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The interaction of lomefloxacin (LMF) with human serum albumin (HSA) in the presence of copper ions in a 
physiological medium and its thermodynamic characteristics were investigated by multi-spectroscopy. The experi-
mental results showed that both LMF and LMF-Cu2＋ could quench the fluorescence of HSA with a static quench-
ing mechanism, indicating that LMF or LMF-Cu2＋ could react with HSA. The apparent binding constants/numbers 
of binding sites were estimated as 4.924×105 L•mol－1/1.473 for LMF-HSA, 8.990×104 L•mol－1/1.785 for LMF- 
Cu2＋-HSA, 1.10×105 L•mol－1/1.21 for LMF-Cu2＋ and 7.30×102 L•mol－1/0.82 for HSA-Cu2＋, respectively. ΔH 
and ΔS for LMF-HSA system were calculated to be －2.189 kJ•mol－1 and 61.25 J•mol－1•K－1, while those for 
LMF-Cu2＋-HSA system were －7.401 kJ•mol－1 and 47.63 J•mol－1•K－1. Although the values of ΔH and ΔS in 
these two systems were different, the treads were similar, which indicated that electrostatic interactions in these two 
systems played a major role. According to Forster theory, the distances were given as 5.006 nm for HSA-LMF and 
4.709 nm for HSA-LMF-Cu2＋. Synchronous fluorescence and circular dichroism spectra confirmed further that the 
conformations of human serum albumin before and after interacting with LMF or LMF-Cu2＋ were different. All the 
results revealed that copper ions promoted the interaction of lomefloxacin with human serum albumin. 
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Introduction 

Proteins are a kind of bioactive materials. Because 
proteins can interact with small molecules through elec-
trostatic, hydrophobic, hydrogen bond, Van der Waals 
force and self-assembling function, proteins are contrib-
uting significantly to physiological functions by forming 
supermolecular association with a multilayer structure. 
Specially, proteins can act as carrier aid in the transport, 
distribution and metabolism processes for many exoge-
nous ligands. Recently, the interactions between pro-
teins and small molecules (including medicine) and the 
properties of such interaction have aroused an increas-
ingly interest, and some new techniques and method-
ologies for the investigation of the interactions have 
been developed.1 

Human serum albumin (HSA) is the most abundant 
plasma protein in the circulatory system. In HSA, a 
monomer is composed of 585 amino acids, three ho-
mologous domains, a large number of disulfide bonds 
and a single tryptophan (Try214).2 Its main function is 
to transport fatty acids and bind a great variety of me-
tabolites and drugs. Many drugs, such as anti-coagulants, 
tranquilizers and general anesthetics, are transported 
through the body and then bound to the albumin. Hence, 

the investigation about the interaction of BSA with an-
tibiotics, such as acyclovir,3 cefotaxime sodium4 and 
adriamycin-iron complex,5 has been reported. 

Considering the pharmacological function of LMF 
(one of the third generation synthetic antibacterial 
fluoroquinolones with effective broad-spectrum antim-
icrobial activities) and trace metal elements, an 
HSA-LMF-Cu(II) system was designed and studied. To 
our knowledge, the system investigated by multi-spec- 
trotroscopy has never been reported. In the present pa-
per, the spectroscopic property of HSA binding with 
LMF and LMF-Cu2＋was investigated using fluores-
cence, circular dichroism and absorption spectroscopy. 
The thermodynamic parameters including binding con-
stants, binding sites and binding characteristics and the 
information about HSA conformations were discussed. 

Experimental 

Chemicals 

Commercially prepared human serum albumin and 
lomefloxacin were purchased from Sigma (St. Louis, 
USA). All reagents were of analytical grade and ob-
tained from Shanghai Chemical Reagent Corporation 
(China). Doubly distilled water was used throughout the 
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preparations of all solutions. 
The stock solutions of HSA and LMF were dis-

solved in Tris-HCl buffer solution (0.05 mol•L－1 Tris, 
0.15 mol•L－1 NaCl, pH＝7.40), and retained in a re-
frigerator. Before use, the working solutions were di-
luted. 

