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Abstract—A new intramolecular charge transfer fluorescence probe, namely, 4’-dimethylamino-2,5-dihydroxychalcone
(DMADHUC), exhibited dramatic enhancement of fluorescence intensity with an accompanying blue shift of the emission maximum
when the concentration of human serum albumin (HSA) was increased. Binding to HSA also caused a progressive shift in the
absorption spectrum of DMADHC, and a clear isosbestic point appeared. The binding site number and binding constant were cal-
culated. Thermodynamic parameters were given and possible binding site was speculated. The optimum conditions for the determi-
nation of HSA were also investigated. A new, fast, and simple spectrofluorimetric method for the determination of HSA was
developed. In the detection of HSA in samples of human plasma, this method gave values close to that of the Erythrosin B method.

© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

The quantitative analysis of protein continues to be a
very active area because it can be used as a reference
for the measurement of other components in biochemi-
cal analysis and clinical diagnoses. There are many tech-
niques such as ultraviolet and visible absorption (UV-
vis) spectroscopy,! fluorescence spectroscopy,>® calo-
rimetry,* light scattering,? and capillary electrophoresis®
to detect the protein. Among them, the fluorescence
method stands out since it is more widely used in peptide
and protein chemistry than any other spectral detec-
tion’. Since the fluorescence emitted from the native
protein is very weak, the emphasis of fluorescence meth-
od for the detection of protein is focusing on the probe
of proteins. However, few researches were involved in
using the compound with intramolecular charge transfer
(ICT) behavior as a fluorescence probe for the determi-
nation of protein.

Some compounds containing both electron donor and
acceptor moieties exhibit ICT fluorescence behavior
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whose fluorescence is sensitive to the change in the sol-
vent properties. The emission state from ICT state has
attracted great interest both in photochemistry and bio-
chemistry.® 19 A series of substituted chalcones, 4’-di-
methylaminochalcones, show strongly intramolecular
charge transfer behaviors and reasonable fluorescence
quantum yields in various aprotic solvents.!’"!? A de-
tailed study of them should therefore be of immense
use in unraveling the nature of their interaction with dif-
ferent substances and other biological targets (e.g.,
membranes and protein) at the molecular level. In this
letter, we report a detailed study of the interaction of
substituted chalcone, namely, 4’-dimethylamino-2,5-
dihydroxychalcone (DMADHC) (Fig. 1), with human
serum albumin (HSA) in aqueous solutions. The binding
characteristics are discussed. The performance of the
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Figure 1. The molecular structure and intramolecular charge transfer
process of compound 4’-dimethylamino-2,5-dihydroxychalcone
(DMADHC).
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analytical system involving the interaction of
DMADHC with HSA was explored and its application
in determining the protein is reported.

2. Materials and methods
2.1. Reagents

The investigated chalcone DMADHC was synthesized
and purified as described in the literature,!'® and testified
by 'THNMR and IR spectroscopy. The HSA was pur-
chased from Biological Identification Institute of Shang-
hai. Phosphate buffer solution was used to control the
pH of the media. All other reagents were of analytical
reagent grade and were used without further purifica-
tion. Double distilled water was used throughout the
experiment.

2.2. Apparatus

Absorption and fluorescence spectrum were recorded on
TU-1901 UV-vis spectrophotometer (PGENERAL)
and F-4500 spectrofluorometer (HITACHI). Excitation
and emission bandwidths were both set at 5 nm. All pH
values were measured with a pHs-2 acidometer (The
Second Instrument Factory of Shanghai, China). All
experiments were carried out at 20 + 1 °C.

2.3. Procedures

The concentrations of DMADHC in all the tested solu-
tions were 10> mol L™'. An appropriate amount of
HSA was added. All experiments were carried out at
pH 7.4 in phosphate buffer solutions except specifically
indicated. All test solutions were incubated at
20 £ 1 °C for 30 min. The standard curve method was
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used in the quantification of trace HSA in serum
samples.

3. Spectral characteristics of DMADHC in various
solutions

As can be seen in Figure 2, the fluorescence spectrum
suffers a strongly bathochromic shift as the solvent
polarity is increased. This red shift in the emission max-
imum, from 487 nm in carbon tetrachloride to 533 nm in
dimethyl sulfoxide, observably indicates that intensively
photoinduced ICT takes place within the molecule in a
singlet-excited state. The emission state of DMADHC
consists of three states, the primarily less polar emission
state E*, the subsequently more polar emissive state A*
(corresponding to the LE state and the TICT state), and
the apolar nonemissive state P*. The fluorescence of the
molecule is the sum of the fluorescence emissions from
states E* and A*.'! The peak wavenumbers in the fluo-
rescence spectrum of the compound in different solvent
polarity can be correlated with the empirical Dimroth
polarity parameter Er(30)'* of the solvents (refer to
the inset of Fig. 2). A very good linear correlation was
obtained, implying potential application of this emission
parameter to probe the local microenvironment of
DMADHC.

