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Abstract

Herein, we report the interaction of N, N-dimethyl-2-oxopyrrolidinium iodide with bovine serum albumin by using
steady-state fluorescence, time-resolved fluorescence, UV-visible and Fourier Transform-Infrared spectroscopy in
combination with molecular docking method. The steady state fluorescence spectra results confirmed that N, N-dimethyl-
2-oxopyrrolidinium iodide strongly quenches the intrinsic fluorescence of bovine serum albumin by a dynamic quenching
mechanism as confirmed by time resolved fluorescence spectroscopy. The thermodynamic parameters (AH, AG and
AS) showed that the binding process was spontaneous and enthalpy driven. Moreover, the interacting forces between
bovine serum albumin and N, N-dimethyl-2-oxopyrrolidinium were mainly governed through hydrogen bond and van der
Waals forces. The Fourier Transform-Infrared spectroscopy results show the conformational change of bovine serum
albumin on binding with N, N-dimethyl-2-oxopyrrolidinium. Additionally, molecular modeling results revealed that N,
N-dimethyl-2-oxopyrrolidinium binds with the amino acid residues of the sub domain IIA of bovine serum albumin.

Keywords: Ionic liquid; Bovine serum albumin; Fluorescence; FTIR;
Quenching; Molecular docking

Abbreviations: DMPI: N, N-Dimethyl-2-Oxopyrrolidinium lodide;
BSA: Bovine Serum Albumin; FTIR: Fourier Transform-Infrared; IL:
Ionic Liquid; HAS: Human Serum Albumin; NMR: Nuclear Magnetic
Resonance; HPLC: High Performance Liquid Chromatography; LGA:
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Introduction

As a biomacromolecule, protein plays vital role in biological system
and exhibit varieties of applications. The function of a protein is depends
on its native structure. A little disturbance in their microenvironment
can alter their native structure and due to this the maintenance of their
stability is a big issue for scientific community [1-3]. There are so many
factors which affect the stability of protein; however, ligand-protein
interaction is one of the most important factors due to the direct
binding of the ligand with protein. In many case protein is main target
of the drugs when present within the body [4] and come in contact
with varieties of ligands like drugs, salts, surfactants, when used in-
vitro for research purpose [5]. Therefore, the study of the ligand-protein
interaction is necessary to find out the effect of particular ligand on the
conformational stability of protein.

Recently, due to various biological applications, the research
interest towards ionic liquids (ILs) grown up so rapidly. ILs provided
exceptionally interesting solvent media for various biological processes
viz. biocatalytic reaction [6] biosensor [7] protein separation, extraction
and biopreservation [8,9]. ILs are the solvents that are often liquid at
room temperature and consist solely of ions. They have some special
unique physiochemical properties like negligible vapor pressure, high
thermal stability and large electrochemical window which enhance their
role in chemical and biochemical research field [10]. Another fascinating
property they have is the diversity in their range which can be easily
obtained by substituting the cation-anion pair [11]. Baker et al., reported
that 1-butyl-1-methylpyrrolidinium bis (trifluoromethanesulfonyl)
imide, ([bmpy][NTf2]), IL provide high thermal stability to the monellin.
The onset of thermal unfolding of monellin in [bmpy][NTf2] occurred
at ¥100°C as compared with 40°C in water [12] Also, a-chymotrypsin
shows higher thermal stability with ammonium based ILs [13].

In our previous research work we have been reported the interaction
of pyrrolidinium based IL (1- Butyl-1-methyl-2-oxopyrrolidinium
bromide) with human serum albumin (HSA) and bovine serum
albumin (BSA) [14,15]. Therefore, in continuation of our previous work
and varieties of useful biological applications of ILs, herein, we have
been reporting the binding effect of synthesized IL, N, N-dimethyl-2-
oxopyrrolidinium iodide (DMPI) on BSA. The molecular interactions
between BSA and DMPI were observed by fluorescence, time resolved
fluorescence and UV-visible, FTIR spectroscopic techniques and
molecular docking method.