Apparatus 

Fluorescence measurements were performed on an 
F-4500 spectrophotometer (Hitachi, Japan) equipped 
with a 150 W Xenon lamp and 5 nm slit width and 1.00 
cm quartz cell at a scanning speed of 240 nm•min－1, the 
temperature was controlled by a digital aqueous ther-
mostat (Shanghai, China). Ultraviolet-visible spectrum 
was recorded on a U-3010 spectrophotometer (Hitachi, 
Japan). Circular dichroism (CD) spectra were made on a 
JASCO-810 spectropolarometer (Tokyo, Japan) using a 
1.00 cm cell at a 0.1 nm interval, with two scans aver-
aged for each CD spectrum in the range of 200—260 
nm. pH measurements were performed with a 510 digi-
tal pH-meter (Singapore). 

Spectroscopic measurements 

The absorption spectroscopy of LMF or LMF-Cu2＋

was performed at room temperature. HSA concentration 
was kept constant at 1×10－5 mol•L－1 and LMF or 
LMF-Cu2＋ (the molar ratio of LMF to metal＝1∶1) 
concentration was varied from 4×10－6 to 3.2×10－5 
mol•L－1, the fluorescence intensity was monitored in 
300—550 nm at different temperatures (298, 305, and 
312 K) with fixed excitation wavelength at 295 nm to 
minimize tyrosyl fluorescence. The widths of both the 
excitation slit and the emission slit were set to 5 nm.  
1×10－7 mol•L－1 HSA was prepared in 0.05 mol•L－1 
Tris-HCl buffer (containing 0.15 mol•L－1 NaCl), LMF 
or LMF-Cu2＋ratio to HSA was 1∶1 and the CD spec-
trum was recorded. 

Results and discussion 

Fluorescence properties of HSA or LMF in the 
presence of copper ions 

 Figure 1 showed the fluorescence spectra of HSA  

 
Figure 1  Fluorescent spectrum of HSA (A) and LMF (B) at 
different Cu2＋ concentrations. a—g: 0, 2.8, 4.8, 6.8, 8.8, 10.8, 
12.8 (×10－5 mol•L－1), [HSA]＝[LMF]＝1×10－5 mol•L－1,  
λex＝295 (A) and 281 nm (B). 

and LMF in the presence of copper ions in 0.05 mol• 
L－1 Tris-HCl buffer (pH＝7.4). The results displayed 
that the fluorescence intensities of HSA and LMF de-
creased regularly with increasing copper ion concentra-
tion, indicating that copper ions can quench the fluores-
cence of LMF and HSA.  

The binding constant (K) and the number of binding 
sites (n) for the two systems being according to the Eq. 
(1),6 with K/n values were calculated to be 1.10×
105/1.21 for LMF-Cu2＋ and 7.30×102/0.82 for HSA- 
Cu2＋, respectively. These data indicated that copper 
ions could react with HSA and LMF, respectively.  

0lg lg lg [M]
－

＝ ＋
F F

K n
F

 (1) 

where F and F0 represent the observed fluorescence 
intensities of HSA or LMF at each copper ion concen-
tration and in the absence of copper(II), [M] is the equi-
librium concentration of copper ions.  

Comparing the binding constants, it was found that 
the binding power between LMF and a copper ion was 
stronger than that between HSA and a copper ion, im-
plying a stable complex of LMF-Cu2＋ had been formed. 

Fluorescence properties of ternary complex 

Figure 2 showed the fluorescence spectra of 
HSA-LMF and HSA-LMF-Cu2＋ in a 0.05 mol•L－1 
Tris-HCl buffer (pH＝7.4) at 298 K. 

A strong fluorescence emission peak at 342 nm for 
HSA was observed, the fluorescence intensity decreased 
and its emission wavelength was red shifted with the 
gradual addition of LMF or LMF-Cu2＋. On the contrary, 
a fluorescence emission peak at 425 nm for LMF was 
also observed, the fluorescence intensity of LMF or 
LMF-Cu2＋ was evidently increased and their emission 
wavelength was blue shifted in the presence of HSA. 
For HSA, the intrinsic fluorescence was quenched, 
while the fluorescence of LMF was enhanced. Appar-
ently, there are interactions and energy transfer between 
LMF or LMF-Cu2＋ and HSA. 

In order to confirm the quenching mechanism, the 
fluorescence quenching data are usually analyzed by the 
Stern-Volmer equation.7 The Stern-Volmer equation for 
dynamic quenching is 

0
sv q 01 [Q] 1 [Q]＝＋ ＝＋

F
K K τ

F
 (2) 

where F0 and F are the fluorescence intensities in the 
absence and presence of a quencher, respectively, Kq, 
Ksv, τ0 and [Q] are the quenching constant, the dynamic 
quenching constant, the average lifetime of molecule 
without a quencher and concentration of the quencher, 
respectively. 

