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ABSTRACT 

This research work was designed to determine the activity of urease isolated from eight different 
species of local beans (Phoseolus lunatus, Parchy rhizus tuberrosus, Sphenostylis stenocarpa, 
(j/I'cillc /lW.\". Ca/all l/s co/all , Muculla pruriens, Kerstings geocarpa and Vigna mungo) 
ge rminated ~ lI1 d ungerm illat ed . The protein level in gel111inated and ungerminated beans species 
as well as specific activ ity, optimum pH , optimum temperature, substrate concentration and 
Kinetic param eters. V I/ '(II and Kill . of urease were determined. The pH, temperature and substrate 
concentration ranged from 5.50-8.0, 30-80oC and 0.1-0.6M respectively. The crude urease from 
lIn germinated MUC/l1I 1I {Jntl'iells was partially purified and immobilized on preformed chotisan 
head s. The I'ree and immobilized urease was characterized for temperature, substrate 
concentration , storage ability and reusability. From the results, the protein level in germinated 
beans samples reduced significantly (p<0.05) compared to ungerminated beans samples. 
However, protein level in Mucuna pruriens was significantly (p<0.05) higher than other beans 
samples, germinated and ungerminated. This showed that, Mucuna pruriens can be a good and 
cheap source of protein for animal feed and other indu~trial processes requiring protein. The 
result of effect of germination on urease specific activity showed that, activity was significantly 
(p<0.05) increase in germinated than ungerminated beans samples. Although, Glycine max and 
Ca/anus ca/w1 have been extensively studied for urease activity, among other beans samples 
Mu cuna pruriens and Kersfings geocarpa showed significant (p<0.05) urease activity. The 
optimum pH and temperature ranged from 6.5-7.0 and 60-70°C respectively for both germinated 
and ungerminated beans sample. Therefore, germination did affect the pH and temperature 
stabi lit y 01' urease cOl1lpared to ungerminated . The results showed that germination significantly 
(p- (UJ S) ill Cl\.dscd /'1/(\ J il d there was no significant (p<0.05) difference in Kill of urease in 
gcrl1llnateJ ~lIld un gen n lll ateJ beans sample studied . However, the catalytic efficiency of urease 
in germinated beans was significantly (p<0.05) higher than ungerminated . This implies that, with 
germination urease activity can be activated to meet both clinical (analysis of urea in biological 
fluid and artificial kidney development) agricultural (plant urea metabolism) and industrial 
demand (water and environmental remediation). Partially purified crude urease from Mucuna 
pruriens showed one peak of protein and urease specific activity. The optimum temperature for 
purified urease (free and immobilized) was 40°C whereas the Kill and VII/{/x were 0.02mM and 
0.04mM and 38.46Umg- J and 19.23Umg-1 respectiviely. From the result purification increased 
the catalytic efficiency of urease from Mucuna pruriens significantly. Urease immobilization on 
chitosan showed low reusability and storage ability. The free and immobilized urease retained 
50% and 25% of their activity respectively, after one week (seven days). However, 
immobilization technology is a major way of maximizing enzyme activity, reducing cost of 
production and stabili / ing enJ: yme in the process of application . 
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CHAPTER ONE 

1.0 INTRODUCTION 

Urea is hydrolyzed with urease (E.C 3.5.15) a nickel dependent enzyme, to form ammonia and 

cabarmate (unstable intermediate) and the cabarmate concomitantly decomposes to yield a 

second molecule of ammonia and carbon (IV) oxide (Andrew et al., 1986 and Pearson et al., 

1997), at a rate 105 times the rate of uncatalysed reaction (Mobley and Hausinger, 1989 and 

Ca llah an (> / (11, 2005) . 

The enzyme urease was first isolated and crystallized by James Summer in 1926 from jack beans 

(canavalia ensiformis) as a pure crystalline enzyme (Summer, 1926). Crystalline form of urease 

was the first obtained for a known enzyme, and this played a key role in establishing the fact that 

enzymes are majorJy protein in nature. After about 50 years later, it was discovered that urease 

was a nickel containing enzyme (Dixon et al., 1975). 

For reasons not clear, some leguminous seeds are particularly rich in urease (Polacco and Haviv, 

1979; Prakash and Bhushan , 1997), though it was proposed that plants which are sources of 

urease, utili zc the ezyme for the assimilation of urea which is normally formed in plant as a 

result of the hydrolysis of arginine to ornithine, a reaction catalyzed by the enzyme arginase 

(Polacco and Holland, 1993 and Lea, 1997). 

Besides the fact that most leguminous plant seeds contain urease, the enzyme has also been 

isolated and characterized from leaves, roots and bark of plant with actively growing tissues 

possessing hi gher activity than senescing ones (Thompson, 1980; Horgan et al., 1983). The 

activity of th e cllLyme ill the leaf is increased if urea is used as a fertilizer during germination. It 

\\ ~ l S rror osed tila t fok lr trea tment with urea heightened total leaf urease yield in mulberry plants, 



.' 
improved leaf nutritional quality, and also gave rise to an increased yield of cocoon (Fotedar and 

Chakra, 199 8~ Sarker and Absar, 1995). otwithstanding, the information available on properties 

of plant leaf urease is quite inadequate. Genetic and chemical blocking of leaf urease activity 

caused necrotic leaft ip , assoc iated with urea accumulation (Eskew et ai., 1983; Stebbins et ai., 

1991 and Krogmeirer el ai., 1989). This information shows that urease is of great importance in 

the metabolism of plant urea. 

However, there are several microbial sources of urease which include bacterial such as 

Lactobacillus ruminis, Lactobacillus fermntum, Sporosacina pasteurii, Helicobacter pyiori, 

IIrep/asma (mocillicutes) and Porteus vulgaris (Kakimoto and Suzuki, 1992) and fungi such as 

RIII:()PIlS on ::('" (Fark ~ :lI1d Santosa, 2(02 ). Filamentus fungi serve as sources of about 40% of 

all available urease cniymes (Archer and Peberdy, 1997). Most industries prefer to use 

filamentous fungi , as a source of enzyme owing to the fact that, fermentation industries are well 

acquainted with the condition needed for maximum production of the homologous protein by 

them (Wubbolt etai., 2000). 

Urease possesses several clinical and industrial applications. In medical laboratories, it is used 

for diagnostic purposes, in the determination of urea in biological fluids such as urine and blood 

(Chellapandian and Krishnam, 1998), and also in drug uses of urea in topical dermatological 

products, for nonsurgical debridement of nails and as a diuretic (Wikipedia, 2006). Additionally, 

there are many industri al applications of urease. It is used as reducing agent in alcoholic 

beverages (Fujinawa and Dela, 1990; Fumuyiwa and Ouch, 1991). Urease is also found useful 

since urea has commercial importance in the manufacture of hair conditioner, glues, fertilizer, 

plastic, animal feed and as a browning agent in factory-produced pretzels. Urease has been 

2 
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extensively used as a model enzyme to elucidate the applicability of inhibitory assay for mercury 

(II) (Tsai and Doong, 2005 ; Preininger, 1999 and Mahmod, 2001). 

It is noteworth y that, the industrial application of enzymes is very limited, due to the fact that, 

they are ex pen sive. 3\ ai labl e in inadequate amounts, unstable and cannot be recovered in most 

(uses. from sJlent rca(lJon, which makes them uneconomical biocatalysts . However, recent 

biotechnologica l adva ncement of immobilizing these enzymes has the potential to subdue these 

associa ted di rficulti es to enzyme industrial application (Guisan, 2006; Illanes et ai., 2008; Reddy 

el ai. , 2004; and Yong el ai., 2004). With enzyme immobilization technology, there is substrate 

specificity, thermal and pH stability, longer time of storage, reusability, and ease of recovery 

from spent reaction (Yong et ai. , 2004; Savangiker and Joshi, 1978; Hearn and Neufeld, 2000 

and Won e/ (/f., 2005 ). Immobili zation of enzymes had been performed on several different 

carri ers such as chitosan, carboxymeth ylcellulose, chitin, parafin e .t.c and is well documented in 

the lit erature. r\mong ma ny methods for enzyme immobilization are physical adsorption on 

pol ysacchuride materi a ls (C hitosan) (Ray et ai. , 1994), entrapment in alginate, for example 

calcium alginate (Kokufuta, el ai., 1988), immobilization on ion-exchanger (Roy and Hedge, 

1987; Deleyn and Stouffs, 1990), silica beads (German and Crichton, 1980) and agarose (Viera, 

el ai., 1988; Sheffield et ai., 1995) . 

1. 1 Justification 

The ex tracti on and characterization o f urease from plants and microbial sources are well 

cstahl i hed in the lit cr, lturc . .'v10s t o f the prev iously publi shed works have focu sed on extrac ting 

urease fro m bea n seeds (Sul11 mer, 1926), leaves (Hirayama el ai. , 2000), bacterial (Mobley and 

Hausinger, 1989), and few fungi (Mobley et ai., 1995; Lubbers et ai., 1996). Those that have 

considered germinated seeds only looked at the effect of germination on urease activity and the 

3 



role or asscs:.o ry protcin in urease activation (Freyennuth et ai., 2000). To date, no published 

work has described the the kinetic characteristics of urease extracted from genninated seeds 

particularly those that have not been studied . .It is clear that, in order to achieve higher degree of 

urea hydrolysis, the assembly of nickel at the active site will be necessary. In the same vein, 

urease with remarkable kinetic behavior will be appropriate for successful industrial application, 

for instance; in the area of water remediation, blood urea analysis, detennination of heavy metal 

ill the co urse oj' ellvir(lllillc ilt al impact assessment e.t.c. However, immobilization of this enzyme 

Illakcs it cost l-rrcc ti \ c c.ll1d reusable. Therefore, the objective of this work is to activate urease 

ac ti vit y in pl an t with the corresponding kinetics (Vmax and Km) by extracting the enzyme from 

eight gemlinated beans samples. 

1.2 Aim 

This project aims to evaluate the effect of germination on urease kinetics with the following 

objectives 

1.3 Specific Objecth es 

,. Determina tion or protein level in genninated and ungenninated beans 

,. Characterization of urease enzyme for optimum pH, temperature and substrate 

concentration 

~ Detennination of kinetic characteristics of the urease 

, Partial purification of urease by gel filtration and characterization of immobilized urease. 

4 



CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Plant ureases: Roles and Regulation 

2.1.1 Enzymatic Activity of Urease 

Urease (EC 3.5.1.5, urea amidohydrolase), a nickel-dependent metalloenzyme, catalyzes the 

hydrolysis of urea to form ammonia and carbon (IV) oxide. The hydrolysis of one molecule of 

urea results into the release of two molecules of ammonia and one molecule of carbon (IV) oxide 

(Figure 2.1). Several different assays, based mainly on the measurement of the amounts of 

products released during the reaction, are available for quantifying urease activity. 

Urease: the most efficient enzyme 

t 112 = 20 ms 

Rate enhancement = 3 x 1015 

· Urease appears to be unique among hydro lases in containing two nickel atoms, which 
presumably assist this enzyme in grappling effectively with this unusually 
s imple substrate [urea]." 

