Cameroun Journal of Biological and Biochemical Sciences, 2026, 34, 10-19. CAMEROON JOURNAL OF BIOLOGICAL
AND BIOCHEMICAL SCIENCES

by the i ! Society (CBS)

DOI: https://doi.org/10.63342/cjbbs2026.34.25024.en

Original research article

Extraction and characterization of urease from Centrosema
pubescens Benth.

BARTHELEMIE GUEBOTO, FREDERIC NICO NJAYOU* & PAUL FEWOU MOUNDIPA

Laboratory of Pharmacology and Toxicology, Department of Biochemistry, Faculty of Science, University of Yaoundé I, PO
Box 812, Yaoundé, Cameroon

Corresponding Author: njayou@yahoo. fr
Received: 17 Jul 2025, Reviewed: 03 Sep 2025, Revised: 22 Sep 2025, Accepted: 03 Sep 2025, Published: 09 Jan 2026.

ABSTRACT

Urease is an industrially important enzyme whose production remains limited due to the low availability of the raw
material (urease source). Controlling the production of this enzyme can, in view of its many applications, promote
the development of importing countries such as Cameroon. This study aimed to extract and characterize urease
from Centrosema pubescens for its future valorization. This work is part of the search for local sources of this
enzyme through its purification and characterization from Centrosema pubescens. Seeds were germinated at 2, 4,
6, 8, and 10 days, and crude extracts of the enzyme were prepared in an extraction solvent consisting of a mixture
of phosphate buffer (pH 7; 0.1 M)/acetone 80/20 v/v to obtain homogenates at 25% w/v, and then centrifuged.
Protein content and urease activity were assessed spectrophotometrically. The day of germination on which the
germinated seeds showed high enzymatic activity was selected. The crude extract was partially purified using
ammonium sulphate precipitation followed by desalting through exclusion chromatography. The presence of urease
in the mixture of active fractions was verified by denaturing gel electrophoresis (SDS-PAGE). The kinetic parameters
(Vmax and Km) of urease were determined using the kinetic method. The results showed that the 4% day of
germination showed the highest specific activity (0.140+0.004 uymol NH4+/min/mg protein) and was chosen as the
germination day for the rest of the work. The crude extract from the 4" day was selected for having a purification
percentage of 18.78 and a degree of purification of 27.79. The kinetic parameter values for urease under these
conditions were: 0.052 + 0.01 pmol NH4+/min and 0.48 + 0.153mM for Vmax and Km, respectively, and those for
Jack Bean urease were 0.53 + 0.01 ymol NH4+/min and 0.030 + 0.01 mM. These observations show that Centrosema
pubescens may be a good source of urease.

Key words: Urease, Centrosema pubescens, kinetic parameters, plant.
RESUME

Luréase est une enzyme dimportance industrielle dont la production reste limitée en raison de la faible
disponibilité de la matiére premiére (source d'uréase). Compte tenu de ses nombreuses applications, la maitrise de
la production de cette enzyme peut favoriser le développement des pays importateurs comme le Cameroun. Le but
de cette étude était d’extraire et de caractériser l'uréase de Centrosema pubescens en vue d’une valorisation
future. Ce travail s'inscrit dans le cadre de la recherche des sources locales de cette enzyme a travers la
purification et la caractérisation de l'uréase de Centrosema pubescens. Des extraits bruts ont été préparés dans un
mélange de tampon phosphate (pH 7; 0.1 M)/acétone 80/20 v/v en vue dobtenir un homogénat a 25% m/v pour
chaque jour de germination des graines (2, 4, 6, 8 et 10 jours) par centrifugation. La teneur en protéines et
l'activité uréasique ont été évaluées par spectrophotométrie. Le jour de germination au cours duquel les graines
germées ont montré une activité enzymatique élevée a été sélectionné. L'extrait brut préparé a été utilisé pour la
purification partielle de l'uréase par précipitation au sulfate dammonium suivie d'une chromatographie d'exclusion
aprés dessalage. La présence d'uréase dans le mélange de fractions actives a été vérifiée par électrophorese sur gel
dénaturant (SDS-PAGE). Les parameétres (Vmax et Km) de luréase ont été déterminés par la méthode de cinétique
enzymatique. Les résultats ont montré une activité spécifique plus élevée (0,140+0,004 pmol NH4+/min/mg de
protéine) au 4e jour de germination et les graines a cette période physiologique ont été utilisées comme matériel
pour la suite du travail. L'uréase a été purifiée dans les graines germées au jour 4 avec un pourcentage et un degré
de purification respectifs de 18,78 et de 27,79. Les valeurs des parametres cinétiques pour l'uréase dans ces
conditions étaient : 0,052 + 0,01 pmol NH4+/min et 0,48 + 0,153 mM pour Vmax et Km respectivement, et celles de
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luréase de Jack Bean étaient de 0,53 + 0,01 umol NH4+/min pour la Vmax et 0,030 + 0,01 mM pour le Km. Ces
observations montrent que Centrosema pubescens peut étre une bonne source d'uréase.

