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Absorption and fluorescence study of the interaction
between (2-hydroxy-benzimido)ethyl-n-hexylselenide
and bovine serum albumin

Yang Chang-Ying, Liu Yi, Wu Jun, Li Ran, Hu Yan-Jun and Qu Song-Sheng

Abstract

The binding of Schiff base selenide, (2-hydroxy-benzimido)ethyl-n-hexylselenide, to bovine serum
albumin (BSA) was studied using fluorescence spectroscopy. The measurement was performed in
Tris-HCl buffer aqueous medium at pH 7.4. Stern-Volmer graphs were plotted and quenching
constants were estimated. The quenching constant at 303K was (1.639+0.046) x 10" Lmol™"s™".
Decreased quenching was observed as temperature increased, but at the temperature range of
303-313K, the association of Schiff base selenide to BSA was not significantly different. The static
quenching presented in the system of Schiff base selenide and BSA. A complex was possibly formed
between Schiff base selenide and BSA, which was responsible for the quenching of the fluorescence
of BSA. This fact was also confirmed by differences in the absorption spectra of BSA before and after
Schiff base selenide addition. The hydrophobic interaction was found to play a main role in the
binding according to the thermodynamic parameters, enthalpy change (AH) and entropy change
(AS) of reaction. Schiff base selenide most likely binds to the hydrophobic pockets within sub
domain IIA of BSA, which can be proved by competition experiments for sodium dodecyl sulfate. By
constant-wavelength synchronous fluorescence spectra, the influence of (2-hydroxy-benzimido)-
ethyl-n-hexylselenide on the surrounding environment of tyrosine and tryptophan residues in BSA
was also investigated. The red shift of the fluorescence peak of tryptophan residues indicated that
the hydrophobic amino acid structure surrounding tryptophan residues in BSA collapsed slightly
after the addition of (2-hydroxy-benzimido)ethyl-n-hexylselenide.

Introduction

Schwarz & Foltz (1957) demonstrated that trace elements of selenium protected
against liver necrosis in vitamin E-deficient rats and established their nutritional
essentiality. Human diseases in China that have been associated with a particularly
low level of selenium include cardiomyopathy, Keshan disease and Kaschin-Beck
disease, involving osteoarthropathy (Li etal 1990, 1992). Meanwhile, selenium status
has been implicated in a wide range of disorders, including heart disease, cancer and
AIDS (Shamberger 1983; Clement & Howard 1990).

To compare organoselenium compounds, many organoselenium compounds were
synthesized and their bioactivity was studied (Xu & Huang 1994). Our previous studies
(Li etal 2002) showed that the antimicrobial activity of organoselenium compounds is
many times higher than that of sulfur and oxygen analogues having isosteric elements.
Schiff base compounds have been used in several areas (Fioravanti et al 1995; Metri et al
1995) for their antiviral, anti-inflammatory and antioxidative activity. (2-Hydroxy-
benzimido) ethyl-n-hexylselenide (Figure 1) is a kind of selenium-containing Schiff base
compound or a Schiff-base-group-containing selenide (Schiff base selenide). For the
Schiff base group contained, a Schiff base selenide would hopefully exhibit a better drug
effect than other organoselenium compounds. In a previous study (Li 2001), Schiff-base
selenide had clearly demonstrated high antimicrobial activity.

It has been shown that the distribution, free concentration and metabolism of
various drugs may be strongly affected by drug—protein interactions in the blood-
stream. This type of interaction can also influence drug stability and toxicity during the
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Figure 1 Structure of (2-hydroxy-benzimido)ethyl-n-hexylselenide.
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chemotherapeutic process. Serum albumin is the major
transport protein for unesterified fatty acids, but it is
also capable of binding an extraordinarily diverse range
of metabolites, drugs and organic compounds. Since the
efficacy of many drugs in the body are correlated with
their affinity towards serum albumin (Wesley 1996), the
investigation of pharmaceuticals with respect to albumin—
drug binding is imperative and of fundamental import-
ance. These studies may provide information about the
structural features that determine the therapeutic effec-
tiveness of drugs, and become an important research
field in life sciences, chemistry and clinical medicine.

