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Abstract: Urease is amidohydrolase enzyme (EC: 3.5.1.5) splits urea into carbon 

dioxide and ammonia. The enzyme was purified from fenugreek (Trigonella foenum-

graecum) leaves using ammonium sulphate precipitation (80%), phenyl sepharose, 

hydroxyapatite and sephadex G-200. The specific activity of the purified urease from 

sephadex G-200 was 210 U per mg
 
protein with 6.6 % yield. The final fold of 

purification was 677. The optimal pH of the purified urease was 8.0 whereas the optimal 

temperature was 40°C. The purified urease exhibited appreciable thermal stability at 60 

°C particularly in presence of bovine serum albumin (BSA). Also, the enzyme exhibited 

appreciable storage stability at 25°C.  
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1.Introduction

Enzymes are important for use in several 

industries such as beverage, food, 

confectioneries production and starch in 

addition to leather and textile industries 

processing [1].  Enzymes are the principal point 

in industrial processes due to their involvement 

in all features of biochemical conversion [2]. 

Enzymes applications in industries are 

widely successful; however numerous factors 

influence their applications as biocatalysts such 

as, robustness, promiscuity and the various 

parameters of the enzyme for its applications 

[3].  

The application of enzymes is frequently 

inadequate because of their high cost, 

instability and restricted availability and the 

problem of recovering the soluble enzyme from 

its reaction medium [4].  

Urease (EC 3.5.1.5) is belonging 

amidohydrolases, and it is a multimeric 

complex [5] containing two nickel atoms 

therefore it is a metallo-enzyme.  Urease splits 

urea into CO2 and ammonia in presence of 

water [6]. The enzyme is discovered in plants 

[7, 8, 9], fungi [10], algae [11], protozoa [12] 

and bacteria [13].  

The objective of the present study was to 

isolate and purified urease from Trigonella  

foenum-graecum for studying some of its 

biochemical characteristics. 

2. Materials and Methods 

Plant material 

Trigonella foenum (Fenugreek, family: 

Fabaceae) is the experimental plant used in the 

present study. The plant seeds were purchased 

from the Ministry of Agricultural, Egypt. 

Seed germination and growth conditions 

Germination of seeds was carried out 

according to the method of El-Shora [7]. 

Fenugreek seeds were surface sterilized with 

sodium hypochlorite (10% v/v) for 15 min, and 

then water-logged for 24h. Later the seeds were 

germinated in sterilized plastic trays using 

paper towels which are dampened with distilled 

water. The trays were then covered and 

incubated for 72h in dark at 25°C. After 

appearance of well-grown radicals the 

germinated seeds were then sustained on plastic 
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bowls containing 0.2 mM CaCl2 solution. 

CaCl2 solution was continuously aerated. 

Seedlings were grown in light at 25°C for 20 

days. The leaves from 20- day old plants were 

gathered and chopped on ice using a razor 

blade for enzyme extraction. 

Enzyme extraction 

Urease was extracted from the plant leaves 

as designated by El-Shora [7]. Leaves were 

pulverized in 50 mM sodium acetate buffer (pH 

7.0) at 4°C. The homogenate was centrifuged at 

6000 rpm for 20 min, and then the supernatant 

was gathered, and represented the crude 

enzyme extract.  

Assay of urease (EC: 3.5.1.5) 

Urease assay was carried out according to 

[7]. The reaction mixture contained in 5ml: 100 

mM-Tris-HCl buffer (pH 7.0), 2 mM CaCl2, 20 

mM urea, and 50 µl of urease preparation. The 

mixture was incubated for 30 min at 40°C and 

the enzyme reaction was ended by the addition  

of 5 ml of 1N H2SO4 to the reaction mixture. 

The mixture was centrifuged at 5000 rpm for 

15 min and supernatant was treated with 

Nessler’s reagent and the optical density was 

recorded at 520 nm. The ammonia produced 

was determined using standard curve of 

ammonium sulfate. One unit (U) of the enzyme 

activity is defined as the amount of urease 

which produces one µmol of NH3 in one min 

standard assay conditions. Specific activity of 

urease is described as the enzyme unit (U) per 

mg protein. 

