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ABSTRACT
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The interaction of water soluble copper(ll) complex, [Cu(dipica)(CH3COO)]CIO4 (1), where dipica is di-(2-
picolyl)amine, as in vitro cytotoxic agent, with bovine serum albumin (BSA) has been studied by fluorescence, UV-Vis
absorption and circular dichroism (CD) spectroscopic techniques at pH 7.4. The quenching constants and binding parameters
such as binding constants and number of binding sites were determined by fluorescence quenching method. The obtained
results proved that the fluorescence quenching of BSA by 1 was a result of the formation of a non-fluorescent BSA-1 system
with the binding constants of 1.81 x 105 M- and 2.10 x 10 M at 300 K and 310 K respectively. The calculated
thermodynamic parameters (AG°, AH° and AS°) confirmed that the binding reaction is mainly entropy-driven and
hydrophobic forces played major role in the reaction. The distance, r, between the donor (BSA) and acceptor (1) was obtained
according to the Forster theory of nonradiative energy transfer. On the other hand, structural analysis indicates that binding
of 1 resulting in a higher change in the local polarity around tryptophan rather than tyrosine residues of BSA as revealed by
synchronous fluorescence spectra and a decrease in a-helix as revealed by the far-UV CD spectra.
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1. INTRODUCTION

Metal-based antitumor drugs such as cisplatin,
carboplatin and oxaliplatin are successfully used in the
treatment of many cancer types with a high social
incidence. However, there are problems associated with
their use due to serious toxicity, severe side effects and
promoted drug resistance (Galanski et al. 2005). The
unsolved problems in platinum-based anticancer therapy
has stimulated increased research efforts in the search for
novel molecules or novel DNA-targeting anticancer
agents which are capable of interacting with nucleic acids
and even triggering apoptosis in cancer cells (Yuan et al.
2009). Copper complexes could be good candidates
owing to the fact that copper is recognized as a
bioessential element for human (Waddell et al. 1929) and
characterization of its role for biological applications and
potential pharmacological activity is extensively
addressed in the development of copper-based drugs
(Chen et al. 2011).

Serum albumin is the most abundant protein in
plasma (~40 mg mL?, 0.6 mM; Keppler etal. 1993), and
is responsible for the transport and distribution of a wide
variety of endogenous and exogenous substances (Kragh-
Hansen et al. 1981), including fatty acids, hormones,
metal ions and drugs. Many drugs and other bioactive
molecules can bind reversibly to serum albumins.
Binding studies are important, because only the unbound
drug is pharmacologically active (Arnell et al. 2006).

Among serum albumins, bovine serum albumin (BSA) is
an appropriate protein model for studying the interaction
between serum albumins and drugs because of its
medically important, unusual ligand-binding properties,
ease of availability, low cost and structural homology
with human serum albumin (HSA; Hu et al. 2005). BSA
is composed of three linearly arranged, structurally
homologous subdomains (A and B). It has two
tryptophan residues that possess intrinsic domains (I-111)
and each domain in turn is the product of two
fluorescence: Trp-134 is located on the surface of
subdomain 1B, and Trp-212 is located within the
hydrophobic binding pocket of subdomain 1A (Peters,
1985). The binding sites of BSA for endogenous and
exogenous ligands may be in these domains and the
principal regions of drugs binding sites of albumin are
often located in hydrophobic cavities in subdomains 1A
and IllA. So-called sites | and Il are located in
subdomains 11A and I11A of albumin respectively.

