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Abstract. The interaction between bovine serum albumin (BSA) and Prodigiosin (PG) was investigated by UV-vis absorption,
fluorescence, synchronous fluorescence, FT-IR and circular dichroism (CD) techniques. The data of UV-vis absorption and
fluorescence spectra displayed that there existed interaction between PG and aromatic amino acid residues of BSA. The synchronous fluorescence and CD spectrum experiment both showed that the secondary structure of BSA changed with addition
of PG. All these results revealed that the conformation and microenvironment of BSA were changed.
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1. Introduction
Prodigiosin (PG) (Scheme 1) is a red, linear tripyrrole and a member of the prodiginines, produced
by some Serratia sp., Actinomycetes and a few other Bacteria [12]. Prodigiosin is classical secondary
metabolites only appearing in later stages of bacterial growth [27]. Prodigiosin itself has considerable
immunosuppressive activity, antibacterial, antimycotic and antimalarial activity, etc. [3,22,26], but high
toxicity precludes its application as a therapeutic agent. In recent years, the research on PG aimed mainly
at its potential as a drug to resist tumor in clinical practice. The US National Cancer Institute (NCI)
confirmed that PG had a stronger resistibility to 57 various human cancer cells such as in vitro liver
cancer transfer and primary cancer cells, moreover, PG had not obvious toxicity to nonmalignant celllines [8].
Serum albumin is the major protein constituent of blood plasma which facilitates the disposition and
transportation of various exogenous and endogenous ligands to the specific targets [16]. Bovine serum
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Scheme 1. The pyrrolyl dipyrrolyl methylene skeleton of prodigiosin and prodigiosus.

albumin (BSA) is one of the serum albumins, and it has been widely investigated because of its highly
structural homology with human serum albumin [24]. BSA has been applied extensively in the fields
of molecular biology and cell biology for its physicochemical properties are well characterized. Being
the major binding protein for drugs and other physiological substances, BSA is considered as a model
protein for studying protein-drug interaction in vitro. Thus, BSA have been studied extensively in the
past yeas.
The study of interactions between proteins and drugs has become the hot spot in the field of life
science, chemistry, and clinical medicine in recent years because most drugs undergo a greater or lesser
extent of reversible binding to plasma proteins and blood cells [15,25,28]. The most important property
of BSA is that it serves as a depot protein and transport protein for many drugs and other small bioactive
molecules. Investigating on the interactions of PG with BSA can elucidate whether PG can transfer in
the blood system, and provide useful information for clinical medicine.

2. Materials and methods
2.1. Materials
BSA used in this experiment was purchased from Sigma (St. Louis, MO, USA) and used without
further purification. PG (purity > 88%) was produced by Serratia marcescens and purified according
to the procedures described previously [17]. All other reagents used were of analytical grade and used
without further purification. All aqueous solutions were prepared using the deionized water.
2.2. Apparatus and methods
The UV-vis absorption spectra were recorded on a Varian Cary 5000 spectrophotometer equipped with
1.0 cm quartz cells with 1.0 nm path length. The range of wavelength was from 200 to 700 nm.
Fluorescence spectroscopy was executed with a Perkin-Elmer LS-50B fluorescence spectrophotometer equipped with a 1.0 cm quartz cell and a thermostatic bath. Experiment investigation of fluorescence
quenching mechanisms was carried out at different temperatures, such as at 298 and 310 K. The fluorescence intensity of protein at 340 nm was determined under the excitation at wavelength of 280 nm.
FT-IR measurements were carried out on a Nicolet Nexus 670 FT-IP infrared spectrometer. All spectra were taken via the Attenuated Total Reflection (ATR) method with resolution of 4 cm−1 and 512
scans. Spectra processing procedures: spectra buffers were collected at the same conditions. Then, the
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absorbance of the buffer solution was subtracted from the spectra of the sample solution to obtain the
FT-IR spectra of the protein.
CD measurements were taken with an Applied-Photophysics Chriascan spectrophotometer in a 1.0 cm
quartz cell at room temperature. Spectra were scanned with 1.0 nm spectral bandwidth and 0.5 nm step
resolution. Measurements were recorded in the range of 190–260 nm.

