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Background: Urease is a nickel-dependent enzyme that catalyzes the hydrolysis of urea into ammonia and carbon 

dioxide, facilitating nitrogen transformation and enhancing its bioavailability for plant uptake. Beyond its agronomic 

relevance, urease also serves as a defense protein in certain plants and is produced by various microorganisms. This 

study focused on the purification and characterization of urease enzymes isolated from three sprouted melon varieties: 

Watermelon, Whitemelon, and Blackmelon sourced from the Lapai market in Niger State, Nigeria.  

 

Methods: The extraction process involved sequential steps: ammonium sulfate precipitation, dialysis, gel filtration 

chromatography, and SDS-PAGE analysis. Enzyme activity was assessed under varying pH levels and temperatures and 

in the presence of selected metal ions. The molecular weights of the purified enzymes were determined using SDS-

PAGE.  

 

Results: Purification folds were 4.0, 2.5, and 1.6, with corresponding yields of 19.5%, 18.4%, and 19.2% for 

Watermelon, Whitemelon, and Blackmelon, respectively. Optimal pH values were 6.0 for White and Blackmelon and 7.5 

for Watermelon. The temperature optima were recorded at 30°C (Watermelon), 40°C (Blackmelon), and 50°C 

(Whitemelon). SDS-PAGE revealed distinct protein bands at 55, 38, and 35 kDa for Watermelon and White melon, 

whereas no defined band was observed for Black melon. Nickel ions significantly enhanced enzyme activity, while Mg²⁺, 

Hg²⁺, EDTA, Ba²⁺, Ca²⁺, and K⁺ exhibited inhibitory effects in decreasing order. Kinetic parameters revealed Vmax values 

of 0.000611, 0.000410, and 0.000163 U/sec for watermelon, blackmelon, and whitemelon, respectively, with 

corresponding Km values of 0.0341, 0.0469, and 0.0021 mg/mL.  

 

Conclusion: These findings suggest that urease derived from these sprouted melon varieties holds potential for 

immobilization and utilization in urea biosensing and other urease-based biotechnological applications. 
 

Keywords: urease, sprouted, melon, purification, characterization 

  

Introduction 

 
Urease (urea amidohydrolase, EC 3.5.1.5) is a nickel-dependent metalloenzyme produced by plants, fungi, and bacteria, 

but not synthesized by animals. It is currently recognized as one of the most efficient enzymes known, with widespread 

distribution across various biological systems (Joseph et al., 2022). Urease catalyzes the hydrolysis of urea into ammonia 
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and carbamate, the latter of which spontaneously decomposes into an additional molecule of ammonia and carbon 

dioxide, as depicted in Equations (1) and (2): 

 
Equation (1): NH₂-CO-NH₂ + H₂O → NH₃ + NH₂-COOH 

 

Equation (2): NH₂-COOH + H₂O → NH₃ + CO₂ + H₂O 

 

Compared to the uncatalyzed decomposition of urea, urease accelerates the reaction rate by a factor of at least 10¹⁴ (Real-

Guerra et al., 2013; Mobley & Hausinger, 1989). In plants, urea serves as a significant nitrogen source, requiring 

conversion to ammonia for assimilation (El-Hefnawy et al., 2017). Beyond its role in nitrogen metabolism, plant urease 

also exhibits defensive functions against pathogenic fungi and herbivorous insects (El-Shora, 2001). Urease has been 

isolated from a broad range of organisms, including bacteria (El-Hefnawy et al., 2017; Singh et al., 2017), fungi and 

yeasts (Smith et al., 1993; Mirbod et al., 2002; Amin et al., 2010), and various plant species (Bello et al., 2024; Krishna 

et al., 2011; Hamzah, 2014). Structurally, plant and fungal ureases are typically homo-oligomeric, consisting of repeating 

identical subunits, whereas bacterial ureases are hetero-oligomeric, composed of two or three distinct subunits of varying 

molecular weights (Krishna et al., 2011). The enzyme’s activity is strongly influenced by its tertiary structure and 

environmental parameters such as temperature, pH, and substrate concentration (Pervin et al., 2013). 