Whether one compound can be used as drugs or
not, it is important to test various chemical and
biochemical properties in the identification of the most
active drugs. It is well known that the interaction between
drugs and albumin in the blood affects the distribution,
free concentration and the metabolism of the drug. The
interaction can also influence the drug stability and
toxicity during the chemotherapy process. The number of
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drug binding sites and their respective binding affinities
affect the concentration of the free/active compound in
the plasma. Strong binding to albumin can reduce the
efficacy, distribution and clearance of the drug, and as
such, weaker binding may be more useful for drug
transport (Curry et al. 1998). Therefore, the interaction
between serum albumins and drugs not only provide
useful information on the structural features that
determine the therapeutic effectiveness of drugs, but is
also crucial to study the pharmacological response of
drugs and design of dosage forms. In recent years, many
studies on the interaction of serum albumin with organic
molecule using fluorescence, absorption, synchronous
fluorescence and circular dichroism spectra are reported.
However, the studies of the interaction of serum albumin
and metal complex are infrequent.

Very recently, a water soluble copper(ll)
complex (Sangeetha et al. 2015) [Cu(dipica)
(CH3COO0)]CIO4 1, where dipica is di-(2-picolyl)amine,
has been synthesized. It has been involved in groove
binding mode of interaction with calf thymus (CT) DNA.
Interestingly, it has a profound efficiency to cleave pUC
19 DNA at acidic pH. Also, it showed significant in vitro
cytotoxicity (ICsp, 55 pM) against human cervical
carcinoma cell line (HeLa) and notably, it was non-toxic
to healthy cells. Therefore, in the present work, to further
explore and expand our understanding of transport and
distribution through the reversible binding of 1 to the
blood carrier protein BSA, we continued to investigate
the binding properties of 1 to BSA at physiological pH
and temperatures of 27 °C (room temperature) and 37 °C
(physiologic temperature). Using different spectroscopic
methods, the binding information, including quenching
mechanism, binding parameters, thermodynamic
parameters, binding mode, intermolecular distances and
conformational changes were investigated.

2. EXPERIMENTAL METHODS
2.1 Materials and Methods

BSA was purchased from Sigma Aldrich and
used without further purification. The stock solution of
protein (1.0 x 10 mol L) was prepared by dissolving
the solid BSA in 0.05 M phosphate buffer at pH 7.4 and
stored at 0-4 °C in the dark for about a week and then
diluted to 1.0 x 10°® mol L™ using phosphate buffer (pH
7.4, 0.05 M) when used. The concentration of BSA was
determined from optical density measurements, using the
value of molar absorptivity of exs0 = 44720 M cm™. The
copper (I1) complex (1) was synthesized on the basis of a
literature method (Sangeetha et al. 2015). A stock
solution of 1 (2.0 x 10 mol L) was prepared in water.
All other chemicals were of analytical reagent grade and
doubly distilled water was used throughout. All
experiments were done in 0.05 M phosphate buffer (pH
7.4).
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All fluorescence measurements were performed
using a Shimadzu RF-5301PC spectrofluorophotometer
equipped with a thermostatic bath and a 10 mm quartz
cuvette. Fluorescence emission spectra were recorded at
two different temperatures (27 and 37 °C). UV-Vis
absorption spectra were recorded using Perkin-Elmer
Lambda 35 UV-Visible spectrophotometer. Circular
Dichroic spectra of BSA were obtained by using JASCO
J-716 spectropolarimeter. The pH was potentiometrically
measured using a Elico L1 120 pH meter equipped with a
combined glass electrode.

2.2 Procedures

The UV-Visible absorption spectra of 1.0 uM
free BSA as well as BSA/copper(ll) complex (equal
molar ratio) in 0.5 M phosphate buffer of pH 7.4 were
recorded from 200-500 nm.

