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Abstract

The effect of Cibacron Blue 3GA (CB) on the fluorescence emission spectra
ofbovine serum albumin (BSA) was investigated in cationic reversed micelles
formed with cetyltrimethylammonium bromide (CTAB) compared with that
inaqueous phase. The anionic CB had electrostatic interactions with cationic
CTAB and affinity interactions with BSA in the reversed micelles. The addi-
tion of CB in the reversed micellar phase led to a great decrease in the fluo-
rescence intensity of BSA and a remarkable red shift of the wavelength of
emission maximum (A__ ). The fluorescence intensity of BSA decreased and
theA  decreased 5nm (blue shift) without the addition of CB in the reversed
micellar phase. The fluorescence intensity of BSA with the addition of CB
had the strongest value in the aqueous phase with the presence of CTAB, a
less strong value in the reversed micellar phase, and a weak value in the
aqueous phase without the presence of CTAB. The increase in A__ of BSA
with the addition of CB in the reversed micellar phase might indicate the
decrease in the hydrophobic microenvironment of the Trp residue of BSA,
contrary to those microenvironments in the absence of CB.

Index Entries: Affinity interaction; reversed micelles; bovine serum albu-
min; Cibacron Blue 3GA; fluorescence emission spectra.

Introduction

Reversed micelles are optically transparent nanometric droplets of
water in apolar organic solvents stabilized by the aggregated surfactants
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(1,2). They have attracted much interest from biotechnologists in recent
years because enzymes, protein, and nucleic acids can be dissolved in
them with retention of activity and stability (3—7). Several research groups
have investigated protein-protein interactions, such as protease-inhibi-
tor complexes and antibody-antigen reactions, in the reversed micelles.
Walde et al. (8) reported that exchange and recognition of macromol-
ecules (trypsin and its inhibitor) could take place in micellar solutions at
the same rate as with low molecular weight molecules. Nicot et al. (9)
investigated the digestion of myelin basic protein in the reversed micelles
by three proteolytic enzymes: trypsin, cathepsin D, and Staphylococcus
aureus V8 protease. It has been found that the number of cleavage sites is
considerably decreased with micellar digestion generating long hydro-
phobic peptides compared with proteolysis in aqueous solution. Specific
protein-protein interactions in reversed micelles were carried out by
measuring antigen-antibody binding using fluorescence polarization
spectroscopy (10).

Reversed micellar systems have been studied to separate proteins in
liquid-liquid extraction processes (11-13). Significant improvement in
the process selectivity can be achieved by introducing affinity ligands to
the reversed micellar phase (14-18). Anionic surfactants such as bis-(2-
ethylhexyl)-sulfosuccinate (AOT) have often been used with alkyl gluco-
sideasaligand in affinity-reversed micellar systems. Selective separation
of trypsin from a mixture involving many kinds of contaminating pro-
teins has been achieved using trypsin inhibitor immobilized in the
reversed micelles (19,20). One group of ligands, triazine dyes, has been
used to extract lysozyme and bovine serum albumin (BSA), with the
result of a significant increase in the solubilization of lysozyme with high
selectivity (21-23).

The affinity interaction between triazine and protein in aqueous solu-
tions has been widely studied (24,25). It seems that little attention has been
paid to the affinity interaction between triazine and protein in reversed
micelles. In our previous work, the effect of Cibacron Blue 3GA (CB) and
BSA as guest molecules on the microstructure of reversed micelles was
investigated with electrical conductivity measurement (26). The conduc-
tivity of reversed micellar systems decreases with the addition of CB and
decreases even further with the addition of both CB and BSA. The conduc-
tivity of reversed micellar phase is three orders of magnitude lower than
that of aqueous phase under the same CB concentration (26).