 

In the context of human health, urease is implicated in several pathophysiological conditions, particularly gastroduodenal 

and urinary tract infections, and even certain cancers. Clinically, it is employed for diagnostic purposes to quantify urea 

levels in biological fluids such as blood and urine (Liu et al., 2012). Industrially, urease holds significant relevance due 

to its role in degradation of urea, making it valuable in producing fertilizers, hair conditioners, adhesives, plastics, animal 

feeds, and even food processing (e.g., pretzel manufacturing). Additionally, it serves as a biocatalyst in detecting 

environmental contaminants such as pesticides and heavy metals and has been extensively used in mercury (II)-

inhibition assays as a model enzyme (Tsai & Doong, 2005). Urease-producing bacteria have also been applied in bio-

cementation processes to enhance concrete strength (Varalakshmi & Devi, 2014).  

 

The present study was inspired by the need to identify and utilize local plant sources for urease extraction, building upon 

previous findings that reported high urease activity in some members of the Cucurbitaceae family (Fahmy et al., 1993). 

Despite the vast biodiversity available for enzyme sourcing, most industrial applications still rely on commercially 

procured urease, which can be economically limiting. This study focuses on optimizing urease extraction and partial 

purification from three sprouted melon varieties watermelon, blackmelon, and whitemelon. Key enzymatic properties 

characterized include optimal pH and temperature, kinetic parameters (Km & Vmax), metal ion effects, and 

electrophoretic banding patterns, all aimed at assessing their potential for industrial and biotechnological applications. 

 

Materials and methods 
 

Sample collection and authentication 

 

Three varieties of melon: Watermelon (Citrullus lanatus), Blackmelon, and Whitemelon (Colocynthis citrullus) were 

purchased from the local market in Lapai, Niger State, Nigeria (Latitude: 9.0444°N; Longitude: 6.5709°E). The plant 

materials were authenticated by a botanist in the Biology Unit, Air Force Institute of Technology, Kaduna, with 

authentication reference numbers: AFITBIO/WM-002-0004 (watermelon), AFITBIO/BM-002-0003 (blackmelon), and 

AFITBIO/SM-001-0005 (whitemelon). Specimens were deposited in the departmental herbarium. All chemicals and 

reagents used, including Nessler’s reagent, Tris buffer, HCl, dialysis tubing cellulose (Sigma-Aldrich), and Sephadex G-

100, were of analytical grade. 

 

Sprouting of melon varieties 

 

The seeds of the three melon varieties (Figure 1) were evenly distributed on moistened woolen material and covered with 

the same. Regular watering was carried out to maintain humidity. Under warm and moist conditions, the seeds swelled 

and subsequently sprouted. Urease was extracted daily, and its activity was monitored to determine the stage of optimal 

enzyme activity. Sprouting was discontinued once activity began to decline. 
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Figure 1. Sprouted melon varieties 

 

Extraction of crude urease 

 

Fifty grams of each sprouted melon seed variety were coarsely ground using a mortar and pestle, and soaked overnight in 

100 mL of extraction buffer (0.025 M Tris-acetate, pH 6.5) at 4°C. Although the typical pH range for Tris buffer is 7.5–

9.5, a lower pH was chosen to enhance enzyme extraction and improve yield (Kayastha & Nilanjana, 1999). After 24 

hours, the homogenate was agitated for 2 minutes, filtered through four layers of pre-washed muslin cloth, and 

centrifuged at 15,000 rpm for 15 minutes at 4°C. The supernatant was collected as a crude enzyme extract and stored at 

4°C for further analysis. 