Quantitative analyses of the interaction between
copper (II) complex and BSA were performed by
fluorimetric titration (0.5 M phosphate buffer, pH 7.4). A
3.0 ml portion of an agueous solution of BSA (1.0 x 10
mol L) was titrated by successive additions of complex
(to give a final concentration of 8.0 x 10 mol L™%).
Titrations were done manually by using an Eppendorf
micro pipette. For every addition, the mixture solution
was shaken and allowed to stand for 20 min at the
corresponding temperature (300 and 310 K), and then
the fluorescence intensities were measured with an
excitation wavelength of 280 nm and emission
wavelengths in the interval 290-500 nm. No correction
for the inner filter effect was applied since copper(Il)
complex represented very low absorbance (less than 0.1)
at excitation and emission wavelengths. The excitation
and emission slit width (each 5.0 nm), scan rate (fast)
were constantly maintained for all the experiments. In the
meantime, the synchronous fluorescence intensity of the
mixed solution was measured at AL = 15 nm and AA = 60
nm, respectively. In synchronous fluorescence
spectroscopy, according to Miller (Miller, 1979),
distinction of the difference between excitation
wavelength and emission wavelength (AL = Aem-Aex)
reflects the spectra of a different nature of chromophores,
with large AL values such as 60 nm, the synchronous
fluorescence of BSA is characteristic of tryptophan
residue and with small AL values such as 15 nm is
characteristic of tyrosine (Tang et al. 2006).

The far-UV CD measurements of BSA (1.0 uM)
in the absence and presence of copper(Il) complex (1:0.1,
1:0.2, 1:0.3) were recorded from 200 to 260 nm in 0.5 M
phosphate buffer (pH 7.4) at room temperature.

3. RESULTS & DISCUSSION

3.1 Fluorescence Quenching Studies

Quantitative analysis of binding of chemical
compounds to BSA can be detected by examining
fluorescence spectra. Generally, the fluorescence of a
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protein is caused by three intrinsic characteristics of the
protein, namely tryptophan (Trp), tyrosine (Tyr) and
phenyl alanine (Phe) residues. Actually, the intrinsic
fluorescence of many proteins is mainly contributed by
tryptophan alone. Fluorescence quenching refers to any
process which causes a decrease of the fluorescence
intensity from a fluorophore due to a variety of molecular
interactions. These include excited-state reactions,
molecular rearrangements, energy transfer ground-state
complex formation and collisional quenching. Thus, the
interaction of complex 1 with BSA was monitored by
studying the quenching fluorescence of BSA with
increasing concentration of 1 at 300 and 310 K in the

wavelength range 290-500 nm by exciting the BSA at
280 nm. The effect of 1 on the BSA fluorescence
intensity is shown in fig. 1. The concentration of BSA
was stabilized at 1.0 x 10 mol L™ and the concentration
of 1 varied from 0.2 to 8.0 x 10% mol L. The
fluorescence intensity of BSA decreased regularly with
increasing concentration of 1 and a decrease up to 80.6%
(300 K) and 89.1% (310 K) of the initial fluorescence
intensity of BSA at 340 nm which is accompanied by a
blue shift of 3-4 nm. The observed blue shift is mainly
due to the fact that the active site in a protein is buried in
a hydrophobic environment indicating a definite
interaction of 1 with BSA protein.
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Fig. 1: Changes in the fluorescence spectra of BSA through the titration with complex 1 at 300 K (left, A) and 310 K (right, B).
The concentration of BSA is 1 x 10° mol L, and the concentration of 1 was varied from (a) 0.0 to (k) 8.0 x 10 mol L}; pH 7.4

and Aex 280 nm

FolF

e

Fig. 2: The Stern-Volmer plots of BSA on different
temperature for 1. Aex = 280 nm (300K (m) and 310K (e )); pH
=74

1

Quenching can occur by different mechanisms,
which are usually classified as dynamic and static
quenching. Dynamic quenching refers to a process in
which the fluorophore come into contact during the
transient existence of the excited state. Static quenching
refers to fluorophore-quencher complex formation. In
general, dynamic and static quenching can be
distinguished by their differing dependence on
temperature and excited state lifetime. In both the cases,
the change in fluorescence intensity is related to the
concentration and nature of the quencher. Therefore, the
quenched fluorophore can serve as an indicator for
quenching agent. The mechanism of fluorescence
quenching can be described by the following Stern-
Volmer equation (Lakowicz, 2006):

