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Abstract

Aim: This research work was designed to determineefifect of germination on catalytic
capacity of urease extracted from seven beans sampl

Place and Duration: Department of Biochemistry, School of Science &uwience Education,
Federal University of Technology, Minna, Nigeria

Methodology: Seven samples of beans namdMraseolus lunatus, Parchyrhizus tuberrosus,
Glycine max, Cajanus cajan, Mucuna pruriens, KeigdigeocarpandVigna mungavere used
by comparing urease activity in germinated to ungeated beans samples.

Result: The protein level in germinated and ungermindiedns samples as well as, optimum
pH, optimum temperature, substrate concentratianhkametic parameterd/max Km, andVma)/Km

of urease were determined. The pH, temperaturesabstrate concentration ranged from 5.50-
8.0, 30-88C and 0.1-0.6M respectively. From the results,gfatein level in germinated beans
samples reduced significantly (p<0.05) comparedngerminated beans samples. The optimum
pH and temperature ranged from 6.5-7.0 and 6@ 7@spectively for both germinated and
ungerminated beans sample. Therefore, germinatidnndt affect the pH and temperature
stability of urease when compared to ungerminategind samples. The results showed that
germination significantly (p=0.05) increaseéd,.x and there was no significant (p=0.05)
difference inK, of urease in germinated and ungerminated beanplsatudied. However, the
catalytic capacity\{ma/Km) of urease in germinated beans was significapthp (05) higher than
ungerminated.

Conclusion: This implies that, with germination urease atyivcan be increased to meet both
application of urea as fertilizer (agriculture)inatal analysis of urea in biological fluid and
artificial kidney development and other applicason

Key words: Urease, Germination, Protein, Catalytic capacity
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Introduction

Urease (EC 3.5.1.5, urea amidohydrolase), a nd&pendent metalloenzyme, catalyzes the
hydrolysis of urea to form ammonia and carbon (@xjde. The hydrolysis of one molecule of

urea results into the release of two moleculesyohania and one molecule of carbon (IV) oxide
[1]. Several different assays, based mainly onrteasurement of the amounts of products
released during the reaction, are available fongiiyeng urease activity.

From the onset of scientific discovery, urea arehge had been subjects of investigation. Urease
from jack bean danavalia ensiformjswas the first enzyme ever to be crystallized [2] &me
best urease ever [3]. About 50 years later, it sfasvn that urease contains a metal (Nickel) at
the active site. Hence, nickel-dependent ureases been isolated from many bacteria, fungi [4,
5] and higher plants [6]. However, despite the theat they are isolated from different sources,
their structural conformations [7] and mechanisinsatalysis [1] are quite similar.

A urease apoenzyme (inactive) needs to be activatddcilitate higher urea catalysis. This
process of activation requires participation ofesal’accessory proteins that incorporate nickel
into the urease forming catalytic site [6, 4].

In the same vein, activation of urease is somewhnabrtant most especially in the area of
applications. Today, urease has several clinicagilysis of urea in biological fluid [8] and
artificial kidney development [9], industrial; wastater treatment [8] and environmental
remediation[10] and agricultural [11] importance. Although somerkghad been done on
urease activity, however, this work focuses ongtugly of the mechanism of urease catalyzed-
reaction so as to determine its rate of reactiahtew it (urease) changes in response to changes
in concentration of urea (substrate) in seedlings.
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Materials and M ethods

Lima beans RPhaseolus lunatys Mexican yam beang§Parchyrhizus tuberrosjsSoya beans
Glycine max,Pigeon pea(Cajanus cajans Velvet beans(Mucuna prurieny Kerstingiella
(Kerstings geocarpaandBlack beangVigna mungdseed were purchased from local market in
Kaduna Nigeria. Acetone, Nessler’s reagent, Trigelbuand other chemical used were of analar
grade.

Germination

The various beans samples were layered on wooldarisdaand also covered with the same
material, and water was applied to moisturize tbanis. Under this humid and warm condition,
the bean seeds initially swelled, then began tongexte (develop radicles) after 72 hours. The
germination process was stopped by freezing thesbéar 12 hours followed by 2days sun
drying.

Extraction of Urease from Ger minated and Unger minated Beans

Urease was extracted from different beans sampglesr@ing to the method described by [12].

