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Abstract This paper vividly indicates that steady state as well
as time-resolved fluorescence techniques can serve as highly
sensitive monitors to explore the interactions of 5,7-
dimethoxy-2,3,4,9-tetrahydro-1H-carbazol-1-one with model
transport proteins, bovine serum albumin (BSA) and human
serum albumin (HSA). Besides these, we have used fluores-
cence anisotropy study to assess the degree of restrictions
imparted by the micro-environments of serum albumins.
Again, to speculate the triplet excited state interaction between
such fluorophore and albumin proteins (BSA& HSA), laser
flash-photolysis experiments have been carried out. Molecular
docking experiments have also been performed to support the
conclusions obtained from steady state experiments.

Keywords Keto-tetrahydrocarbazole - Serumalbumin - Laser
flash photolysis - Molecular docking - Fluorescence
anisotropy

Introduction
Serum albumins, widely studied transport proteins are abun-

dantly found in blood plasma [1—12]. Besides being an attrac-
tive macromolecular carrier, serum albumins play a vital role

< Samita Basu
samita.basu@saha.ac.in

Department of Chemistry, Government General Degree College,
Singur, Hooghly, West Bengal Pin:712409, India

Chemical Sciences Division, Saha Institute of Nuclear Physics,
Kolkata 700064, India

Department of Clinical and Experimental Pharmacology, School of
Tropical Medicine, Kolkata 700073, India

by increasing the solubility of hydrophobic drugs in the blood
plasma, binding with bio-active molecules and maintaining
colloid blood pressure [3, 4]. Structural facets and assets of
bovine serum albumin (BSA) and human serum albumin
(HSA) have been widely studied [5—27]. These two serum
proteins are often used as models for several biophysical and
biochemical studies as well as in diverse studies of protein
chemistry [28-39]. In spite of having different folding natures,
known from their structural studies, somehow sufficient re-
semblance in their activity is observed. Following the studies
of He and Carter, BSA (583 aa) and HSA (585 aa) are char-
acterized by a high homology in the sequence (80%) and
similar conformations [34]. Molecular weights of the two pro-
teins are also similar being 66 kDa for BSA and 66.5 kDa for
HSA. According to Peters, 17 disulfide bridges and a series of
nine loops, assembled in three domains (I, II, and III) each
formed by two subdomains, A and B, are the fundamental
constituents of such albumin proteins [39]. The principal bind-
ing sites are subdomain ITA and IIIA and they are hydrophobic
in nature. Literature reviews indicate that the three-
dimensional structure of human serum albumin (HSA) is be-
lieved to be resolved but for BSA, there are conflicting reports
with respect to its structural aspect due to unavailability of
suitable crystals for X-ray diffraction (XRD) studies.
Crystallographic structure of HSA indicates that in this pro-
tein, the single tryptophan residue (Trp-214) is located in IIA
binding site, while Lys-199 and His-242 are involved in the
protein ligand interaction. Two tryptophan residues, Trp-212
and Trp-134 are present in BSA. Of these two tryptophan
residues, Trp-212 is located in a similar hydrophobic micro-
environment as the single Trp-214 in HSA (subdomain I1A),
whereas Trp-134 is more solvent exposed and is localized in
subdomain IA. Primary structure of BSA reveals that the
subdomains contain different types of tyrosine residues;
among them, Tyr-263 is located in subdomain IIA.
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Detailed perusal of the protein chemistry signifies that pro-
teins can easily adopt many conformations, ranging from
more compact to a more relaxed form. Such a change in the
conformations of a protein is of great interest in biophysics
and structural biology as it is capable of changing linear poly-
peptide chains into three dimensional structures. As the
unfolding of a protein progresses, new facts about the equilib-
rium folding states may be known [40—42]. Ionization of the
side chains are the outcome of protein denaturation by pH
whereas small molecules or ions, such as urea and guanidium
ions, affect both the side chains and backbone hydrogen bonds
[43—46]. The behaviour of denatured protein is different from
that of native protein as the chemical-induced denatured pro-
tein is much exposed to water. Hence its interaction with dif-
ferent ligands may throw light on the structure and properties
of denatured protein.