Mots-clés : Uréase, Centrosema pubescens, parametres cinétiques, plante.

1. INTRODUCTION

Urease (urea amidohydrolase, E.C. 3.5.1.5) is a nickel-containing metalloenzyme that falls within the
hydrolase class. It plays a key role in nitrogen metabolism, particularly by breaking down urea, a process that
produces ammonia (NH3) and carbonic acid (H2CO3) (Mobley et al. 1995). Urease is widely distributed in
nature. Microbial ureases are found in many bacteria of the genus Lactobacillus and Helicobacter, where they
are produced as a virulence factor in patients with gastric ulcers (Wassermann et al. 2010), as well as certain
microscopic fungi such as Rhizopus oryzae. However, the use of these microorganisms as a source of urease
remains limited due to their low availability, the high cost, and the sophisticated equipment required to
purify the enzyme (Javadi et al. 2018). In plants, urease is a ubiquitous enzyme (Witte and Medina-Escobar
2001) and is very abundant in the seeds of many cucurbits and legumes such as Canavalia enciformis (Jack
Bean), whose urease is the most extensively studied (Polacco et al. 1982). Urease is produced during the
germination of these seeds. As a result, the germinating seeds of the above-mentioned plant species are
considered a source of this enzyme. In organisms of this kingdom, the main function of urease is linked to the
use and recycling of endogenous nitrogen or nitrogen derived from external sources (Follmer 2008).

Urease is an enzyme of industrial importance because of its multiple applications. In the medical field, it is
used in the development of haemodialysis machines and diagnostic kits for Helicobacter pylori infections
(Witte et al. 2002). In agriculture and biotechnology, urease is used as a soil fertiliser (Hamdan et al. 2013)
and as an ingredient in the manufacture of bio-cement (Javadi et al. 2018).

However, industrial production of this enzyme remains limited because of the low availability of the raw
material (urease source), due to the fact that the main source of this enzyme (Jack-Bean or white bean) is
consumed by the population. Hence, it is important to seek out and develop new local sources of this enzyme.
Therefore, the present work was undertaken to determine whether Centrosema pubescens could be used as a
good source of urease through the extraction and characterization of the enzyme.

2. MATERIALS AND METHODS
2.1. Biological material

The biological material consisted of Centrosema pubesens (CP) seeds harvested in Yaoundé and identified at
the National Herbarium of Cameroon (41654/HNC). Once harvested, the plant material was further dried
under sunlight for two days, pulped, and stored in a dry place for later use.

2.2, Effect of germination time on enzymatic activity
2.2.1. Germination and preparation of the crude extract

Dried C. pubesens seeds were sorted, weighed, and soaked in distilled water for 6 h. The seeds were then
spread out on paper, covered with cotton, and left to germinate for 2, 4, 6, 8, and 10 days in a moderately
well-lit area. The crude extract was prepared according to the method of Zusfahair et al. (2018). After each
day of germination, the germinated seeds were ground using a mortar in an extraction solvent consisting of a
mixture of phosphate buffer (pH 7; 0.1 M)/acetone 80/20 v/v to obtain homogenates at 25% m/v. The
homogenates thus obtained were kept at 4°C for 3 h, then filtered and centrifuged (3000g, 15 min, 4°C). The
supernatant obtained was recovered, stored at -20°C, and treated as a crude extract.