BSA is a serum protein which acts as the major transporter of non-
esterified fatty acids, drugs and metabolites to different tissues [16,17].
Due to low cost and easy purification [18,19] as well as structural
homology with HSA, [20] BSA is the most studied protein and used as
a model in ligand-protein binding. It is a monomeric protein consisting
of 582 amino acid residues [21]. The 3-D structure of BSA consists
of three homologous domains namely, I, IT and III, each of which are
further subdivided into two subdomains A and B [22]. Among them,
subdomains ITA and IIIA are hydrophobic in nature and serves as
principle binding sites. BSA has two tryptophan residues, Trp-212 and
Trp-134 located in subdomain ITA and IA respectively. [23].

Materials and Methods

Materials

BSA (96%) was obtained from Sigma Aldrich (code No. A2153)

*Corresponding author: Rajan Patel, Biophysical Chemistry Laboratory, Centre
for Interdisciplinary Research in Basic Sciences, Jamia Millia Islamia (A Central
University), New Delhi, India, Tel: +91-8860634100; E-mail: rpatel@jmi.ac.in

Received: February 08, 2016; Accepted: April 18, 2016; Published April 21, 2016

Citation: Patel R, Kumari M, Dohare N, Khan AB, Singh P, et al. (2016) Interaction
between Pyrrolidinium Based lonic Liquid and Bovine Serum Albumin: A Spectroscopic
and Molecular Docking Insight. Biochem Anal Biochem 5: 265. doi:10.4172/2161-
1009.1000265

Copyright: © 2016 Patel R, et al. This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and
source are credited.

Biochem Anal Biochem, an open access journal
ISSN: 2161-1009

Volume 5 -« Issue 2 » 1000265



Citation: Patel R, Kumari M, Dohare N, Khan AB, Singh P, et al. (2016) Interaction between Pyrrolidinium Based lonic Liquid and Bovine Serum Albumin: A
Spectroscopic and Molecular Docking Insight. Biochem Anal Biochem 5: 265. doi:10.4172/2161-1009.1000265

Page 2 of 8

and was used without further purification. All BSA solutions were pre-
pared in sodium phosphate buffer solution of pH 7.40. Doubly distilled
water was used throughout the experiments. The schematic diagram of
DMPI was shown in scheme 1. DMPI was synthesized by using the fol-
lowing process: (Scheme 1)
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Scheme 1: Schematic diagram of N,N-dimethyl-2-oxopyrrolidonium iodide.
Synthesis of DMPI

A three-necked round bottom flask (250 ml) was flushed
with nitrogen gas and charged with 1 mol (1 equiv) of freshly
distilled N-methyl pyrrolidone, 100 mL of acetonitrile and 1.1 mol
(1.1 equiv) of 1-iodomethane and brought to a gentle reflux (75-80°C
internal temperature). Then the solution was heated under reflux for
26 hours and then cooled to room temperature (30°C). The volatile
material was removed from the resulting yellow solution under reduced
pressure to afford the IL. The afforded product was well characterized
by 1H NMR, 13C NMR, FTIR techniques. The purity of the synthesized
ionic liquid was checked using HPLC. FTIR (v=cm™): 2912.19, 1712.75,
1398.10, 1346.76 and 879.28; NMR (§, CdCl,): '"H-NMR aliphatic
proton at C, (2.36, 2H); aliphatic proton at C, (2.04, 2H); aliphatic
protonat C, (3.09, 2H); aliphatic proton at C, & C,,(2.89, 4H); *C-NMR
aliphatic carbon are 56.1, 49.8, 34.1, 28.1 and carbonyl carbon at 181.5;
HPLC purity of the synthesized IL is 93.1%.