Enzyme purification  

The crude extract obtained by the extraction 

method was treated with solid ammonium 

sulphate (80% saturation) and then centrifuged 

at 6000 rpm for 20 min. The pellet obtained 

was re-suspended in a small volume of 50 mM 

sodium acetate buffer, pH 7.0, and dialyzed and 

the dialysate was centrifuged at 6000 rpm for 

20 min and then poured on to phenyl sepharose 

column (2× 40 cm), equilibrated with 50 mM 

acetate buffer (pH 7.0).  

Urease was eluted from the column by a 

steep gradient of NaCl from 0.1 to 0.5 M in 

equilibrating buffer with flow rate of 0.5 ml 

min
-1

. The rich fractions with urease were 

combined and dialyzed over night against 50 

mM acetate buffer (pH 7.0). The eluted enzyme 

from phenyl Sepharose column was loaded 

onto hydroxyapatite column (2×40 cm). The 

rich fractions with urease were pooled, 

concentrated by dialysis as mentioned above 

and the enzyme was further purified on 

Sephadex G-200 (2×40 cm) and eluted with a 

flow rate of 0.5 ml per min. The active fractions 

were collected and considered as the pure 

enzyme. In both cases, columns were 

equilibrated with 500 mM acetate buffer 

containing 0.5M NaCl. Fractions containing 

active enzyme were pooled, and concentrated 

by dialysis using the same buffer. 

Estimation of total soluble protein 

Total soluble protein in the prepared extract 

was estimated according to Bradford [14].  

Effect of pH on purified urease activity  

The influence of the pH of the reaction 

medium for urease was done with appropriate 

buffers (0.1 M citrate for pH 3.0 and 4.0, 500 

mM phosphate for pH 5.0 and 6.0 and 50 mM 

Tris–HCl for pH 7.0 – 9.0). The optimum pH 

obtained from this assay was used in coming 

experiments 

Effect of temperature on purified  urease 

activity  

Urease activity was measured at different 

incubation temperatures in the range 10-60°C. 

All the other factors affecting the enzyme 

activity was kept constant. 

Thermostability of purified urease at 60°C  

To determine the thermostability of purified 

urease the reaction medium was incubated at 

60°C for 100 min. An aliquot of the enzyme 

solution 50 µl was withdrawn at appropriate 

intervals time (20 min) to determine the 

enzyme activity and calculation of the residual 

activity. The thermostability test was carried 

out in presence or absence of 10% (w/v) bovine 

serum albumin (BSA). 

Storage stability of purified urease  

The storage stability of purified urease was 

studied by measuring the residual activity after 

incubation of the purified enzyme in 25 mM 
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phosphate buffer at pH 8.0 and the enzyme 

activity was determined every 60 days at 25 °C. 

Sodium Dodecyl Sulphate Polyacrylamid Gel 

Electrophoresis (SDS-PAGE)  

The applied method was described by [15], 

for the separation of protein according to their 

molecular weights by SDS-PAGE.  

3. Results and Discussion 

Urease was purified from Trigonella 

foenum-graecum by ammonium sulfate (80%), 

phenyl Sepharose, hydroxyapatite and 

Sephadex G-200 (Table 1).  

 

Table 1: The profile of purified urease from 

Trigonella foenum-graecum leaves. 

Step of 

purificati

on 

Total 

protein 

(mg) 

Total 

activity 

(U) 

Specific 

activity 

(Umg-1  

protein) 

Yield 

(%) 
Fold 

Crude 

extract 
1017 320 0.31 100 1 

Ammoniu

m sulfate 

(85%) 

287 315 1.1 98 3.55 

Phenyl 

Sepharose 
38 213 5.6 66 18.1 

Hydroxy-

apatite 
0.50 42 84 13.1 

271.

0 

Sephadex 

G-200 
0.1 21 210 6.6 

677.

4 

 

The profile of purified urease from Sephadex 

G-200 is shown in Fig 1. 

 
Fig.1: Profile of urease purified fromSephadex 

G-200. 

