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ABSTRACT
Interaction of the synthetic chalcones (1b,1c) and their cyclic analogues (2b,2c) with bovine (BSA) and human serum
albumin (HSA) as well as with rat liver mitochondria (RLM) was studied by fluorescence spectroscopy. The maxima of
emission fluorescence spectra were changed only in the case of 2b and 2c during interaction with BSA, HSA as well as
mitochondrial outer membrane showing a slight hypsochromic shift and decrease of fluorescence. Interaction of the
methoxy-(1b,2b) and the dimethylamino-substituted (1c,2c) compounds with outer mitochondrial membrane were
studied by fluorescence polarization. Fluorescence polarization of 1b in the presence of the two proteins and mitochondria was found to be unchanged. Under similar conditions (2b,1c,2c) showed continuously increasing fluorescence polarization signal during the 30 minute period of investigations. Since fluorescence polarization supposes that as a result
of binding these substances to proteins and lipids. Compound 2c displayed a continuous increase of fluorescence polarization signal in the presence of proteins (BSA, HSA), yeast cytoplasm (YC) and mitochondria (YM and RLM). This
compound displayed a significant cytotoxic effect. This pattern of interaction with proteins might be one of the contributing vectors of the observed cytotoxicity against several human carcinoma cell lines.
Keywords: Chalcones; Yeast Cytoplasm; Yeast Mitochondria; Rat Liver Mitochondria; Fluorescence Polarization
Fluorescence Synchronous Fingerprint

1. Introduction
Flavanones, flavonols, chalcones and dihydrochalcones
are biochemically related compounds sometimes being
present in food at a dietary significant concentration 1.
Flavonoids, chalcones and chalcone derivatives have
been reported to display among others e.g. cytotoxic,
antitumor, antiinflammatory, immunosuppressive, antiplasmodial and antioxidant properties [2-4]. Among the
naturally occurring chalcones and their synthetic analogues several compounds displayed antineoplastic activity [4]. Recently we have investigated in vitro antineoplastic activity of several synthetic chalcones and cyclic
chalcone analogues [5-7]. Among the compounds investigated E-2-(4’-methoxybenzylidene)-1-benzosuberone
(2b) and E-2-(4’-dimethylaminobenzylidene)-1-benzosuberone (2c) (Figure 1) had the greatest tumour cytoCopyright © 2013 SciRes.

toxicity [5].
Earlier results suggested that the chalcone derivatives
exert their biological activities through noncovalent interactions with cellular macromolecules [5-7]. UV-VIS
study of methoxy and dimethylamino substituted chalcones and cyclic chalcone analogues with bovine (BSA)
and human serum albumin (HSA) resulted in a slight
hypsochromic shift of 2b and 2c indicating changing the
polar environment to a less polar one [8]. Such an observation is in accord with interaction of the molecules with
the hydrophobic binding site(s) of the two proteins.
While investigating the mechanism of cytotoxicity of
the compounds, effect on mitochondrial outer membrane
of some methyl- and methoxy-substituted E-2-arylmethylene-1-tetralones and E-2-arylmethylene-1-benzosuberones were investigated by fluorescence spectroscopy [9]. It was found that the most cytotoxic benzoSAR
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Figure 1. Structure of chalcones (1) and E-2-arylidenebenzosuberones (2).

suberone derivative (2b) displayed a continuous increase
of fluorescence polarization in the presence of rat liver
mitochondria [9].
As a continuation of our work aims at gaining a better
insight of interaction of the compounds with biological
macromolecules, we investigated interaction of methoxy
and dimethylamino-substituted chalcones (1b,c) and
(E)-2-arylmethylene-1-benzosuberones (2b,c) with BSA,
HSA, yeast cytoplasm (YC) as well as with yeast (YM)
and rat liver mitochondria (RLM) by fluorescence spectroscopic methods. Since FP is most readily applicable to
the analysis of the binding interaction between smallmolecular-mass compound and a receptor molecule, we
considered applying this technique to the analysis of
chalcones (1b,c) and (E)-2-arylmethylene-1-benzosuberones (2b,c) by investigating their interaction with
BSA, HSA, yeast cytoplasm, yeast mitochondria and rat
liver mitochondria. In practice, low-molecular-weight
fluorophores are very flexible and rotate rapidly in solution, depolarizing the plane-polarized light. On the other
hand, large fluorescently labelled molecules tumble more
slowly; thus, the polarization of the light remains relatively constant between excitation and emission states.
Therefore, low-molecular-mass compounds have low polarization values while high-molecular-weight compounds
show greater polarization values.

