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RESEARCH ARTICLE ABSTRACT

One of the highly soluble protein presents in circulatory system of bovine body is bovine
serum albumin (BSA). Bupropion hydrochloride (BRN) served to treat prime smoking
cessation and disorder due to depressive. BRN binding to BSA was studied by molecular
docking and lots of spectroscopic (UV-vis, emission, synchronous, 3D fluorescence, CD and
FT-IR) methods at pH = 7.40. Static quenching with strong binding was obtained for BSA-

BRN system by forming complex. Secondary structures, conformations and
microenvironments of BSA were altered after BRN interaction. Distance between BRN and
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BSA was also achieved. Biologically active metal ions (Cu?*, Ca?*, Mg?, Fe?* and Zn%*) were
also influenced on the BSA-BRN complex. Bonds of hydrogen and Van der Waals were major
binding forces to stabilize BSA-BRN complex at site I (IIA) of BSA. Hence, binding of BRN to
transport protein (BSA) is of prominent importance and these findings could be helpful for
BRN pharmacology and potential clinical research.
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1. Introduction

Bupropion hydrochloride (Figure 1(A)) is an aminoketone
class related to phenylethylamines, named as (*)-1-(3-
chlorophenyl)-2-[(1, 1-dimethylethyl)amino]-1-propanone
hydrochloride. Moreover, BRN was chemically incoherent to
existing antidepressant agents, tricyclic and tetracylics. BRN is
benefited to treat distinct mental/mood (seasonal affective
and bipolar) disorders, depression, facilitates to prohibit
suicidal thoughts/attempts and smoking cessation. The often
BRN side effects are, dizziness, trouble sleeping, vomiting, sore
throat, dry mouth, nausea, allergic reaction (rash and itching/
swelling) [1,2].

Broadly, biological performances are influenced by
extensive binding of ligand and protein [3-6]. Drug-protein
binding mechanism information is expected to examine
specific pharmacokinetic (excretion, metabolism, distribution
and interaction with particular tissues) and pharmacodynamic
(therapeutic impact) properties of drugs. BSA (Figure 1(B)) is
the utmost extensively evaluated serum albumin with three (I-
III) structural domains. Each domain formulated by two sub-
domains nominally A and B. It arranged of 582 amino acids

with Trp134 (on exterior) and Trp 213 (hydrophobic pocket)
[7-9].

Figure 1. 3D structure of (A) BRN and (B) BSA by discovery studio
visualization.

Based on reported literature [10], the interactive binding
between bupropion and human serum albumin compared with
the present work on bupropion binding to bovine serum
albumin shows many differences notably the studied BSA has
2 Trp but HSA has single, also their sequential amino acids are
dissimilar and the conducted experimental conditions at
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varied temperatures are absolutely differs. The obtained
fluorescence, thermodynamic and binding variables are
entirely different. The determined metal ions effect on binding
interaction also varied. Bupropion binds to different amino
acids of BSA at sufficient distances is also distinct from HSA
binding.

Plasma proteins recognized to bind across 95%
medications. However, the elaborated BSA binding to BRN
mechanism was examined by applying many spectroscopic
and further by docking applications. Metal ions effects on BSA-
BRN binding were also inspected.

2. Experimental
2.1. Materials

BRN; HPLC (298%), BSA; agarose gel electrophoresis
(299%), warfarin analytical standard; ibuprofen; GC (298%),
digitoxin; HPLC (292%), trace metal basis: copper (II) chloride
(297%), calcium carbonate (299.995%), magnesium chloride
hexahydrate (299.995%), tetrahydrate of iron (II) chloride
(99.997%), zinc chloride (299.999%) were retrieved from
Sigma-Aldrich (USA). Analytical standard form was took part
for all the furthest solvents, chemicals and reagents.

2.2. Analytical procedures

Stock solutions: a concentration of 1.0x10-3 mol/L was
prepared for BRN, metal ions and three site markers where
BSA at 1.0x10-* mol/L in Tris buffer (Tris of 0.05 M, NaCl of
0.15 M and dilute HCI). Throughout every experiment making
employed double-distilled water, pH of 7.40 was maintained
and applied the background buffer correction.