The quenching constants of HSA by the binding of 
LMF or LMF-Cu2＋ were estimated, and listed in Table 
1. Seen from Table 1, Ksv value became smaller with the 
temperature gradually rising, and the quenching con- 
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Figure 2  Fluorescence spectra of HSA-LMF (A) and 
HSA-LMF-Cu2＋ (B). Insets show the calibration curves of fluo-
rescence corresponding to [LMF]/[LMF-Cu2＋] for the two sys-
tems. [HSA]＝1×10－5 mol•L－1, [LMF]/[LMF-Cu2＋]. a—i: 0, 
0.4, 0.8, 1.2, 1.6, 2, 2.4, 2.8, 3.2 (10－5 mol•L－1). 

stants in the two systems were greater than that in the 
biopolymer (2.0×1010 L•mol－1

•s－1)8 by the maximum 
scatter collision mechanism. The data indicated that the 
fluorescence quenching of HSA by LMF or LMF-Cu2＋

was a static process. The higher quenching constant ob-
tained in the presence of copper(II) might result from an 
interaction of the metal ion complex, formed between 
the metal ion and the drug, with the protein. Thus, pro-
longing the storage time of the drug in the blood plasma 
can intensify the maximum effectiveness of the drug. It 
might be the reason why LMF can be stored and re-
moved better by the proteins in the presence of common 
metal ions.9,10 

Meantime, the free energy (ΔG), enthalpy change 
(ΔH) and entropy change (ΔS) in the two systems were 
calculated according to Eqs. (3) and (4), and presented 
in Table 1.  

Δ Δln +H SK
RT R

＝－

s s

  (3) 

Δ Δ ΔG H T S＝ －

s s s   (4) 

From Table 1, the negative sign of free energy indicated 
that the interaction process was spontaneous. The en-
thalpy change and the entropy change in the absence of 
copper(II) were calculated to be ΔH≤0 and ΔS＞0, in-
dicating that the binding processes are entropically 
driven and the binding power is mainly the electrostatic 
interactions. Similarly, those in the presence of cop-
per(II) were estimated to be ΔH＜0 and ΔS＞0, illumi-
nating that electrostatic interaction plays also a domi-
nating role.11 

Binding and energy transfer in ternary complex 

Because interactions between a protein and drugs are 
characteristic of non-covalent model, the model is usu-
ally expressed as the site-binding model, and described 
by Scatchard equation.12 Based on Scatchard equation, 
the binding constant and the number of binding sites of 
HSA with LMF or HSA with LMF-Cu2＋were calculated 
by the following expression.13 

0 t 0 0 t/ [D ] /( ) [P ]F F K F F F nK＝ － －   (5) 

where, [Dt] is the total drug concentration, [Pt] is the 
total protein concentration, and K and n are the binding 
constant and the number of binding sites, respectively. 
From the fluorescence data (displayed in Figure 2), the 
binding constant and the number of binding sites of 
HSA with LMF or HSA with LMF-Cu2＋ were esti-
mated. The plot of F0/F vs. [Dt]F0/(F0－F) at 298 K 
wasdepicted in Figure 3. The results showed that the 
equilibrium constants and the numbers of binding sites 
were calculated to be 4.924×105 L•mol－1, 1.473 for 
LMF and 8.990×104 L•mol－1, 1.785 for LMF-Cu2＋, 
respectively. 

Generally, there are two kinds of fluorescence 
quenching in the interaction of copper(II) with HSA.14 
One is the non-radioactive energy transfer, in which 

Table 1  Fluorescence quenching equations and thermodynamic parametersa 

System T/K Equation 
Ksv/(10－4  
L•mol－1) 

Kq/(10－12  
L•mol－1

•s－1) 
R SD 

ΔH/ 
(kJ•mol－1) 

ΔS/ 
(J•mol－1

•K－1) 
－ΔG/ 

(kJ•mol－1) 

H-L 
298 
305 
312 

0.9414＋3.819×104cL 

0.9458＋3.728×104cL 

0.9615＋3.585×104cL 

3.819 
3.728 
3.585 

3.819 
3.728 
3.585 

0.9989 
0.9984 
0.9988 

0.01943
0.02226
0.01905

－2.189 61.25 
20.44 
20.87 
21.30 

H-L-C 
298 
305 
312 

0.8121＋6.078×104cL-C 
0.8190＋5.742×104cL-C 

0.8295＋5.315×104cL-C 

6.072 
5.742 
5.315 

6.072 
5.742 
5.315 

0.9967 
0.9942 
0.9952 

0.05264
0.06579
0.05561

－7.401 47.63 
21.59 
21.93 
22.26 

a cHSA＝1.0×105 mol•L－1, λex＝295 nm. H-L: HSA-LMF, H-L-C: HSA-LMF-Cu2＋. 
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Figure 3  Plots of F0/F vs. [Dt]F0/(F0－F) at 298 K: ■ 
LMF-Cu2＋and ▲ LMF. 