4. Spectra characteristics of DMADHC binding to HSA

The spectra characteristics associated with the binding of
DMADHC to HSA can be revealed in Figure 3. Binding
to HSA may cause a progressive shift in absorption spec-
trum of DMADHC, and its absorption maximum shifts
from 413 to 422 nm. A clear isosbestic point was located
at 440 nm, indicating the existence of two forms of
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Figure 2. Normalized fluorescence spectrum of DMADHC in various solvents: (1) carbon tetrachloride, (2) diethyl ether, (3) tetrahydrofuran,
(4) acetone, (5) DMF, and (6) DMSO. The arrow direction indicates increasing solvent polarity. The inset displays the linear calibration curve of

The emission maximum versus the solvent polarity parameter E1(30).
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Figure 3. Absorption spectrum of 1x 107> mol L~! DMADHC in different concentrations of HSA at pH 7.4. HSA concentration: (1) 0, (2)
1x107"mol L™!, (3) 2x 10" mol L', (4) 5x10 " mol L', (5) 1.0x 10" ®mol L™, and (6) 2.0x 10~®mol L™!. The arrow direction indicates

increasing concentrations of HSA.

DMADHUC, that is, free and bound ones. Each form of
DMADHC has a unique absorption.

Figure 4 shows the ICT fluorescence emission of
DMADHC in the presence of different amounts of
HSA. Addition of low HSA concentration caused
notable increase of DMADHC fluorescent intensity.
The maximum emission wavelength is strongly blue
shifted from 550 to 541, 536, 533, 531 or 530 nm,
respectively. The blue shift of the emission maximum
can be rationalized by the binding of DMADHC to
a less polar site in HSA. The enhancement effect con-
cluded that the DMADHC molecule has been included
into the hydrophobic pocket of the host HSA whose
size is consistent with DMADHC molecule where little
rotation of the probe occurs during the excited state.
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The enhancement of the fluorescence was in proportion
to the concentration of HSA and according to this a
new method for determination of HSA has also been
established.

5. Binding constant and binding site number

For the interaction of small molecules with macromole-
cules, the Scatchard plot is commonly used to character-
ize the binding properties in terms of measuring the
binding constant and binding site number. The data
for Scatchard analysis are based on the measurements
of absorbance or fluorescence of interacting system,'”

rle=k(n—r), (1)
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Figure 4. Fluorescence emission spectrum of 1 x 107> mol L™! DMADHC in different concentrations of HSA at pH 7.4 HSA concentration: (1) 0,
) 1x107"mol L™, (3) 2x 107" mol L', (4) 5% 107" mol L', (5) 1.0 x 10 mol L™}, and (6) 2.0 x 10~® mol L™!. The arrow direction indicates

increasing concentrations of HSA.
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where r is the molar ratio of bound DMADHC to HSA,
n denotes the binding site number, K represents the
intrinsic binding constant and ¢ is the concentration of
free DMADHC. From the recorded fluorescence titra-
tion data, the binding constant and binding site number
of DMADHC with HSA can be calculated. The binding
constant was 1.03x 10* L mol™' and the binding site
number was 0.93. These results indicate that DMADHC
has intense affinity to HSA, and DMADHC-HSA com-
plex may only have one binding site.

6. Evaluation of the interaction between DMADHC
and HSA

The forces acting between a drug and a biomolecule are
composed of weak interactions of molecules such as
hydrogen bond formation, van der Waals forces, elec-
trostatic forces, and the hydrophobic interaction.!®
From the thermodynamic standpoint, AH >0 and
AS > 0 implies a hydrophobic interaction; AH <0 and
AS <0 reflects the van der Waals force or hydrogen
bond formation; with AH~0 and AS > 0 suggesting
an electrostatic force.!” Because the temperature chang-
es of the binding interaction are minimal, the interaction
enthalpy change can be regarded as a constant. There-
fore, from the following equations:

bk (1 1\AH
m2= ()2 2
& <T1 Tz) R’ @)
AG = AH — TAS, (3)
AG = —RTInK, 4)

where the values of AH, AG, and AS are enthalpy
change, free energy change, and entropy change,
respectively. AH and AS were calculated to be
5249 Jmol™' and 186.27 Jmol ' K~'. It can be de-
duced that the interaction for the binding reaction be-
tween DMADHC and HSA is mainly a hydrophobic
interaction.

7. Speculation of binding site of DMADHC and HSA

Analysis of HSA interactions within the ITA and IIIA
principal ligand-binding structural domains can suggest
the possible binding site for the probe molecule. Crystal
structure analysis has revealed that two major ligand-
binding sites, sites I and II, are located within the
specialized cavities in subdomain ITA and IIIA, respec-
tively. In particular, subdomains ITA and IITA are
delimited by a hydrophobic surface on one side and a
positively charged surface on the other side, which al-
low them to specifically bind small aromatic carboxylic
acids and negatively charged heterocyclic legends of
average size, respectively.'® Actually, a large hydropho-
bic cavity is present in the IIA subdomain, and the

portion of the cavity in subdomain IITA -effectively
eliminates hydrophobic interactions. Since the interac-
tion for the binding reaction between DMADHC and
HSA is mainly a hydrophobic interaction, we confer
that DMADHC may penetrate into the hydrophobic
subdomain ITA.

