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a b s t r a c t

The binding of sulfamethoxazole (SMZ) to bovine serum albumin (BSA) was investigated by spectroscopic
methods viz., fluorescence, FT-IR and UV–vis absorption techniques. The binding parameters have been
evaluated by fluorescence quenching method. The thermodynamic parameters, �H◦, �S◦and �G◦ were

−1 −1 −1 −1
eywords:
ovine serum albumin
ulfamethoxazole
tatic quenching
luorescence resonance energy transfer

observed to be −58.0 kJ mol , −111 J K mol and −24 kJ mol , respectively. These indicated that the
hydrogen bonding and weak van der Waals forces played a major role in the interaction. Based on the
Forster’s theory of non-radiation energy transfer, the binding average distance, r, between the donor (BSA)
and acceptor (SMZ) was evaluated and found to be 4.12 nm. Spectral results showed the binding of SMZ to
BSA induced conformational changes in BSA. The effect of common ions and some of the polymers used
in drug delivery for control release was also tested on the binding of SMZ to BSA. The effect of common

s adv
hermodynamic parameter ions revealed that there i

. Introduction

It is known that the distribution, free concentration and the
etabolism of various drugs are strongly affected by drug–protein

nteractions in the blood stream [1–4]. This type of interaction can
lso influence the drug stability and toxicity during the chemother-
peutic process [1]. Serum albumin is the most abundant protein
n the circulatory system of a wide variety of organisms, being
he major macromolecule contributing to the osmotic blood pres-
ure [5]. It can play a dominant role in the drug disposition and
he efficiency [6]. Many drugs and other bioactive small molecules
ind reversibly to albumin and other serum components, which
hen function as carriers. Serum albumin often increases the appar-
nt solubility of hydrophobic drugs in plasma and modulates
heir delivery to cell in vivo and in vitro. Animal experiments are
ndispensable in providing basic information on the pharmacolog-
cal actions, biotransformation and biodistribution of drugs [7,8].
ovine serum albumin (BSA) is well suited to these initial stud-

es, since it has been extensively characterized [8]. In addition,
rug–albumin complex may be considered as a model for gaining
eneral fundamental insights into drug–protein binding.
Sulfamethoxazole (SMZ) [N-(5-methyl-3-iso-xazolyl) sulfanil-
mide] (Fig. 1) is a well known antibacterial drug. It was mainly
sed in treating urinary tract and lower respiratory tract infections
nd gets readily absorbed in the body [9]. We find it worthwhile to

∗ Corresponding author. Tel.: +91 836 2215286; fax: +91 836 2747884.
E-mail address: stnandibewoor@yahoo.com (S.T. Nandibewoor).
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erse effect on the binding of SMZ to BSA.
© 2009 Elsevier B.V. All rights reserved.

study the binding of SMZ with BSA using various techniques viz.,
UV–vis, fluorescence and FT-IR techniques, as it is not reported so
far.

2. Experimental

2.1. Reagents

Bovine serum albumin (BSA, Fraction V, approximately 99%;
protease free and essentially �-globulin free) was obtained from
Sigma Chemical Company, St. Louis, USA. Sulfamethoxazole was
obtained from Indian Bulk Drugs unit of CSIR, India. The solutions
of SMZ and BSA were prepared in 0.1 M sodium phosphate buffer,
pH 7.4 containing 0.15 M NaCl. BSA solution was prepared based
on its molecular weight of 65,000 [2,3]. All other materials were
of analytical reagent grade and double distilled water was used
throughout.

2.2. Apparatus

Fluorescence spectra were recorded using a RF-5301 PC spec-
trofluorophotometer Model F-2000 (Hitachi, Japan) with a 150-W
xenon lamp, a 1-cm quartz cell and thermostatic cuvette holder. The
excitation and emission bandwidths were both 5 nm. The temper-

ature of the sample was maintained by recycling water throughout
the experiment. The absorption spectra were recorded on a double
beam CARY 50-BIO UV–vis spectrophotometer. FT-IR Nicolet-5700,
USA was used for the additional evidence regarding SMZ–BSA com-
plexations.

http://www.sciencedirect.com/science/journal/13861425
http://www.elsevier.com/locate/saa
mailto:stnandibewoor@yahoo.com
dx.doi.org/10.1016/j.saa.2009.04.018
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constant, the average lifetime of the biomolecule without quencher
and the concentration of quencher, respectively. Obviously,

Kq = KSV

�o
(2)
Fig. 1. Structure of sulfamethoxazole.

