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A thermodynamic study on the interaction of Jack bean urease, JBU, with Zn2＋ and Cd2＋ ions was studied by 
isothermal titration calorimetry (ITC) at 290, 300 and 310 K in 30 mmol/L Tris buffer solution, pH 7.0. The heats of 
JBU＋Zn2＋ and JBU＋Cd2＋ interactions are reported and analyzed in terms of the extended solvation theory. It 
was indicated that there is a set of 12 identical and non-interacting binding sites for Zn2＋ and Cd2＋ ions. The in-
teractions of Zn2＋ and Cd2＋ ions with JBU are exothermic and both enthalpy and entropy driven. The association 
equilibrium constants for JBU＋Zn2＋ complexes are 4118.20, 3354.70 and 2790.62 L•mol－1 at 290, 300 and 310 K 
respectively. The association equilibrium constants for JBU＋Cd2＋ interactions are 2831.6 and 2386.28 L•mol－1 at 
300 and 310 K, respectively. 
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Introduction 

Urease is a nickel metallo enzyme (Scheme 1) that 
catalyzes the degradation of urea to ammonia and car-
bamine acid, a reaction with great agricultural and 
medical importance. Jack bean urease is important in 
nitrogen cycle of the nature.1-4 The inhibition of urease 
by heavy metal ions has been habitually ascribed to the 
reaction of the heavy metal ions with enzyme thiol 
groups, resulting in the formation of mercaptides. Hg2＋

and Cd2＋ inhibition was found thoroughly governed by 
the reaction with the enzyme thiols, and the complete 
loss of enzyme activity involved all thiols available in 
the enzyme under non-denaturating condition. The inhi-
bition of JBU was found to be biphasic with an initial, 
small inhibitory phase changing over the time course of 
5—10  min into a final linear steady state with a lower 
velocity. The heavy metal ions were found to inhibit 
urease in the following decreasing order: Hg2＋

＞Cu2＋

＞Zn2＋
＞Cd2＋

＞Ni2＋.5-8 We investigated the influence 
of Zn2＋ and Cd2＋ ions on JBU biological activity. We 
have attempted to find the binding parameters and con-
formational changes of JBU due to its binding with  
Zn2＋ ions. 

Materials and method 

Jack bean urease (JBU; MW＝545.34 kDa), zinc and 
cadmium nitrates were obtained from Merck. The buffer 
solution used in the experiments was 30 mmol/L Tris, 
pH＝7.0, which was obtained from Merck. Experiments  

Scheme 1  Structure of the active site of native urease 

 

were carried out at 290, 300 and 310 K. The isothermal 
titration microcalorimetric experiments were performed 
with the four channel commercial microcalorimetric 
system, Thermal Activity Monitor 2277, Thermometric, 
of Sweden. The titration vessel was made from stainless 
steel. The metal nitrates (10 mmol/L) were injected by 
use of a Hamilton syringe into the calorimetric titration 
vessel, which contained 1.8 mL of JBU (10 µmmol/L). 
Thin (0.15 mm inner diameter) stainless steel hypoder-
mic needles, permanently fixed to the syringe, reached 
directly into the calorimetric vessel. Injection of metal 
nitrates solution into the perfusion vessel was repeated 
30 times, with 20 µL per injection. The calorimetric 
signal was measured by a digital voltmeter that was part 
of a computerized recording system. The heat of each 
injection was calculated by the “Thermometric Digital 
3” software program. The heats of dilution of the metal 
nitrates solutions were measured as described above 
except that JBU was excluded. The microcalorimeter 
was calibrated frequently and electrically during the 
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course of the study. The measured heats for JBU＋Zn2＋ 

and JBU＋Cd2＋ interactions were listed in Tables 1 and 
2. 

Results and discussion 

The heats of the ligand＋JBU interactions in the 
aqueous solvent systems can be calculated via the fol-
lowing Eq. 1:9-20 

max B A A A B B

B A A A B B B
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q are the heats of ligand＋JBU interactions and qmax 
represents the heat value upon saturation of all JBU. 
The parameters A

θδ  and B
θδ  are the indexes of JBU＋

Zn2＋and JBU＋Cd2＋ complexes stability in the low and  

high metal ions concentrations respectively. The posi-
tive values for A

θδ  or B
θδ  indicate that metal ions sta-

bilize the enzyme structure and vice versa. 

