
Spectroscopy 23 (2009) 257–263 257
DOI 10.3233/SPE-2009-0396
IOS Press
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Abstract. The interaction between bovine serum albumin (BSA) and prulifloxacin was investigated by ultraviolet spectropho-
tometer (UV) and fluorescence spectroscopy in this paper. Two-dimensional (2D) correlation spectroscopy was applied to the
analysis of fluorescence spectra. The results of spectroscopic measurements suggested that prulifloxacin (PL) have a strong
ability to quench the intrinsic fluorescence of bovine serum albumin through static quenching procedure. Thermodynamic pa-
rameter enthalpy changes (ΔH) and entropy changes (ΔS) were calculated. Owing to the spectral resolution enhancement in
2D correlation spectroscopy, the structure change of prulifloxacin can be observed.
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1. Introduction

Prulifloxacin (Fig. 1), the prodrug of ulifloxacin (AF3013, NM394), is a broad-spectrum oral fluoro-
quinolone antibacterial agent [11].

Serum albumins are one of the most abundant proteins in blood plasma. Many drugs are transported
in the blood upon binding to albumin. The binding ability of drug–albumin in blood stream may have a
significant impact on distribution, free concentration and metabolism of drug [3,5]. Thus, it is important
and necessary to study the interaction of drug with serum albumins at molecular level [1,8,21,24].

Spectroscopic method has been widely applied in investigating drug binding with albumin under phys-
iological conditions because of its accuracy, sensitivity, rapidity and convenience of usage [10,19]. It can
reveal the accessibility of drugs to albumin’s fluorophores, help understand the binding mechanisms of
albumin–drug and provide information of the structural features that determine the therapeutic effective-
ness of drug.
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Fig. 1. The structure of prulifloxacin.

In this study, we investigated the interaction between prulifloxacin and bovine serum albumin by fluo-
rescence spectroscopy, and revealed that hydrophobic interaction plays an important role in the binding
between prulifloxacin and BSA. Furthermore, we analyzed fluorescence spectra by 2D [4,6,13–17] cor-
relation fluorescence spectroscopy to reveal the details of binding interaction between prulifloxacin and
BSA. The perturbation mode employed in the 2D correlation analysis is fluorescence quenching. Using
the 2D spectroscopy, it is also possible to probe the specific order of chemical functional changes upon
perturbation, perform detailed dynamics study of molecule vibration.

2. Experimental

2.1. Materials

Prulifloxacin was purchased from National Institute for Identification of Pharmaceutical and Biolog-
ical Products. The purity of prulifloxacin was no less than 99.9%. BSA, being electrophoresis grade
reagents, was obtained from Sigma. The buffer Tris had a purity of no less than 99.5% and NaCl, HCl,
etc. were all of analytical purity. The samples were dissolved in Tris-HCl buffer solution (0.05 mol/l
Tris, 0.15 mol/l NaCl, pH 7.4). The solutions of albumin were prepared 15 min before experiment. All
solutions were used with doubly distilled water.

2.2. Equipments and spectral measurements

The UV spectra were recorded at room temperature on a TU-1901 spectrophotometer (Puxi Analytic
Instrument Ltd. of Beijing, China) equipped with 1.0 cm quartz cells. All fluorescence spectra were
recorded on Perkin Elmer LS-50B Spectrofluorimeter (PE, CT, USA) equipped with 1.0 cm quartz cells
and thermostat bath, the excitation wavelength was 280 nm, the excitation and the emission slit widths
were set at 3 nm, appropriate blanks corresponding to the buffer were subtracted to correct background
fluorescence.

2.3. Principles of fluorescence quenching

Fluorescence quenching is described by the well-known Stern–Volmer equation [2]:

F0/F = 1 + KSV[Q], (1)
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where F0 and F denote the steady-state fluorescence intensities in the absence and in the presence of
quencher, respectively, KSV is the Stern–Volmer quenching constant, and [Q] is the concentration of
the quencher. Hence, Eq. (1) was applied to determine KSV by linear regression of a plot of F0/F
against [Q].

