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Summary: A simple method was introduced for isothermal titration calorimetric data analysis.
This method was applied to the binding of monosaccharide methyl a-D-mannopyranoside to

concavalin A at pH 6.9 and temperature of 25°C. The dissociati

binding constant (K) and the

molar enthalpy of binding (AH) were 0.135 mM and -28.47 kJ/mol, respectively. These results
were markedly consistent with the results obtained from previous method.

Introduction

Calorimetry is the principal source of thermo-
dynamic information, and it is indeed both a very
versatile and sensitive technique [1). It is a very
general method due to the fact that practically all
physical, chemical and biological processes are
accompanied by heat exchange. So, colarimetry is
one of the most powerful tools for expanding
knowledge and understanding in many fields of
science and technology [2.3]. The principal
calorimetric techniques that have contributed are
differential  scanning calorimetry (DSC) and
isothermal titration calorimetry (ITC) [4]. DSC
experiments perturb the system under study by
scanning temperature followed by recording the heat
capacity of the system against temperature [4-6]. The
nature and magnitude of the process that stabilize
biomacromolecules and transition states for
conversion of native to denatured form are investiga-

ted by DSC experiments [6-9]. The energetics of
biochemical reactions or molecular interactions at
constant temperature are measured by ITC [10].
Experiments are performed by titration of a reactant
into a sample solution containing the other
reactant(s) necessary for reaction. After each
addition, the heat released or absorbed as a result of
the reaction is monitored by the isothermal titration
colarimeter. The total concentration of titrant is the
independent variable under experimental control.
Thermodynamic analysis of the observed heat effects
that permits quantitative characterization of the
energetic processes associated with the binding
reaction [10].

ITC gives invaluable information about
biomacromolecule-ligand interaction [11-13]
allosteric transition [14], protein denaturation [15-
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17} enzyme inhibition [18,19], quality, safety and
shelf-life of materials and material stability [20-23].

Different methods have been reported for data
analysis of ligand binding study by ITC [19, 24-27].
The principal of these methods is to fit the
experimental data in an equation relating
equilibrium constant, molar enthalpy of binding and
reactants concentration. The Wiseman method [27]
for data analysis has extensively used for ligand
binding study by ITC and a computer program needs
for using this method [28-34].

Here, a simple method is introduced for ITC
data analysis. In the present study, I provide ITC
data for the binding of the monosaccharide methyl
a-D-mannopyranoside to concavalin A at pH 6.9 and
temperature of 25°C, where the protein exists as a
monomer with one binding site [34). This interaction
has also been studied before, and calorimetric data
analysis has been donc by Wiseman method [34).
The results from two methods will be comprised.

Results and Discussion

Consider a solution containing ligand (L),
and a macromolecule (M,) that contains “n” sites
capable of binding the ligand. If the multiple binding
sites on a macromolecule are identical and
independent, the ligand binding sites can be
reproduced by a model system of monovalent
molecules (M, — nM) with the same set of
dissociation equilibrium constant (K) values. Thus,
the reaction under consideration can be written

ML=M+L

K =[MJL}/[ML] )

By titration of a solution containing “M” with
a solution of ligand L, the equilibrium reaction is
moved toward increasing concentration of ML
complex. The heat value of reaction depends on
concentration of ML complex (q o [ML]). Moreover,
the maximal value of heat that would be observed
when all the M is present as ML, that is, Qrax O

[Mlotat, OF Gmax 00 [M]+[ML}. Therefore, it can be
concluded:

= @
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Because of the equilibrium assumption, [ML]
can be expressed in terms of [L], [M], and K.
Substituting for [ML]:
q (IM][LY/K)
= 3)
MI+([M][L)/K)

Qunax

The heat equation for the simple unireactant
system can be rearranged to yield the more familiar
Henri-Michaelis-Menten equation

q L
- @
K+[L)

Qmax

The value of gy« Will be equal to the molar
enthalpy of binding (AH), if the values of q are
calculated per mole of single-site protein (M). It is
assumed all the “M” available in the sample vessel is
present as ML for this calculation. However, at very
high concentrations of ligand, this assumption can
be correct. In the other word, titration of a solution
containing “M” with a ligand solution leads to the
increasing value of q, and finally, to attain the AH
value at high concentration of ligand. Thus, equation
4 will lead to:

q Ll
= (5)
AH K+[L]
which rearranges to linear forms
1 K 1 1
= + ©6)
q AH  [L] AH
or
q AH 1
= - q
L] K K

Thus, the plot of 1/q versus 1/[L] gives
dissociation equilibrium constant (K) and molar
enthalpy of binding (AH). According to equation 6,
AH is obtained from Y-intercept as a q value, when
the concentration of ligand is infinite, and the value
of K can be obtained from the slope.

