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Abstract

A simple, novel method was introduced for determining equilibrium constants and enthalpies of binding of two different

competitive ligands on a macromolecule by isothermal titration microcalorimetry technique. This method was applied to the

simultaneous binding of ethylurea (I) and (N,N)dimethylurea (X), on jack-bean urease at pH 7.0 (tris-base; 30 mM) at 278C.

The dissociation equilibrium constants measured by this method were markedly consistent with inhibition constants obtained

from assay of enzyme activities in the presence of I and X. # 1998 Elsevier Science B.V.
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1. Introduction

Jack-bean urease (urea amidohydrolase; E.C.

3.5.1.5) was the ®rst enzyme to be crystallized [1]

and also the ®rst enzyme shown to contain nickel

[2,3]. Jack-bean urease has six identical subunits and

each subunit consists of a single kind of polypeptide

chain containing 840 amino acids residue with relative

molecular mass of 90770, excluding the two nickel

ions per subunit [4]. Therefore, the relative molecular

mass of the hexamer urease molecule should be

545 340, which includes 12 nickel ions [4]. The sub-

unit of urease from microorganisms appear to be

smaller than that of jack-bean urease in size and

number [5,6].

Urease catalyzes the hydrolysis of urea to

carbonic acid and two molecules of ammonia [7].

The speci®city of urease was believed to be absolute

[8] until Fishbein et al. [9,10] reported that N-hydro-

xyurea was a substrate. N-hydroxyurea [9±11],

(N,N0)dihydroxyurea [12,13], semicarbazide [14],

N-methylurea [15], formamide [16] and acetamide

[15] are other examples of substrates for urease.

Additional information about the structure of jack-

bean urease from denaturation of this enzyme [17,18];

Moreover, the combined inhibitory of ethylurea (I)

and (N,N)dimethylurea (X) on jack-bean urease has

been studied [19]. The values for dissociation con-

stants of inhibitors (KI and KX for I and X, respec-

tively) from enzyme±inhibitors complexes have been

determined by using a simple, novel graphical

method; KI�26 and KX�28 mM. In this paper, we

have used isothermal titration microcalorimetry as a

powerful tool for studying ligand binding. A simple,

novel equation, very similar to the Michaelis±Menten

equation, was introduced for the determination of
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equilibrium dissociation constants and enthalpies of

binding. The values of equilibrium dissociation con-

stants obtained by this method are compared with

those reported by assay of enzyme activity in the

presence of I and X.

2. Experimental

2.1. Materials

Jack-bean urease and tris-base were obtained from

Sigma. Ethylurea and (N,N)dimethylurea were

obtained from Aldrich.

The solutions were made in double-distilled water.

Tris-base solution of 30 mM concentration, pH 7.0,

was used as a buffer.

2.2. Method

The isothermal titration microcalorimetric experi-

ments were performed with the 4-channel commercial

microcalorimetric system (Thermal Activity Monitor

2277, Thermometric, Sweden). Each channel is a twin

heat-conduction calorimeter, where the heat-¯ow sen-

sor is a semiconducting thermopile (multi-junction

thermocouple plates) positioned between the vessel

holders and the surrounding heat sink. The insertion

vessel was made of stainless steel. I and X solution

(500 mM, respect to each one) was injected by using a

Hamilton syringe into the calorimetric stirred-titration

vessel, which contained 2 ml urease, 0.5 mg/ml,

including tris buffer (30 mM), pH 7.0. Thin

(0.15 mm i.d.) stainless-steel hypodermic needles,

permanently ®xed to the syringe, reached directly into

the calorimetric vessel. Injection of I and X solution

into the perfusion vessel was repeated 20 times, and

each injection included 30 ml reagent. The calori-

metric signal was measured by a digital voltmeter

that was part of a computerized recording system. The

heat of each injection was calculated by the software

of Thermometric Digitam 3 program. The heat of

dilution of the I and X solution was measured as

described above, except that enzyme was excluded.

The enthalpy of dilution was subtracted from the

enthalpy of urease-I and urease-X interaction. The

enthalpy of dilution of urease is also negligible. The

microcalorimeter was frequently calibrated electri-

cally during the course of the study.

3. Results and discussion

For a solution containing ligand I, and a macro-

molecule (Mn) containing n sites capable of binding

the ligand, if the multiple binding sites on the macro-

molecule are identical and independent, the ligand

binding sites can be reproduced by a model system of

monovalent molecules (Mn!nM) with the same set of

dissociation equilibrium constants (K). Thus, the reac-

tion can be written as

M� I� MI KI � �M��I�=�MI� (1)

By titration of a solution containing `M' with a

solution of ligand I, the equilibrium reaction moves

toward increasing concentration of MI complex. The

heat change depends on the concentration of MI

complex (QI/[MI]). Moreover, the maximal value

of the heat, observed when all the M are present as

MI, is: QI,max/[M]total, or QI,max/[M]�[MI]. There-

fore, it can be concluded:

QI

QI;max

� �MI�
�M� � �MI� (2)

Keeping in mind the equilibrium assumption, [MI] can

be expressed in terms of [I], [M], and K. Substituting

for [MI] we have:

QI

QI;max

� ��M��I�=KI�
�M� � ��M��I�=KI� (3)

The heat equation for the simple unireactant system

can be rearranged to yield the more familiar Henri±

Michaelis±Menten equation:

QI

QI;max

� �I�
KI � �I� (4)

By assuming that all of the macromolecule (M) is

converted to the MI complex, the heat value of the

reaction per mole of M can be calculated. However,

this assumption is true if a large excess of ligand I is

present, because there is equilibrium between M and

MI. The absolute heat values of reaction vs. ligand

concentration will be a rectangular curve. So, the

molar enthalpy of binding can be obtained by extra-

polation the heat of reaction to a large excess of ligand

I; that is �HI�QI,max.

For the total heat of reaction (Q) due to the

isothermal titration of macromolecule by solution

98 A.A. Saboury / Thermochimica Acta 320 (1998) 97±100



containing both, I and X, it can be shown:

Q � QI � QX � QI;max�I�
KI � �I� �

QX;max�X�
KX � �X� (5)

By measuring the total heat of reaction at any ®xed

concentration of I and X, the dissociation equilibrium

constants (KI and KX) and the molar enthalpies of

binding (�HI�QI,max and �HX�QX,max) for these

ligands can be obtained.

The data obtained from isothermal titration micro-

calorimetry of jack-bean urease with ligands I and X is

shown in Fig. 1, which shows the heat change on each

injection. Fig. 2 shows the heat of binding relative to

each total concentration of I and X. The total con-

centration of I and X is much more than the total

concentration of binding sites on macromolecule with

one binding site. So, it can be assumed that the total

and free concentrations of ligand are approximately

equal. The experimental values of heat at any ®xed

concentrations of I and X have also been ®tted to

Eq. (5) using a computer program for non-linear least-

squares ®tting [20]. The results are:

KI � 26:3 mM KX � 28:4 mM

�HI�ÿ10:2 kJ molÿ1 �HX�ÿ10:8 kJ molÿ1

By using these values, the calculated total heat change

and the contributions from each ligand are also plotted

in Fig. 2. Experimental and theoretical values have

good conformity with maximum errors of 0.1 mM and

0.1 kJ molÿ1 for K and �H values, respectively. In

addition, the dissociation equilibrium constants mea-

sured by this method were consistent with the inhibi-

tion constants obtained from assay of enzyme activity

in the presence of I and X.
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according to the first and second terms of Eq. (5), respectively.
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