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Abstract The interactions between N,N′-di(2-hydroxy-3-
methyoxy-phenyl-1-methylene)-o-phenyldiamine-mone Zn
(II), Nd(III) nitrate (2LZnNd) and bovine serum albumin
(BSA) was investigated by various spectroscopic techniques
under physiological conditions. It was proved that the
fluorescence quenching of BSA by 2LZnNb was a result of
the formation of a non-fluorescent complex with the binding
constants of 3.15×105; 2.72×105 and 2.44×105 M–1 at 298 K,
304 K and 310 K, respectively. A marked increase in the
fluorescence anisotropy in the proteinous environments
indicates that BSA introduces motional restriction on the
drug molecule. The corresponding thermodynamics param-
eters ΔH and ΔS were calculated to be –16.36 kJ mol–1

and 43.48 J mol–1 K–1 via van’t Hoff equation. Moreover,
the competitive probes experiment revealed that the binding
location of 2LZnNb to BSA is in the hydrophobic pocket of
site II. The effect of 2LZnNb on the conformation of BSA
has been analyzed by means of CD spectrum and three-
dimensional fluorescence spectra. The results indicate that
the conformation of BSA molecules was changed in the
presence of 2LZnNb Schiff base.
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Introduction

The Schiff-base has been approbated with excellent anti-
tumor [1–3] and antibacterial properties [4–7]. A series of
Schiff-bases were synthesized to develop the potential drugs
for purposes of diminishing inflammation and curing cancer.
Lanthanide coordination compounds have also exhibited
excellent biological effect as active agents in cancer
radiotherapy [8], as antibacterial and anti-tumor pharmaceu-
tical [9–11]. Particular attention has recently been paid to the
synthesis and bioactivity study of both transition metals and
lanthanide with Schiff-base ligand and their derivates. This is
due to their uses as biological models in understanding the
structure of biomolecules and biological processes [12–14],
and also the coordination ability of transition metals and
lanthanide could enhance the bioactivity of Schiff-
base complexes. N,N′-di(2-hydroxy-3-methyoxy-phenyl-1-
methylene)-o-phenyldiamine-mone Zn(II), Nd(III) nitrate
(2LZnNd, see Fig. 1C) was hetero-bimetallic complex
contained both transition metal (zinc) and lanthanide
(neodymium) with Schiff-base ligand. However, only a few
studies investigated the responses of biological systems to
Zn–Nd bimetallic Schiff base in detail, and there are also
very few overall conceptual frameworks. For example,
Boghaei et al. reported on the interaction of copper (II)
complex of compartmental Schiff base ligand with bovine
serum albumin by using circular dichroism spectroscopy and
cyclic voltammetry, the results indicated that the interaction
leaded to changes in the secondary structure of BSA [15]. In
another study, Shrivastava et al. showed that binding of the
Schiff-base ligand to BSA resulted in a remarkable change of
the helicity content with a large binding constant [16].

Serum albumins, abundant in the blood plasma, are the most
widely studied proteins act as transportation and disposition of
endogenous and exogenous compounds [17–19]. Albumins
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have been identified as major transport proteins in blood
plasma for many compounds such as fatty acids, amino
acids, diverse range of metabolites, drugs and organic
compound [20–22]. More and more clinical and pharma-
ceutical interests in serum albumins derive from their
effects on the drug of pharmacokinetics when bound to
serum albumins. In this work, BSA is selected as our
protein model because of its low cost, ready availability,
unusual ligand-binding properties. The results of all the
studies are consistent with the fact that bovine and human
serum albumins are homologous proteins [23, 24].

We report here this unprecedent study of interaction
between 2LZnNd and BSA under physiological condition.
In order to determine the affinity of 2LZnNd to BSA, we
planned to carry out detailed investigation of BSA–2LZnNd
association using fluorescence spectroscopy, fluorescence
anisotropy, and UV–Vis absorption spectrum. The binding
site of 2LZnNd to BSA was done by employing the known
probe of warfarin and ibuprofen. Additionally, the conforma-

tional changes of BSA induced by 2LZnNdwere estimated by
circular dichroism and three-dimensional fluorescence spec-
tra. This study may provide valuable information to the
growing concern regarding the biological action of novel
bimetallic Schiff base introduced to organism.