Methods
Fluorescence spectroscopy

The fluorescence spectra were recorded on a Cary Eclipse spec-
trofluorimeter (Varian, USA) equipped with a 150W xenon lamp. The
intrinsic fluorescence of the BSA was measured at an excitation wave-
length of 280 nm with both excitation and emission band-width of 5
nm. The fluorescence spectra was recorded at three temperatures; 298,
308 and 318 K which was controlled by using constant-temperature cell
holder connected to constant-temperature water circulator (Varian,
USA). Synchronous fluorescence spectra were acquired by the same
spectroflourimeter. The difference between excitation and emission
wavelength was kept constant (AA= A -\ ). The A\ at 15 nm and 60
nm showed by synchronous fluorescence spectra gives characteristic
information of Tyrosine (Tyr) and Tryptophan (Trp) residues, respec-
tively with the excitation and emission slit widths at 5 nm.

Correction for inner filter effect

The fluorescence data was corrected in order to eliminate the effect
produce due to absorption of light at excitation wavelength (A ) and
emission wavelength (A ) by DMPI in solution (i.e., inner filter effect)
so that the actual quenching effect of binding of DMPI with BSA can be
obtained. The absorbance of titrated solutions (for each concentration
of DMPI at A\ (280 nm) and A\ (346 nm) were recorded and the
corrected fluorescence was estimated by using the following eqn [24].

Feorr = Fops 10(Aex “hem)/2 ()

Where F__and F are corrected and experimentally measured
fluorescence intensities respectively, A_ and A _ is the measured change
in absorbance at A (280 nm) and A (346 nm) of DMPL

Time-resolved fluorescence spectroscopy

Fluorescence lifetimes measurements were performed using
a single-photon counting spectrometer equipped with pulsed
nanosecond LED excitation heads at 280 nm (Horiba, Jobin Yvon,
IBH Ltd, Glasgow, UK) at room temperature. The lifetime data were
measured to 10,000 counts in the peak, unless otherwise indicated.
The excitation and emission wavelengths were set at 280 and 342
nm respectively. The instrumental response function was recorded
sequentially using a scattering solution and a time calibration of 114
ps/channel. All experiments were performed using excitation and
emission slits with a band pass of 8 nm. The goodness of fit was judged
in terms of both a chi-squared (x*) value and weighted residuals. Data
were analysed using a sum of exponentials, employing a nonlinear least
squares reconvolution analysis from Horiba (Jobin Yvon, IBH Ltd). The
impulse response functions (IBH DAS6 software) were used to analyze
decay curves. The Mean fluorescence lifetimes <t> for bi-exponential
iterative fittings were calculated by using the following relation [24]:

A2
a.o.
(- &2 @
Zai i
Where @; and 1, are the relative contribution and life time of
different components to the total decay.

UV-vis spectrophotometry

The UV-vis spectra of BSA-DMPI were measured using the Analyt-
ik Jena Specord-250 spectrophotometer (USA). Quartz cuvettes having
1 cm path length were used for the measurements. The absorption spec-
tra of BSA were recorded at different IL concentration at \,, nm. The
absorbance was measured by keeping constant concentration of BSA
(5 uM) and varying the concentrations of the DMPI. The experiments

were recorded at 298 K.
FTIR Spectroscopy

FTIR spectra were measured with a Specac Golden Gate diamond
ATR sampler fitted to a Bruker Tensor 27 with an MCT detector.
Approximately 10 pl of 150 uM BSA solution was pipette out onto a
diamond window and a 100 scan interferogram was collected in single
beam mode, with 2 cm™ resolution, from 1400 to 1800 cm™. Reference
spectra were recorded under identical conditions with only the solvent
media. The subtraction of the reference spectrum was carried out in
accord with the criteria described by Maurya et. al. [25].