Bovine serum albumin (BSA) has a wide range of phy-
siological functions involving the binding, transport and
delivery of fatty acids, porphyrins, bilirubin, tryptophan,
thyroxin and steroids. There is evidence of conformational
changes in BSA induced by its interaction with low-
molecular-weight drugs. These changes appear to affect
the secondary and tertiary structure of albumin (Hushcha
et al 2000). The molecular interactions are often monitored
by optical techniques. These methods are sensitive and
relatively easy to use, whereas fluorescence spectroscopy
is a valuable technique for study of the binding of ligands
to proteins.

Quenching measurement of albumin fluorescence is an
important method used to study interactions of several
substances with protein (Lakowicz 1999; Klajnert &
Bryszewska 2002; Sulkowska etal 2003). It can reveal the
accessibility of quenchers to albumin’s fluorophore groups,
help us understand albumin’s binding mechanisms to drugs
and provide clues to the nature of the binding phenom-
enon.

In this work, we demonstrated the binding of Schiff base
selenide to BSA by using fluorescence spectroscopy. The
nature of the binding of drug to protein was described. The
effect of the energy transfer was studied according to the
Forster mechanism of non-radiation energy transfer. By
constant-wavelength synchronous fluorescence spectra of
BSA at different wavelength intervals, the effect of Schiff
base selenide on the surrounding environment of tyrosine
and tryptophan residues in BSA was also investigated.

Materials and Methods

Apparatus

All fluorescence measurements were carried out on an
F-2500 FL spectrophotometer (Hitachi, Tokyo, Japan)
equipped with a xenon lamp source, a thermostat system
and 1.0-cm quartz cells, using 2.5-nm slit width. A TU-1901

UV-VIS recording spectrophotometer (Puxi Analytic
Instrument Ltd, Beijing, China) equipped with 1.0-cm
quartz cells was used for scanning the UV spectrum.

Reagents

Fatty-acid-free BSA purified from bovine serum (fraction
V) was obtained from Bo’ao Biotechnology Company
(Shanghai, China) and used without further purifica-
tion; its molecular weight was assumed to be 67000.
(2-Hydroxy-benzimido)ethyl-n-hexylselenide was synthes-
ized and characterized by the Department of Chemistry,
Wuhan University (P. R. China) (Yang 2001). Tris-HCI
buffer medium (0.02m), pH 7.4 (containing 0.2m NaCl,
except for ionic strength experiment), was used for prepar-
ing BSA solution. All reagents were of analytical reagent
grade and double-distilled water was used throughout.

Procedures

The mixture solution containing 1.0 x 107> M BSA and the
varying amounts of Schiff base selenide was prepared.
After 10min, fluorescence spectra (excitation at 282nm
and emission wavelengths of 300—500 nm), absorption spec-
tra and synchronous fluorescence spectra (A4 = 60nm and
AJ = 15nm, respectively) were obtained.

Theoretical background

The fluorescence intensity values at emission maximum
(340 nm) were used for calculating the relative fluorescence,
considering the fluorescence intensity of control untreated
BSA as 100. The temperatures chosen were 303, 308 and
313K, so that BSA did not undergo any structural degra-
dation.

The quenching constants were calculated according to
the Stern—Volmer equation (Lakowicz & Weber 1973):

Fo/F =1+ Kqmo[Q] = 1 + Ksv[Q] (D

where F and F are current and initial fluorescence, respec-
tively, [Q] is ligand concentration, K is the quenching rate
constant of the biomolecule, Kgy is the Stern—Volmer
quenching constant and 7 (10~3s") is the average lifetime
of the biomolecule without quencher (Lakowicz & Weber
1973).

If the static quenching interaction is noted, the binding
Lineweaver—Burk equation is presented as (Ma etal 1995):

(Fo—F) '=Fy '+ Kz 'Fo '[Q]"" 2)

where K; g is the binding constant of drug with the bio-
logical macromolecule, which can be determined by the
slope of the curve (1/(Fo—F) vs 1/[Q]). The thermodynamic
parameters, which are important for confirming binding
modes, were determined from the plot InK vs 1/T according
to the van’t Hoff equation.