Fluorescence-probe spectroscopy of proteins is one of the
most potent methodologies generating structural and dynam-
ical information concerning the fluorophore environment [21,
47, 48]. As many bioactive small molecules bind reversibly to
serum albumins, it is important to study the interactions of
drugs with this protein as these studies can provide informa-
tion about the structural features that determine the therapeutic
effect of drugs and have become an interesting research field
in life science, chemistry and clinical medicine. The study
regarding the mode of binding of various molecules to serum
albumins is chiefly accountable for the understanding of me-
tabolism, bio-distribution, elimination or pharmacological ef-
fects of the drugs in the body [5-12, 14-26]. Knowledge of
interaction mechanisms between endogenous and exogenous
molecules and plasma proteins has a great value for re-
searchers to understand the pharmacodynamics and pharma-
cokinetics of a drug candidate. The lack of toxicity and im-
munogenicity make it an ideal candidate for drug delivery
[13—15]. Hence, knowledge of binding with serum albumins
is essential [16-27].

In the present study, we have used a keto-tetrahydrocarbazole
based dye, KTHC-57 (5,7-dimethoxy-2,3,4,9-tetrahydro-1H-
carbazol-1-one), as the fluorescent probe (Scheme 1). The dye
has been used extensively for various photophysical applications
as described elsewhere [49]. In scientific literature, there is no
scarcity of examples of various fluorophore-BSA /HSA binding

Scheme 1 Representative OCHj;

structure of 5,7-dimethoxy-
2,3,4,9-tetrahydro-1H-carbazol-
1-one (KTHC-57) and
corresponding carbazole

s H;CO
derivative of KTHC-57 (2.4-

5,7-dimethoxy-2,3,4,9-tetrahydro-1H-carbazol-1-one
(KTHC-57)
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dimethoxy-9H-carbazole) N

interactions [11-28]. However, no other research group has ever
thought of investigating such an important class (keto-
tetrahydrocarbazole based) of fluorophores with serum albu-
mins. Keto-tetrahydrocarbazole skeleton is an immediate syn-
thetic precursor of biologically active carbazole framework
(corresponding carbazole derivative of KTHC-57 is given in
Scheme 1). Synthesis of KTHC-57 leads to the presumption
that the molecule should possess biological activity to some
extent. Fundamental spectroscopic as well as photophysical
study of KTHC-57 in various homogeneous and
microheterogeneous media has already been performed
and sufficient evidences have been acquired to designate
KTHC-57 as a fluorosensor of its immediate micro-
environment.

We have intended, in this present spectroscopic study on
KTHC-57, to explore the potential usefulness of its fluores-
cence properties for understanding its interaction with relevant
biological target such as proteins.

Experimental Section
Materials

Our fluorophore of interest KTHC-57 has been synthesized
and purified following a literature procedure and is described
elsewhere [49]. Phosphate buffer solution (pH ~ 7 and ionic
strength =0.15 M) has been used as the buffer solution.
Bovine serum albumin (BSA) and Human serum albumin
(HSA) have been purchased from Sisco Research
Laboratories Pvt. Ltd. (SRL) India and used as received.
Analytical grade urea from SRL, India has been used after
recrystallizing twice from MeOH (AR grade, Spectrochem,
India). Triple distilled water has been used for the preparation
of all solutions. The solvent appeared visually transparent and
its purity is also tested by running the fluorescence spectra in
the studied wavelength range.

Instrumentations and Methods

Jasco V-650 spectrophotometer and Horiba Jobin-Yvon
Fluoromax-3 have been used for absorbance and fluorescence
OCH;
N
H

2,4-dimethoxy-9 H-carbazole

R

B ———
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Fig. 1 Absorption spectra of KTHC-57 with increasing concentration of (a) BSA and (b) HSA. Concentration of the compound is 1 x 107° M

measurements respectively. In all measurements, the sample
concentration has been maintained in the range of ~10® M in
order to avoid aggregation and reabsorption effects.
Experiments have been carried out at an ambient temperature
of 25 °C, unless otherwise specified. Only freshly prepared
air-equilibrated solutions have been used for spectroscopic
measurements. For spectral background corrections, a similar
set of solutions in increasing BSA concentration has been
prepared. During protein denaturation study by urea, spectral
background corrections have been ensured with a set of solu-
tions without a probe but containing the protein BSA (30 uM)
and respective concentrations of urea as required in each set of
solutions under experiment.

