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The interaction between bovine haemoglobin and C.I. Solvent Red 24 was investigated by UV/vis
absorption, fluorescence, resonance light-scattering spectra, synchronous fluorescence as well as three-
dimensional fluorescence spectra techniques at pH 7.4. The dye effectively quenched the intrinsic fluo-
rescence of bovine haemoglobin via static quenching. The process of dye to bovine haemoglobin was
spontaneous, the related changes in enthalpy and entropy being 1.78 k] mol~, 81.58 J mol~! K™!

respectively, according to the van’'t Hoff equation, indicating that hydrophobic interaction played a major
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role in stabilizing the complex. Synchronous fluorescence spectroscopy and three-dimensional fluores-
cence spectra showed that the structure of the tyrosine residue environments was altered by the dye
which interacted at the a4f, interface of the bovine haemoglobin molecule.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

C.I. Solvent Red 24 (Sudan 1V, Ca4H20N40, Scheme 1) is a lyso-
chrome (fat-soluble dye) diazo dye used to color nonpolar
substances like oils, fats, waxes, greases, various hydrocarbon
products, and acrylic emulsions in industry [1,2]. However, as a food
dye, C.I. Solvent Red 24 (SR24) is considered an illegal dye, mainly
because of its harmful effect over a long period of time, as it is
a carcinogen. It was ruled unsafe in the 1995 food safety regulations
report. Sudan I, Sudan III, and Sudan IV have been classified as
category 3 carcinogens by the International Agency for Research on
Cancer [3]. Although recognized as carcinogens, Sudan dyes have
been found recently in food products in some European countries.
They are added to food such as chilli powder to mimic, intensify,
and prolong the appearance of natural red hues. In UK, more than
six hundred products containing Sudan dyes have been recalled
such as fish sauce, Worchester sauce, noodle soup, and pizza [2,4].
In China and some other Asian countries, it is said that the redder
the egg yolk is, the more nutrient it is. So Sudan dyes are illegally
added into feedstuffs and feed poultry, such as ducks and hens.
Consequently, the dyes are enriched in egg yolk, and the red-yolk
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eggs are produced [5]. From the toxicological viewpoint, several
studies have been carried out in order to check the noxious effects
on humans [6].

Since the overall distribution, metabolism and efficacy of many
drugs are correlated with their affinities towards haemoglobin (Hb)
[7,8], the investigation of drugs with respect to Hb-drug binding is
imperative and of fundamental importance. Hb is one of some
ordinary proteins, consisting of two identical a-chains of 141 amino
acids each and two identical B-chains of 146 amino acids each [9].
Hb is well known for its function in the vascular system of animals,
being a carrier of oxygen. It also aids, both directly and indirectly,
the transport of carbon dioxide and regulates the pH of blood [10].
In addition, it is involved in many clinical diseases such as leukemia,
anemia, heart disease, excessive loss of blood, etc. [11] Several
reports were published on the interactions of hematoporphyrin
[12], Pt drugs [7], artemisinins [8], surfactant [13], aromatic amines
[14], flavonoids [15,16] and herbicide [17] with haemoglobin.
Studying structural dynamics of dye—protein complexes is crucial
for understanding the biological effects and functions of dyes in
body. Interaction between dye and protein governs the duration
and intensity of pharmacological effect [18]. Seetharamappa et al.
have studied the binding of bromopyrogallol red and rose bengal to
bovine serum albumin in order to investigate that the dyes exhibit
a high affinity to bovine serum albumin [19,20]. Yue et al. have
studied the binding of C.I. Direct Yellow 9 to human serum albumin
using optical spectroscopy and molecular modeling [18]. Zhang and
coworkers have studied the binding of Sudan I to bovine serum
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Scheme 1. The molecule structure of C.I. Solvent Red 24.