If binding reaction in the BSA molecule happens for the
static quenching interaction, there are similar and indepen-
dent binding sites in the BSA.

nQ+ B=BQn (3)
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The relationship between the fluorescence intensity and
the quenching medium can be deduced as (Xi & Zhang
1998):

Log[(Fo — F)/F] = logK + nlog[Q] 4

where K is the apparent binding constant for the protein—
ligand complex, and n is the number of binding sites.

We assume the binding reaction in the BSA molecule
happens in a sequential manner and the distance between
the binding site and the fluorophore in the protein can be
evaluated according to the Forster mechanism of non-
radiation energy transfer (Wu & Brand 1994).

The efficiency of energy transfer, E, is given by:

E =1 —(F/Fp) = Ro®/(R° +1°) Q)

where 1 is the distance between donor and acceptor and Ry
is the distance at 50% transfer efficiency.

Ry’ = 8.8 x 1072 K?n *@J (6)

where K? is the orientation factor related to the geometry
of the donor—acceptor of dipole and K*=2/3 for random
orientation as in fluid solution, n (= 1.4) is the refractive
index of medium, @ (=0.10) is the fluorescence quantum
yield of the donor (Liu etal 2003) and J is the spectra
overlap of the donor emission and the acceptor absorption.
J is given by:

J = SF)e()IALSFG)A 7

where F(1) is the fluorescence intensity of fluorescence
reagent when the wavelength is 4 and &(4) is the molar
absorbance coefficient at the wavelength of 1. From these
relationships, J, E and Ry can be calculated; so the value of
r can also be calculated. A distance between the acceptor
and the donor of less than 7 nm after interaction will indi-
cate again the static quenching interaction between the
acceptor and the donor.

Statistical analysis

The protein and the drugs were measured separately by
measuring the fluorescence of the protein quenched by the
drugs. For the proteins, the concentration of Schiff base
selenide was kept unchanged. The fluorescence intensity
was measured before and after the addition of Schiff base
selenide with the concentration of the protein changed. The
linear relationship between the difference in fluorescence
intensity and concentration of the protein was applied in
the determination of the protein. For the drugs, the con-
centration of the protein was kept unchanged with different
concentrations of Schiff base selenide. The linear relation-
ship between fluorescence intensity and the concentration
of Schiff base selenide was used in the determination of the
drugs.

Each group of experiments was replicated 3 times, and
the present method had good reproducibility. The statisti-
cal analysis was performed using the SPSS 10.0 software
system (SPSS Inc., Chicago IL). Data were statistically
analysed using Kruskal-Wallis test. A one-way analysis of
variance test was used for multiple comparisons between
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results from different temperature experiments. This was
followed by a post-hoc test.

Results and Discussion

Binding properties of BSA and Schiff base
selenide

The change in the relative fluorescence of serum albumin
can be correlated with changes in its structure as the ligand
concentration increased. The addition of Schiff base
selenide quenched the fluorescence of BSA remarkably
(Figure 2), and the drug-concentration-dependent quench-
ing of the intrinsic fluorescence of protein indicated that
there is an interaction between Schiff base selenide and
BSA. The quantitative analysis of the binding of Schiff
base selenide to BSA was carried out using the fluorescence
quenching at 340 nm at various temperatures (Figure 3 and
Table 1). The Stern—Volmer plots are linear and increasing
temperature does not change the linearity of the serum
albumin Stern—Volmer plot. Linearity may reveal the
occurrence of a single type of quenching, either static or
dynamic. Decreasing of quenching observed in association
with temperature increase and the values of K being larger
than 10" suggest the occurrence of static quenching
between Schiff base selenide and BSA.

Statistical comparisons between various temperatures
were made by Kruskal-Wallis test. The results failed to
show significant differences between temperatures
(x*>=0.751, P=0.687). It can be said that over the tem-
perature range 303-313 K, the association of Schiff base
selenide to BSA is not significantly different. Individual
differences between the temperatures was then identified
using post-hoc test (P < 0.05). In all the cases, the mean
difference between both measurement conditions did not
exceed 0.40 and was not more significant.