Molecular docking

Molecular docking was performed to determine the possible
binding mode of DMPI with BSA. The crystal structure of BSA (PDB
ID: 4F5S) was obtained from the Protein Data Bank. The 3-D structure
of DMPI was generated by using 3D Chem Draw Ultra 8.0 software.
The docking experiments were performed using the molecular docking
software AutoDock4.2 [26]. The possible binding conformation of the
DMPI with BSA was computed by using LGA implemented in Auto
Dock. Additionally, docking was performed by setting the grid volume
as 60 x 50 x 80 A with 0.375 A grid spacing. The grid center was set as
22.556, 35.519, 97.262 A. Each docking experiment was derived from
10 different runs that were set to terminate after a maximum of 2.5x10°
energy evaluations. The population size was set to 150. The lowest
energy conformation was utilized for further analysis.

Results and Discussion

Fluorescence spectroscopy

The fluorescence spectrum is highly sensitive for change in
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micropolarity of environment in the vicinity of fluorophore molecule
and hence, widely used for studying the ligand-protein binding [27,28].
The proteins have three aromatic amino acid residues viz: tryptophan
(Trp), tyrosine (Tyr) and phenylalanine (Phe) which acts as intrinsic
fluorophore due to presence of m bonds. The fluorescence emission was
recorded at an excited wavelength (A ) of 280 nm by keeping constant
concentration of BSA (5 uM) and varying concentration of DMPI
(1.07-18.51 mM). As shown in Figure 1, BSA give an fluorescence
emission band at 346 nm which was continuously decrease with
increasing concentration of DMPI, indicated that DMPI quenched
the fluorescence of intrinsic fluorophore of BSA. Also, a blue shift was
observed from 346 to 328 nm in the fluorescence emission of BSA,
with increasing concentrations of DMPI, which arise due the change
in conformation of BSA that shifts the Trp residues towards a more
hydrophobic environment [29] .

Fluorescence quenching decreases the fluorescence intensity of a
fluorophore due to variety of molecular interactions namely excited
state reactions, energy transfer, molecular rearrangements, and ground
state complex formation [24,30]. Usually the fluorescence quenching
is classified as dynamic quenching and static quenching. Dynamic
quenching results from collision between the fluorophore and quencher,
while static quenching results from the formation of a ground-state
complex between the fluorophore and quencher. In static quenching,
the increase in temperature decreases the binding constant due to
reduced stability of complex, on contrary the dynamic quenching, is
marked by the increase in the binding constant at higher temperatures
which leads to increase in collision [31]. The quenching mechanism is

Fluorescence Intensity (a.u.)

Wavelength (nm)

Figure 1: (a) Fluorescence quenching spectra of BSA (5 pM) with different
concentrations of DMPI at 298 K and pH 7.4.

4.5

4.0
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Figure 2: Stern-Volmer plots of BSA at different concentrations of DMPI at
different temperature (298, 308 and 318 K).

Page 3 of 8
Temp. (K) K,(10°L mol's™) R?
298 1.83 0.999
308 1.46 0.997
318 1.35 0.994

Table 1: Stern—-Volmer quenching constants (K ) of BSA-DMPI system at different
temperatures (pH = 7.4, A_ =280 nm).

7 Vex

(1) 0.00 mM
(2)1.07 mM
(3)210mM
(4)3.07 mM
(5) 4.00 mM
(6)4.89 mM
(7) 6.56 mM
(8)8.09mM
(9)9.50 mM
(10) 10.80 mM
(1) 1201 mM
\ (121313 mM

10000 -

8000 -

6000 |

Counts

(13)14.68 MM
4000 (14) 16.08 MM
(15)17.35mM
(16) 18.51 mM
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Time (ns)

Figure 3: Time-resolved fluorescence decay of BSA-DMPI system at 298 K
and pH 7.40.

deduced by the Stern-Volmer plot (Figure 2). The fluorescence intensity
was corrected to eliminate the inner filter effect by applying Equation 1.
The following Stern—Volmer equation describes the quenching process
as follows [32]:

F—F‘f=1+KSV[Q]=1+quo[Q] (3)

Where, F and F are the fluorescence intensities in the absence and
presence of quencher, K_ is the Stern-Volmer quenching constant, [Q]
is the concentration of quencher, k_is the bimolecular quenching rate
constant and 7 is the average life time of molecules in the absence of
DMPI and its value is about 10®s [24]. The K values are obtained
from the slope of the Stern-Volmer plot for BSA-DMPI system at
different temperature (Figure 2). The values of quenching rate constant
(Kq) obtained from the ratio K /7, (Table 1), was found to be similar
to the maximum collision quenching rate constant of various kinds
of biomolecule (2.0 x10'° L mol™* s*) [24], suggested the involvement
of dynamic quenching mechanism in the interaction process. The
quenching mechanism involved in the BSA-DMPI system was further
conformed by time resolved and UV-vis spectroscopy.