2.3. UV-visible absorption spectroscopy

Absorption spectrum in UV-vis region (200-300 nm) was
recorded on Beckman Coulter “Life Sciences” DU 730 UV-
visible Spectrophotometer (U.S.A) furnished with a path length
10 mm of quartz cell for BSA (1.8x10-¢ mol/L) with BRN (0 to
3.0x10-¢mol/L) increasing concentrations at 297 K.

2.4. Fluorescence emission spectroscopy

F-4600 spectrophotometer fluorescence Hitachi (Japan)
was exercised to perform all fluorescence measurements
equipped with Xenon lamp 150W. Thermostat was circulated
to preserve the desirable temperatures. Emission fluorescence
spectrum was recorded at 287, 297 and 307 K temperatures in
290 to 420 nm. In addition, excitation/emission slits widths
were set at 10/10 nm and excitation wavelength kept at 295
nm. BSA at 1.8x10-¢mol/L concentration with BRN added from
0 to 3.0x10¢ mol/L. By using Equation (1), correction was
made on received fluorescence intensity values from inner
filter effect.

F =F Xe(Azx+Aem)/2 (1]

cor obs

where, Fops and Feor are the observed and corrected intensities
fluorescence, respectively. At wavelengths of excitation/
emission, absorption measurements were done for BRN as Aex
and Aem, respectively [11].

2.5. Infrared spectroscopy

FT-IR spectral recording of BSA and BSA-BRN system were
done on Perkin Elmer FT-IR spectrometer Spectrum Two
(USA) furnished with accessory, detector and beam splitter are
ATR (attenuated total reflection) germanium as OptKBr,

deuterated-triglycinesulphate and KBr, respectively. A
resolution of 4 cm ! and an around of 90 scans was employed
to 1500-1700 cm? regions at 297 K. Both the BSA and BRN
concentrations were kept at 6.0x10¢ mol/L with the spectral
subtraction from buffer pH = 7.40. Secondary structure
compositions were performed on software of 64 Bit
ORIGINPRO 9.0 to region of amide I.

2.6. Circular dichroism (CD) spectropolarimetry

BSA CD measurements with and without BRN were
achieved at 297 K in the range 200-240 nm on Jasco]-815
circular dichroism spectropolarimeter (Japan) with scanning
speed 100 nm/min and band width 1.00 nm. The concent-
ration of BRN used was 20 folds higher than BSA concent-
ration (6.0x10¢ mol/L) and cell length of 10 mm was
employed. Calculations of secondary structure were executed
on (bestsel.elte.hu/) online BeStSel software.

2.7. Determinations of energy transfer

Energy transfer between BSA and BRN was calculated
from overlapping of fluorescence and UV-vis absorption
spectrum of BSA and BRN, respectively at 297 K in the
wavelength range of 295-400 nm. Concentrations of BSA and
BRN were kept at 6.0x10-¢ mol/L.

2.8. Molecular docking

With the assistance of Lamarckian genetic algorithm,
molecular docking studies were performed by utilizing
Autodock Tools 1.5.6 and Autodock 4.2. The structures of BSA
and BRN were downloaded from Protein Data Bank (PDB id:
3V03) and PubChem (CID 62884), respectively. The geometry
optimization and energy minimization was done for both BSA
and BRN with the help of GROMOS96 (43B1) force field
present in Swiss-Pdb Viewer software and Marvin View
software, respectively. Addition of polar hydrogens, salvation
criterion, Kollman charges and subsequent removal of water
molecules to BSA were utilized as input for Auto Dock Tools.
The non-polar hydrogens and their rotatable bonds were
merged for BRN. 2016 Biovia Discovery Studio software was
applied to visualize the derived docking results. By employing
the Autogrid 4.2 a grid maps of dimension of 60x60x60 along
three coordinates with grid space of 0.375 A were defined
separately for each binding sites I, II and IIl. x, y and z
coordinates for each binding sites were prepared according to
the respective amino acids present in BSA. Approximately
individuals of 150, energy evaluations of 250,000 and
generations of 27,000 were implemented for each run out of
80 runs with tolerance 2.0 A. With help of deviation to root
mean square, cluster analysis were performed by keeping
mutation of 0.02, crossover weights of 0.8, and elitism 1.0 for
docked results.

2.9. Synchronous fluorescence spectroscopy

BSA (1.8x10¢ mol/L) synchronous fluorescence spectra
with different concentrations of BRN (0 to 3.0x10-¢ mol/L)
were note down for Tyr and Trp by setting AA values at 15 and
60 nm, respectively. The recorded wavelength range was 245
to 320 nm at 297 K.