2.2.2. Estimation of the protein content of the crude extract

The protein content of each crude extract was determined using the Biuret method (Gornall et al. 1949).
Calibration of bovine serum albumin (BSA) was carried out using a stock solution with a concentration of
3mg/ml. The absorbance was read at 540 nm against the blank, and the amount of protein was determined
using the BSA calibration line.
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2.2.3. Determination of the urease activity of the various enzyme extracts

Urease activity was determined using the indophenol method initially described by Weatherburn and modified
by Mahmood et al. (2012). The assay was performed by introducing 0.05 mL of enzyme extract and 1.450 mL
of phosphate buffer (pH 7.4; 100 mM) into each test tube. After pre-incubation (5 min, 37°C) in a water bath,
0.5 mL of urea at a final concentration of 25 mM (Pervin et al. 2013) was added, and the resulting mixture
was incubated for various times (0, 5, 10, 15, 20, 25, and 30 min). After this time, 0.5 mL of alkaline solution
(1% w/v sodium hydroxide and 0.082% v/v active sodium hypochlorite) and 0.5 mL of phenol reagent (1% w/v
phenol and 0.005% w/v sodium nitroprusside) were added to each test tube containing the hydrolysates. After
60 min incubation at 37°C and development of the blue colour, the absorbance of the solution was read at
630 nm against the blank. The calibration line established from an ammonium sulphate solution with an initial
concentration of 0.1mg/ml was used to convert absorbance into the quantity of ammonium ions formed. The
initial velocities were obtained by plotting a slope on the straight part of the hyperbolic graphs obtained by
representing the number of moles of ammonium ions formed after hydrolysis as a function of incubation time
for each day of germination. The specific activity was calculated using the formula:

. . Vo
Specific activity = >
Where:Vy = initial speed of the enzyme (in umol of NH4 formed/min), CP = final quantity of protein in the test tube (mg)
2.3. Purification of urease

2.3.1. Germination and preparation of the crude extract

The seeds were germinated for 4 days, and the procedure was carried out as previously described in
paragraph 1.2.1. The crude extract was prepared according to the method of Dikhtyarev et al. (1983) after
four (4) days of germination. The homogenate obtained was centrifuged at 10,000g for 20 min at 4°C, and the
supernatant was the crude enzyme extract (EB).

2.3.2. Ammonium sulphate precipitation

Precipitation was performed according to the protocol described by Rajendran et al. (2019), 50% salt
saturation. The mixture was homogenized for 15 min at 4°C until a precipitate formed. The mixture was then
centrifuged (10000g, 20 min, 4°C), and the pellet obtained was re-suspended in the working buffer, and
aliquots of the supernatant (S1) were stored for future use.

2.3.3. Gel filtration desalting of the supernatant

Gel exclusion chromatography was used for desalting according to the protocol described by Altin et al.
(2017). The supernatant obtained in the previous step (2 mL) was desalted by gel exclusion chromatography
on Sephadex G-50 previously stabilised on the column (4cm x 2) for 24 hours. A fluorescein marker was added
to the sample to monitor the elution. Five hundred (500) pL of the sample was gently placed on top of the
gel. Elution was carried out using phosphate buffer (pH 7; 100 mM), and 1 mL fractions were collected in test
tubes.

2.3.4. Protein assay in each fraction

The amount of protein in each fraction collected was measured by reading optical densities at 280 nm.
2.3.5. Detection of ammonium ions in each fraction

Ammonium ions were monitored by the indophenol method as previously described.

