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Abstract The interaction between an anionic conjugated polyelectrolyte,
poly[9,9-bis(3’-butyrate)fluoren-2,7-yl] sodium (BBS-PF), and bovine serum albu-
min was investigated by fluorescence spectroscopy. The emission of BBS-PF was
effectively quenched by BSA with a quenching constant Kgy of 3.1 x 107 L/mol
when BSA was at nanomolar concentrations, but the emission increased when the
concentration of BSA was at micromolar level. The excitation band of BBS-PF
blue-shifted when the emission was quenched where the negatively charged BSA
induced the aggregation of BBS-PF, yet the excitation band of BBS-PF red-shifted
when the emission increased where the BSA acted as a surfactant and formed
hydrophobic interaction with BBS-PF. BBS-PF could also quench BSA through
energy transfer by resonance with a quenching constant Kgy of 1.1 x 10° L/mol.
The emission band changes of BSA reflected the conformation transitions of BSA
from class II to class I and the binding of BBS-PF with BSA made the BSA more
folded.
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Introduction

Conjugated polyelectrolytes (CPEs), which are m-conjugated polymers with ionic
side chains and can bind nucleic acid or protein surfaces through multivalent
electrostatic interactions, have attracted much attention as optical probes in
biomacromolecular detection [1-4]. Three types of signal transduction mechanisms
of CPEs for biosensing have been reviewed as forster resonance energy transfer or
electron transfer, analyte-induced aggregation of CPEs, and analyte-induced
conformational changes of CPEs. Bovine serum albumin is a typical protein for
research study because of its stability, water solubility, and versatile binding
capacity. The interaction between the serum albumin and surfactants, photosensi-
tizing agents and drugs has been studied extensively [5-9]. The binding of these
small molecules to BSA is through ionic and hydrophobic interactions to the
protein. The interaction of proteins such as BSA with polyelectrolytes has also
attracted considerable attention in the polyelectrolyte-mediated protein adsorption
[10-13]. However, few studies have been carried out by fluorescence on the
interaction between the polyelectrolyte and the protein which are like-charged. Here
we report the interaction between an anionic CPE and negatively charged bovine
serum albumin and their fluorescence was explored.

Experimental section
Materials

All materials and reagents used in this work are commercial products of high grade
employed as received without further purification unless otherwise stated. Bovine
serum albumin and the sodium phosphate buffer (pH 7.5) were purchased from
Shanghai Sangon Biological Engineering Technology and Services Co., Ltd.
(Shanghai, China).

Characterization

UV-Vis absorption and fluorescence spectra were measured using a Shimadzu
UV-3150 spectrophotometer and a Shimadzu RF-6301PC spectrophotometer,
respectively. All optical measurements of BBS-PF (1.0 x 10~’ M) were performed
in 10 mM sodium phosphate buffer at pH 7.5 at room temperature (around 25 °C).
In this work, the sodium phosphate buffer (pH 7.5) was used as media to study the
interaction of BBS-PF and BSA.

Results and discussion
The anionic CPE, poly[9,9-bis(3’-butyrate)fluoren-2,7-yl] sodium (BBS-PF), was

synthesized by Suzuki coupling reaction, followed by hydrolysis [14]. Scheme 1
shows the chemical structure of BBS-PF, the number-average molecular weight
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Scheme 1 Chemical structure — —
of BBS-PF

NaOOC COONa

(M,) and distribution of which are 1.38 x 10* and 3.2, respectively, measured by
gel permeation chromatography using polystyrene as a standard and tetrahydrofuran
as the eluant. The absorption and emission spectra of BBS-PF in phosphate buffer
(pH 7.5) are shown in Fig. 1. The absorption and emission bands are centred in the
region of 375 and 415 nm, respectively. The BSA used here is a polyanion, since its
isoelectric pH is 5.4 and the experiment is carried out in phosphate buffer at pH of
7.5. The absorption and emission bands of BSA are centred in the region of 278 and
344 nm, respectively, shown in Fig. 1, which are attributed to the absorption and
emission of the tryptophan residues in BSA [15].

High-efficiency fluorescence quenching of a conjugated polyanion by cyto-
chrome ¢ has been reported [16], which is attributed to a combination of
photoinduced electron transfer and the formation of bound complexes between
the cationic and anionic polyelectrolytes. The anionic BSA can also quench the
fluorescence of the anionic polyelectrolyte BBS-PF at low concentrations. The
emission spectra of BBS-PF in the presence of BSA at different concentrations are
shown in Fig. 2a and b. The emission intensity decreased when the concentration of
BSA increased from 0 to 8.0 x 10~ M, shown in Fig. 2a. Effective quenching is
observed at low concentrations of 107° M and less effective quenching occurs
at concentrations of 10~% M, which can be seen from the Stern—Volmer plot for
BBS-PF with BSA, shown in Fig. 2c. The quenching constant Kgy can be obtained
by the Stern—Volmer equation [17],
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Fig. 1 UV-vis absorption and emission spectra of BBS-PF (curve I and 2) and BSA (curve 3 and 4) in
phosphate buffer at pH 7.5, excitation at 375 nm for BBS-PF and excitation at 280 nm for BSA
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Fig. 2 a, b Emission spectra of BBS-PF ([BBS-PF] = 1.0 x 107" M) in the presence of BSA at
different concentrations, excitation at 375 nm; ¢ Fo/F plot for BBS-PF with BSA
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FO/F: 1 +KW[Q]