Steady-state anisotropy measurements have been carried
out using a Horiba Jobin-Yvon Fluoromax-4 spectrofluorim-
eter. The steady-state anisotropy is defined as

r = (IVV=G.IVH)/(IVV + 2G.IVH) (1)

G = IHV /IHH (2)
a
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in which /v and Iy are the emission intensities when the
excitation polarizer is vertically oriented and the emission
polarizer is oriented vertically and horizontally, respectively.
G is the correction factor. Fluorescence lifetimes have been
measured using a time-correlated single-photon-counting
(TCSPC) spectrophotometer (Horiba Jobin-Yvon Single
Photon Counting Controller Fluorohub). The sample has been
excited at 340 nm using an LED to trigger the fluorescence of
KTHC-57, and the signals have been collected at a magic
angle of 54.7°. The lifetime is obtained using deconvolution
technique which is based on a convolution integral. We have
used IBH DAS 6.2 data analysis software in which reduced x>
and weighted residuals serve as parameters for goodness of fit.
Nanosecond flash photolysis set-up (Applied Photophysics)
containing Nd:YAG (Lab series, Model Lab 150, Spectra
Physics) laser has been used for the measurement of transient
absorption spectra. The sample has been excited at 355 nm
(FWHM =8 ns) using Nd-YAG laser (Lab series, Model Lab
150, Spectra Physics). Transient species in solution have been
monitored through absorption of light from a pulsed xenon
lamp (150 W) at right angle to the laser beam. The wavelength
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Fig. 2 Fluorescence emission spectra of KTHC-57 in presence of different concentrations of (a) BSA and (b) HSA. Emission spectra have been taken

exciting the samples at their corresponding absorption maxima
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from the probe beam is dispersed with a monochromator and
detected with R928 photomultiplier detector. The
photomultiplier output is fed into a 600 MHz, 4 Gs/s,
DSO8064A Agilent Infiniium oscilloscope and the data are
transferred to Laser software running in an Iyonix range of
ARM-based RISC OS computer. The samples are de-aerated
for 20 min by passing pure argon gas prior to each experiment.
All the data have been analysed fitted and plotted by the soft-
ware Origin® 8.0 Pro. All experiments have been carried out
using quartz cuvettes of 1cm?® cross-sections purchased from
Hellma Analytics.

Lipophilicity and Solubility Calculations

Lipophilicity in terms of calculated logP (clogP) and solubility
in terms of calculated logS (clogS) are determined at Virtual
Computational Chemistry Laboratory server (http://www.
veclab.org/lab/alogps) [50]. Polar surface area is calculated
with a 1.4 A radius probe size.

Molecular Docking

Molecular docking experiments have been performed
using AutoDock Vina (Trott and Olson 2010) of The
Scripps Research Institute [51] and the SwissDock server
(http://www.swissdock.ch). AutoDock Vina and SwissDock
uses different algorithms and scoring functions for docking
calculations, thus, provides a consensus of docking output
[52]. AutoDock Tools [53] have been used for the
preparation of ligands and proteins for docking with Vina.
BSA (PDB: 3 V03) [54] and HSA (PDB: 1E78)
(Bhattacharya et al. 2000) [55] structural information have
been obtained from Protein Data Bank (Berman et al. 2000)
[56]. The three dimensional structure of KTHC-57 is drawn in
Avogadro [57] and geometry optimized in vaccuo using the
steepest descent followed by conjugate gradient algorithms.
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Fig. 4 Variation of the emission maximum of KTHC-57 (Concentration
of the compound is 1 x 107 M) with E(30) in dioxane—water mixtures

Molecular docking outputs are rendered in MGL Tools [53]
and PyMOL Molecular Graphics System. Ligand interaction
diagrams are generated in Schrodinger Maestro 9.8. UniProt
residue numbering has been used for BSA and HSA
sequences.

Results and Discussion

Fundamental Photophysical Possessions of KTHC-57
under Homogeneous and Micro-Heterogeneous
Environments: A Brief Outline

Before moving into the details of confined photophysics of
KTHC-57 within serum albumin confinement, it is relevant to
cast light on its behaviour in homogeneous liquid so that we
can appreciate the modulations to its photophysical properties
in the confined state of serum albumins [49]. Enhancement of

b
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Fig.3 Benesi— Hildebrand plot of (I.- Io)/(Ix -lIp) vs. [M]_1 for complex formation between (a) KTHC-57-BSA and (b) KTHC-57-HSA. Concentration
of the compound is 1 x 107® M. The linear regression indicates a 1:1 stoichiometry
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Fig.5 Fluorescence spectra of (a) BSA-bound and (b) HSA-bound KTHC-57 as a function of added urea. Concentration of the compound is 1 x 10°M