Callahan. Yuan. Wolfenden J . A m . Chem. Soc. 2005. 127. 10828 

Figure 2.1: Urease the most Efficient Enzyme 

Ammonia can be detected by several methods including: ion-selective electrodes, reaction with 

phenol-hypochlorite or with Nessler's reagent. There is possibility of including pH-sensitive 
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dyes in the assays or simply observe changes with pH electrodes since release of ammonia 

usually gives rise 10 increase in pH . The amount of ammonia can also be monitored 

speclrophololllclrically us ing a coupled system with NADH-dependent glutamate dehydrogenase 

(ammonia is (I substrate for this enzyme). The other product of the reaction, carbon (IV) oxide, 

can be trapped and monitored by radiological methods with 14C-labeled urea as a substrate 

(Mobley and Hausinger, 1989, and Mobley etal., 1995). 

2.1.2 Occurrence of Urease in Organisms 

There are many organisms, including plants, some bacteria, fungi and invertebrates, which are 

able to synth esize urC <lSc. Biochemically, the best-characterized urease is that from jack bean 

(Cli l/(/l"iIli(/ cl/\i(rJr/J/is) (Hirai el af., 1993; Karmali and Domingos, 1993; Riddles et al., 1991; 

Takishima el ul., 1988). Recently, urease from mulberry (Morus alba) leaves has also been 

purified and characterized (Hirayama et a!., 2000). The best genetic data concerning plant 

ureases are available for soybean (Glycine max) (Polacco and Holland, 1993; 1994). Separate 

genes encoding two urease isoenzymes, a tissue-ubiquitous and embryo-specific, as well as the 

unlinked genes encoding regulatory proteins, were identified in soybean (Meyer-Bothling and 

Polacco, 198 7 ~ Torisk~' el al.. 1994) and mutants are available. The embryo-specific urease is an 

ahundallt seed pro leill III Jll any plant species, including soybean, jack bean (Polacco and Holland, 

I ()t)4) alld Aru !J iJopsls (Zonia et aI., 1995), while the other type of urease (called ubiquitous) is 

round in lower amounts in vegetative tissues of most plants (Hogan et aI., 1983). Bacterial 

ureases play all important role in the pathogenesis of a number of bacterial species including 

Proteus mirabilis, Staphylococcus saprophiticus, Yersinia enterocolitica, Ureaplasma 

urealiticum and others (Mobley et a!., 1995). Owing to urease activity, bacteria (e.g. Klebsiella 
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aerogenes ) arc able to use urea as a sole nitrogen source (Mulrooney et aI., 1989). In the case of 

/ 'ii>rio j )(IJ'(I//( f(' 1II0 /I{i( liS, the ab ility to hydro lyze urea was proposed as a simple screening test to 

predict which st rains are potentially pathogenic (Kaysner et aI., 1994). One of the most 

frequently ment ioned examples in the recent literature is the urease from Helicobacter py lori 

because of its essential role in the pathogenesis of this microorganism and the high prevalence of 

this human pathogen (Eaton et aI., 1991). However, the best structural data are available for the 

urease from K. aerogenes (J abri et aI., 1995). Urease activity was found in several species of 

fungi ; however. the nucleotide sequences of the genes encoding urease were reported for only a 

few of them, inc ludin g a fun ga l resp iratory pathogen of human Coccidioides immitis (Yu et aI., 

1997) and Schi:::osacc!wromyces pombe (Tange and Niwa, 1997). In the invertebrate Aplysia 

('({/Uomic(J, urease, together with carbonic anhydrase, IS required for the formation and 

homeostasis of statoconia, calcium carbonate inclusions In the lumen of the gravity-sensing 

organ, the statocyst (Pedrozo et aI., 1996a; 1996b). Urease is a cytosolic enzyme. In most of the 

studied cases the majority of its activity is associated with the soluble fractions of the cells 

(Mobley et aI., 1995). 

2.1.3 Protein St ru ctu re of Ureases 

The plant and I'ungal UI cases are homo-oligomeric proteins (consist of identical subunits), while 

the bacterial lIreases are multimers formed from a complex of two or three subunits (Mobley et 

al., 1995; Tange and Niwa, 1997). Significant amino-acid similarities were observed between all 

known ureases. Amino-terminal residues of the monomers of plant and fungal enzymes are 

similar to the small subunits of bacterial enzymes (e.g. UreA of H. pylori). The large subunits of 

bacterial ureases (e.g. UreB of H. pylori) resemble the carboxy-terminal portions of plant and 
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fungal subunits (Figure 2.2). The high sequence similarity indicates that all ureases are variants 

of the same enzyme and are likely to possess similar tertiary structures and catalytic mechanisms 

(Mobley et aI. , 1995). This conclusion is supported by the available biochemical and structural 

data obtained for the best-characterized ureases, e.g. from jack bean (Hirai et aI. , 1993) and K. 

aerogenes (Jabri et aI., 1995). Jack bean urease exists as a homotrimer able to aggregate to a 

homohexamer (Hirai et aI., 1993). Bacterial ureases possess structures similar to the jack bean 

urease. They are either trimers or hexamers of subunit complexes (Figure 2.2). They can also 

exist in aggregated forms. The stoichiometry of subunits (1: 1 for ureases from Helicobacter sp. 

or 1: 1: 1 for most bacterial ureases, including the urease from K. aerogenes) is always 

maintained. 

Canavalia ensiformis ~ ______________ u_re_a_s_e ____________ ~1840aa 

(AAA83831) 

Sc h iz 0 sac c haro myc e s po m b e 1.\;11 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiireiiaiisiieiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiill1 8 35 aa 

(CAB525 75) 

Klebsiella aerogenes I A I ~I ~_B_ ... I II C 11 100/ l06/567aa 

(AAA2 514 9/ AAA2515 0/ AAA23151) 60% 5~3~%~iiiiiiiiiiiiii~6~1 %~o~ 

Helicobacter pylori B 238/569aa 

(AAD05652/ AAD05651) 52% 59% 

Figure 2.2: Schematic comparison of the structural subunits of ureases from selected organisms. 
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The GenBank accession numbers (in brackets) and the numbers of amino acids (on the right) are 

shown for each protein. The percent values below boxes indicate the degree of identity to urease 

from jack bean (C ensiformis). 

The ca tal vti c site is located in subunit UreC of the K. aerogenes enzyme and in the respective 

regions (Fi gure 2.2) of ureases from other organisms. Each catalytic subunit contains the active 

site with two nickel ions that, in the case of crystallized K. aerogenes urease, were shown to be 

3.5 A aparts (Jabri et af., 1995). In this enzyme, one nickel atom is bound to two histidine 

residues (His-246 and His-272), while the second nickel atom is bound to three residues: two 

histidines (His-134 and His-136) and aspartic acid (Asp-360). Additionally, a carbamate ligand 

derived from Lys-217 bridges the two nickel ions (Mobley et aZ., 1995). The process of nickel 

inco rpora ti on requires part icipati on or many accessory (or activatory) proteins, which appear to 

ac t 8S ureasc-"pcc i fi c chaperones (Mobley el af. , 1995). These proteins are required for 

assembling an 8ctive urease in both bacteria and plants (Polacca and Holland, 1994; Mobley et 

0/. , 1995). 

2.1.4 Role of Urease in Plants Urea Metabolism 

There are at least three key enzymes involved in urea metabolism in plants: arginase, urease and 

glutamine s)'llt hetase (Fi gure 2.3). The primary role of ureases is to allow the organism to use 

ext ernal or int clllally ge nerat ed urea as a nitrogen source (Mobley and Hausinger, 1989; Mobley 

c/ lI /., 1995). Significa nt amounts of plant nitrogen flow through urea. This compound is derived 

,'rl)111 argi ll ill l' (hgurc 2.3 ) alld possibl y from degradation of purines and ureides (Polacco and 

Holland , 1994) . The nitrogen present in urea is unavailable to the plant unless hydrolyzed by 
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urease. The rruduct or urease activity - ammonia - is incorporated into organic compounds 

mainly by glu lamine synthetase (Figure 2.3 , 2.4). It has been reported that over-expression of the 

pine glutamine synthetase in transgenic poplar improves the growth of the plants, probably by 

increasing the efficiency of nitrogen utilization (Gallardo et aI. , 1999). On the other hand, it has 

been shown that increased activity of this enzyme in the roots ofa legume plant, Lotusjaponicus, 

leads to decreased pl ant biomass production, possibly due to limited nitrate uptake (Limami et 

(/1. 1999). 

Glutamine 
Arginine 

ureas~ Ir-
N
-

H
-----, 

Arginase 

/ URE + lutamine synthetase 

Argino5uccin 1 , 

~ / ,--1 o_rni_thin_e----11 '\ I G::mat 

I Ci r Ulil'~ ~ / 

I Glutamate 

f igure 2.3: Urea metabolism in plants (Modified from Gerendas et al. (1998) 

The names of the key enzymes involved in the production and conversion ofurea are indicated in 

italics. 
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Nickel In urease - The mechanism 

Native 

S. Ciurli in "Metal Ions in Ute Sciences' 
(Sigel. Sigel. and Sigel. Eds.) . 
Vol. 2 . John Wiley & Sons. Ltd .• Chichester. U K . 2007; pp. 241 -278 

Figure 2.4: The mechanism of Nickel in Urease 

B H(Lys) 

(His)N!, ...... _lA\ _.~'N'H'") 
'.. ,(1) Ni(2) 

(His)N"""- \ ..... oH"'J ~(HiS) 

0V- OH O{Asp) 

d~NH 
H,,~ 2 

These results, which seem contradictory at first glance, might reflect the different roles of 

glutamine synthetase isoenzymes in different plants and/or different plant organs. They indicate 

the significance of this enzyme for plant nitrogen metabolism. The activity of glutamine 

synthetase, the amount of its product, glutamine, and possibly the availability of its substrate, 

ammonia, seem to be important factors controlling nitrogen metabolism and affecting plant 

growth (Stitt, 1999; Wiren et a!. , 2000). The ubiquitous urease (found in all plant tissues) is 

responsible for recycling metabolically derived urea (Polacco and Holland, 1994). In soybean, 

the ubiquitous urease is found at the level of III 000 or III 00 that of the embryo-specific urease. 

The latter does not seem to have any assimilatory function. Its physiological role is unknown; 

however, the involvement in protection against plant pathogens (due to production of toxic 

ammonia) has been proposed (Polacco and Holland, 1994). 
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Biological nickel handling 

NikABCDE 
abcABCD 

cbiKLMQO 
yntABCDE 
ureMQO 

I Nickel uptake I 

ATP ADP Transcriptional regulation 

o Ni
2

+ --------- 0 

InaCtiVe~ 
apo-NikR NI-N lkR 

Active site assembly 

o Ni2+ 

Nickel Chaperones 

Figure 2.5: Biological Handling of Nickel 
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As mentioned above, urea can be assimilated exclusively by urease in higher plants. Moreover, 

urease is the only nickel-containing metalloenzyme (Figure 2.5) yet identified in plants (Polacco 

and Holland, 1993; 1994). The importance of nickel for urease activity was demonstrated by the 

observation that urea-grown nickel-deprived rice (Oriza sativa) plants showed reduced growth 

and accumulated large amounts of urea due to reduced urease activity (Gerendas et ai. , 1998). 

