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Studies based on the interaction of metals with proteins resulted in the development of promising metal-based compounds with
encouragingmedicinal potential.Tis study was aimed to utilize FT-IR andUV-Vis spectroscopic techniques to analyze the interactions
of biologically signifcant metal ions, such as Al3+, Ni+2, and Cu+, with bovine serum albumin (BSA). Diferent concentrations of metal
ions were interacted with BSA, and the complexes were analyzed using the two techniques. Te change in the BSA secondary structure
components such as β-sheet, β-antiparallel, α-helix, β-turn, and random coil were analyzed using second derivative resolution en-
hancement.Te FT-IR spectroscopy suggested amarked decrease in the C=O stretching (corresponding to amide I) andC=N stretching
(corresponding to amide II) intensities. Interestingly, upon complexation, a marked reduction (22.58–29.03%) in the α-helical
component was observed with a considerable increase in the random coil component. Te intensity of the absorption peak of BSA
obtained using UV was observed to increase consecutively as the concentration of Cu+, Al3+, and Ni2+ ions increased. Te binding
constants for the BSA-Cu+, BSA-Ni+2, and BSA-Al+3 complexes were calculated to be 3.46×104M−1, 1.28×104M−1, and 2.08×104M−1,
respectively. It was concluded that the binding interaction decreased in the order Cu+>Al3+>Ni2+. Tese fndings were similar to our
previous fndings using afnity capillary electrophoresis (ACE).Terefore, it can be inferred that the FT-IR andUV techniquesmight be
utilised efectively to assess themetal-protein interaction and can havewide application in routine analysis.Tese techniques have several
advantages in being simple, easy-to-perform, rapid, and afordable over other high-end techniques.

1. Introduction

Albumin, the most prevalent plasma protein, accounts for al-
most 60% of the total plasma protein content in vertebrates.
Owing to its widespread accessibility and similarity (76%) with
human serum albumin (HSA), bovine serum albumin (BSA) is

widely used to investigate the binding of biologically active
molecules to the albumin protein [1].Te BSA proteinmolecule
is made up of a single chain consisting of 583 amino acids
bonded together with 17 cysteine residues and has a molecular
weight of 66400Da.Te structurally diferent domains I, II, and
III, consisting of chains of various amino acids, are separated
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into nine loops, which are connected by disulfde bonds
(Figure 1). Two subdomains (A and B) are also included in each
domain. Te peptide chain is made up of turns that are ex-
tended between the subdomains, while secondary structure is
primarily composed of α-helices and β-sheets [2].

Since metal ions play a signifcant role in many biological
processes, researchers have long found studying protein-metal
ion interactions to be fascinating. Metalloproteins along with
other proteins, have the afnity to interact through some of the
metal ions, and their selectivity is crucial as some of these
interactions have physiological and pathological implications
[3, 4]. Biomolecules such as proteins have a strong afnity for
bioinorganic complexes, and this potential is widely utilised for
designing active compounds that can combat bacterial, fungal,
and viral diseases and even can treat a variety of tumors [5]. For
instance, the efectiveness of platinum-based anticancer agents
such as carboplatin and cisplatin in the treatment of various
cancers has already been established.

Te ability of analytical techniques for the measurement of
metal-protein interactions rely on a number of variables, in-
cluding sensitivity, accuracy, precision, timeliness, scale of
analysis, ability to operate under physiological conditions,
sample complexity, aswell asmethod complexitywhile selecting
the best analytical approach, all these considerations should be
made. Generally, the most difcult aspect of each approach is
the intricacy of the sample and its preparation. Nuclear mag-
netic resonance (NMR), surface plasmon resonance (SPR),
thermal shift assay, afnity capillary electrophoresis (ACE), X-
ray crystallography, atomic force microscopy (AFM), circular
dichroism (CD), and other analytical methods have all been
used previously to efectively measure these interactions [6–8].
Recently, Fourier transform-infrared (FT-IR) spectroscopy has
emerged as a useful tool for measuring these interactions, and it
has produced promising results that are comparable to those of
other top-tier analytical methods [2].

