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ABSTRACT

The interaction between pyrano [3, 2-f] quinoline derivatives (TPQ) and bovine serum albumin (BSA) was studied using
spectroscopic techniques. The TPQ quench the fluorescence of BSA through dynamic quenching. According to Van’t Hoff
equation, the thermodynamic parameters were calculated and which indicated hydrogen bonds and van der waals forces played
a prime role in stabilizing the BSA-TPQ complexes. Also, the average binding distance (r) and the critical energy transfer
distance (R,) between TPQ and BSA were also evaluated according to Forster’s non-radiative energy transfer (FRET) theory.
What is more, UV-visible and circular dichroism results showed that the addition of TPQ changed the secondary structure of
BSA and led to a reduction in content a-helix (%) content. It was also observed that TPQ shows cell staining property to the
cultured HelLa cell line. Theoretical docking study of interaction between BSA and TPQ also supported the experimental
results. All the results suggested that BSA experienced substantial conformational changes induced by TPQ; this may be useful
to study synthetic organic molecules for their application as pharmaceuticals. Copyright © 2015 VBRI Press.
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Introduction

Serum albumins, the most abundant and major soluble
protein constituent present in the blood stream of
vertebrates. These serve as a transport carrier of drugs due
to their greater ability to bind reversibly with a large variety
of endogenous and exogenous ligands present in blood [1].
Serum albumins including human serum albumin (HSA)
and bovine serum albumin (BSA) possess numerous
functionalities. Both BSA and HSA are 66 kDa globular
proteins. They consist of amino acid chains forming a
single polypeptide with well-known sequence. They contain
three homologous a-helix domains (I-Ill) assembled to
form heart shaped molecules [2-4]. Due to the medical
importance, low cost, ready availability, unusual ligand-
binding capacity and intrinsic fluorescence properties BSA
was selected as a protein model [5, 6].

Quinoline and its derivatives are found to have broad
applications in drug development, material science, [7-10]
bio-organometallic processes, [11] and agrochemicals and

effect chemicals such as dyestuffs, corrosion inhibitors, and
in medicinal chemistry [12]. Furthermore, substituted
quinolines also exhibit numerous biological activities as
antagonists of endothelin [13], 5HT; [14], and NK-3
receptors [15] and also function as inhibitors of gastric
(H'/K")-ATP-ase [16] and dihydroorotate dehydrogenase
[17]. In precise, pyrano [3, 2-f] quinolines show several
unique biological activities, such as psychotropic, [18]
antiallergic [19], anti-inflammatory [20], and estrogenic
[21] activities and are used as potential pharmaceuticals
[22]. Helietidine, dutadrupine, and geibalansine [23-26] are
among some of the examples of natural products containing
pyranoquinoline as core structure. As a result of the
aforesaid significance of these scaffolds in drug discovery
and medicinal chemistry, efficient synthesis and further
biological testing’s of pyranoquinoline derivatives remains
a centre of attraction to many synthetic chemists including
us.

The aim of the present work was to determine the
affinity of TPQ to BSA, and to investigate the
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thermodynamics of their interaction. We planned to
investigate the binding of TPQ to BSA by using
fluorescence, circular dichroism and UV-Vis absorption
spectral studies and by docking methods. We also, desired
to investigate the cell staining property of TPQ to the
cultured HeLa cell line. This study may provide valuable
information related the biological effects of TPQ and
therapeutic effect of this drug in pharmacology and
pharmacodynamics.

Experimental
Materials

The pyrano [3, 2- f] quinoline derivatives required for our
study was prepared according to published procedure [27]
as shown in scheme 1(in the supporting information). The
interesting feature of these compounds is the appearance of
emission peaks in the range of 500-520 nm. The emission
peak appeared in the range of 500-520 nm is generally due
to coumarin motifs. Fig. S1 shows the emission spectra of
five compounds upon excitation at 450 nm.

Bovine Serum Albumin (Sigma) was used in this
experiment. The stock solution of BSA was prepared by
dissolving BSA in a Tris—HCI (50 mM, pH 7.4) buffer to
make the concentration as 1 uM. TPQ (1 mM) in methanol.
All the media, fetal bovine serum, antibiotics for cell
culture were purchased from HiMedia, India. Other fine
chemicals and fluorescent dye Hoechst were purchased
from SRL India, Sigma Aldrich. All the other chemicals
were of analytical reagent grade and double distilled water
was used throughout the experimental work.