dipole moment of KTHC-57, a reporter of its immediate
microenvironment, had been observed to be 11.72 D
and 6.11 D in the case of protic and aprotic solvents
respectively [49]. Excited state spectral features had
been chiefly guided by two parameters namely, hydro-
gen bond donor acidity of the solvent and solvent
dipolarity [49]. Even in the presence of different binary
mixtures, appreciable changes in emission spectrum of
KTHC-57 had been observed. Alterations in photophysical
responses of KTHC-57 in different organized assemblies al-
ways had been noteworthy [49]. Considerable hypsochromic
shift along with an enhancement of intensity had been the
indication of entrapment of fluorophore in the hydrophobic
regions of organised assemblies [49]. Monitoring the
fluorosensing competence of KTHC-57 in various homoge-
neous, binary solvent mixtures and micro-heterogeneous en-
vironments interest has been paid to study its mode of inter-
action with albumin protein.
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Absorption and Fluorescence of KTHC-57 in Serum
Albumin Environments

The fluorophore KTHC-57 shows a single absorption band at
~328 nm for the 7t7t* transition of the aromatic chromophore in
aqueous PBS. As seen in Fig. 1a and b, addition of proteins, both
BSA and HSA to a solution of KTHC-57 results in a red shift
with slight increase in absorbance of the absorption maxima from
328 nm in aqueous buffer to 330 nm in BSA and 333 nm in HSA
on addition of 0.00100 (M) of protein in both the cases.

On the other side, remarkable modifications are observed
in the emission profile of KTHC-57 with increasing concen-
trations of serum albumins (Fig. 2). Significant blue shift is
observed (~487 nm in aqueous PBS to ~427 nm and ~432 nm
in case of BSA and HSA respectively) along with marked
intensity enhancement (~3.7 times in case of BSA and ~1.7
times in case of HSA with respect to the fluorescence intensity
observed in aqueous PBS). The shift in wavelength increases
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Fig. 6 Variation of fluorescence anisotropy (r) of KTHC-57 with increasing concentrations of (a) BSA and (b) HSA. A, is 427 nm for BSA and 432 nm

for HSA. Concentration of the compound is 1 x 107 M
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Fig.7 Fluorescence lifetime plots of KTHC-57 (excited using a 340 nm LED) in presence of BSA (a) and HSA (b). Concentration of the compound is

1x10°M

rapidly up to ~0.00001120 M of BSA and ~0.00001125 M of
HSA concentration and then arrives at a flat region.
Significant hypsochromic shift of emission maxima (~
60 nm in case of BSA and ~55 nm in case of HSA) with
increasing concentration of protein advocates that KTHC-57
gets entrapped in the hydrophobic pockets i.e., in the less polar
part of the protein molecules. Nevertheless, the hypsochromic
shift on the emission profile of KTHC-57 with increasing
concentrations of serum albumins should not be mistaken
for the slight bathochromic shift observed in the case of ab-
sorption spectral profile as it is probably due to the enormous-
ly differential natures of the potential energy surfaces of the
ground and excited states [58].

KTHC-57 — Serum Albumin Binding

Changes in the spectral features with addition of proteins are
indicative of interaction between KTHC-57 and protein. A
quantitative estimate or the extent of binding of KTHC-57 to
the hydrophobic cavity of proteins is determined using the re-
ordered Benesi—Hildebrand relation [58]:

(Le=To) /(I—To) = 1 + (K[M]) ! 3)

Table1  Fluorescence lifetime of KTHC-57 with increasing concentra-

Where, 1, I and I, are the fluorescence intensities of
KTHC-57 considered in the absence of protein at an interme-
diate protein concentration and at a concentration for complete
interaction, respectively; K being the binding constant and [M]
is the free protein concentration. A plot of (I,-Iy / I,-Iy) against
[M] ™" shows linear variation justifying the validity of the
Benesi-Hildebrand equation for the present case and therefore,
settles 1:1 stoichiometry for the probe: protein complex (Fig. 3).

The values of K thus obtained at 298 K are 64,009 M ! for
BSA (AG =—RT InK = —27.42 kJ mol ") and 19,610 M ! for
HSA (AG =—RT InK =—24.49 kJ mol "). Free energy change
indicates spontaneity of complexation process for both cases.
The binding constant values indicate the relative stabilities of
the dye—protein complexes and it can be deduced that the dye
binds in a stronger way to BSA than HSA.