Urease-negative mutant plants and nickel- deprived wild type plants have the same phenotype. 

They accumulate urea and exhibit necrotic leaf tips, apparently due to urea "bum" (Polacco and 

Holland, 1993). It has been demonstrated that similar leaf-tip necrosis observed after fertilization 

with urea result from the accumulation of toxic amounts of urea rather than from the formation 

of a toxic amount of ammonia (a product of urease action) since addition of a urease inhibitor 
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increased the leaf-tip necrosIs (Krogmeier et aI., 1989). Urease plays an important role in 

~l'rm i n ;lti nn :I'l t\ ill SCl' !!l illgS' nitrogen l11etClholi s1l1 . It I11C1 Y function coordinately with arginase in 

th e utili zatiol l o f seed protein reserves during germination (Polacco ' and Holland, 1993). 

Imbibition o f Arabidopsis seeds in water containing urease inhibitor delayed germination by 

36hours and completely blocked germination of aged seeds. This inhibition could be abolished 

by supplying nitrogenous compounds into the imbibition medium (Zonia et aI., 1995). 

2.1.5 Plants Accessory Proteins involved in Urease Maturation 

Genetic anal ys Is of urease expression in soybean revealed several genes whose inactivation leads 

to th e lack o r urease activity (Polacco and Holland, 1993; 1994). Two of these genes, Eul and 

FII-1. encode embryo-spec ific and tissue-ubiquitous ureases, respectively. Two other genes, Eu2 

:1Ilc\ F1I3 . are :lIla logou s to bacteria l urease accessory genes that are involved in urease maturation 

i.e. the placing of essential nickel in the urease active site. Mutation in either of the two latter 

genes eliminates the activity of the ubiquitous and embryo ureases but has little effect on the 

amounts of these proteins (Meyer-Bothling and Polacco, 1987; Meyer- Bothling et aI., 1987). It 

was recently shown that Eu3 gene encodes the 32-kDa protein (Freyermuth et aI., 2000) . Its 

homologues have also been found in Arabidopsis (Freyermuth et aI., 1999) and in Medicago 

(/'lIl/ c o(lI/o (accession AA6(0998). ELl3 protein interaction with the product of Eu2 in the 

:1(1 1\ atl oll 01' \..· Ill bryo-~ p ec ifl c urease was demonstrated (Freyermuth et aI., 2000) but sequence 

data are not yet available for Eu2. Freyermuth and coworkers have shown that the Eu3 protein is 

developmentally controlled and accumulates in developing embryos. They have proved the direct 

involvement of this protein in urease activation since anti-Eu3 antibodies blocked this activation 

in vitro (Freyermuth et aI., 2000). Lack of Eu3 protein prevented accumulation of embryo 
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specific urease since the enzyme is most probably unstable without nickel insertion. Although 

the authors could not prove the direct involvement of Eu3 in the activation of tissue-specific 

urease (encoded by Eu4) because of the low sensitivity of the method (Freyermuth et aI. , 2000), 

such an involvement is rather expected, since both functional Eu3 and functional Eu2 are 

necessary for the activation of both types of ureases (Polacco and Holland, 1994). Urease 

activation in K. aerogenes involves the action of four accessory proteins (UreD, UreE, UreF and 

UreG) (Figure 2.6) (Moncrief and Hausinger, 1997). These proteins are well conserved in 

bacteria that possess urease activity (Mobley et aI. , 1995). The Eu3 protein shows 55-60% 

identity in its C-terminal part to bacterial UreG proteins, including a nucleotide- binding P-Ioop 

that is essential for in vivo activation (Moncrief and Hausinger, 1997). 

Urease active site assembl 

Apo-(UreABCh 

-
Nickel cannot bind 

before lysine 
carbamylation 

Hausinger. R.P. - JBIC 1997 

1 Pi + GDP GTP 

CarboXYPhoSPhate.~ . ~'l'<~ 
o~' 

~ 
~,() 

M. Stoia. F. Musiani. S. Mangani. P. Turano. N. Safarov. B. Zambelli. S. Ciurli - Biochemistry 2006 

Figure 2.6: Urease Active Site Assembly 
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The N-terminal part of Eu3 is rich in histidines and in this regard is similar to the C-terminus of 

K. aerogenes UreE (Freyermuth et aI., 2000). No plant homologues of bacterial UreD, UreE or 

UreF have been yet identified. 

III summary. " ~' \ ' e ral pieces 01' ev idence suggest that both urease enzymes and the machinery 

required lor 11l ~' lr acti\'Jtion are evo lutionarily conserved. First, there is a significant sequence 

homology not only between urease enzymes (Figure 2.2) but also between activatory factors 

(Freyermuth et aI., 2000), although the latter is much less striking. Second, it was postulated that 

urease of soybean-commensal bacteria (Methy lobacter) required some plant factors for activation 

(Polacco and Holland, 1994). Third, an increase of urease activity was observed in plants 

transformed with the ureA and ureB genes of H. pylori encoding subunits of urease (Brodzik et 

(fl.. 2000) . Thi s result suggests that the plant accessory factors were able to incorporate nickel 

into a bac ter id l apOCI 1/ ) mc . rhe same enzyme produced in E. coli was inactive unless co

expressed with the H. IJl' fori genes encoding accessory proteins (Hu and Mobley, 1993). 

2.2 Application of Urease 

2.2.1 Agricul ture 

Urea ferti lizer is the predominant solid nitrogen (N) fertilizer in Chinese agriculture, and 

constitutes > S(J(YO nati ona l nitrogenous fertilizer consumption. itrogen, after carbon, is the most 

limiting elclllL' llt in pl allt Ilutrition. Efficient recycling of reduced nitrogen present in the form of 

urea is importan t for rl ant growth since urea contains a significant amount of this element 

(Polacco and Holland, 1993). In addition to internally generated urea, externally applied urea can 

also be utilized by plants. Urea is a widely used fertilizer because of its low costs, ease in 

15 



handling and high nitrogen content (Mobley and Hausinger, 1989). In plants, urease is the only 

enzyme that is able to recapture nitrogen from urea (Polacco and Holland, 1993). Fertilization 

with urea th rough lea\ 'es could be an efficient method of plant feeding and any modifications 

Icading to increased urease activ ity in leaves could result in more effective assimilation of this 

(crtilil.er, Suc h an inCl'case might have a positive impact on the nitrogen metabolism in plants 

since more ammoni a wo uld be available for assimilation via glutamine into a variety of 

nitrogenous compounds, 

2.2.2 Environmental Monitoring 

Mercury (II) is a highly toxic element that is found both naturally and as an introduced 

contaminant in the environment. Mercury (II) is widely distributed in the Earth's crust; sea 

water, gro und and rain \Vater. and its toxic effects on biological systems through direct uptake as 

\\ ell as by aC( lIl llulati 011 in food chain are well known (Bradstreet et al., 2003). Average mercury 

(II) levels in the atmosphere are 3- 6fold higher than the pre-industrial estimates (Selid et al., 

2009). Mercury (II) pollution has always been the area of concern. History records several major 

cases of mercury (II) poisoning. Among them was the infamous Mina Mata tragedy in 1956 

where mercury (II) was dumped into the sea and residents of the Mina Mata bay, Japan area 

began coming down with a strange nervous disorder (Ninomiya et al., 1995). The persistent 

nature of mercury (If) and its ill effect for years is supported by recent report on high 

concen tration or mercurv ( [ [) in the water of Bhopal , India (CSE Study, 2009). Atmospheric 

deposition or mercury ([ I) contains three principal forms, although the major component is 

inorganic mercury as mercury (II). Due to its high toxicity World Health Organization has set a 

limit for mercury (II) in drinking water which is 0.001 )lg.mL- 1 for water quality monitoring 
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purposes (GDQ, 2009). This necessitates extensive study of existing analytical methods, 

identifyi ng the gap between them and developing alternative methods for simple and quick 

detennination of mercury (ll) in the environment at very low concentrations. 

Several analytical methods such as atomic absorption speCtrometry, liquid chromatography with 

inductively coupled plasma mass spectrometry and others have been developed for mercury (II) 

ana lys is (Tu7.cn ef al., 2009). These techniques, although very sensitive for mercury (II) analysis, 

require ex t e n ~I'e sampic pret rea tment, they use large amounts of organic solvent and do not give 

toxico logica l infonn atio n. Biosensors provide a good alternative to all these problems as a 

simple, rapid and cost e ffec ti ve tool for the analysis of mercury (II) in the environment (Arduini 

et al., 2009). The remarkable affinity of mercury (II) for amino acids and proteins can cause 

structural and functional changes which can be utilized in the development of bio-analytical 

techniques. For mercury (II) compounds the primary route responsible for their toxicity is 

depletion of g lutathione- and bonding to the sulfhydryl (-SH) groups of proteins (Chapleau et al. , 

2008 ). Reported inhibition based mercury biosensors mainly exploit the properties of enzyme 

inhibition or l1l icro-or~Jnislll toxicity for mercury detennination. Mercury ions are known as 

cfTcct iyc inhi bito rs or the catalyt ic activities of various enzymes such as alcohol oxidase (AIOx) 

(pirvutiou el al., 2002), butyrylcholinesterase (BuChE) (Mahrnod, 2001), glucose oxidase 

(GOD) (Guascito et al., 2008), peroxidase (HRP) (Han et al. , 2001 and Shekhovtsova and 

Chernetskaya, 1994), invertase (Kestwal et al., 2008 and Mohammadi et al., 2005), glycerol 3-

phosphate oxidase (Ciucu et al., 2001) and urease (Kuralay et al., 2007; Krawczyk et al., 2000; 

Preininger et al., 1999; Tsai and Doong, 2005 and Rodriguez et al., 2004). Recently array based 

enzyme bioscnso rs h<.1\ e been reported for screening various environmental pollutants, mainly 

he;l\'Y Illct ;i\<; .lIlt l pesl iCl(les The urease en7ym e has heen extensive ly lIsed as a model enzyme to 
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elucidate the arplicability of inhibition assays for mercury (II) , where reported work has focused 

on assays Wllh immob ili zed urease (Tsai and Doong, 2005). The detection limit of optical 

dClcrmin£lli oll n r merclifY (II ) hy urease is reported to be as low as lng'mL- l (Preininger et af., 

1999), whereas for free BuChE it is reported up to 6 ~M (Mahmod, 2001). Successful mercury 

(II) analysis using AIOx using flow injection analysis by a thermal technique is reported to have 

a detection limit as low as 5 ng'mL-l (Preininger et ai., 1999). 

2.2.3 Diagnosis 

Urea has con siderabl e signi fi cance in clinical chemistry in kidney disease and renal failure . 

R C1l1 0 \ al o /" ,-.\ ccss UI Cd ha~ been a major problem for patients suffering from renal failure 

(Abdel and Guilbault , 1990). Urease is utilized for diagnostic purposes, in the determination of 

urea in biological fluids . Approximately half a million patients', world-wide, are being supported 

hy heamodial ys is (Nose, 1990). The conventional artificial kidney is bulky, heavy, expensive, 

complex, and difficult to handle, limiting the mobility of the patients. The use of 

microencapsulated urease is being developed as a useful system in kidney machines to maintain 

the urea level in the blood of patients suffering alterations in kidney function and in an attempt to 

construct a r ortabl e/\\ earabl c artificial kidney (Nose, 1990 and Kayastha et aI., 1999). Urease 

has been used In i1l11ll obi li zed foml in kidney machines for blood urea detoxication (Lee el al., 

I l)<)5 ). 