 

Protein determination 

 

Total protein concentration was determined via UV spectrophotometry following cold acetone precipitation, as described 

by (Whitaker & Granum., 1980)1. Briefly, 0.1 mL of crude extract was diluted with 9.9 mL of 0.05 M Tris-acetate buffer 

(pH 6.5). One milliliter of the diluted sample was further made up to 10 mL, and absorbance readings were taken at 260 

nm and 280 nm. Protein concentration was calculated using the following empirical formula: 

 

X = 1.45 × A₈₀ - 0.74 × A₂₆₀ 

 

Where X is the protein concentration (g/L), and A₂₆₀ and A₂₈₀ represent absorbance values at 260 nm and 280 nm, 

respectively. 

 

Urease activity assay 

 

Urease activity was determined by quantifying the ammonia released from urea using Nessler’s reagent (Kulshrestha & 

Husain, 2006). The reaction mixture consisted of 0.9 mL of assay buffer (0.05 M Tris-acetate, pH 7.0), 0.1 mL of diluted 

enzyme (20-fold in assay buffer), and 1 mL of 0.2 M urea. The mixture was incubated at 60°C for 30 minutes. The 

reaction was terminated by cooling to 10°C. One milliliter of the reaction mixture was transferred to a beaker, and 1 mL 

of Nessler’s reagent was added. After 1 minute of reaction, the total volume was made up with distilled water. 

Absorbance was measured at 405 nm using a UV/VIS spectrophotometer (Biochrom UV 2800). A blank lacking both 

urea and enzyme was used as a control. One unit of urease activity (U) was defined as the amount of enzyme that 

releases 1 µmol of ammonia per minute under the assay conditions. All assays were performed in triplicate. 
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Protein precipitation with acetone 

 

Cold acetone precipitation was used to concentrate the protein (Wolfgang, 2007). One-third volume of ice-cold acetone 

was added to the crude enzyme extract and maintained at 0°C with constant swirling for 15 minutes. The mixture was 

centrifuged at 15,000 rpm for 2 minutes at 4°C. The supernatant was treated with an equal volume of cold acetone to 

precipitate additional protein. The resulting precipitate was redissolved in a minimal volume of 0.05 M Tris-acetate 

buffer (pH 6.5) and stored at -20°C. 

 

Dialysis and gel filtration chromatography 

 

Dialysis was performed for 12 hours against extraction buffer using dialysis tubing to remove small molecules. The 

dialyzed enzyme solution was then subjected to gel filtration chromatography using a Sephadex G-100 column (1.8 × 35 

cm), pre-equilibrated with 0.025 M Tris-acetate buffer (pH 6.5). The buffer was refreshed every four hours (three times 

in total). Fractions (2 mL) were collected at a 0.3 mL/min flow rate and analyzed for protein content and urease activity 

(Emmanuel et al., 2020).  

 

Determination of optimum pH 

 

The effect of pH on urease activity was evaluated using 0.05 M Tris-acetate buffer with pH values ranging from 5.5 to 

8.0. Enzyme reactions were conducted at 60°C with 0.2 M urea as the substrate. Activity was measured as previously 

described. 

 

Determination of optimum temperature 

 

Urease solutions were incubated at various temperatures (20°C–80°C) in Tris-acetate buffer at the optimum pH. After 30 

minutes, enzyme activity was assessed to determine the thermal stability profile. 

 

Kinetic parameters (Km and Vmax) 

 

The kinetic constants Km and Vmax were determined using the Lineweaver-Burk plot, a linear transformation of the 

Michaelis–Menten equation (Emmanuel et al., 2020):  1/V = (Km/Vmax) × (1/[S]) + 1/Vmax 

 

Where: 

 

V = reaction velocity (µmol/s/mg protein), 

[S] = substrate concentration (mmol/L), 

Km = substrate concentration at half-maximal velocity, 

Vmax = maximum reaction velocity. 

 

Ammonia production ra te was used to calculate enzyme velocity.  

