.71 88.29 5.78 0.98

40 1.81 5.93 10.79 89.21 5.78 0.98

50 1.98 5.97 14.09 85.91 5.76 0.99

60 1.86 5.88 12.64 87.36 5.70 0.99
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Fig. 4 The Lineweaver–Burk curves for the binding of ELN with
BSA at different temperatures

Table 3 The static binding constants K and thermodynamic param-
eters of the BSA–ELN system at different temperatures

T
(K)

K
(×104 L mol−1)

Ra ΔG0

(kJ mol−1)
ΔS0

(J mol−1 K−1)
ΔH0

(kJ mol−1)

289 2.191 0.99954 −24.00 47.27 −10.34
298 1.925 0.99147 −24.43

a R is the correlation coefficient for the K values

0 2 4 6 8
0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0
ketoprofen
ibuprofen

pr
ob

e 
di

sp
la

ce
m

en
t (

%
)

[Q]/[BSA]

Fig. 5 Effect of site maker probe on the fluorescence of BSA–ELN.
[BSA]=1.0×10−5 mol·L−1, [ELN]=4.0×10−5 mol·L−1. [Q]: ●, ibu-
profen; ■, ketoprofen
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in 134 and 212 respectively, and the fluorescence was
mainly attributed to Trp–212 residues [17]. Figure 2
showed that the fluorescence intensity of BSA at 345 nm
decreased regularly with the increasing of ELN. Significant
spectral shift from 345 nm to 357 nm was observed,
suggested that the polarity of the microenvironment around
Trp–212 increased.

The quenching mechanism of fluorescence can be
classified into static quenching and dynamic quenching
[18]. The dynamic quenching depended on diffusion rate,
thus increasing temperature will lead to the speeding up of
diffusion and then increase the quenching rate constants.
But for static quenching, increasing temperature will reduce

the stability of the complex, so the effect was opposite [18,
19].

We used Stern–Volmer equation to analyze the fluores-
cence quenching [18]:

F0=F ¼ 1þ kqt0½Q� ¼ 1þ KSV ½Q� ð1Þ

where F0 and F are the fluorescence intensity in the absence
and presence of quencher, respectively. kq is the quenching
rate constant. t0 is the average fluorescence lifetime of the
biomolecule in the absence of quencher. [Q] is the
concentration of quencher. KSV is the Stern–Volmer quench-
ing constant.

The Stern–Volmer plots for the binding of ELN with
BSA at different temperatures were showed in Fig. 3. The
KSV values calculated from Stern–Volmer plots were listed
in Table 1. If KSV was the dynamic quenching constant, due
to the fluorescence lifetime t0 of biological macromole-
cules was about 10−8 s [20], we obtained the quenching rate
constant kq. As showed in Table 1, kq were much greater
than 2.0×1010 L·mol−1·s−1, it proved that the bound of ELN
to BSA was a static quenching process [21].

In order to further demonstrate the quenching mechanism,
we measured the fluorescence lifetime of BSA. The results of
the fluorescence decay of BSA in the absence and presence of
ELNwere listed in Table 2. The fluorescence lifetime of BSA
almost remained the same with the increasing of ELN, which
proved that the above process was static quenching [22].

The static quenching equation is presented by [19, 23]:

F0=ðF0 � FÞ ¼ 1=f þ 1=ðKf ½Q�Þ ð2Þ
Where f is the fraction of accessible fluorescence; K is the
static binding constant of ELN with BSA, which can be
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Fig. 6 The overlap of fluorescence spectra of BSA and the absorption
spectra of ELN. (a) The fluorescence spectrum of BSA (1.0×
10−6 mol L−1); (b) The absorbance spectrum of ELN (1.0×
10−6 mol·L−1)

280 290 300 310 320 330 340
0

2

4

6

8

10

12

Fl
uo

re
sc

en
ce

 in
te

ns
ity

Wavelength(nm)

j

a

300 310 320 330 340 350 360 370 380
0

20

40

60

80

Fl
uo

re
sc

en
ce

 in
te

ns
ity

Wavelength(nm)

a

j

a b

514 J Fluoresc (2012) 22:511–519

Fig. 7 The synchronous fluorescence spectra of BSA–ELN. (a) Δ1=15 nm; (b) Δ1=60 nm. [BSA]=1.0×10−6 mol·L−1. From a to j, the
concentration of ELN was varied from 0 to 9.0×10−6 mol·L−1, at a step of 1.0×10−6 mol·L−1



determined by the slope and intercept of Lineweaver–Burk
plots as showed in Fig. 4.

