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ABSTRACT

The interaction between benzylidene piperidone Bzl bovine serum albumin (BSA) was investigated b
spectroscopic techniques. It was observed thattePa strong ability to quench the intrinsic flascence of BSA
through static quenching. The binding constantakitd number of binding sites ‘n’ were calculatedd&ibbs free
energy PG’ change was found to be negative. The negatiB2 values confirmed that the binding process is
spontaneous. The conformation changes of BSAtigatsd by synchronous, and circular dichroism dpec
revealed the changes in the secondary structurB®4 upon interaction with BzP. Synchronous flumase
spectra showed a change from red to blue shifthvisi@n indication of increasing hydrophobicity.

Keywords: Benzylidene piperidone, Bovine serum albumin, Qacdichroism, Fluorescence studies, Synchronous
fluorescence, Quenching.

INTRODUCTION

It is known that the drug-protein interactions lre tolood stream affects the distribution, freecemtration and the
metabolism of various drugs [1]. Interactions betwelrug and protein are important, as most of thgsithat are
administered are widely and reversibly bound tophstein serum albumin. They are carried mainlyhi® target
cells as a complex with proteins. The nature afidng of drug-protein binding interactions extemyvinfluence
the biological activity of the drug [2-3]. Accordijly, the analysis of the binding between the dragd serum
albumin is of fundamental importance of pharmacigialgstudies and the parameters of binding areftlelp
studying the action of drugs [4-5]. The studiegh# binding of drugs to BSA provide information sifuctural
characteristics that determine the therapeuticcieficy of drugs and become an significant resediedd in
chemistry and clinical medicine [6].

Bovine serum albumin (BSA) was selected as a prateddel because its widely used in molecular bicklg
experiments due to its low cost and ready avaitgbil However, BSA is the most abundant carriertgiro for
unesterified fatty acids present in plasma, algmabke of binding an extremely various range of drudyes and
organic compounds [7]. Since the efficiency of mainygs in the body are correlated with their exi@nibinding
with serum albumin, their interaction studies atal\8-11]

Benzylidene piperidone (BzP) is one such compoumdrig cytotoxic, anticancer, antioxidant, anti-arfimatory,
analgesic, antiviral, antipyretic activities [1d]he heterocyclic analogs of chalcones show vegngtinteraction
with the BSA making changes to its secondary stirecf13]. Owing to the fewer reports in the liter@ on the
interaction studies of BSA with BzP, we have calrut the binding studies of BSA with BzP usingivas
spectroscopic techniques in the present work.
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MATERIALS AND METHODS

2.1. Reagents and chemicals

Bovine serum albumin (BSA) procured from Sigma Addr benzaldehyde, ethylmethylketone, methanol, NaO
was purchased from SD fine chemicals, India. Bz& BSA solutions were prepared in 0.1 M phosphatéeb
with pH 7.4 containing 0.15 M NaCl. All other chels were of analytical reagent grade and useHowtit any
further purification.

2.2. Spectral measurements

Fluorescence spectra were recorded using a Mo@8DB-FL Spectrophotometer Hitachi Serial Number32601
with a 150 W Xenon lamp, 1 cm quartz cell, and aritostatic cuvette holder. The excitation and eimiss
bandwidths were both 5 nm. The BSA solution wapared using phosphate buffer with millipore watad a
maintained at #4C. The absorption spectra were recorded usingualddeam U-2900 Spectrophotometer in the
range of 200-400 nm and FT-IR Thermo scientificdlet iIS10 was use to record infrared spectra inrdmge of
4000-400 crit. Circular dichroism (CD) was recorded in JASCO [Cpd-715 model in the range of 200 — 250 nm.
pH measurements were carried out using Elico Lid0neter (Elico Ltd., India).

2.3. Synthesis of benzylidene piperidone (BzP)

[e) O
N \ NH,OAC Q
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Fig. 1. Scheme depicting the synthesis of (Z) -b&nzylidene-5-methyl-2, 6-diphenyl piperidin-4-one

(2) - 3-benzylidene-5-methyl-2, 6-diphenyl pipendl-one was synthesized following literature redottowing

the scheme given in Fig. 1 [14-15]. A mixture efm@thyl-2, 6-diphenylpiperidin-4-one (0.01 mol) aadmatic
aldehyde (0.01 mol) was taken in a 100 ml roundopotlask containing 10 ml of ethanol, heated unééux for

30 min and pyridine (1ml) was added to the reactioxture. After 5h, formation of a solid product svabserved.
The reaction mixture was cooled to room temperatumg the solid product was filtered and washed wittold

mixture of ethanol and water. The crude product parified by recrystallization from 95% ethanolget the pure
product and the yield of the product was fountded5%.