Time resolved spectra

Fluorescence lifetime of the fluorophore is sensitive to the ligand-
protein interaction and frequently used for precise determination
of the quenching mechanism. It is very sensitive towards excited
state interactions because ground state complex formation results
in reduction in the total number of fluorophore molecules rather
affecting their life time in excited state [33]. Therefore, this technique
was utilized for validating the quenching results obtained from steady
state fluorescence spectroscopy. Figure 3 shows the fluorescence decay
curve of BSA at different concentrations of DMPI. As the data was fitted
by using the biexponential function, the average lifetime (t, ) was used for
analysing the results. The values of fluorescence lifetimes and statistical
parameters are represented in Table 2. The value of T, obtained for pure
BSA is close to the value reported earlier [14]. It was found that the T, of
BSA decrease continuously with increasing concentrations of DMPI. This
shows that DMPI makes collisional interactions with BSA and quenches the
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fluorophore of BSA through dynamic mechanism. These results confirmed
the involvement of dynamic quenching mechanism in the interaction
system. The similar result was observed from steady state spectra.

Binding parameters

The fluorescence data of BSA in presence of various concentrations
of DMPI is further used for calculation of binding parameters such as
binding constant and number of binding site. The binding constant and
binding sites were calculated from the following equation [30]:

Fo —

F
log =logK, + nlog[Q] (4)

Where K, and n are the binding constant and number of binding
sites, respectively. The plot of log F -F/F versus log [Q] at three different
temperatures gives a straight line shown in Figure 4. The values of K
and n are calculated from intercept and slope of the double log plot and
are listed in Table 3. The value of regression coefficient is also shown
which is nearly equal to one. From Table 3 there is a small change in K
value is observed with increase in temperature which suggests that the
stability of BSA-DMPI complex decreases with increasing temperature.

0.5

0.0

00 02 04 06 08 10 12 14
log[Q (miVI)

Figure 4: The plots of log (F-F)/F versus log [Q] for quenching of BSA by DMPI
at different temperatures.

[DMPI] Ty (ns) iy Ty i Tav. Ty T
0.00 2.86 19.49 6.61 80.51 6.25 1.00
1.07 2.44 15.45 6.34 84.55 6.08 1.02
2.10 2.1 14.00 6.19 86.00 5.98 1.04
3.07 2.06 15.42 5.99 84.58 5.76 1.08
4.00 1.80 16.52 5.65 83.48 5.42 1.15
4.89 1.80 19.26 5.47 80.74 5.20 1.20
6.56 1.79 25.01 5.30 74.99 4.95 1.26
8.09 1.77 29.65 5.25 70.35 4.82 1.29
9.50 1.75 32.56 5.23 67.44 4.75 1.31
10.80 1.74 35.36 5.23 64.64 4.69 1.33
12.01 1.76 37.85 5.23 62.15 4.64 1.34
13.13 1.73 38.97 5.16 61.03 4.56 1.37
14.68 2.34 49.22 5.32 5078 4.43 1.40
16.08 2.36 52.31 5.32 47.69 4.35 1.43
17.35 242 56.90 5.44 43.10 4.32 1.44
18.51 2.40 57.44 5.41 42.56 4.28 1.46

1, and 1, = fluorescence lifetime for the fast and the slow components in the
exponential decay; a, and a, pre-exponential factor (amplitude) for the fast and
the slow components in the exponential decay.