Apparatus

Fluorescence spectra were recorded on agilent technologies
cary-eclipse fluorescence spectrophotometer well-equipped
with cary temperature controller. The absorption spectra
were obtained from a cary 100 UV-VIS Spectrophotometer
(Agilent Technologies). Circular dichroism spectra were
recorded on a Jasco J-815 CD spectrometer. All the images
were taken using a Carl Zeiss Axio vision 2 fluorescence
microscope.

Methods

UV-Visible spectroscopy: The absorption titration
experiments were performed by keeping the concentration
of BSA 1 pM while varying the TPQ concentration (0 to 30
pUM). The absorption spectra were recorded from 230 to
330 nm at room temperature (303 K). All the experiments
were performed in Tris—HCI (50 mM, pH 7.4) buffer in a
conventional quartz cell.

Intrinsic fluorescence: Bovine serum albumin solution (1
MM) was titrated by successive additions of (0 to 20 uM)
TPQ. Fluorescence spectra were measured in the range of
300-450 nm at the excitation wavelength of 280 nm. The
fluorescence spectra were performed at four temperatures
(293, 300, 308 and 315 K). The range of synchronous
scanning were Aex = 240, Aem (a) = 255, Aem (b) = 300
nm, where the differences in the wavelengths (AL) were 15
and 60 nm.
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Circular dichroism (CD) spectra: The far-UV CD region
(190-260), which corresponds to peptide bond absorption,
was analyzed to give the content of the regular secondary
structure in BSA. Protein solutions were prepared in Tris—
HCI (50 mM, pH 7.4) buffer. BSA solution of 0.04 uM was
used to obtain the spectra and spectral changes of BSA
were monitored after adding TPQ (0 to 50 uM).

Cell culture: Human cervical cancer cell line HeLa was
obtained from National Centre for Cell Sciences, Pune,
India. HeLa cells were grown in DMEM supplemented with
10 % fetal bovine serum (complete medium) at 37 °C in
humidified atmosphere containing 5 % CO,.

Cell staining with the compounds: The cells were processed
for staining following previous protocol with slight
modification [28]. The HeLa cells were grown over cover
slip for 24 h and washed thrice with PBS to remove the
medium. The cells over the cover slip were fixed with
methanol-acetone (1:1) at 4 °C for 1 h. The cover slip was
washed twice with PBS and incubated with 1 mM TPQ in
PBS for 10 min in dark. After washing with PBS the cover
slip was placed upside down over the glass slide so that the
cells touched the glass slide. Then the slides were observed
under fluorescence microscope with UV excitation as well
as in normal light mode [29-31].

Molecular modeling: The crystal structure of BSA was
obtained from the protein data bank (entry code 4F5S). The
auto dock 4.0 was employed to compute the possible
binding mode of TPQ with BSA. The 3-D structure of TPQ
and BSA was modeled using molecular modeling software
discovery digital studio 4.0. The docking calculations were
performed using the Lamarckian genetic algorithm (LGA)
for ligand conformational searching. To compute the
possible binding conformations of TPQ, LGA applied in
the Auto dock 4.0. During the docking process, a maximum
of 10 different conformations were considered for TPQ.
The conformer with the lowest binding free energy was
used for further analysis.

Results and discussion
Absorption spectra

UV-Vis absorption spectrum is a very simple and useful
technique to know the structural change and detecting the
complex formation [32]. The absorption spectra of BSA in
the presence of TPQ were recorded and presented in Fig. 1.
As presented in Fig, with the addition of TPQ the
absorbance intensity of BSA was increased and the
absorption spectra maximum was shifted towards shorter
wavelength region, which suggests that BSA may bind to
TPQ and form the complex.

The values of the association constant (Kgp,) were
estimated on the basis of Benesi and Hildebrand equation,
from the BSA-TPQ absorption spectra according to the
previously described methods [33]. The Ky, is calculated
using following equation 1 [34].