2. Materials and Methods
Compounds 1b,c and 2b,c Figure 1 were synthesized,
and their structures were characterized as described before [5,10]. Their structures were characterized by IR and
1
H NMR spectroscopy. Their purity was checked by TLC
(thin layer chromatography) and GC (gas chromatography) methods [5,10]. Other chemicals used were of the
analytical grade available and, if not otherwise specified,
purchased from Sigma-Aldrich (Hungary, Budapest) or
Serva (Heidelberg, Germany). Compounds 1 and 2 were
dissolved in DMSO immediately before use. The respiraCopyright © 2013 SciRes.

tion medium (pH 7.4) containing EDTA (0.78 mM),
MgCl2 (6 mM), TRIS HCl (4 mM), KCl (0.08 M),
K2HPO4 (0.3 M) and KH2PO4 (0.3 M) was prepared by
bidistilled water. Male Wistar rats (Velaz, Praha, Czech
Republic) weighing 250 - 300 g fed on a standard laboratory diet and tap water were used in the experiment. Adhering to procedures approved by the University of
Košice Animal Care and Use Committee, the animals
were sacrificed by cervical displacement and decapitation. Mitochondria from rat liver were isolated according
to Johnson and Lardy [11]. The protein content of the
isolated mitochondria (RLM) was determined by the
Bradford method [12]. Subcellular fractionation of strain
BY4741, wilde type on cytoplasm (YC) and mitochondria (YM) has been performed by established procedure
for the yeast Saccharomyces cerevisiae according Zinser
and Daum [13] in Graz, Austria. The protein content of
the isolated mitochondria was determined by the method
of Lowry et al. [14]. Isolated yeast cytoplasm and mitochondria were diluted by 100 mM TRIS/HCl, pH 7.4 to
the final concentration 2 mg/ml. For fluorescence measurements the suspension of BSA, HSA, RLM, YC and
YM were diluted with respiration medium containing 1
mM sodium succinate to the final concentration of 2
g/ml. The fluorescence spectra and fluorescence polarization (FP) measurements were run on a Perkin-Elmer
Model LS 55 luminescence spectrometer using 1 cm path
length quartz cuvettes at ambient temperature. The
wavelength scan speed of both monochromators was 200
or 1200 nm/min. Setting of instruments excitation slit
was 5 nm and emission slit was 10 nm. Data processing
was managed by the FL Winlab (Perkin-Elmer) software
package. Fluorescence polarization (FP) was defined as
FP = (V − H)*G/(V + H)*G, where V and H are the intensities of the vertical and horizontal emission components respectively, when vertically polarized excitation is
used [15,16]. The grating correction factor for the optical
system (G) is given by the ratio of the vertically to the
horizontally polarized emission components when the
excitation light is polarized in the horizontal direction
[16]. Maxima of excitation and emission fluorescence
spectra (Table 1) have been determined by recording
excitation and emission fluorescence spectra of 1 × 10−5
M of 2b and 2c in respiration medium containing 1%
DMSO and 1 mM sodium succinate. Synchronous fluorescence scan (SFS) spectra of (2b) and (2c) were measured in respiration medium containing 1% DMSO and 1
mM sodium succinate with the fluorescent maxima of
(2b) at ( = 30/280 and 50/365 nm) and of (2c) at ( =
100/415 nm) are graphical drawing of 10 scans of simple
fluorescence synchronous fluorescence spectra together
placed in space with the increment 20 (Figures 2 and 3).
Each scan has been run by setting constant differences
SAR
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Table 1. Characteristic fluorescence parameters of compounds 1b, 1c, 2b, and 2c determined in respiration medium containing 1% DMSO and 1 mM sodium succinate.
Compound

Concentration
(nmol/ml)

Excitation maximum
ex (nm)

1b

10

363

583

485

586

0.398

2b

10

365

112

417

114

0.563

Fluorescence intensity Emission maximum
Fex
em (nm)