2.4.BzP-Protein interaction study
On the source of initial experiments, 10 samplesewnade keeping BSA concentration fixed atyM and drug
concentration being varied from 20 to 200 with an interval of 20uM. Fluorescence spectra for each sample
were recorded at different temperatures 288, 208, 318, 328 K, in the wavelength range of 300-860upon
excitation at 286 nm. UV measurements were alsoechon the same samples using phosphate buffesoat
temperature. The CD spectra of BSA which is dissthlin phosphate buffer with and without BzP wemorded
using 20uM and 40uM concentration of BzP. The FT-IR spectra of th8ABwith and without of BzP were
recorded to confirm their interactions. Synchronfiusrescence spectra were recorded with scan sangel5 nm
and 60 nm AA=Aem — Aey) in the absence and presence of BzP and the apeete recorded in the range of 250-
400 nm. 3D fluorescence spectra were recordedenititation wavelength range of 200-800 nm and entration
of BzP of 12, 20, 40 and M.

RESULT AND DISCUSSION

3.1.Fluorescence quenching studies of BSA by BzP

The fluorescence spectra of all the samples reddrdthe range of 300-500 nm upon excitation at @86is shown
in Fig. 2. Itis clear from the fluoresnce spethat varying concentration of BzP causes a quagoti the intrinsic
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fluorescence of BSA without any change in emissiaximum. These results indicated that there im@mactions
between BzP and BSA. The fluorescence quenchitegwdere analyzed by the Stern-Volmer equation.

F?O =1+ st[Q] =1+ KqTO [Q] (1)
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Fig. 2. Fluorescence spectra of BSA (a) 1M in the presence of BzP: (b) 2@M, (c) 40uM, (d) 60 uM, (e) 80 uM, (f) 100 uM, (g) 120
puM, (h) 140pM (a-h)

Where F and §are the fluorescence intensity of BSA with andheitt quencher (BzP). Kq is the quenching rate
constant of the bio molecule, ks the Stern-Volmer quenching constaptis the average lifetime of bio molecule
without the quencher and [Q] is the concentratibithe quencher. The Stern-Volmer plots shown in Bigare
found to be linear with slope (i value decreasing with increasing concentratioBzi®.

T v T v T v T v
0.00004 0.00008 0.00012 0.00016 0.00020
Concentration (uM)

Fig. 3. The Stern-Volmer curves showing quenchingf BSA, [BSA] = 12uM

The Stern-Volmer plot did not show difference toslsathe y-axis at the various concentration rangbih shows
the signal of either dynamic or static quenching weedominant. The grades of interaction carriedabwiverse
temperatures (288, 298, 308, 318, 328 K) were fotmdbe linear with slopes (& values) decreasing with
increasing temperatures (Fig. 3). The values £ffiir BzZP-BSA system at different temperatures veadeulated to
be 4.0749 x 1§ 2.6873 x 16 2.0771 x 16 1.3758 x 16 1.0976 x 16 L mol* respectively indicating static
guenching interface between BzP-BSA. Further, #fte constant for the bio molecular quenching pmdeg were
evaluated using the Eqg. (2)

K, = Ksv )

To
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Since the fluorescence lifetimg of the bio molecule was T0s [16], the value Kq for BzZP—BSA system was
calculated as  4.0749 x£0 2.6873 x 18, 2.0771 x 1&, 1.3758 x 1&, 1.0976 x 1& L mol* s* at 288, 298,
308, 318, 328 K respectively. Since the valuelkgbbtained are higher than Kq of scatter proceduhéch is 2 x
10°L mol*S™. It is clear that the quenching was not initiateddypamic collision but from the development of a
complex. This indicates that a static quenchinghaaism is effective.

-0.8 4|—m— 288K

Log (FO-F)/F

-3.6

Fig. 4. The Stern-Volmer curves showing quenchingf®@SA, [BzP] = 20-14uM, [BSA] =12 uM

BSA-BzP interaction was further confirmed by vagyithe concentrations of BzP. From the resultgait be
inferred that there is an existence of good lirgaat lower concentrations (20-14M) as well as a single
guenching mechanism shown by BzP in the bindinggss. Hence, it is confirmed that the interacbetween
BSA-BzP is a static quenching.

3.2.Binding constant and the number of binding sites
When small molecules unite independently to a §etjaivalent sites on a macromolecule, fluorescentnsity
data can be used to acquire the binding constamtd<the number of binding sites n. by the follayityg. (3).