copper(II) reacts with the Try214 residues in HSA, and 
the other is perhaps due to a production of non-fluores- 
cence complex between copper(II) and indole residues 
of Try214. According to the calculated results, the in-
crease of number of apparent binding sites between 
LMF and HSA is owing to the contribution of interac-
tions between the copper(II) and HSA.13,15 

In order to investigate the mechanism, Forster’s 
non-radiative energy transfer theory16 was adopted. Ac-
cording to Forster’s theory, the energy transfer will 
happen under conditions: (a) the donor can produce 
fluorescence light; (b) fluorescence emission spectrum 
of the donor and UV-Vis absorbance spectrum of the 
acceptor have much overlap; (c) the distance between 
the donor and the acceptor is close to and lower than 7 
nm. The energy transfer effect is related not only to the 
distance between the acceptor and the donor, but also to 
the critical energy transfer distance, that is 

6
0

6 6
0

R
E

R r
＝

＋
  (5) 

where r is the distance between the acceptor and the 
donor and R0 is the critical distance when the transfer 
efficiency is 50%, which can be calculated by 

6 25 2 4
0 8.79 10R K n J－ －

＝ × φ   (6) 

where K2 is the spatial orientation factor of the dipole, n 
the refractive index of the medium, φ  the fluorescence 
quantum yield of the donor, J the overlap integral of the 
fluorescence emission spectrum of the donor and the 
absorption spectrum of the acceptor. Therefore, J can be 
evaluated by integrating the spectra: 

4
0

0

( ) ( ) d

( )d

∞

∞
∫

∫
＝

F λ ε λ λ λ
J

F λ λ
   (7) 

where F(λ) is the fluorescence intensity of the fluores-
cent donor at wavelength λ and ε(λ) is the molar absorp-
tivity of the acceptor at wavelength λ. The energy trans-
fer efficiency is given by 

0

1＝－

F
E

F
  (8)  

Figure 4 gave the overlap between the UV absorp 
tion spectra of LMF and the fluorescence emission 
spectra of HSA. According to the literature,17,18 in which 
the K2, φ  and N for HSA were given as 2/3, 0.074 
and 1.36, respectively, the values of R0 and r were cal-
culated to be 4.147 and 5.006 nm for HSA-LMF, 4.104 
and 4.709 nm for HSA-LMF-Cu2＋. So, the distance 
between LMF and tryptophan residue in HSA is 5.006 
nm, and the distance between LMF-Cu2＋ and the tryp-
tophan residue in HSA is 4.709 nm. Obviously, they are 
lower than 7 nm after interaction between LMF and 
HSA and 0.5R0＜r＜1.5R0, which are accorded with the 
conditions of Forster's non-radioactive energy transfer 
theory, indicating that the static quenching interaction 
between LMF and HSA and the energy transfer from 
HSA to LMF occur with high probability. 

 

Figure 4  Spectral overlap of LMF (a) or LMF-Cu2＋ (b) ab-
sorption with HSA fluorescence at [HSA]＝[LMF]＝[LMF-Cu2＋]
＝1.0×10－5 mol•L－1. 

When Cu2＋ was added to HSA-LMF system, Cu2＋

could bind not only with LMF, but also with HSA to 
form HSA-Cu2＋-LMF complex, which makes the dis-
tance between HSA and LMF decrease from 5.006 to 
4.709 nm. Therefore, the energy transfer efficiency was 
greatly enhanced.19 Cu2＋ provided an efficient channel 
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for the energy transfer between BSA and LMF. The 
further complex of LMF-Cu2＋ complex with HSA was 
through energy transfer, which gave rise to the fluores-
cence quenching of the protein. 

BSA conformation in ternary complex 

Synchronous fluorescence spectroscopy, three- 
dimensional fluorescence spectroscopy and circular di-
chroism were adopted to evaluate the conformational 
changes of HSA. 

