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ABSTRACT

Sudy of interactions of bovine serum albumins (BSA) with different metallic nanoparticles (NPs) receives great
attention in the recent years due to their key impact in the biomedical field. Interaction can be studied using several
methods but due to its high sensitivity and simplicity fluorescence spectroscopy is the most useful one. Detailed
characteristics about the interactions of NPs with serum albumin can be derived from the information accumul ated
by the fluorescence quenching studies. The present review underlies on the interaction of various metallic NPs with
BSA. Thisreview helpsin understanding the features of NPs essential for their affinity for BSA.
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INTRODUCTION

Study on the interactions of drug/nanomaterial$\wibmolecules like protein, DNA receives greatisst in the
field of chemistry, life science and clinical mddie for decades. The nature and the magnitudeesktimteractions
influence the biosafety, delivery rate, pharmacigalgresponse, therapeutic efficacy and the desfgirugs. So,
the studies on these interactions help in undedstgnthe structural features essential for the dffarity of
drugs/nanomaterials toward the pharmacologicaViggt[1-4]. Nanomaterials can show a strong effent the
structural and functional properties of proteing éimereby gradually an interest has been incredsingderstand
fundamental effects of NPs for interaction withtgins.

Optical techniques like absorption spectroscopycutar dichroism, ellipsometry, differential lighgcattering,
Raman spectroscopy, and fluorescence spectrosaepysaful tools for studying the drug/nanopartietgstein
interactions in vitro due to their exceptional stvisy, speed, theoretical foundations, and simipyi [4—7]. Among
the several optical techniques, a large amounnhfofiination is acquired about the structural fluttres and the
microenvironment surrounding the fluorescent labefs proteins from the measurements and analyses of
fluorescence spectra, fluorescence lifetime, flasoeace polarization, etc. Therefore, fluorescemextsoscopy
plays a crucial role in the study of interactionstviieen the drug molecule/NPs and the serum albuniins
particular, fluorescence quenching studies are lyidélized for revealing the accessibility of diddPs to the
fluorophore moiety in a protein, which in turn helps to understand the nature and the underlyirghamésm of
NPs—protein interactions [8]. So, Fluorescence tspsoopy is a powerful tool for the study of theatvity of
chemical and biological systems since it allows-mirusive measurements of substances in low cdretém
under physiological conditions.

Serum albumins are the most abundant soluble prateihe systemic circulation comprising 52-60 %piasma.
Serum albumin are synthesized by the parenchynilsl athe liver and exported as a non-glycosylapeotein.
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They are capable of bind reversibly with a largeets of relatively insoluble endogenous and exagenligands.
The principal function of serum albumin is to trpogt metabolites such as nutrients, hormones, fatigls and a
variety of pharmaceuticals. Among serum albuminsnéin serum albumin (HSA) and BSA is extensivelylistd
due to their significance in the pharmacology. Bd®A and BSA display approximately 80 % sequenaadiogy
and a repeating pattern of disulfides. The molecweights are nearly same for BSA and HSA 66 kDd 66.5
kDa respectively. The tertiary structures of HSAl &BA are also alike, show 76 % similarity [9]. €3 structure
analyses have revealed that HSA contains 585 aatigbresidues with 17 tyrosyl residues and only oyygophan
(Trp) located at position 214 along the chain (suhdin 11A); whereas, BSA contains 582 amino ackidees with
20 tyrosyl residues and two tryptophan’s locateplasitions 134 and 212 and Trp-134 at the surfdeeomolecule
[9-19]. The chemical microenvironment of Trp-212BSA is similar to that of Trp-214 in HSA. Absaiqt peak
maxima of serum albumins are around 280 nm. Théngi¢ fluorescence of serum albumins appears atrgd
when excited at 280 nm which is originating frone ttihree aromatic L-amino acid tryptophan, tyrosiaed
phenylalanine residues. Now, the intrinsic fluosssre of serum albumins is mainly contributed byttigptophan
and tyrosine residues because of the low fluorescegquantum efficiency of phenylalanine. The infidns
fluorescence characteristics are very sensitite@anicroenvironment of the fluorescent residueshamges in the
local surroundings of serum albumins, such as camdtonal transition, biomolecular binding and denation
[20]. In major work, BSA has been selected as mateodel because of its medicinal importance, l@stcready
availability, and unusual ligand-binding properties