2.10. Three-dimensional (3D) fluorescence spectroscopy

The wavelengths of excitation and emission were
designated to 200-380 and 250-500 nm, respectively for the
analysis of three-dimensional fluorescence of free BSA and
BSA-BRN complex at 297 K. The ratio of 1:40; 3.0x10-¢:
90x10-6mol/L was maintained for BSA to BRN concentrations.
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Figure 2. Spectra of (A) UV-vis absorption and (B) fluorescence emission of BSA (1.8x10-6 mol/L) in various amounts of BRN (0 to 3.0x10-6 mol/L), curve L is

BRN alone (1.8x10-6mol/L) at pH = 7.40 and 297 K.

2.11. Competitive binding site measurements

In presence of site markers (warfarin, ibuprofen and
digitoxin), fluorescence measurements were performed for
BSA-BRN system at pH = 7.40 and 297 K. The concentrations
of BRN varied from 0 to 3.0x10-¢ mol/L while both BSA and
site markers concentrations were kept constant at 1.8x10-
6mol /L.

2.12. Influence of ions

BSA with Cu?+, Ca?+, Fe?+, Mg2*and Zn?2* ions were recorded
for fluorescence spectra upon BRN addition at various
concentrations of at 297 K and Aex = 295 nm. BSA and ions
concentrations were put up constant at 1.8x10% mol/L and
BRN various as 0 to 3.0x10-¢mol/L.

2.13. Statistical analysis

Triplicate measurements were made on all the conducted
experiments; wherever applicable, mean values as well as
standard deviations were estimated. OriginPro 9.0 software
and Microsoft Excel were utilized for the interpretation of
secured results.

3. Results and discussion

3.1. UV-visible absorption studies

UV-Vis absorption spectrum of BSA with various concent-
rations of BRN (Figure 2 (A)) exhibits the two absorption
peaks strong one about 215 nm and weak one about 277 nm.
The absorption peaks around 190-240 nm driven from n - m*
transitions of amide group which reflected the conformation of
BSA [12]. Moreover, the bands around 190-240 nm increased
with increasing concentrations of BRN by showing a spectral
shift to higher wavelengths. This recommends that secondary
structural modification occurred for BSA. A blue shift around
277 nm is typically identifies the changed polarity in micro-
environments of Tyr and Trp (m — m* transitions), which were
considered as a sign of alteration in the BSA tertiary structure.
Thus, BRN interacted with BSA by forming the complex. Also,
BRN was induced conformational changes in BSA.

3.2. Fluorescence quenching mechanism

Tryptophan (two are Trp-134 and Trp-212) present in
BSA (Figure 2 (B)) are affected by adding of BRN different
concentrations that are revealed by momentous changes in
emission fluorescence intensity at 334 nm (excitation was 295
nm). This suggested that BRN was interacted with BSA and
faint red shift of fluorescence emission intimates increased
hydrophobicity of Trp residues around its microenvironment.

By fluorescence spectral measurements at different
temperatures (287, 297 and 307 K), three types of quenching
mechanisms namely dynamic, static and combined static and
dynamic were differentiated for BSA-BRN system [13]. The
acquired data were examined through Stern-Volmer Equation

(2) [14]
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Table 1. Quenching constants (Stern-Volmer, rate and effective static) at various temperatures for BSA-BRN system *.

149

Compound Temperature (K) Ksv (L/mol) x105 kq (L/mol.s) x1013 Ka (L/mol) x105
BSA-BRN 287 3.44+0.07 12.74+0.02 5.53+0.06
297 2.94+0.08 10.09£0.05 4.31+0.05
307 2.39+0.02 8.85£0.04 1.86+0.08
* Ksvis Stern-Volmer quenching constant, kq is quenching rate constant and Ke is effective static quenching constant.
Table 2. Thermodynamic and binding parameters for BSA-BRN interaction at discrete temperatures *.
Compound Temperature(K) Ky (L/mol) x105 n AG (kJ/mol) AH (kJ/mol) AS (J/mol.K)
BSA-BRN 287 17.26£0.02 1.355£0.02 -34.54+0.03 -96.86+0.05 -217.16+0.04
297 9.59£0.08 1.264+0.05 -32.36+0.07
307 1.33+0.06 1.070£0.06 -30.19+0.01

* Kb is binding constant, n is number of binding sites, AG is change is Gibb’s free energy, AH is change in enthalpy and AS is change in entropy.