Fluorescence intensity Fluorescence polarization
Fem
FP

1c

10

477

708

542

719

0.04

2c

10

415

580

516

590

0.090

Figure 2. Synchronous fluorescence fingerprint 3-D plot (above) and topogram (below) of compound 2b (c = 10 nmol/ml in
respiration medium containing 0.2% DMSO and 1 mM sodium succinate). Excitation slit = 5 nm, emission slit = 10 nm, scan
speed = 200 nm/min. The fluorescence maxima of topogram (ex = 365 nm/∆ = 50 nm, F = 116; ex = 280 nm/∆ = 30 nm, F =
118).
Copyright © 2013 SciRes.
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Figure 3. Synchronous fluorescence fingerprint 3-D plot (above) and topogram (below) of compound 2c (c = 10 nmol/ml in
respiration medium containing 0.2% DMSO and 1 mM sodium succinate). Excitation slit = 5 nm, emission slit = 10 nm, scan
speed = 1200 nm/min. The fluorescence maximum of topogram (ex = 415 nm/∆ = 100 nm, F = 500).

(= 20, 40, 60, 80, 100, 120, 140, 160, 180, 200 nm)
between both excitation and emission monochromators.
Fluorescence polarization (FP) measurements 15,16 of
the studied chalcones (1b,c and 2b,c) with bovine (BSA)
and human (HSA) serum albumins (Figures 4 and 5) as
well as with rat liver mitochondria (RLM) (Figure 6)
were performed at their excitation/emission maximum
for a period of 30 minutes at ambient temperature. The
protein concentration of the investigated mixtures (BSA,
Copyright © 2013 SciRes.

HSA, RLM) was 2 g/ml. As references, FP of non/
treated BSA, HSA and RLM in respiration medium containing 1 mM sodium succinate were determined at the
excitation/emission maxima of the respective chalcones.
FP measurements studying interaction of 2c with yeast
cytoplasm (YC) and yeast mitochondria (YM) were performed under similar conditions. The results of these
latter measurements (together with those of 2c with BSA,
HSA and RLM) are shown on Figure 7.
SAR
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Figure 4. Fluorescence polarization (FP) values of chalcone (1b,1c) and benzosuberone (2b,2c) with methoxy- and dimethylamino-substituents recorded in respiration medium containing 0.2% DMSO and 1 mM sodium succinate without (2nd bar)
and in the presence of bovine serum albumin (BSA) (3rd - 6th, bars). Protein content of the bovine serum albumin containing
samples is 2 g/ml. Fluorescence polarization measurement of each compound (2nd bar)—and the corresponding reference
bovine serum albumin (1st bar)—has been performed at the respective excitation/emission maxima of studied molecules (Table 1).

Figure 5. Fluorescence polarization (FP) values of chalcone (1b,1c) and benzosuberone (2b,2c) with methoxy- and dimethylamino-substituents recorded in respiration medium containing 0.2% DMSO and 1 mM sodium succinate without (2nd bar)
and in the presence of human serum albumin (HSA) (3rd - 6th bars). Protein content of the human serum albumin containing
samples is 2 g/ml. Fluorescence polarization measurement of each compound (2nd bar)—and the corresponding reference
human serum albumin (1st bar)—has been performed at the respective excitation/emission maxima of studied molecules (Table 1).

3. Results and Discussion
The individual 1b, 1c, 2b and 2c were characterized by
excitation and emission fluorescence spectra recorded in
respiration medium containing 1% DMSO a 1 mM succinate. The maxima of the excitation and emission fluorescence spectra of the compounds are summarized in
Table 1. Comparison of these spectroscopic characteristics of the two series (1 and 2) shows that the fluorescence intensities of the benzosuberones (2) are lower
than those of the corresponding open-chain derivatives
(1). Similar observation could be made by comparison of
Copyright © 2013 SciRes.