In the present study, CB is used as an affinity ligand and is
directly introduced into the reversed micelles formed with cetyltrimethyl-
ammonium bromide (CTAB). The anionic CB has electrostatic interactions
with cationic CTAB and shows affinity interactions with BSA. The fluores-
cence emission spectra of the reversed micellar system were investigated
since BSA has intrinsic fluorescence. The effect of CB on fluorescence emis-
sion spectra of BSA in the reversed micelles was studied compared with
that in an aqueous phase.
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Materials and Methods

Chemicals and Reagents

BSA (67 kDa, pI 4.7) was purchased from Beijing Hongxing Huaxue
Factory, China. CB was obtained from Sigma. Beijing Chemical Reagents
supplied CTAB, n-hexanol, and n-hexane (analytical grade). Other chemi-
cals were all commercially available reagents of analytical grade. Deion-
ized and distilled water was used throughout the experiments.

Solutions

The original reversed micellar solutions used contained 50 mM CTAB
and 15% (v/v) n-hexanol in n-hexane, denoted as CTAB (50 mM)/15% (v /v)
hexanol/hexane/0.8% (v/v) H,O. The aqueous phase was 10 mM phos-
phate buffer solution. Protein solutions were made in buffer stocks in con-
centrations of BSA equal to 100 mg/mL. CB (typically 23.68 uM) with a
molar ratio of CB to CTAB (50 mM) of 4.74 x 10* was dissolved in buffer
solution. The reversed micellar solutions for fluorescence measurements
were made by injection method. The protein solution was injected into the
organic phase and shaken vigorously to form a clear solution.

Fluorescence Spectra

Fluorescence emission spectra of all samples were recorded on a
Hitachi (F-4500) fluorescence spectrophotometer with excitation wave-
length at295 nm. Excitation and emission slit widths were setat5.0 /5.0 nm.
The fluorescence spectra of reversed micellar phase were compared with
those of aqueous phase.

Results and Discussion

The fluorescence probe for the characterization of state of water in
reversed micelles has been investigated using sensitive dyes such as
hemicyanine dye and aromatic fluorophore Prodan (27,28).

Lundgrenetal. (29)investigated the effects of hydration on acrylodan-
labeled BSA and human serum albumin (HSA) (BSA-Ac and HSA-Ac) in
AOT reversed micelles in the absence of ligand. Their results demonstrate
the importance of hydration on protein behavior in environments in which
water is limited and the complexity of the interplay between hydration and
protein function and dynamics (29). Lysozyme, HSA, and liver alcohol
dehydrogenase were studied in reversed micelles by frequency domain
fluorescence spectroscopy (30). The emission of the tryptophanyl residues
of the proteins was monitored. The rotational correlation times for the
internal motions and the overall protein rotation in reversed micelles
decreased with increasing water concentration. Lysozymes showed pecu-
liar rotational dynamics that reflect denaturation occurring as the protein
increases its water content in the reverse micelle. This influence was not
observed for the other proteins (30).
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A BSA molecule has2 Trp and 19 Tyr residues that mainly produce the
intrinsic fluorescence. Both Trp and Tyr residues contribute to fluorescence
of BSA when the excitation wavelength is <280 nm. The fluorescence of Tyr
residues is so small that the contribution to BSA fluorescence could be
assumed negligible when the excitation wavelength is >290 nm. Thus, Trp
residues mainly contribute to the fluorescence emission spectra of BSA
(31). In the present study, the fluorescence of Trp residues of BSA can only
be considered since excitation wavelength was set 295 nm. The microenvi-
ronment of Trp residues could be changed since the affinity interaction
occurred between BSA and CB in reversed micelles, which results in the
change in fluorescence emission spectra of the system.

Fluorescence Emission Spectra of CB

CBis one triazine dye that could have fluorescence at a certain excita-
tion wavelength. Figure 1 shows the fluorescence emission spectra of CB of
reversed micelles compared with that of aqueous phase. CB had low fluo-
rescence intensity (the maximum value of fluorescence intensity is ~190 in
reversed micelles) with an excitation wavelength at 295 nm. The fluores-
cence intensity of CB of the reversed micelles was higher than that of aque-
ous phase. The wavelength of emission maximum (A__ ) had a blue shift for
3 nm, which might indicate that the polarity of the CB microenvironment
decreases owing to the lower polarity of reversed micellar core than that of
aqueous phase. CB had low concentration (23.68 uM) with the molar ratio
of CB to CTAB (50 mM) of 4.74 x 10*. Thus, the perturbation of the system
in the presence of CB could be assumed negligible.