The raw data obtained from isothermal
titration microcalorimetry of concavalin A with
methyl o-D-mannopyranoside was shown in Fig. 1.
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Fig. 1: Raw calorimetric titration data for 20
automatic cumulative injections, each of 20
ul, of methyl a-D-mannopyranoside solution,
50 mM, into the sample cell containing 2 ml
concavalin A solution at a concentration of
0.04 mM. The experiment carried out at 6.9
pH, phosphate buffer 50 mM, and constant
temperature 25°C.

Saturation of ligand binding due to the increase
concentration of ligand is observed from the decrease
area under the calorimetric signals from an injection
to another injection in Fig. 1. Fig. 2a is showing the
heat of each injection and Fig. 2b is showing the
heat of related to each total concentration of ligand.
The total concentration of ligand is much more than
total concentration of concavalin A. So, it can be
assumed that the total and free concentrations of
ligand are approximately equal.

The plot of 1/q versus 1/[L] was shown in
Fig. 3. The values of K and AH obtained from slope
and Y-intercept, respectively, are:

K=0147mM AH°=-28.61 kl/mole

The results from Wiseman method has been
reported as belows [34].

K=0.132mM AH’=-2845 ki/mol

The differences between results obtained by
two methods are related to the assumption of
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Fig.2: (@) The heat of methyl «-D-
mannopyranoside binding on concavalin A
for 20 automatic cumulative injections, each
of 20 pl, of methyl a-D-mannopyranoside
solution (50 mM), into the sample cell
containing 2 ml concavalin A solution (0.04
mM). (b) The heat of binding versus total
concentration of methyl o-D-
mannopyranoside, calculated from fig. 2a.

equaling total and free concentration of ligand. It is
expected the results from our method could be better
by considering only the last 10 injections (see the
insert linear plot in Fig. 3), which the above
assumption would be more correct. The results from
considering only last 10 injections are as below:

K=0.135mM AH’=-28.47 kJ/mol



A.A. SABOURY

Jour.Chem.Soc.Pak. Vol. 22, No. 3, 2000 207

0-06

)

<7 005

1/g (mol.kJ

0-04

1 i
01 02 03 04
1/(L}(1/mM)

1

003 s '
0

3 4 5

1/7{LY 1/ mM)

Fig. 3: The inverse heat of methyl o-D-mannopyranoside binding on concavalin A versus inverse total
concentration of methyl a-D-mannopyranoside, according to equation (6), at 6.9 pH and temperature
of 25°C. In the insert, a linear plot is shown for the last 10 injections.

These results are closer to the results of
Wiseman method [34].

The conformity of dissociation binding
constants (K) and the molar enthalpies of binding
(AH) obtained from two methods supports our
method and the assumption.

Experimental

Methyl a-D-mannopyranoside was purchased
from Aldrich Chemical Co. Concavalin A (type IV)
was purchased from Sigma Chemical Co. Solutions
were made in double-distilled water. Phosphate
solution, at 50 mM concentration, 6.9 pH, was used
as a buffer.

The  isothermal titration  calrimetric
experiments were performed with the 4-channel
commercial microclaorimetric system, Thermal
Activity Monitor 2277, Thermometric, Sweden.
Each channel is a twin heat-conduction calrimeter
where the heat-flow sensor is a semiconducting
thermopile (multi-junction thermocouple plates)
positioned between the vessel holders and the

surrounding heat sink. The insertion vessel was
made from stainless steel. Methyl a-D-manno-
pyranoside solution (50 mM) was injected by use of a
Hamilton syringe into the calorimetric stirred
titration vessel, which contained 2 ml concavalin A
(0.04 mM) in phosphate buffer (50 mM) 6.9 pH at
constant temperature of 25.000 £ 0.005°C. Thin
(0.15 mm inner diameter) stainless steel hypodermic
needles, perma-nently fixed to the syringe, reached
directly into the calorimetric vessel. Injection of
methyl o-D-mannopyranoside solution into the
perfusion vessecl was repeated 20 times, and each
injection included 0.020 ml reagent. The software of
“Thermometric Digitam 3 program™ calculated the
heat of each injection. The heat of each injection is
related to the binding of methyl o-D-
mannopyranoside to concavalin A, dilution of
methyl o-D-mannopyranoside and dilution of
concavalin A. The heat of dilution of the methyl a-
D-mannpyranoside solution was measured as
described above except concavalin A was excluded.
The enthalpy of methyl «-D-mannopyranoside
dilution was substracted from the enthalpy of inter-
action between methyl o-D-mannopyranoside and
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cocavalin A. The enthalpy of dilution of concavalin
A is negligible. The calorimeter was frequently
calibra-ted electrically during the course of the study.
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