1 1 N 1 (1)
Aobs - AO AC - AO Kapp(AC - AO)U—PQ]
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Here, A, is the absorbance of BSA in the absence of
TPQ and Ac is the recorded absorbance for BSA at
different TPQ concentrations. The double reciprocal plot of
L(Agps—Ao) vs LI[TPQ] is linear and Ky, was estimated to
be 3.05 x10° L/mol in case of TPQ 2 (R= 0.9984, where R
is the correlation coefficient) [Fig. 1 inset] [35]. In case of
TPQ 3, TPQ 4, TPQ 5 and TPQ 9; K,y values are
1.96x10%, 1.37x10*, 6.89x10% and 6.01x10° L/mol
respectively, results were shown in S1, given in
supplementary file (R=0.9936, 0.9992, 0.9987, and 0.9988
for TPQ 3, TPQ 4, TPQ 5 and TPQ 9 respectively). The
value of Ky, is small, thereby indicating formation of a
weak complex between BSA and TPQ. The above results
indicate that in case of TPQ 3, K,p, value is highest and is
lowest in case of TPQ 2.
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Fig. 1. Absorption spectra of BSA (1 uM) in presence of TPQ 2 (1-7): (0,
5, 10, 15, 20, 25, and 30 puM), inset showing calculation of Kqp, of BSA—
TPQ 2 complex; 1/(Aogss—Ag) vs. L/[TPQ] plot.

The fluorescence quenching spectra

BSA has a strong fluorescence emission when excited at
279 nm wavelength. Fig. 2 shows the emission spectra of
BSA in the presence of different concentrations of TPQ. It
was observed that the fluorescence intensity of BSA
sharply decreased with the increasing concentration of
TPQ. These data indicated that TPQ can interact with BSA
and quench intensity of fluorescence.

The fluorescence quenching mechanism

A variety of molecular interactions results in quenching,
including excited-state reactions, molecular
rearrangements, energy transfer, ground-state complex
formation, and collisional quenching [35]. The possible
quenching mechanism can be represented by the Stern—
Volmer equation [36, 37].

R/ F=1+K,7,[Q]=1+K_[Q] (2

where, Fy and F denote the fluorescence intensities in the
absence and presence of quencher, respectively. K is the
bimolecular quenching rate constant; 1 is the average life
time of the molecule without the quencher which is about
10 S. K, is Stern—Volmer quenching constant; [Q] is the
concentration of the quencher [38-40]. The values of K,
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decreases with increasing temperature for static quenching
and increases for dynamic quenching.

The Stern—Volmer plots of the quenching of BSA
fluorescence separately by TPQ at different temperatures
are presented in Fig. 2 inset. The calculated results are
mentioned in Table 1 (Supplementary information). In case
of dynamic quenching it is known that the maximum scatter
quenching collision constant of various quenchers with the
biomolecule is approximately 1x10 L/mol/s. The
experimental quenching constant was found to increase
gradually with increase of temperature. This indicates that
in all five cases of quenching mechanism is a dynamic
guenching process [40, 41]. From Table 1, it is observed
that the binding constants of the interaction between TPQ
and BSA increases in the following order: TPQ 5 < TPQ 9
< TPQ 3 < TPQ 2 < TPQ 4 which indicates that the
compound TPQ 4 has the strongest ability to quench BSA
fluorescence and compound TPQ 5 has the weakest ability
to quench BSA.
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Fig. 2. Fluorescence quenching spectra of BSA by TPQ 2, kex =279 nm;
C (BSA) =1uM; C (TPQ 2) (1-7): (0, 3.3, 6.6, 9.9, 13.2, 16.5 and 19.8
UM respectively), inset showing Stern Volmer plot for TPQ 2 and BSA at
293, 300, 308, and 315 K respectively.

Binding constant (K) and number of binding sites (n)

When small molecules interact independently with a set of
equivalent sites on a biomolecule, the equilibrium between
biomolecule and small molecule is expressed by Eq.3. The
number of binding sites (n) and binding constant (K) of
interaction between TPQ and BSA can be calculated by
using the same equation [42].

F—F

log =logK +nlog[Q] 3)

A plot of log [(Fo—F)/F] vs log [Q] makes a straight line,
whose slope represents n (the number of binding sites
between TPQ and BSA) and the length of intercept on Y-
axis is log K.

Fig. 3 denotes the double logarithm plots and Table 2
gives the corresponding results. The values of ‘n’ at the
experimental temperatures were approximately equal to one
which designate that there is a single binding site in BSA
separately for TPQ and which is dependent on temperature
ranging from 293 to 315 K.
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Fig. 3. Plots of TPQ 2 quenching effect on BSA fluorescence at varying
temperature (293, 300, 308, and 315 K).