Table 3. FT-IR spectral locations of free BSA and BSA-BRN complex at 297 K.

System Amide I (cm1) Amide II (cm1)
1615-1637 1638-1648 1649-1660 1660-1680 1680-1692 1548
Free BSA 1623+0.28 1642+0.78 1652+0.57 1676+0.85 1687+0.81 1554+0.89
BSA-BRN 1629+0.52 1643+0.37 1651+0.62 1675+0.14 1682+0.59 1545+0.36
F,/F=1+kz, [Q] =1+K,, [Q] (2) 3.4. Binding forces estimated by thermodynamic
parameters
kq =Ky, /7, () Change in free energy (AG), enthalpy (AH) and entropy

where, k; and Ksyv are the bimolecular and Stern-Volmer
quenching constants, respectively. to and [Q] are lifetime of
Trp (~2.7x10° s) present in free BSA without BRN and
concentration of BRN, respectively. Fo and F are BSA
fluorescence intensities of in BRN absence and presence.

From Table 1 (Figure S1A), the computed k; values are
greater than 2.0x100 L/mols (limiting diffusion rate
constant) [15] and Ksy values decreases with increasing
temperatures. Therefore, probable BRN quenching mechanism
with BSA was static due to formed ground-state complex.
Furthermore, a modified Stern-Volmer Equation (4) was
applied to BSA-BRN system because not all fluorophores in
BSA are evenly accessible to quencher (BRN); some portion of
the fluorophores may not be impressed by quenchers, [16]

F/(F=F)=(1/ £,)+(1/K,1,[@]) )

where, f and K« are the accessible segment of fluorophore and
effective static quenching constant, respectively. Figure S1B
represents the modified Stern-Volmer plot and their
respective calculated values are enumerated in Table 1. Since,
the measured K. values diminished with increase of
temperatures further confirming the quenching mechanism
through static.

3.3. Binding parameters

Equation (5) [17] was employed to accompanying binding
parameters namely n (binding sites in numbers) and K»
(binding constant) for static quenching inferred in BSA-BRN
system.

log[(F0 —F)/F]:logKh+nlog[Q] (5)

The ordinate and slope of log [(Fo-F)/F] resistant to log [Q]
were log K» and n, respectively (Figure S1C). Table 2
demonstrates the estimations of K» and n, and it could be
noticed that K» and n were diminished with the rising of
temperature which were as per the pattern of quenching
parameters as said above. This may represents that the
formed BSA-BRN complex was unstable at higher
temperatures by partly undergo decomposition. Even more,
the n esteems were roughly equivalent to 1 implies that just a
single BRN ties to BSA.

(AS) are thermodynamic variables were estimated for BSA-
BRN system to the identification of binding forces involved in
it. Assorted binding forces are wusually hydrophobic,
electrostatic, hydrogen bonding Van der Waals etc. The
correlation of variable thermodynamics and binding forces
was already reported for interaction to ligand-protein [18]. AH
and AS values were examined from plot of In K, against 1/T by
exerting Van't Hoff Equation (6), respectively (Figure S1C
inset).

InK, =(-AH /RT)+(AS /R) (6)

where, R and T are gas constant and temperature, respectively.
Additionally, AG was determined from Equation (7). The
evaluated thermodynamics were in Table 2 tabulates.

AG=AH-TAS 7N

BSA and BRN interaction involves the spontaneous
process, which was confirmed from the negative AG. Moreover,
the negative AH and AS computed in this interaction point outs
to Van der Waals and hydrogen bonding forces, respectively.
Also, AG is predominately entropy driven owing to higher
value over to enthalpy. The obtained negative AH suggested
the exothermic reaction.