Fo—F

log B

=logK, + n log[Q] (3)

The values of K and n were calculated from theragpt and slope of the straight line obtained ftben plot of log
[(Fo- F) / F] versus log [Q] given in Fig. 4. It ifear from the values of K and n given in table attthe binding
constant increased with raise in temperature stiggethat the interactions involved in the bindioigBzP to BSA
are primarily non-ionic in nature. The number @iding sites (n) obtained are close to the repoviEdes [16]
indicating that there was only one independentsclafsbinding site for BzP on BSA. The value of etation
coefficients obtained are closer to 0.9985, denmatisg that the BzP-BSA interactions agree wellhwite site
binding model given by the equation (3).
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Fig. 5. The temperature dependent Stern-Volmer cues showing quenching of BSA with BzP

Table 1 Parameters of BzP-BSA interactions at varies temperatures

Temp (K) Binding constant 2R No.of AHY (k Imot)  AS’ (3 K'morY)  AG® (k J moth)
K * 10° L mol* binding sites,

288 1.21 989 0.88 29.69 103.85 -4.46

298 1.90 &89 0.98

308 2.33 &89 1.09

318 3.37 gpa 1.32

328 6.14 69 1.89

3.3. Thermodynamic parameters and the naturerafibg forces
The thermodynamic parameters dependent on temperatere analyzed to differentiate the performingcés
between BzP and BSA. The thermodynamic parameteodving the binding of BzP and BSA due to vari@aesing
forces like hydrogen bond, vanderwaals force, edestatic force, hydrophobic interactions were fdwsing van't
hoffs equation.

Log K = -AH%2.303 RT +AS” 2.303R

The logK versus 1/T plot (Fig. 5) enabled the determinatibmH® andAS’ for the binding process. The value of
AG® was calculated from the relation.
AG’= AH?- TAS’

Where AH, AG® and ASC are enthalpy change, free energy change, andpgntttange respectively. The binding
studies were carried out at 288, 298, 308, 31832&K and the values oAH’, AS’ andAG® are listed in table 1.
The negative sign oAG® values supported the assertion that all bindimgg@sses are spontaneous and that a folded
state of BSA is favoured. From the table 1 it barseen thatH® andAS’ have positive values indicating that the
binding is mainly entropy-driven and the enthalpyinfavorable for it indicating that hydrophobizdes played a
major role in the interaction leading to a fold¢ake of BSA.

3.4. Absorption spectroscopic studies

UV-visible absorption spectroscopy was an effostle®ethod, to determine the hydrophobic changes ¢hd] to
know the configuration of the drug-protein complex.

354



Krishnendu Biswaset al Der Pharma Chemica, 2016,8 (19): 350-358

4.0

(A)

3.5

1 [ © — (A)BSA
3.0+ —— (B) BzP
] —— (C) BSA+BzP

2.5

2.0

Intensity

154

1.0+

0.5 (B)

0.0

r I r T I r
200 250 300 350 400
Wavelength (nm)

Fig. 6a. UV-vis absorption spectra of (a) BSA + BzRand (b) BzP

4.0

Absorbance

-0.5 -

-1.0

T v T v T v T v T v T v T v T v T v T
260 270 280 290 300 310 320 330 340 350
Wavelength (nm)

Fig. 6b. Absorption spectra of BSA (a) and BzP-BScomplex (b-f), BSA: 12uM; BzP: 20 - 100uM (b-f)

The hnax0f BSA at 286 nm was primarily due to the incidenédryptophan and tyrosine residues in BSA. In the
present study, we have recorded the absorptiortrapettBzP and BSA, BzP-BSA complex (Fig. 6a), aticed
that the utmost peak position of BzP-BSA was toesextent shifted towards the lower wavelength negimbably
due to the complex configuration between BzP-BS#nithe absorption spectrum shown in Fig. 6b, déar that
the intensity of absorption of BSA increased regulavith increasing concentration of BzP. The sliftthe A
from 278 to 286 nm also proved the formation of@ugd state complex in the interaction study.

3.5. Circular Dichroism studies

Further confirmation of changes in the secondamnyctire is obtained by recording Circular Dichroi€®D) spectra
of BSA with and without the presence of BzP as showFig. 7. It is clear from the bands obtaine@@8 and 222
nm for BSA that its structure is primaribyhelical [18-21]. The initial decrease in the piitity with increasing
wavelength is due to the negative cotton effedhefa-helical structure. The bands at 208 nm (-) afiiee the
excitonic splitting of thetr-n* transition of the amidic groups, while the bartd222 nm (-) were due the—*
transition.
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Fig. 7. CD spectra of BSA—BzP system: a) BSA; BSA + BzP (20uM) and c) BSA + BzP (4QuM)