2.3 Enzyme Immobilization Technology 

2.3.1 History 

Enzymes have been used for several years to modify the structure and composition of foods but 

they have onl y recentl y become avai lable for large-scale use in industry, mainly because of the 
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high cost of enzymes. However, progress in genetic engineering and in process technology may 

now enable the enzyme industry to offer products with improved properties and at reduced costs. 

Economical lI sage of lIreases in hospitals and industry requires enzyme immobilization, which 

enables enLYlllc reuse and facilitation of the continuous process. Immobilized enzyme was 

defin ed by Katchalski-l(atz ir at the first Enzyme Engineering Conference, held at Henniker, NH, 

SA, in 1971 . as the confinement or localization of enzyme physically in a certain defined 

region of space with retention of their catalytic activities, and which can be used 

repeatedly and continuously (Katchalski-Katzir and Kraemer, 2000). 

The concept of immobilizing proteins and enzymes to insoluble supports has been the subject 

of considerable research for over 30 years and consequently, many different methodologies 

and a vast r,lnge of applications have been suggested . Aims often include such factors as the 

rl' IISC or hettl' r li se 0" el17ymes, especially if they are scarce or expensive, better quality 

products as thcre sho uld be little enzyme in the product requiring inactivation or downstream 

purification, the production of biosensors, flow-through analytical devices or the development 

of continuous manufacturing processes. Although large tonnages of immobilized enzymes are 

used industrially, for example in the production of various syrups from starch, and there are 

several smaller-scale industrial applications, the introduction of such biocatalysts has been 

disappointing ly slow. With many current manufacturing applications, the cost of the enzyme 

it se lf is not n large proporti on of overall production costs but the trend toward more complex 

process ing operations and more sophi sticated products in the pharmaceutical , food, chemical 

and other bio-process ing industries will require the use of a wider range of enzymes of greater 
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purity and specificity and hence, higher value. Optimizing use and reuse of enzymes will be 

increasingly required . 

Nelson and Gri ffin carried out the first investigation on immobilization in 1916. In their work, 

in vertase was adsorbed both on charcoal and aluminum hydroxide (Pitcher, 1980). Meanwhile, 

th e first lipasl.' il1llllobiliLalion study was calTied out in 1956 by Brandenberger H. who 

cova lentl y lin ked the lipClse on ion-exchange resin. However, the first attempts for the usage of 

iml1lobili zed lipase for hydrol ysis or ester synthesis reactions were done by Iwai et al. in 1964 

(Ak~amogl u. 1997). The first industrial application of immobilized enzymes was carried out first 

at the Tanabe Seiyaku in Japan who developed columns of immobilized Aspergillus oryzae, 

aminoacylase for the resolution of synthetic, racemic-amino acids into the corresponding, 

optically active enantiomers. Around 1970, two other immobilized systems were launched on a 

pilot-plant scale. In England, immobilized penicillin acylase, also referred to as penicillin 

amidase. was lIsed 10 prepare 6-amino penicillanic ac id (6-APA) from penicillin G or V, and 

in Ihe USA , Illl mobili /ed glucose isomerase was employed to convert glucose into fructose . 

rllese s ucccs~rul industrial applications prompted extensive research in enzyme technology, 

leading to a steady increase in the number of industrial processes based on sophisticated, 

immobilized- enzyme reactors (Katchalski-Katzir and Kraemer, 2000). 

2.3.2 Advantages of Enzyme Immobilization 

Immobili za ti on process seems to offer mainly the economical advantages. However, there are a 

number of ad \ ;t ill ages 10 att ac hing enzymes to a solid support and a few of the major reasons are; 

elllymes can be reused, processes can be operated continuously and can. be readily controlled, 
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products are easily separated, effluent problems and materials handling are minimized, in some 

cases, enzyme properties (activity and stability) can be altered favorably by immobilization, 

provides higher purity and product yields, product inhibition is less apparent, greater, pH and 

thermal stability, no contamination due to added enzyme, continuous operation and greater, 

fl ex ibility in reactor des ign (Banu, 200 I). 

Despite these Jdvantages, industria l application is still limited by; the comparatively low cost of 

so luble enzymes, traditional attitudes, the investment needed for introducing new equipment to 

already implanted processes, the nature and cost of the immobilizing support and the 

immobilizing process (including losses of activity) and the performance of the system (Banu, 

2001). 

2.3.3 Fac tors Affecti ng I mmobiliza tion Performance 

The re are Illany l ~lcto rs that influence the perf0n11anCe of an immobili zed enzyme 

preparati on. SUIllC of tile IllOSt important factors are the choice of a carrier and the selection of an 

immobili zation strategy. 

2.3.4 Support Materials 

An enormous number of different types of matrices have been used in laboratory immobilization 

studies. However, selection of the optimum support is the major parameter that affects the 

immobili za ti on performa nce. The properties that an enzyme calTier should have are; large 

sur fac e area, pe rm eabil ity. inso lubility, chemical, mechanical and thermal stability, high rigidity, 

su it ahl e s h a r ~' and parti cle size, resistance to microbial attach and regenerability (Banu, 2001). 
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Ilom:\'cr. the c\act m t Lire of the process design. the physical properties of the feedstock and the 

prndLict. the rCllc tion conditions and many other factors will place constraints on the type of 

matrix , which wi ll be most suitable. In an industrial operation, maximized enzyme-matrix life 

span is vital component. In Table 2.1, factors that affect the matrix selection can be seen. 

Table 2.1: Factors to be considered in the selection of an immobilization matrix 

Factors under consideration 

(0<;1 of malrix 

Cill'lllical res isl:lllce or the matri x 

Phys ical properties of the matrix 

Complex ity orlilc immohil izati on 

Stabilit) of the cllLyme-ll1at ri x associat ion 

Special requirements of the process 

Example 

Beaded dextrans and contro ll ed-pore glass are expensive 

compared with ceramics and cell uloses. 

Silica-based matrices are significantly soluble at pH values 

above 8.0. Cellulose and dextran-based matrices can be 

degraded enzymically. Some organic polymers change 

shape in organic solvents. 

Ceramic matrices have a high resistance to pressure 

compared with beaded dextrans. 

Ion exchange adsorption interactions can be generated 

rapidly and minimi ze the inact ivation of unstable enzymes. 

Cova lent attachment can be laborious, expensive and 

destructive. 

Enzymes immobilized by physical means undergo slow 

leakage compared with covalently attached enzymes. 

Pressure sensitive matrices (e.g. Agarose) are unsuitable 

for plug-flow reactors. 

Magnetic matrices are useful for the recovery of enzyme 

in CSTR * systems. 

*cont inLloLl S stirred tan"- reactor (Banu. 200 1) 
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2.3.5 Enzyme Immobil ization Methods 

The se lecti on of an immobili zation technique is based on process specifications for the catalyst, 

including such parameters as overall enzymatic activity, effectiveness of the urease utilization, 

deactivation and regeneration characteristics, cost of immobilization procedure, toxicity of 

immobilization reagents, and the desired final properties of the immobilized urease. Chemical 

methods feature the fOlmation of covalent bonds between the urease and the modifier, while 

physica l methods are characteri zed by weaker interactions of the enzyme with the support 

materi al. or mec hani ca l containment of the urease within the support . . Methods for enzyme 

immobilizati on can be classified into three main categories: entrapment, carrier binding and 

cross linking (Banu, 2001). 

2.3.5.1 Carrier Binding 

Carrier-Binding method is the oldest immobilization method for enzymes and is defined as the 

binding of enzymes to water-insoluble carriers. In this method, enzymes bound to the carrier 

with their amino acid res idues containing chemicall y reactive groups, ionic groups, and/or 

hydro phobi c gro ups as we ll as hydrophobic domains . These amino acid residues and the 

hyd rophobic domains can participate in the immobilization of the enzymes through covalent 

linkage and physical adsorption, though immobilization also depends on the nature of the carrier 

(Wolfgang, 2007). The following picture shows how the enzyme is bonded to the carrier in this 

method: 
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Figure 2.7: Schematic illustration of carrier-binding method (http://www.eng.rpi.edu/ 

dept/chem-englBiotech-EnvironlIMMOB/immob.htm). 

• 
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Carrier Binding Cross-Linking En~apment 

.. .. .. .. . 
Physical Ionic covalent lattice Microcapsule 

Adsorption Bonding Bonding Type Type 

The selection of the carrier depends on the nature of the enzyme itself, as well as the particle 

size, surface area, molar ratio of hydrophilic to hydrophobic groups and chemical compositions. 

In general, an increase in the ratio of hydrophilic groups and in the concentration of bounded 

enzyme results in a higher activity of the immobilized enzymes. The most commonly used 

carriers for enzyme immobilization are polysaccharide derivatives such as cellulose, dextran, 

agarose, and polyacrylamide gel. According to the binding mode of the enzyme, carrier-binding 
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method can further be sub-classified into: physical adsorption, lomc binding and covalent 

binding (B ~lIl li. 200 1) 

Phys ica l Adsorption 

The earliest example of enzyme immobilization using this method is the adsorption of P-D

fructo-furanosidase onto aluminium hydroxide. This method for the immobilization of enzyme is 

based on the physical adsorption of enzyme amino acid residue as a result of the physical 

interaction such as hydrogen bonding, hydrophobic interaction and Van der Waal's forces that 

exi st between enzyme amino acid residues and the functional groups of the polysaccharide 

(chitosan). Although (' nLYll1 e is immobilized without any modification, interaction between 

cnLYIll C and suppOl1 is generally weak and affected by environmental factors such as temperature 

or concentrat io n of rcactants (Wolfgang, 2007). Hence, the method causes little or no 

conformational change of the enzyme, or destruction of its active center. If a suitable carrier is 

found, this method can be both simple and cheap. Also, they lend themselves a minimal 

resistance in the reaction mixtures, and possible supports for physical adsorption are 

mechanically durable and re-useable (Oliveira et al., 2000). Thus, this method is found to be the 

most suitable for large-scale immobilization. 

IILl\\C\ cr, it kls the d i-; (Jt.l\' antage that the adsorbed enzyme may leak from the carrier during 

utili zation, because the binding force between the enzyme and the carrier is weak. The enzyme 

immobilized onto a solid support by low energy binding forces, e.g., Van der Waal's 

interactions, hydrophobic interactions, hydrogen bonds, ionic bonds. Many carrier materials 

exist, the choice of one often depending on properties that are important for potential industrial 
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applications: mechanical strength, chemical and physical stability, hydrophobic/hydrophilic 

character, enzyme load capacity and cost. Initially, mineral supports such as porous glass beads, 

diatomaceous earth, silica and alumina were used. More recently, the most used supports are ion 

exchange resins, celitc and biopolymers (Villeneuve et al., 2000). 