3.5. Infrared measurements

As a great strategy, to find out secondary structures for
proteins, infrared spectroscopy a long while been utilized. The
peptide moieties among numerous amide bands in various
vibrations are well displayed by proteins infrared spectra.
Amide I band (1600-1700 cm-!, stretching of C=0 vibrations)
most generally employed to examining protein secondary
structures compare to amide II (1500-1600 cm-, coupled
stretch and bend mode between C-N and N-H, respectively)
due to sensitiveness and sub peaks are not mature [19]. The
FT-IR spectra in amide I and II regions of BSA alone shows the
shift in peak positions after undergo interaction with BRN
which were characterized from Figure 3 and Table 3. More
importantly, amide I band of BSA alone and BSA-BRN system
was subjected to curve fitting methodology followed by
secondary derivative with Fourier self-deconvolution for the
estimation of secondary structural features (Figure 4) [20].
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Table 4. Secondary structure estimations to free BSA and BSA-BRN complex by spectra of FT-IR and CD at 297 K.

Measurements  System Secondary structures (%)

f-sheet Random coil

a-Helix p-Turn B-Antiparallel

FT-IR Free BSA
BSA-BRN

0.14+0.08 21.66%0.01
1.9940.07 20.82+0.04

50.89+0.05
41.88+0.04

23.30£0.09
24.74+0.05

4.90+0.02
10.57+0.07

CcD Free BSA
BSA-BRN

0.68+0.03 22.07£0.02
2.15£0.06 19.27£0.05

51.56+0.08
42.91+0.09

22.9840.01
25.69+0.04

3.36+0.08
9.98+0.02
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Figure 3. FT-IR spectra: (A) BSA alone and (B) BRN bounded to BSA at 297 K. ¢ (BSA) = ¢ (BRN) = 6.0x10-¢ mol/L.

Free BSA later binding with BRN, the components of a-
helix and random coils reduced whereas p-sheet, S-anti-
parallel and f-turn increased (Table 4). Gathered charged and
hydrophobic amino acids in the passage of the cavity forms the
BRN binds to BSA at sub-domain IIA. The actual binding
process may resulting from active functional arrays in BRN
interacted with amino and prominent peptide chain of
carbonyl groups. This generates secondary structural
alterations caused by the transformation of carbonyl from
polypeptide hydrogen bonding lattice work.

3.6. Circular dichroism studies

Figure 5 (A) shows CD spectrum to analyze the secondary
structure of BSA with BRN interaction. a-Helical backbone
structure of BSA was represented by two bands i.e.,, 209 and
222 nm at minima which were corresponding to transitions of
m - * and n— 1% respectively [21]. After the addition of BRN,
the CD spectral curve of BSA decreases, which demonstrating
that the shapes of both the curves were similar but its
ellipticity decreases. This signifies that the a-helix of free BSA
decreased after interaction with BRN. The BRN absence and
presence for BSA secondary structural calculations are
presented in the Table 4. The altered BSA secondary
structures were accomplished by increased B-antiparallel, S-
sheet and fS-turn with decreased random coils after interacted
with BRN.

3.7. Fluorescence energy transfer by resonance

The distance separation of donor (BSA) and acceptor
(BRN) was determined from FRET technique by applying
Forster’s theory [22]. FRET efficiency relies on distance of
order 2-8 nm, orientation of transition dipole and overlap of
fluorescence (BSA) with absorption (BRN). Energy transfer
efficiency (E) between BSA and BRN is related to the distance
(r) and critical energy transfer distance (R) is given by

E=R} /(R +r*)=(F,~F)/F, ®)
RS =8.8x10"K’N""¢J )

where, Fo and F are the BSA fluorescence intensities at BRN
absence and presence, respectively. K2, N and @ are the dipole
special orientation factor (2/3), medium refractive index
(1.336), BSA (0.15) fluorescence quantum yield, respectively. J
is the overlapping integral of BSA emission fluorescence and
BRN absorption spectrum, it can be calculated by utilizing the
Equation (10)

J={Z[F,(2)e,(2) A a2} /{Z[F, (2)Ar]} (10)
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Figure 5. (A) CD spectra of BSA (6.0x10-6 mol/L) with and without BRN (120x10-6 mol/L) and (B) overlap of (i) fluorescence spectrum of BSA (6.0x10-6 mol/L)
and (ii) UV-vis absorption spectrum of BRN (6.0x10-6mol/L) at 297 K.
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Table 5. Three binding sites characterization for BRN and BSA interaction by molecular docking.