Table 2: Fluorescence lifetime of BSA and BSA-DMPI system as function of DMPI
concentration at 298 K and pH 7.4.

50

4.8

4.6 -

44 n

£ 42

4.0

3.8

3.6

0.0032 0.0033
1T (K)

Figure 5: Vant Hoff's plot for the interaction of BSA and DMPI at different
temperatures (298, 308 and 318 K).

Temp. K AH AS AG '
(K)  (102Lmoly ™  (kImol) (@molKY) (kdmol) R
298 1.31 113 -44.11 -107.26 1214 | 0.997
308 0.80 1.23 -11.07 | 0.994
318 0.43 1.44 -10.00 | 0.998

K, = Binding constant; n = Number of binding sites; AH = Enthalpy change; AS =
Entropy change; AG = Free energy change.

Table 3: The binding parameters of BSA-DMPI interaction at pH 7.4.

Also there is a small variation in the value of AG The value of n which
is nearly equals to 1 indicates that DMPI shows 1:1 binding with BSA.

Thermodynamic parameter and nature of the binding forces

The thermodynamic parameters, enthalpy change (AH) and
entropy change (AS) of BSA-DMPI interaction were calculated in order
to determine the binding modes and the forces involved in binding
process. The value of AH and AS determined by the following van’t Hoft
equation [32].

InK, =—+— (5)

where K, is the binding constant analogous to the Stern—Volmer
quenching constants K at the corresponding temperature, R is the gas
constant and T is the experimental temperature. The values of AH and
AS of the BSA-DMPI system were obtained from the slope and the in-
tercept of van’t Hoff plot (Figure 5) respectively. The free energy change
(AG) is estimated from the following relationship:

AG =AH - TAS (6)

The values thus obtained are summarised in Table 3. The negative
value of AG, AS and AH are obtained for the BSA-DMPI interaction.
Negative values of AG suggested the spontaneity of the interaction
process. Negative values of AS and AH indicated that hydrogen bond
and van der Waals forces play major role in binding process. Also the
negative value of AH suggests that the binding process is enthalpy
driven and exothermic in nature [32]. Moreover, from Table 3 it was
observed that the value of AG decrease slightly with temperature, which
again support the variation in the value of K, with temperature ie. on
increasing temperature the binding between HSA and DMPI is less.
The value of AG observed experimentally was consistent with the value
observed from docking study.

Synchronous fluorescence spectra

Synchronous fluorescence is sensitive to the change in
microenvironment of fluorophore residues hence give information
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about the conformation of protein [34]. The shift in maximum emission
wavelength of fluorophore residue correlates the change in polarity and
conformation of protein [35]. Synchronous spectra offer the characteristic
information of Tyr and Trp residues when the AA fixed between excitation
and emission wavelength at 15 nm and 60 nm respectively [24]. Figure 6
shows the synchronous fluorescence spectra of BSA as a function of DMPI
concentration at 298 K. As shown in Figures 6 a and 6 b the fluorescence
intensity at AN = 60 nm is greater than the A\ = 15 nm which suggest that
intrinsic fluorescence of BSA is largely contributed by Trp residues. Also,
the decrease in fluorescence intensity with addition of DMPI shows that
presence of DMPI leads to fluorescence quenching of BSA while more
effect is observed for Trp residue. The blue shift in maximum emission
wavelength of BSA at A\ = 15 nm indicate that binding of DMPI affect the
microenvironment of Tyr residue.