Fo/F =1 + Ksv[Q] = 1 + Kqt0[Q]
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Where Fo and F are the steady-state fluorescence
intensities in the absence and presence of quencher,
respectively, Ksy is the Stern-Volmer quenching
constant, [Q] is the total concentration of quencher, kq is
the bimolecular quenching constant and T is the average
lifetime of protein in the absence of quencher and its
value is 108 s (Lakowicz et al. 1973). Fig. 2 displays the
Stern-Volmer plots of the quenching of BSA
fluorescence by 1 at different temperatures. As seen, the
plot of Fo/F for BSA versus [1], ranging from 0.2 to 8.0
x10 mol L at 300 and 310 K are both linear. As it is
known, linear Stern-Volmer plots represent a single
quenching mechanism; either static or dynamic occurs at
these concentrations (Eftink et al. 1981).

The dynamic and static quenching can be
differentiated by their temperature dependence. Dynamic
quenching depends upon diffusion. Since higher
temperatures result in higher diffusion coefficients, the
bimolecular quenching constants are expected to increase
with increasing temperature. In contrast, in static
quenching, increased temperature is likely to decrease the
fluorophore-quencher stability constant resulting in
lower values of static quenching constants (Chen et al.
1990). The results in Table 1 show that Ksyv increases
with rising temperature, indicating that the fluorescence
quenching of BSA by 1 is likely to occur via a dynamic
quenching mechanism (Chen et al. 2008). In addition,
according to Kq=Ksv/to the quenching rate constant Kq
can be calculated. The obtained bimolecular quenching
constant Kq for 1 is on the order of 10 L mol* s (Table
1), which is 1000- fold higher than the maximum scatter
collision- quenching (Zhao et al. 2010). This indicates
that the quenching is not initiated by the dynamic
collision, but by a static one due to the formation of BSA-
1 complex. Thus, the present complex can be stored and
moved by the protein in the body (Cheng et al. 2008).

Table 1. Quenching parameters of the interaction of
[Cu(dipica)(CH3:COO)]ClO4 (1) with BSA at different
temperatures?®

107 Ksv
(M) +SD
5.658 +
0.008

6.259 £
0.006

T(K) kq(102 ML s7%) R

300 5.658 0.9991

BSA-1

310 6.259 0.9982

2R is the linear correlated coefficient.

Electronic absorption spectroscopy is a simple
and effective technique to explore the structural changes
of protein due to its interaction with a drug and
consequently, detect the quenching process. For a
dynamic quenching mechanism, the absorption spectra of
the fluorescent substance is not changed, but only the
excited state fluorescence molecule is influenced by
quenchers. While, for static quenching, a new compound
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is formed between the ground state of the fluorescent
substance and quencher and, therefore, the absorption
spectra of fluorescence substance would be considerably
influenced (Eftink et al. 1981). The UV absorption of
BSA in the presence and absence of 1 is shown in fig 3.
The influence of the absorbance of 1 was eliminated by
adding in the reference cell the solution of 1 of the same
concentration as in the sample solution. As it can be seen
from fig 3 (curve a), BSA possesses two absorption
bands; a strong band around 210 nm represents the
content of a-helix in the protein and a weak band around
280 nm is due to the absorption of aromatic acid (Tyr,
Phe and Trp) residues (Wang et al. 2013). A significant
decrease in the 210 nm absorbance peak of BSA is
observed upon addition of 1 to the BSA (fig. 3, curve b).
This can be attributed to the induced perturbation of a-
helix of BSA by the interaction of the whole complex
since the high binding constant of 1 confirms the
significant role of the configuration of ligands around
copper(ll) (Samari et al. 2012). Furthermore, an obvious
red shift of the absorption peak (from 210 nm to 221 nm)
could also be observed with the addition of 1.
Meanwhile, the absorption intensity of the 280 nm band
is increased (fig. 3, curve b) by the addition of 1,
indicating that more aromatic acid residues are extended
into the aqueous environment. Trp-212 in BSA, which is
originally buried in a hydrophobic pocket, is exposed to
an aqueous environment to a certain degree (Wang et
al. 2013). This result indicated that the
microenvironment of three amino acid residues is altered
and the tertiary structure of BSA is destroyed. These
results show that the interaction between 1 and BSA is
mainly a static quenching process. Thus, the copper(ll)
complex could circulate through the system and BSA
serves as a depot of the complex in the body.

