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Abstract

The binding of 2,2diselenadibenzoic acid to bovine serum albumin (BSA) and human serum albumin (HSA) was studied by using
fluorescence spectroscopy. The measurement was performed in Tris—HCI buffer aqueous medium at pH=7.40. The quenching constant at
303 K was (3.272 0.046)x 10 L mol~t s for BSA, and (3.946 0.002)x 10*?L mol~* s~ for HSA. Decreased quenching was observed
in association with increased temperature. Our findings show that the observed binding constant is dependent on the ionic strength of the
medium. It is said that electrostatic interactions play a role in the binding 68i@lenadibenzoic acid to serum albumin, in addition to the
hydrophobic association. The decrease of the linearity of S—V plot demonstrates reduced binding of ligand to the protein in the presence of
anionic surfactants such as sodium dodecyl sulfate (SDS), which indicates thdis2]2nadibenzoic acid most likely binds to the hydrophobic
pockets within sub-domain IIA of serum albumin, the same site as SDS.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Serum albumin is the major transport protein for un-
esterified fatty acids, but is also capable of binding an
Many organoselenium compounds have been synthesizedextraordinarily diverse range of metabolites, drugs and or-
and their bioactivity studiedl]. Our previous studief?] ganic compounds. Since the overall distribution, metabolism
showed that the anti-microbial activity of organselenium and efficacy of many drugs in the body are correlated with
compound is many times higher than that of sulfur and oxygen their affinities towards serum albumij], the investigation
analogs having isosteric elements. Ebselen is a lipid-solubleof pharmaceuticals with respect to albumin-drug binding
selenoorganic compound that has an array of pharmacologi-is important. These studies may provide information of
cal effects including anti-inflammatory and antioxidant activ- the structural features that determine the therapeutic effec-
ities. Ebselen exhibits glutathione (GSH) peroxide-like activ- tiveness of drugs, and have become an important research
ity, reducing hydrogen peroxide with thiol cosubstrates such field in the life sciences, chemistry and clinical medicine.
as GSH andN-acetylcysteing3-5]. 2,2-Diselenadibenzoic  There is evidence of conformational changes in bovine
acid, as shown ifrig. 1, is the intermediate of Ebselen syn- serum albumin induced by its interaction with low molecular
thesis. It has much stronger oxidation—reduction activity than weight drugs. These changes appear to affect the secondary
sulfur and oxygen analogs and has good anti-inflammatory and tertiary structure of albumifg]. These molecular
and anti-cataracta activiti¢$). interactions are often monitored by optical techniques. Such
methods are sensitive and relatively easy to use whereas flu-
mpondmg author. Tel.: +86 27 87218284/304; orescence spe_ctroscopy is a yaluable technique for study of
fax: +86 27 87647617. the binding of ligands to proteins. Quenching measurements
E-mail addresserof.liuyi@263.net, liuyi@public.wh.hb.cn (L. Yi). of albumin fluorescence are an important method to study the
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Fig. 1. Structure of 2,2diselenadibenzoic acid.

interactions of substances with protgir-9]. It can reveal the

accessibility of quenchers to albumin’s fluorophore groups,
help understand albumin’s binding mechanisms to drugs,
and provide clues to the nature of the binding phenomenon.

In the present work, we demonstrate the binding of-2,2

diselenadibenzoic acid to serum albumin by using fluores-
cence spectroscopy and have investigated the nature of th
binding of drug to protein. Based on the binding difference

between bovine and human serum albumin, and study of the

effect of ionic strength, surfactant SDS on the binding, the
association mechanism was characterized.

2. Materials and methods
2.1. Apparatus

All fluorescence measurements were carried out on
an F-2500 FL Spectrophotometer (Hitachi, Tokyo, Japan)

e
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The fluorescence intensity values at the emission maxi-
mum (340 nm) were used for calculating the relative fluo-
rescence, considering the fluorescence intensity of control
untreated BSA as 100. The temperatures chosen were 303,
308, and 313K, so that BSA does not undergo any struc-
tural degradation. The quenching constants were calculated
according to Stern—Volmer equati@ii]:

Fo

. ®

=14 Kquo[Q] =1+ Ksv[Q]
whereF andFg are current and initial fluorescence, respec-
tively, [Q] the ligand concentratiorq the quenching rate
constant of the biomolecul&s, the Stern—\olmer quench-
ing constant ando (10-8s~1) the average lifetime of the
fluorescent substance without quencids.

If the binding reaction in the BSA molecule happens for
the static quenching interaction, there are similar and inde-
pendent binding sites in the BSA. The apparent binding con-
stantK and binding sites can be found from equatidi?2]:

<Fo —F
log

All experiments were replicated three times, and the present
method has good reproducibility.