 

Effect of metal ions on urease activity 

 

The influence of selected metal ions, Ni²⁺, Hg⁺, Zn²⁺, K⁺, Ba²⁺, Mg²⁺, Ca²⁺, and the chelating agent EDTA (all at 5 mM) 

was assessed. The enzyme was pre-incubated with each ion for 30 minutes at the previously determined optimal pH and 

temperature, and residual activity was measured using the standard urease assay.  

 

Results  

 

Protein concentration in some selected sprouted melon varieties 

 

The results of protein level in sprouted melon seeds are represented in Figure 2. sprouting significantly increase the 

protein level in Blackmelon and Watermelon with optimum protein level at day 7, while Whitemelon has optimum 

protein level at day 8 after which the protein level began to decline. 
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Figure 2. Sprouting effect on protein level of three melon varieties 

 

Urease activity in three sprouted melon varieties  

 

The study revealed that urease activity increased gradually and showed maximum activity at day 6 for White melon 

while Blackmelon and Watermelon’s highest peak was in day 7, and then declined rapidly (Figure 3). In the present 

study, sprouting was optimized in day 7 for Blackmelon and Watermelon, while Whitemelon urease was optimized at 

day 6 and was analyzed for further experimental purpose.  

 

 
Figure 3. Sprouting effect on the activity of urease 

 

Protein Level and Urease activity of sephadex G-100 Fractions 

 

The results of protein level and urease activity in selected melon species after dialysis and elution are presented in Figure 

4, 5 and 6 for Watermelon, Whitemelon and Blackmelon respectively. The protein level for Watermelon shows the 

highest peak at fraction five and the result for urease activity shows that activity was highest in fraction seven (see 

Figure 4). Likewise, the protein level for Whitemelon peak was observed in fraction two and that of urease activity was 

clearly observed in fraction three (see Figure 5). In the same vein, the protein level for Blackmelon shows its highest 

peak at fraction eleven while the urease activity at fraction seven shows its highest peak as observed in Figure 6. 
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Figure 4. Elution profile of urease from Watermelon 

 

 

 

 

 
Figure 5. Elution profile of urease from Whitemelon 
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Figure 6. Elution profile of urease from Blackmelon 

 

Optimum pH of urease extracted from three melon varieties 

 

The results of optimum pH for urease extracted from Watermelon, Blackmelon and Whitemelon are represented in 

Figure 7. The results shows that the optimum pH for Blackmelon and Whitemelon was 6.0 while Watermelon has its 

optimum pH at 7.5. 

 

 
Figure 7. Optimum pH of urease extracted from three melon varieties 

 

Table 1. Purification profile of Blackmelon, Watermelon, and Whitemelon 

Purification step Volume 

(ml) 

Total activity 

(U/sec) 

Total protein 

(mg) 

Specific activity 

(U/sec/mg) 

Percentage 

yield 

Percentage 

fold 
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Blackmelon 

Watermelon 

Whitemelon 

 

10 

10 

10 
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0.0600 
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1 
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73.6 

84.2 

67.6 

 

 

1.4 

2.2 

1.5 

Gel filtration on 

Sephadex G-100 

column 

Blackmelon 

Watermelon 

Whitemelon 
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Optimum Temperature 

 

 
Figure 8. Optimum Temperature of urease extracted from three melon varieties 

 

The result of effect of temperature on urease from some selected sprouted melon seeds are presented in Figure 8. The 

result showed that the optimum temperature for Watermelon, Blackmelon, and Whitemelon is 30℃, 40℃ and 50℃ 

respectively. 

 

Effect of substrate concentration 

 

The result for substrate effect on urease activity was presented in Figure 9. Urease from Watermelon has its optimum 

substrate concentration at 0.5M while that of Blackmelon and Whitemelon was observed at 0.4M.   