100 -
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L L L L

Relative fluorescence intensity

o
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340 360 380 400
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Figure 2 The fluorescence emission spectra of Schiff base selenide—
BSA system. The concn of BSA was 1.0 x 10->mol L™". The molar

ratio of selenide to BSA corresponded to 1-10:0, 0.2, 0.4, 0.6, 0.8, 1.0,
1.2, 1.4, 1.6, 1.8; temperature = 303K; pH=7.4.
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Figure 3 Stern—Volmer curves for Schiff base selenide—BSA at differ-
ent temperatures. F and F are current and initial fluorescence, respec-
tively; Jex =282nm, Aem=340nm; BSA concn: 1.0 x 10 molL™;
pH=74.

Table 1 Quenching constants according to Stern—-Volmer curves
for the binding of Schiff base selenide, (2-hydroxy-benzimido)ethyl-
n-hexylselenide, to bovine serum albumin (BSA)

Temperature K, (10°Lmol™) s.d. K, R
X) 102 Lmol's™)

303 1.639 +0.046 0.084  1.639+0.046 0.997
308 1.511+0.055 0.100 1.51140.055 0.995
313 1.22740.043 0.079  1.22740.043 0.995

K, is the quenching rate constant of the biomolecule, Kgy is the
Stern—Volmer quenching constant.

It is noted that quenching of intrinsic fluorescence of
BSA resulted from the formation of ground-state complex
between Schiff base selenide and BSA. To confirm the
formation of this complex, the UV spectra of BSA in the
presence of Schiff base selenide is shown in Figure 4. The
values of absorbance at A =278 of BSA spectra increased in
the presence of Schiff base selenide. The spectrum shows
distinct difference before and after Schiff base selenide
addition. It appears that Schiff base selenide bound to
BSA and the complex formed between them.

Binding constants and binding modes

We can obtain binding constants, Ky g, of Schiff base sele-
nide with BSA from the intercept and slope of the
Lineweaver—Burk curves (Figure 5). The results are given
in Table 2. Statistical comparison between various tem-
peratures was also made by Kruskal-Wallis test. The
differences between temperatures was not significant
(x*=1.840, P=0.399). Individual differences between
the temperatures was then identified using post-hoc test

Absorbance

0.0 ' : "
350 400 450
Wavelength (nm)

0.8 1

Absorbance

Wavelength (nm)

Figure 4 Change in UV absorption spectra of BSA in the presence
of Schiff base selenide (A) and differential UV absorption spectrum
of complex to Schiff base selenide (solid line) (B). Dashed line repre-
sents the spectrum of BSA. Cpgga = Ceetenige= 1.0 x 10 mol L™!;
pH =7.4; temperature = 303 K.
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Figure 5 Linewaver—Burk curves of the system of Schiff base sele-
nide-BSA at different temperatures. F and F, are current and initial
fluorescence, respectively; [Q] is ligand concentration; Aex =282 nm,
Jem =340 nm; BSA concn: 1.0 x 10 mol L™!; pH=74.
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Table 2 The binding constants (K| g) and relative thermodynamics parameters of the system of Schiff base selenide-BSA

Temperature (K) Kip (105Lmol™) sd. R AH® (kJmol™) AS® (JmolK™Y) AG® (kJmol ™)

303 1.065 0.102 0.996 -29.12

308 0.868 0.110 0.997 —27.82 177.6 —29.61

313 0.736 0.115 0.994 —29.16

Ky is the binding constant of drug with the biological macromolecule.

(P < 0.05); the mean difference between both measurement 4.5 1

conditions did not exceed 0.25. a
Generally, small molecules are bound to macromole- 4.0 1 N

cules by four binding modes: hydrogen bonding, Van der

Waal’s forces, electrostatic interactions and hydrophobic 3.51 4

interactions. The thermodynamic parameters enthalpy 304 A

change (AH) and entropy change (AS) of reaction are % = a

important for confirming binding modes. For this purpose, =~ w5 5 4 .

a plot of InK vs 1/T gave a straight line according to the R

van’t Hoff equation (not shown). The thermodynamic 2.0 4 ‘ « °

parameters were determined from the plot and are pre- P N ®

sented in Table 2. The formation of Schiff base selenide — 1.5 - s °

BSA complex is an exothermic reaction accompanied by .