2.3.6. Determination of enzymatic activity

Enzyme activity was assayed in fractions not containing fluorescein by the indophenol method. Fractions
showing urease activity were considered as the enzymatic extract (EE), collected and homogenized, and then
aliquots were stored at -20°C for later use.
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2.3.7. Establishment of the purification profile

The purification profile was established by measuring the amount of protein and urease activity in the crude
enzymatic extract (EB), the supernatant obtained after ammonium sulphate precipitation (51), and in the
mixture of enzymatic fractions collected (EE). The purification percentage and degree of purification were
calculated as follows:

Total proteins of the fraction

Purification percentage =
p g Total proteins of the crude extract

b £ ourificati Specific activity of the fraction 100
= X
egre o puritication SA of the crude extract

2.3.8. Detection of urease in the different fractions by electrophoresis

Electrophoresis is a technique used to separate molecules based on their charge, as charged molecules
migrate through a supporting medium such as a polymer matrix, polyacrylamide, or agarose gel under the
influence of an electric field (Laemmli 1970). The process begins with the preparation of the gels: a 10%
acrylamide separation gel and a 5% acrylamide stacking (or concentration) gel, which are cast between two
glass plates. The separation gel is poured first, typically about 5 mL, and then covered with ethanol to ensure
uniform solidification at room temperature for 20 minutes. After the separation gel has set, the ethanol is
removed, and 2 mL of the stacking gel solution is added. A comb of 1 mm thickness is then inserted to create
wells for sample loading. The proteins were diluted in 5-fold concentrated Laemmli buffer and heated to 96°C
for 10 min in a water bath. Ten microlitres of the resulting mixture containing 50 pg of protein (for all the
samples to be analyzed) were added to the wells. Electrophoresis was then carried out in the presence of a
control consisting of Jack Bean urease (90 kDa per subunit). In the concentration gel, migration was carried
out at 70 V for 1 hour, followed by 120 V for 1 hour and 30 minutes for the separation gel, using a conductive
electrophoresis buffer.

2.3.9. Determination of the kinetic parameters of the enzymatic extract (EE)

The enzymatic hydrolysis of urea by the enzyme extract (EE) and the determination of the ammonium ions
released were carried out using the indophenol method as previously described using six (06) urea
concentrations tested: 25, 15, 10, 2.5, 1, and 0.1 mM. After determining the initial velocities (Vo) by
calculating the slopes of the tangent to the linear part of the curves representing the number of moles of
product formed as a function of time for each urea concentration, the graph 1/V, = f(1/[urea]) was
constructed. The exact values of the urease kinetic parameters were determined from the graph of the
double inverses. The points of intersection between the straight line and the y-axis (1/Vmax) and between
the extension of the straight line and the x-axis (-1/Km) were identified and used to calculate the kinetic
constants Vmax and Km.

2.4, Statistical analysis

Statistical analyses of the initial velocity and the specific activity obtained were carried out using Graphpad
Prism 8.0.1 software. The results were expressed as mean + standard deviation, and the different values were
compared using the analysis of variance test “one-way ANOVA” followed by the multiple comparison test
(Turkey). Differences were considered significant for p< 0.05.

3. RESULTS
3.1. Effect of germination time of Centrosema pubescens seeds on enzyme activity.

Enzyme activity varies as a function of seed germination time as well as the concentration of the enzyme
involved in enzyme catalysis. In this study, the germination times were 2, 4, 6, 8, and 10 days, and the final
protein concentration was 0.13 mg/ml. Table | below shows the initial velocity (V,) and specific activity
values obtained as a function of germination time (days). The initial velocities (V,) vary from 0.004 to 0.018
pmol of ammonia formed/minutes, and Specific activities (SA) ranged from 0.031 to 0.140 pmol ammonia
formed/min/mg protein. The difference in urease activity in terms of specific activity was significantly
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(P<0.05) higher on day 4 of germination compared with the other days, reflecting increased production of the

enzyme on day 4 of germination compared with the other days, as shown in Figure 1.