) =logK + nlog[Q] 2)

equipped with a Xenon lamp source, a thermostat system3. Results and discussion

and 1.0 cm quartz cells, using 2.5 nm slit width. A TU-1901
UV-VIS recording spectrophotometer (Puxi Analytic Instru-
ment Ltd., Beijing, China) equipped with 1.0 cm quartz cells
was used for scanning the UV spectrum.

2.2. Reagents

Fatty acid-free BSA and HSA were obtained from Bo’ao

3.1. Binding of 2,2diselenadibenzoic acid to serum
albumins

The effect of 2,2diselenadibenzoic acid on the fluo-
rescence intensity of albumin is shown kig. 2, it can
be seen that the addition of 2diselenadibenzoic acid
quenched the fluorescence of serum albumins remark-

Biotechnology Company (Shanghai, China) and used without ably, which indicates that there are strong interactions

further purification. 2,2Diselenadibenzoic acid was synthe-
sized and characterized by the Group of Organic Synthesis
Department of Chemistry, Wuhan University, PR CHb@].
0.02 mol L1 Tris—HCI buffer of pH 7.40 (0.2 mol ! ana-
lytical grade NacCl, except for the ionic strength experiment)
was used for preparing BSA solutions. All reagents were of

between them and Z;Biselenadibenzoic acid. It can be

,observed that the fluorescence intensity of BSA reaching

the steady state 10s after the mixing, indicated the interac-
tion between 2,2diselenadibenzoic acid and BSA attained
equilibrium fast. For the molar ratio [ligand]:[SA] = 1:1, the
decrease of protein fluorescence due to the presence’of 2,2

analytical reagent grade and double-distilled water was useddiselenadibenzoic acid as a quencher attains about 50% for

throughout.
2.3. Procedures

A 2.0mL solution, containing appropriate concentra-
tions of BSA or HSA, was titrated by successive addi-
tions of a 2.0« 10~3mol L~! DMF stock solution of 2,2
diselenadibenzoic acid (to give a final concentration of
2.5x 10~°mol L~1). Titrations were done manually by us-

BSA and 33% for HSA, respectively. The quantitative anal-
ysis of the binding of 2,2diselenadibenzoic acid to these
albumins were carried out using the fluorescence quench-
ing at 340 nm at various temperatures as show#iq 3
andTable 1 The Stern—\Volmer plots are linear and increas-
ing temperature does not change the linearity of the serum
albumin Stern—\Volmer plot. The linearity may reveal the oc-
currence of a single type of quenching, either static or dy-
namic. Decreased quenching observed in association with

ing trace syringes, and the fluorescence spectra (excitation atncreased temperature and the value&gfare larger than

282 nm and emission wavelengths of 300—450 nm) and ab-

sorption spectra were recorded.

10'3 suggesting the occurrence of static quenching between
2,2-diselenadibenzoic acid and serum albumins.
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Fig. 2. Spectrofluorometric titration of BSA (left) and HSA (right) with 2¢iselenadibenzoic acid. Samples of albumin in buffer (pH 7.40) were titrated with
addition of 2,2-diselenadibenzoic acid from a stock solution in DMF (2.0 mM). Albumin concentration 1> mol L~1; the molar ratio 0fCsa:Carug
corresponding to 1-11:0-1.07 303 K. The inserts correspond to time dependence of the fluorescence emission intensity at 340 nm of BSA after drug addition
with stirring.
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Fig. 3. Stern-Volmer curves for Z;8iselenadibenzoic acid—albumins, BSA (left) and HSA (right) at different temperatures. Albumin concentration:
1.0x 10-3mol L~1; pH =7.40;T=303K.

3.2. Binding sites n=0.843+0.016 and K=(7.713+0.081)x 10°L mol~!
for HSA, respectively.

. . . s: —F
According to the relationship between Ié °F ) 3.3. Comparison of quenching effect on BSA and HSA
versus logQ)], the fit to the fluorescence data using Eq. flyorescence

(2) for the system of 2/2diselenadibenzoic acid and
serum albumin was found by setting=1.135+0.010 The fluorescence quencher interacts in the protein
and K=(4.709+0.020)x10°Lmol~1 for BSA, and sub-domain containing tryptophan residues. From the

Table 1
Binding and quenching constants according to Stern—Volmer curves
T (K) Ksy (BSA) Kq (BSA) R Ksv (HSA) Kq (HSA) R
(10° L mol~1) (108 Lmol1s1) (10* Lmol~1) (102Lmol1s1)
303 1.084+0.033 1.084 0.9993 3.9460.020 5.288 0.9962
308 1.049£0.048 1.049 0.9984 3.6450.016 3.645 0.9974