Table 2. Binding constants (K) and number of binding sites (n) of BSA
by TPQ at varying temperatures.

Compound Temperature(K) K (L/mol) n R?
TPQ2 293 15.8x10°  1.12 0.9993
TPQ3 293 6.76x10°  0.95 0.9991
TPQ4 293 30.9x10°  1.12  0.9988
TPQ5 293 28.2x10°  0.90  0.9962
TPQ9 293 19.4x10°  1.02  0.9994
TPQ2 300 5.62x10°  1.06 0.9998
TPQ3 300 3.89x10°  0.94 0.9992
TPQ4 300 3.30x10° 1.00  0.9991
TPQ5 300 5.60x10’ 0.80  0.9985
TPQ9 300 6.7x10° 1.01  0.9976
TPQ2 308 1.15x10®°  0.96 0.9984
TPQ3 308 1.38x10°  0.84 0.9999
TPQ4 308 0.67x10°  0.93 0.9980
TPQ5 308 1.99x10°  0.73  0.9962
TPQ9 308 0.25x10°  0.92 0.9980
TPQ2 315 0.4x10° 0.90 0.9993
TPQ3 315 0.46x10"  0.78  0.9987
TPQ4 315 0.08x10°  0.80 0.9976
TPQ5 315 0.32x10°  0.58 0.9944
TPQ9 315 0.06x10°  0.83  0.9990

From Table 2, it is observed that the binding constants
of the interaction between TPQ and BSA increases in the
following order: TPQ 3<TPQ5<TPQ 2<TPQ9<TPQ
4 which indicates that the compound TPQ 4 has the
strongest ability to bind with BSA and compound and TPQ
3 is the weakest. With increase of temperature the binding
constant K decreases which indicates that the stability of
the TPQ-BSA complexes becomes weaker with rise of
temperature.

Thermodynamic parameters and nature of binding forces

The possible interaction forces between the biomolecule
and small molecules are hydrogen bonding, van der Waals,
hydrophobic and hydrophilic, and electrostatic interactions
[43]. The thermodynamic parameters enthalpy change (AH)
and entropy change (AS) can be determined using the Van’t
Hoff eq. (Eq. 4), where K is the binding constant at the
corresponding temperature (Fig. 4).
(4)

INnK=—AH/RT +AS/R
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Fig. 4. The Van’t Hoff plot for the interaction of BSA and TPQ.

AH and AS can be determined from the slope and
intercept of linear Van’t Hoff plots. The Gibbs free energy
(AG) can be calculated from the equation 5.

AG=AH —-TAS =—RT InK (5)

According to the enthalpy and entropy changes, the
model of interaction between small molecule and
biomolecules can be summarized as, AH>0 and AS>0
indicate hydrophobic forces; AH<0 and AS<0 indicate van
der waals interactions and hydrogen bonding; AH=0 and
AS>0 indicate electrostatic interaction [43]. The values of
thermodynamic parameters were mentioned in Table 3. As
shown in Table 3, AG, AS and AH are found to be negative
for TPQ-BSA complexes. Therefore, the formation of
TPQ-BSA complexes is spontaneous and exothermic
reaction follows a negative AS value. According to
previous study [43-46], negative values of AS, and AH
suggested that weak forces like van der walls and hydrogen
bonding were principal factor in this binding process. The
negative value of AG suggests that the interaction process
between the biomolecule and biologically active synthetic
compound is spontaneous.

Synchronous fluorescence spectra

Synchronous fluorescence spectroscopy is used to analyze
the micro-environmental changes of chromospheres [47].
A synchronous fluorescence spectrum gives the information
on the molecular environment of the fluorophores
functional group. The value of AA i.e. difference between
excitation and emission wavelengths is an important
operating parameter. According to Miller [48] when AA=15
nm, synchronous fluorescence spectrum indicates the
change in the microenvironment of tyrosine residues and
when AA=60 nm, it provides information on the
microenvironment of tryptophan residues.

It can be seen from the Fig. S2(b) that for TPQ 2 when
AX=60 nm there is a blue shift in the emission wavelength
of tryptophan. When A= 15 nm, (Fig. S2(a)) there is a
slight blue shift in emission wavelength of tyrosine. The
blue shift in the emission maxima of Fig. S2 indicates the
polarity around the tyrosine and tryptophan residues is
decreased and the hydrophobicity is increased in the
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presence of TPQ [49]. These results suggest that TPQ
induces a little conformational change in BSA. In case of
TPQ 3, TPQ 4, TPQ 5 and TPQ 9 similar kind of results
were observed (S1).