25
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Fig. 3: UV-Vis absorption spectra of BSA in the absence and
presence of 1. (a) Absorption spectrum of BSA. (b)
Absorption spectrum of BSA in the presence of 1 at the same
concentration, [BSA] = [Cu complex] = 3.5 x 10° mol L. The
absorbance of 1 is negligible in the spectral region shown.
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3.2 Binding Parameters

When small molecules bind independently to a
set of equivalent sites on a macromolecule, the binding
constant (Kp) and the numbers of binding sites (n) can be
determined using the following equation (Divsalar etal.
2009):

log[Fo-F/F] = logK}, + nlog[Q]

where Ky, is the binding constant, reflecting the degree of
interaction of BSA and 1, and n is the number of binding
sites. Thus the plots of log[(Fo-F)/F] versus log [Q] at 300
and 310 K give a straight line as depicted in fig 4. The
values of n and K can be calculated from the slope and
intercept of the linear plot respectively, and the results
are listed in table 2. The binding constant increases with
the rising temperature, which indicates that the capacity
of 1 binding to BSA is enhanced endothermically at high
temperature. The values of n equal to one indicate the
existence of just a single binding site in BSA for 1. Of
both tryptophans in BSA, Trp-212 is located within a
hydrophobic binding pocket of the protein and Trp-134
is located on the surface of the albumin molecule. So,
from the value of n it is proposed that the complex most
likely binds to the hydrophobic pocket located in
subdomain IA (Sulkowska et al.2003).

log {(F, - FMF)

€6 64 62 D 58 56 54 52
log [Q] ()

Fig. 4: Double-log plot of quenching effect of 1 on BSA
fluorescence at 300K (m) and 310K (e®).

Table 2. Binding parameters of the interaction of
[Cu(dipica)(CHsCOO)]CIO, (1) with BSA at different

temperatures?®
10° Kb
T(K) (M) £ D n+SD R
:t' 300 1.805 £ 0.066 1.02+0.01 0.9992
%)
@ 310 2.103 £ 0.047 1.06 +0.01 0.9995

R is the linear correlated coefficient.
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3.3 Thermodynamic Parameters and Nature of
the Binding Forces

Generally, the binding mode of a drug with
biomolecules often contains hydrogen bonds, van der
Waals forces, electrostatic force and hydrophobic
interactions (Zhou et al. 2008). The enthalpy change can
be regarded as a constant when the temperature does not
vary significantly (Wang et al. 2010). The sign and
magnitude of thermodynamic parameters such as AH°
(enthalpy change), AS° (entropy change), and AG® (free
energy change) of small molecules with proteins can
account for the main forces of interaction. In order to
elucidate the binding forces between 1 and BSA, the
thermodynamic parameters were calculated from the
Van’t Hoff equations (Bi et al. 2009):

In(Ko/Ky) = (1/T1 - 1/T2) AHOR
AG® = AH° - TAS® = -RTInK

where K is the equilibrium binding constant at the
corresponding temperature, K; and K are the binding
constants at temperature T1 and To, respectively, and R is
the gas constant. The calculated thermodynamic
parameters are given in table 3.