Previously, our research team has been involved in the
investigation of binding of various monovalent, divalent,
and trivalent metal ions, drugs, and various other molecules

with diferent proteins using a number of techniques, and
some promising fndings were reported [2, 9–12]. We have
recently been researching the application of spectroscopic
techniques such as FT-IR and UV-Vis to detect metal-
protein binding interactions and compare the results with
other sophisticated techniques. We tested the efects of
various biologically signifcant metal ions on the BSA
protein using FT-IR and UV-Vis spectroscopy in order to
identify the binding sites and measure the strength of in-
teractions, and encouraging results were obtained. In this
study, Al3+, Ni+2, and Cu+ metal ions were chosen and made
to interact with BSA under physiological conditions
(pH 7.4). Utilizing the FT-IR second derivative resolution
enhancement approach, the associated binding interactions
were investigated [13]. Te fndings of this study might ofer
new perspectives and insights on how copper (I), nickel (II),
and aluminium (III) ion-based complexes would interact
with the albumin protein along with their possible toxic
efects.

2. Materials and Methods

2.1. Instruments and Chemicals. Metal salts aluminium (III)
chloride (AlCl3), nickel (II) chloride (NiCl2), and copper (I)
chloride (CuCl) were obtained from Sigma-Aldrich
(Steinheim, Germany) and utilised as such. Te BSA pro-
tein (>99.0%), acetic acid, and tris bufer were also pur-
chased from Sigma-Aldrich (Steinheim, Germany) and were
used without further purifcation. Troughout the study,
ultrapure water (18Ω), prepared in our lab using milli Q
system (Millipore, Molsheim, France) was used. Te FT-IR
spectrum was obtained using a Nicolet iS10 FT-IR spec-
trophotometer (Termo Fischer Scientifc, Germany)
equipped with a liquid nitrogen-cooled MCT detector. Te
absorption spectra for BSA-metal ion complexes were ob-
tained using a double beam UV-visible spectrophotometer
(Shimadzu, Japan).

2.2. Preparation of Solutions. To prepare the tris bufer
(20mM, pH 7.4), 1.21 g of precisely weighed tris powder was
dissolved in 100mL of pure deionized water, followed by an
adjustment of the pH to 7.4 using a dilute acetic acid solution.
Te fnal volume of the resulting solution was adjusted to
500mL using ultrapure deionized water. To prepare the BSA
protein solution (0.5mM), accurately weighed (1.65 g) BSA
powder was dissolved in 50mL of the freshly prepared tris
bufer solution. Similarly, metal stock solutions (1mM each)
were prepared using the same tris bufer by dissolving ap-
propriate quantities of metal salts in 50mL of bufer. Further
dilutions were made using the stock solutions in order to
achieve concentrations of 0.25, 0.1, and 0.025mM for each
metal solution. All the solutions, including tris, BSA, and
metal ions, were prepared fresh on each day of analysis.

2.3. Protein-Metal Ion Complexes Preparation. Te protein-
metal ion complexes were prepared by gradually adding the
respective metal ion solution to the BSA solution at room
temperature with continuous stirring. In order to study the

Figure 1: Tree-dimensional structure of simple BSA protein
(downloaded from protein data bank; ID: 4F5S (https://www.rcsb.
org/).
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efect of metal ion concentration on the complexation
process, three metal ion concentrations (0.125, 0.25, and
0.5mM) were tested to achieve distinct complexes while the
fnal protein concentration was maintained at 0.25mM. To
ensure adequate complexation between the test protein and
metal ions, the combined solutions were incubated at 37°C
for at least 2 h.

2.4. Fourier Transform-Infrared Spectroscopy (FTIR). Te IR
spectra of proteins alone and metal-protein complexes were
obtained using hydrated flms. Each sample was scanned
100 times at a resolution of 4 cm−1 in the transmittance
range of 4000–400 cm−1. Te diference spectrum was used
for subsequent analysis and was obtained by subtracting the
spectrum of protein alone with the spectrum of protein-
metal ion complexes [14].

2.4.1. Protein Conformational Analysis. Before and after
interaction with various metal ions, the secondary structures
of tested BSA protein were examined using FT-IR in
a transmittance range of 1700–1600 cm−1 (amide band) [15].
Te variation in intensities along with spectral shifting in the
amide-A band, which corresponds to -NHstr. At 3500 cm−1,
amide I band for −C�O stretching at 1700–1650 cm−1, and

amide II band for C-N stretching coupled with -NH bending
at 1550 cm−1, before and after interaction with metal ions,
were examined. Te secondary structure of BSA proteins at
amide I band including β-antiparallel (1691–1680 cm−1),
α-helix (1660–1650 cm−1), β-turn (1678–1670 cm−1), β-sheet
(1637–1614 cm−1), and random coil (1648–1638 cm−1) were
measured using the resolution enhancement method.

