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Abstract

Cyanide ion was studied as an effector of Jack bean urease (JBU) at 300 K in 30 mmol/L Tris buffer, pH 7 by isothermal titration

calorimetry (ITC). The simple novel model was used for CN� + JBU interaction over the whole range of CN� concentrations. The

binding parameters recovered from the simple novel model were attributed to the cyanide ion interaction. It was found that cyanide

ion acted as a noncooperative inhibitor of JBU, and there is a set of 12 identical and independent binding sites for CN� ions. The

dissociation equilibrium constant is 750 mmol/L. The molar enthalpy of binding is DH = �13.6 kJ mol�1. The technique used

provided an accurate and quick assessment of the effectiveness of the compounds to inhibit Jack bean urease.
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Urea is used as fertilizer because of its low costs and ease in handling. In plants, the reaction performed by

urease is the only way for nitrogen recovery from urea and urease plays thus an essential role in mobilization of

nitrogenous compounds in plants, with an important process for seed germination and fruit formation, when

protein reserves are degraded into single amino acids. Urease expression level affects plant growth in a positive or

negative direction [1]. Urease is found in bacteria, fungi and plants, and catalyzes the hydrolysis of urea yielding

ammonia and carbamate. The carbamate product is unstable and spontaneously degrades to ammonia and

carbonic acid [2]. Under ideal conditions, the ammonia is converted to ammonium, ready for plant uptake. As

urease makes urea N available to plants, it plays an important role in the utilization of nitrogenous fertilizer and is

crucial to the nitrogen cycle. However, under less than ideal conditions (soil pH < 6–6.5) the ammonia can be lost

to the atmosphere. The release of large amounts of ammonia into the atmosphere, as well as the plant damage

induced by ammonia toxicity and the increase in soil pH, leads to significant environmental and economic

problems. The regulating of the rate of the enzymatic urea hydrolysis using urease inhibitors is an important goal

to pursue [3]. In this work, we have attempted to find thermodynamic parameters and conformational changes of

Jack bean urease due to the binding of cyanide ion.
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1. Experimental

Jack bean urease (JBU; MW = 545.34 kDa), Tris salt and sodium cyanide obtained from Sigma Chemical Co. Tris–

HCl solution (30 mmol/L), pH 7 was used as a buffer for JBU. The isothermal titration calorimetric experiments were

carried out on an ultra sensitive titration calorimeter (Thermal Activity Monitor 2277, Thermometric, Sweden). The

heats of binding of JBU with cyanide ion have shown graphically in Fig. 1.

2. Results and discussion

Cyanide ion was studied as an effector of Jack bean urease at 27 8C in 30 mmol/L Tris buffer, pH 7 by isothermal

titration calorimetry (ITC). The simple novel model was used for CN� + JBU interaction over the whole range of CN�

concentrations.

For a set of identical and independent binding sites, it is possible to use Eq. (1) for calculation of Kd and ‘‘g’’ in a

very simple way as follows [4–7]:
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where Dq = qmax � q. q represents the heat value at a certain ligand and biomolecule concentration. qmax is the heat

value upon saturation of all biomacromolecule. If q and qmax are calculated per mole of biomacromolecule then the

molar enthalpy of binding for each binding site (DH) will be DH = qmax/g. M0 and L0 is the total biomacromolecule

and ligand concentrations, g represents sites capable of binding the ligand. Kd is the dissociation equilibrium constant

for the equilibrium:

Mþ L,ML; Kd ¼
½M�½L�
½ML� (2)

A representation of approaching to the best linear plot using Eq. (1) has been shown in Fig. 2. Therefore, the plot of

(Dq/qm)M0 vs. (Dq/q)L0 (Fig. 2) should be a linear plot slope of ‘‘1/g’’ and the vertical-intercept of Kd/g, which g and

Kd can be obtained. The linearly of the plot has been examined by different estimated values for qmax to find the best

value for the correlation coefficient (near to one).

It was found that cyanide ion acted as a noncooperative effector of JBU, and there is a set of 12 identical and

independent binding sites for CN� ions. The dissociation equilibrium constant is 750.7 mmol/L. The molar enthalpy of

binding is DH = �13.6 kJ mol�1.
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Fig. 1. Comparison between the experimental heats (&) for CN� + JBU interactions and the calculated data (line) via Eq. (1).



Another data analysis method for a set of identical and independent binding sites, have been introduced previously

[8–13]:

DH ¼ 1

Ai
fðBi þ KdÞ � ½ðBi þ KdÞ2 � Ci�

1=2g (3)

Ai, Bi and Ci are constants in each injection i, which have been defined as follows:

Ai ¼
Vi

2q
; Bi ¼ gMi þ Li; Ci ¼ 4gMiLi (4)
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Fig. 2. A representation of approaching to the best linear plot (&) of (Dq/qmax) [JBU] against (Dq/q) [CN�], using�1400 mJ (&),�1450 mJ (~),

�1469 mJ (&), S1480 mJ (5), �1500 mJ (*) as qmax values in Eq. (1).

Fig. 3. DH vs. Kd for all 30 injections in the reasonable values of Kd, according to Eq. (3).



where Vi is the volume of the reaction solution and DH is the enthalpy of binding. The dissociation equilibrium

constant for CN� + JBU interaction is 750 mM. The molar enthalpy of binding is DH = �13.6 kJ mol�1. The plots of

DH vs. Kd, according to Eq. (3), for 30 injections are shown in Fig. 3.

3. Conclusion

The agreement of Kd and DH obtained from two calorimetric methods are good support for these methods.
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