Bx′  can be expressed as Eq. 2: 

B
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Bx′  is the fraction of the bound Zn2＋ or Cd2＋, and 

A B1x x′ ′＝－  is the fraction of unbound Zn2＋. p＞1 or p＜
1 indicates positive or negative cooperativity of JBU for 
binding with the metal ions respectively; p＝1 indicates 
that the binding is non-cooperative. Bx  can be ex-
pressed as Eq. 3: 

B
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[L]

[L]
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Table 1  The heats of JBU＋Zn2＋ interaction, q, at 290 (o), 300 (□) and 310 K (∆) 

[Zn2＋]/(µmol•L－1) q(o)/µJ qdilut(o)/µJ q(□)/µJ qdilut(□)/µJ q(∆)/µJ qdilut(∆)/µJ 

110 －805.4 －365.9 －682.9 －360.5 －585.6 －353.2 

217 －1330 －680.8 －1147.0 －670.8 －998.4 －657.3 

323 －1681.9 －938.6 －1471.7 －924.7 －1297.4 －906.1 

426 －1928.2 －1157.8 －1707.0 －1140.6 －1520.6 －1117.6 

526 －2107.8 －1346.0 －1883.5 －1326 －1692.1 －1299.3 

625 －2243.6 －1499.1 －2019.9 －1476.8 －1827.2 －1447.1 

722 －2349.4 －1632.8 －2128.0 －1608.5 －1936 －1576.2 

816 －2433.9 －1747.9 －2215.6 －1721.9 －2025.3 －1687.3 

909 －2502.8 －1844.6 －2287.9 －1817.2 －2099.8 －1780.7 

1000 －2560.0 －1923.1 －2348.5 －1894.5 －2162.8 －1856.4 

1089 －2608.2 －1995.5 －2400.0 －1965.8 －2216.8 －1926.2 

1176 －2649.4 －2058.9 －2444.2 －2028.3 －2263.5 －1987.5 

1262 －2684.9 －2116.2 －2482.6 －2084.8 －2304.3 －2042.9 

1346 －2715.9 －2163.1 －2516.3 －2131.0 －2340.2 －2088.2 

1429 －2743.2 －2206.5 －2546.0 －2173.8 －2372.1 －2130.1 

1509 －2767.3 －2243.7 －2572.5 －2210.5 －2400.6 －2166 

1589 －2788.8 －2278.1 －2596.2 －2244.4 －2426.2 －2199.3 

1667 －2808.1 －2309.9 －2617.5 －2275.7 －2449.3 －2230 

1743 －2825.5 －2339.0 －2636.8 －2304.4 －2470.3 －2258.1 

1818 －2841.3 －2364.3 －2654.3 －2329.3 －2489.4 －2282.5 

1892 －2855.7 －2387.1 －2670.3 －2351.7 －2506.9 －2304.4 

1964 －2868.9 －2407.0 －2685.0 －2371.4 －2523 －2323.7 

2035 －2881.0 －2425.6 －2698.5 －2389.7 －2537.8 －2341.6 

2105 －2892.1 －2442.8 －2711.0 －2406.6 －2551.5 －2358.2 

2174 －2902.4 －2458.6 －2722.5 －2422.2 －2564.2 －2373.5 

2241 －2911.9 －2472.6 －2733.2 －2436.0 －2576 －2387 

2308 －2920.8 －2484.8 －2743.2 －2448.0 －2587.00 －2398.7 

2373 －2929.1 －2495.1 －2752.5 －2458.1 －2597.3 －2408.6 

2437 －2936.8 －2504.8 －2761.2 －2467.7 －2606.9 －2418 

2500 －2944.0 －2513.0 －2769.4 －2475.9 －2615.9 －2426.1 
a qdilut are the heats of dilution of Zn(NO3)2 with water. Precision is ±0.1 µJ or better. 
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Table 2  The heats of JBU＋Cd2＋ interaction, q, at 300 (□) and 310 K (∆) 