Materials and methods

Materials

N,N′-di(2-hydroxy-3-methyoxy-phenyl-1-methylene)-o-
phenyldiamine-mone Zn(II), Nd(III) nitrate (2LZnNd)
was synthesized and characterized according to the
literature [25] and prepared by DMF. The structures are
shown in Fig. 1. Bovine serum albumin (BSA, fatty acid
free) was purchased from Sigma. BSA was dissolved in
0.1 M Phosphate Buffered Saline (PBS) (pH 7.4±0.1).
The concentration of the protein was determined spectro-
photometrically using an extinction coefficient (ε=280) of
36 600 M−1 cm−1. Warfarin, obtained from Medicine Co.
Ltd. of Jiangsu in China. Ibuprofen, presented by the
company of Hubei Biocause Heilen Pharmaceutical Co.
Ltd. in China. All other reagents were was purchased from
Sigma Aldrich (St. Louis, MO, USA) and used as
purchased without further purification. All solutions were
prepared with doubly distilled water.

Fluorescence measurements

All fluorescence spectra were recorded on F-2500 fluoropho-
tometer (Hitachi, Japan) equipped with a Xenon lamp
excitation source and a thermostat bath. Fluorescence spectra
were recorded at 298 K, 304 K, 310 K in the range of 290–450
nm and the width of the excitation and emission slit were set to
5.0 and 5.0 nm. An excitation wavelength of 285 nm was
chosen and very dilute solutions were used in the experiment
(BSA 2.0 μM, 2LZnNd in the range of 0–5.0 μM) to avoid
inner filter effect. The quenching effect of DMF was evaluated
and the result showed that the effect of DMF on the quenching
of BSA could be negligible in the amount used.

The three-dimensional fluorescence spectrum was per-
formed under the following conditions: the emission wave-
length was recorded between 200 and 500 nm, the initial
excitation wavelength was set to 200 nm with increment of
5 nm, the number of scanning curves was 31, other scanning
parameters were just the same to that of the fluorescence
quenching spectrum, c (2LZnNd)=c (BSA)=2 μM.

Fluorescence anisotropy measurement

Steady-state fluorescence polarization measurements were
performed with an automatic polarization device of LS55
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spectrofluorometer (Perkin Elmer, USA) at room tempera-
ture. Steady-state anisotropy, r, is defined by [26]:

r ¼ IVV � GIVHð Þ= IVV þ 2GIVHð Þ ð1Þ

G ¼ IVH=IVV ð2Þ
where IVV and IVH are the intensities obtained with the
excitation polarizer oriented vertically and the emission polar-
izer oriented vertically and horizontally, respectively. G is the
instrument grating correction factor. All of the anisotropy
measurements were performed at room temperature. Excita-
tion and emission bandwiths were all adjusted to 5 nm. Each
titration point of the sample equilibration at least three times
with an integration time of 1 min was collected. The
fluorescence anisotropy of the interaction between 2LZnNd
and BSA was followed at λex=370 nm, λem=480 nm (the
wavelengths of maxima absorption and emission of 2LZnNd).
For the steady-state fluorescence anisotropy experiment, the
concentration of 2LZnNd was kept at 2.0 μM. The concen-
trations of BSA is ranging from 0 to 10 μM.

UV absorbance measurement

UV-visible absorption spectra of 2.0 μM of free 2LZnNd in
PBS (pH 7.4±0.1, 0.2% of DMF) as well as the UV-visible
absorption spectra of 2LZnNd/BSA complexes (equal
molar ratio) were recorded on a TU-1901 UV-Vis spec-
trometer at room temperature (Puxi Analytic Instrument
Ltd. of Beijing, China) from 200 to 350 nm.

CD measurement

The CD spectra were recorded on a J-810-150S Spectro-
polarimeter (Jasco, Tokyo, Japan), using a cylindrical
cuvette with 0.1 cm path length at room temperature under
constant nitrogen flush. The CD profiles were obtained
employing a scan speed of 200 nm/min and signal averaged
for three successive scans. Appropriate baseline corrections
in the CD spectra were made. The CD measurements of
BSA in the absence and presence of 2LZnNd (1:1, 1:5,
1:10) were made in the range of 260–190 nm. For the CD
experiment, the concentration of BSA was kept at 2.0 μM.
Far-CD spectra were recorded from 200 to 250 nm in 0.1 M
PBS (pH 7.4±0.1), at room temperature.