The static quenching was due to the formation of
nonfluorescent or weakly fluorescent complexes between
ELN and BSA, which will result in the decrease of binding
constant with increasing temperature. The values of binding
constant K were listed in Table 3. The results can further
illustrated that the fluorescence quenching of BSA was
static quenching [24].

Thermodynamic Parameters and the Nature of the Binding
Forces

The acting forces between biomolecule and drug include
hydrogen bond, van der Waals’ force, electrostatic force
and hydrophobic interaction, etc. [25]. The main thermo-
dynamic parameters to determine the interactions between
drugs and biomolecule are enthalpy change (ΔΗ0) and

entropy change (ΔS0). If the change of temperature could
be ignored, the enthalpy change was regarded as a constant,
so Van’t Hoff equation was used:

lnK ¼ �ΔH0=RT þ ΔS0=R ð3Þ

lnðK2

K1
Þ ¼ ð 1

T1
� 1

T2
ÞðΔH0

R
Þ ð4Þ

where ΔΗ0 is the standard enthalpy change; ΔS0 is the
standard entropy change. The standard free energy change
(ΔG0) can be obtained from Gibbs–Helmholtz equation:

ΔG0 ¼ ΔH0 � T ΔS0 ¼ �RT lnK ð5Þ
In this case, ΔΗ0, ΔS0 and ΔG0 can be calculated

according to Eqs. 4 and 5. The results were listed in
Table 3. The negative value of ΔG0 suggested that the
reaction between ELN and BSA was spontaneous. The
positive values of ΔS0 were evidence of hydrophobic
interactions [26]. According to Ross and Subramanian [27],
the negative enthalpy (ΔΗ0) and positive entropy (ΔS0)
values indicated that the main acting forces between ELN
and BSA was hydrophobic interactions, but the hydrogen
bond interactions cannot be excluded.

The Binding of Fluorescent Probes

According to the method presented by Sudlow et al., the
following equation was used to determine the percentage of
displacement of the probe [28]:

probe displacement ð%Þ¼F2=F1 � 100 ð6Þ
where F1 and F2 represent the fluorescence intensity of
BSA–ELN system in the absence and presence of the
probe, respectively. Figure 5 showed that the increasing
concentration of ketoprofen decreased the fluorescence
intensity of BSA–ELN system significantly, while the
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Fig. 8 Raman spectra of free BSA (a) and ELN–BSA system (b).
[BSA]=0.5×10−3 mol·L−1, the molar ratio of [ELN]/[BSA] is 1:1
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fluorescence intensity didn’t changed much in the case of
ibuprofen. It suggested that ELN bound to the Site I of
BSA [29].

Binding Distance between the ELN and BSA

According to Förster’s non-radiative energy transfer theory
[30], the rate of energy transfer depends on (i) the relative
orientation of the donor and acceptor dipoles, (ii) the extent of
overlap of fluorescence emission spectrum of the donor with
the absorption spectrum of the acceptor and (iii) the distance
between the donor and the acceptor. The efficiency of energy
transfer E can be given by the following equation [31]:

E ¼ 1� F

F0
¼ R0

6

R6
0 þ r6

ð7Þ

here r is the distance between acceptor and donor; R0 is the
critical distance in the case of the transfer efficiency is 50%,
which can be determined by:

R6
0 ¼ 8:8� 10�25K2n�4 ΦJ ð8Þ

where K2 is the spatial orientation factor of the dipole; n is the
refractive index of the medium; Ф is the fluorescence
quantum yield of donor; J is the overlap integral of
fluorescence emission spectrum of donor and absorption
spectrum of acceptor:

J ¼
P

FðlÞ"ðlÞl4 Δl
P

FðlÞΔl
ð9Þ

where F(1) is the fluorescence intensity of the donor at
wavelength 1; ε(1) is the molar absorptivity of the acceptor at
wavelength 1. Figure 6 was the overlap spectra of the
fluorescence emission spectrum of BSA and absorption
spectrum of ELN. The overlap integral J was calculated to
be 7.4208×10−16 cm3·L·mol−1. In this case, K2=2/3, Φ=0.15
and n=1.36 [32], so we found R0=1.64 nm and r=2.69 nm, i.
e. the distance between tryptophan residue in BSA and ELN
was 2.69 nm. r was smaller than 7 nm, suggesting that the
energy transfer from BSA to ELN occurred with high
possibility [33].

Synchronous Fluorescence Spectra

The synchronous fluorescence spectra can provide infor-
mation on the molecular microenvironment, particularly in
the vicinity of the fluorophore functional groups [34].
When Δ1 between the excitation and emission wavelengths
was 15 or 60 nm, the synchronous fluorescence provided
information for the tyrosine residues or tryptophan residues,
respectively [35].