Binding site Interactions

Amino acid-BRN atom

Type Distance (A)

Site I (11A) Vander Waals -

LEU218
ARG217
TRP213
HIS241

ILE289

LEU259
VAL240
SER286
ILE263

ALA260

Conventional Hydrogen Bond 2.04

ARG256:HE-01
ARG256:HH21-01

Pi-Sigma 3.96

LEU237:CD1-aromatic ring
LEU237:CD2-aromatic ring

Alkyl 5.10

LYS221:(CB-CG-CD)-CI1
ALA290:CB-CI1

Pi-Alkyl 411

ALA290:CB-aromatic ring

Site II (I11A) Vander Waals -

ARG409
SER488
TYR410
ASN390
ILE387

THR448
CYS391

CYS436

PHE394
CYS437

GLY433
VAL432
PHE402
LEU406

Alkyl 4.67
Pi-Alkyl 5.12

LEU386:(CD1-CG-CD2)- CI1
LEU429:(CD2-CG-CD1)-aromatic ring

LEU452:(CD2-CG-CD1)-aromatic ring

Site I11 (IB) Vander Waals -

LEU122
GLU140
PRO117
TYR137
ARG185
ILE141
ILE181MET184

Amide-Pi Stacked 3.92

LYS136:(0=C=N-)-aromatic ring

Pi-Alkyl 475

TYR160: aromatic ring-Cl1
PHE133: aromatic ring-Cl1
LEU115: (CD1-CG-CD2)-aromatic ring

where, at A, Fa(A) and Ea(A) are the BSA fluorescence intensity
and BRN molar absorption coefficient, respectively. Overlap-
ping spectrum of fluorescence emission of BSA (Trpl34/
Trp213) with absorption of BRN is represented by Figure 5
(B). The calculated J = 8.47x10-15 cm3L/mol, E = 35.0 % and Ro
= 0.239 A values were assigned to found out r = 0.264 A value.
The strong BSA and BRN binding and they are closest to each
other was confirmed from r value. Moreover, the observed r
was greater than Ry further revealed that static quenching.

3.8. Molecular docking

The binding interaction between BRN and BSA was
affirmed by in silico tests where the BRN was docked to BSA to
foresee its mode of binding at the three major binding sites
(Figure 6 and Table 5). In BSA: IIA called as site I, IIIA named
as site Il and IB as site III. Cluster analysis with binding energy
for site I (79 modes and -30.12 kJ/mol), site II (24 modes, -
18.22 kJ/mol) and site I1I (48 modes, -23.61 k]J/mol) revealed
that BRN binds to BSA at site I (IIA) based on highest modes
with lowest binding energy. Top ranked superior binding
energy carried off for site I (Table S1) exhibiting Evdaw+HB+desol
very low value compared to Eeec and this representing that the
main forces for BSA and BRN binding was hydrogen bond with
Van der Waals. Further which was confirmed from more than

50% amino acids surrounds BRN were belonging to polar and
ionic. Thus, suggested BRN binding at site I well agreed by
experimental findings.

3.9. Synchronous fluorescence measurements

Synchronous fluorescence renders information on
molecular environment of functional fluorophore group (Tyr
and Trp) locality in proteins after interaction with fluores-
cence quencher. Allowing of simultaneous excitation with
emission wavelengths scan, recorded this spectra. The
variation in polarity at vicinity of fluorophore aromatic Tyr
and Trp residues environment is achieved from the shift in the
fluorescence emission peak position at maximum during
quenching process. Shifts of red and blue signify the more
environments of hydrophilic and hydrophobic, respectively. In
synchronous florescence spectra, AA at 15 and 60 nm values
between excitation and emission wavelengths characteristics
for Tyr and Trp residues, respectively [23]. This BSA intensity
diminished with BRN increasing concentration (Figure 7 (B))
describes slight (~4 nm) red shift when AA= 60 nm, whereas
no shift was noticed for AA = 15 nm (Figure 7 (A)). Therefore,
fluorescence quenching denotes that an interaction was
occurred between BRN and BSA at vicinity of Trp by increased
polarity. Also, BRN urgesBSA conformational alterations.
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Figure 6. Three binding sites depiction to BSA-BRN system by molecular docking.
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Figure 7. (A) AX = 15 nm and (B) AX = 60 nm: BSA (1.8x10-6 mol/L) synchronous fluorescence spectra by varying the amounts of BRN (0 to 3.0x10-¢ mol/L) at