Table 3. Thermodynamic parameters for the binding of STP with BSA at
different temperatures.

Compound  Temperature (K) AH (kJ/mol)  AS (J/mol/K) AG (kJ/mol)

TPQ2 293 5726 118,64 2250
TPQ3 293 4081 -73.49 -19.28
TPQ4 293 88.12 -221.90 2311
TPQ5 293 -65.48 -169.77 -15.74
TPQY 293 5111 -105.17 -20.30
TPQ2 300 2167
TPQ3 300 -18.76
TPQ4 300 2155
TPQ5 300 -1455
TPQY 300 -19.38
TPQ2 308 2072
TPQ3 308 -18.18
TPQ4 308 -19.78
TPQ5 308 -13.19
TPQY 308 -18.76
TPQ2 315 -19.89
TPQ3 315 -17.66
TPQ4 315 -18.23
TPQ5 315 120

TPQ9 315 -17.98

Circular dichroism spectroscopy

Circular dichroism is commonly used to calculate the
secondary structure of macromolecules [50]. The CD
spectra of BSA showed two negative minima at 208 nm and
222 nm, which is typical characterization of the helix
structure of this class of proteins [51]. Fig. 6 presents the
helicity of BSA in the presence of increasing concentration
of TPQ.

In the wavelength region of 190-260 nm, the CD
spectrum of a protein gives information about its
conformation in relation to the secondary structure. The CD
results were expressed in terms of mean residue ellipticity
(MRE) in deg cm® dmol™ according to the following
equation [32]:

obsCD(mdeg)
CpxnxIx10 (6)

MRE =

where, Cp is the molar concentration of the protein, n is the
number of amino acid residues and | is the path length. The
a-helical contents of free and combined BSA were
calculated from MRE values at 208 nm using the equation
[52]:

MRE,, — 4000
33000 — 4000

a — helix(%) = — %100 )

where, MRE g is the observed MRE value at 208 nm, 4000
is the MRE of the B-form and random coil conformation
cross at 208 nm and 33000 is the MRE value of a pure a-
helix at 208 nm. From the above equations (6-7), the
helicity in the secondary structure of BSA can be
calculated.
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Fig. 6. UV-CD spectra of BSA (0.04 uM) in presence of TPQ 2 (0 to
25uM)

According to the above equation the percentage of a -
helix of BSA is computed and it shows that the percentage
of helicity of BSA is 47.20 % in pure BSA. In presence of
TPQ2, a-helix content decreases to 39.39 % and 38.40 %
for 12.5uM and 25 puM respectively. The data were
indicative of the loss of a-helix content (8.8 %) due to the
interaction of TPQ with BSA. The percentage of protein a-
helix content decrease indicated that TPQ bound with the
amino acid residue of the main polypeptide chain of BSA
and destroyed their hydrogen bonding networks. This
indicates that TPQ has altered the secondary structure of
BSA [53]. The binding of TPQ 2 to BSA changes both
these bands at 208 nm and 222 nm and it is apparent that
interaction of TPQ 2 with BSA may cause some
conformational change of the protein. In case of TPQ 3,
TPQ 4, TPQ 5 and TPQ 9 respectively similar type of
results were observed (S1).

Energy transfer

The importance of the energy transfer in biochemistry is
that the efficiency of transfer can be used to evaluate the
distance between the ligand and the tryptophan residues in
the protein [54]. The overlap of the UV—Vis absorption
spectrum of TPQ2 with the fluorescence emission spectrum
of BSA is shown in Fig. S3 (cf., supporting information).
According to FRET [55], the distance (r) of binding
between TPQ and BSA, the efficiency E of energy transfer
between the donor (biomolecule) and acceptor (small
molecule), can be calculated using the following equation.