 

 
Figure 9. Substrate Concentration of urease extracted from three melon varieties 

 

Effect of ions 

 

The effect of ions on urease from three sprouted melon species was presented in Figure 10. The result shows that Nickel 

has positive effect while K, Ba, EDTA, Ca, Hg, and Mg ions have negative effect on urease activity of the melon seeds 

analyzed. 
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Figure 10. Effect of different ions on the activity of partially purified urease from some selected melon seeds 

 

Electrophoresis 

 

 
Figure 11. SDS-PAGE of the active fractions from the gel filtration (Lane 1: protein size marker, Lane 2: 

Whitemelon, Lane 3: Blackmelon, and Lane 4: Watermelon) 

 

Native-PAGE of the active fractions from the gel filtration was run. As shown in Figure 11, there are three bands that 

appear in the well labeled 2 and 4. The molecular weight of purified urease was determined by Accu LadderTM protein 

size Marker. The enzyme showed three bands with the molecular weight of approximately 53kDa, 38kDa and 35kDa for 

Whitemelon and Watermelon. While Blackmelon has no distinct band. 

 

Kinetic characteristics (Vmax and Km) of purified urease from Watermelon, Blackmelon, and Whitemelon samples 

 
The Km and Vmax were calculated from the Lineweaver-Burk plot and the summary of the kinetic parameters was 

presented in Table 2 which shows that the Vmax are lower than the Km from all the ureases from the samples analyzed. 

 

Table 2: Kinetic characteristics (Vmax and Km) of purified urease from Watermelon, Blackmelon, and Whitemelon 

samples. 
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Melon Variety Vmax (U/sec) Km (mg/mL) 

Watermelon 0.000611 0.0340 

Black melon 0.000410 0.0469 

White melon 0.000163 0.00212 

 

Discussion 

 

The results of this study indicate that sprouting significantly enhanced the protein content in Blackmelon and 

Watermelon, with peak levels observed on day 6, recording 0.059 mg/mL and 0.055 mg/mL, respectively. For 

Whitemelon, the optimal protein content (0.054 mg/mL) was attained on day 7, after which a decline in protein levels 

was observed (Figure 2). These observations are consistent with previous findings (Dikshit & Ghadle, 2003; Rumiyati et 

al., 2013; Świeca et al., 2012), which reported that sprouted seeds are enriched in proteins, vitamins, minerals, amino 

acids, digestible energy, and phytochemicals, key components supporting germinating plants' early growth. Similar 

trends have been reported by Urbano et al. (2005) and Kaushik et al. (2010), who noted increased protein content in 

germinated grains. A more detailed mechanism was proposed by Nonogaki et al., (2010), who attributed this increase to 

protein synthesis initiated during the imbibition phase of germination, which is hormonally regulated. The purification 

profiles of urease differed among the melon varieties studied. This variation may be attributed to intrinsic differences in 

the total protein content of each seed type. Arinathan et al. (2009) demonstrated similar findings, showing that Mucuna 

pruriens possesses significantly higher protein levels than commonly consumed pulses like cowpea, pigeon pea, 

chickpea, black beans, and green gram. The high protein content of these sprouted melon varieties makes them 

promising, cost-effective plant protein sources for nutritional, agricultural, and industrial applications. Their nutritional 

composition supports their use in human diets, animal feed formulation, and processes that require protein-rich substrates 

or enzyme extraction for biotechnological use. To determine the optimal sprouting duration for maximum urease activity, 

seeds were germinated over a period of 0 to 9 days. The results revealed that sprouting significantly enhanced urease 

activity across all three melon varieties. Watermelon and Blackmelon exhibited peak urease activity on day 6, recording 