The beans samples were blended coarsely with ladygnanortar and pestle and 509 of the beans
meal was soaked overnight in 100ml extraction buf@®025m Tris-acetate buffer, pH 6.5) at

4°C (Refrigeration temperature). The soaked beandsnvess swirled for 2 minutes and then

sieved with four layers of pre-washed and driedt@hiuslin cloth, the filtrate was centrifuged at

15000rev/min for 15mins under refrigeration corwitd’C. The clear supernatant was collected
while the sediment was washed and discarded. Tinatdi from the protein was added to the

general pool

Protein Assay

The protein was calculated according to method riest by [13], after precipitation with
acetone. This method for protein determinationaiseal on the ability of the aromatic amino acid
(Tyrosine, Tryptophan and phenylalanine) to abslght at ultraviolet region of the light
spectrum, 235-280nm.
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Optimum pH

In order to determine the optimum pH for ureaseévigtfrom germinated and ungerminated
beans samples, enzyme activity were assayed in guidimg from 5.5 to 8.0 at constant
temperature 61 and 0.2M urea for 30mins.

Optimum Temperature

To determine the optimal temperature up to whi@hutrease enzyme from both germinated and
ungerminated beans can withstand temperature, augrasyme was suspended in Tris-acetate
buffer (0.05 M) and optimum pH above, and incubatedifferent temperatures (30 to 80 °C) for
30 min before the activity was measured.

Deter mination of the Kinetic Parameters (Vmax and Kp,)

To determine the kinetic parametels,(@andVmay the substrate concentration was varied (0.1-
0.6M), at optimum pH and temperature of urease fgemminated and ungerminated beans. The
values ofKm andVmax were determined using Lineweaver—Burke pldtise catalytic capacity
(Vma/Km) was determined for urease from germinated andemmgated beans samples
according to the method of [14].
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Result and Discussion
Protien Level in Germinated and Unger minated Beans

The results of protein level in germinated and umgeated beans are presented in Table 1.
Germination significantly (p=0.05) reduced the pmotlevel in the beans when compared to the
ungerminated beans samples. However, the resuWeshdhat, the effect of germination on
protein level ofCajanus cajanwas significantly (p=0.05) higher than other beaamples with
71.36% and 3.49fold decrease in protein level, e&®r the effect of germination on
Parchyrhizustuberrosuswas least significant (p=0.05) with 2.89% and foG8 decrease in
protein level when compared to others. From thesellts, it was observed that germination
significantly (p=0.05) reduced the level of prot@irbeans samples studied. [17] had shown that,
urease in conjunction with arginase utilizes seadtemn reserve during germination.
Additionally, according to [4], proteins, also &g urease-specific chaperones in the process of
nickel fixation into urease active site by playiag activatory role during germination [6, 15,
16], thereby making free protein unavailable. liswherefore accepted that, naturally, as plants
grow, the protein levels of the seedlings reduca assult of biological handling of nickel and
nickel trafficking in the urease system. Howevée tnformation about the role of proteins in
nickel incorporation during urease activation ig hmited to plants only. Bacteria such Ks
aerogenes, Helicobacter spp.t.c and any other urea metabolizing organism nusleeof their
accessory protein for urease maturation [3, 5].eBasn these facts, there was a reduction in
protein level in germinated beans when comparethéoungerminated ones as shown in this
study.

In the same vein, the pattern of decrease (folds % in protein level differs in the beans
samples studied. These variations could be at&tbtd the fact that, each of the beans samples
had different protein level.

Optimum pH and Temperature

The result of optimum pH for urease extracted fgamminated and ungerminated beans samples
are presented in Figure 1.1 (a-c) to 1.2 (a-c). rEsalt showed that, the optimum pH of urease

from both germinated and ungerminated beans samghged between 6.5 and 7.0. The results
of optimum temperature for urease from germinated angerminated beans are shown in

Figure 2.1 (a-c) to 2.2 (a-c). Results showed it optimum temperature for urease from both

germinated and ungerminated beans samples rangeedre65 and 7C.

The result showed that, the pH optimum for crudease in both germinated and ungerminated
beans samples shifted towards neutral and wasestatilin the pH range of 6.5-7.0. The result
in this work is supported by other researchers.ifstiance, optimum pH for urease activity in
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Jack beans [18, 19Rhyzopus oryzel20] and surface black soil [21] were found toh@, 7.0
and 6.45 respectively. The stability of ureasevégtat these pH values may be explained by the
structural changes occurring in enzyme proteins@auoy pH variation. The tertiary structure of
a protein depends on interactions such as hydrdgenling between enzyme amino acids
functional groups. A change in pH can alter thdzation of these amino acid side chains and
disrupt the native conformation and in some casesitlire the enzyme. Hence, each enzyme has
an optimal pH range that helps the maintenancesofative conformation in an environment,
where it operates. The degree of ionization of sheface functional groups of amino acid
residues is a function of the medium’s pH. The nfastor involved here is the titration of the
ionizable group which maintains surface chargethie active site, or stabilizes the enzyme
resulting in an optimum pH for the enzyme. Obseovest from this work indicated that,
germination did not affect optimum pH for ureasévaty in germinated beans samples. Because
it has been shown that, the incorporation of nickehe active site of urease during the process
of germination alters the conformational state ltd tnactive (apo-urease) urease enzyme, to
form the active urease (Holo-urease) [15]. Sineedptimum pH of enzyme only depends on
tertiary structure of protein, therefore, germiaatdid not confer any special trait on urease that
could influence the optimum pH, owing to the fawt there was no difference in optimum pH
of urease activity in germinated and ungerminaeghb samples.