'1 he success dll U ciTi Cll~IlC y or the physical adsorption of the enzyme on a solid support is 

dependent 0 f scveral parameters. The size of the protein to be adsorbed, the specific area of the 

carrier and the nature of its surface (porosity, pore size) are crucial. Typically, the use of a 

porous support is advantageous since the enzyme will be adsorbed at the outer surface of the 

material and within the pores as well. An efficient immobilization is also dependent on the 

enzyme concentration . The amount of adsorbed enzyme per amount of support increases with the 

en7.yme concclltration reaching a plateau at the saturation of the carrier. This operation is usually 

carri ed out lit l'onSial1t te mperature, and , consequently, adsorption isotherms are obtained which 

follow the Langmuir or Freundlich equations. The pH at which the adsorption is conducted is 

equally important since ionic interactions are crucial in such an immobilization. Usually, the 

maximum adsorption is observed for pH values close to the isoelectric point of the enzyme. 

Finally, addition of water miscible solvents during the immobilization process favors the 

adsorption by reducing the solubility of the enzyme in the aqueous phase (Villeneuve et ai., 

2000) . 

Urease immobi li zatio n by physical adsorption finds applications in urea bioconversion. Their 

unique specili c ities allow the design of synthetic routes that predetermine product structure and 

distribution whereas chemical catalysts generally lead to random reaction product mixtures. 
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Thus, the use of urease makes it feasible to obtain new products with predetermined physical and 

chemical properties (Villeneuve et al., 2000). 

During the illlmobili /(lt ion of urease by physica l adsorption, driving force is mainly hydrogen 

bonding because of th e structural properties of the enzyme. Hydrogen bonding arises from the 

interactioll h\dro .l\ yl ~ruups of the pol ysaccharide (chitosan) and enzyme molecules (Wolfgang, 

2007). 

Ionic Binding 

The ionic binding method relies on the ionic binding of the enzyme protein to water-insoluble 

carriers containing ion-exchange residues . Polysaccharides and synthetic polymers having ion

exchange cen ters are Ll suall y used for carri ers . The binding of enzyme to the carrier is easily 

l',IITiL'd Ollt, :111 L! tile Lun Liitio lls are much milder than those needed for the covalent binding 

method. Hence, the ionic binding method causes little changes in the conformation and the active 

site of the enzyme, and so yields immobilized enzymes with high activity in most cases. As the 

binding forces between enzyme protein and carriers are less strong than in covalent binding; 

leakage of enzyme from the carrier may occur in substrate solutions of high ionic strength or 

upon variation of pH. The main difference between ionic binding and physical adsorption is that 

the enzyme to carrier linkages is much stronger for ionic binding although less strong than in 

cO\Jlcnt bindillg . 

Covalent Binding 

The covalent binding method is based on the binding of enzymes and water insoluble carriers by 

covalent bonds. The functional groups that take part in this binding of enzyme to carrier can be 
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amino, carboxyl, sulfllydryl, hydroxyl, imidazole or phenolic groups which are not essential for 

the catalytic activity. In order to protect the active site, immobilization can be carried out in the 

presence of its substrate or a competitive inhibitor. Activity of the covalent bonded enzyme 

depends on the size and shape of carrier material, nature of the coupling method, composition of 

the carrier material and specific conditions during coupling. 

Tile Illaill alh <llltage u" the cova lent attachment is that such an immobilization is very solid. 

LJll likc physical adsorpt ion, the binding force between enzyme and carrier is so strong that no 

leakage of the enzymes occurs, even in the presence of substrate or solution of high ionic 

strength. Moreover, the obtained immobilized enzymes are usually very stable and resistant to 

extreme conditions (PH range, temperature). Finally, a large number of different supports and 

methods to activate them are available. However, experimental procedures are obviously more 

difficult to ca lTY out than for physical adsorption. The 3-D structure of the protein is 

considerably Illodi tied after the attachment to the support. This modification generally leads to a 

sign ifi cant loss of the ini tial ac ti vi ty of the biocatalyst (Villeneuve et al., 2000). 

2.3.5.2 Cross-Linking 

This can be defined as the intermolecular cross-linking of enzymes by bifunctional or 

multifunctional reagents and it is based on the formation of chemical bonds, as in the covalent 

binding method, but water-insoluble carriers are not used. The immobilization is performed by 

the formation of intermolecular cross-linkages between the enzyme molecules by means ofbi or 

multifunctional reagents . The most common reagent used for cross-linking is glutaraldehyde. 

Cross- lillkin s I--: actiol l:-. J I'C carried ou t under relative ly severe conditions. These harsh conditions 
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can change the conformation of active center of the enzyme; and so may lead to significant loss 

of activity. This method can be applied in three different manners: mixing the prepolymers with 

a photosensitizer (e.g., benzoin ethyl ether), melting, mixing with an enzyme solution and gelling 

by exposure to near ultraviolet radiation, freezing a monomer solution containing the enzyme in 

the form of small beads, polymerization is then started using gamma radiation an mixing the 

enzyme in a buffered aqueous solution of acrylamide monomer and a cross-linking agent. 

Polymerization can be initiated by the addition of some chemicals (Villeneuve et at., 2000). 

Figure 2.8: Schematic illustration of cross-linking method (http://www.eng.rpi.edu/ 

dept/chem-eng/Biotech-EnvironlIMMOB/immob.htm). 

2.3.5.3 Entrapment 

This method of immobilization involves incorporating enzymes into the lattices of a semi 

permeable gel or enclosing the enzymes in a semi permeable polymer membrane. The 

entrapment for immobilization is based on the localization of an enzyme within the lattice of a 

polymer matrix or membrane in such a way as to retain protein while allowing penetration of 

substrate. This method differs from the covalent binding and cross-linking in that enzyme itself 

does not bind to the gel matrix or membrane; and thus, has a wide applicability. The conditions, 

used in the chemical polymerization reaction, are relatively severe, resulting in the loss of 

enzyme activity. Therefore, careful selection of the most suitable conditions for the 

immobilization of various enzymes is required (Wolfgang, 2007). 
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entrapped in a matrix entrapped in droplets 

Figure 2.9: Schematic illustration of entrapment methods (http://www.eng.rpi .edu/ 

dept! chern -englB iotech -EnvironlIMM 0 B/immob .htm). 

Entrapment can be classified into lattice and microcapsule types. 

1. Lattice-Type entrapment involves entrapping enzymes within the interstitial spaces of a 

cross-linked water-insoluble polymer. Some synthetic polymers such as polyacrylamide, 

polyvinyl alcohol, etc. and natural polymer (starch) have been used to immobilize 

enzymes using this technique. 

2. Microcapsule-Type entrapping involves enclosing the enzymes within semi permeable 

polymer membranes. This is probably the less developed immobilization technique, is 

very similar to entrapment, although in this case, it is the enzyme and its whole 

environment that are immobilized. Microencapsulation creates artificial cells delimited 

by a membrane. Large molecules such as enzymes are not able to diffuse across the 

synthetic membrane whereas small molecules, e.g., substrates and products, can pass 

through it (Villeneuve et ai. , 2000). The preparation of enzyme microcapsules requires 

extremely well controlled conditions; and the procedures for microencapsulation of 

enzymes are liquid drying, phase separation and interfacial polymerization method. 
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The ad\antagc of suc h an immobilization technique is that the enzyme does not chemicall y 

Interact with th e pol ymer; therefore, denaturation is usually avoided. However, mass transfer 

phenomena around the membrane are problematic. The diffusion rate across the membrane of the 

substrate and the product is often the limiting .parameter. Generally, high substrate concentrations 

are necessary in order to limit its influence. Finally, entrapped enzymes are better used with 

small substrates since larger ones may not be able to pass the membrane and reach the active site 

of the biocatal yst (Villeneuve et al., 2000). 

Tab le 2.2: Com pariso n of imm obiliza tion meth ods (Ak~amoglu , 1997) 

---- _. --------------------------------------------------------
Characteristic Cross Ph ys ica l Ionic Covalent E ntrapment 

Linkin g Adsor ption Binding Binding 

Preparation Intermediate Easy Easy Difficult Difficult 

Binding force High Low Medium High Medium 

Enzyme activity Low Medium High High Low 

Rcusabi lit y Impossible Poss ible Possible Rare Impossible 

Cost Intermediate Low Low High Intermediate 

Stability High Low Intermediate High High 

Applicability No Yes Yes No Yes 
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2.3.6 Enzyme Immobilization Technology and its Application 

Enzymes are the ubiquitous magicians of the biological world, catalyzing one substance into a 

materi al that is substantiall y different. Agriculture, manufacturing, pharmaceuticals, energy 

generati on, all aspects of industry and human endeavor re ly in some ways on enzyme reactions. 

However, enl' ymes are fragile and operate within very specific temperatures and environments 

that re fl ect their cellul ar ori gins. This fragility has, until now, limited researchers' ability to 

preci se ly control enzyme reactions or to reuse the enzymes."An enzyme is like a very efficient, 

environmentally friendly chemical factory that doesn't require extreme conditions to operate. 

Cells have thousands of enzymes carrying out the chemical reactions that sustain life, and many 

of these enzymes can be tapped for usefu l applications" (Doaa and Wafaa, 2009). 

The poss ibil ities for lI slng immobili zed enzymes to carry out desi rab le targeted chemical 

rCClC 11(l llS arl' l·lldkss . e\V alld high ly di verse areas of research such as generating energy more 

elTicientl y in hydrogen fuel cell s, purifying chemical and biological materials for prescription 

dntg use, and detecting and neutralizing dangerous chemical and biological agents are just a few 

of the possible applications of targeted enzyme reaction (Doaa and Wafaa, 2009). 

For several years, sci entists have been working to immobilize enzymes for the purpose of 

carrying out targeted chemical reactions. However, the work has not been very successful due to 

C n /~' IllC li ' ~ I S llll ~' th ~ ll IS . its in(lhilit ~ , to retain ac ti vity in an incompatibl e environment. 

1Illl1l0bi li Ling an enzyme in an optimal framework with a compatible environment could prevent 

it s deteriorati on (Ooaa and Wafaa, 2009) . 
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2.3.6.1 Enzymes for Kidney Disorders: Uricase: Gout, an inflammation of joints occurnng 

frequentl y in the age group of 30-50 years is due to the accumulation of uric acid in the joints. 

Uric acid is the fin al product of purine catabolism in humans . It has poor solubil ity 

(0.42mmolllit.) . When its blood level is increased it will precipitate mainly in terminal joints. 