Results and discussion

Interaction of 2LZnNd with BSA and fluorescence
quenching mechanism

Fluorescence quenching efficiency and aspects of the
quenching mechanism of the BSA excited state by 2LZnNd

were studied by steady-state fluorescence measurements.
Fluorescence spectroscopy is useful to obtain local infor-
mation about the conformational and dynamic changes of
protein. The quenching of fluorescence is known to occur
mainly by a collisional process (dynamic quenching) and/or
formation of a complex between quencher and fluorophore
(static quenching) [27]. Here we are interested in knowing
whether 2LZnNd form a complex with BSA and upon which
the quenching mechanism acts. The effect of 2LZnNd on
BSA fluorescence intensity is shown in Fig. 2, from which
we can see clearly that BSA had a strong fluorescence
emission band around 345 nm by fixing the excitation
wavelength at 285 nm, and the fluorescence intensity of
BSA was quenched drastically when 2LZnNd was added.
The fluorescence intensity of 2LZnNd was nearly zero
compared with BSA in the wavelength range of 290–450
nm upon excitation at 285 nm (Fig. 2, line L)

The fluorescence quenching data were plotted as relative
fluorescence intensity (RFI=F/F0) versus 2LZnNd concen-
tration. Fluorescence quenching is described by the well-
known Stern–Volmer equation [27]:

F0

�
F ¼ 1þ kqt0 Q½ � ¼ 1þ KSV Q½ � ð3Þ

Where F0 and F are the fluorescence intensities absence and
presence of quencher, kq is the bimolecular quenching rate
constant, τ0 is the lifetime of the fluorescence in the absence
of quencher [28, 29], [Q] is the concentration of the
quencher, and KSV is the Stern–Volmer quenching constant.
Hence the above equation could be applied to determine KSV

by linear regression of a plot of F0/F against [Q].
To evaluate the dilution effect by buffer solution, the

measurements of BSA titrated by buffer were performed. It
was observed that the fluorescence spectra of BSA almost
had no change during the buffer titration proceeding (data
not shown). The quantitative analysis of the binding of
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Fig. 2 Emission spectra of BSA in the presence of various
concentrations of 2LZnNd
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2LZnNd to BSA was carried out using the fluorescence
quenching at various temperatures as shown in Fig. 3. The
calculation of KSV from Stern–Volmer plots (Fig. 3 A)
demonstrated that varying temperatures have a moderate
effect on fluorescence quenching by 2LZnNd. Table 1.
gives the calculated KSV at each temperature studied, while
the results show that the Stern–Volmer quenching constant
KSV is inversely correlated with temperature, which
indicates that the probable quenching mechanism of a
2LZnNd–BSA binding reaction is initiated by compound
formation rather than by dynamic collision. Therefore, the
quenching data were then analyzed according to the
modified Stern–Volmer equation [30]:

F0=ΔF ¼ 1=faKa Q½ � þ 1=fa ð4Þ
In the present case, ΔF is the difference in fluorescence in
the absence and presence of the quencher at concentration
[Q], fa is the mole fraction of solvent-accessible fluoro-

phore, and Ka is the effective quenching constant for the
accessible fluorophores [31], which are analogous to asso-
ciative binding constants for the quencher-acceptor system
[32, 33]. The dependence of F0/ΔF on the reciprocal value
of the quencher concentration [Q]–1 is linear with the slope
equaling the value of (fa Ka)

–1. The value fa
–1 is fixed on the

ordinate. The constant Ka is a quotient of the ordinate fa
–1

and the slope (fa Ka)
–1. The modified Stern–Volmer plots are

shown in Fig. 3B, and the corresponding quenching
constants Ka at different temperatures are shown in Table 1.
The decreasing trend of Ka with increasing temperature is in
accordance with KSV’s dependence on temperature, which
indicates that the fluorescence quenching is caused by a
specific interaction, and the quenching is mainly arisen from
static quenching by complex formation [27]. Moreover, the
UV-vis absorption spectrum of BSA, 2LZnNd and the
2LZnNd–BSA system (data not shown) are different
obviously. This result confirmed that static quenching is the
mainly quenching mechanism.

Motional information of 2LZnNd

Fluorescence anisotropy measurements can give details
about an association or binding phenomenon, the technique
has been employed to gather additional evidences in
support of the interaction of the probe with the native
albumin proteins [34, 35]. We have measured the fluores-
cence anisotropy of 2LZnNd binding to BSA as a function
of protein concentration. Figure 4 presents the variation of
the fluorescence anisotropy (r) of 2LZnNd (480 nm
emission and 370 nm excitation) as a function of protein
concentration for BSA. The plot shows a marked increase
in the anisotropy value with increasing concentration of
BSA, which reflects that the rotational diffusion of 2LZnNd
is restricted significantly in the microenvironments of BSA
[36]. Figure 4 further reveals that with increasing BSA
concentrations, fluorescence anisotropy value increases
rapidly at the beginning (up to 4×10–6 M) and then levels
off gradually. A similar observation has also been reported
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Fig. 3 Stern–Volmer plots (a) and modified Stern–Volmer plots (b)
for the quenching of BSA by 2LZnNd at different temperatures