Herein we review the recent literature about theeractions of BSA with various metallic NPs studiasing
fluorescence spectroscopy. This review does ndt teeprovide an absolute review of all articles jmhed on NPs—
BSA interactions, rather it describes use of flsoemce quenching studies involving the interactloetsveen BSA
and metallic NPs and emerging research in this area

EXPERIMENTAL SECTION

2.1. Fluorescence quenching studies

Study of interaction of various molecules with seralbumins may be easily deduced using fluorescence
spectroscopy as intrinsically fluorescent serumumiins are very sensitive to local changes in th&arjty,
conformation and/or exposure to the solvent. Theraction will decrease or increase fluorescendensity.
Fluorescence quenching may result from several gas®s such as excited state reactions, molecular
rearrangements, energy transfer, ground-state @xmipkrmation or collisional interactions [8]. Theteéracting
molecule can quenches the intrinsic fluorescenc8®A with or without any shift (red- or blue-shifiy the
emission peak maxima.f,y). If the interacting molecule quenches the fluoesge of serum albumin without
changing the spectral maximum, the hydrophobicitgd @olarity in the microenvironment of the fluorapé
(tryptophan or tyrosine) is not altered. When thieriacted molecule quenches the fluorescence witheashift in

the spectral maximum, it suggests a decrease inptharity or an increase in the hydrophobicity die t
microenvironment surrounding the fluorophore sithereas a red-shift suggests increase in the potardecrease

in the hydrophobicity of the microenvironment [21].

The fluorescence quenching for interacted molecuiencher and protein can be analyzed by the Stehmé&f
equation (Eq. 1) [22].

Fo/ F=1+K 7, [Q] =1+ K, [Q] ()

Where, k5 and F represent the fluorescence intensities $erai®e and presence of quencheyjskthe bimolecular
quenching rate constant,sKis the Stern Volmer constant, is the average lifetime of the molecule without
guencher and [Q] is the concentration of the quendhquation 1 is used to calculatg Ky the plot of iF vs [Q].

The fluorescence quenching can either be dynamistatic. Dynamic quenching refers to a process @itiee
fluorophore and the quencher interact during theted-state lifetime of the fluorophore; wheredatis quenching
refers to the formation of the fluorophore-quencbemplex in the ground state. Static quenching easily be
separated from dynamic quenching by examining tieenperature dependence, or by the lifetime measents [8,
23-24].
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When bioactive substances bind independently t@taos equivalent sites on serum albumin, the eopiiilim
between free and bound molecules is given by fallgvequation-

F-F
Iog"T =logK +nlog[Q] @

The number of binding sites (n) and the bindingstant (K) between nanoparticle and BSA have be&uleded
using the above Eq. 2. A plot of log |(F)/F] vs log [Q] forms a straight line, whose @ogquals to n (the number
of binding sites of NP on BSA) and the length démeept on Y-axis equals to log K. The binding ¢ansfor the
interaction of BSA with various metallic NPs is smarized in Table 1. If the value of the binding stamt K is in
the range 1-15xT01 7%, then the binding affinity is moderate [25].

The force of interaction between bioactive substanand biomolecules may include electrostatic attésns,
multiple hydrogen bonds, weak van der Waals interas, and hydrophobic interactions. The naturentgraction
force can be measured using the signs and magaitfdeermodynamic parameters such as enthalpygeh@i),
free energy changeAG) and entropy changé$). These three parameters can be computed usnfpltbwing
Van’'t Hoff equations (Eq. 3 and Eq. 4).