The result showed that, optimum temperature ramgigdeen 60-7AC for both germinated and
ungerminated beans samples. From the result, gatimindid not have effect on the optimum
temperature of urease when compared to the ungetadir{Figure 2.1 and 2.2). [22], observed
that, urease is a thermostable enzyme. Publisheiswan optimum temperature for urease
activities in Jack beans [18Rhizopusoryzae [20], Yersinia enterocolitica[23], purified
Chenopodium albunteaves [24] are 60, 55, 65, 60 and®@Qespectively. The temperature
dependence of an enzyme-catalyzed reaction exlahitgsptimum because the thermodynamic
increase of reaction rate is followed by a steeppdraused by thermal denaturation of the
enzyme [25].

Substrate Effect and EnzymeKinetics (Vimax and Kp)

The results of substrate effect on ureae enzynmtgicire presented in Figures 3.1 (a-c) and 3.2
(a-c). From the results, urease activity follows #xpected Mechelis-Menten curve. The results
of reaction velocity Vmay and the Michelis-Menten’s constam.{) are presented in Figures 4.1
(a,b) and 4.2 (a,b) and the summary of the kirgi@ameters in Table 2. TMg,axOf urease from
germinated beans samples was significantly (p=th@f)er than the ungerminated beans, while
the K, showed a corresponding Michelis-Menten patternhds been shown earlier that,
germination influences proper assemblage &f Wit the active site of urease enzyme (enzyme
activation). From the result of this activation, significant (p=0.05) difference ik, values was
observed in urease from germinated beans samphapated to the ungerminated except in
Glycinemax This showed that the process of activation byngegition increased the affinity of
urease for its specific substrate urea, therebyimgaks active sites more accessible to its
substrate. However, the,)alues varied between the urease in different beamgples studied.
The values of thé/max were also different in each of the beans sampmesminated and
ungerminated respectively. The effect of germimatim K, had a corresponding relationship
with the Vmax That is, the activity of the enzyme depends omfiisity for urea. Therefore, the
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increase in maximum velocity¥/ay observed in urease is due to the effect of geatian on the
urease active site compared to the ungerminatedpleam This observation is further
strengthened by the catalytic capacityn{/Ky) of urease in germinated compared to
ungerminated beans samples respectively. Resudtsepied in Table 2 showed clearly that,
germination increased the catalytic capacity ofisee It was also deduced from the result that,
with increasedVnax and reducedK,, the catalytic capacity of the enzyme is heighdene
Therefore, the rativma/Km of an enzyme is an index of the catalytic capaaitgnzyme through
enzymatic reactions [14]. That is, the higher tfimidy of the enzyme for the substrat€,), the
higher the maximum velocityf,s,) and this will also increase catalytic capacitytied enzyme.
Hence, the relationship &f,, andVnax and the mechanism of nickel fixation into actsie of
urease by germination are in accordance with threipte of enzyme kinetics. [15] showed that,
the K, and Vnax Of urease from jack beans are 0.25mmol/L and Ontbdl/mg respectively,
whereas, [23] showed thatersinia erocoliticchadK,, andVyaxof 1.7 £ 0.4 mM and 7.29 + 0.42
umol/min respectively. Comparing these results, sgefiom germinated beans samples is of
better catalytic capacity than urease from thesecss.

Although, there were obvious differences in thauealofVi.xandK,, of urease from the various
beans samples. The comparison\gf,x values among the beans samples studied (Table 2)
showed that, there was no significant (p=0.05)edéhce inVyax0f germinatedslycinemaxand
Cajanuscajan However, theVnax Of urease in germinateducunapruriens was significantly
(p=0.05) higher compared t&igna mungo, Kerstings geocarpa, Phaseolus lunaod
Parchyrhisus tubberrosusin general, theVnax values were higher in germinated than the
ungerminated beans samples because germinatioactigdtory effect on urease from samples
studied. However, there was a consistent trend ighen catalytic capacity Vha/Km) as
influenced by germination in all the germinatedrizesamples.

