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Thermodynamic Study on Interaction between Anti-tumor Drug
5-Fluorouracil and Human Serum Albumin

LI, Lin-Wei* WANG, Dong-Dong SUN, De-Zhi LIU, Min QU, Xiu-Kui
(College of Chemistry and Chemical Engineering, Liaocheng University, Liaocheng 252059)

Abstract From the assumptions of this binding process and Langmuir’s binding theory, the interaction
between 5-fluorouracil and human serum albumin (HSA) has been investigated by the nano-watt-scale iso-
thermal titration calorimetry and the circular dichroism (CD) spectrometry at 298.15 K. The results show
that there are two classes of binding sites on the protein HSA for the 5-fluorouracil. For the first class of
binding, the binding site number is N=7120.1, the binding constant is K=(1.46+0.016)X 10’ Lemol ',
the binding enthalpy is AH=(39.61+0.220) kJemol ', the binding entropy is AS=(231.68+0.025) Je
mol 'K !, and the binding Gibbs free energy is AG=(—29.4840.030) kJemol '. This binding is an en-
tropy driven process, and the hydrophobic interaction is the main motive-force for the process. For the sec-
ond class of binding, the binding site number is N=140=%0.2, the binding constant is K=(1.4910.032) X
10° Lemol ', the binding enthalpy is AH=(—19.31£0.103) kJ*mol ', the binding entropy is AS=(34.304
0.055) Jemol 'K ', and the binding Gibbs free energy is AG=(—29.53+0.041) kJemol '. This binding is
an enthalpy-entropy synergically driven process, and the hydrogen bond and electrostatic interactions are the
main motive-force for the process. The analytical results of circular dichroism (CD) spectra show that the
interactions between 5-fluorouracil and HSA changed the relative contents of secondary structure units of
protein HSA in these two classes of binding processes. The thermodynamic effects of the binding system are
integrated results which come from different interactions in the binding process. The conformations of the
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protein HSA underwent changes induced by the anti-tumor drug 5-fluorouracil in the solution medium of

this binding system.

Keywords isothermal titration calorimetry; circular dichroism spectrometry; 5-fluorouracil; human serum

albumin
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Figure 1 Molecular structure of 5-fluorouracil
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Table 1  Thermodynamic parameters for the binding of
5-fluorouracil to HSA at 298.15 K*

Affinity sites
Parameter
First Second
N; or M, 71£0.1 140£0.2
K/(Lemol ") (1.4610.016) X 10° (1.49%0.032) X 10°
AH/(kJ»mol ') 39.6140.220 —19.3140.103
AG/(kJsmol ') —29.48+0.030 —29.5340.041

AS/(Jemol K™ 231.68£0.025 34.30£0.055

“ Data are expressed as mean+S.D. (N=3).
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Figure 2 Plot of the apparent molar bingding enthalpy versus

the molar ratio of 5-fluorouracil to HSA
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Figure 3  Plot of the bingding heat Q; versus the molar ratio of
5-fluorouracil to HSA

The line is the result of simulation and the point is obtained from experiment
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Table 2 Influence of 5-fluorouracil on the secondary structure
clements of HSA at 298.15 K’

cspulensa  a-Helix/% f-Sheet/% p-Turn/% Random coil/%

0 31.9+0.1 31.3%£03 9.0%+0.1 27.81£0.4
71 30.3+0.2 31.3%£0.2 10.8+04 27.6%0.3
140 31.7+04 29.7£0.3 10.0x+0.1 28.5%0.3

® Data are expressed as mean=+S.D. (N=3).
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5-fluorouracil concentration
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