3. Results and discussion
3.1. UV/vis absorption studies
UV/vis absorption measurement is a very simple method to explore the structural change and to know
the complex formation [13]. Figure 1 showed the UV/vis absorption spectra of BSA from 200 to 700 nm
in the presence of various PG concentrations. As can be seen from Fig. 1, BSA has a strong absorption
peak at 278 nm, which represented the characteristic absorption band of Trp residues. The absorption
of BSA at 278 nm increased obviously with the addition of PG, the reason stem from the interaction
between PG and aromatic amino acid residues in BSA molecular external, the results indicated that the
Oxygen groups in PG interacted with the oxygen groups or nitrogen groups in the amino acid residues
of BSA peptide chain, which led to the microenvironment of BSA changed in the interaction.
In addition, the absorption peak in 550 nm was the characteristic absorption peak of PG.
3.2. Fluorescence studies
For macromolecules, fluorescence measurements can give some information about binding of small
molecules to proteins. It is proverbial that the fluorescence of BSA comes from the tyrosine, tryptophan,
and phenylalanine residues. BSA has a strong fluorescence emission at 340 nm on exciting at 280 nm [2].
BSA has three fluorophores, which are tryptophan (Trp), tyrosine (Tyr) and phenylalanine (Phe). The
intrinsic fluorescence of BSA when excited at 295 nm is mainly due to the presence of the two Trp
residues. However, the intrinsic fluorescence of BSA when excited at 280 nm is mainly attributed to the
presence of the Trp and Tyr residues.
The fluorescence quenching spectra of BSA induced by PG in different temperatures were showed in
Figs 2 and 3. The curve of the BSA fluorescence quenching by PG was not linear, namely, the quenching

Fig. 1. Absorption spectra of BSA and BSA–PG systems. BSA concentration was 1.0 × 10−5 mol/l. PG concentration was
3.0 × 10−3 mol/l. (Colors are visible in the online version of the article; http://dx.doi.org/10.3233/SPE-2012-0561.)
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(a)
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Fig. 2. Fluorescence spectra of BSA and of BSA treated with different content of PG at λex = 280 nm. BSA concentration was
1.0 × 10−6 mol/l. PG concentration was 3.0 × 10−3 mol/l. (a) T = 298 K, (b) T = 310 K. (Colors are visible in the online
version of the article; http://dx.doi.org/10.3233/SPE-2012-0561.)

Fig. 3. The Stern–Volmer plot for the quenching of BSA by PG at different temperature. (Colors are visible in the online version
of the article; http://dx.doi.org/10.3233/SPE-2012-0561.)

type was not single static or dynamic quenching, which was unmatched the Stern–Volmer equation. The
quenching type would be combined quenching (both static and dynamic), it was in line with secondorder polynomial S–V equation.
3.3. FT-IR studies
FT-IR spectroscopy is one of the valuable tools to monitor the conformational changes at the secondary
structure level in proteins that span different components such as α-helix, β-sheet, turns or coil, and intraand intermolecular aggregates [1,4,5,9,10,14,20,21,23].
In order to determine the effect of PG on the secondary structure of BSA, FT-IR spectra of BSA and
mixture of BSA and PG are measured.
Infrared spectra of proteins exhibit a number of so-called amide bands, which represent different
vibrations of the peptide moieties. Of all the amide bands of the protein, the amide I ranging from
1600–1700 cm−1 (principally C=O stretching vibration) and the amide II ∼1548 cm−1 (C–N stretching
vibration with N–H bending vibration mode) have been widely used as typical ones [18]. They both have
relationship with the secondary structure of the protein.
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Figure 4 was the FT-IR spectra of free BSA and BSA–PG. It is apparent that in the presence of
PG, the band of amide I of BSA shifted from 1647 to 1645 cm−1 and amide II shifted from 1548 to
1550 cm−1 . Simultaneously the shapes of their peaks all became broader. The above results represented
that PG interacted with the amide groups in protein polypeptides and caused the rearrangement of the
polypeptide carbonyl hydrogen bonding network.
3.4. Investigation on the conformation of BSA
To examine the effect of PG on the conformation of BSA, CD spectra and synchronous fluorescence
spectra were measured. hydrogen bonding network.
3.4.1. CD spectra
To further investigate the structural changes of BSA were associated with PG, CD spectra of BSA were
recorded with and without the addition of PG. Figure 5 expressed CD spectra for the BSA samples in
the absence and presence of PG. The CD spectrum of BSA exhibit two negative bands in the UV region
at 208 and 220 nm, characteristic of an α-helix structures of protein [6]. A reasonable explanation that
the negative peaks between 208 and 209 nm, 222 and 223 nm are both contributed by n-π ∗ transition
for the peptide bond of α-helix [11]. Figure 6 showed that there was a slight reduction in both of the
positive and typical negative peaks in the presence of PG, indicating a slight decrease of the α-helix
structures of BSA. And the loss of the α-helix revealed that PG molecules associated with the amino acid
residues of the main polypeptide chain of protein and destroyed their hydrogen bonding networks [30,
31]. Moreover, the CD spectra of BSA in the absence and presence of PG were similar, which interpreted
that the structure of BSA after addition of PG was still predominantly α-helix. The addition of PG to
BSA induced only a decrease with the intensities of the peaks and without any evident shift of the peaks,
revealed the slight changes in the protein secondary structure by PG.
3.4.2. Synchronous fluorescence spectra
Synchronous fluorescence spectroscopy is one of the commonly used methods to study the conformations of proteins which were introduced by Lloyd [19]. It involves simultaneous scanning of the
excitation and emission monochromators while maintaining a constant wavelength interval between
them. Synchronous fluorescence spectroscopy gives information about the molecular environment in the