Synchronous fluorescence spectroscopy is character-
istics of spectrum simplification, spectrum band reduc-
tion, spectrum band overlap reduction and minimal 
scattering. When wavelength interval was Δλ＝15 nm, 
the spectrum characteristic of tyrosine residues in the 
protein was observed. When Δλ＝60 nm, the spectrum 
characteristic of tryptophan residues in the protein was 
manifested, and the main peak was red shifted when the 
drug was gradually added (Figure 5), showing that the 
tryptophan residues were placed in a less hydrophobic 
environment and more exposed to the solvent. This may 
be due to the changes of the residue micro-environment 
with the insertion of LMF. The conclusion is agreed 
with the analytical result shown in Figure 2. 

Three-dimensional fluorescence spectra, shown in 
Figure 6, can supply integrity spectrum information. It 
might supply the deficiencies of synchronous fluores-
cence spectroscopy.  

Two typical fluorescence peaks could be easily ob-

served in the three-dimensional fluorescence spectrum. 
Obviously, the fluorescence of HSA has been quenched 
by LMF or LMF-Cu2＋, indicating that a complex be-
tween HSA and LMF or LMF-Cu2＋ has been formed, 
which then change the conformation of HSA (Table 2).  

CD spectra can provide some information about the 
secondary structures of proteins and the binding of 
ligands to these types of macromolecules. Figure 7 
showed the circular dichroism spectra of HSA binding 
with LMF or LMF-Cu2＋. As seen, two peaks of HSA 
were present at 222 and 208 nm, and the intensities of 
the peaks were obviously changed with the addition of 
LMF or LMF-Cu2＋. Moreover, the intensity of the two 
peaks of HSA was decreased with increasing the con-
centration of LMF or LMF-Cu2＋, which confirmed that 
LMF or LMF-Cu2＋ was bound to HSA. In general, CD 
signal of protein denotes the change of α-helicity of the 
protein. Hence, the conformations of HSA have been 
altered with entering of LMF or LMF-Cu2＋. 

It is interesting that the negative peak at 202 nm of 
HSA was affected by the addition of LMF or LMF-Cu2＋. 
The negative peak at 208 nm decreased when equivalent 
LMF was added into the HSA solution, while the inten-
sity of the negative peak decreased when the same ratio 
1∶1 of LMF-Cu2＋ was added. The change of the nega-
tive peak maybe indicates the function of Cu2＋ on 
above system. The detailed investigation is under way. 

 
Figure 5  Synchronous fluorescence spectrum of HSA in the presence of LMF (A) and LMF-Cu2＋ (B). [HSA]＝1×10－5 mol•L－1; 
[LMF-Cu2＋] a—i: 0, 0.4, 0.8, 1.2, 1.6, 2, 2.4, 2.8, 3.2 (10－5 mol•L−1); Δλ＝15 nm (A) and Δλ＝60 nm (B). 

 
Figure 6  Three-dimensional fluorescence spectra of HAS (a), HSA-LMF (b) and HSA-LMF-Cu2＋ (c). (a) [HSA]＝1×10－5 mol•L－1; 
(b) [HSA]＝1×10－5 mol•L－1 and [LMF]＝1×10－5 mol•L－1; (c) [HSA]＝1×10－5 mol•L－1 and [LMF-Cu2＋]＝1×10－5 mol•L－1. 
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Table 2  Three-dimensional fluorescence spectra characteristics of HSA and its complexes 

Peak 1  Peak 2 
System 

λex/λem Δλ/nm Intensity Intensity ratio  λex/λem Δλ/nm Intensity 

H 280/330 50 122.3    — — 

H-L 280/330 50 84.45 0.691∶1  320/410 90 26.56 
H-L-C 280/330 50 80.28 0.656∶1  320/410 90 29.27 

 

 

Figure 7  Circular dichroism spectra in the 200—260 nm range 
at (a) [HSA]＝1×10－7 mol•L－1, (b) [HSA]∶[LMF]＝1∶1 and 
(c) [HSA]∶[LMF-Cu2＋]＝1∶1. 

Conclusion 

In this paper, the interaction of HSA with LMF in 
the presence of copper ions was studied by 
multi-spectroscopic methods. All the results indicated 
that the fluorescence quenching of HSA by LMF and 
LMF-Cu2＋ is a static process, and the conformation of 
HSA has been changed dramatically with the reaction. 
The results also indicated that a complex was formed 
between LMF and HSA by electrostatic interactions, in 
which the binding reaction is mainly entropy-driven; 
while electrostatic force played a major role in the in-
teractions of HSA with LMF in the presence of 
copper(II).  
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