Table 3. Relative thermodynamic parameters of BSA-
[Cu(dipica)(CH:CO0)]Cl04(1) system

AH° AG° AS°
TK) (kJmol?t)  (kJmol?) (I molt K1)
< 300 -33.037 110.386
g 77.907
m 310 -34.399 111.217

Ross, Subramanian and Leckband (Ross et al.
1981; Leckband et al. 2000) have characterized the sign
and magnitude of the thermodynamic parameters
associated with particular kinds of interaction. From the
thermodynamic standpoint, the positive values of both
AH® and AS° implies a hydrophobic force; negative
values for both AH° and AS° reflects the vander Waals
force and hydrogen bond formation; and very low
positive or negative AH° (AH° ~ 0) and positive AS°
values characterized by electrostatic force. From table 3
the negative sign for AG® indicates the spontaneity of the
binding of 1 with BSA. The positive values obtained for
both AH®° and AS® indicate that a hydrophobic association
is the major binding force and that the interaction is
entropy driven process. In addition to hydrophobic
interaction, a possible covalent bonding may be also
considered. However, the value of AH® (78 kJ mol?)
obtained here is considerably below what would be
expected for a covalent bond formation, which should be
>120 kJ mol? (Lunardi et al. 2003). Thus, the non-polar
hydrophobic groups of the BSA may be responsible for
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the main effect determining the binding of 1 and BSA.
This, together with the number of binding sites, suggests
that the binding site for 1 on BSA is primarily on the Trp-
212 residues, which is located within a hydrophobic
binding pocket of the protein.

3.4 Synchronous Fluorescence Spectroscopy

The synchronous fluorescence spectra can
provide the information about the molecular environment
in the vicinity of the chromophore molecules (Lloyd et
al. 1977). The fluorescence of BSA comes from the
tyrosine, tryptophan and phenylalanine residues. The
spectrum of BSA was sensitive to the micro-environment
of these chromophores and it allows non-intrusive
measurements of protein in low concentration under
physiological conditions (Jayabharathi et al. 2011). It has
several advantages like spectral simplification, spectral
bandwidth reduction, and avoidance of different
perturbing effects (Cui et al. 2008). Therefore, the
influence of metal complexes on the conformational
changes of BSA was assessed by synchronous
fluorescence spectra (Wu et al. 2006). Synchronous
fluorescence spectra are obtained by simultaneous
scanning of the  excitation and  emission
monochromators. According to the theory of Miller
(Milller, 1979), when AX between excitation wavelength
and emission wavelength is set at 15 or 60 nm, the
synchronous  fluorescence  offers  characteristic
information on the environment of tyrosine and
tryptophan residues, respectively. The changes in
maximum emission position correspond to the change in
the polarity around the chromophore molecule. Thus, the
environment of amino acid residues can be studied by
measuring the shift in wavelength of emission maximum.
The synchronous fluorescence spectra of BSA with
various amounts of 1 were recorded at AA = 15 nm and
AX =60 nm (fig. 5). It can be seen from  fig. 5 that the
maximum emission wavelength of tyrosine and
tryptophan residues represents a significant red shift
(tyrosine: from 312 to 319; tryptophan, from 346 to 354
nm). The red shift of the maximum emission wavelength
expresses the change in conformation of BSA; the
polarity around the tyrosine and tryptophan residues is
increased and the hydrophobicity is decreased (Zhang et
al. 2007). In addition, synchronous fluorescence
quenching ratios (Rsrq) are also calculated using the
equation Rsrq = 1-F/Fo (fig. 6), in which, F and Fq
are the synchronous fluorescence intensities of BSA in
the presence and absence of 1, respectively. From the
perspective of numerical calculation, at any compound
concentration for the BSA-1 system, the Rsrq for AL =60
nm (85.6%) is greater than the corresponding one for AL
= 15 nm (79.1%), indicating that the complex reached
subdomain IlA, where the only one Trp-212 residue on
BSA is located. There is a large hydrophobic cavity in
subdomain A which many drugs could bind to them.
Thus, the quenching of fluorescence intensities of
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tryptophan residues are higher than that of tyrosine
residues, suggesting that tryptophan residues contributed
more to the quenching of intrinsic fluorescence. The
above results indicated that the complex could bind BSA
primarily in the hydrophobic cavity of subdomain 1A
with higher binding affinity to form a stable BSA-1
system.