This painful pathological condition can be due to the over production of urate by an excessive 

purine di et (excess meat) an accelerated ATP degradation or an enzymic problem (i .e. deficiency 

nf hypn\<llll il ll l,-'- gu<l nilh: plhlsphoribosy l trans ferase) or hyper acti vity o f phosphoribosyl 

pyrophosphatase synth etase. It may also be due to renal under excretion of urate due to a kidney 

dys fun ction , an inhibition of urate secretion by tubules due to competitive anions or an enhanced 

tubular reabso rption of urate. Presently patients with acute gout are treated with anti 

inflammatory agents to ease pain followed by uricosuric agents to alter renal excretion to cure 

hyper uricaemia. An alternative approach is the utilization of uricase (urate oxidase) which 

catalyses the ox idati on of urate to all antoin to decrease the urate blood level. All antoin is 

approx imately 100 times more soluble than urate (Doaa and Wafaa, 2009) 

2.3.6.2 Diabetics: G lucose Oxidase: The immobili zed glucose oxidase on a polycarbonate 

membrane mod i (l ed by a urethane coupling with a poly-(L-lysine) activated with glutaraldehyde 

has been described (Shin-ichiro et al., 1998). The enzymic properties of immobilized enzyme 

were investigated and compared with those of native glucose oxidase, The thermal stability and 

pH stability of the immobilized glucose oxidase were greater than native enzyme. The molecular 

mass of pol y- (L-l ysine) was investigated as a possible influencing agent on immobilization of 

glucose oxidase on porous po lycarbonate membrane. They used standard immobilization 

procedure ,-' \,' l pi lhal til l' Ill o lec ul ar Ill ass of po ly- ( L-I ys inc) was va ri ed in the range 5-300Kda. 
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The effec t of 1110 lecular mass on the immobilized glucose oxidase activity showed that 50 Kda or 

above was required for opti mum immobili zation of glucose oxidase. The comparison of enzyme 

.Icli\ il y \'\ ilb 111 L' IllclIlllJ of imll1obili za tion showed a quantity of glucose oxidase adsorbed on 

oruinary poly ca rbonale membrane was negligible, while covalent binding with aldehyde groups 

in the derivatives membrane was string and no leakage was observed. The membrane was 

applied as glucose sensor. 

2.3.7 Application of Immobilized Enzyme as Biosensors 

Phosphate detect ion Biosensors (Alkaline phospatase immobilized on glass fiber for detection of 

phosphatc ill \ aler S~I.llpks , mi lk and shrimp). Attac hment of enzymes to the surface of glass 

fiber is a techll ique uscd for developing biosensors . This attachment occurs by the covalent bond 

or physical adsorption . It has been used widely as one of the traditional enzyme immobilization 

technologi es. Although glass provides desirable mechanical strength and thermo chemical 

stability, it is difficult to achieve high enzyme loading as required for efficient bioprocess 

application. The development could potentially enhance the area of rapid detection using 

biosensor Procedure, amide bonds were formed between carboxyl groups on the protein and 

ami no gro ur (Ill the gi<l ss surface was attempted to overcome the problem (Hobson et al., 1996). 

2.3.8 Application in Cleaning up Pesticide 

In many circumstances pesticides are the only effective means of controlling weeds, insect, and 

fungus, parasitic and rodent pests. Application of pesticide in agriculture serves to lower the cost 

of production, increase crop yields, provide better quality produce and also reduce soil erosion. 

Due to the toxic nature of pesticide, application of these pesticides also has the potential of 
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adverse effects on human health and the environment. Treatment of pesticide-contaminated 

waste is an approach til at co uld assist to reduce the impact of pesticides on the environment. One 

0 1" the most important t: chllo logies to be appli ed for thi s approach is immobilized enzyme. The 

illlillobili l.cd CIlLYllle i ~ capable of breaking down a range of organophosphate insecticides 

(Shaml in C/ a/., 2007 and Home et al ., 2002) . 

2.3.9 Application in Textile Industry 

Textile industry is a conventional industry in many countries, which possesses a considerable 

proportion of the economy .In recent years, special attention has been paid to the application of 

biotechnology in texti le industri es. One of these technologies is enzyme immobi lization , 

includ ing bi o-stone wash ing of denim with cellul ases and desi zing of cotton fabrics with 

amylases (Chell C/ (//., 2U(j7). 

2.4 Lima Beans (Phaseolus lunatus) 

In Delaware, lima beans are considered the cornerstone crop of the vegetable-processing 

industry. Lima beans are double-cropped on as much as three-fourths of the acreage, thus 

offering producers max imum uti lization of the land. Limas are often planted in June or July after 

a pea or small grai n crop. 

Tile Il li triti oll,t1 "tat us (l/· Iillla beans is presented below. 

35 



Table 2.3: Nutritional Value of Lima Beans 

Serving size: 112 cup, boiled Primary Nutrients %RDA(m) %RDA(f) 

Calories 109 Folic acid 78 mcg 39 43 

Fat 0.35 Iron 2.25 mg 22.5 15 

C~ l o ri cs from Lit 
, 

M~gncs iul1l 41 mg 12 IS .l 

( 'huicsk' rol ( I Thiamine 0.15 mg 10 14 

Sodium 2 mg Zinc 0.9 mg 6 7.5 

Protein 7.3 g 

Carbohydrate 19.7 g % Mini. Requirement 

Dietar~ fiber 6.8 g Potassium 478 mg 24 

Source: UC Davis, Vegetable Research and Information Center (2002). 

2.5.0 The Mexican Yam Bean (Pacltyrhizus Tuberosus (L.) Urban) 

This cultivatcd yam be ~l n species is found in Central America as well as South East Asia. The 

speci es is named Jicama in Mex ico and Bang Kuang in Indonesia. It is a herbaceous vine with 

great variation in the outline of the leaflets, from dentate to palmate (S0rensen, 1996). Moreover 

the species is defined by the lack of hairs on the petals, the number of flowers (4-11) per lateral 

inflorescence axis by complex racemes. Morphological characters of the pods are also used to 

distinguish the species. A number of seed characters are also specific (S0rensen, 1996). 

2.5.1 Chemical Composition and Nutritional Value 

The charaClCr i/ J ti on di l L! quan ti flcation o f the amino acids composition of P. luberosus seeds 

compared with soya bean seeds were reported by Sales et al. (1990). The seeds are rich in both 

proteins and lipids/oil (Gruneberg et al., 1999). Yam bean seeds are characterized by high oil 
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(abou t 20 to 28 % ) and protei n (about 23 to 34 %) contents. Seed oil contains high concentra

tions of palmitic (about 25-30 % of the total fatty acids), oleic (21-29 %) and linoleic (35-40 %) 

acids. The levels of linolenic acid are very low, from 1.0 to 2.5 %. Total tocopherol content of 

the seeds was relatively low in P. eros us (from 249 to 585 mg kg-l oil) and P. tuberosus (from 

260 to 312 mg kg-l oil) compared with the levels found in P. ahipa under identical conditions 

(508 to 858 mg kg-I oi I) (GrCineberg el al. , 1999). Other studies also showed the chemical 

composition and qualit y of the P. erosus oi l (Cruz, 1950; Broadbent and Shone, 1963; Jimenez 

R .. J ()<).~ ; San\ ()s c { III. . J ( 96) These stud ies agree that if the insecticidal compounds are 

reilloved. the oi I has a compos ition comparable with that of groundnut and cottonseeds oil. 

2.6.0 Pigeon pea 

The high nutritive value of pigeonpea is perhaps the most important reason why it should find an 

important place among the smallholder poor farmers in Africa. Pigeonpea is wonderfully 

abundant in protein, mak ing it an ideal supplement to traditional cereal-, banana- or tuber-based 

di ets of 1ll0S \ .L\ frica ns which are general I y protein-deficient. The protein content of commonly 

~n)\\ n pigco nJ1l':1 has h2cn reported to range between 18 26% (Swaminathan and Jain, 1973) 

\vhile up to 30% has bc~n reported in other closely related Cajanus spp. (Reddy et aI., 1979) . 

Researchers at the Intemational Crops Research Institute for the Semi-Arid Tropics (ICRISAT), 

India have developed high protein lines (HPL) with up to 32.5% protein content and significantly 

higher sulphur-containing amino acids (cysteine and methionine) (Singh et aI., 1990; Saxena et 

aI., 2002). Pi geonpea is therefore a good source of amino acids (Elegbede, 1998). 
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Anti-nutritional factors suc h as protease (trypsin and chymotrypsin) inhibitors, amylase 

inhihitors and pol yphcnol s. \\ hich are a known problem in most legumes, are less problemat ic in 

pigeonpea th an soybean , peas (Pisum sativum) and field beans (Singh and Eggum, 1984; Singh, 

1988; Faris and Singh, 1990). Within pigeonpea cultivars, anti-nutritional factors are mainly 

found among darkseeded genotypes (Faris and Singh, 1990) that are typically grown in Asia. The 

native African pigeonpea types are largely cream or white seeded with relatively less 

anti nutritional factors. 

The supplementation of cereals with protein rich legumes is considered as one of the best 

so lutions to protein-calorie malnutrition in the developing world (Chitra et al., 1996). Pigeonpea 

flour has been tested and found to be suitable as a protein source for supplementing baked 

prouucts such as bread . cook ies and chapattis due to its high level of protein, iron (Fe) and P 

(Hari nder el af., 1999). [t has therefore been recommended in school feeding programs and 

vulnerable sections of the populations in developing nations. The protein-rich seeds have also 

been incorporated into cassava flour to produce acceptable extruded products (Rampersad et aI., 

2003). 

Pi geonpea is a rich source of carbohydrates, minerals and vitamins. The seeds contain a range of 

51 A 58.8 0
0 Ctlrbohydr,llcs (Faris and Singh, 1990), 1.2- 8.1 % crude fibre and 0.6- 3.8% lipids 

(Si nha, 1977 ). I t is a good source of dietary minerals such as calcium (Ca), P, magnesium (Mg), 

Fe, sulphur (S) and potassium (K) (Sinha, 1977), and water soluble vitamins especially thiamine, 

riboflavin and niacin (Salunkhe et al., 1986).Pigeonpea contains more minerals, ten times more 

fat, five times more vitamin A and three times more vitamin C than ordinary peas (Foodnet, 

2002). 
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In Africa, pigeonpea seeds are mainly eaten green unlike in India, where dry dehulled split-pea 

(dhaf) is most popular. Such green seeds are a richer source of Fe, Cu and Zn than the mature 

seed (Singh el 01., 1984) and have a greater edible portion (72% vs 53%), more protein, 

carboh ydrates. fibre, LI t. Illinerals and vitamins than dlwl (Faris el aI., 1987). An estimated 30% 

0" chi ldren ullcler thc age of five in sub-Saharan Africa are reportedly underweight due to 

deficiencies in energy and nutrients . Wide adoption of pigeon pea in Africa thus stands to play an 

important role in food security, balanced diet and alleviation of poverty. 

2.6.1 Nutritional Evaluation of pigeon pea Chemical analysis 

Proximate analysis of pigeon pea (both raw and processed seeds) was carried out using the 

Illcthods outlined by lhe Association of Official Analytical Chemists (AOAC, 1990). The 

rroxilllate cOlllpositiOIl :-- or the pigeon pea and details of quality characters and nutritional values 

nf pigeon pea are pre cnted in the tables 6 and 7 below. 