INK =-AH / RT +AS/R .
AG=AH -TAS=-RTInK @

According to the views of Ross and Subramanian, [@8fenAH>0 andAS>0: indication of hydrophobic forces;
AH<0 andAS<0: indication of van der Waals interactions arydrbgen bondsAH~0 and AS>0: indication of
electrostatic interactions. The thermodynamic patans such adH, AG, andAS for the interaction of BSA with
various metallic NPs are summarized in Table 1.

Forster resonance energy transfer (FRET) [27] semsitive method for the detection of interactidietween
bioactive substances and serum albumin. FRET effayi can be used to evaluate the distance betveelbound
bioactive substances and the fluorophore preseseiam albumins [8, 28]. According to FRET, thensfer of
energy, this occurs through the direct electrodyindmieraction between the primarily excited molesuand their
neighbors [29]. The Forster theory points out thatenergy transfer efficiency E, in addition t® diependence on
the distance between the acceptor and the donpends upon the critical energy transfer distangeHence the
efficiency of energy transfer for a single donaregé acceptor system is expressed by the followongation-

Ezl—E:Rfl(Rgﬂﬁ) (5)

Where, F and §are the fluorescence intensities of BSA in presesad absence of NP, r is the distance between
acceptor and donor and, B the critical distance when the transfer efficig is 50 %, which can be calculated by
following equation-

R® =8.8x 10°k N~ ‘@J ©

Where, F and §are the fluorescence intensities of BSA in preseaartd absence of NPs, r is the distance between

acceptor and donor and, ® the critical distance when the transfer efficigis 50 %, which can be calculated by
following equation-

£ =8.8x 10°k°N ™"
()
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Where, K is the spatial orientation factor between the sinisdipole of the donor and the absorption difdléhe

acceptor. The dipole orientation factof, is the least certain parameter to be used ircahzulation of the critical
transfer distance. Although theoreticalfydan range from 0 to 4, the extreme values rerg rigid orientations.
If both the donor and acceptor are tumbling rapathyl free to assume any orientatiohekuals 2/3. If only the
donor is free to rotate?kcan vary from 1/3 to 4/3 [30]. In eq. 7, N is thedractive index of the mediung, is the

fluorescence quantum vyield of the donor and Jésaverlap integral of the fluorescence emissiorcspm of the

donor and the absorption spectrum of the acceptendy the following equation-

J=YFA)e(N)A*M [ ZF(A)AA ®)

Where, F}) is the fluorescence intensity of the fluoresagmror at wavelength and is dimensionless;(}) is the

molar absorption coefficient of the acceptor at @amgth). It has been reported for BSA th&t& 2/3,$ = 0.15

and N = 1.336 [31]. Using the above three Eqgs(&%)the donor-to-acceptor distance, r, can beutatied. If r < 7

nm [32-33] and 0.5R< r < 1.5R [34], the probability of energy transfer from serialbumins to bioactive
substances is high.

Synchronous fluorescence spectroscopy introduceddyd [35-36], which involves the simultaneous seimg of
excitation and the fluorescence monochromators fafaimeter, while maintaining a fixed wavelengitference
(A)) between them, is a simple and effective meamsdasure the fluorescence quenching and the possitfteof
the maximum emission wavelengthm(ax) relative to the alteration of the polarity amnd the chromophore at
physiological conditions. Whem\A is stabilized at 15 nm or 60 nm, synchronous #soence offers the
characteristics of tyrosine residues or tryptophiasidues in the serum albumins [37]. In the syncbos
fluorescence spectra, the fluorescence intensityedses with or without any shift in the emissioaximum. A
decrease in fluorescence intensity without anytshiicates that the microenvironment around thatigular
residue is not disturbed. Red-shift is indicatifean increase in the hydrophilicity around the fliyghore in BSA.
Blue-shift should be due to an increase in the tyylobicity around the fluorophore moiety [38-39].