Table 1 Stern–Volmer quenching constants of the system of
2LZnNd–BSA at different temperatures

T/K Stern–Volmer method Modified Stern–Volmer
method

10−5 K/
M−1

Ra SDb 10−5 K/
M−1

Ra SDb

298 1.49 0.9976 0.0016 3.15 0.9974 0.069
304 1.39 0.9977 0.0014 2.72 0.9990 0.047
310 1.25 0.9987 0.0098 2.44 0.9993 0.046

aR is the correlation coefficient
b SD is standard deviation
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by Chakrabarty et al. [36]. Increase in anisotropy could be
due to decreased Brownian motion or energy transfer
between identical chromophores. The high anisotropy value
(r=0.17) suggests that 2LZnNd is binding at a motional
restricted site on BSA, whose binding site will discuss
subsequently.

The binding interaction force between 2LZnNd and BSA

In general, the interaction forces between endogenous or
exogenous ligands and biological macromolecules may
include electrostatic interactions, multiple hydrogen bonds,
van der Waals interactions, hydrophobic, and steric contacts
within the antibody-binding site [37]. Ross [38] summed up
the thermodynamic laws for estimating the type of the
binding force between organic micro-molecule and biolog-
ical macromolecule. In order to elucidate the interaction
between 2LZnNd and BSA, the thermodynamic parameters
were calculated from the van’t Hoff plots. The temperatures
used were 298 K, 304 K, and 310 K. It can be seen from
Fig. 5 that there was a good linear relationship between
lnKa and 1/T. The enthalpy change (ΔH) is calculated from
the slope of the van’t Hoff relationship. The free energy
change (ΔG) is then estimated from the equation:

ΔG ¼ ΔH � TΔS ¼ �RT lnKa ð5Þ
Table 2. shows the values of ΔH and ΔS obtained for the
binding site from the slopes and ordinates at the origin of
the fitted lines. The negative values of free energy (ΔG)
support the assertion that the binding process is spontane-
ous. The negative enthalpy (ΔH) and positive entropy (ΔS)
values of the interaction of 2LZnNd and BSA indicate that
the electrostatic interactions played a major role in the
binding reaction [38].

Energy transfer between BSA and 2LZnNd

The distance r between the donor and acceptor can be
calculated according to Förster’s energy transfer theory.
According to this theory, the efficiency of energy transfer
between the donor and acceptor, E, could be calculated by
the following equation [39, 40]:

E ¼ 1� F=F0 ¼ R6
0

�
R6
0 þ r6

� � ð6Þ
Where r is the distance between the donor and acceptor,

R0 is the critical distance when the efficiency of transfer is
50% and can be calculated by the following equation:

R6
0 ¼ 8:79� 10�25K2n�4fJ ð7Þ

In Eq. 7, K2 is the space factor of orientation, n is the
refracted index of medium, φ is the fluorescence quantum
yield of the donor, and J is the effect of the spectral overlap
between the emission spectrum of the donor and the
absorption spectrum of the acceptor (Fig. 6), which could
be calculated by the equation:

J ¼
Z 1

0
FðlÞ"ðlÞl4dl=

Z 1

0
FðlÞdl ð8Þ

Where F (λ) is the corrected fluorescence intensity of the
donor in the wavelength range λ to λ + Δλ; ε (λ) is the
extinction coefficient of the acceptor at λ.

In the present case, K2=2/3, n=1.36 and �=0.15 [41].
According to the Eqs. 6–8, we could calculate that E=0.32,
R0=3.01 nm and r=3.41 nm. Both the absolute value of the
average distance r between the donor fluorophore and the
acceptor on the 2−8 nm range [42] and the fulfillment of
the required condition, 0.5R0<r<1.5R0, converge to indi-
cate that energy transfer from BSA to 2LZnNd occurs with
high probability [43]. It also suggested that the binding of
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2LZnNd to BSA is through energy transfer, which is also
accord with the electrostatic interaction mechanism.