[Cd2＋]/(µmol•L－1) q(□)/µJ qdilut(□)/µJ qdilut(∆)/µJ q(∆)/µJ 

110 －574.1 －346.1 －496.1 －339.1 

217 －977.7 －643.9 －856.4 －631 

323 －1269.2 －887.6 －1124.7 －869.8 

426 －1486.4 －1094.9 －1329.8 －1072.8 

526 －1652.9 －1272.8 －1490.5 －1247.2 

625 －1783.9 －1417.6 －1619.2 －1389.1 

722 －1889.3 －1544.1 －1724.3 －1513 

816 －1975.7 －1652.9 －1811.6 －1619.6 

909 －2047.7 －1744.4 －1885.1 －1709.3 

1000 －2108.6 －1818.6 －1947.8 －1781.9 

1089 －2160.7 －1887.1 －2001.8 －1849 

1176 －2205.8 －1947.1 －2048.8 －1907.8 

1262 －2245.2 －2001.3 －2090.1 －1960.9 

1346 －2279.8 －2045.7 －2126.7 －2004.4 

1429 －2310.5 －2086.8 －2159.3 －2044.6 

1509 －2337.9 －2122 －2188.5 －2079.1 

1589 －2362.5 －2154.5 －2214.8 －2111.1 

1667 －2384.7 －2184.5 －2238.6 －2140.6 

1743 －2404.9 －2212.1 －2260.3 －2167.5 

1818 －2423.3 －2236 －2280.1 －2191 

1892 －2440.1 －2257.5 －2298.3 －2212 

1964 －2455.5 －2276.4 －2315 －2230.5 

2035 －2469.7 －2294 －2330.4 －2247.7 

2105 －2482.9 －2310.2 －2344.7 －2263.6 

2174 －2495.1 －2325.2 －2358 －2278.4 

2241 －2506.4 －2338.4 －2370.4 －2291.4 

2308 －2517 －2349.9 －2381.9 －2302.6 

2373 －2526.9 －2359.6 －2392.7 －2312.1 

2437 －2536.1 －2368.8 －2402.8 －2321.1 

2500 －2544.8 －2376.7 －2412.3 －2328.9 
a qdilut are the heats of dilution of Cd(NO3)2 with water. Precision is ±0.1 µJ or better. 

[L] is the concentration of the metal ions and max[L]  is 
the maximum concentration of the metal ions upon 
saturation of all JBU. AL  and BL  are the relative 
contributions of unbound and bound metal ions to the 
heats of dilution with the exclusion of JBU and can be 
calculated from the heats of dilution of metal ions in 
buffer, dilutq , as Eq. 4: 

dilut
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B
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L q x
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＝ ＋ , 
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B dilut A
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＝ －   (4) 

The heats of JBU＋Zn2＋ and JBU＋Cd2＋ interactions 
were fitted to Eq. 1 over the whole range of the metal 
ions concentrations (Figures 1 and 2). In the procedure, 

the only adjustable parameter (p) was changed until the 
best agreement between the experimental and calculated 
data was approached. 

It became essential to determine if the inhibitory 
effect was due to a specific effect of metal ions on the 
enzyme thiol groups or an interaction of them with other 
than thiol groups, i.e. N- and O-containing groups. We 
have simply ascribed A

θδ  values to non-specific and 
B
θδ  values to specific interactions. The negative values 

of A
θδ  in the low metal ions concentrations (Tables 3 

and 4), prove that JBU＋Zn2＋ and JBU＋Cd2＋ com-
plexes are not stable, indicating that the non-specific 
interactions (i.e. N- and O-containing groups) have no 
contribution to JBU inhibition in low metal ions con-
centrations. The positive values of B

θδ  in the high 
metal ions concentrations indicate that the inhibition of 
JBU was governed by the reaction with active site thiol 
groups (specific interactions) under non-denaturating 
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Figure 1  Comparison of the agreement between the experi-
mental (symbols) and calculated (line) heats for JBU＋Zn2＋ 
interaction obtained from Eq. 1, with p＝1, at 290 (o) 300 (□) and 
310 K (∆). The small standard errors and the high r2 values 
(0.9999) support the method. p＝1 is indicative of non-coopera- 

tive interaction between JBU and Zn2＋ ions . 

 
Figure 2  Comparison of the agreement between the experi-
mental (symbols) and calculated (line) heats for JBU＋Cd2＋ 
interaction obtained from Eq. 1, with p＝1, at 300 (□) and 310 K 
(∆). The small standard errors and the high r2 values (0.9999) 
support the method. p＝1 is indicative of non-cooperative inter-
action between JBU and Cd2＋ ions. 

condition. This concentration-dependent pattern is in-
dicative of slow-binding inhibition in the low metal ions 
concentrations, followed by the rapid formation of the 
more stable JBU＋metal ions complexes in the higher 
metal ions concentrations. The association equilibrium 
constants for JBU＋Cd2＋ interaction are bigger than 
those for JBU＋Cd2＋ complexes (Tables 3 and 4), 
therefore, it can be concluded that JBU exhibits a higher 
affinity to Zn2＋ ions than to Cd2＋ ions. Consequently, 
the possibility existed that the JBU activity might be 
inhibited more strongly by Zn2＋ ions than by Cd2＋ ions.  