Figure 2 shows the effect of water content in reversed micellar phase
on fluorescence emission spectra of CB. The fluorescence intensity of CB
decreased with increasing water content in the reversed micelles. The A__
had a red shift for 2 nm when water concentration was >0.63 M. The free
water in the core of reversed micelles increased with an increase in water
content, indicating an increase in polarity of the CB microenvironment.
This indicates that the fluorescence emission spectra of CB could reflect the
microenvironmental change in the reversed micelles.

Effect of CB on Fluorescence Emission Spectra of BSA

Figure 3 shows the effect of CB on fluorescence emission spectra of
BSA in aqueous phase. BSA had high fluorescence intensity (the maximum
relative intensity was ~6700). The fluorescence of BSA was almost quenched
with the addition of CB. The maximum value of relative intensity of the
system with the addition of CB was ~137, which is 2.04% that of BSA. The
fluorescence emission spectra of BSA were strongly influenced by the affin-
ity interaction between BSA and CB, which could lead to a significant
change in the microenvironment of Trp residues. The CB-BSA complex had
a lower ability of fluorescence emission than that of BSA.

The fluorescence emission spectra of BSA in the absence of CB (Fig. 3)
was compared with that of CB (Fig. 1). The maximum value of relative
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Fig. 1. Fluorescence emission spectra of CB in reversed micelles (RM) and in water.
CB=23.68 UM, HZO =1.0 M (inreversed micelles); excitation at295nm, slitat’5.0/5.0 nm.
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Fig. 2. Effect of water concentration in reversed micellar phase on fluorescence
emission spectra of CB. CB = 23.68 uM; excitation at 295 nm, slit at 5.0/5.0 nm.

intensity of CB was ~113, which is 1.69% that of pure BSA. There was a
large difference in fluorescence intensity between CB and BSA. The fluo-
rescence of CB could be assumed negligible in comparison with that of BSA
if CB and BSA are considered respectively.
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Fig. 3. Effect of CB on fluorescence emission spectra of BSA in aqueous phase.
CB =23.68 uM, BSA = 0.5 mg/mL, pH = 6.96; excitation at 295 nm, slit at 5.0/5.0 nm.

Figure 4 shows the effect of CB on fluorescence emission spectra of
BSA inaqueous phase with the addition of CTAB. The addition of CTABled
to a decrease in fluorescence intensity of the system and a blue shift of A,__
of 11 nm (from 343 to 332 nm) in the absence of CB. This might indicate
that the hydrophobic microenvironment of Trp residues of BSA increases.
The conformation of BSA could change since there was an electrostatic
attraction between BSA and CTAB owing to the solution pH being greater
than the pl of BSA (pH 6.96), which influences the microenvironment of Trp
residues.

The addition of CB caused the fluorescence intensity of the system to
decrease further in the presence of CTAB in aqueous phase. The A
(343 nm) did not change in the presence of CB and CTAB compared with
pure BSA. The microenvironment of Trp residues of BSA could not be
significantly changed. The CB-BSA complex may favor the maintenance of
BSA conformation owing to the affinity interaction between BSA and CB.