Table 2.4: Proximate composition (%) of raw and roasted pigeon pea seeds 

Contents Raw seed Roasted seed 

Dry matter 95.89 96.34 

Crude protein 21.03 21.07 

Crude fat 4.43 5.96 

Crude fibre 7.16 7.52 

.'\ ~ h 3.76 4.02 

"Jilrogen ti'ee e'xtract 59.51 57 .77 

Akande et 01., (2010) . 
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Amin o acid analys is 

Table 2.5: Amino acid profiles of raw and roasted pigeon pea seeds (g/16 gN) 

Raw Roasted 

Amino acids pigeon pea pigeon pea 

Lys ine 7. 79 7.55 

Hi stidine 3.66 2.88 

Arginine 5.86 6.18 

l\ spart ic ac id 11.56 12.20 

Threonine 3. 12 3.28 

Serine 3.59 3.84 

Glutamic acid 9.23 14.21 

Proline 3.17 3.16 

Gl ycine 3.07 3.36 

Alanine 3.79 4.06 

Cystine 1.19 0.69 

Valine 5.85 4.27 

Methionine 1. 19 0.89 

Isoleucine 3.47 2.73 

Leucine 6.78 7.23 

Tyrosine 2.63 2.86 

Phenylalanine 6.15 5.54 

Tryp tophan D ND 

ND - ot Determined . (Akande, el aI. , 2010) . 
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The a III i no aci d r ro fi k' () r pigeon pea is comparab Ie with the conventional plant protein sources. 

Rnaslcd pi gCl)11 pCCl ~c,- d s <l IC recollllll ended as va luable feed ingredient at both domesti c and 

industri al levels for monogastric animals . Production of pigeon pea of high-protein genotype 

shoulu be encouraged. 

2.7 African Yam Beans (Sphenostylis stenocarpa) 

African yam bean (Sphenostv lis stenocarpa Ex. A. Rich , Harms) is an under-utilized food 

legulllc crop ill th c trop ic th at is not popular as other Ill ajor food legumes (Azeke el al., 2005; 

Moyi b el (I/. , 2008). It produces nutriti ous pods, hi ghl y proteinous seeds and capable of growth 

in margin al areas where other pulses fa il to thrive (Okpara and Omaliko, 1997). The crop thus 

has the potent ial to meet the ever increasing protein demands of the people in the sub-Sahara 

Africa if grown on a large scale. Presently, .low quantities are offered for sale in the markets 

compared to other pulses . It is a good source of high plant protein (21% by wt) and calcium (61 

mgl J 00 g) which compares well to that of Soybean (Baudoin and Mergeai , 2001). African yam 

bean (A VB) contributes to sustainable agricul ture, survives well in weathered soils where 

rain fall coul d be extrem ely high, tol erates acidic , leach ed and infertil e soils (NRC, 2007) . Asare, 

('I u/ .. 1')8 '+ all d DSC. 2 1)() () observed that Afri can yam bean is a good source of fodder for 

rUlll in ~lI1 t :.lJ1i nnls :lIld performed better in seed yield when intercropped with maize, yam and 

okra. It is resistant to crop pests such as Clavigralla tomentosicollis; Maruca vitrara than other 

food legumes like cowpea [Vigna unguiculata (L) Walp] (Okigbo, 1973; Evans and Boulter, 

1974; IlTA, 1985 ; Nwokolo, 1987). However, with some of these attributes, very little efforts 

have been invested to improve the crop in terms of yield, disease resistance, reduced cooking 

time and other des irabl e qualiti es, when compared to other major legumes (Potter, 1991 ). 
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2.7.1 Proximate analysis of the seed and tuber of S. stenocarpa 

The compositional analysis of the seed of five accessions of S. stenocarpa is shown in Table 2.6. 

The crude protein fraction of the seed was highest in accession 3 (23.7%), closely followed by 

accession 5 (23.0% ) \\hile the lowest crude protein component of the seed was recorded in 

access ion 4 (l)t)lI 0). There were highly significant differences between the crude protein fractions 

in the five accessions of African yam bean seed. The ash fraction of the seed was more in 

access ion 1 (2.8%), followed by accession 2 (2.5 %) while accession 4 showed the lowest ash 

fraction (1.3%). The percentage ash fractions showed highly significant differences between the 

five accessions of S. stenocarpa seed . Accession 4 showed the highest nitrogen-free extract 

fraction (65.9%), followed by accession 2 (65.7%), while the least nitrogen-free extract 

percentage was shown in access ion 3 (53.6%). There were highly significant differences between 

thc nitrogcn-I'rec extract fractions in the five accessions of African yam bean seed. The ether 

c:-;tract componcnt of the seeu was highest in accession 1 (1.2%), followed by accession 3 (1.1%) 

v\hile accession 5 reco rded the lowest ether extract fraction (0.8%). The various fractions of 

ether ex tract did not di ffer significantly between the five accessions. The moisture content of the 

seed was highest in accession 4 (9.6%), followed by accession 1(9.1%), while the lowest 

percentage moisture content was shown in accession 2 (8.0%). There were however no 

signi ficant di fferences between the percentage moisture content in the five accessions of African 

yam bean seed . The crude fibre fraction of the seed in the five accessions of S. stenocarpa was 

highest in accession 4 ( 12.4% ), fo llowed by accession 2 (12.2%) wh ile accession 5 showed the 

least (7 -+% ) crude film: frac tion . Th ere were highly significant differences between the crude 

fibre components in the five accessions of African yam bean seed. The results in Table 2.6 

indicate that the seed of accession 4 had the highest carbohydrate content (78.3%), follo wed by 
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access ion 2 (77.9%) whil e accession 3 showed the lowest (65 .0%) carbohydrate content. There 

were highly significant differences between the carbohydrate contents in the five accessions of S. 

slenocarpa. It could bc seen from the results above that the seed of the fi ve accessions of African 

yam bean have high percentage carbohydrate content than crude protein. The proximate 

compos ition of Afric an yam bean tuber is shown in Table 2.6. The results showed a crude 

protein and carbohydrate composition of 8.32% and 79.24%, respectively. The results equall y 

prese nted the tubcr or S slellocurpo as being composed mainl y of carbohydrate. The other 

constituent s showed low percentages except nitrogen-free extract (71.18%) that was more than 

those found in the seed of all the accessions. However, the crude protein level in the tuber was 

found to be smaller than those recorded in the five accessions of African yam bean seeds. Both 

the seed and tuber of S. stenocarpa therefore possess higher levels of carbohydrate than crude 

protein or other constituents. 

2.7.2 Min era l con tent of Afric an ya m bean seed a nd tuber 

The mi neral com pos iti on o r Afri can ya m bean seed and tuber is shown in Table 2.7 . Comparison 

of' the minerals found in both seed and tuber indicate that magnesium; phosphorus, potassium, 

iron and manganese were more in the tuber than seed. However the quantity of sodium, calcium, 

zinc and copper in the tuber were less than. those found in the seed. The use of paired t-test 

showed that both the seed and tuber did not differ significantly in the composition of their 

mineral contents (Table 2.7) . NS = Not significant 
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Table 2.6: Proximate analysis of the seeds of five accessions of S. stenocarpa 

Crude Ash .\'itrogen Ether Moisture Crude fiber Carbohydrat 

Protein CYo ) (%) free extract extract (%) (%) (%) (%) 

2 1.0 2.8 56.8 1.2 9.1 9.1 65.9 

10.7 2. 5 65.7 1.0 8.0 12.2 77.9 

23 .7 1.6 53 .6 1.10 8.7 11.4 65.0 

9.9 1.3 65 .9 1.0 9 .6 12.4 78 .3 

23.0 2.4 57.7 0.8 8.6 7.4 65 .2 

Ameh, (2007) . 

Tablr 2.7: '1ineral composition of African yam bean seed and tuber 

Minerals Seed Tuber 

Mg (mg/ l OOg) 43 .2 46.7 

P (mg/ l00g) 27.4 660.1 

K (mg/ l00g) 116.4 487.9 

a (mg/l OOg) 421.3 214.4 

Ca (mg/l OOg) 43.6 26.8 

I n (pg! I OOg) 50.0 37 .5 

ell (~lg, 100g) 2 :l.0 16.0 

Fe (mg/1 OOg) 12.6 31.6 

Mn (pg/ l00g) 14.0 18 .0 

Mean 83.5 171 

CY (%) 156.3 140.6 

t (0. 05) for comparing the two means = 0.96. Ameh, (2007). 
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The proximate composition of African yam bean seed and tuber is comparable to those of other 

legumes. The highest percentage crude protein of 23.7 % was obtained in the seed of three 

accessions of African ya m bean. 

2.8 So~a Bea ns (G'(rcille max) 

Ihe soybean s plant ( ;Il ci ll C' max) was cultivated in China 3000BC, and was classified as one of 

the five sacred crops. The fisrt written record is a 2200BC farming manually advising, Chinesse 

fam1er on how to get the best crops. Soya was introduced into USA in the early 19th century 

(originally arriving as ballast abroad returning clipper ships) but soay farming in the USA only 

expanded dramatically after world war II, when production in china was devastated (insttute of 

food research \Vebsite) . Since 1945 , it has become the most important world's main protein and 

o il crop , being widel y lI sed for both human and animal food stuffs (FDA UN 2004). Soya beans 

contain appro xi matel y 38% protein and 18% oil. Japanese soya bean is reported to have a high 

rat content, while China and India soybean are known for thiere high protein content. A lot of 

genetic variation exists with the soybean crop as there are thousand of varieties available, 

including red, black and green. The most popular variety is the yellow soya bean (Glycine max) 

(Burke et al., 1995). 
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2.8.1 Nutritional Value of Soya Beans 

The details of quality characters and nutritional value of soya beans are presented in the table 

below 

Table 2J~: SO~ ' a Bean Seed Co mposition 

C haracte r Fresh seed (g/lOOg) 

K ca lories 139 

Moisture content (%) 68.2 

Protein 13.0 

Fat 5.7 

Carbohydrate 11.4 

Fiber 1.9 

Ash 1. 7 

Ctlciulll 78mg 

Phosphorus 158mg 

Iron 3.8mg 

Sodium 15 .0mg 

Potassium 607mg 

B-carotene equivalent 360llg 

Thiamine O.4mg 

f{II1olla\ '11l U.17mg 

~iacillc 1.5mg 

Ascorbic acid 27mg 

Source: Anderson, el uf., (1 (95). 
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Dried yellow seed (gil OOg) 

400 

10.2 

35.10 

17.7 

32.0 

4.2 

5.0 

226mg 

546mg 

8.5mg 

2.2mg 



2.8.2 Protein Content of Soya beans 

Soya bean has been identified as a complete source of protein 

(http: //wwwtruesterhealth.com/members/cniarchives12m13pia8.html). A complete protein is one 

that contain significant amount of all the essential amino acids that must be provided to the 

human body because of the body's inability to synthesize them. In this reason, soy protein is 

similar to that of other legume seeds, but has the highest yield per square meter growing area and 

is the 1c;ISt (\I1 ( I1 S1\( "t ~ I I C C 01 ' di et;)ry protein. 

The original protein efficiency ratio (PER) method of measuring soya protein quality was found 

to be flawed for humans because the young rats used in the study have higher relative 

requirements for sulphur containing amino acids. As such, the analytical method that is 

universally recognized by the FAO/WHO, (1990) as well as the FDA, USDA, United Nations 

University (UNU) and national academy of science when jUdging the quality of protein 

di gestibility corrected amino acid score, as it is viewed as accurately measuring the corrected 

relative nutriti onal valli e of animals and vegetable sources of protein in the diet (FAO/WHO, 

1991 ; Schaifema, 2000). 