313 1.005£0.052 1.005 0.9980 3.3440.017 3.344 0.9962
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0.20 of BSA fluorophores (sub-domain IlA) in the presence of
1004 drug induces changes in relative fluorescence due to an en-
ergy transfer from sub-domain IlIA to the chromophore in
g 80 J0.15 drug.
§ 8 3.5. The effect of ionic strength
D 60+ s
S J0.10 8
i § Generally, small molecules are bound to a macromolecule
é’ 40+ < by four binding modes: H-bonding, Van der Waal's forces,
3 1 J0.05 electrostatic and hydrophobic interactions. The albumin
© 204 polypeptide chain contains more than 580 amino acid
////// e 1 residues, and the loop region of each sub-domain contains
oLl / // H ” || [ H l'l"T'TI"‘I“II"IH'I [T 500 three helical segments, about 30% of the surface being hy-
300 350 400 450 drophobic. Several amino acids are found to be important
Wavelength(nm) in the binding. Basic amino acids like His, Arg and Lys are

o 4 Th | e { BSA (real fine) involved in the binding process. These groups may interact
ig. 4. The overlap of the fluorescence spectra o real line : : g A : :
and the absorption spectra of 2¢iselenadibenzoic acid (dashed line). with the hydrophobic moieties of the Z@iselenadibenzoic

Casa = Carug=1.0x 10-5mol L~%; pH=7.40;T=303K. acid. _ _ o _
In order to examine the electrostatic contribution to the in-

teraction of 2,2diselenadibenzoic acid and serum albumin,
spectroscopic point of view one of the main differences be- experiments were performed in the presence of different con-
tween the two proteins is that BSA is formed by 582 amino centrations of NaCl. The Stern—Volmer plots are presented in
acid residues, and contains a first tryptophan residue in po-Table 2 we can find that the slope of Stern—Volmer plots are
sition 135, in sub-domain IB of the albumin molecule, and dependent on the ionic strength of the medium. The bind-
a second tryptophan residue in position 214, in sub-domaining constants increase markedly with the decreasing of ionic
lIA [13], while HSA has only one tryptophan residue in po- strength, when the concentration of NaCl vary from 0.90 to
sition 214. A large hydrophobic cavity is present in the sub- 0.0015 M, the binding constant increases to almost three-fold
domain IlIA, and a wide variety of arrangements can take for BSA. The result supports an electrostatic nature of2,2
place in this sub-domain. So sub-domain IlA is the target of diselenadibenzoic acid—albumin interaction.
2,2-diselenadibenzoic acid binding. At the same time, the  Thus, we suggest that the electrostatic and hydrophobic
tryptophan residues in the vicinity of W135 interact directly  interactions exist both between 2diselenadibenzoic acid
with the polar headgroup of Z;8liselenadibenzoic acid pos- and serum albumin.
sibly, which is the reason for the difference between the two

proteins. 3.6. The effect of SDS
3.4. The energy transfer between’2jkselenadibenzoic Generally, results of competitive binding experiments can
acid and BSA be interpreted either in terms of direct competition for the

same binding site or/and in terms of (non)-cooperative inter-
We assume the binding reaction in the BSA molecule actions of two ligands with the protejh5,16]

happens in a sequential manner, the distance between the The analysis of binding data in the presence of 1 mM SDS
binding site and the fluorophore in the protein can be evalu- revealed an appreciable decrease in the binding affinity of
ated according to thedster mechanism of non-radiation 2,2-diselenadibenzoic acid—albumin, with a Stern—-Volmer
energy transfef14]. The overlap integral calculated is binding constant of (1.014 0.011)x 10* L mol~1 for BSA,
2.933x 10~7 cm? L mol~1 (Fig. 4). The distance betweenthe and (1.30H 0.009)x 10*Lmol~1 for HSA, respectively
acceptor and the donor is 4.56 nm, lower than 7 nm after in- (S-V curves not shown).
teraction, indicating the static quenching interaction between  The low value of the quenching constant observed in
the acceptor and the donor. The variation in the environmentthe presence of 1 mM SDS can be explained as due to the

Table 2

Binding constants according to Stern—Volmer curves at different NaCl concentrations in Tris—HCI buffer

Cnacl (Mol L™1) Ksv (BSA) (1P L mol—1) R Ksv (HSA) (10* L mol—1) R
0.0015 1.53#0.033 0.9976 4.263 0.019 0.9986
0.045 1.31G:0.044 0.9984 4.18%&0.019 0.9971
0.15 1.09A0.042 0.9979 3.944 0.020 0.9971
0.45 0.7964+0.037 0.9969 3.2480.019 0.9949

0.90 0.5836t 0.039 0.9952 3.11320.010 0.9986
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