Polarity of the Microenvironment Surrounding KTHC-57
in Serum Albumin Environments

It has been a couple of decades, a unique role has been played by
various types of fluorophores (as the situation claims) in the
determination of the microscopic polarity of the biological envi-
ronments. Here, in this communication we have made an attempt

Table2  Fluorescence lifetime of KTHC-57 with increasing concentra-

tion of HSA tion of BSA

HSA (concentration)  (a;) /(ap) T, / Tp (ns) X2 Tay (NS) BSA (concentration)  (a;) /(ap) T, / T, (ns) x2 Tay
oM (1)/(0) 1.92 099 192 oM (DH/(0) 1.92 099 192
0.0000075 M (0.67)/(0.33)  1.72/2.55 1.03  1.99 0.0000075 M (0.81)/(0.19)  1.92/6.82 1.01  2.851
0.0000150 M (0.65)/(0.35)  1.60/3.61 1.09  2.30 0.0000150 M (0.71)/(0.29)  1.91/6.83 1.02  3.3368
0.0000300 M (0.60)/(0.40)  1.40/4.52 1.19  2.65 0.0000300 M (0.61)/(0.39)  1.93/6.97 1.01  3.8956
0.0000375 M (0.53)/(0.47)  1.20/4.55 121 277 0.0000375 M (0.48)/(0.52)  1.88/7.04 1.05  4.5632
0.0000450 M (0.46)/(0.54)  0.94/4.65 1.18 294 0.0000450 M (0.32)/(0.68)  1.97/7.09 1.07 54516
0.0000563 M (0.44)/(0.56)  0.72/4.91 1.02  3.07 0.0000563 M (0.25)/(0.75)  1.93/7.11 1.00 5815
0.0001125 M (0.40)/(0.60)  0.68/5.01 1.17 328 0.0001125 M (0.16)/(0.84)  1.73/7.15 1.09  6.2828
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Fig. 8 Stern-Volmer plot for the quenching of (a) BSA and (b) HSA fluorescence with KTHC-57 with the data obtained from Fig. 9(a) and (b) respectively

regarding the estimation of micropolarity of the proteinous envi-
ronments around the fluorophore, considering the fact that no
other research group has ever thought of using keto-
tetrahydrocarbazole based fluorophores for the determination of
micropolarity in proteins.

Many examples can be cited where the local polarity of
proteins has been estimated by comparing the emission fea-
tures of the fluorophore in that proteinous environment with
those spectra obtained from the same molecule in solvents of
known polarities [S8—60]. It is worthy to mention that polarity
of a homogeneous environment is not exactly the same as the
polarity in a protein medium owing to a different type of
solvent relaxation. However, to make a qualitative assessment
regarding micropolarities in BSA and HSA environment, the
fluorescence behaviour of KTHC-57 within this protein envi-
ronment has been compared to that in water-dioxane mixture
of varying composition. Figure 4 indicates that micropolarities
of BSA and HSA are determined to be 45.24 and 46.5 respec-
tively on the E(30) scale which is considerably low com-
pared to the E1(30) of bulk water (63.145) and hence accounts
for the blue shift of the emission band of KTHC-57.
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Effect of Urea on Serum Albumin Bound KTHC-57

Perceiving the binding interaction between the KTHC-57 and
BSA / HSA, we have attempted to understand the denaturing
effect of the protein on its binding activity and on the overall
photophysics of KTHC-57. Monitoring the unfolding process
of serum albumins on increasing concentration of urea has
been well studied and literature report reveals that on increas-
ing the concentrations of urea denaturation of serum albumins
takes place at a single, two-state transition through intermedi-
ate state at 46 mol / L urea. Using the steady-state fluores-
cence measurements, in the present report we have studied
urea-induced modification of the protein bound drug
(KTHC-57). On steady addition of the urea to the protein-
bound KTHC-57, the emission profile (Fig. 5) undergoes a
significant bathochromic shift and lowering of fluorescence
intensity is observed, opposite to that observed in Fig. 2.
Water molecules adjacent to the fluorophore KTHC-57 within
protein environment are displaced by urea and the
destabilisation thus caused leads to the desolvation of the
guest molecule.
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Fig. 9 Fluorescence spectra of (a) BSA and (b) HSA as a function of KTHC-57 concentrations (Aex. = 280 nm) in aqueous PBS buffer solution
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Table 3 Stern-Volmer

constants for the Protein Keyin M !
quenching of the

fluorescence of HSA and HSA 43,246.89
BSA with KTHC-57 BSA 23,184.03

Steady State Fluorescence Anisotropy Study of KTHC-57
in Serum Albumin Environments

Fluorescence anisotropy is a long recognised delicate
tool towards the sensing of degree of restrictions
imparted by the micro-environments of serum albumins
[58, 61, 62]. This technique is useful to assess the prob-
able location of the fluorophore in the confined medi-
um. Nothing can be better to affirm our interpretations
if the conclusions derived from the steady-state fluores-
cence measurements are best complemented with the
anisotropy values.