8. Effect of the concentration of DMADHC

The concentration of DMADHC has distinct effect on
the fluorescence intensity ratio (F/F,) for HSA existence
and absence systems. Figure 5a showed the influence of
the probe DMADHC concentration on the fluorescence
intensities (F/F,). With increasing concentration of
DMADHC, the fluorescence intensity was gradually en-
hanced. But the intensity increased very slightly after the
concentration of the DMADHC solutions reached
5% 10 °mol L', and it dropped when the concentra-
tion reached 3 x 107> mol L~!. This phenomenon may
be due to the self-quenching behavior of DMADHC
at high concentration. Thus, the final concentration
of fluorescence probe DMADHC was kept at
1 x 107> mol L™ in further experiments.
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Figure 5. (a) Effect of the concentration of DMADHC.
[HSA] = 1x 10~° mol L™!; pH 7.4. (b) Effect of pH on the DMADHC
standard assay. [DMADHC]=1x 10> mol L™!; [HSA]=1x10"°
mol L.
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9. Effect of pH

Figure 5b shows the variation of fluorescence intensity
with the pH of solution. The fluorescence intensity of
DMADHC solution changes only slightly when pH val-
ue varies from pH 4.0 to 10.0, but decreased out of this
range. It can be inferred that the pH of solution has
scarcely any effect on the emission state of DMADHC
molecule except for strong acidic and alkaline environ-
ments in which HSA molecules may have been de-
stroyed. So pH 7.4 was chosen for the subsequent
experiments because it is the physiological acidity.

10. Influence of coexisting substances

Under the optimum conditions, the influence of coexis-
ting substances such as glucose, citric acid, amino acid,
and metal ions were tested. The criterion for interference
was fixed at a +10% variation of the average fluores-
cence intensity calculated for the established detection
level of HSA.' The experimental results are presented
in Table 1. From the results it can be seen that the coex-
isting substances test showed little or no influence.

11. The analytical characteristics

The linear calibration graph for determination of HSA
was constructed from results obtained under the optimal
condition. The linear calibration equation, precision,
and limit of the detection were obtained according to
the general procedure. The fluorescence system reported
here was used to determine HSA ranging from 1 to
95 ugml~" with a detection limit (36) of 0.5 ugml™'.
The correlation coefficient is 0.99. This method exhibits
good reproducibility, with a relative standard deviation
of 1.15% obtained from six separate determinations for
50 pg ml~! HSA.

12. Determination of HSA in samples of human plasma

The proposed method was employed to determine HSA
in samples of human plasma. The samples of human
plasma, obtained from the hospital of Shanxi Universi-
ty, were stored below —5 °C and diluted appropriately
to be within the linear range of determination of HSA.
A portion (1.0 ml) of this sample solution was analyzed,
using the standard calibration method. Comparison of
this method with the EB assay?® is listed in Table 2.

Table 1. Influence of coexisting substances
Concentration (x10 °mol L™")  AF%

Coexisting substance

Glucose 2.02 —1.53
Citric acid 8.40 -3.72
Tryptophan 4.72 +5.89
Leucine 6.84 +4.46
Valine 6.12 +1.25
Cysteine 3.48 +2.01
Methionine 3.22 +4.53

[HSA]=1x10"%mol L™!; [DMADHC] =1 x 10~> mol L™!; pH 7.4.

Table 2. Determination of HSA in human plasma samples

Sample Present EB RSD Recovery (%)
No. assay—found assay®—found (%)
protein (pg/ml) protein (pg/ml)
n=5) n=5)
1 69.3 67.8 1.6 98.8
2 67.5 67.4 1.3 95.6
3 71.6 69.7 1.9 103.0

#Ref. 20.

As can be seen in Table 2, the results of these serum
samples in the present method are close to those ob-
tained by the EB assay. The recoveries of these samples
are 95.6-103.0%, demonstrating that the present method
offers an excellent, accurate, and precise method for the
determination of HSA in human plasma.

In conclusion, the fluorescence probe of DMADHC,
with intramolecular charge transfer characteristics, is
sensitive to microenvironment property. It is found that
new ICT-based fluorescent probe DMADHC could
interact with HSA, which resulted in the significant
enhancement of DMADHC fluorescent intensity. Based
on this, a means of sensitive determination of protein is
established. Detecting the protein in real sample vali-
dates its reliability and its result is satisfactory. There-
fore, this method is potential to apply to biochemistry
and clinical practice. Further work is necessary for a
more basic understanding of the mechanism of their
binding action.
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