With increase in BzP concentration there is minecrdase in ellitpicity without any noticeable shiftthe peaks,
indicating that with the addition of BzP the secarydx-helical structure of BSA has changed. Furthermtre
reduction in negative ellipticity indicates an exded peptide strand, while the hydrophobicity wasrdased
leading to the folded state. The CD results wepressed [22] in terms of the mean residue elliyti¢MRE) in deg

cnt demo' according to Eq. 4.
Observed CD (m deg) (4)

MRE =
Cpnlx10
Where G is the molar concentration of protein, n is thenber of amino acid residues dnd the path length. The
a-helical contents of free and combined BSA werewdated from MRE values [23] at 208 nm using the &q

MRE3pg—400
33,000—4000

a — helix (%) = x 100 (5)

Where MREgs was the observed MRE value at 208 nm, 4000 wadvlR& of the p-form and random coil
conformations cross at 208 nm and 33,000 was th& M&tue of a pain-helix at 208 nm. From the Egs. (4) and
(5), theo-helicity in the secondary structure of BSA candatermined. The-helicity in the secondary structure
was calculated to be 54.78% in free BSA, and 47.%91%the BzP—-BSA complex, indicating the lossueielicity
upon interaction. The decrease in thbhelix structure indicated that the BzP was bownthe amino acid residues
of the main polypeptide chain of BSA shatteringrthhetwork of hydrogen bonds [24].

3.6.FT-IR spectroscopic studies

To get an insight on the changes in the amide gbmaupls, FT-IR spectra of BSA was recorded with &itdout
BzP as shown in Fig. 8. Itis clear from the FTsifectrum of BSA protein that a number of amidedsaappeared
due to the different vibrational modes of the paptnoiety. The amides | (mainly C=0 stretch) dn@CIN stretch
coupled with N-H bending) peaks occurring in thgioe of 1600-1700 cm and 1500-1600 cth respectively are
the most widely used modes in the protein’s secgnstauctural studies.
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Fig. 8. Infrared spectra of (A)BSA (B) BSA-BzP complex

It is known that amide | band is more sensitivehanges in the protein secondary structure thaartide Il band
and hence used for studies of the BSA secondaugtate [25-29]. To discover the changes of the B8éondary
structure, the FT-IR spectrum of BSA was recordethe absence and presence of BzP. Fig. 8 shenBT-IR

spectra of free BSA and the dissimilarity specftarebinding with BzP. As seen from Fig. 8, the lpgasition of
amide | band shifted from 1654 to 1600 tmhile that of the amide Il band shifted from 15451516 crii. This

indicated that the secondary structure of the protas changed due to the interaction between BeFBSA.

3.7. Synchronous fluorescence spectra

Synchronous fluorescence was recorded for BSA aiith without BzP, for evaluating the conformatiocla&nges
of BSA as shown in Fig. 9. The environment of arétid residues can be deliberated by measuringrthigsion
wavelength Xiay shift, which is due to the change in the polasitgund the chromophore molecule. WhenAhe
between the excitation wavelength and the emisgiavelength was fixed at 15 nm or 60 nm, the synobws
fluorescence spectra of BSA can involve a changthénpolarity of the micro-environment around tynesor

tryptophan residues, respectively [30]. The maximemission wavelength of Tyr residues remainedcjpaily

unchanged, indicating that no discernable changaroed in the micro environment around Tyr residdesng the
binding process.
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Fig. 9. Synchronous fluorescence spectra of BSAzB: (A) For AA=15 nm while for (B)Ax=60 nm, the concentration of BSA was 1gM,
the concentration of BzP: (a) 20-20@M

On the other hand, the maximum emission wavelen§thirp residues has a slight blue-shift, indicatthgt the

polarity around Trp residues micro-regions decréas® the hydrophobicity increased upon interactiith BzP.
Also the field of quenching ath = 60 nm was higher than thataf = 15 nm, implying that BzP was more rapidly
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bound to Trp residues compared to Tyr residues.celénis proven that the binding sites are maimigused on
tryptophan moiety [31] that is responsible for demformational changes in the secondary structUBSa\.

CONCLUSION

The present work focuses on the interaction of BitR BSA with the help of different spectroscopéchniques.
The results showed that the BSA fluorescence wasaphed by BzP through the static quenching mecimariite
UV, CD, synchronous flouroscence and FT-IR spedhadiies confirmed that binding of BzP with BSA uiceés a
change in the secondary structure of the protéirwas also found that there is only one binding $or BzP to
BSA. The negative Gibb's free energy change inditahat the process of binding was spontaneoube T
absorption spectra and CD spectra showed thatathfmnation of BSA has been changed in the preseh&zP.
All these results reveal that BzP binds to BSA@ffeely which would be useful in the pharmaceuticalustry, life
sciences and clinical medicine.
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