UV-vis absorption spectra

UV-Vis spectroscopy provides useful insight about the ligand-

80| (1) 0.00mM
(2)1.07mM
= (3)2.10mM
3 (4)3.07mM
< © (5) 4.00 mM
2 7 (6) 4.89 mM
g (7)6.56 MM
S (8) 8.09 MM
£ (9) 9.50 mM
= 40 (10) 10.80 mM
8 (1) 12.01 mM
(12) 13.13mM
g (13) 14.68 mM
(14) 16.08 mM
S 204 (15) 17.35 mM
[ (16) 18.51 mM
o T T T
260 280 300 320
Wavelength (nm)
450
(1) 0.00 MM
400 (2) 1.07 mM
(B) (3)2.10 mM
- 3 (4) 3.07 mM
3 (5) 4.00 mM
s (6) 4.89 mM
> 300 (7) 6.56 mM
= (8) 8.09 mM
2 5 (9) 9.50 mM
g (10) 10.80 mM
= 2004 (11) 12.01 mM
8 (12) 13.13mM
S (13) 14.68 mM|
150 (14) 16.08 mM|
(15) 17.35 mM
S 100 (16) 18.51 mM
[re}
50
o T T T T T
240 260 280 300 320
Wavelength (nm)

Figure 6: Synchronous fluorescence spectra of BSA as a function of DMPI
concentration (A) A\ =15 nm; (B) AA =60 nm, (T=298 K, pH=7.4).

wavelength (nm)

Figure 7: UV-VIS spectra of BSA as a function of DMPI concentration at 298
Kand pH 7.40.

protein interaction and change in protein conformation [36]. This
technique is also used for distinguishing the static and dynamic
quenching. The shift in absorbance spectrum of fluorophore with
addition of ligand signifies the static quenching and vice versa [37].
Herein, the absorptions spectra of BSA at different concentration of
DMPI were recorded for understanding the quenching mechanism.
As shown in Figure 7, there is a strong absorption band at about 278
nm can provide us the information about three buried aromatic amino
acids (ie., Trp, Tyr, and Phe). It was observed that the absorption
spectra of BSA at 278 nm (Figure 7) remains almost unchanged with the
addition of the DMPI (1.07-18.5 mM) which suggests that DMPI makes
collisional interaction rather forming the complex in ground state of
fluorophore [38]. These results provide evidence of dynamic quenching
for BSA-DMPI interaction system and are in good agreement with
the results obtained from time resolved and steady state fluorescence
spectroscopy.

FTIR spectroscopy

The FTIR spectra of BSA were monitored to visualize the
conformational changes at the secondary structural level in protein
in a specified range from 1500 to 1700 cm™. Two strong bands one
at ~1653 cm while other at =1548 cm™ is assigned for amide I and
amide IT bands, respectively. The sensitivity of amide I band (=1653
cm) is mainly attributed to the C=O stretching vibration of amide
group of protein, while the amide II band (=1548 cm™) arises due to
N-H deformation and C-N stretching [39,40]. These two bands were
utilized to monitor the pattern of hydrogen bonds and the secondary
structure of proteins different conditions. The shift in amide bands
was exploited to monitor the formation of hydrogen bonds between
the N-H and C=O of the BSA amide bonds and water molecules.
The amide I band is more sensitive to the secondary structure of the
protein and have higher signal intensity than amide II band [41]. The
several overlapping vibrations in the following range (1700-1600 cm™
) were assigned to amide I band depicts combinations of secondary
structure conformations like P-sheet (1638-1610cm™), random coil
(1648-1638 cm™), a-helix (1660-1650cm™), turns (1680-1660 cm™
and B-antiparallel (1692-1680) [42,43].