.3. Procedures

.3.1. SMZ–BSA interaction study
An appropriate volume of the BSA solution (40 �M from 250 �M

tock), SMZ solution (40 �M from 250 �M stock) were transferred
nto a 5-mL conical flask. The mixtures were diluted with phosphate
uffer solution (pH 7.4) to make the total volume (2 mL) and then
ere shaken. On the basis of preliminary experiments, BSA concen-

ration was fixed at 5 �M and drug concentration was varied from
to 40 �M. Fluorescence spectra were recorded at room tempera-

ure (25 ◦C) in the range 290–450 nm upon excitation at 280 nm in
ach case.

.3.2. Effects of some common ions
The fluorescence spectra of SMZ–BSA were recorded in the pres-

nce of various common ions viz., SO4
2−, NO3

−, CH3COO−, Mg2+,
o2+, K+, Ni2+ and V5+ at 340 nm upon excitation at 280 nm. The
oncentration of BSA was fixed at 5 �M and that of common ion
as maintained at 5 �M.

.3.3. Effects of some polymers
The fluorescence spectra of SMZ–BSA were recorded in the pres-

nce of various polymers viz., poly vinyl acrylate (PVA), methyl
ellulose (MC), sodium alginate (Na-ALG), guargum and hydroxy
thyl cellulose (HAC) at 340 nm upon excitation at 280 nm. The
oncentration of BSA was fixed at 5 �M and that of polymer was
aintained at 20 �M from 2% stock solution.

.3.4. Fourier transform infrared (FT-IR) spectroscopy
FT-IR spectra of buffer and protein (BSA) solution were collected

nder similar condition. Then, the absorbance values of buffer solu-
ion were subtracted from the values of protein solution to get the
T-IR spectra of protein. FT-IR spectra of protein–SMZ system were
btained in a similar way by subtracting the absorbance values of
he SMZ + buffer from that of the SMZ-bound form.

. Results and discussion

.1. Fluorescence studies

The conformational changes of BSA were evaluated by the mea-
urement of intrinsic fluorescence intensity of protein before and
fter addition of drug. Fluorescence measurements give infor-
ation about the molecular environment in a vicinity of the

uorophore molecules. The effect of drug (SMZ) on BSA fluores-
ence intensity was shown in Fig. 2. When different concentration
f SMZ solution was titrated into a fixed concentration of BSA, a
emarkable decrease of fluorescence intensity of BSA was observed,

hich indicated that SMZ could interact with BSA. Furthermore,

rom Fig. 2, the maximum wavelength of BSA shifted from 344 to
40 nm after the addition of SMZ, so a slight blue shift of the max-

mum emission wavelength was observed and it could be deduced
hat the fluorophore of protein was placed in a more hydrophobic
Fig. 2. Fluorescence spectra of BSA in the presence of SMZ. BSA concentration was
5 �M (a), SMZ concentration was at 5 �M (b), 10 �M (c), 15 �M (d), 20 �M (e), 25 �M
(f), 30 �M (g), 35 �M (h) and 40 �M (i).

environment after the addition of SMZ. It was probably owing to the
loss of the compact structure of hydrophobic subdomain IIA where
tryptophan is placed [10]. The quantitative analysis of the binding
of SMZ to BSA was carried out using the fluorescence quenching
at 344 nm at various temperatures. With the increase of the con-
centration of SMZ, the fluorescence intensity of system gradually
decreased, and with the further addition of SMZ, the fluorescence
intensity of system decreased tardily in each titration curve which
indicates the beginning of saturation of the BSA binding site.

Dynamic and static quenching are the different mechanisms of
quenching and they can be distinguished by their differing depen-
dence on temperature [11]. The quenching rate constants decrease
with increasing temperature for static quenching, but the reverse
effect is observed in the case of dynamic quenching [12]. A possi-
ble quenching mechanism is evident from the Stern–Volmer plots
(Fig. 3) of BSA with SMZ at different temperatures (288, 298 and
308 K) [2–4]. The Stern–Volmer plots were linear with decreasing
slopes with increase in temperature. The values of KSV at differ-
ent temperatures were found to be 3.312 × 104, 2.80 × 104 and
2.42 × 104 L mol−1, respectively. This indicates the static quenching
interaction between SMZ and BSA. In order to invoke this possibil-
ity, the mechanism is assumed to involve dynamic quenching. The
equation for dynamic quenching [11] is presented by