Gaussian functions were used to adjust the acquired
values, and the corresponding peak areas were calculated for
each secondary structure component. Origin Pro 2019
(Origin Lab, MA, USA) was used for self-deconvolution, and
curve-ftting method was employed to investigate the metal-
protein complexes and secondary structure of the protein.
To determine the changes in protein after complexation,
secondary structures of the protein were examined by
computing the percentages of α-helix, random coil, β-sheet,
β-turn, and β-antiparallel components. Te % area of amide
I components was calculated by multiplying the area cor-
responding to each band that characterises an amide I
component by the overall area [16, 17]. Since the α-helix
constitutes the largest component of amide I band, it was
considered the basis for measuring metal-protein in-
teraction, and the modifcation in the helical structure of
BSA protein, was calculated using the equation below:

%  change in α helix �
% α helix  in BSA − metal  ion  complex − % α helix  in BSA alone

% α helix  in BSA alone
× 100. (1)

2.5. Ultraviolet-Visible Spectroscopy. Te UV-Vis spectro-
scopic study to investigate the BSA-metal complexation
was performed using previously reported methods [18, 19]
with slight modifcations. Te 0.5mM solution of BSA and
1mM solutions of Copper (I), Nickel (II), and Aluminium
(III) metal ions were prepared by mixing accurately
weighed amounts of BSA and metal salts, respectively, in
20mM of freshly prepared tris bufer (pH 7.4). BSA (24 µM)
and the metal ion solutions were mixed appropriately in the
same tris bufer to achieve efective concentrations of 8, 16,
24, 32, 40, 48, 56, and 64 µM. Te BSA and metal ion
solutions were mixed in equal volumes (1 :1) at rt in such
a way to achieve 0, 4, 8, 12, 16, 20, 24, 28, and 32 µM metal
ion concentrations while the concentration of BSA was kept
constant at 12 µM. Te prepared solutions were mixed
properly by shaking followed by incubation at room
temperature (25± 2°C) for 2 h and subsequently at 37°C for
2 h. Te absorption spectra of BSA-metal ions, complexes
as well as BSA alone were recorded after incubation. To
avoid the interference caused by absorption due to
unreacted metal ions at the measured wavelength, the
spectra of the complexes were subtracted from the spectra
of metal ions.

2.5.1. Determination of Binding Constants. Te binding
constants (K) of BSA-metal complexes were calculated using
a previously reported method [18, 19] using the absorbance

data for BSA before and after formation of complexes with
metal ions. If we assume only one type of interaction be-
tween the metal ions and BSA, the following equations (2)
and (3) can be derived:

BSA + metal⇔BSA: metal, (2)

K �
BSA: metal

[BSA][metal]
, (3)

where K� binding equilibrium constant of metal ion: BSA
complexes.

If we consider BSA: metal as CB

K �
CB

CBSA − CB(  Cmetal − CB( 
, (4)

where Cmetal and CBSA represent the concentrations of metal
ions and BSA, respectively, in aqueous solution.

According to Beer–Lambert Law,

CBSA �
A0

εBSA.l
, (5)

CB �
A0 − A( 

εB.l
, (6)

where A0 along with A represent the absorption values of
BSA in the absence and presence of metal ions at 280 nm,
respectively. εBSA and εB denote the molar extinction
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coefcients of BSA and the bound metal ions, respectively,
whereas the path length is assumed to be 1 cm.

Te CBSA and CB values from equations (5) and (6) can
now be replaced to (4) to derive the following equation:

A0

A0 − A
�
εBSA
εB

+
εBSA
εB.K

.
1

CMetal
. (7)

A dual reciprocal plot across 1/CMetal on X-axis, along
with 1/A0 − A on Y-axis was plotted and the binding con-
stants (K) were calculated using the intercept-to-slope ratio.