0.000165 U/sec and 0.000238 U/sec, respectively. In contrast, Whitemelon reached its maximum activity on day 5 

(0.000193 U/sec), after which a rapid decline was observed (Figure 3). The differences in urease activity among the 

melon varieties could be attributed to inherent variation in their endogenous urease content or differences in protein 

expression during germination. These findings are consistent with those of (Dhar & Banerjee, 2019), who reported that 

urease activity increases with prolonged germination time. The enhanced activity during sprouting may be linked to the 

synthesis of accessory proteins that assist in nickel incorporation into the enzyme’s active site, a critical step in urease 

maturation (Polacco & Holland, 1993). Since urease plays a central role in nitrogen metabolism during early seedling 

development, it’s up regulation during sprouting ensures efficient conversion of urea into ammonia and carbon dioxide 

for assimilation. Additionally, studies have shown that the upregulation of urease-specific activity in plants is often 

observed when urea is applied as a nitrogen source (Mobley & Housinger, 1993). In such cases, urease becomes 

indispensable because plants cannot utilize urea directly until it is hydrolyzed. A deficiency in urease activity can result 

in an accumulation of unmetabolized urea, potentially leading to leaf necrosis and toxicity in seedlings (Stebbins et al., 

1991; Krogmeier et al., 1989). These findings support the potential of sprouted melon seeds, particularly on days 5–6, as 

optimal sources for urease extraction for both agricultural and biotechnological applications. Enzyme purification 

involves isolating the target protein from other cellular components and co-extracted proteins. In this study, crude urease 

extracts from Blackmelon, Watermelon, and Whitemelon were subjected to cold acetone precipitation. This step 

significantly improved the enzyme’s specific activity from 0.00538 to 0.00793 U/sec, 0.00300 to 0.00681 U/sec, and 

0.00424 to 0.00576 U/sec—with respective purification folds of 1.4, 2.2, and 1.5. Corresponding recovery yields were 

73.6% (Black melon), 84.2% (Watermelon), and 67.6% (Whitemelon), as presented in Table 1. Following cold acetone 

precipitation, 3 mL of each partially purified sample was further subjected to size-exclusion chromatography using a 

Sephadex G-100 column. Distinct activity peaks were observed: a single peak at fraction 6 for Watermelon, fraction 3 for 

Whitemelon, and three peaks at fractions 5, 6, and 7 for Blackmelon (Figures 4–6). The final enzyme activities after gel 

filtration were 0.02175 U/sec (Blackmelon), 0.00744 U/sec (Watermelon), and 0.00606 U/sec (Whitemelon), with 

protein concentrations of 0.0029, 0.0052, and 0.0082 mg/mL, respectively. 

 

The final purification steps yielded purification folds of 4.0, 2.5, and 1.6, with enzyme recovery of 19.5%, 18.4%, and 

19.2% for Blackmelon, Watermelon, and Whitemelon, respectively. Specific activity across the three melon varieties 

reached 0.2 U/mg/sec. As expected, increased enzyme purity resulted in increased specific activity, corroborating earlier 

studies that link purification processes with enhanced catalytic efficiency (Javed et al., 2018). Urease activity was 

examined across a range of pH values to determine the optimal condition for each melon-derived enzyme. The optimum 

pH for urease activity was 6.0 for White melon and Black melon, and 7.5 for Watermelon (Figure 7). These findings 

partially agree with Evans & Adewoyin, (2013) who reported urease pH optima between 6.5 and 7.0. Differences in pH 

optima may be attributed to conformational changes in the enzyme's active site under varying hydrogen ion 

concentrations, which affect the ionization of amino acid residues essential for catalysis. The temperature dependence of 

urease activity was also investigated. Optimal activity was observed at 30°C for Watermelon, 40°C for Blackmelon, and 

50°C for Whitemelon (Figure 8). These variations can be attributed to thermal stability and protein structure differences 

among the melon varieties. Although urease is known to be a thermostable enzyme (Krajewska, 2009), excessive heat 
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can lead to the denaturation of its tertiary structure, resulting in a loss of activity. Comparable temperature optima have 

been reported in other plant and microbial systems: 40°C in Chenopodium album leaves (El-Shora, 2001), 40°C in 