Hence, since germination increased the catalytpac#y of urease, it indicated that, plants
during germination can efficiently hydrolyze botiternally generated urea and the one in the
soil. It therefore means that, the bulk flow of aifeom hydrolysis of arginine by arginase [11]
and soil into the plant increase the activity oé tnzyme. That is, with an increased urea
concentration, there is higher hydrolysis of urbal{er Vinay until the active site becomes
saturated (optimum substrate concentration), tlyel@lering the sensitivity of the enzyme to
the substrate. As a result of this phenomenon, mitheased substrate concentration, there is
lower enzyme sensitivity to substrate at the optim@rhus, the biochemical characteristics of
urease during plant germination showed that \thgx is increased so as to metabolize urea
generated in the plant and the urea supplied adizer (external). This elucidates the
importance of urea in agriculture, most especiallythe area of soil fertility. Consequently,
enzyme kinetic parameter is a function of substecentration and enzyme activity, and
Michelis-Menten constantsf) for enzymes usually range betweer? EHhd 10° mM for most
enzymes [25].
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377 Tablel: Protein Level in Germinated and Unger minated Beans Samples

378  Down columns, values with ns, *, ** and *** are sidically different fromGlycinemaxat p<
379  0.05, < 0.01 and <0.001 level of significance resigely. Across rows, values with different
380 letters (superscripts) are statistically differait p<0.05. Each data is meantSD of three

381 replicates. NS: not significant.

382
383 Beanssamples Germinated Unger minated % Decrease Fold decrease
384  Glycinemax 60.13+8.89 90.17+2.1% 33.32 1.50
385  Parchyrhizuguber 43.73x0.47 " 455.03+7.65**  2.89 1.03
386 Phaseolugunatus  46.93+9.25 51.00+4.18™ 7.98 1.09
387 Cajanuscajan 15.13+2.14™ 52.83+2.02™ 71.36 3.49
388  Mucunapruriens ~ 91.13+554 95.57+7.68 " 4.65 1.05
389  Kerstingsgeocarpa 29.30+2.08 67.17+2.14™ 56.38 2.29
390 Vignamungo 22.37+6.04" 72.90+2.08™ 69.31 3.26
391
392
393
394
395
396
397
398

399



400 Table2: Kinetic Characteristic of Urease from Germinated and Unger minated beans

401 Down columns, values with ns, *, ** and *** are sdically different fromGlycinemaxat p<
402 0.05, < 0.01 and <0.001 level of significance resipely. Across rows, values with different
403 letters (superscripts) are statistically differeatt p<0.05. Each data is meantSD of three

404  replicates. NS: not significant.

405 Vimax(U/mg) Km(mM) Catalytic capacity
406 Beanssamples Germinated Unger minated Germinated Ungerminated Germinated Unger minated
407  Glycinemax  11.67+0.731.64+0.1% 0.38+0.020.15+0.03 30.71 10.93
408  Parch.tuber  4.09+0.47 " 3.68+0.88 " 0.30+0.16™0.35+0.15 " 13.63 10.51
409  S.stenocaarpa 2.37+0.38 " 4.71+0.28 " 0.19+0.06 0.16+0.02"™ 12.47 29.44
410  P.lunatus 2.23+0.16 " 1.87+1.68™ 0.15+0.05 " 0.29+0.04" 14.87 6.45
411  Cajanuscajan  12.49+0.58"2.04+0.65" 0.21+0.0F 0.20+0.1£" 59.48 10.20
412 Mucunapruriens6.68+0.82"" 3.39+0.26™ 0.28+0.087°0.29+0.25 25.69 12.11
413  Kerst.geocarpa3.06+0.26 " 1.32+0.08" 0.14+0.04" 0.13+0.0%" 21.86 10.15
414  Vignamungo 4.95+0.7%"" 1.02+.06™ 0.18+0.06 " 0.046+0.004 2750 22.17
415

416  Conclusion

417 In this study, it was observed that germinationuoed the protein level and increased the
418  catalytic capacity of urease when compared to umgeted beans samples. In view of what
419  other researchers have done, seed reserved pwasinsed to assemble the active site of urease
420 by incorporation of nickel. It was discovered thie optimum pH and temperature were not
421  affected by germination, since both germinated angerminated beans samples have similar
422  optimum pH and temperature. The results of thisearpent also showed that, tk& and Vimax

423 were greatly influenced by germination in that, ngeation increased/max and reducedy,

424  Therefore the catalytic capacity of the enzyme maseased. These express the significance of
425 the application of urease in agriculture, clinicaémistry (blood urea analysis can efficiently be
426  carried out with urease enzyme) and industry. Tleehanism that activated urease activity
427  during germination makes urease an important enZzgragriculture and also suggests urea as a
428  very good way of increasing soil fertility, owing tirease ability to change in response to change
429 in urea concentration. And also, the incidenceeaf hecrosis (dryness of leaf tips) which could
430 have reduced surface area for photosynthesis de&dess urea in plant is equally masked by
431  increase in urease activity.
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The urease kinetics observedNtucunapruriens compared tdslycine maxand Cajanuscajan
showed that, the legume could be a very good aedper source of plant urease for industrial or
clinical purposes most especially because of itstranal disadvantages.
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