3. Results and Discussion

3.1. FT-IR Spectroscopic Analysis. Te most prevalent blood
protein, serum albumin, is engaged in a variety of physio-
logical activities, including binding with drugs, especially
metallodrugs. Plasma proteins are known to bind with metal
ions, and the strength of the interaction depends on
a number of factors, most importantly the type of metal ions.
Some metal ions attach themselves to these plasma proteins
strongly, while others bind weakly. By utilising this in-
teraction, diferent metal-based drugs with a range of po-
tential physiological efects can be designed. In this study,
the interactions between group-A metal ions (Al+3) along
with heavy metal ions including Cu+ and Ni+2 with BSA
were analyzed using FT-IR spectroscopy. Since metal ions
and proteins interact to modify the structural and confor-
mational properties of the protein, these changes can be
examined using various spectroscopic methods. Te FT-IR
technique was applied to evaluate the properties of amide
bands, and the variations in intensity and spectral shifting as
a result of this interaction were measured. Before and after
metal ion interaction, the amide I band of BSA protein was
examined between the wave numbers 1700 and
1600 cm−1 (C�O stretching), the amide II band was exam-
ined at 1550 cm−1 (C-N stretching coupled with N-H band
modes), and the amide A band was examined at 3500 cm−1

(NH stretching) [14, 17].
Te secondary structure of the BSA protein was

deconvoluted and analyzed using OriginPro 2019 graphing
software, and various secondary structure components,
including the β-antiparallel (1691–1680 cm−1), β-turn
(1678–1670 cm−1), α-helix (1660–1650 cm−1), random coil
(1648–1638 cm−1), and β-sheet (1637–1614 cm−1) were in-
vestigated for spectral shift and intensity variations. Te
FT-IR spectrum of the free protein was subtracted from that
of the BSA-metal complex to get the diference spectra. Te
FT-IR spectra were generated for both free BSA and for the
BSA-metal complexes. Diferent spectra obtained were
subsequently examined to determine how the peak in-
tensities and wave numbers changed as the complex formed.
Te secondary structures of proteins were analyzed using
self-deconvolution and curve-ftting techniques [15].

3.1.1. Interactions of BSA with Heavy Metal Ions (Cu+ and
Ni+2). Two heavy metal ions (Cu+ and Ni+2) were selected
for the investigation, and their interactions with BSA

protein were measured at two diferent concentrations
(0.125mM and 0.5mM). Te lower metal ion concen-
trations did not produce signifcant results, as there were
no marked diferences in the spectra, indicating very weak
interactions. On the contrary, higher metal ion concen-
trations resulted in good interactions as evident from the
diference spectra shown in Figures 2(b) and 2(d). It was
observed that the peak intensities in the diference spectra
were good, indicating robust interactions between the
metal ions and the BSA protein. Te negative peaks in the
diference spectra signifed that the peak intensity de-
creased upon BSA-metal ion interaction, while the peaks
in the positive region indicated an increase in the
intensity.

Te spectrum shift of NHstr peak, which in the case of
free BSA was at 3308 cm−1, was examined for the two
complexes. Diference spectra of BSA-Cu+ and BSA-Ni+2

complexes are given in Figures 2(c) and 2(e). It was observed
to be dramatically shifted to 3431 cm−1 in case of BSA-Cu+
complex and 3493 cm−1 for BSA-Ni+2 complex, indicating
strong interaction of these metal ions with the BSA protein.
Tese metal ions interacted with C-N and N-H functional
groups of the protein, resulting in shifting of NHstr fre-
quency. Additionally, the amide I band for free BSAwas seen
to shift to 1657 cm−1 and 1654 cm−1 for the BSA-Cu+ and
BSA-Ni2+ complexes, respectively. Tis change was owing to
a strong interaction between the metal ions and C-O group
of the BSA protein. Moreover, the COO− band in the case of
free BSA at 1395 cm−1 was noticeably downshifted to
1374 cm−1 and 1390 cm−1 for BSA-Cu+ and BSA-Ni+2

complexes, respectively.
Te secondary structures of free BSA and the BSA-

metal ion complexes were quantitatively determined over
the range 1700–1600 cm−1, and the conformational
changes induced by metal ions were evaluated. Figure 3
depicts the second derivative resolution enhancement and
curve-ftted model for the amide I band over the spectral
range 1700–1600 cm−1 and Table 1 summarizes the per-
centages of secondary structure components calculated
for free BSA as well as the BSA-metal ion complexes. It is
evident from Table 1 that upon complexation, the per-
centages of several components, including β-turn,
β-antiparallel, random coil, β-sheet, and α-helix varied.
Te proportions of secondary structure components
calculated for free BSA were found to be consistent with
the previously reported results [20].