F__R ®)
F,(RE+r%)

RS =8.8x10°k*N *¢J ©)

In Eq. (8), E is the efficiency of transfer between the donor
and the acceptor and R, is the critical distance when the
efficiency of transfer is 50 %. F, and F mean the
fluorescence intensity of amino acid in the absence and in
the presence of quencher (TPQ), respectively [56]. In Eq.
(9), K? is the spatial orientation factor of the dipole, N is
the refractive index of the medium, ¢ is the fluorescence
quantum vyield of the donor. In this case, K? = 2/3, N =
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1.336 and ¢ = 0.118 [57]. J is the effect of the spectral
overlap between the emission spectrum of the donor and
the absorption spectrum of the acceptor and it can be
obtained from the following equation:

J=YFWe(WDAALISF()AL (10

In Eq. (10), F (») is the fluorescence intensity of the
fluorescence of the acceptor at wavelength A. According to
the above equation (Eq. 8-10) and experimental results we
obtained for TPQ 2, J = 2.82x10™ cm®xL/mol, E = 0.89,
Ro = 2.07 nm. From the Eq. (9), the value of r = 2.93 nm
was obtained. In case of TPQ 3, TPQ 4, TPQ 5 and TPQ 9
also similar form of results were observed (S1, Given in
supplementary file). The energy transfer results are shown
in Table 4. The distance between donor molecule and
acceptor molecule r < 7 for all individual of the five
compounds of TPQ were observed, suggesting that the
energy transfer process is a non-radiative type [58].

Cell staining with the complex

We have also investigated whether TPQ could be used to
stain the cultured mammalian cells. Hoechst dye is a well-
known DNA binding compound and hence the cells can be
observed under fluorescence microscope with UV filter
with excitation near 365 nm. The cell stained with Hoechst
is shown in Fig S4(F) (Supporting information). We have
tested the synthesized compound’s staining ability of
cultured cells as described in methods and observed that all
the compounds are able to stain the cultured HeLa cells
after fixing. The HelLa cells stained with compounds TPQ
2-5 and TPQ 9 are shown in Fig. S4(B-E). Possibly, the
compounds can bind the cellular protein components and
thus making the cells visible under fluorescence microscope
due to their intrinsic fluorescence. The cell image intensity
for all the compounds as evident from the figures that
compound TPQ 3 (Fig S4, supporting information) gave
highest intensity. However, the fluorescence intensity for
other complexes was observed to be less than that of our
standard control. So, these complexes could be used as dye
for staining cultured cells. In conclusion, almost all the
synthesized heterocyclic compounds are able to strain
cultured HeLa cell after fixing and give fluorescence at the
sky blue region. This methodology will be readily
applicable to the synthesis of various substituted
pyranoquinoline derivatives for use as dye for staining
cultured cell. Although compounds have a peak at 520-530
nm region in the emission spectrum, the compounds show
red color fluorescence during staining, may be a due to shift
in the peak area after binding.

Molecular modeling

The fluorescence, UV-Vis, and CD spectroscopic results
were complemented with molecular modeling, in which
TPQ was docked to BSA to determine the preferred
binding site and the binding mode. Molecular docking
technique has been applied to understand the binding
modes of BSA-TPQ interaction [59, 60]. The 3D structure
of BSA was obtained from Proteins Data Bank. The
possible conformations of the BSA-TPQ complex were
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calculated using Auto dock 4.0 program. Out of 10
conformers obtained, the conformer with the lowest binding
free energy was used for further analysis. The best energy
ranked model (Fig. 9(a)) revealed that the TPQ bound at
the interface between two sub domains I1A and 1A, which
is located just above the entrance of the binding pocket of
IIA. TPQ 2 molecule is surrounded byl0 amino acid
residues within 5A: 5 hydrophobic residue (Leul22,
Leull5, Phel33, Proll7, 1le181), 2 hydrophilic residues
(Tyr160, Tyrl37) and 4 ionic residues (Argl85, Glul25,
Lys116, Lys136), Furthermore there is one hydrogen bond
between the hydroxyl groups of TPQ 2 and the amino acid
residue of Tyr 160 in chain A of BSA, Tyrl60: OH: B-
Ligl: N (Fig. 9(b)).

Fig. 9. Best conformation for TPQ 2 docked to BSA, (a) place of
interaction of TPQ 2 and BSA and (b) The surrounding amino acid
residues of BSA within 5 A from TPQ 2 (green colored).

In case of TPQ 3, TPQ 4, TPQ 5 and TPQ 9 similar
type of results were observed (S1). The formation of
hydrogen bonds decreases the hydrophilicity and increases
the hydrophobicity to stabilize the BSA-TPQ system [44].
Therefore, it can be concluded that the interaction between
TPQ and BSA is dominated by hydrogen bonding and van
der Wall’s interactions, which is in well agreement with the
results of experimental binding mode study.