some monomethoxy-substituted tetralone and benzosuberone derivatives, showing the benzosuberones the
lower fluorescence intensities [9]. For further characterization of the biologically most promising benzosuberone
derivatives (2b and 2c), synchronous fluorescence fingerprint (3-D plot) of the compounds were recorded and
are shown on Figures 2 and 3, respectively. In order to
investigate possible interaction of compounds 1b,c and
2b,c with BSA, HSA and rat liver mitochondria (RLM)
fluorescence characteristics of the proteins were determined in the presence or in the absence of the investigated compounds.
SAR
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Figure 6. Fluorescence polarization (FP) values of chalcone (1b,1c) and benzosuberone (2b,2c) with methoxy- and dimethylamino-substituents recorded in respiration medium containing 0.2% DMSO and 1 mM sodium succinate without (2nd bar)
and in the presence of rat liver mitochondria (RLM) (3rd - 6th bars). Protein content of the mitochondria containing samples
is 2 g/ml. Fluorescence polarization measurement of each compound (2nd bar)—and the corresponding reference mitochondria samples (1st bar)—has been performed at the respective excitation/emission maxima of studied molecules (Table
1).

Figure 7. Fluorescence polarization (FP) values of compound 2c recorded in respiration medium containing 0.2% DMSO and
1 mM sodium succinate without (2nd bar) and in the presence of natural fluorophores (BSA, HSA, yeast cytoplasm YMC,
yeast mitochondria YM, rat liver mitochondria RLM (3rd - 6th bars). Protein content of the mitochondria containing samples as well as BSA, HSA and yeast cytoplasm is 2 g/ml. Fluorescence polarization measurement of each compound (2nd bar)
—and the corresponding reference BSA, HSA and mitochondria samples (1st bar)—have been performed at the respective
(415/516) nm excitation/emission maxima of 2c molecule.

The recorded excitation and emission fluorescence
spectra of the proteins (2 µg/ml BSA, HSA or RLM)
revealed that these biological materials show strong
fluorescence emission with the approximately the same
maxima (ex 280/em 346 nm) of fluorescence (Tables
2-4). The fluorescence of a folded protein is a mixture of
the fluorescence from individual aromatic residues. Most
of the emissions are due to excitation of tryptophan residues (280/348 nm), with a few emissions due to tyrosine
(274/303 nm) and phenylalanine (257/302 nm) [17]. Addition of chalcones 1 and 2 to the biological materials
Copyright © 2013 SciRes.

resulted in decrease of the fluorescence intensities accompanied by a weak hypsochromic (blue) shift of the
maximum emission wavelengths in the fluorescence
spectra (Tables 2-4). The hypsochromic shifts indicated
that the binding of the chalcones was associated with
some change in the immediate molecular environment
(polarity, proximity of other residues) of the tryptophan
residues and the interactions resulted in quenching of
their intrinsic fluorescence [18,19]. The interaction
forces between proteins and compounds 1 and 2 may
include electrostatic interactions, multiple hydrogen
SAR
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Table 2. Fluorescence properties of synthetic chalcones (1b, 1c) and their cyclic chalcone analogues (2b,2c) with bovine serine
albumin (BSA) in respiration medium containing 0.2% DMSO a 1 mM succinate. Concentrations of studied compounds were
10 nmol/l, concentration of bovine serum albumin was 2 g/ml with excitation/emission maximum (278/340) nm.
Fluorophores

Excitation maximum
ex (nm)

Fluorescence intensity
Fex

Emission maximum
em (nm)

Fluorescence intensity
Fem

Fluorescence
polarization FP

1b + BSA

278

243

339

243

0.41

2b + BSA

279

169

337

170

0.597

1c + BSA

278

225

340

226

0.083

2c + BSA

279

271

338

271

0.178

BSA

278

321

341

317

0.127

Table 3. Fluorescence properties of synthetic chalcones (1b,1c) and their cyclic chalcone analogues (2b,2c) with human serine
albumin (HSA) in respiration medium containing 0.2% DMSO a 1-mM succinate. Concentrations of studied compounds were
10 nmol/l, concentration of human serum albumin was 2 g/ml with excitation/emission maximum (277/341) nm.
Fluorophores

Excitation maximum Fluorescence intensity
Fex
ex (nm)

Emission maximum
em (nm)