In comparison to BSA alone, which showed a α-helix
content of 62%, the values calculated for the BSA-Cu+ and
BSA-Ni+2 complexes were calculated to be 44% and 48%,
respectively. Tis suggested a marked reduction in α-helix
component of BSA protein upon interaction with the metal
ions. Additionally, the random coil component increased
from 5% for free BSA to 21% and 13% for BSA-Cu+ and
BSA-Ni+2 complexes, respectively. Also, the β-antiparallel
component considerably increased from 3% (free BSA) to
8% (BSA-Cu+) and 7% (BSA-Ni2+), indicating a strong
interaction between the two heavy metal ions and BSA
protein (Figures 3(a)–3(c)).
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Figure 2: Fourier transform IR spectra of (a) unbound BSA, (b) BSA-Cu complex (0.5mM), (c) diferential complex of BSA-Cu (0.5mM),
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3.1.2. BSA Interaction with Group A Metal Ions (Al+3).
A known concentration of BSA (0.25mM) was made to
interact with two diferent Al+3 metal ion concentrations of
0.125mM and 0.5mM under physiological conditions.
Spectra for free BSA and BSA-Al3+ complexes along with
their diference spectrums are given in Figures 2(a), 2(f), and
2(g). Similar to the heavy metal ions, the lower Al3+ metal
concentration did not show amarked change in the spectrum,
indicating a nonsignifcant interaction with the BSA protein.
However, at higher metal ion concentrations (0.5mM),
considerable interaction was observed as evident from pos-
itive and negative peaks of good intensities in the diference
spectra.Te negative peaks of the amide I and amide II bands
in the diference spectrum revealed that the spectral

intensities markedly decreased following interaction. Tis
decrease in the spectral intensity was due to the decrease in its
α-helical component [21]. In the case of the BSA-Al3+
complex, two negative peaks with good intensities at
1656 cm−1 along with 1532 cm−1, corresponding to the amide
I and amide II, respectively were observed in the diference
spectrum. Since Al3+ is a hard acid, it might have reacted with
the C�O, COO−, and NH groups of BSA, based on the Hard
and Soft Acid Base (HSAB) theory of binding [8, 9, 22, 23].

Te spectral shift of the NHstr peak from 3308 cm−1 in
the case of free BSA to 3428 cm−1 for BSA-Al3+ complex
further supported these binding interactions. Tis consid-
erable NHstr shift suggested that the Al3+ ions interacted
with the C-N and N-H groups of the protein. Additionally,

Table 1: Secondary structural study of the Cu+, Ni+2, and Al+3 complexes of free BSA.

Amide
I (cm−1) components Free BSA (%) 0.25mM BSA-Al+3

complex (%) 0.5mM
BSA-Cu+

complex (%) 0.5mM
BSA-Ni+2

complex (%) 0.5mM
β–sheet (±2) 1614–1637 14 15 15 18
Random coil (±2) 1638–1648 5 20 21 13
α–helix (±4) 1650–1660 62 46 44 48
β–turn (±2) 1670–1678 16 12 12 14
β–antiparallel (±1) 1680–1691 3 7 8 7
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Figure 3: For (a) free BSA, curve ftted amide I at 1700–1600 cm−1 (R2 � 0.99). (b) BSA-Cu+. (c) BSA-Ni+2. (d) complexes of BSA-Al+3.
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the BSA-metal complex showed a change in the amide I
band from 1652 cm−1 in free BSA to 1656 cm−1, demon-
strating good interaction between the C-O group of BSA
protein and Al3+ metal ions. A downshift was also observed
in the COO− band which changed from 1395 cm−1 for free
BSA to 1380 cm−1 for the BSA-Al3+ complex. Te secondary
structure analysis of BSA-Al3+ complex showed a marked
decrease in the α-helical content from 62% to 46% as well as
in the β-turn (from 16% to 12%). However, the percentages
of random coil and β–antiparallel increased signifcantly
from 5% to 3% in free BSA to 20% and 7% for BSA-Al+3

complex, respectively (Figure 3(d), Table 1).