3. Results and discussion

3.1. Fluorescence quenching

BSA molecule has two tryptophan residues that possess intrinsic fluorescence: Trp-134 in the first
subdomain IB of the albumin molecule and Trp-212 in subdomain IIA. Trp-212 is located within a
hydrophobic binding pocket of the protein and Trp-134 is located on the surface of the albumin molecule
[12,18]. A valuable feature of intrinsic fluorescence of proteins is the high sensitivity of tryptophan to its
local environment [22]. Changes in emission spectra of tryptophan are common in response to protein
conformational transitions, subunit association, substrate binding, or denaturation [23]. So, the intrinsic
fluorescence of proteins can provide considerable information about their structure and dynamics, and
is often considered on the study of protein folding and association reactions. BSA solutions excited
at 280 nm emit fluorescence attributable mainly to tryptophan residues. The effect of prulifloxacin on
tryptophan residues fluorescence intensity was shown in Fig. 2. As the data showed, the fluorescence
intensity of BSA decreased regularly with the increasing concentration of prulifloxacin, which indicated
that prulifloxacin could bind to BSA. In order to discuss the results within the linear concentration
range, we selected carrying out the experiment within the linear part of Stern–Volmer dependence (F0/F
against [Q]). Figure 3 displayed the Stern–Volmer plots of the quenching of BSA tryptophan residues
fluorescence by prulifloxacin at different temperatures.

The plot showed that within the investigated concentrations, the results agreed with the Stern–Volmer
(Eq. (1)). The Stern–Volmer plot does not show deviation towards the y-axis obviously at the experi-
mental concentration range which is an indication that either dynamic quenching or static quenching
is predominant. In Table 1, the binding constants obtained for the Stern–Volmer method are listed for
prulifloxacin with BSA. The results showed that the Stern–Volmer dynamic quenching constant KSV

Fig. 2. The fluorescence emission spectra of BSA at various concentration of prulifloxacin. The CBSA was 5.0 × 10−7 mol/l,
while the CPL corresponding to 0, 2.0, 4.0, 6.0, 8.0, 10.0, 12.0, 14.0 × 10−7 mol/l from a to h.
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Fig. 3. The Stern–Volmer plots for the quenching of BSA by prulifloxacin at different temperatures. C(BSA) = 5.0 ×
10−7 mol/l; pH 7.40; λex = 280 nm.

Table 1

Binding and quenching constants according to Stern–Volmer curves

pH Temperature (K) Ksv (104 l/mol) Kq (1012 l/mol/s) R

7.4 288.15 6.29 × 105 17 0.9993
298.15 1.05 × 105 5.74 0.9992
310.15 6.68 × 104 2.98 0.9990

was inversely correlated with temperatures, which indicated that, the probable quenching mechanism
of fluorescence of BSA by prulifloxacin is not initiated by dynamic collision but compound formation
[22]. In other words, the fluorescence quenching of BSA results from complex formation is predomi-
nant, while from dynamic collision could be negligible. In Table 1, the binding constants obtained for
the Stern–Volmer method are listed for prulifloxacin with BSA.

3.2. Binding site and binding constant

For static quenching, the relationship between fluorescence quenching intensity and the concentration
of quenchers can be described by the binding constant formula [9]:

log[(F0 − F )/F ] = log Ka + n log[Q], (2)

where Ka is the binding constant, and n is the number of binding sites. After the fluorescence quenching
intensities on BSA at 347 nm were measured, the double-logarithm algorithm was assessed by Eq. (2).

In Table 2, the binding constants Ka and binding sites n are listed for prulifloxacin associated with
BSA. The results showed that the binding constants Ka were decreased with the rising temperature,
which may indicate forming an unstable compound [7]. The unstable compound would be partly de-
composed when the temperature rising. The values of n approximately equal to 1 indicated the existence
of just a single binding site in BSA for prulifloxacin.
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Table 2

Binding constant Ka and binding sites n for prulifloxacin–
BSA at different temperatures

Temperature (K) Ka (l/mol) n

288.15 6.29 × 105 1.03
298.15 1.05 × 105 1.01
310.15 6.68 × 104 0.98

3.3. Thermodynamic parameters and nature of the binding forces

The acting forces between a drug and a biomolecule may include hydrogen bond, van der Waals force,
electrostatic force and hydrogen bond interaction force and so on [20]. Because the temperature effect is
very small, the interaction enthalpy change can be regarded as a constant if the temperature range is not
too wide. Therefore, from the following equations:

ΔG = −RT ln Ka, (3)

ln(K2/K1) = ΔH(1/T1 − 1/T2)/R, (4)

ΔG = ΔH − TΔS, (5)

where ΔH , ΔG and ΔS are, respectively, enthalpy change, free energy change and entropy change, ΔH
and ΔS for the binding interaction between prulifloxacin and BSA are calculated to be 41,957 and
226,448 kJ/mol. Because of enthalpy change ΔH < 0 and entropy change ΔS > 0, it can be deduced that
the acting force for the binding reaction between BSP and HSA is mainly a hydrophobic interaction [20].