albumin [21]. However, to the best of our knowledge, the detailed
investigation of SR24-BHb association using fluorescence spec-
troscopy is not reported in the literature. The mode of interaction,
association constant and number of binding sites are important;
these investigations may provide some important theoretic infor-
mation for the improvement of the metabolism and distribution of
SR24 in life science. In this report, we provide investigations on the
effect of SR24 on the structural and optical properties of BHb, the
thermodynamic aspects in the binding process, and characters of
the binding sites by UV/vis absorption, fluorescence, resonance
light-scattering spectra (RLS), synchronous fluorescence, and
three-dimensional fluorescence spectra techniques under physio-
logical pH 7.40. The results may cast some light on the future study
of the interaction between Sudan dyes and other proteins such as
enzymes and have toxicological importance; our work should be
valuable in ecotoxicology.

2. Materials and methods
2.1. Materials

BHb and SR24 were purchased from Sigma (St. Louis, MO, USA).
The buffer tris was purchased from Acros (Geel, Belgium), and NaCl,
HCl, etc. were all of analytical purity. BHb solution (3.0 pM) was
prepared in pH 7.40 Tris-HCl buffer solution (0.05 M Tris, 0.1 M
NaCl). The SR24 solution (1.25 mM) was prepared in ethanol
containing 10% DMSO (v/v) because of its low solubility.

2.2. Equipment and spectral measurements

The UV/vis spectra were recorded at room temperature on an
SPECORD S 600 (Germany) equipped with 1.0 cm quartz cells. All
fluorescence spectra were recorded on LS-50B Spectrofluorimeter
(Perkin-Elmer USA) equipped with 1.0 cm quartz cells and a ther-
mostat bath. The widths of both the excitation slit and the emission
slit were set to 10.0 nm/5.0 nm for BHb, respectively.

2.3. Procedures

A 2.5 mL solution, containing appropriate concentration of BHb,
was titrated by successive additions of a 1.25 mM stock solution of
SR24 (to give a final concentration of 42.0 uM). Titrations were
done manually by using trace syringes. The fluorescence spectra
were then measured (excitation at 280 nm and emission wave-
lengths of 290-400 nm) at two temperatures (298 K, 308 K).
Wherever applicable, the tryptophan fluorescence from BHb has
been corrected for inner filter effect due to the absorbance by SR24
at the excitation (lex = 280 nm) and emission wavelength (lem
= 336 nm) according to the procedure given in Ref. [22]. The three-
dimensional fluorescence spectrum was performed under the
following conditions: the emission wavelengths at 200-500 nm,
the excitation at 220 nm, scanning number 15 and increment
10 nm with other parameters just the same as those of the fluo-
rescence quenching spectra. The UV/vis absorbance spectra of
SR24 and BHb were recorded at room temperature. Resonance

light-scattering spectra (RLS) spectra were obtained by synchro-
nous scanning with the wavelength range of 200-700 nm on the
spectrofluorophotometer at room temperature.

3. Results and discussion
3.1. Interaction between SR24 and BHb

UV/vis absorption spectroscopy is a very simple method and
applicable to explore the structural change and to explore complex
formation [23]. As shown in Fig. 1(A), SR24 gives two characteristic
absorption bands at 220 nm (n — ¢*) and 520 nm (7 — 7*). Upon
complexation with BHb, the 220 nm band of SR24 experiences red
shift and the 520 nm band experience an obvious blue shift.
Fig. 1(B) shows that the absorption wavelengths of BHb and the
difference absorption spectrum between BHb-SR24 and SR24. The
absorption band of 222 nm of BHb is the characteristic of a-helix
structure of BHb. The UV/vis absorption spectrum of BHb also
shows a band in the near-UV region with a maximum at 275 nm,
which appears due to phenyl group of tryptophan residues (Trp)
and tyrosines. The peak at 410 nm corresponds to the Soret-band of
BHb. Clearly, the absorbance (222 nm) of BHb-SR24 system has
decreased and the peak has a red shift (from 222 nm to 230 nm).
The results from Fig. 1(A) and (B) indicated that there exists inter-
action between SR24 and BHb and ground state complex has
formed.