Table I: Initial velocity (V0) and specific activity (SA) as a function of germination day

Germination day 2 4 6 8 10

VO (pmol of ammonia/min) 0.004+£0.001 0.018+0.001* 0.011+0.001 0.012+0.001 0.009+0.001

SA (pmol of ammonia/min/mg of protein) 0.031+0.004 0.140+0.004*  0.092+0.008 0.094+0.007 0.070+0.006

Values are mean = standard deviation of 3 replicates. (*) Significant differences between groups at p< 0.05, Turkey test.
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Figure 1: Specific activity (SA) as a function of the days of germination

3.2. Purification profile

When proteins are purified by precipitation using a saturated neutral salt solution, it is very often necessary
to carry out desalting. In our work, desalting was carried out using gel exclusion chromatography with protein
separation, a technique that enables an elution profile to be established for the various constituents of the
mixture to be separated. Figure 2 shows the elution profile for proteins, salts, and urease. The maximum
amount of protein was obtained in tubes 6 to 8, and the maximum amount of salt (ammonium sulphate) was
obtained in tube 39. Urease activity was found in tubes 1 to 5, and the maximum was obtained in tubes 2 and

3 (Figure 3).
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Figure 2: Elution profile of proteins (a) and ammonium ions (b) from the fractions collected as a function
the tubes during exclusion chromatography.
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Figure 3: Exclusion chromatography elution profile of enzyme activity as a function of volume of fractions
tubes.

Figure 4: Electrophoresis gel of the different extracts EB, EE, and S1

T= control (Jack Bean urease), EB= crude extract, EE= enzymatic extract obtained after desalting by gel
exclusion chromatography, S1= supernatant obtained after precipitation of proteins from the crude extract
with ammonium sulphate and centrifugation.

Table Il below summarizes the purification steps of urease from the selected wild bean species. This table
shows a decrease in the percentage of purification (75.16% for the S1 supernatant and 18.79% for the final
enzyme extract) and an increase in the degree of purification (27.78% for the final enzyme extract) during
purification. The presence of urease in our different fractions (S1, EB, and EE) was verified by electrophoresis
under denaturing conditions (SDS-PAGE). The results showed that for the supernatant (S1), the enzymatic
crude extract (EB) and the enzymatic extract (EE) tested, we obtained a single band located at the same
distance as the band obtained with Jack Bean urease (control), a light and dark band for the purified fraction
EE, a less visible band for the crude extract and no band for the supernatant S1 figure 4.
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Table II: Purification table for urease from Centrosema pubescens species

Steps Crude extract  Supernatant obtained Enzymatic
after precipitation extract

Total volume (mL) 91 80 7

[P] (mg/mL) 49.72 42.52 12.15

Total protein (mg) 4524.52 3401.6 85.05

Activity (VO) (umol of ammonia/min) 0.0475 0 0.07445

Total activity (VO*VT) 4,323 0 0.5212

SA (pmol of ammonia/min/mg of protein) 0.0191 0 0.1225

Percentage of purification 100 75.16 18.79

Degree of purification 1 0 27.78

3.3. Enzyme kinetic parameters

Determining the kinetic parameters of an enzyme is important because these parameters determine the
ability of an enzyme to perform enzymatic catalysis. This determination is based on the graphical
representation of (initial velocities = f (substrate concentrations)), which requires the initial velocities to be
determined. These curves enabled us to obtain initial velocities for each urea concentration tested, and the
results obtained have been presented in Table Il below.

Table llI: Initial velocities and their inverse for each urea concentration tested

Urea concentration in (S) (mM) 0.1 1 2.5 5 10 15 20
Initial velocity (Vo) (umol of ammonia/min) 0.0072 0.0021  0.0397 0.05 0.062 0.0642  0.0648
1/S (mM1) 10 1 0.4 0.2 0.1 0.067 0.04
1/Vo (umol d’ammoniac™' *min) 138.889 47.619 25.189 20 16.129  15.576  15.432