RESULTSAND DISCUSSION

3.1. Binding capability of bovine serum albuminswith various metallic nanoparticles

During the past decade, a lot of attention has feamsed on recognizing the interactions of NP&wibmolecules
[40]. The size-dependent optical properties ofaagimetallic NPs establishing NPs promising foiauss advanced
biomedical applications from diagnosis to therapy][ Therefore, the evaluation of the interactibetween NPs
and biomolecules such as BSA becomes remarkablele Th represents the list of binding constants and
thermodynamic parameters for various metallic NBgEnteractions discussed in this present manuscrip

Metal NPs are of great importance due to their ligtiace area and a high fraction of surface atdmarticular,
GNPs are employed in many fields lig®-sensing, catalysis, electronics, enzyme eldespsuper conductors, and
cancer therapy [42-47]. Furthermore the biocomgailand stability of GNPs make them excellent digiates for
in vivo phototherapy of cancer [48], the sensitdetection of HIV-1 in plasma [49], cell imaging due the
sensitive detection of Adenosine triphosphate (ATrP)ive cells [50]. Upon simple conjugation of GslPnto
therapeutically inactive monovalent small organiclecules, they can be converted into highly activags that
effectively inhibit HIV-1 fusion to human T cell&]]. Due to the above vast biomedical applicatidhs,study on
interaction of GNPs with BSA becomes vital.

The binding of serum albumins with GNPs synthesiasihg sonochemical reduction method were invetgja
using optical technigues by Naveenraj et al. [32f effect of these GNPs, synthesized by diffenegtthods, on the
fluorescence spectra of serum albumins show gradeedease in the fluorescence intensity of serusanains
without any changes to their fluorescence spestnalpe and maximum, which indicates the formatiomani-
fluorescent ground state complexes. Also, the sommically synthesized NPs show uniform size anghshahich

is evident from high resolution transmission electmicrographs. In the binding affinity study cootkd by
Pramanik et al. [53] using GNPs having diameter8,df0, 16, 25, 34, 41, 47, 55 and 70 nm, whichsgirehesized

by varying the [Au] to citrate ratio, the Stern—¥f@r constant, kK, increases with decrease in the size of GNPs. In
other words, the fluorescence quenching is moieiefit in the case of smaller GNPs, which suggtss smaller
particles will have more binding interaction duehe large surface area. Wangoo et al. [54] desdribteraction of
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GNPs with BSA. The obtained ¥alue was 3.16x16 Mol™. The conformational change in BSA at its nativerfo
after conjugation with GNPs confirmed that proteitdergoes a more flexible conformational statehenbioundary
surface of GNPs after bio-conjugation. The CD stadiurther showed a decrease in thieelical content after
conjugation. The results confirmed that the changmnformation was larger at higher concentratioh&NPs. Shi
et al. [55] also studied interactions between GlRd BSA. The formation of GNPs-BSA conjugates ea tred
shift in the intrinsic fluorescence emission of B®SA bound to the GNPs with high affinity (bindiognstant K =
7.59x10 L/mol), and the intrinsic fluorescence of BSA wagsenched by the GNPs in accordance with the static
quenching mechanism. Both fluorescence spectrosangdyATR-FTIR showed that GNPs induced conformation
changes in BSA, which resulted in it becoming lessipact and increased the polarity of the micraemvhent
around the tryptophan residue Trp-212. Gao et5] hlso reported interactions of colloidal GNPsl aerum
albumins, including BSA and HSA, were studied hyofiescence and absorption spectrometry. The olotdfne
value was 1.12x70.Mol . Study of interaction between BSA protein andsheface of GNPs of different shapes
(nanospheres and nanorods) by using localized cunfdasmon resonance (LSPR) spectroscopy, fluaresce
spectroscopy and surface-enhanced Raman scat{8R)S) was reported by losin et al. [57]. They fbtimat the
binding constant of BSA to spherical GNPs is higtan in the case of nanorod-like GNPs. The RammanSERS
data confirm the molecular specificity of conjugatiand inform about possible conformational charthas BSA
undergoes at the surface of GNPs.