Pisum sativum L. seeds (EL-Hefnawy et al., 2014), and 55°C in Rhizopus oryzae. The observed temperature optima 

reflect the general trend in enzyme-catalyzed reactions, where the reaction rate initially increases with temperature due to 

greater kinetic energy, followed by a sharp decline as thermal denaturation sets in (Wolfgang, 2007). The effect of 

substrate concentration on urease activity was evaluated to determine the optimal concentration for catalysis. The 

optimum substrate concentration was 0.4 M for both Whitemelon and Blackmelon samples, while Watermelon urease 

peaked at 0.5 M urea (Figure 9). Urease activity increased progressively with rising substrate concentration until the 

optimum was reached, after which further increases in urea concentration had no additional effect. This trend is 

characteristic of Michaelis–Menten enzyme kinetics, where enzyme activity increases with substrate availability up to a 

saturation point, beyond which the enzyme's active sites become fully occupied. Once saturation is reached, the reaction 

rate plateaus, indicating that additional substrate no longer influences catalytic activity (Urbanowicz et al., 2021). The 

observed behavior confirms that urease from the three melon varieties follows classical enzyme-substrate interaction 

dynamics. The initial reaction rate rises proportionally with substrate concentration, reflecting the abundance of 

unoccupied active sites. Upon saturation, the reaction velocity remains constant due to the finite number of active sites 

available for catalysis. These findings are important for understanding enzyme efficiency and designing urease-based 

applications, such as biosensors, diagnostic tools, and bioreactors, where precise substrate concentrations are essential 

for optimal activity. 

 

The influence of various metal ions on urease activity was evaluated at a uniform concentration of 5 mM. Among the 

ions tested nickel (Ni²⁺), calcium (Ca²⁺), potassium (K⁺), barium (Ba²⁺), mercury (Hg²⁺), magnesium (Mg²⁺), and the 

chelating agent EDTA nickel consistently produced the highest stimulatory effect on urease activity across all three 

melon varieties (Figure 10). This finding aligns with prior studies (El-Shora, 2009), which have established that urease is 

a nickel-dependent metalloenzyme, typically incorporating two Ni²⁺ ions at its active site. Nickel is essential for proper 

folding and activation of the enzyme, directly participating in the catalytic mechanism of urea hydrolysis. In contrast, 

other tested metal ions exhibited inhibitory effects, with heavy metals like mercury (Hg²⁺) causing the most pronounced 

suppression of enzyme activity. This inhibitory effect is attributable to the interaction of heavy metals with thiol (-SH) 

groups present in the active site of urease. The enzyme contains multiple cysteine residues, including one highly 

conserved cysteine located within a mobile flap structure at the active site, which is crucial for its catalytic function 

(Magomaya et al., 2017). Heavy metal ions are known to form complexes with sulfhydryl groups, leading to 

conformational changes or direct blockage of the active site, thus disrupting enzymatic activity through a mechanism 

analogous to metal sulfide precipitation (Magomaya et al., 2017).  The chelating agent EDTA also showed an inhibitory 

effect, likely due to its ability to sequester essential metal ions like Ni²⁺, thereby depriving the enzyme of its catalytic 

cofactor. These results further reinforce the role of nickel as a cofactor essential for urease activity and highlight the 

enzyme’s vulnerability to metal ion-induced inhibition, a critical consideration for both biotechnological applications and 

environmental enzyme use. The partially purified urease fractions obtained from gel filtration chromatography were 

further subjected to Native-PAGE analysis, as shown in Figure 11. Distinct protein bands were observed in lanes 2 and 4, 

corresponding to the Whitemelon and Watermelon urease fractions, respectively. Three clear bands were identified in 

each, with estimated molecular weights of approximately 53 kDa, 38 kDa, and 35 kDa, based on comparison with a 

protein molecular weight marker in lane 1. In contrast, lane 3, representing the Blackmelon urease fraction, showed no 

well-defined bands. The absence of visible bands in this sample may indicate protein degradation or insufficient protein 

concentration, which could have resulted from partial proteolysis or improper sample handling during purification. The 

observed variation in banding patterns and molecular weights supports the concept that urease molecular weight can vary 

depending on the source organism. This is consistent with findings by Singh et al. (2017), who reported that urease 

purified from Bacillus sphaericus, when analyzed under denaturing conditions (SDS-PAGE), yielded three subunits with 

molecular weights of 70 kDa, 60 kDa, and 55 kDa. Additionally, the molecular mass of urease isolated from Proteus 

mirabilis was reported to be as high as 155 kDa (Singh et al., 2017). These results further affirm that urease is a 

multimeric enzyme, and its molecular structure and subunit composition can vary significantly across species, likely 

influenced by evolutionary divergence and functional specialization. 