3.2. Ultraviolet Spectroscopic Analysis. UV-Vis spectroscopy
is a rapid and efcient method for the measurement of
protein-ligand binding and protein conformational changes
[24]. It was based on the measurement of absorption spectra
of BSA alone and its complexes with Cu+, Ni+2, and Al3+
ions. Te results showed a sharp absorption peak of BSA at
280 nm, which increased in the intensity as the metal ion
concentrations increased from 4 to 32 µM (fgures 4(a)–
4(c)). Te tryptophan residue present on the surface of the
BSA protein might have interacted with the metal ions via
electrostatic interactions which resulted in a hyperchromic
shift [25].
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Figure 4: Spectral overlay showing increasing concentrations of (a) Cu+, (b) Ni+2, and (c) Al+3 ions on BSA’s ability to absorb UV light; tris
bufer; CBSA � 12 µM; Cmetal � 0, 4, 8, 12, 16, 20, 24, 28, and 32 µM (pH 7.4).

Journal of Chemistry 7



To measure the extent of interaction of metal ions with
the BSA protein, binding constants were calculated for the
BSA-Cu+, BSA-Ni+2, and BSA-Al+3 complexes and were
found to be 3.46 ×104M−1, 1.28 ×104M−1, and
2.08 ×104M−1, respectively (Figures 5(a)–5(c)). As re-
ported earlier, the ideal binding constant should be be-
tween 104 and 106M−1 [1], and the ligands with their
binding constant values in this range are believed to be
suitable for drug development. As the metal ions also
showed binding constants in this range, they and their
metal-based ligands are expected to efectively bind to the
BSA protein and distribute themselves throughout the
biological system.

3.3. Comparison of FT-IR and UV Findings with ACE.
Te fndings of this investigation were compared with those
of an earlier study of similar nature, which was conducted by
our group utilising afnity capillary electrophoresis (ACE)
[8]. Te interactions of fve distinct proteins, including BSA,
with numerous physiologically signifcant metal ions were
measured using ACE. Protein mobility shift following the
interaction was measured in order to evaluate the in-
teraction. Te percentage change in theα-helical structure of
BSA after interaction with metal ions and the binding
constants of the complexes were used to compare with the
mobility shift data obtained using ACE (Table 2). As evident
from Table 2, the outcomes of all three methods were similar
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Figure 5: Plot of 1/(A0 −A) vs. 1/Cmetal; A0 and A� the absorbance of BSA alone and BSA-metal complexes, respectively; Cme-

tal � concentration of Cu+, Ni+2, and Al+3. Bufer: tris (pH 7.4); CBSA � 12 µM; Cmetal � 0, 4, 8, 12, 16, 20, 24, 28, and 32 µM; (a)
KCu+ � 3.46×104M−1, (b) KNi

2+ � 1.28×104M−1, and (c) KAl
3+ � 2.08×104M−1 are the binding constants.

Table 2: Comparison of metal ions-protein interaction results from FT-IR and UV-Vis spectroscopy with those from ACE.

Metal ions ∆R/Rf± cnf values in
ACE∗ [1]

% variation in
α-helix after complexation Binding constant (M−1)

Cu+ −0.0754± 0.0088 −29.03 3.46×104

Al+3 −0.0484± 0.0087 −25.80 2.08×104

Ni+2 −0.0397± 0.0037 −22.58 1.28×104
∗∆R: the mobility ratios of BSA in a capillary with and without metal ions vary. Rf: the mobility fraction of BSA in the lack of metal ions. Cnf: confdence
interval calculated for six replicate tests.
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and showed comparable fndings. It could be observed that
the Cu+ ion exhibited the strongest interaction with BSA,
and this fact was supported by both techniques. In all three
employed methods, the degree of interaction decreased in
the order Cu+<Al3+<Ni2+.

4. Conclusions

Te current study was aimed to develop a simple, rapid, cost-
efective, and accurate method to measure the interaction
between metal ions and BSA protein. Simple spectroscopic
techniques such as FT-IR and UV-Vis were successfully
employed in this study to assess the interactions of several
distinct biologically signifcant metal ions with BSA. Tese
techniques has many advantages over sophisticated tech-
niques, as they do not require tedious sample preparation
steps and not much expertise is needed making them cost-
efective techniques which can be used for routine analysis of
metal-protein or drug-protein interactions. Tese tech-
niques were also found to be accurate as the results were
comparable with the ACE technique used earlier to measure
the interaction. However, these techniques have some
limitations, as they might not be as sensitive as the high-end
instruments, and therefore, they can only be utilised for
routine analysis. Also, these techniques give preliminary
data about the interaction with BSA, and furthermechanistic
investigations are required to establish the mechanism of
binding of these metal ions with the binding site present in
the BSA protein.
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