Confirming the active sites location of 2LZnNd on BSA

As the data in the preceding discussion do not allow us to
give the precise binding sites location of 2LZnNd on the
protein, competitive displacement experiments were also
carried out using site-specific probes, warfarin and ibupro-
fen [44–46] (Molecular structure in Fig. 1) by fluorescence
quenching method. Most studies of the two site markers, by
means of equilibrium dialysis, found that warfarin mostly
located in site Ι on the BSA, ibuprofen possesses one high-
affinity sites in site II and several low-affinity binding sites
in site Ι, respectively [45, 46]. The binding constants of the
high-affinity site are in the range 8.9×104~3.4×105 M−1 for
warfarin binding to BSA, 3.0×105~3.6×106 M−1 for
racemic ibuprofen [47].

To identify the binding site location of 2LZnNd on the
region of BSA, the binary mixture of warfarin–BSA or
ibuprofen–BSA were titrated with 2LZnNd. The fluores-
cences spectra were recorded upon excitation at 285 nm,
and the quenching data were analyzed according to the
modified Stern–Volmer equation (Eq. 4). It is observed that,
the effective quenching constant Ka of equimolar concen-

trations (2 μM) of ibuprofen–BSA complex was quickly
decreased from 2.43×105 to 2.0×104 M−1 (Fig. 7) when
2LZnNd was added into the ibuprofen–BSA complex,
while the Ka value of warfarin–BSA complex titrated by
2LZnNd was not affected (2.43×105 vs 2.47×104 M−1).
Considering that the binding constant for ibuprofen binding
to BSA (3.0×105~3.6×106 M−1, larger than that of
2LZnNd) Putting the facts that the interaction is slightly
exothermic [48], and different enantioselectivities [49], it is
evident that 2LZnNd does bind at the region of site II
(subdomain IIIA) and is buried in this hydrophobic pocket.

Conformation investigation

To ascertain the possible influence of 2LZnNd binding on
the secondary structure of BSA, we have performed far-UV
CD spectroscopy of BSA in the absence and in the presence
of 2.0 to 20.0×10–6 M 2LZnNd (molar ratios of BSA to
2LZnNd were 1:0, 1:1, 1:5 and 1:10). Consistent with the
literature, the CD spectra of BSA exhibited two negative
bands in the UV region at 208 and 222 nm, characteristic of
α-helical structure of protein. The reasonable explanation is
that the negative peaks between 208 and 209 and 222 and
223 nm both contribute to the n→π* transfer for the
peptide bond of the R-helix. The CD results were expressed

Table 2 Thermodynamic parameters of the system of 2LZnNd–BSA at different temperatures

pH T/K 10−5 K/M−1 ΔH/kJ mol−1 ΔG/kJ mol−1 ΔS/J mol−1 K−1 Ra SDb

7.4 298 3.15 −16.36 −31.35 43.48 0.9888 0.018
304 2.72 −31.65
310 2.44 −31.95

aR is the correlation coefficient for the van’t Hoff plots;
b SD is the standard deviation for the van’t Hoff plots.
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in terms of mean residue ellipticity (MRE) in deg cm2 d
mol–1 according to the following equation:

MRE ¼ Observed CD mdegð Þ�Cpnl � 10 ð9Þ
Where Cp is the molar concentration of the protein, n the
number of amino acid residues (583 for BSA) and l is the
path length (0.1 cm). The α-helical contents of free and
combined BSA were calculated from MRE values at 208
nm using the equation:

a � helix %ð Þ ¼ �MRE208 � 4; 000ð Þ= 33; 000� 4; 000ð Þ
ð10Þ

as described by Lu et al. [50]. Where MRE208 is the
observed MRE value at 208 nm, 4,000 is the MRE of the
β-form and random coil conformation cross at 208 nm and
33,000 is the MRE value of a pure α-helix at 208 nm. From
the above equation, the α-helicity in the secondary structure
of BSA was determined. Figure 8 presents a set of
representative CD spectra for the 2LZnNd–BSA system,
and the inset shows the helicity of BSA versus the
concentration of 2LZnNd at 208 and 222 nm. As can be
seen, the helicity of BSA decreased significantly with
increasing the concentration of 2LZnNd.

Furthermore, in order to quantify the different types
content of secondary structures, far-UV CD spectra have
been analyzed by the algorithm SELCON3, with known
precise secondary structures (43 mode proteins) used as the
reference set [51, 52]. The values of secondary structures
for BSA in the absence and presence of 2LZnNd are shown
in Table 3. A decreasing tendency of the α-helices content
and an increasing tendency of β-strands, turn, and unor-
dered structures contents were estimated at high 2LZnNd
concentration (Table 3). As known, the secondary structure

contents are related close to the biological activity of the
protein, thus a decrease in α-helical from 61.2% to 47.9%
meant the loss of the biological activity of BSA upon
interaction with the highest concentration of 2LZnNd.