Conclusion

The binding study of drugs with proteins is of great
importance in pharmacy, pharmacology and biochemistry.
The interaction BSA with TPQ has been extensively
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studied using absorption, fluorescence, and circular
dichroism spectroscopic techniques. Experimental results
confirmed that the quenching of the fluorescence emission
from serum albumins by TPQ follows a dynamic quenching
mechanism and TPQ bind to serum albumins with high
affinity. The binding constants (K) and the apparent
association (Kggp) constants suggested that BSA has affinity
towards synthesized sample TPQ. The binding of BSA-
TPQ is mainly driven by van der Waals interactions and
hydrogen bonding. The results of CD spectrum indicate that
the secondary structure of BSA molecule changes in the
presence of TPQ. The distance between the serum albumins
and TPQ has been found to be <7 nm as calculated using
FRET. The TPQ can be used as dyes for staining cultured
cell. Furthermore, molecular docking study confirms the
interaction between the TPQ and BSA and consistent with
available investigational data.
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Table 1. The Stern-Volmer constants and quenching constants of BSA by E l 1 {a)
STP at varying temperature. 250 7
Compound Temperature Kgy Kq Ra E 200
(K) (L/mol) (L/mol/s ‘@ l
x102 )x10°6 g %0
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TPQ2 300 4.20 4.20 0.9989 T i T + - T
TPQ3 300 3.50 3.50 0.9992 260 we 300 320 30 360
TPQ4 300 4.89 4.89 0.9984 Wavelength (nm)
TPQ5 300 1.51 1.51 0.9985 350
TPQ9 300 297 2.97 0.9984 200
TPQ2 308 4.59 4.59 0.9977
TPQ3 308 4.01 4.01 0.9986 2xg
TPQ4 308 4.92 4.92 0.9959
TPQ5 308 1.99 1.99 0.9960 £ 200.
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TPQ5 315 2.32 2.32 0.9974 1
TPQ9 315 3.30 3.30 0.9974 50+
¥Correlation coefficient. o4
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s M g "] Fig. 5. Synchronous fluorescence spectra of BSA in presence of TPQ 2
E H while the AA=15 nm (a) and AA=60 nm (b).
i :
{3} LEL ?u.u
“ , 204 -
500 4
g : S a
g : .} =]
: E £ 300- ®
£ : -] .
i i - <
s+ i 200 1
.!‘.
™ ad 100 ""f ol ’)’ (L b
T ETTR : f/x/xx///, e
300 520 S'IB 350 ﬂl.'! -ll.'HJ Jﬁﬂ 440

Fig. S1. (color online) Absorption spectra of BSA (1 uM) in presence of
TPQ 3, TPQ 4, TPQ 5 and TPQ 9 [a, b, c and d respectively] (1-7): (0 to
30 pM), inset showing calculation of K, of BSA-TPQ complex;
1/(Aobs—Ag) Vs 1/[TPQ] plot.

Wavelength (nm)

Fig. 7. Overlap plot of the fluorescence emission spectrum of BSA (1uM)
and the UV absorption spectrum of TPQ 2 (ImM).
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Fig. 8. HeLa cells stained with Hoechst dye and synthetic compounds. In
figure- (F), Hoechst dye, (A-E), compound TPQ 2-5, TPQ 9.

Table 4. The energy transfer parameters between TPQ and BSA.

System Jxcm3xL/mol E Ro R
(hm) (nm)
BSA-TPQ2 2.82x10°15 0.11 2.07 2.93
BSA-TPQ3 2.66x10715 0.112 2.05 2.89
BSA-TPQ4 1.91x10°15 0127 194 2.67
BSA-TPQ5 2.03x10°1° 0.073 1.96 2.99
BSA-TPQ9 2.31x10°15 0.085 1.999 2.97

2 Correlation coefficient.

4 :--u...-:--..o,qu-,: ool
R

nmrs:- :- -_>|.-n.u-m- ann

E%g

- Troa
e T imemhei b e s A temd el § e Bl
T rdmya, v XA awentsm 1l i2- DEF e A S iy oy o
iwran-dres T w T et 3 it = bt e Cormealt fo fnenmes fam
Frgar
T e A LAY

R T

Scheme 1: Synthesized pyranoquinoline derivatives.
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