The synchronous fluorescence spectra of BSA–ELN
were showed in Fig. 7. It was obvious that there was a
blue shift of the maximum emission wavelength (1max) of
tyrosine residues from 303 nm to 300 nm, while no obvious
shift (from 343 to 344 nm) was observed at the 1max of
tryptophan residues. These results indicated a more hydro-
phobic environment around tyrosine, and a more polar
environment around tryptophan residues due to the inter-
action of ELN with BSA [36, 37].

Table 4 The curve fitting results of Raman amide I of BSA

System α–helix (%) β–sheet (%) β–turn (%)

BSA 64.22 15.05 20.73

BSA–ELN 54.39 41.47 4.14
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Fig. 10 Analysis of the S–S Raman band of free BSA (a) and BSA–ELN system (b). The experimental spectrum (black dots), the fitting curve
(solid line)

Table 5 The conformation of the 17 disulfide bridges of BSA

System g–g–g g–g–t or t–g–g t–g–t

BSA 5 6 6

BSA–ELN 1 7 9
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Raman Spectra

The Raman spectra of ELN–BSA and the curve fitting of
Raman amide I were reported in Figs. 8 and 9. The peaks
appeared in the region of 1,550–1,620 cm−1 were the ring
vibration bands of aromatic residues [38]. The amide I band
in the 1,630–1,700 cm−1 was due to the Raman–active
vibrational modes of the CONH peptidic bond, i.e. C=O
stretching weakly coupled to in–plane N–H bending [39].
The main peak around 1,655 cm−1 represented α–helix
conformation [40, 41].

The curve fitting results were listed in Table 4. It
suggested that the α–helix content decreased from 64.22%
to 54.39%, while the content of β–sheet increased to
41.47%, the content of β–turn decreased to 4.14%,
respectively.

Serum albumin contained 35 cysteine residues, they
formed 17 disulfide bridges and one free cysteine
residue. In Raman spectrum, the S–S stretching fre-
quency was situated in the region of 500–550 cm−1, it
was sensitive to protein conformation [42, 43]. It has been
determined that the peaks appeared around 510±5 cm−1

was belonged to the gauche–gauche–gauche (g–g–g)
conformation, and the peaks around 525±5 cm−1 and
540±5 cm−1 were the features belonged to gauche–
gauche–trans or trans–gauche–gauche (g–g–t or t–g–g),
and trans–gauche–trans (t–g–t) conformations, respective-
ly [44].

Figure 10 showed the curve fitting of S–S Raman bands
in the region of 500–550 cm−1. The conformations of the
17 disulfide bridges were presented in Table 5, which
indicated that the binding of ELN to BSA induced the
conformation change of four disulfide bridges.

To determine the environment of the Tyr residues, the
relative intensity of the tyrosine doublet around 850 and
830 cm−1 was useful. The intensity ratio of I850/I830 revealed
the hydrogen bonding degree of the phenoxyl—OH group
(“exposed” or “buried” Tyr) [45, 46]. According to the
results showed in Fig. 11, the intensity ratio of I850/I830 was
2.95 for free BSA, but it decreased to 0.96 after ELN was
bound to BSA. The result suggested that the tyrosine
residues were buried more in protein.

Figure 12 displayed the analysis of the Trp side chains.
The intensity ratio of I1363/I1340 decreased from 0.0779 to

1300 1320 1340 1360 1380

a

wavenumber/cm-1

In
te

ns
ity 1322

1342

1365

1300 1310 1320 1330 1340 1350 1360 1370 1380

wavenumber/cm-1

In
te

ns
ity

b

1348

1366
1358

1337

1322

1311
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0.0707 after the binding of ELN, indicating that the
hydrophobicity of Trp environment decreased [47], which
was in accord with the result of synchronous fluorescence
spectra.

Conclusions

The interaction of ELN and BSA was studied by
spectroscopic methods. The analysis of fluorescence
illustrated that the bound of ELN to BSA was a static
quenching process. The major interaction forces were
hydrophobic and hydrogen bond interactions. ELN bound
to the Site I of BSA with a distance of 2.69 nm. The
conformation of BSA was changed by ELN binding with
the decrease of α–helix content. As a result of the
interaction between ELN and BSA, the exposedness of
tyrosine residues and the hydrophobicity of Trp environ-
ment were both decreased. The binding of ELN also
induced the conformational changes of disulfide bridges.
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