For macromolecules, the fluorescence measurements can give
some information of the binding of small molecule substances to
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Fig. 1. Absorption spectra of SR24, BHb, and BHb-SR24 system. a, the absorption
spectrum of SR24 only; b, the difference absorption spectrum between BHb-SR24 and
BHb; ¢, the absorption spectrum of BHb only; d, the difference absorption spectrum
between BHb-SR24 and SR24,c (BHb) = 3.0 uM, c (SR24) = 3.0 uM.
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protein on the molecular level, such as the binding mechanism,
binding mode, binding constants, binding studies, intermolecular
distances, etc. BHb contains three Trp residues in each «f dimer, for
a total of six in the tetramer: two o-14 Trp, two $-15 Trp, and B-37
Trp. The intrinsic fluorescence of BHb primarily originates from f3-
37 Trp that plays a key role in the quaternary state change upon
ligand binding [24]. A valuable feature of intrinsic fluorescence of
a protein is the high sensitivity of tryptophan to its local environ-
ment. Changes in emission spectra of tryptophan are common in
response to protein conformational transitions, subunit association,
substrate binding, or denaturation [25]. Thus, the intrinsic fluo-
rescence of proteins can provide considerable information about
their structure and dynamics, and is often considered on the study
of protein folding and association reactions.

Generally speaking, the fluorescence quenching is the decrease
of the quantum yield of fluorescence from a fluorophore induced by
a variety of molecular interactions with quencher molecule, such as
excited-state reaction, molecules rearrangement, energy transfer,
ground state complex formation and collision quenching. The effect
of SR24 on BHb fluorescence intensity is shown in Fig. 2. As the data
show, the fluorescence intensity of BHb decreased regularly with
the increasing concentration of SR24. In order to confirm the
quenching mechanism, the fluorescence quenching data are
analyzed by the Stern-Volmer equation [26]:

P 1 kgrol@) = 14 Kal (M)

where Fg and F are the fluorescence intensities before and after the
addition of the quencher, respectively. kq, Ksv, [Q], and ¢ are the
quenching rate constant of the bimolecular, the Stern-Volmer
dynamic quenching constant, the concentration of the quencher
and the average lifetime of the Hb without quencher, respectively.
Some previous studies have determined that the lifetime of tryp-
tophan in the haemoglobin system is 5.0 ns [27]. As a rule, the
maximum scatter collision quenching constant, Kq of various
quenching with the biopolymer was 2.0 x 10'® L moL~! s~ [28].
Fig. 3 displays the Stern-Volmer plots of the quenching of BHb
tryptophan residues’ fluorescence by SR24 at different tempera-
tures. The plot showed that within the investigated concentrations,
the results agreed with the Stern-Volmer Eq. (1). The Stern-Volmer
did not show deviation towards the y-axis obviously at the exper-
imental concentration range, which was an indication that either
dynamic quenching or static quenching was predominant [17]. In
Table 1, the binding constants obtained from the Stern-Volmer
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Fig. 2. Effect of SR24 on fluorescence spectra of BHb (T = 298 K, pH = 7.40 and Aex

=280 nm). c (BHb) = 3.0 uM c (SR24)/(uM), curve (1-11): 0, 3.0, 6.0, 9.0, 12.0, 15.0,
18.0, 24.0, 30.0, 36.0, and 42.0, respectively.

2.4 W298K F/F=1.02+279*10 “[Q]
vo @ 308K F/F=1.01+2.26*10 *[Q]
2.0 4
W 1.8 -
S |
L 46
1.4 -
1.2 -
1.0
T T T T T T T T T T
0 10 20 30 40 50
10[Q](mol/L)

Fig. 3. Stern-Volmer plots for the quenching of BHb by SR24 at different temperatures.
BHb concentration was at 3.0 uM, pH = 7.40, ex = 280 nm and Aey, = 336 nm.

method are listed for SR24 with BHb. The K4 was the order of 10'* L
moL~! s~1. Obviously, the Kq value of protein quenching procedure
initiated by SR24 was greater than 2.0 x 10'° L mol~! s~ This
indicated that the quenching was not initiated from dynamic
collision but from the formation of a complex. Furthermore, the
blue shift of the emission maximum observed in the BHb-SR24
system indicated the occurrence of conformational changes for BHb
at tertiary structure levels since the shift in the position of emission
maximum reflected the changes of the polarity around the Trp
residues [29].