Fluorescence anisotropy of KTHC-57 increases (Fig. 6) as
the concentration of BSA and HSA increases (# = 0.29 in case
of BSA and r = 0.26 in case of HSA). Gradual increase in
fluorescence anisotropy with increase in concentrations of
protein reveals that the rotational diffusion of KTHC-57 is
significantly constrained in the proteinous medium. A fairly
higher anisotropy value is obtained from BSA than HSA and
it points to a comparatively better binding interaction between
KTHC-57 and BSA, harmonizing the values of complexation
constant (K) and free energy change (AG).

Fluorescence Lifetime of KTHC-57 in Serum Albumin
Environments

Fluorescence lifetime experiments are usually recognised as a
sensitive indicator to interrogate the excited state affairs of a
fluorophore. This study significantly helps us to understand

a
n —a— KTHC-57
0.04 - —e— KTHC-57+0.00003 (M) BSA
—4— KTHC57+ 0.00006 (M) BSA
0.03 —v— KTHC57+ 0.00009 (M) BSA
2 0.02
|72}
g
= 0.01
Py
0.00 -
-0.0

Wavelength (nm)

1 T T T T
300 350 400 450 500 550

Table4 Changes in lifetime at 357 nm and at 430 nm in presence of HSA

Decay @ 357 nm 430 nm

KTHC-57 only

KTHC-57 + 50 ul HSA
KTHC-57 + 100ul HSA
KTHC-57 + 200ul HSA

2.05 +0.003uS
1.89 4 0.001 S
1.87 +£0.002 1S
1.85 +0.004pS

1.72 +0.005 puS
1.84 4 0.001 S
1.89 +0.002pS
2.01 +0.004pS

the differential degrees of solvent relaxation around a
fluorophore in the excited state. Presence of more than one
chemical entity in a solution is also indicated by Fluorescence
lifetime experiments.

In aqueous PBS, KTHC-57 displays a single-exponential
decay with a lifetime of around 1.92 ns whereas, in the serum
albumin environments bi-exponential decay of KTHC-57 is
observed with a longer lifetime component along with the
original one observed in the aqueous PBS medium. Typical
decay profiles of KTHC-57 in the two protein environments
are shown in Fig. 7 and the deconvoluted data are represented
in Tables 1 and 2.

Here, for a similar increase in concentration of both
the proteins, average lifetime (T,,) of KTHC-57 in-
creases to a greater extent in BSA (~1.92 ns to ~6.28 ns)
than in HSA (~1.92 ns to ~3.28 ns). This indicates that
motional restriction is comparatively higher in case of
BSA than in HSA. If we go through the Tables 1 and 2,
it is evident that the comparatively shorter lifetime com-
ponent is due to the free probe in aqueous PBS and the
longer lifetime component can be assigned to the fluo-
rescence coming from the probe—protein complex.
Considerably higher lifetime value of the BSA- bound
KTHC-57 is observed than the HSA- bound KTHC-57 sug-
gests lower polarity in BSA micro-environment than in HSA
environment. This observation further advocates the fact that,
KTHC-57 is buried deeper in BSA than in HSA.

b

0.04
- —a— KTHC-57
—e— KTHC-57+0.00003 (M) HSA
0.03 —a— KTHC-57+0.00006 (M) HSA

—v— KTHC-57+0.00009 (M) HSA

Intensity

-0.01 T T T T
300 350 400 450 500 550

Wavelength (nm)

Fig. 10 Transient triplet-triplet absorption spectra of KTHC-57 (I x 10~® M) in aqueous PBS with (a) BSA and (b) HSA 1 us after laser flash
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Table 5 Changes in lifetime at 357 nm and at 430 nm in Table 6 Molecular .

presence of BSA properties of KTHC-57. logP 232+£054

*The data represents

Decay @ 360 nm 430 nm mean = SD logS -3.07
Polar surface area (Az) 51.32

KTHC-57 only 2.1+£.001uS 1.72 £ 0.004 puS Lipinski’s rule of five Yes

KTHC-57 + 50 ul BSA 1.86 +.006 uS 1.86 £ 0.002 uS

KTHC-57 + 100ul BSA
KTHC-57 + 200ul BSA

1.83 £0.005uS
1.82 £ 0.002uS

1.88 +0.003 pS
2 240.003 uS

Perturbation in the Fluorescence Emission of Serum
Albumins on Addition of KTHC-57:

The attenuation of fluorescence intensity, F of the proteins on
interaction with KTHC-57 is expressed with the following
Stern-Volmer equation [63]:

20— 14 Ke0) )

Where, Ky is the Stern-Volmer quenching constant. Figure 8
represents the Stern-Volmer plot for the quenching of the fluo-
rescence of BSA and HSA with KTHC-57 (data obtained from
Fig. 9). Table 3 lists the corresponding Stern-Volmer constants.
Linear Stern—Volmer plots may either indicate the existence of
just a binding site for KTHC-57 in the proximity of the trypto-
phan, or the existence of more than one site spatially arranged so
that they are equally accessible to KTHC-57 [58].

Laser Flash Photolysis

Laser flash photolysis experiment has been carried out to inves-
tigate the transient state behaviour of proposed KTHC-57-BSA/
HSA complex. The transient absorption spectra of KTHC-57
(Fig. 10) with increasing concentration of BSA and HSA indi-
cate that only KTHC-57 (i.e, absence of albumin proteins) ab-
sorbs at 357 nm and 430 nm. With the gradual addition of BSA

—— Only KTHC-57 at 357 nm
—— KTHC-57+HSA at 357 nm
—— KTHC-57+BSA at 357 nm

Intensity
o o
o o
o

o
o
-

0.00 -

-0.01

2 4 6 8 10
Time/uS

and HSA, the peak intensity at 357 nm decreases with simulta-
neous increase at 430 nm. Moreover, an isosbestic point is ob-
served at 378 nm which supports the formation of KTHC-57-
BSA and KTHC-57-HSA complex which absorbs at 430 nm.

The probable cause of complex formation is the presence
of tyrosine and positively charged amino acids arginine/lysine
in both the serum albumins. KTHC-57 has extensive pi-
electron cloud indicating possible pi-stacking and pi-cation
interactions with the above mentioned residues.

BSA 4 KTHC—57—!(BSA-KTHC-57)

"(BSA-KTHC-57) + hv—' (BSA-KTHC-57)"

A1SC3
| (BSA-KTHC-57) "%

(BSA-KTHC-57)"

The triplet life time analysis (Tables 4 and 5) indicates that
KTHC-57 forms more stable complex with BSA than HSA as
shown in the decay profile also (Fig. 11). This phenomenon
may happen due to the different proximity effect of pi-electron
cloud of KTHC-57 within the protein environment which is
further confirmed by theoretical modelling.

Molecular Docking Analysis
Drug like Properties of KTHC-57
The molecular properties of KTHC-57, such as clogP, clogS,

polar surface area etc. [64] are listed in Table 6. The clogP value
of a compound is the logarithm of its partition coefficient

b

— KTHC-57+BSA at 430 nm
0.04 —— KTHC-57+HSA at 430 nm
= KTHC-57 at 430 nm
0.034
>
=
) l
pL 0.02
o
-
£ 0.011
0.00-
0 2 6 8 10

4
Time/uS

Fig. 11 Decay profiles of KTHC-57 with 0.00006 (M) of BSA and HSA at (a) 357 nm and (b) 430 nm after the laser flash at 355 nm
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Table 7 Theoretical binding free energies as obtained by molecular
docking experiments using two different algorithms, AutoDock Vina
and SwissDock

Complexes AutoDock Vina (kJ mol ')  SwissDock (kJ mol 1)
BSA-KTHC57  —33.96 —29.58
HSA-KTHC57  -33.05 -29.29

between n-octanol and water. It is a well established measure of
the compound’s lipophilicity which influences its behaviour in
a range of biological processes such as solubility, membrane
permeability, lack of selectivity and non-specific toxicity [65].
It has been shown for compounds to have a reasonable proba-
bility of being well absorbed, their logP value must not be
greater than 5.0 [66]. Besides, the aqueous solubility of a com-
pound is also defined by logS which significantly affects its
absorption and distribution characteristics. Typically, a low sol-
ubility goes along with a bad absorption. Most of the drugs in
the market have an estimated logS value of about —4. Table 6
lists the polar surface area of the compound as well which
should be less than 140 A? for a drug molecule [66]. Apart from
lipophilicity/solubility and the polar surface area, the molecular
weight and the number of hydrogen bond acceptors/donors in
KTHC-57 also follow the Lipinski’s rule of five [66] to be
candidate drug molecules.