3.5 Energy Transfer from BSA to Copper(Il)
Complex

BSA has two tryptophan moieties (Trp-134 and
Trp-212), located in subdomain IA and I1A respectively.
The spectral studies suggested the formation of a BSA-1
system, leading to the conclusion that Trp-212 in BSA is
the primary target of the complex, located in subdomain
I1A. Fluorescence resonance energy transfer (FRET) is a
non-destructive spectroscopic method that can monitor
the proximity and relative angular orientation of
fluophores, the donor and acceptor fluorophores can be
entirely separated or attached to the same
macromolecule. A transfer of energy could take place
through direct electro-dynamic interaction between the
primarily excited molecule and its neighbours (Forster,
1948). The distance between the buried Trp-212 (as
donor) and the interacted complex (as acceptor) was
estimated by Forster’s non-radiative energy transfer
theory and the overlapping of the fluorescence spectrum
of BSA with absorption spectrum of 1 was shown in fig.
7. According to Forster’s non-radiative energy transfer
theory, the energy transfer efficiency, E, is calculated
using the following equation (Kang et al. 2004):

E=1-F/F = R()G/R()6 +16

where r is the distance between the donor and acceptor
and Ry is the critical distance when the transfer efficiency
equals to 50% and the value of R is calculated by the
following equation (Hof et al. 2005):

Ro = 979(12n*¢J)*6 nm

The term «2 is the relative orientation of space
of the transition dipole of the donor and acceptor (for a
random orientation as in fluid, «? = 2/3), n is the
refractive index of the medium in the wavelength range
where spectral overlap is significant, ¢ is the fluorescence
quantum yield of the donor and overlap integral J
expresses the extent of overlap between the donor
emission and the acceptor absorption, which could be
calculated by the following equation:

J= [FO)e()A* dAIF(L) di

where F() is the normalized donor emission spectrum in
the range from A to A + AA, and ¢(A) is the molar
absorption coefficient of the acceptor at wave length A.
In the present case, we took n = 1.36 and ¢ = 0.15 (Cyril
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etal. 1961). According to the above equations, we obtain
that J(\) = 2.91 x 10* Mt cm?, Ro = 1.39 nm, E =0.22
and r = 4.97 nm. The donor-to- acceptor distance is less
than 8 nm, which indicates that the energy could transfer
from BSA to 1 with high probability and the distance
obtained by FRET with higher accuracy. Therefore, it
reveals that the energy transfer quenches the fluorescence
of BSA when 1 binds to BSA, which is a non-radiative
energy transfer process.

3.6 Conformational Change of BSA in the
Presence of copper(II) Complex

The absorption and emission spectral studies of
copper(ll) complex in the presence of BSA confirm the
strong interaction between 1 and BSA. It is important to
examine how the structure of BSA is affected in the
presence of 1. When ligands bind to globular protein, the
intramolecular forces responsible for maintaining the
secondary and tertiary structures can be altered, resulting
in a conformational change of the protein (Kragh-
Hansen, 1981) The distinct fluorescence quenching along
with blue shift observed in 1 in the presence of BSA
suggest that the BSA-1 system has changed the micro-
environment of BSA. Circular dichroism (CD) is one of
the strong and sensitive spectroscopic techniques to
monitor conformational changes of protein structure
upon interaction with small molecules. BSA has a high
percentage of a-helical structure which shows a
characteristic strong double minimum signal at 208 and
222 nm (fig. 8, curve a; Kelly et al. 2005). The reasonable
explanation is that the negative peaks at 208 and 222 nm
both contribute to n—n* transfer for the peptide bond of
a-helix. The copper(ll) complex does not contribute to
the CD signal in the range 200-260 nm, thus the observed
CD is solely due to BSA. To ascertain the possible
influence of 1 binding on the secondary structure of BSA,
we have performed far-UV CD spectroscopy of BSA in
the absence and presence (2.0 to 6.0 x 107 M) of 1 (molar
ratios of BSA in 1 were 1:0, 1:0.1, 1:0.2 and 1:0.3). The
CD results are expressed in terms of the mean residue

ellipticity (MRE) in deg cm? dmol? according to the
following equation:

MRE = 6ops (mdeg)/10nIC,

where C, is the molar concentrations of the protein, n the
number of amino acid residues (583 for BSA) and | is the
path length (0.1 cm). The a-helical contents of free and
combined BSA are calculated from MRE values at 208
nm using the following equation (Lu et al. 1987):

a-helix (%) = [-MREzgs - 4000/33000 - 4000] x 100

where MREzg is the observed MRE value at 208 nm,
4000 is the MRE of the B-form and random coil
conformation cross at 208 nm and 33000 is the MRE
value of a pure a-helix at 208 nm. From the above
equation, the a-helicity in the secondary structure of
BSA is determined. A set of far-UV CD spectra of BSA
in the absence and presence of 1 at pH 7.4 and 300 K are
given in fig. 8 and the inset shows the helicity of BSA
versus [1] at 208 and 222 nm. The CD spectral data reveal
the decrease in a-helix structure of BSA (BSA to 1 molar
ratio, % of a-helix at 208 and 222 nm respectively: 1:0,
64.4 and 60.0%; 1:0.1, 62.2 and 57.8%; 1:0.2, 43.1 and
39.6%; 1:0.3, 32.7 and 27.4%), and is realized from the
reduction in the intensity of double minima. According
to the literature, far-UV (200-260 nm) CD spectra gave
the quantitative information on the secondary structure
and the near-UV (260-300 nm) CD spectra can infer the
tertiary structure of BSA (Price, 2000). The CD spectra
of BSA in the presence and absence of the 1 is observed
to be similar in shape, that is, there is no additional signal
in the near-UV region, change in the far-UV region
indicates the secondary structure changes in BSA in the
presence of copper(ll) complex, which means that there
is no change in the tertiary structure of BSA. Therefore,
the structure of BSA is also predominantly of a-helix.
Hence, we can conclude that 1 causes a conformational
change in BSA with the loss of a-helicity.
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Fig. 5: Synchronous fluorescence spectra of BSA (1 x 10 mol L!) upon addition of 1; A» =15 nm (A) and AA = 60 nm (B). The
concentration of 1 varied from (a) 0.0 to (k) 8.0 x 10 mol L.*
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Fig. 7: Overlap of the fluorescence spectra of BSA and the
absorption spectra of 1, [BSA] = [Cu complex] =1 x 10° mol L

4. CONCLUSIONS

The cytotoxic copper(ll) complex binds to BSA
with high affinity at a stoichiometric ratio of 1:1 and
quenching of the fluorescence of BSA through a static
quenching mechanism. The thermodynamic parameters,
AH° and AS°, reveals that the BSA-1 system is stabilized
by the hydrophobic forces. Furthermore, synchronous
fluorescence data show that the BSA undergoes
conformational changes upon binding to 1, where the
complex is proposed to have the capability to bind with
BSA at tryptophan residues. The distance between 1 and
trptophan was estimated to be less than 8 nm, indicating
that the energy transfer from BSA to 1 with high
probability. This interaction causes a conformational
change of the protein with the loss of a-helix stability.
Hence, the copper(Il) complex could bind to BSA and be
effectively transported and eliminated in the body. The

Fig. 8: The far-UV CD spectra for BSA in the absence (a)
and presence (b-d) of 1. [BSA] =1x10°° mol L. b-d: [1] = 1.0,
2.0, 3.0 x 10®* mol L. (Inset: Plot of the helicity of BSA
versus the concentration of complex at 208 and 222 nm)

significant BSA binding and in vitro cytotoxicity results
suggested that the present complex may be fit for the
investigation of anticancer properties.
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