Table 3  Binding parameters for JBU＋Zn2＋ interaction 

 T＝290 K T＝300 K T＝310 K 

Ka/(L•mol－1) 4118.20±0.12 3354.70±0.14 2790.62±0.13 

g 12 12 12 

p 1 1 1 

A
θδ  －0.17±0.03 －0.32±0.04 －0.44±0.04

B
θδ  4.39±0.05 3.31±0.03 2.40±0.03

∆H/(kJ•mol－1) －15.00±0.02 －14.40±0.03 －13.90±0.03

∆G/(kJ•mol－1) －20.07±0.05 －20.25±0.05 －20.45±0.03

∆S/(kJ•mol－1•K－1) 0.017±0.001 0.019±0.002 0.021±0.03
a The negative A

θδ  values for JBU＋Zn2＋ interaction indicate 
that, non-specific interactions have no contributions to the inhibi-
tion of JBU. The positive B

θδ  values show that the JBU＋Zn2＋ 

complexes are stable, indicating that Zn2 ＋  ions inhibit the 
ureolytic activity by blocking sulfhydryl groups via specific in-
teractions. 

Table 4  Binding parameters for JBU＋Cd2＋ interaction 

 T＝300 K T＝310 K 

Ka/(L•mol－1) 2831.6±0.14 2386.28±0.13 

g 12 12 

p 1 1 

A
θδ  －0.43±0.04 －0.53±0.04 

B
θδ  2.46±0.03 1.67±0.03 

∆H/(kJ•mol－1) －13.50±0.03 －13.10±0.03 

∆G/(kJ•mol－1) －19.82±0.05 －20.04±0.03 

∆S/(kJ•mol－1•K－1) 0.021±0.002 0.022±0.03 
a The negative A

θδ  values for JBU＋Cd2＋ interaction indicate that, 
non-specific interactions have no contributions to the inhibition 
of JBU. The positive B

θδ  values show that the JBU＋Cd2＋ 
complexes are stable, indicating that Cd2 ＋  ions inhibit the 
ureolytic activity by blocking sulfhydryl groups via specific in-
teractions. 

Therefore, compositions of urea-containing fertilizers in 
combination with these metal ions can be used to reduce 
ammonia loss and control the activity of the soil enzyme 
urease in the conversion of urea to ammonia. 

In the case of identical and independent binding sites 
on a biomacromolecule with the same set of dissociation 
equilibrium constant (Kd) values, the binding parameters 
can be determined by the Eq. 5:9-20 

d
0 0

max

1
( )

Kq q
M L

q q g g
∆ ∆

＝ －  (5) 

where maxq q q∆ ＝ －  and q represents the heat value at 
a certain ligand (L0) and biomacromolecule (M0) con-
centrations and qmax represents the heat value upon 
saturation of all biomacromolecule. The number of 
binding sites on the biomacromolecule has been shown 
with “g” parameter. If q and qmax are calculated per 
mole of macromolecule then the molar enthalpy of  

binding for each binding site (∆H) will be maxq
H g∆ ＝ . 
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Therefore, the plot of 0
max

( )
q

M
q
∆

 vs. 0( )
q

Lq
∆

 should  

be a linear plot with slope of “
1
g ” and the verti cal- 

intercept of dK
g , from which g and Kd can be ob-  

tained (Tables 3 and 4). The linearity of the plot has 
been examined by different estimated values for qmax 
(Tables 3 and 4) to find the best value for the correlation 
coefficient (near to one). The change in the standard 
Gibbs free energy and change in standard entropy of 
binding could be calculated by using Ka and ∆H values 
in Eqs. 6, 7 respectively. 

0
alnG RT K∆ ＝－   (6) 

0 0
0 0 0 0 H G

T S H G S
T

∆ ∆∆ ∆ ∆ ⇒ ∆ －

＝ － ＝  (7) 
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