Among the metallic NPs, silver nanoparticles (SNIPaye received large attention because of theiewaéhge of
applications. Silver nanoparticles have been usecksancient time. Silver nanoparticles have a wigge of
applications in different aspects such as in noadr optics, spectrally selective coating for selaergy absorption,
bio-labeling, intercalation materials for electtibatteries, as optical receptors, catalyst in dbalreactions [58].
Due to their antimicrobial activity, SNPs are prepd to be used to treat burn wounds, as coatingsirigical
masks, in implantable devices [59-61] etc. Silvenoparticles have been used as biosensors to &atelitin apple
and milk juice [62]. They have been used in confiamcwith 9-aminoacridine an antitumor drug to stutie
antiproliferation effect on HelLa cells [63]. Thegeaalso known to exhibit antiplatelet propertiesvimo which is
useful in the treatment of thrombotic disorderstiéoagulant and thrombolytic therapies for thronbalisorders
are usually associated with serious bleeding camafitins, and hence SNPs serve as potential
antiplatelet/antithrombolytic agents as they do oomfer any lytic effects on platelets [64]. Sonsidlering the
useful application of SNPs the study of interactid®BSA-SNPs becomes very important.

Recently the interaction of SNP with BSA using flescence spectroscopy was studied by Mariam §5l. The
SNP quench the fluorescence of BSA with a bluetshitheir emission maximum. The non-linearity de®—
Volmer plots indicates that both static and dynamenching is involved. Further, ‘n’ value obtainidm the
modified Stern—Volmer plot and the blue-shift ire thiynchronous fluorescence spectya £ 60 nm) indicate that
SNP lower the polarity or increase the hydrophapiof the microenvironment of the tryptophan resislin BSA.
Shen et al. [66] also studied interaction betwesmmira albumins and SNP. The studies with the surfdaesmon
bands indicate that the electrostatic and hydraphiteractions are the major forces between sealimmins and
SNP; the number of adsorbed monolayer serum albumalecules to a SNP with the size of 60 nm is about
6.7x16. The far-UV CD spectra provide the evidence that $secondary structure of adsorbed serum albumins
adopt a looser and more extended conformationhictwthe content of-helix decreases, whereas the conterfi-of
sheet, turn and unordered coil increases. Intenact biosynthesized SNP with BSA using spectrogasas also
investigated recently [67]. Biosynthesized SNP &asrong ability to quench the intrinsic fluorescemf BSA by
dynamic quenching mechanisms. The obtained binthimgtant was 10.23x1QMol ™. The binding constant for the
system of chemically synthesized SNP and BSA afewift temperatures were quite high compare to
biosynthesized SNP. The interaction is driven byhbloydrophobic and electrostatic interactions. 8yonous
fluorescence spectra indicate the small changéennticroenvironment of tryptophan and tyrosinedess. The
binding distance for this interaction indicated that the energy $fen occurs between BSA and biosynthesized
SNP with high probability, and also indicated ttreg fluorescence quenching of BSA was a non-radidtiansfer
process. Ali et al. [68] also described interactidrchemically synthesized SNP with BSA. The quémglof BSA
fluorescence takes place with 1:1 complex formati@tween the albumin and NPs. Hydrophobic forcey pl
significant role in the conformational changes dgrithe binding process and BSA gets partially w€dl in
presence of Ag-PVTNPs. The quenching process waslfto be static with a binding distance of 2.84retween
the BSA and NPs.
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Titanium dioxide nanoparticle (TEDIPs) is used extensively in paint, pigment, fooddimine and pharmaceuticals.
More than 70 % of the total produced FMPs is utilized as pigments owing to high brightjdarge refractive
index and resistance to discoloration [69-70].eflects UV light more strongly than the natural butaterial of
same composition thus, vastly applied in sunscee®h personal care products. In some products thauatnof
TiO;NPs is even more than 10 % by weight [71-72]. Owimghe practical application of TPs the study of
interaction of BSA-TiGNPs is vital.