Fig. 12 Interaction of KTHC-57 with serum albumins as obtained from
molecular docking experiments. a Best binding conformation of KTHC-
57 with BSA. Binding site is marked with a circle. b Close up view of
KTHC-57 binding with BSA. Distances from the two tryptophan residues
are shown. ¢ Best binding conformations of KTHC-57 with HSA. Binding
site is marked with a circle. d Close up view of KTHC-57 in the binding
site of HSA. Distance from tryptophan 238 is shown. AutoDock Vina
generated complexes are depicted here. Proteins are shown in ribbon
diagram; tryptophans and the ligands in stick model. The three domains
of serum albumin are marked with I-1II. Standard colour representation is
used to denote the elements, H, N and O in the ligand

@ Springer

Molecular Modeling

In silico molecular docking calculation shows that the interac-
tions of KTHC-57 with serum albumins are thermodynami-
cally favourable (Table 7). The binding free energies comput-
ed by AutoDock Vina and SwissDock are close to that of the
experimentally obtained values. Molecular docking also pro-
vides the insight into the most favourable binding site for these
compounds on the serum albumins. The lowest energy com-
plexes obtained by two different algorithms consistently have
shown that the binding sites for KTHC-57 lay in the groove
between domain I and domain III of BSA, whereas it is within
the domain I in case of HSA (Fig. 12). Serum albumin with its

a ‘ARG fSER \
168 1216

(0]

H
\ N
oM\ ___.5 /- SER
169 452
A T\ \ ILE
479
o\ oA
@ LEU

ASN (ALA) 478
481 Kzﬂ,,

209
o
ARG 162 181

14
0

H ILE

\ K 166
° /

PHE

‘2D 173

206 LYS
o HIS 21
170
) GLY
ARG
» 0

Fig. 13 Detailed interaction diagram of KTHC-57 with serum albumins
as obtained by molecular docking experiments. a Interacting residues of
BSA and the types of interactions with KTHC-57. Histidine 169 forms a
hydrogen bond with KTHC-57 whereas arginine 482 forms pi-cation
interaction. b Interacting residues of HSA and the types of interactions
with KTHC-57.pi-staking occurs with tyrosine 162. Green indicates

hydrophobic residues; polar residues are colored in cyan. Positively
charged residues are shown in purple
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many hydrophobic binding pockets acts like a universal re-
ceptor for almost all drug molecules. Binding to serum albu-
min is generally non-specific in nature and driven by mainly
hydrophobic interactions [52].

Detailed interaction diagrams of the protein—ligand com-
plexes showing the interacting residues and the types of inter-
actions obtained by molecular modeling are given in Fig. 13.
We have found that binding site for KTHC-57 lines in the
groove between domain I and III of BSA and in domain I of
HSA (Fig. 12). His169 of BSA has been found to form a
hydrogen bond with KTHC-57 whereas Arg482 forms pi-
cation interaction with the ligand. Other important interacting
residues of BSA are Argl68, Ser216, Ala217, Arg220,
Serd52, Leud78, 11e479 and Asn481. In case of HSA,
KTHC-57 forms pi-staking interaction with Tyr162. Other
hydrophobic amino acids surrounding KTHC-57 in the
groove of HSA are Ile166, Phel73, Phel81, Tyrl8&5,
Leu206 and Leu209. Polar amino acid His170 and the posi-
tively charged Argl41, Arg210 and Lys214 are also important
for the binding of KTHC-57 with HSA (Fig. 13).

Summary and Conclusion

The present work reports a study of the interaction of a recent-
ly developed keto-tetrahydrocarbazole based fluorosensor,
KTHC-57, with BSA and HSA proteins. Excited state
photophysics of KTHC-57 gets remarkably modified on ad-
dition of albumin proteins compared to that observed in aque-
ous phase. This has been exploited to explore the binding
efficiency, the nature of the microenvironment around the
fluorophore and the micropolarity at the binding site. Above
studies indicate that KTHC-57 binds with both BSA and
HSA; the binding is, however, stronger with the former. In
this work, the denaturating action of urea toward the albumin
proteins is demonstrated, throwing some light on the probable
binding location of the drug in the proteineous environment.
We have found that binding site for KTHC-57 lines in the
groove between domain I and III of BSA and in domain I of
HSA. KTHC-57 is thus proved to a potential indicator to
follow different aspects of the bio and organized assemblies.
Last but not the least, based on a comparative platform be-
tween two albumin proteins BSA and HSA, our fluorophore
of interest KTHC-57 interacts and binds to a greater extent
with BSA than it does with HSA.
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