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Abstract The cyanide ion was studied as an effecter of Jack bean urease at 300 K in
30 mmol·L−1 Tris buffer, pH = 7. The inhibition was investigated by isothermal titration
calorimetry (ITC). The extended solvation model was used for CN− + JBU interaction over
the whole range of CN− concentrations. The binding parameters recovered from the solva-
tion model were attributed to the interaction with cyanide ion. It was found that cyanide ion
acted as a noncooperative inhibitor of urease, and there is a set of 12 identical and indepen-
dent binding sites for CN− ions. The dissociation equilibrium constant is 749.99 µmol·L−1.
The molar enthalpy of binding is �H = −13.60 kJ·mol−1.
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1 Introduction

Urease has the historical distinction of being the first enzyme crystallized [1, 2]. Jack bean
urease is a urea amidohydrolase, isolated as a crystalline enzyme by James Sumner [2, 3].
This enzyme is a metalloenzyme with two nickel ions per subunit, where nickel ion plays
an essential role in catalysis [3]. Urease hydrolyzes urea to form carbamate and ammonia,
carbamate spontaneously degrades to CO2 and a second molecule of ammonia [4–7]. This
in turn causes a sharp increase in pH and an accumulation of NH+

4 , which has negative
side effects in agriculture and health. Thus, because of urea hydrolysis in surface applica-
tions, gaseous NH3 losses can occur which decreases the fertilizer nitrogen efficiency by up
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to 50%, especially in soils with low buffer capacity, in calcareous soils, and in soils with a
high organic carbon content. The other negative effect of urea hydrolysis is the accumulation
of NO−

2 , which can damage germinating seeds, seedlings, and young plants. One approach
to overcome the problems associated with the use of urea fertilizers is to find compounds
that will inhibit the urease activity and thereby retard urea hydrolysis when applied to soils
together with the fertilizer. The regulation of the rate of the enzymatic urea hydrolysis us-
ing urease inhibitors is an important goal to pursue. Thus, the study of urease inhibitors
may have medical or agronomic significance as well as providing insight into the urease
catalytic mechanism. Urease is found in bacteria, fungi, higher plants and in soil as a soil
enzyme [8–11]. Biochemically, the best characterized plant urease is that from the Jack
bean (Canavalia ensiformis) [12, 13]. Dixon et al. [14] proposed a model for the hydrolysis
of urea by Jack bean urease in which one nickel ion coordinates the oxygen atom of urea,
polarizing the carbonyl group, and a second nickel ion coordinates hydroxide ion, the cat-
alytic nuclephile [14]. Three amino acid residues were suggested to participate in catalysis,
a carboxyl group, a sulfhydryl group, and an unidentified base [15].

In this work, we have attempted to find binding properties and conformational changes
of Jack Bean urease, JBU, due to the binding of cyanide ion. The interaction between CN−
and JBU has been investigated in neutral Tris solutions to clarify the thermodynamics of
CN− binding properties as well as the stability and structural change of the enzyme due to
its interaction with cyanide ion.

2 Materials and Methods

Jack bean urease (molecular weight = 545.34 kDa), Tris salt and sodium cyanide were ob-
tained from Sigma Chemical Co. A Tris-HCl solution (30 mmol·L−1), pH = 7 was used as a
buffer for JBU. The isothermal titration microcalorimetric experiments were performed with
the four channel commercial microcalorimetric system, Thermal Activity Monitor 2277,
Thermometric, Sweden. The titration vessel was made from stainless steel. The cyanide
solution (8000 µmol·L−1) was injected by use of a Hamilton syringe into the calorimetric
titration vessel, which contained 1.8 mL JBU (5 µmol·L−1). Thin (0.15 mm inner diameter)
stainless steel hypodermic needles, permanently fixed to the syringe, reached directly into
the calorimetric vessel. Injection of the cyanide solution into the perfusion vessel was re-
peated 30 times, with 20 µL per injection. The calorimetric signal was measured by a digital
voltmeter which was part of a computerized recording system. The heat of each injection
was calculated by the “Thermometric Digitam 3” software program. The heat of dilution of
the cyanide solution was measured as described above except that JBU was excluded. The
heats of dilution of the cyanide solutions were subtracted from the heat of CN− + JBU in-
teraction. The heats of dilution of JBU are negligible. The microcalorimeter was frequently
calibrated electrically during the course of the study. The heats of CN− + JBU interac-
tions, q , and the heats of dilution for in the buffer solution, qdilut, were calculated in µJ and
are listed in Table 1.

3 Results and Discussion

We have shown previously that the heats of the macromolecules + ligands interactions can
be reproduced by Eq. 1 in aqueous solvent systems [16–24].
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