The binding abilities of TigNPs and Ag doped TiDIPs with serum albumins were studied using optical
techniques by Kathiravan et al. [73-74]. They inderthat both TiQ and Ag-TiGQNPs quench the fluorescence
without any shift in the emission maxima. Lifetimmeasurements confirm that both nanoparticles fotlogvstatic
guenching mechanism. In the synchronous fluorescepectra of serum albuminsAgt = 60 nm, there is no shift
in the emission wavelength, which confirms the abeeof binding site near the tryptophan residueitha
synchronous fluorescence spectdd € 15 nm) of serum albumins, Ag-TiGddition showed a red-shift, which
suggests that the binding site is near the tyrosdgéon and the environment is more polar (or legsrophobic)
[75] and more exposed to the solvent molecules. [08] the other hand, pure TiPs show a blue-shift, which
suggests that the binding site is also near tyeosdgion but it is in less polar (or more hydropkpenvironment
and less exposed to the solvent molecules. Gab [f7h described interactions between JNPs and BSA. They
showed the mechanism of fluorescence quenchingstedie quenching with non-radiative energy trans&S-
PAGE revealed that the structure of BSA was notiaisly destroyed upon binding with TiSPs in different
systems. Hydrogen bond and van der Waals interaatiere deduced, on the basis of the thermodynamic
parameters, to be the major driving forces.

Cadmium sulphide is well studied materials [78-78] their well-established relationship between apécal
absorption and their size. Cadmium sulfide couldused as bioorganic detector of proteins [80] orAD[81-
82]. With a good surface modification we can obtaiith cadmium sulfide, core/shell NPs [83-84], ahhihave
enhanced luminescence properties. Cadmium sulghide important semiconductor and has many opttelec
applications including solar cells, photodiodeghti emitting diodes, nonlinear optics and hetereges photo
catalysis. The two ions dand $~ are component parts of quantum dots which are fuéutmhuman body. Study
of interaction between BSA and CdSNP is also vergdrtant owing to the applications of CASNP in fie&d of
biology and medicine.

Studies of interaction of CASNP with BSA are inigstied by Jhonsi et al. [85] and Ghali [86]. BSAlewules
were adsorbed on the surface of colloidal CdS tjindhe capping agent. The apparent associatiortatn@ap, =
2.54x1G M™) and degree of association has been calculated {.12) from absorption studies. The binding
constant from fluorescence quenching method (6.8ML) matches well with that determined from the absorp
spectral changes. Static quenching mechanism amrosational changes on BSA molecules were confitriog
time resolved and synchronous fluorescence measmtsmespectively. Starch-capped, thioglycerol-edppor
uncapped CdSNP interact with BSA by the formatibground state complex. Starch-capped CdSNP quérech
fluorescence of BSA with blue-shift in the emissimaximum; whereas, thioglycerol capped CdSNP queheh
fluorescence of BSA with red-shift.

Among the various types of NPs that have been dpeel, nanostructured metal oxides have recentlysadmuch
interest in biomedical applications. ZnO, havinglerband gap (3.37 eV), piezoelectric, and pyrogteptoperties
[87-88], has attracted much attention for potentéalge of applications in optics, optoelectronigsnsors, and
actuators. ZnONPs have also good biocompatibitity eéhemical stability, with ability to be nontoxitvitro and in
vivo [89]. In addition, ZnO is biomimetic and exhib high electron transfer property [90-91], a pedp for
potential applications in biosensors. The antinb@bpotential of ZnO has also been well explomredthie past [92].
Study of interaction between BSA and ZnONPs is &y important owing to the applications of ZnONRghe
various fields.

Recently Bhogale et al. [93] reported the interatstudies of ZnONP nanoparticles with BSA. Theaoted results
confirmed that the ZnONPs quench the fluorophor8®A by forming ground state complex in the solatidhe
obtained binding constant was 1.51¥10.Mol™®. They showed that BSA-ZnONPs binding takes place
spontaneously involving hydrogen bond and van deal/forces. Synchronous fluorescence spectra fiednis to
establish that the microenvironment close to bath tyrosine and tryptophan residues of BSA is peetd. In
addition, the hydrophobicity of both residues ims@s in the presence of ZnONPs. Finally, from ¢ésemance light
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scattering and circular dichroism spectra we imfé@ron the formation of aggregates of BSA-ZnONP#ntluce
slight conformational modification in BSA.