where Fy, F are the fluorescence intensity of the conjugated polymer before and
after addition of a given molar concentration of quencher [Q], respectively. The
quenching constant Kgy for BSA is 3.1 x 10’ L/mol at the low concentrations of
10~° M, which is less than that of cytochrome ¢ (3.2 x 10% L/mol) [16]. The less
quenching might be due to its lack of electron transition from BBS-PF to BSA and
lack of counter ions to form bound complexes. When the concentration of BSA
increased from 8.0 x 107 % t0 3.0 x 107° M, the emission increased and exceeded
its original intensity. The excitation spectra of BBS-PF reveal the different
interaction between the CPE and BSA. At nanomolar concentrations of BSA, the
excitation bands blue-shifted a little, however, the bands red-shifted when the
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Fig. 3 a Excitation spectra of BBS-PF for 416 nm emission with different concentrations of 0, 2, 4, 6, 8,

20, 40, 60, and 80 nM of BSA; b excitation spectra of BBS-PF for 416 nm emission with different
concentrations of 0, 0.5, 1, 2, 3, 4 uM of BSA
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amount increased to micromolar concentrations, shown in Fig. 3a and b. The blue-
shift indicates a m-stacking and interchain interaction of BBS-PF by the addition of
proteins, as resembles the aggregation of MEH-PPV in solvent [18]. The
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Fig. 4 a Emission spectra of BSA ([BSA] = 1.7 x 107> M) in the presence of BBS-PF at different
concentrations, excitation at 280 nm; b Fy/F plot for BSA with BBS-PF; ¢ excitation spectra of BBS-PF
([BBS-PF] = 1.0 x 1077 M, curve 1) and the BBS-PF/BSA complex ([BBS-PF] = 1.0 x 1077 M,
[BSA] = 5.0 x 1077 M, curve 2) for 450 nm emission
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aggregation induced by the negatively charged BSA, results in the interchain
interaction between the conjugated polymers, which in turn results in fluorescence
quenching due to n-stacking of the backbones of the polymers [19]. At micromolar
concentrations of BSA, the red-shift indicates that the aggregation of BBS-PF in the
solvent becomes weak, resulted from the formed complex with the BSA surfactant,
where the negative charge does not play a significant role [20]. The hydrophobic
interactions of BSA with BBS-PF weaken the aggregation of BBS-PF in the system
and the fluorescence increases.

The interaction between BBS-PF and BSA was further investigated by the
fluorescence of BSA with different concentrations of BBS-PF. The emission
intensity of BSA decreases with the increase of the concentration of BBS-PF, shown
in Fig. 4a. The Stern—Volmer plot shows the quenching constant Kgy for BBS-PF is
1.1 x 10° L/mol, shown in Fig. 4b. Figure 4c shows the excitation spectra of the
polymer BBS-PF and the BBS-PF/BSA complex for BBS-PF emission at 450 nm.
For the excitation spectrum of the complex, a new band at 280 which is associated to
the protein tryptophan appears, as can confirm the FRET from BSA to BBS-PF.
Vekshin reported that the tryptophan fluorescence of BSA could be quenched by
various anion, uncharged and cation dyes through energy transfer by resonance and
excitation deactivation by the dye and probably by the protein itself which undergoes
conformational transition upon sorption of the dye [21]. Here the absorption
spectrum of BBS-PF overlaps the spectrum of tryptophan emission (shown in Fig. 1)
and the emission of BBS-PF occurs when BSA is excited at 280 nm and the emission
intensity increases with the increase of the concentration in BSA (shown in Fig. 4a).
Thus, it can be concluded that the energy transfer by resonance from BSA to BBS-PF
induces the quenching of BSA. The location of tryptophan residues in proteins has
been classified into the following three classes according to their fluorescence
parameters such as spectral maximum position (4,,) and spectral band width (AA):
class I, one buried in nonpolar regions of the protein (4, = 330-332 nm,
Al = 48-49 nm); class II, one on the surface which is in limited contract with
water that is probably immobilized by bonding at the macromolecular surface
(Am = 340-342 nm, AJ = 53-55 nm); class III, one on the surface which is
exposed to water completely (4, = 350-353 nm, AL = 59-61 nm) [15]. In this
study, the emission peak of tryptophan shows blue-shift from 344 to 336 nm, and the
emission spectral band width decreases from 56 to 53 nm when the concentration of
BBS-PF increases from 0 to 1.1 x 107® M. The fluorescence parameter changes
reflect the conformation transitions of BSA from class II to class I. The binding of
BBS-PF to BSA could make BSA more folded through ionic or perhaps van der
waals forces. A further investigation on the conformation transition should be
performed by circular dichroism (CD) spectroscopy, as will be reported later.

Conclusions
In summary, we have investigated the fluorescence of the anionic CPE and BSA and

their mutual influence. The fluorescence of CPE BBS-PF can be quenched by BSA
at its nanomolar concentrations where BSA induces the aggregation of BBS-PF, yet
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the fluorescence increases a little when the concentration increases to micromolar
where the van de waals interaction decreases the aggregation. The fluorescence of
BSA can also be quenched by the polyelectrolyte BBS-PF, which is attributed to the
energy transfer by resonance. BBS-PF could induce the conformational transition of
BSA to a more folded state.
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