Red edge excitation shift (REES) is a shift in the emission
maximum toward a higher wavelength caused by a shift in the
excitation wavelength toward the red edge of the absorption band
[29]. The REES is due to the electronic coupling between Trp indole
rings and neighboring dipoles and occurs when there are slow
relaxations of solvent media. Thus, REES is particularly useful in
monitoring motions around the Trp residues in protein studies
[30].The Trp emission in the BHb-SR24 system was further inves-
tigated by red edge excitation shift (REES) experiments [31]. In our
experiment, we chose to excite the Trp at both 295 and 305 nm to
investigate the REES effect, and the results are listed in Table 2. The
value of Aldem max i defined as the difference of the emission
maximum between that excited at 295 nm and at 305 nm. As
shown, native BHb showed a 1.0 nm REES, indicating that Trp
residues in the haemoglobin were in a slight motionally restricted
environment. In the presence of SR24, the values all showed an
increase. The increase of Adem max Meant that the introduction of
SR24 had an obvious impact on the mobility of the Trp microen-
vironment and that Trp residues faced more restrictions from their
surroundings in the BHb-SR24 system [29].

3.2. Binding constant and binding capacity

SR24-induced fluorescence quenching data of BHb were
analyzed to obtain various binding parameters. The binding

Table 1

Stern-Volmer quenching constants of the system of BHb-SR24.

pH T-(K) 107*Ksy(Lmol™!) 1072 K (Lmol"!) R® SDP

7.40 298 2.79 5.58 0.9976 0.0612
308 2.26 4.52 0.9983 0.0513

2 The correlation coefficient.
b The standard deviation.
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Table 2
Red edge excitation effects for BHb and BHb-SR24 system.

Sample . (1111) Adem max (nm)
Aex: 295 nm Aex: 305 nm

BHb 337 338 1

BHb-SR24 1:5 336 338 2

[n(BHb):n(SR24)] 1:10 3315 336.5 5

constant (Ka) and binding affinity (n) were calculated using equa-
tion [14,32]

Fo—F

log{

Fig. 4 shows the plots of log (Fp — F)/Fvs.log [Q] for the BHb-SR24
system at different temperatures obtained from the fluorometric
titration. In Table 3, the binding constants Ka and binding sites n
were listed for SR24 associated with BHb. The results showed that
the binding constants Kj were increased with the temperature,
which indicated that the binding is an endothermic reaction [33,34].
The BHb-SR24 complex is easily formed with the rising tempera-
ture. The values of n at the experimental temperatures were
approximately equal to 1, which indicated that there was one class
of binding sites to SR24 in BHb. The intrinsic fluorescence of BHb
primarily originates from B-37 Trp, which indicated that SR24
binding site on BHb was located closer to the -37 Trp.

} = logK, + nlog[Q] (2)

3.3. Thermodynamic parameters and nature of the binding forces

There are essentially four types of noncovalent interactions that
could play a role in ligand binding to proteins. These are hydrogen
bonds, van der Waals forces, electrostatic, and hydrophobic
interactions [35]. To obtain such information, the implications of
the present results have been discussed in conjunction with
thermodynamic characteristics obtained for SR24 binding, and the
thermodynamic parameters were calculated from the Van't Hoff
equation.