Tablel: Binding constant and thermodynamic parameter s for BSA-nanoparticlesinter action using fluor escence spectroscopy

Sl. No. System K (M AH (kJmol) | AS(Imol*K™?) | AG(kJmoal™)
1 BSA-SNF 1.71x1¢° LMol ™ 37.71 396.¢ -58.7¢
2 BSA-SNP 16.20%x10 -4.59 -333 91.67
3 BSA-SNP 10.23x10LMol* -20.78 5.98 -22.54
4, BSA-SNP 4.45x1DLMol™ - - 21.66
5. BSA-Cu,LONC 3.23x16M* -63.39 -126.45 -25.72
6 BSA-CdSNP 6.6x10Mol™* - - -
7 BSA- GNPs 3.71x10LMol*
8 BSA- GNPs 2.57x10
9, BSA- GNPs 3.16xT0 Mol™
10. BSA- GNPs 2.07xT0 Mol ™
11. BSA- GNPs 7.59x10Lmol* - - -
12, BSA- GNPs 1.12x10Lmol* 536.45 1950.25 -44.73
13. BSA- GNPs 2.34x10 - - -
14. BSA-ZnONP 1.51x18 LMol ™ -100.85 -242 -32.40
15. BSA-CuNPs 5.01x1M* 62.3 3445 -36.56
16. BSA-TiO.NPs - -105.5 -285.6 -20.37
17. BSA-AgTIO,NPs 3.71x10Mm* - - -

Copper is an essential trace element for the prhpmtioning of organs and metabolic processes,\étadl for all

living organism including human beings. Variousnfisrof copper have been used for medical purposeighout
the history of mankind [94]. Antioxidant and antarobial are the prime properties leading to phaotwgical

development of copper-based drugs to destabilim®tand cancer cells [95-96]. Biocidal propertiésapper such
as antibacterial, antifungal, molluscicidal, nencidal, antiviral, etc. have been known since artctemes [97].
Investigation of interaction between BSA and CulPalso very important owing to the applicationsCafSNP in
the various fields.

Recently Bhogale et al. [98] reported the interacttudies of CuUNPs with BSA. Fluorescence quemgchiasults
suggest that CuNPs interact with BSA molecule tgrostatic mechanism, as inferred from the quencbingSA
fluorophore. The obtained binding constant was $108M™. BSA-CuNPs interaction occurs through spontaneous
binding process involving hydrophobic forces andniyaentropy driven. The presence of a BSA-CuNRsugd
state complex was confirmed by resonance lighttesdag), absorption of BSA, and fluorescence pokdian
spectra. In addition, by the analysis of the syaobus fluorescence spectra, we clarified that ttieraction
between CuNPs and BSA involve changes in the nmstioenment of tryptophan rather than that of tynesi
residues. The-helicity of the BSA decreases due to its inteactivith CuNPs as indicated by circular dichroism
and Raman spectra. An efficient energy transfenfexcited state of BSA fluorophore to the CuNP&isred by
their close proximity (8.5 nm). Ju et al. [99] délsed interaction between cuprous oxide nano che@NC) and
BSA using spectroscopy. UV-Vis and circular dickriresults showed that the addition of,@whanged the
secondary structure of BSA and led to a decreasehiglix. The nature of quenching was static querglaind the
binding constant (K) was 3.23, 1.91, and 1.20xW0" at 298, 304, and 310 K, respectively, and the remut
binding sites was 1.05. Hydrogen bonds and vanVdaals forces played a major role in stabilizing 8SA—
Cu,ONC complex.

CONCLUSION

A critical need in the field of nanotechnology etstudy of the in vitro binding interactions ofrieais NPs with
biomolecules such as bovine serum albumins. Flaeres spectroscopy is a powerful tool to accomplighneed.
In this review, the fluorescence quenching stuitieslving the interaction of metallic NPs with BS¥#e discussed.
The results reviewed here represent the dependsintiee size and stabilizing agent of metallic NR's their
interactions with BSA.
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