It was apparent that the specific activity of 

urease increased gradually up to fraction 

number 11 value it was 19.6 U mg⁻¹ protein, 

then declined gradually to reach 4.1 U mg⁻¹ 

protein at fraction number 15. The purification 

process was confirmed by SDS-PAGE (data not 

shown).  

The results in Fig. 2 indicate that there was 

permanent increase in the activity of urease up 

to pH 8.0 which the optimal one. After, the 

optimal pH the activity decreased progressively 

with the increase the pH and it reached 20.4 

units per mg protein. The optimal pH of urease 

from soybean leaves was 6.5 [16] and the 

optimal pH of urease from pigeon pea was 7.3 

[17]. Also, urease from mulberry exhibited an 

optimal pH of 9.0 [18]. 

 
Fig. 2: Effect of pH on the activity of the 

purified urease activity. 

 

Higher acidic or basic pH inhibited urease 

activity due to the alteration ionization state of 

the enzyme, modification of its surface, and 

dissociation of its subunits then distraction the 

ES complex. Excessive pH produces 

denaturation of urease protein through various 

ways. Firstly, it can affect the ionization of the 

ES complex. Secondly, it can influence the 

substrate ionization and so influence the 

connecting of the enzyme to its substrate [19].  

Thirdly, extreme pH can change the structure of 

enzyme protein which modifies the stability of 

the enzyme. Fourthly, it can change the 

ionization of the different active residues in the 

enzyme molecules which disturbs the enzyme 

affinity to its substrate [20]. 
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The effect of incubation temperature on 

purified urease was investigated at 10, 20, 30, 

40, 50 and 60°C. The obtained results are 

shown in Fig 3.  

 
Fig. 3: Effect of incubation temperature on the 

purified urease activity. 

 

These results indicate that the enzyme 

activity increased depending on the incubation 

temperature up to 40°C. The activity was 34.4 

U mg⁻¹ protein at 40°C which seems likely to 

be the optimum one. After 40°C the activity of 

the enzyme declined gradually and reached 

16.4 U mg⁻¹ protein at 60°C. 

    The enhancement of urease reaction by 

temperature outcomes in enhancing of the 

inherent energy of the reaction medium and 

much of enzyme molecules can get the 

activation energy for initiating of its reaction. 

However, the escalation of the reaction due to 

temperature at particular point turns out to be 

equivalent to the reduction in the rate of 

reaction due to destruction of the tertiary 

structure [21]. The enzyme activity at this point 

is described as optimum temperature [22]. 

The purified urease exhibited appreciable 

Thermostability at 60°C (Fig. 4) particularly in 

presence of 10% w/v BSA. This implies that 

BSA prevents the disruption of protein 

structure of the enzyme [23]. In support, BSA 

protected of the enzymes from thermal 

inactivation such as nitrate reductase [24], 

glucose oxidase [25] and catalase [26]. 

 

Fig. 4: Thermostability of purified urease at 60 

°C in presence and absence of BSA 10% (w/v). 

The thermostability of an enzyme is 

manipulated by two factors. The first factor is 

the enzyme primary structure which offers a 

compacted structure that is not denatured by 

changes of the surrounding environment. Also, 

disulfide bridges offer a high challenge to 

thermo-inactivation and denaturation. The 

second factor is represented by divalent cations 

which can play a role in the stabilization of the 

enzyme [27]. 

The thermostability of an enzyme depends 

on the medium of enzyme production and the 

extraction method. Improvement of enzyme 

reaction medium is essential for reducing the 

cost of the process [28].  

Studying the storage stability of purified 

urease at 25°C (Fig. 5) indicated that enzyme 

expressed appreciable. However, the enzyme 

activity declined after 40 days. This could be 

attributed to autolysis of urease as in case of 

other enzymes [29]. 

 
Fig. 5: Storage stability of the purified urease at 

25 °C. 
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Conclusion: 

Urease from Trigonella foenum-graecum 

was purified with appreciable schedule and the 

enzyme exhibited appreciable thermostability 

stability at 60 °C in presence of BSA and 

storage stability at 25 °C. 
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