Ko, AH (1 1
R, = w7 ‘TE) 3

0.2

W 298K log[ (F,-F) /F] = 3.95 + 0.89 log[Q]
® 308K log[ (F,-F) /F] = 3.96 + 0.91 log[Q]

00
02
04

-0.6

log(F,-F) IF

-0.8

-1.0 H

-1.2 T T T T T T T T T T T T T T
-5.6 54 5.2 5.0 4.8 4.6 4.4 4.2
log[Q]

Fig. 4. The plots of log [(Fo — F)/F] vs. log [Q] at different temperatures for BHb. c (BHb)
= 3.0 uM; pH = 740; Aex = 280 nm, Ae;, = 336 nm.

AG" = —RTInK, (4)

AH — AG
T )

From Table 3, it can be seen that the negative sign for AG°
indicated the spontaneity of the binding of SR24 with BHb. The
enthalpy change (AH°) and entropy change (AS°) were positive
values. The main source of AG® value was derived from a large
contribution of AS° term with little contribution from the AH°
factor. Ross and Subramanian [35] have characterized the sign and
magnitude of the thermodynamic parameter associated with
various individual kinds of interaction that may take place in
protein association processes. From the point of view of water
structure, a positive AS° value is frequently taken as evidence for
hydrophobic interaction. The interaction of SR24 with BHb
included the hydrophobic forces between the aromatic ring and the
hydrophobic amino acid residues. Accordingly, it was more likely
that hydrophobic interaction was involved in its binding process.
SR24 could enter into the hydrophobic pocked of BHb.

AS

3.4. Characteristics of the RLS spectra

The RLS spectra of BHb, BHb-SR24 complex are recorded by
synchronous scanning from 200 to 700 nm with AA = 0 nm. The
results are shown in Fig. 5. Upon addition of trace amount of Suda
IV to BHb solution, a remarkably decreased RLS was observed
(Fig. 5A and B). The production of RLS is correlated with the
formation of certain aggregate and the RLS intensity is dominated
primarily by the particle dimension of the formed aggregate in
solution [36]. Bearing these points in mind, it is inferred from the
results that the added SR24 may interact with BHb in solution,
forming a new BHb-SR24 complex that could be expected to be an
aggregate. The newly formed BHb-SR24 complex may be ascribed
to the higher electrostatic attraction between SR24 and BHb. The
size of BHb-SR24 particles may be smaller than that of BHb, and
thus the decreased light-scattering signal occurred under the given
conditions.

3.5. Energy transfer from BHb to SR24

Fluorescence resonance energy transfer (FRET) is a distance
dependent interaction between the different electronic excited
states of dye molecules in which excitation energy is transferred
from one molecular system (donor) to another molecular system
(acceptor) without emission of a photon from the former molecular
system. FRET is an important technique for investigating the
structure, conformation spatial distribution and assembly of
complex proteins. According to Forster’s theory [37], the efficiency
of FRET depends mainly on the following factors: (i) the extent of
overlap between the donor emission and the acceptor absorption,
(ii) the orientation of the transition dipole of donor and acceptor,
and (iii) the distance between the donor and the acceptor. Here the
donor and acceptor were BHb and SR24, respectively. There was
a spectral overlap between the fluorescence emission spectrum of
free BHb and absorption UV/vis spectra of SR24 (Fig. 6). The spec-
trum ranging from 295 to 400 nm was chosen to calculate the
overlapping integral.

According to Forster’s theory the energy transfer efficiency E is
defined as the following equation Eq. (6). Where r is the distance
from the ligand to the tryptophan residue of the protein, and Ry is
the Forster critical distance, at which 50% of the excitation energy is
transferred to the acceptor [37]. It can be calculated from donor
emission and acceptor absorption spectra using the Forster formula
Eq. (7).



160 H.-M. Zhang et al. / Dyes and Pigments 82 (2009) 156-163

Table 3
Thermodynamic parameters of BHb-SR24 interaction at pH 7.40.