Herein, the difference spectrum of BSA was utilized for observing
the change in the secondary structure of BSA in the presence of DMPIL.
The Figure 8 (A to F) shows difference spectra of BSA at various
concentration of DMPI ranging from 0 to 18.5 mM. From Figure 8 it
was observed that both of the amide I and II bands were affected with
the addition of DMPI. Quite, a well-known fact, amide I band is more
sensitive to the secondary structure of the protein [44,45]; it was further
employed for quantitative analysis of the secondary structure of BSA.
The peak positions in the spectral region 1700-1600 cm™ of amide I
bands were deconvoluted, adjusted and the area was measured with
the Gaussian function fitting curves. The area of all component bands
assigned to a given conformation was then summed up and divided
by the total area. For all the fittings, the coefficient of determination
(R?) was 0.989 and 0.996+0.002 for BSA and BSA-DMPI complex,
respectively. The spectra of free BSA obtained were found to be similar
with the reported data after curve fitting [14,46]. As shown in Figures
8a - 8f, the helical content of the secondary structure of BSA was
decreased in the presence of DMPI while, the B-sheet and p-turn was
increases at 1.07-10.80 mM DMPI concentration range. The decrease in
helical content and increase in p-structure implies partial unfolding of
BSA up to this concentration range [47]. A greater decrease in helical
content and increase in B-structure and random coil was observed at
18.51 mM [DMPI] which suggests the further unfolding of BSA [47]. It
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Figure 9: Schematic representation of BSA-DMPI docked structure. (a) Surface
view of the docked DMPI with BSA showing residues (sticks) ILE141, TYR137,
TYR160, ILE181, GLU182 and ARG185 at the entry site of the cavity. The image
was visualized using PyMol. (b) docked DMPI (represented by magenta coloured
stick) and neighbouring amino acid residues (represented by cyan and green
coloured sticks) of BSA. The red coloured dots between ARG185 residue of BSA
and O atom of DMPI representing hydrogen bond between them. (c) Graphical
representation of BSA docked with DMPI showing van der Waals interactions with
ARG185, TYR160, VAL188, TYR137, MET 184, ILE141 and electrostatic interaction
with ILE181. The image was visualized using discovery studio.

was inferred from above discussed results that DMPI have destabilizing
effect on structural stability of BSA, it shifts BSA from its folded state
to unfolded state.

Molecular docking analysis

Like in vitro study, the in-silico study also helpful for understanding
the ligand-protein interaction. Here, the molecular docking is used
for determining the BSA-DMPI interaction as an additional tool for
supporting the experimental results. The docking was performed by
using the molecular docking software AutoDock4.2 as discussed in
material section. Out of 10 conformers obtained, the lowest binding
energy (-14.44 kJ) conformer is selected for analyzing the results. It was
reported that BSA contains two principle ligand binding sites namely,
site I and site II in hydrophobic cavity of subdomain ITA and IIIA
respectively [48].

The lowest energy ranked model with most possible interaction
between DMPI and BSA is shown in Figure 9. As shown in Figure 9
the DMPI bind within the hydrophobic pocket of subdomain IIA
surrounded by hydrophobic, positively and negatively charged residues
namely, ILE141, TYR137, TYR160, ILE181, ARG185 and GLU182.
The results show that binding between DMPI and BSA is occurs
mainly through hydrogen bonding, electrostatic and van der Waals
interactions that supports the experimental results. The free energy
of binding obtained from docking results is also nearly equals to the
experimental value, which suggest spontaneity of binding process. The
direct involvement of Tyr residue in binding and formation of hydrogen
bonds clearly support the fluorescence quenching and shifting of
fluorophore residues (Tyr) towards more hydrophobic environment on
binding with DMPI. These results also support our conclusion from
synchronous fluorescence spectra.

Conclusion

The interaction between DMPI and BSA was studied using fluo-
rescence, time resolved, UV-vis and FTIR spectroscopic techniques.
Furthermore, molecular docking study provided accurate insights re-
garding the binding of DMPI with BSA. The results obtained from dif-
ferent techniques shows that DMPI bind with BSA near Trp and Tyr
residues and quenched these fluorophores through dynamic quench-
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ing mechanism. It was observed that DMPI has single binding site on
BSA and binds in the hydrophobic pocket of subdomain IIA. It was also
observed that the increase in temperature decrease the stability of com-
plex. The obtained thermodynamic parameters shows that the binding
reaction is spontaneous, exothermic and enthalpy driven and hydrogen
bonds and van der Waals forces play major role in DMPI-BSA bind-
ing. FTIR results show that, DMPI suppress conformational stability
of BSA by shifting the native folded form of BSA toward non-native
unfolded form. In addition, the molecular docking results are in good
agreements with experimental results.
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