F0

F
= 1 + KSV [Q ] = 1 + Kq�o[Q ] (1)

where F and F0 are the fluorescence intensity of BSA with and
without quencher (drug), respectively. Kq, KSV, �o and [Q] are the
quenching rate constant of the biomolecule, the dynamic quenching
Fig. 3. The Stern–Volmer curves for the binding of SMZ with BSA at 288 K (a), 298 K
(b) and 308 K (c). �ex = 280 nm; �em = 344 nm and c(BSA) = 5 �M.
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Table 1
Thermodynamic parameters of SMZ–BSA system.

Temperature (K) Binding constant (K × 10−4 L mol−1) Number of binding sites (n) �H◦ (kJ mol−1) �S◦ (J K−1 mol−1) �G◦ (kJ mol−1)

2 −57.6 ± 3 −111 ± 1 −24 ± 3
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Table 2
Effect of anions and cations on binding constant of BSA–SMZ system.

Systems Binding constant (L mol−1)

BSA + SMZ 1.52 ± 0.003 × 104

BSA + SMZ + Mg2+ 1.16 ± 0.008 × 102

BSA + SMZ + Co2+ 1.45 ± 0.006 × 103

BSA + SMZ + Ni2+ 1.25 ± 0.003 × 103

BSA + SMZ + V5+ 3.44 ± 0.003 × 103

BSA + SMZ + K+ 2.07 ± 0.004 × 103

− 3

where F and F0 are the fluorescence intensities of BSA in the pres-
ence and absence of SMZ, r is the distance between acceptor and
donor and R0 is the critical distance when the transfer efficiency is
88 2.30 ± 0.001 0.962
98 1.52 ± 0.003 0.937
08 1.07 ± 0.002 0.956

ince the fluorescence lifetime of biopolymer is 10−8 s [12], the
alue of Kq was observed to be 2.80 × 1012 L mol−1 s−1 at 298 K.
owever, the maximum scatter collision quenching constant, Kq of
arious quenchers with the biopolymer is 2 × 1010 L mol−1 s−1 [13].
hus, the rate constant calculated by protein quenching procedure
s greater than Kq of scatter procedure. This indicates that a static
uenching mechanism is operative [11,14].

.2. Analysis of binding equilibria

When small molecules bind independently to a set of equivalent
ites on macromolecule, the equilibrium between free and bound
olecules [15] is given by the equation:

og
F0 − F

F
= log K + n log[Q ] (3)

here K and n are the binding constant and the number of binding
ites, respectively. Thus, the slope and intercept value of the plot,
og (F0 − F)/F versus log[Q] give the K and n values (Table 1). The
alue of K indicates that there is interaction and the formation of
omplex between SMZ and BSA. From the value of n, it was found
hat there is one independent class of binding sites on BSA for SMZ.
MZ most likely binds to the hydrophobic pocket located in subdo-
ain IIA; that is to say tryptophan-214 is near or within the binding

ite [16].

.3. Determination of acting force between SMZ and BSA

Considering the dependence of binding constant on tempera-
ure, a thermodynamic process was considered to be responsible
or the formation of a complex. The acting forces between a small

olecule and macromolecule include hydrogen bond, van der
aals force, electrostatic force, hydrophobic force, and so on [15].

he thermodynamic parameters were determined using van’t Hoff
quation:

og K = − �H◦

2.303 RT
+ �S◦

2.303 R
(4)

he log K versus 1/T plot enabled the determination of �H◦ and �S◦

or the binding process. The value of �G◦ was calculated from the
elation:

G◦ = �H◦ − T �S◦ (5)

here �H◦, �G◦ and �S◦ are, respectively, standard enthalpy
hange, standard free energy change and standard entropy change.
he binding studies were carried out at 288, 298 and 308 K and the
alues are given in Table 1. At these temperatures the BSA does
ot undergo structural degradation. Ross and Subramanian [17]
ave characterized the sign and magnitude of the thermodynamic
arameter associated with various individual kinds of interaction.
rom Table 2 it can be seen that �H◦ and �S◦ has a negative value
−57.6 kJ mol−1) and a negative value (−111.0 J mol−1 K−1), respec-
ively. The negative value of �G◦ reveals that the interaction process
s spontaneous. An important source of negative contribution to
H◦and �S◦ will arise if a hydrogen bond is formed. The negative
H◦and �S◦ values for the interaction of SMZ and BSA indicate that

he binding is mainly enthalpy driven and entropy is unfavorable
or it, and that the hydrogen bonding and weak van der Waals forces
layed major role in the interaction [15,17,18].
BSA + SMZ + NO3 3.94 ± 0.001 × 10
BSA + SMZ + SO4