positive AS value. Consequently, the binding process is 1.0 — T T T T T T T T T

entropically controlled and larger positive entropy makes
a much greater contribution to the free energy term for
BSA. For a drug—protein interaction, positive entropy
is frequently taken as being evidence for the role of
hydrophobic interaction (Sulkowska & Michnik 1997).
Furthermore, specific electrostatic interactions between
ionic species in aqueous solution are characterized by a
positive value of AS and a negative AH value. However,
ionic interactions cannot be expected for the binding
because Schiff base selenide might be considered to be
largely un-ionized under the conditions here (pH 7.4), as
can be expected from its structure. Furthermore, the fact
that the concentration of NaCl in the system almost did not
change the binding constant (Figure 6) indicates that ionic
strength does not affect the binding. Thus, Schiff base
selenide bound to BSA was mainly based on the hydro-
phobic interaction. The BSA polypeptide chain contains
582 amino-acid residues and the loop region of each sub-
domain contains three helical segments, about 30% of the
surface being hydrophobic. Several amino acids are found
to be important in the binding. Basic amino acids, like His,
Arg and Lys, are involved in the binding process. These
groups may interact with the hydrophobic moieties of the
Schiff base selenide.

Binding sites

According to the relationship between log[(Fo— F)/F] vs
log[Q], the fit to the fluorescence data using equation 4
for the system of Schiff base selenide and BSA was found
by setting n=1.16+£0.0122 and K=(1.183£0.134) x
10°Lmol™". It is said that the association of Schiff
base selenide and BSA represents a 1:1 binding. Linear

0.0 0.2 04 06 0.8 1.0 1.2 14 16 1.8 2.0 2.2
Se/BSA molar ratio

Figure 6 Stern—Volmer curves for Schiff base selenide-BSA at differ-
ent conditions. Triangles, 0.015M NaCl contained in buffer; circles, in
the presence of 2mMSDS. F and Fj are current and initial fluorescence,
respectively; Aex = 282 nm, Aep, = 340 nm; BSA concn: 1.0 x 10> mol L7}
pH="74.

Stern—Volmer plots may also indicate the existence of just
a binding site for Schiff base selenide in the proximity of the
hydrophobic pocket.

The BSA molecule contains a first tryptophan residue in
position 135, in sub-domain IB of the albumin molecule,
and a second tryptophan residue in position 214, in sub-
domain ITA (Kragh 1981). Crystal structure analysis has
revealed that the drug binding sites are located in sub-
domains IIA and IIIA (Carter etal 1989; Curry etal
1998). Of both tryptophans in BSA, Trp 135 is more
exposed to a hydrophilic environment, whereas Trp 214 is
deeply buried in the hydrophobic loop. A large hydropho-
bic cavity is present in sub-domain ITA and a wide variety
of arrangements can take place in this sub-domain. It is
suggested that the complex between Schiff base selenide
and BSA is formed in sub-domain ITA. Our competition
experiment for anionic surfactant sodium dodecyl sulfate
(SDS) accorded with this suggestion. The analysis of bind-
ing data in the presence of 2mm SDS revealed appreci-
able decrease in the binding affinity of BSA for Schiff
base selenide, with a Stern—Volmer quenching constant of
(5.069 £ 0.028) x 10* Lmol ™" (Figure 6). The result clearly
suggests that Schiff base selenide and SDS likely bind to the
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same site within BSA. Tryptophan 214 located in domain
ITA is more sensitive to denaturation, so surfactant-induced
protein denaturation could start in domain ITA (Gelamo
etal 2002). Thus Schiff base selenide most likely binds to
the hydrophobic pockets within sub-domain ITA of BSA.

The energy transfer between Schiff base
selenide and BSA

From Figure 7, the overlap integral calculated accord-
ing to Foster’s non-radiative energy transfer theory is
19.524 x 10" em® Lmol ™. So the value of Ry is 3.79 nm
and the value of r is 4.01 nm. The distance between Schiff
base selenide and fluorophores in BSA is 4.01 nm, less than
7 nm. Obviously, this result accords with conditions of non-
radiative energy transfer theory, indicating again the static
quenching interaction between Schiff base selenide and
BSA. The variation in the environment of BSA fluoro-
phores (sub-domain ITA) in the presence of drug induces
change in relative fluorescence due to an energy transfer
from sub-domain ITA to the chromophore in each drug.