Fig. 4. FT-IR spectra of BSA and BSA–PG. (Colors are visible in the online version of the article; http://dx.doi.org/
10.3233/SPE-2012-0561.)

Fig. 5. The CD spectra of the BSA in absence and presence of PG. BSA concentration was 1.7 × 10−7 mol/l.
PG concentration was 1.0 × 10−4 mol/l. (Colors are visible in the online version of the article; http://dx.doi.org/
10.3233/SPE-2012-0561.)
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Fig. 6. The synchronous fluorescence spectra of the BSA in absence and presence of PG. BSA concentration was
1.0 × 10−6 mol/l. PG concentration was 3.0 × 10−3 mol/l. (a) Δλ = 20 nm, (b) Δλ = 60 nm. (Colors are visible in the
online version of the article; http://dx.doi.org/10.3233/SPE-2012-0561.)

vicinity of the chromosphere molecules and has several advantages, such as sensitivity, spectral simplification, spectral bandwidth reduction and avoiding different perturbing effects [13]. Yuan et al. [29]
suggested a useful method to study the environment of amino acid residues by measuring the possible
shift in wavelength emission maximum λmax , the shifts in position of emission maximum corresponding
to the changes of the polarity around the chromosphere molecule. When the D-value (Δλ) between excitation wavelength and emission wavelength was stabilized at 15 or 60 nm, the synchronous fluorescence
give the characteristic information of tyrosine residues or tryptophan residues, respectively [7].
The Synchronous fluorescence spectra of BSA interact with the various concentrations of PG were
shown in Fig. 6. It can be seen that there was not the Synchronous fluorescence spectra of PG in BSA
solution, the fluorescence emission peak of BSA was at 363 nm when Δλ was 20 nm, which was the
emission peak of tyrosine residues in BSA, the fluorescence emission peak of BSA was at 386 nm when
Δλ was 60 nm, which was the emission peak of tryptophan residues in BSA.
When different concentration of PG solution titrated into a fixed concentration of BSA, remarkable
changes of the fluorescence emission peak of BSA were observed, and the emission peak of tyrosine
residues have a blue shift and the fluorescence intensity decreased. Whereas a slight red shift of the
emission peak of tryptophan residues was observed, the fluorescence intensity decreased also.
In comparison of the two emission peaks indicated that there was a greater influence to the fluorescence emission peak of tyrosine residues in BSA by PG. These results showed that PG interact with
both tyrosine residues and tryptophan residues of BSA, which revealed in the molecular conformation
of BSA changed, and furthermore led to the microenvironment of amino acid residue changed.
4. Conclusion
This paper presented spectroscopic studying on the interaction of PG with BSA using UV/vis spectrum, fluorescence emission spectrum, synchronous fluorescence spectrum, FT-IR spectrum and circular
dichroism spectrum. The UV/vis absorption studies showed that BSA had a strong absorption peak at
278 nm, which demonstrated the generation of the interaction between PG and aromatic amino acid
residues of BSA. It was shown that the fluorescence of BSA has been quenched for reacting with PG
and the quenching belonged to combined quenching type (both static and dynamic). In addition, the synchronous fluorescence spectrum and CD spectrum both indicated that the conformation of BSA molecule
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was changed with different concentration PG. All the spectroscopic results confirmed that a complex can
form with PG binding to BSA molecule.
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