T (K) 1073 Ka (L mol ™) n R? SDP AH° (KJ mol~) AG° (K] mol~1) ASC (Jmol ' K1)
298 8.91 0.89 0.9983 0.0198 1.78 —22.53 81.58
308 9.12 0.91 0.9992 0.0143 -23.35

2 The correlation coefficient.
b The standard deviation.

F RS
E=1-+=_-90_ 6
Fo R§+16 (®)
RS = 8.79 x 1072°K2N~4@J (7)
I 5 F)e()A*da ®)

[y F(hda

In Eq. (7), K? is the orientation factor related to the geometry of
the donor and acceptor of dipoles and K> = 2/3 for random

orientation as in fluid solution; N is the average refractive index of
medium in the wavelength range where spectral overlap is signif-
icant; @ is the fluorescence quantum yield of the donor; J is the
effect of the spectral overlap between the emission spectrum of the
donor and the absorption spectrum of the acceptor (Fig. 6), which
could be calculated by Eq. (8), where, F(1) is the corrected fluo-
rescence intensity of the donor in the wavelength range A to A + A4;
¢ (A) is the extinction coefficient of the acceptor at A. In the present
case, N = 1.36, & = 0.06[38], according to Egs. (6)-(8), we could
calculate thatJ =1.32 x 107 cm® Lmol™L E =0.13, Ry = 2.82 nm,
r = 3.87 nm. The average distance between a donor fluorophore
and acceptor fluorophore was on the 2-8 nm scale, which indicated
that the energy transfer from BHb to SR24 occurred with high
probability [39], while r was bigger than Ry in the present study also
revealed that SR24 could strongly quench the intrinsic fluorescence
of BHb by static quenching.

3.6. Conformation investigation

To explore the structural change of BHb by addition of SR24, we
measured synchronous fluorescence spectra of trypsin (Fig. 7) with
various amounts of SR24.

Synchronous fluorescence spectroscopy technique was intro-
duced by Lloyd [40] and involves simultaneous scanning of the
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Fig. 5. RLS spectra of BHb(a), BHb-SR24 complex (b). ¢ (BHb) = 3.0 uM c
(SR24) = 15.0 pM.

excitation and emission monochromators while maintaining
a constant wavelength interval between them. The synchronous
fluorescence spectroscopy gives information about the molecular
environment in a vicinity of the chromosphere molecules and has
several advantages, such as sensitivity, spectral simplification,
spectral bandwidth reduction and avoiding different perturbing
effects [23]. When the D-value (A1) between excitation wavelength
and emission wavelength were stabilized at 15 nm or 60 nm, the
synchronous fluorescence gives the characteristic information of
tyrosine residues or tryptophan residues [41]. The effect of SR24 on
BHb synchronous fluorescence spectroscopy is shown in Fig. 7.

It was apparent from Fig. 7 that the emission maximum of
tyrosine residues did significantly blue shift which indicated that
the conformation of BHb was changed, the polarity around the
tyrosine residues was decreased and the hydrophobic was
increased. This may be due to the changes of residue microenvi-
ronment with the insertion of SR24. BHb contains three Trp resi-
dues in each o dimer, for a total of six in the tetramer: two a-14
Trp, two B-15 Trp, and B-37 Trp, the a-14 Trp and B-15 Trp residues
are outside the subunit interface [42]. The B-37 Trp residue is
located at the a«4f, interface, which has been assigned as the
primary source of fluorescence emission. The aromatic residues of
a-42 Tyr, 0-140Tyr, and B-145Tyr are also located at the ao4f;
interface [43]. The blue shift observed in Fig. 7(A) indicated that
SR24 molecular is close enough to the phenyl moiety of Tyr resi-
dues during the binding process. It has been also shown in Fig. 8
that the slope was higher when A2 was 60 nm indicating that
a significant contribution of Trp residues in the fluorescence of
BHb-SR24 could enter into the hydrophobic pocked at the o462
interface of BHb.

The three-dimensional fluorescence contour maps are a rising
fluorescence analysis technique in recent years. The excitation
wavelength, the emission wavelength and the fluorescence inten-
sity can be used as the axes in order to investigate the synthetically
information of the samples, and the contour spectra can also
provide a lot of important information [44]. The three-dimensional
fluorescence contour map of BHb (A) and BHb-SR24 (B, C) are
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Fig. 6. Overlap of the fluorescence emission of BHb (a) with the absorption spectra of
SR24 (b). c(BHb) = 3.0 pM, c(SR24) = 6.0 pM.
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Table 4

Three-dimensional fluorescence spectral characteristics of BHb and Bhb-SR24 system.