The influence of Schiff base selenide on the
surrounding of chromophore in BSA

A valuable feature of intrinsic fluorescence of proteins is
the high sensitivity of the chromophore to its local envir-
onment. The intrinsic fluorescence of proteins can pro-
vide considerable information about their structure and
dynamics, and is often considered in the study of protein
folding and association reactions (Gelamo & Tabak 2000).
Changes in emission spectra of chromophores are common
in response to protein conformational transitions, subunit
association, substrate binding or denaturation (Lakowicz
1999).

Fluorescence spectra of BSA have contributed to
tyrosine and tryptophan residues. However, conventional

0.5

g 100 -
g 0.4
£ 80-
(] ()
g 03 ¢
2 60 :
g o
S . 022
= 40 \ <
_‘&,’ 20 - . 4 0.1
-

0 L] [ [ [ ] | | [ —[ ] [ L] L] L] L] L] 0.0

300 320 340 360 380 400 420 44
Wavelength (nm)

fluorescence spectra of tyrosine and tryptophan residues
overlap strongly because of their similar excitation spectra.
Thus, it is difficult to identify the two amino acid residues
using a conventional fluorescence technique. In synchron-
ous fluorescence spectra, tryptophan and tyrosine residues
in BSA can be isolated or separated by selecting suitable
wavelength intervals (Yang etal 2002). Thus, synchronous
fluorescence spectroscopy can be used to probe the con-
formational states of proteins. We studied the influence
of Schiff base selenide on the relative synchronous fluores-
cence spectra (Figure 8). When Al =60nm, the fluores-
cence peak is attributed to tryptophan residues; when
AJ = 15nm, the fluorescence peak of tyrosine residues can
be observed (Chen etal 1990). There is a 4-nm red shift for
the peak position of tryptophan after Schiff base selenide
addition (Figure 8A). Because the emission of tryptophan
and its derivatives is highly sensitive to the environment,

100 A
80 1
60 1
40 -

20 4

5

Relative fluorescence intensity

o

260 280
Wavelength (nm)

300
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Relative fluorescence intensity
N ey (o)) (o]
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Figure 8 The influence of Schiff base selenide on the synchronous
fluorescence spectra of BSA (A: AA=60nm; B: AZ=15nm). The
concn of BSA was 1.0 x 107> mol L™". The molar ratio of selenide to
BSA corresponded to 1-10:0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8;
temperature = 303K; pH=7.4.

Figure 7 The overlap of the fluorescence spectrum of BSA (real
line) and the absorption spectrum of Schiff base selenide (dashed
line). Cpsa = Csetenide = 1.0 x 107> mol | pH =7.4; temperature =
303K.
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the red shift is interpreted as the shielding of tryptophan
residues from the aqueous solution being decreased. Thus,
the hydrophobic amino acid structure surrounding trypto-
phan residues in BSA tends to collapse slightly and trypto-
phan residues are exposed more to the aqueous phase after
Schiff base selenide addition. But the emission of tyrosine
residues is not sensitive to the environment (Figure §B).

Conclusions

The interaction between (2-hydroxy-benzimido)ethyl-n-
hexylselenide and BSA has been studied in buffer solution
at pH 7.4 by means of fluorescence and absorption spectra.
The results showed that the hydrophobic binding interac-
tion was responsible for the quenching of the fluorescence
of BSA, a complex was formed and the binding constants
Kip=1.065x 10° Lmol "' at 303K, and the association of
Schiff base selenide and BSA represents a 1:1 binding.
Schiff base selenide most likely binds to the hydrophobic
pockets within sub-domain IIA of BSA, which can be
proved by competition experiment for SDS. By constant-
wavelength synchronous fluorescence spectra, we further
investigated the influence of (2-hydroxy-benzimido)ethyl-
n-hexylselenide on the surrounding environment of tyro-
sine and tryptophan residues in BSA. It was found that
hydrophobic amino acid structure surrounding tryptophan
residues in BSA tended to collapse slightly and tryptophan
residues were being exposed more to aqueous phase after
addition of (2-hydroxy-benzimido)ethyl-n-hexylselenide.
The results obtained give preliminary information on the
binding of Schiff base selenide to BSA.
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