Figure 5 shows the effect of CB on fluorescence emission spectra of
BSA inreversed micellar phase. The fluorescence intensity of BSA decreased
sharply with the addition of CB. The maximum value of fluorescence inten-
sity of BSA was 4425 in the absence of CB in the reversed micelles. The
maximum intensity was 865 with the addition of CB, which is 19.5% that of
BSA without the addition of CB. The A, had a red shift of 10 nm (from 338
to 348 nm), which indicates that the hydrophobic microenvironment of Trp
residues of BSA decreases. There was an electrostatic attraction between
BSA and CTAB owing to the solution pH being greater than the pI of BSA
(pH 6.96). The affinity interaction between CB and BSA could lead Trp
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Fig. 4. Effect of CB on fluorescence emission spectra of BSA in aqueous phase with
addition of CTAB. CB = 23.68 uM, BSA = 0.5 mg/mL, pH = 6.96, CTAB = 2.0% (w/V);
excitation at 295 nm, slit at 5.0/5.0 nm.
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Fig. 5. Effect of CB on fluorescence emission spectra of BSA in reversed micellar
phase. CB =23.68 uM, H O = 1.0 M, pH = 6.96; excitation at 295 nm, slit at 5.0/5.0 nm.

residues of BSA close to the water core of reversed micelles, which resulted
in a decrease in the hydrophobic microenvironment of Trp residues.
The fluorescence emission spectra of BSA did notsignificantly change with
a decrease in BSA concentration, only a decrease in fluorescence intensity.
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Fig. 6. Fluorescence emission spectra of BSA in reversed micelles (RM) and water.
BSA =0.5mg/mL, pH =6.96, H O =1.0 M (in reversed micelles); excitation at 295 nm,
slit at 5.0/5.0 nm.

Comparison of Fluorescence Emission Spectra
of BSA of Reversed Micellar Phase with That of Aqueous Phase

To reflect clearly the effect of the microenvironment of reversed
micelles on fluorescence emission spectra of BSA, Fig. 6 shows BSA fluores-
cence spectra of the reversed micellar phase compared with that of aqueous
phasein the absence of CB. The fluorescence intensity of BSA in the reversed
micellar phase decreased with a blue shift of A of 5 nm. There was a
different water property between reversed micellar phase and aqueous
phase. The water of the reversed micellar phase was confined in the core of
the water pool, which could result in more of a decrease in water polarity
of reversed micelles than that of bulk water. The BSA of the reversed
micelles was in a more hydrophobic microenvironment than that of
aqueous phase. The hydrophobicity of the Trp microenvironment in the
reversed micelles increased, which led to a blue shift of fluorescence spec-
tra of BSA.

Figure 7 shows the effect of CB on the fluorescence emission spectra
of BSA of thereversed micellar phase compared with that of aqueous phase.
The fluorescence intensity of BSA with the addition of CB had the strongest
value (1027) in the aqueous phase in the presence of CTAB, a less strong
value (865) in the reversed micellar phase, and a weak value (137) in the
aqueous phase in the absence of CTAB. The fluorescence intensity of the
system with the presence of CTAB in both the reversed micellar and aque-
ous phases was higher than that in the absence of CTAB in the aqueous
phase. The maximum value of fluorescence intensity in the absence of CTAB
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Fig. 7. Effect of CB on fluorescence emission spectra of BSA in reversed micelles
(RM) and in aqueous phase. BSA = 0.5 mg/mL, pH = 6.96, CTAB =2.0% (w/v), CB =
23.68 uM, H,O = 1.0 M (in reversed micelles); excitation at 295 nm, slit at 5.0/5.0 nm.

in the aqueous phase was 15.8% that in the reversed micellar phase.
The presence of CTAB could hinder the quenching of fluorescence of BSA.
The electrostatic interaction between CTAB and CB could decrease the
affinity interaction between BSA and CB.

The A__ of BSA with the addition of CB in the aqueous phase was
not changed in the presence of CTAB and decreased 1 nm without the
addition of CTAB in comparison with that of pure BSA. This indicates
that the microenvironment of Trp residues in the presence of CB was not
significantly influenced by the addition of CTAB in the aqueous phase.
However, the A of BSA with the addition of CB in the reversed micel-
lar phase increased 5 nm (red shift), from 343 to 348 nm. This might
indicate that the hydrophobic microenvironment of the Trp residue of
BSA decreases. The electrostatic and hydrophobic interaction between
BSA and CTAB could also take phase in the reversed micelles. This
is contrary to those microenvironments without the addition of CB.
The affinity interaction between BSA and CB of reversed micellar phase
was somewhat different from that of aqueous phase.

