
Introduction

Thermodynamic of biomacromolecule-ligand interaction

is very important to understand the structure function

relationship in proteins. One of the most powerful

techniques useful to obtain additional information about

the structure of proteins in biophysical chemistry field

is isothermal titration calorimetry (ITC) [1–4]. ITC gives

invaluable information about biomacromolecule-ligand

interaction [5–7], protein denaturation [8–10]. During

the last 6 years we attempt to study the metal ion

binding study on different proteins [1–13]. We have

previously developed a theory to account for the

solvation of solutes in mixed solvent systems. The

extended solvation model satisfactorily reproduces all

the experimental enthalpies transfer of the solutes

from pure solvents into mixed solvent systems across

the whole range of solvent compositions [11–13].

Although copper, zinc and iron are essential for brain

development and function, an imbalance of these

metals may play a role in the development of brain

plaques associated with Alzheimer’s disease. Inhibition

of neocortical �-amyloid accumulation may be

essential in an effective therapeutic intervention for

Alzheimer’s disease [14]. Cu
2+

and Zn
2+

are enriched

in �-amyloid deposits in Alzheimer’s disease, which

are solubilized by Cu
2+
/Zn

2+
-selective chelators in

vitro. There are some reports that transgenic mice

treated orally with clioquinol, an antibiotic and

bioavailable Cu
2+
/Zn

2+
chelator. The results suggest

that �-amyloid metabolism is extraordinarily sensitive

to small changes in copper concentrations that might

be transduced across the blood–brain barrier [14–17].

Clioquinol is a chelator that crosses the blood–brain

barrier and has greater affinity for zinc and copper

ions than for calcium and magnesium ions. Clinical

ratings showed slight improvement after 3 weeks

treatment of 20 patients with clioquinol [17]. Organ

meats, such as liver, and shellfish are the foods with

the highest copper levels, followed by nuts, seeds,

legumes, whole grains, potatoes, chocolate and some

fruits. Copper pipes may also add trace amounts of the

metal to drinking water.

As a clear understanding of operational stability

constitutes an important goal in protein technology,

our efforts aimed at elucidation of the structure-stability

using the extended solvation model. This model is

able to correlate the solvation parameters to the effect

of ligands on the stability of a protein in a very simple

way. The present paper reports some interesting

experimental data for the enthalpies of Cu
2+
+A�(1–16)

interactions and analyses of these data using GRB

solvation theory.

Experimental

Materials

CuCl2·H2O, glycine and N-(2-hydroxyethyl)

piperazine-N’(2-ethanesulfonic acid), HEPES, were
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purchased from Sigma-Aldrich. All reagents were

99% pure. The peptide amyloid (1-16), A�(1–16), was

purchased as a custom synthetic peptide, 95% purity,

from Biosynthesis, Inc. (Lewis-ville, TX). All solutions

were made with nanopure water (>18M�, resistance).

Method

ITC measurements were carried out on a VP-ITC

ultrasensitive microcalorimeter (MicroCal, Northampton,

MA). All the solutions were degassed before titra-

tions were performed. This procedure was carried out

as follows:

Glycine (2.8 mM), CuCl2 (0.7 mM) and A�(1–6)

(75 �M) solutions were prepared in HEPES buffer

(20, 150 mM NaCl, pH 7.2, at 37°C). During the titra-

tion, 8 �L of the CuCl2 or glycine solution was in-

jected in 5 min intervals into 1.41 mL of the peptide so-

lution in the reaction cell. The cell was stirred at 307 rpm.

The titration was conducted at 37°C. The peptide concen-

trations were estimated by the BCA Assay (Pierce Bio-

technology). Injection of the ligands solutions into the

vessel was repeated 30 times, with 8 �L per injection.

The above procedure was repeated for the injection of

CuCl2 solution (0.7 mM Cu
2+
) in 1.41 mL of the peptide

solution. The calorimetric signal was measured by a

digital voltmeter that was part of a computerized re-

cording system. The heat of each injection was calcu-

lated by the ‘Thermometric Digitam 3’ software pro-

gram. The heats of dilution of CuCl2 or glycine were

measured as described above except A�(1–16) was

excluded. The enthalpies of dilution of the ligands so-

lutions were subtracted from the enthalpies of

Gly+A�(1–16) and Cu
2+
+A�(1–16) interactions. The

enthalpies of dilution of A�(1–16) are negligible. The

microcalorimeter was frequently calibrated electrically

during the course of the study. The enthalpies of

Gly+A�(1–16) and Cu
2+
+A�(1–16) interactions have

been calculated in kJ mol
–1

and were analyzed with

GRB solvation model using a non-linear least square

method and were shown graphically in Fig. 1.

Results and discussion

The enthalpies of the ligands+biopolymer interactions

in the aqueous solvent systems, can be accounted for

quantitatively in terms of three factors: cooperative

binding by the ligands, weakening or strengthening of

solvent-solvent bonds by A�(1–16) and the change in

the enthalpy of the ligands+A�(1–16) interactions

[18–31]. This treatment leads to:
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B B
( )� �n N are the indexes of A�(1–16) structural

changes due to its interaction with ligands in the low

and high ligand concentrations respectively, with 
n

resulting from the formation of a cavity wherein n

solvent molecules become the nearest neighbours of

the solute and �N reflecting the enthalpy change from

strengthening or weakening of solvent–solvent bonds

of N solvent molecules (N�n) around the cavity (�<0

indicates a net strengthening of solvent–solvent bonds).

The constants 
 and � represent the fraction of the

enthalpy of water+Cu
2+

interaction associated with

the cavity formation or restructuring, respectively.

The superscript 	 in all cases refers to the quantities in

infinite dilution of the solute. Cooperative binding

requires that the macromolecule have more than one

binding site, since cooperativity results from the

interactions between binding sites. If the binding of

ligand at one site increases the affinity for ligand at

another site, the macromolecule exhibits positive

cooperativity. Conversely, if the binding of ligand at

one site lowers the affinity for ligand at another site,

the protein exhibits negative cooperativity. If the

ligand binds at each site independently, the binding is

non-cooperative. p<1 or p>1 indicate positive or negative

cooperativity of macromolecule for binding with

ligand respectively; p=1 indicates that the binding is

non-cooperative. x
B

'
can be expressed as follow:
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x
B

'
is the fraction of the ligand needed for saturation of

the binding sites, and xA=1–xB is the fraction of

unbounded ligand. Now the model is a simple mass
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Fig. 1 Comparison between the experimental enthalpies, �H,

for � – Cu
2+
+A�(1–16) and� – Gly+A�(1–16)

interactions and calculated data (lines) via Eq. (1).

Subscript T means total concentrations