Based on these values, the Michaelis-Menten representation was produced (Figure 5). From this curve, it can
be seen that the intersection of the horizontal asymptote of the curve with the y-axis gives an approximate
value of Vmax = 0.0726 pymol NH4+/min, for which the abscissa of Vmax/2 gives an approximate value of Km
= 2.150 + 0.367. From the values obtained for the inverses, the Lineweaver-Burk representation (1/Vy = f
(1/[S]) (Figure 6) was constructed. From this representation, we can see a straight line that intersects the x-
axis and y-axis at points representing -1/Km and 1/Vmax respectively. The exact values of Vmax and Km
obtained were as follows: Vmax = 0.052 + 0.01 pmol NH,*/min and Km = 0.48 + 0.153 mM.
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Figure 6: Representation of inverses of
Figure 5: Initial velocities as a initial velocities as a function of inverses of
function of urea concentration urea concentration (Lineweaver-Burk)
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4. DISCUSSION

In view of the importance of urease in everyday human life and its many applications, new local plant-based
and available sources need to be sought. This study aimed to extract and characterize urease from
Centrosema pubescens.

Urease is an enzyme involved in the metabolism of nitrogen in germinating plants. The production of this
enzyme depends on the germination period. In the first part of the work, we determined the day of
germination at which urease is abundant in germinating seeds of Centrosema pubescens. The specific
activities in germinated seed extracts at different days of germination (DG) ranged from 0.031 to 0.140 mol
ammonia formed/min/mg protein (Table Ill). The difference in urease activity in terms of specific activity
was significantly higher on day 4 of germination compared with the other days. Our results are similar to
those obtained by Zusfahair et al. (2018), who worked on the determination of the biochemical properties
of urease in asparagus (Vigna unguiculata ssp sesquipedalis L.) and found that urease was predominantly
produced in these seeds on day 8 of germination. The production of hydrolytic enzymes in plants that
contain them depends on the species of plant used, the growing region, and the plant's growth metabolism.

In order to determine the kinetic parameters of an enzyme, it is necessary to purify it first. After gel
electrophoresis in denaturing conditions, the purified enzyme showed the same migration distance as that
of the control (Jack bean). According to the literature, this means that the sample tested contained urease,
with a molecular weight of 90 kDa, as confirmed by Weber et al. 2008, who worked on optimizing the
isolation and purification of jack Bean urease for crystallization. The intensity obtained for the enzymatic
extract compared to the other two fractions may be because the urease in this fraction has been
concentrated, and proteins other than urease have been eliminated. The purification profile revealed a
purification percentage of 18.78% and a degree of purification of 27.79, indicating the effectiveness of the
purification methods used. Our results are in agreement with those of El-Hefnawy et al. (2014), who worked
on the extraction, purification, kinetics, and thermodynamic properties of urease extracted from
germinated seeds of Pisum Sativum L. and found a purification percentage of 42% and a degree of
purification of 12.85.

The kinetic parameters of an enzyme indicate its efficiency in catalysing the reaction. With regard to these
kinetic parameters, we found a Vmax of 0.052 + 0.01 and 0.030 + 0.004 pmol NH,*/min and a Km of 0.48 +
0.153 and 0.53 = 0.01 mM, respectively, for Centrosema pubescens urease and Jack Bean urease (positive
control). These results are close to those found by Lim and Leverenz. (2019) who have worked on the
characterization of urease from Citrillus lanatus (watermelon) seeds with a view to estimate total nitrogen
in human urine. In their work, they found a urease activity of 12.2 and 52.6 U/mg protein and a Km of 3 and
3.6 mM, respectively, for Citrillus lanatus urease and Jack Bean urease. The effectiveness of the enzyme is
highly dependent on the plant source used.

5. CONCLUSION

Based on all those results, it is clear that Centrosema pubescens Benth. is a potent source of urease with
important enzyme activity.

ABBREVIATIONS: Km: Michaelis-Menten constant. SA: specific activity. SDS-PAGE: Sodium Dodecyl Sulfate -
Polyacrylamide Gel Electrophoresis. Vo: initial velocity. Vmax: maximal velocity.
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