Additional evidence regarding the conformational
changes of BSA in presence of 2LZnNd came from the
three-dimensional fluorescence measurement. In Fig. 9,
peak 1 is mainly reveals the spectral behavior of tryptophan
and tyrosine residues, and the maximum emission wave-
length and the fluorescence intensity of the residues are in
close correlation of their microenvironment’s polarity [53].
Figure 9 and Table 4. show that after the addition of
2LZnNd the maximum emission wavelength had a slight
blue shift and the relative fluorescence intensity of BSA
weakened from 224.3 to 202.0. This suggested a less polar
environment of both residues and almost all the hydropho-
bic amino acid residues of BSA are buried in the
hydrophobic pocket. Less polar environment meant that
the binding position between 2LZnNd and BSA locate
within this hydrophobic pocket, the addition of 2LZnNd
changed the polarity of this hydrophobic microenvironment
and the conformation of BSA. All these findings were
consistent with the results of competitive displacement
experiments and CD spectra.

Besides peak 1, we found another new interesting
fluorescence peak (peak 2, λex=225.0 nm, λem=345.4
nm). we assume that peak 2 may mainly exhibit the
fluorescence spectra behavior of polypeptide backbone
structures, which is mainly caused by the transition of
P→P* of BSA’s characteristic polypeptide backbone
structure C=O. So In the presence of 2LZnNd (molar ratio
of BSA to 2LZnNd was 1:1), the fluorescence intensity of
peak 2 decreases rapidly from 157.8 to 4.4, which indicates
that the interaction of 2LZnNd with BSA induced the
unfolding of the polypeptides of protein and conformational
change of the protein [54]. All these phenomenon and
analyzing of peak 1 and peak 2 revealed that the binding of
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Table 3 Fractions of different secondary structures determined by
SELCON3a

molar ratio
[2LZnNd]:[BSA]

Percentage of secondary structure

α-helix β-strand Turn Unordered

αR αD βR βD

0:1 41.2 20.0 2.7 2.8 12.7 20.6
1:1 38.8 19.9 3.2 3.4 14.3 21.2
5:1 33.6 18.8 5.0 4.7 16.4 24.4
10:1 29.7 18.2 5.8 5.3 18.6 25.6

a The subscripts “R” and “D” represent “ordered” and “disordered”,
respectively.
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2LZnNd to BSA induced some micro-environmental and
conformational changes in BSA.

Conclusions

In this paper, the interaction between 2LZnNd and BSA
was investigated by fluorescence quenching spectrum, UV-
vis spectrum, CD, and three-dimensional fluorescence
spectrum. The Stern–Volmer quenching constant Ksv and
corresponding thermodynamic parameters ΔH, ΔG and ΔS
were calculated. The negative enthalpy (ΔH) and positive
entropy (ΔS) values of the interaction of 2LZnNd and BSA
indicate that the electrostatic interactions played a major
role in the binding reaction. The distance r between donor
(BSA) and acceptor (2LZnNd) was calculated to be 3.41
nm according to Förster’s energy transfer theory. Compet-
itive displacement experiments reveal that the binding

location of 2LZnNb to BSA is in the hydrophobic pocket
of site II. The effect of 2LZnNd on the conformation of
BSA has been analyzed by CD and three-dimensional
fluorescence spectra, the results indicate that the secondary
structure of BSA molecules was changed in the presence of
2LZnNd. All these experimental results and theoretical data
clarified that 2LZnNd could bind to BSA and could be
effectively transported and eliminated in body, which may
provide valuable information to the growing concern
regarding the biological action of Zn–Nd hetero-bimetallic
Schiff base introduced to organism.
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Fig. 9 Contour spectra
of BSA (a) and 2LZnNd–BSA
complex (b)

Table 4 Three-dimensional fluorescence spectral characteristics of BSA and 2LZnNd–BSA system

Peaks BSA 2LZnNd–BSA

Peak position Storkes Intensity F Peak position Storkes Intensity F
λex/λem (nm/nm) Δλ (nm/nm) λex/λem (nm/nm) Δλ (nm/nm)

Fluorescence peak 1 280.0/348.5 68.5 224.3 280.0/346.5 66.5 202.0
Fluorescence peak 2 225.0/345.4 120.4 157.8 225.0/353.9 128.9 4.4
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