System Peak A (Aex/Aem) AA (nm) Intensity Intensity ratio Peak B (Aex/Aem) AA (nm) Intensity
BHb 230/339 109 517.07 0.90:1 280/339 59 576.28
BHb-SR24 1:5 240/336 96 132.89 0.40:1 280/336 56 33443
[n(BHb):n(SR24)] 1:10 240/326 86 71 0.34:1 280/334 54 210.46

characteristics of tryptophan and tyrosine residues. The reason is
that when serum albumin is excited at 280 nm, it mainly reveals the
intrinsic fluorescence of tryptophan and tyrosine residues.
Comparing with the UV/vis absorbance spectra of BHb (Fig. 1(B),
curve c), there is an absorption peak around 275 nm and this peak is
mainly caused by the transition of ® — 7* of aromatic amino acids
in BHb. The tryptophan, tyrosine and phenylalanine in the binding
cavity of protein have conjugated m-electrons and easily form
charge transfer compounds with other electron deficient species or
m-electrons system. The interaction of SR24 with BHb included the
hydrophobic forces between the aromatic heterocyclic ring and the
hydrophobic amino acid residues. Besides peak B, there is another
new strong fluorescence peak A. And the excitation wavelength of
this peak is 230 nm, which can provide some clues for us to
investigate the characteristic of this peak. Comparing with the UV/
vis absorbance spectra of BHb (Fig. 1(B), curve c), there is a strong
absorption peak around 222 nm and this peak is mainly caused by
the transition of n — ©* of BHb’s characteristic polypeptide back-
bone structure C=0. According to the corresponding Ref. [45], the
conformational changes reflected by the spectral difference at
222 nm in the UV/vis spectra may arise from disturbances of the
environment of the polypeptide of the protein. Analyzing from the
intensity changes of peak A and peak B, they decreased obviously
but to different degree (Table 4): in the absence and presence of
SR24, the fluorescence intensity ratios of peak A and peak B are
0.90:1, 0.40:1 and 0.34:1, respectively. We can conclude that the
interaction of SR24 with BHb induced the slight unfolding of the
polypeptides of protein, which resulted in a conformational change
of the protein that increased the exposure of some hydrophobic
regions which were previously buried [21]. The above phenomena
and the analysis of the fluorescence characteristic of the peaks
revealed that the binding of BHb-SR24 induced some micro-envi-
ronmental and conformational changes in BHb, a complex between
BHb and SR24 has formed.

4. Conclusions

This paper presents spectroscopic studies on the interaction of
SR24 with BHb by UV/vis absorption, fluorescence, resonance light-
scattering spectra (RLS), synchronous fluorescence, and three-
dimensional fluorescence spectral techniques. It was shown that
the fluorescence of BHb was quenched upon reaction with SR24 as
a consequence of complex formation. The quenching belonged to
static fluorescence quenching, with non-radiation energy transfer
happening within a single molecule. The results revealed the
presence of a single class of binding site in the surrounding of Trp
and Tyr residues at the interface of BHb; hydrophobic interaction
played a major role in stabilizing the complex. The results of
synchronous fluorescence spectroscopy and three-dimensional
fluorescence spectra indicated that the structure of these Tyr resi-
dues environments was altered and the physiological functions of
BHb were affected by SR24. The binding study of SR24 with proteins
has toxicological importance. This study is expected to provide
important insight into the interactions of the physiologically
important protein BHb with pesticide. The binding of Sudan dyes to
proteins has been exploited in the construction of dye biosensors.
Dye biosensor assays can provide measures of the toxic effects of

chemicals on the target organism and of the molecular mechanisms
that underlie toxicity.
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