2− 1.85 ± 0.006 × 103

BSA + SMZ + CH3COO− 1.29 ± 0.005 × 103

3.4. Energy transfer between SMZ and BSA

The overlap of the UV absorption spectra of SMZ with the fluores-
cence emission spectra of BSA is shown in Fig. 4. The importance of
the energy transfer in biochemistry is that, the efficiency of transfer
can be used to evaluate the distance, r, between the ligand and tryp-
tophan residues in the protein. According to Förster’s non-radiative
energy transfer theory [19], 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 energy transfer effect is
related not only to the distance between the acceptor and donor, but
also to the critical energy transfer distance, R0, and the efficiency of
energy transfer, E, was studied according to Förster’s energy transfer
theory. The value of E is calculated using the equation:

E = 1 − F

F0
= R6

0

R6
0 + r6

(6)
Fig. 4. The overlap of the fluorescence spectrum of BSA and the absorbance spec-
trum of SMZ (�ex = 280 nm, �em = 344 nm and c(BSA)/c(SMZ) = 1:1. The fluorescence
spectrum of BSA (5 �M) (a) and the absorption spectrum of SMZ (5 �M) (b).



844 P.N. Naik et al. / Spectrochimica Acta Part A 73 (2009) 841–845

Table 3
Effect of polymers on binding constant of BSA–SMZ system.

Systems Binding constant (L mol−1)

BSA + SMZ 1.529 ± 0.003 × 104

BSA + SMZ + HAC 6.343 ± 0.002 × 102

BSA + SMZ + MC 2.267 ± 0.004 × 103
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Fig. 5. Absorbance spectra of BSA, SMZ and BSA–SMZ system. BSA concentration
was at 5 �M (a). SMZ concentration for SMZ–BSA system was at 5 �M (b), 10 �M (c),

3.7. FT-IR measurements

Infrared spectra of proteins exhibit a number of amide bands
due to different vibrations of the peptide moiety. The protein
SA + SMZ + PVA 6.661 ± 0.002 × 102

SA + SMZ + GUARGUM 4.428 ± 0.006 × 102

SA + SMZ + SODIUM ALGINATE 1.701 ± 0.002 × 103

0%. R6
0 can be calculated by the equation:

6
0 = 8.8 × 10−25k2N−4˚J (7)

here k2 is the spatial orientation factor of the dipole, N is the
efractive index of the medium, Ф is the fluorescence quantum yield
f the donor and J is the overlap integral of the fluorescence emis-
ion spectrum of the donor and the absorption spectrum of the
cceptor. J is given by:

=
∑

F(�)ε(�)�4 ��
∑

F(�) ��
(8)

here F(�) is the fluorescence intensity of the fluorescent donor
f wavelength, �, ε(�) is the molar absorption coefficient of the
cceptor at wavelength, �. In the present case, k2 = 2/3, N = 1.336
nd Ф = 0.15 [20]. From Eqs. (6)–(8) we could able to calculate that
= 4.3 × 10−15 cm3 L mol−1, R0 = 3.041 nm, E = 0.139 and r = 4.12 nm.
he donor-to-acceptor distance, r < 7 nm [8,20,21] indicated that
he energy transfer from BSA to SMZ occurs with high possibility.
arger BSA–SMZ distance, r compared to that of R0 value observed in
he present study also reveals the presence of static type quenching

echanism to a larger extent [22].