297 K.

3.10. Three-dimensional fluorescence analysis

Figure 8 represents BSA spectra at 3D fluorescence in BRN
absence and presence, which further determines the alteration
in peptide backbone and microenvironment of Tyr/Trp
residues. The observed spectral characteristics are in Table 6.
Peak ‘a’ depicted Rayleigh scattering (A= Aem) and ‘b’

illustrating second-order scattering (2Ae= 2Aem). Then again
peak ‘1’ portrays n— m* transition of (Tyr and Trp) aromatic
amino acids and ‘2’ for m — m* transition of peptide backbone
[24]. All the peaks for BSA were reduced in BRN presence as
could be noticed from the Figure 8 and Table 6. Hence, the
microenvironment of Tyr/Trp residues and peptide backbone
of BSA changed by forming BSA-BRN complex.
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Table 6. Three-dimensional fluorescence illustrative to free BSA and BSA-BRN system at 297 K.

Peak position Peak Intensity

(Aex/Aem, nm/nm) Free BSA BSA-BRN
270/270-370/370 a 1971-2066 1864—2019
250/500 b 4239 412.7
280/340 1 794.2 693.1
230/340 2 455.6 434.1

-10.00
203.0
4160
6290
842.0
1085
1268

1481

1694
1907
2120

-10.00
2080
426.0 |
644.0

862.0 |
1080

1298

1516 |

1734
1952
2170

o (a.cr)
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s
e Intensigy, (4,
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Figure 8. Fluorescence of 3D spectra: (A) free BSA and (B) BSA-BRN complex at 297 K. BSA to BRN concentration were 3.0x10-6 mol/L: 90x10-6 mol /L.

3.11. Identification of specific binding site on BSA for BRN

To find out the specific binding site of BRN on BSA was
analyzed by using site markers. Sudlow et al. were confirmed
that, warfarin, ibuprofen and digitoxin specifically bind to site
I (I1A), site II (I1IA) and site III (IB) of BSA, respectively [25].
The fluorescence measurements were done to the system BSA-
BRN system in the presence three site markers at pH = 7.40
and 297 K. Furthermore, the observed data were utilized for
calculation of binding constants using Equation (5) by plotting
the graph of log [(Fo-F)/F] versus log [Q] (Figure S2A) and
estimated K values are listed in the Table S2. K value for BSA-
BRN system in warfarin presence of remarkably decreased
whereas it remains unchanged for digitoxin and ibuprofen.
This suggests that warfarin competes with BRN. Therefore
BRN preferably binds to site I (IIA) on BSA.

3.12. Effects of metal ions

Blood system contains several metal ions which are not
just play buffer action, osmotic pressure regulations and
numerous physiological functions, yet in addition can straight
forwardly influence the protein with drug interaction in terms
of binding constant. The BSA-BRN complex in association with
metal ions and their binding constants were evaluated from
equation (5) (Table S2 and Figure S2B).

Except Ca?* and Fe?*, binding constant of BSA-BRN
complex decreases, to be comparable with binding constant
excluding these ions when the competition between BRN and
the other ions occurred. Notwithstanding that, these ions and
BRN are bind likely to BSA at different sites; they still inhibit
binding between BRN and BSA. Consequently, drug to protein
binding affinities could be weakened [26]. Ca?* and Fe?* ions
induces the BSA alteration in conformation, which is more
beneficial for BRN binding to BSA, on the other case via
bridges of metal ion in BRN-metal ion complex bind more
easily with BSA, these were the reason behind the increased
binding constant [27] of BSA-BRN complex in presence CaZ*
and Fe?* ions. Finally, shorten or elongation of the storage
period of BRN in blood plasma affected by presence of
common metal ions also improves or debilitates its most
extreme impacts.

4. Conclusion

From experimental determinations, it was found that the
hydrogen bonds and Van der Waals play key roles for BRN
binding to BSA by undergoing efficient interaction through
static quenching course of action at IIA sub-domain.
Occurrence of energy transfer was achieved for distance  to
BSA-BRN complex. Secondary structural contents and
microenvironments altered for BSA upon BRN interaction.
Metal Cu?+, Ca%+, Fe2*, Mg2*and Zn?* ions affected the binding
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process between BSA and BRN. This study is expected to
afford some significant clues to the theoretical basis for
pharmacology and clinical research.
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