 

The kinetic parameters Michaelis constant (Km) and maximum velocity (Vmax) of the partially purified urease enzymes 

were calculated using the Lineweaver–Burk double reciprocal plot, as shown in Figures 10, 11, and 12. The Km and Vmax 

values obtained were as follows: 

 

• Watermelon: Km = 0.0341 mg/mL, Vmax = 0.000611 U/sec 

• Whitemelon: Km = 0.00212 mg/mL, Vmax = 0.000163 U/sec 

• Blackmelon: Km = 0.0469 mg/mL, Vmax = 0.000410 U/sec 
(See Table 2 for a summary.) 

 

These values suggest that urease from Whitemelon exhibits the highest affinity for urea (lowest Km), while Blackmelon 

shows the lowest affinity. Generally, higher Km values indicate that a greater substrate concentration is required to 

achieve half of Vmax, reflecting a lower binding affinity of the enzyme's active site for its substrate. The findings align 

with previous studies. For example, Singh et al. (2017) reported Km and Vmax values for partially purified urease from 
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Bacillus sphaericus MTCC 5100 as 2.0 ± 0.5 mM and 1.82 μM/min, respectively. Additionally, Ogunmolasuyi & Evans 

(2011) found that germination increased both Km and Vmax of urease in treated plant samples compared to the control, 

suggesting that enzyme maturation and metal ion incorporation (notably Ni²⁺) during seedling development may enhance 

enzymatic efficiency. The observed increase in Vmax values after sprouting supports the hypothesis that germination 

promotes structural and functional enzyme refinement possibly via enhanced nickel incorporation into the urease active 

site, thus facilitating improved catalytic turnover (Polacco & Havir, 1979). This is particularly relevant for plants relying 

on urea-based fertilization, where robust urease activity is crucial for nitrogen assimilation and plant development. 

 

Conclusion 
 

This study demonstrates that sprouting enhances protein content and urease activity in three melon varieties: 

Blackmelon, Watermelon, and Whitemelon up to an optimal point, after which activity declines. Partial purification of 

urease via cold acetone precipitation and gel filtration chromatography resulted in 19.5%, 18.4%, and 19.2% yields, with 

4.0, 2.5, and 1.6 purification folds, respectively. The optimum pH for urease activity was 6.0 for Blackmelon and White 

melon, and 7.5 for Watermelon, while the optimum temperatures were 30°C, 40°C, and 50°C for Watermelon, 

Blackmelon, and Whitemelon, respectively. Native-PAGE analysis revealed three distinct protein bands for Whitemelon 

and Watermelon (approximately 55 kDa, 38 kDa, and 35 kDa), whereas Blackmelon showed no discernible bands, 

possibly due to protein degradation. Metal ion studies confirmed nickel (Ni²⁺) as a positive effector of enzyme activity, 

while Mg²⁺, Hg²⁺, EDTA, Ba²⁺, Ca²⁺, and K⁺ exerted varying degrees of inhibition. Kinetic analysis revealed Km values 

of 0.0341, 0.0469, and 0.0021 mg/mL, and Vmax values of 0.000611, 0.000410, and 0.000163 U/sec for Watermelon, 

Blackmelon, and Whitemelon, respectively. These findings enhance our understanding of plant-derived urease, 

particularly from sprouted melon seeds, and suggest potential applications in biotechnology, agriculture, environmental 

diagnostics, and urea-based soil fertility management. 
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