Effect of CB Concentration on Fluorescence Emission Spectra
of BSA in Reversed Micelles

To gain insight into the formation of complexes between CB and BSA,
the effect of CB concentration of the fluorescence emission spectra of BSA
in reversed micelles was investigated. During the static quenching, the
relationship between intensity of fluorescence, F, and concentration of
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quenching agent CB, [Q], canbe obtained by means of the binding constant,
K, and the number of bindings, 7. If there are n binding sites on BSA mol-
ecules (P), we can write relational expressions as follows:

nQ+P<=QP (1)
Ko [Q,P] )
[QI" [P]

inwhich [Q], [P], and [Q P] are the concentration of quencher CB, free BSA,
and complexes between CBand BSA, respectively.If [P ] is the total concen-
tration of BSA, and [P | = [Q,P] + [P], then

[QPl=[P,]-I[P] 3)
and
[P1 _ [F] (4)
[P] [F]

in which F  and F are the fluorescence intensities at a 348-nm emission
wavelength in the absence and presence of quencher CB. In association
with Egs. 1-4, one can finally describe the relationship between the inten-
sity of fluorescence, F, and the concentration of quenching agent, [Q], as

follows:

Fo=B) _ log K + n log[Q] (5)

log

Figure 8 shows the relationship between the fluorescence emission
spectra of BSA and CB concentration in reversed micellar phase under
different water concentrations. There are two linear relationships, whose
slopes and intercepts are taken to correspond to the number of binding
molecules, 1, and binding constant, K, respectively. The binding constant,
K, increases sharply from 2.0 x 10° to 6.61 x 10” M when the water concen-
tration increased from 0.81 to 1.0 M in the reversed micelles. This could be
the stronger interaction between cationic CTAB and anionic CB in lower
water concentration in the reversed micelles, which then decreases the
affinity interaction between CB and BSA. The binding constant, K, between
CBand BSAis1.18 x10° M inaqueous phase (21,23). The binding constant,
K, of the reversed micellar phase is one or two orders of magnitude higher
than that of aqueous phase. This indicates the stronger interaction between
CB and BSA in the reversed micelles than that in aqueous phase owing to
the nanosize of reversed micelles. The number of binding molecules, 1, in
the reversed micelles increased slightly from 1.2 to 1.5 with increasing
water concentration from 0.81 to 1.0 M. This result suggests that not many
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Fig. 8. Effect of CB concentration on fluorescence emission spectra of BSA in
reversed micelles. BSA =0.5mg/mL, pH =6.96; excitation at 295 nm, slitat 5.0 /5.0 nm.
F,and F are fluorescence intensities at a 348-nm emission wavelength in the absence
and presence of CB, n is the number of binding molecules; and K is the binding
constant.

CB molecules are required to bind a BSA molecule in the reversed micelles
although the molecular weight between BSA and CB (large and small mol-
ecules) is much different.

Conclusion

CB had a significant influence on the fluorescence emission spectra of
BSA. The fluorescence intensity of BSA in the aqueous phase was almost
quenched with the addition of CB. The influence of CTAB on BSA fluores-
cence spectra was decreased by the affinity interaction between CB and
BSA. The fluorescence intensity of BSA in the reversed micellar phase was
greatly decreased with the addition of CB.

The A__ in the reversed micelles formed with CTAB had a blue shift
of 5 nm compared with pure BSA in the absence of CB. The A___ in the
aqueous phase with the addition of CTAB had a blue shift of 11 nm in the
absence of CB. The A___of BSA with the addition of CB in the aqueous
phase was not changed in the presence of CTAB and decreased 1 nm with-
out the addition of CTAB in comparison with pure BSA. However, the A
of BSA with the addition of CB in the reversed micellar phase increased
5nm (red shift), which might indicate that the hydrophobic microenviron-
ment of the Trp residue of BSA decreases.
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