.5. The effects of common ions and polymers on the binding
onstant

The effect of common ions viz., SO4
2−, NO3

−, CH3COO−, Mg2+,
o2+, K+, Ni2+ and V5+ on the binding constant of SMZ–BSA sys-
em was investigated by recording the fluorescence intensity in the
ange of 300–500 nm upon excitation at 280 nm [20,23]. The fluo-
escence emission spectrum of SMZ in the presence of cation/anion
hows that there is no interaction between the cation/anion and
MZ, but, there is a binding reaction between the cation/anion and
SA and thus the presence of cation/anion directly affects the bind-

ng between SMZ and BSA. As evident from Table 2, the presence
f common ions reduced the SMZ–BSA binding constant, indicat-
ng SMZ to be quickly released from the blood, which may lead to
he need for more doses of SMZ to achieve the desired therapeutic
ffect [24] in the presence of these common ions. Also the inter-
ction between different polymers which are used in controlled
rug delivery was studied to know their effect on BSA–SMZ sys-
em. It was observed that in the presence of polymer viz., poly vinyl
crylate (PVA), methyl cellulose (MC), sodium alginate (Na-ALG),
uargum and hydroxy ethyl cellulose (HAC), the binding constant
f BSA–SMZ system was decreased (Table 3). This indicates that
hese polymers may compete for the same binding sites on BSA.

.6. UV–vis absorption spectroscopy

UV–vis absorption measurement is a very simple method and
pplicable to know the change in hydrophobicity [15] and to know

he complex formation [25]. In the present study, we have observed
he change in UV absorption spectra of SMZ, BSA and SMZ–BSA sys-
em (Fig. 5). It is suggested possibly that the complex was formed
etween SMZ and BSA [18]. It is evident that the UV absorption

ntensity of BSA increased regularly with the variation of SMZ con-
15 �M (d), 20 �M (e), 25 �M (f), 30 �M (g), 35 �M (h) and 40 �M (i). A concentration
of 10 �M SMZ (x) was used for SMZ only.

centration. The maximum peak position of SMZ–BSA was shifted
slightly towards lower wavelength region. The change in �max indi-
cates the change in polarity around the tryptophan residue and the
change in peptide strand of BSA molecules and hence the change
in hydrophobicity [20]. These above observations signify that with
the addition of SMZ, the peptide strands of BSA molecules were
extended more and hydrophobicity was decreased [15].
Fig. 6. FT-IR spectrum of BSA obtained by subtracting the spectrum of buffer (a)
and FT-IR difference spectrum of BSA obtained by subtracting the spectrum of the
SMZ + buffer from that of the SMZ-bound form in the region of 1800–1450 cm−1 at
physiological pH (BSA: 5 �M; SMZ: 5.0 �M) (b).
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mide I band ≈1653 cm−1 (mainly C O stretch) and amide II band
1548 cm−1 (C–N stretch coupled with N–H bending mode) both
ave a relationship with the secondary structure of the protein. Of
ll the amide modes of the peptide group, the single most widely
sed one in studies of protein secondary structure is amide I, which

s more sensitive to the change of protein secondary structure than
mide II [25,26]. Fig. 6a and b shows the FT-IR spectra of the SMZ
ree and SMZ-bound form of BSA with its difference absorption
pectrum. The spectrum in Fig. 6a was obtained by subtracting the
bsorption of phosphate buffer from the absorption of protein solu-
ion. Difference spectrum in present paper (Fig. 6b) was obtained
y subtracting the absorption of the SMZ free + buffer from that of
he SMZ-bound form. The peak position of amide I has remarkably
hanged from 1643 to 1650 cm−1 in the BSA infrared spectrum after
nteraction with SMZ and the appearance of new peaks in Fig. 6b
ndicates that SMZ can interact with BSA and the secondary struc-
ure of BSA has been changed because of the interaction of SMZ
ith BSA.

. Conclusions

The present work provides an approach for studying the inter-
ctions of BSA with SMZ using absorption, fluorescence and FT-IR
echniques under physiological conditions. The results show that
SA fluorescence was quenched by SMZ through static quench-

ng mechanism. SMZ interacted with BSA through hydrogen
ond and weak van der Waals forces. The decreased K val-
es of SMZ–BSA complexes in the presence of common ions
nd polymers indicated that these common ions and polymers
ight compete for the same binding sites on BSA. This work

lso reports the distance between BSA and bound SMZ based
n Forster’s energy transfer theory. The remarkable change of
mide I peak position in the BSA infrared spectrum after inter-
ction with SMZ indicated that secondary structure of BSA has

een changed. Since, the pharmaceutical firms need standardized
creens for protein binding in the first step of new drug design,
his kind of study of interaction between BSA with SMZ would
e useful in pharmaceutical industry, life sciences and clinical
edicine.
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