4. 2D correlation analysis of the fluorescence of BSA and prulifloxacin

We employed a quenching perturbation technique to carry out the 2D correlation analysis. Figure 2
represents fluorescence spectra of BSA and prulifloxacin, which obtained by changing the amount of the
prulifloxacin. As can be seen from Fig. 2, BSA has strong fluorescence emission with a peak at 347 nm
on excitation at 280 nm, upon the addition of prulifloxacin; the fluorescence intensity was continuously
decreased in both proteins. Using these spectra, we carried out the 2D analysis. The synchronous and
asynchronous correlation maps are shown in Fig. 4.

The synchronous 2D spectrum of the sample shows a strong auto peak at 347 and 420 nm. In the
synchronous plot, diagonal peaks are referred to as auto peaks. The intensity of auto peaks is always
positive, and they always represent the overall extent of the concentration-induced fluctuation of spectral
intensity. Hence, the strong auto peak at 347 and 420 nm indicate the significant concentration-induced
intensity variation of the spectral features at these positions vary greatly. The peak in 350 nm (Fig. 4(a))
is due to the fact that both Trp bands reduce their intensities with increasing prulifloxacin. It might
be referred to a change in the conformation of tryptophan micro-region caused by the interaction of
BSA with prulifloxacin. The peak in 420 nm is due to the structure changed of prulifloxacin. Through
our previous work, prulifloxacin is probably bound to Trp-212 residue mainly through the hydrophobic
interaction, Trp-212 residue plays an important structural role in the formation of the IIA binding site
by limiting the solvent accessibility and besides that it participates in additional hydrophobic packing
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(a) (b)

Fig. 4. 2D fluorescence correlation spectra of BSA and prulifloxacin. (a) Synchronous 2D fluorescence correlation map and
(b) asynchronous 2D fluorescence correlation map.

interaction, after prulifloxacin segments insert into the hydrophobic region of BSA, prulifloxacin which
structure changed formed multimer and generated tenuous fluorescence.

An asynchronous plot has only off-diagonal peaks; the presence of asynchronous peaks indicates that
the intensity responses of corresponding bands occur at different rates. A positive asynchronous peak
at (v1, v2) means that the intensity at v1 changes faster compared to that at v2, while the negative
asynchronous peak implies the opposite phenomenon. This feature is very useful in differentiating over-
lapped bands due to different spectral origin. There is a cross-peak at 347 and 420 nm in Fig. 4(b), we
realize that Φ(347, 420) < 0 and Ψ(347, 420) < 0, where the symbols Φ and Ψ denote synchronous and
asynchronous peaks, respectively. According to Noda [15], this fact indicates that the structure change
of prulifloxacin before the fluorescence of BSA changed its intensity. Prulifloxacin was hydrophilicity,
and so it was difficult to bind with the Trp-212. But with the increasing of concentration of prulifloxacin,
the structure changed and formed lipid soluble multimer, which then insert into the hydrophobic pocket
of BSA. This procedure might be referred to a change in the conformation of tryptophan micro-region
caused by the interaction of BSA with prulifloxacin. The conformation of BSA was changed, and the
polarity around the tryptophan residues was increased and the hydrophobicity was decreased, therefore,
resulted in the interaction between BSA and prulifloxacin.

5. Conclusion

In this paper, we investigated the nature and magnitude of the interaction of prulifloxacin with BSA
by spectroscopic method. The protein fluorescence quenching mechanism was mainly static quenching
process and the structure changed of prulifloxacin played an important role during the binding process.
Two-dimensional correlation spectroscopy was applied to the analysis of fluorescence spectra. In the 2D
correlation maps, weak bands could be clearly detected by 2D correlation method. From the combination
of synchronous and asynchronous correlation maps, we could extract information that the structure of
prulifloxacin was changed before the fluorescence of BSA changed its intensity.
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