Fluorescence Maximum
Fem

Fluorescence
polarization FP

1b + HSA

278

341

340

341

0.407

2b + HSA

278

287

338

288

0.584

1c + HSA

278

222

341

222

0.072

2c + HSA

278

324

339

324

0.211

HSA

277

354

342

355

0.103

Table 4. Fluorescence properties of synthetic chalcones (1b,1c) and their cyclic chalcone analogues (2b,2c) with rat liver mitochondria (RLM) in respiration medium containing 0.2% DMSO a 1-mM succinate. Concentrations of studied compounds
were 10 nmol/l, concentration of rat liver mitochondria were 2 g/ml with excitation/emission maximum (277/341) nm.
Fluorophores

Excitation maximum
ex (nm)

Fluorescence intensity
Fex

Emission maximum
em (nm)

Fluorescence intensity
Fem

Fluorescence
Polarization FP

1b + Mit

280

384

345

385

0.416

2b + Mit

279

315

342

314

0.559

1c + Mit

280

358

345

360

0.096

2c + Mit

279

398

341

399

0.296

Mitochondria

280

620

346

622

0.370

bonds, van der Waals interactions, hydrophobic and
steric contacts, mentioning only the most important ones
[20]. The week hypsochromic shifts are indicative for
increasing hydrophobicity of the tryptophane residues
[19]. In accord with our previous UV-VIS results, it was
compounds 2b and 2c that showed to develop the
stronger interaction with the investigated proteins [9].
In order to further investigate the nature of interaction
of compounds 1b,c and 2b,c with BSA, HSA and rat
liver mitochondria (RLM) fluorescence polarization (FP)
measurements were performed. The measurements were
run at the excitation and the emission wavelength maxima of each chalcone determined in the previous experiments (Table 1).
Copyright © 2013 SciRes.

Change of fluorescence polarization was determined
after addition of the proteins to the above described solutions of compounds 1 and 2 at the 0-, 5-, 10-, 20- and
30-min timepoints. As references, fluorescence polarization of each investigated compound as well as the proteins in the respiration medium containing 1% DMSO
and 1 mM sodium succinate was determined at the corresponding excitation and emission wavelength maxima
(Figures 4-6). Application of fluorescence polarization
(FP) provides information about the molecular motion of
UV light excited molecules and it is valuable tool for
investigation of interaction of biological membranes with
small fluorescent molecules [15,16,21]. As it is shown on
Figures 4-6, the methoxy-substituted derivatives (1b and
SAR
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Table 5. Characteristic fluorescence parameters of synthetic 2c and different natural fluorophores: bovine serum albumin
(BSA), human serum albumin (HSA), rat liver mitochondria (RLM), yeast cytoplasm (YC) and yeast mitochondria (YM)
determined in respiration medium and 1mM sodium succinate.
Fluorophore

Concentration
(µmol/ml)

(nm)

ex

F
(ex)

(nm)

em

F
(em)

Stokes shift
(nm)

Fluorescence
polarization FP  s

2c

0.010

415

580

516

590

101

0.090  0.007

BSA

2

278

321

341

317

65

0.127  0.028

HSA

2

277

354

342

355

65

0.103  0.014

YC

2

279

550

345

556

66

0.127  0.005

YM

2

280

700

346

715

66

0.180  0.032

RLM

2

280

620

346

625

66

0.270  0.032

2b) displayed an elevated fluorescence polarization on
mixing with mitochondria at the t = 0 time points. This
indicates an instant interaction of the molecules with the
mitochondrial membrane surface that can slow down
molecular motion of the excited chalcone analogues.
This observation is in agreement with the results of our
previous studies [9]. Methoxy substituted compounds (1b
and 2b) displayed higher fluorescent polarization values
than the dimethylamino substituted compounds (1c and
2c). As it is shown in (Figure 7, Table 5), investigated
2c displayed an elevated fluorescence polarization (FP)
on mixing with BSA, HSA, RLM, as well as with YC
and YM at the t = 0 time point. This indicates an instant
interaction of the 2c with the respective macromolecules
that slows down molecular motion of the excited chalcones. During the 30-minute period the initial FP values
showed a slight, continuous increase—similar to the previously investigated seven membered cyclic chalcone
analogue E-2-(4’-methoxybenzylidene)-1-benzosuberone
[7].
These latter observations might be the consequence of
gradual incorporation of the lipophilic 2c into the macromoleculs and/or the mitochondrial membranes, which
decreases the conformational mobility of the molecules
9, 21-23.
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