A globular protein, glycine, accounts for 20-90% of the total protein content of the seed and in 

tum is made up of the total following amino acids. 
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Table 2.9: Amino acid co ntent of soya bean s protein 

Amin o ac id 

Glutamine 

!\ spartl c acid 

Threonine 

Proline 

Alanine 

Glycine 

Valine 

Cysteine 

\11 L't h i 0 11 i Ill' 

Isoleucine 

Leucine 

Tyrosine 

Phenylalanine 

Lysine 

H iSlidilll' 

Tryptophan 

Arginine 

Proline 

Source: FAO/WHO (1990) 

Amount ('Yo ) 

1.9 

5.7 

2.1 

4.3 

1.7 

0.7 

1.6 

1.1 

1.8 

2.4 

9.2 

3.9 

4.3 

5.4 

2.2 

1. 7 

8.3 

4.3 
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Soya bean protein IS comparable to meat and egg. The vegetable oil is made up of 

polyunsaturated fatty acid which little or no tendency to generate cholesterol. Soy protein is said 

to have the e ffect of reducing cho lestero l level in hypercholesterolemia people (Anderson , 1995) 

2.9 Velvet Bean (M ucuna pruriens) 

.'\IIIICIIII([ prtlriell s is a tro pi ca l legume known as velvet bean or cowitch and by other common 

names (see below), found in Africa, India and the Caribbean. The plant is infamous for its 

extreme itchiness produced on contact, particularly with the young foliage and the seed pods. It 

has value in agricultural and horticultural use and has a 'range of medicinal properties. 

2.9.1 Nutritional and Antinutritional Assessment of Mucuna pruriel1s 

The crude protein content o r a ll the three access ions of Mucuna pruriens var. pruriens show little 

\'ari ati on and contain h i ~h er crude prote in when compared with commonly consumed pulse 

crops such as black gram , green gram, pigeon pea, chick pea and cow pea (Gupta and Wagle, 

1978; Jambunathan and Singh, 1980; Nwokolo and Oji, 1985; Nwokolo, 1987) and other 

Mucuna species which have been reported earlier (Janardhanan and Lakshmanan, 1985; 

Arulmozhi and Janardhanan , 1992; Mohan and Janardhanan, 1995; Arinathan et al., 2009; 

Vadi vel and Janardhanan , 2000). The crude lipid content of all the accessions of M. pruriens var. 

pmriens seem s to be hi gher than the previously studied common/tribal pulses such as Vigna 

!"tlelldIU (K.h d l l t' l ul., I r' l)) . l 'I cel ' UI"I (' liIlLIIII (.Iambunathan and Singh , 1980), Ccyanus CCYUI1 

(Nwokolo, 1987 ), Vig llu capells is and V sinensis (Mohan and Janardhanan, 1993), V. tri/obata 

(Siddhuraj u, 1992), Alv losia scarabaeoides, Neonotonia wighii var. coimbatorensis, Rhy nchosia 

fi/ipes and Vigna ung uiculata subsp. unguiculata (Arinathan et al., 2003). All the currently 
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111 \ cs tigateJ samples co ntain high levels of total dietary fibre when compared with the other 

tribal pulses reported earlier Canavalia gladiata, Lablab purpureus var. lignosus and Vigna 

unguiculuta subsp. unguiculata (Arinathan et al., 2003). The ash content of the investigated 

tribal pulse (Table 2.10) would be important to the extent that it contains the nutritionally 

important mineral elements, which are presented in Table 2.11. The range in calorific values 

exceeds the energetic values of cowpea, green gram, horse gram, moth bean and peas (Narasinga 

Rao. (' / (fl.. Ilm C)) . wh ich :lre in the ran ge of 1318 - 1394 k.ll OOg-1 OM. 

Table 2.10: Proximate composition of the seeds of three accessions of Mucuna pruriens var. 

pruriens (g 100g-1) a. 

Components Saduragiri Siruvani Thallaianai 

Moisture 10.21 ± 0.01 9.48 ± 0.23 9.78 ± 0.23 

Crude protein (Kjeldah l Nx6.25) 32.48 ± 0.47 28.80 ± 0.46 29.40 ± 2.54 

Crude lipiJ 8.50 ± 0.41 7.66 ± 0.47 8.94 ± 0.24 

TOF (Total Oidary Fihl-e) 7.4 1 ± 0.01 6.20 ± 0.56 6.78 ± 0.01 

Ash 4.10±0.01 4.30 ± 0.01 4.52 ± 0.01 

'\Jitrogen Free Fx tracti ves ( FE) 47 .51 53.04 50.36 

Calorific value (kJ I OOg-l OM) 1656.28 1655.51 1669.03 

a All values are of means of triplicate determination expressed on dry weight basis. ± denotes 

standard error. 
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Table 2.11: Mineral l'omposition and vitamins (niacin and ascorbic acid) of the seeds of 

three accessions of Muclina pruriens var. pruriens (mg 1 ~Og-I) a 

Co mponents Saduragiri Siruvani Thallaianai 

Sud i lIIll 54.12 ± 0.42 88.20 ± 0.46 69.21 ± 0.08 

Potassium 1527.94 ± 0.04 1638.40 ± 0.48 1421.35 ± 0.44 

Calcium 562.51 ± 0.23 710.42 ± 0.46 630.20 ± 0.38 

Magnesium 410.10±0.47 512.42 ± 0.25 478.82 ± 0.46 

Phosphorus 408.52 ± 0.46 530.82 ± 0.46 448.12±0.47 

Iron 8.16±0.47 7.15 ± 0.94 6.84 ± 0.23 

7.inc 1.98 ± 0.01 3.34 ± 0.01 3.60 ± 0.19 

( 'llppl'r 0.66 ± 0.02 0.54 ± 0.0 I 0.72 ± 0.09 

Ma nganese 7.10±0.27 5.28 ± 0.04 6.48 ± 0.09 

Jacm 34.20 ± 0.46 48.10 ± 0.50 42.64 ± 0.6 1 

Ascorbic acid 45 .70 ± 0.01 52 .66 ± 0.55 38.12 ± 0.48 

aAll values are of means of triplicate determination expressed on dry weight basis. ± denotes 

standard error (Fathima et al., 2010) 

I'"hk 2.1 I slHlV\s the ~' lcll1ental composition of the sample. In the investigation, the Sivagiri 

accession registered a higher leve l of potassium than the other two accession and their levels of 

potassium seem to be higher compared to that of Mucuna monosperma (Arulmozhi and 

.Ianardhanan. 1992), Ai p,.uriens (Siddhuraju et aI., 1996) and M uli/is (Mohan and Janardhanan, 

1995). Among the three accessions, Sivagiri accession registers the highest levels of calcium, 

magnesium and phosphorus and its calcium level is found to be higher than that of the 
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recommended dietary allowances of calcium (400g) for children by the Indian Council of 

Medical Research (ICMR. 1992), and its magnesium and phosphorus levels seem to be higher 

compared to that of M. atropurpurea and M. utilis (Mohan and Janardhanan, 1995). The contents 

of iron , copper and z ill c reported in all the three accessions are higher than that of the previous 

stuJ y ill the AI IIlilis \ V1uhan and Janard hanan, 1995) . Similarly, the manganese content of all 

the three access ions sec:ms to be low compared to that of M. utifis (Mohan and Janardhanan, 

1995). The variability in the content of minerals for the same species may be related to genetic 

origin, geographical source and the levels of soil fertility. The low sodium range makes the 

legume a good food source for people on low sodium diets (Vadivel and Janardhanan, 2000) . 

The investigated tribal pulse, itching bean exhibits the highest level of niacin content (Table 

2. 11). According to th e author, this was found to be higher than that of earlier reports in Cajanus 

mi(/JI. Dolicl/Os /ah/uh . D. hiflorus, Mucuna pruriens, Phaseolus mungo, Vigna catjang and 

{'igllo sp (Raj yalaksmi and Geervani, 1994) Rhyncosia jilipes, R. suaveolens, Vigna unguiculata 

subsp. unguicuLata, V. unguicuLata subsp. Cylindrical (Arinathan et al., 2009; Arinathan et ai., 

2003). The investigated tribal pulse also registers higher level of ascorbic acid content than Cicer 

arietnum (Fernandez and Berry, 1988), Atylosia scarabaeoides, Lablab purpureus var. lignosus, 

Dolichos trilobus and Teramnus labialis (Arinathan et aI., 2009; Arinathan et al., 2003). 

The am ino acid prof! Ies of th e purified seed proteins and the essential ammo acid score are 

prese nt ed ill Ta bl e ~ I ~ . The essential ammo acid profiles of total seed proteins compared 

fa \ourabl y wi th the FAO/WHO (1991) requirement pattern, except that there are deficiencies of 

sulphur containing amino acid in all the three accessions and also in the leucine in Thallaianani 
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~ Ic c c ss ioll, I) Sllle in Si ruvani accession and tryptophan contents in all the accessions. All the 

three access ions of seed materials of itching beans, the Thallaianai accession registers the highest 

level of in vitro protein digestibility (75.16%) compared to other accessions and its protein 

digestibility is found to be higher than that of an earlier study in the other species of Mucuna ( 

Ravindran and Ravindran, 1988) and Soya beans ( Ekfenyong and Brochers , 1979). In the 

present study, the high level of trypsin inhibitor activity in the Saduragiri accession (48.30 TIU 

mg-l proteins) might be attr ihu ted for low protein digestibility. The presence of antinutritional 

1;Il'tors is nnl' 01' the Ill-l iur dLI \\ hacks limiting the nutritional and food qualiti es of the legumes 

(Salu nkhc el u/ ., 1982). For thi s reason, a preliminary evaluation of some of these factors in raw 

itching bean is made. Total free phenolics occurred within the range of 4.38 - 5.02% and tannins 

ranged from 0.24 to 0.30%. Tannins have been claimed to affect adversely protein digestibility 

(1988). In Mu cuna beans, Ravindran and Ravindran and Mary Josephine and Janardhanan (Mary 

Josephine and J anardhanan, 1992; Ravindran and Ravindran, 1988) reported that most of the 

tannins are located in the seed coat with on ly traces in the cotyledons. 
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Table 2.12: Amino acid profiles of acid- hydrolysed, purified total seed proteins of the seeds 

of three accessions of M ucuna pruriens var. pruriell s (g 1 OOg-l )a. 

Amino acid Saduragiri EAAS Siruvani EAAS Thallaianai EAAS 

C lutamic acid 14. 11 13.50 10.38 

Aspartic acid 12.98 12.44 13 .11 

Serine 4.40 3.50 4.24 

Threonine 3.78 111.674.12 121.17 3.56 104.70 

Proline 2.80 4.04 2.44 

Alanine 4.24 4.94 5.12 

Clycine 5.95 4.44 4.90 

\ ' ~lU lin c -"\ .90 111.424.06 11 6.00 3 .56 101.71 

Cystine 0. 54 0.73 l.01 

Methionine l.24 71.20 0.68 56.40 0.74 70.00 

Isoleucine 5.94 212.146.94 247.85 6.24 222.85 

Leucine 7.24 109.696.30 95.45 5.94 90.00 

Tyrosine 4.94 5.01 4.24 

Phenylal anine 3.98 141.58 3.44 134.12 4.01 130.95 

Lvs ine h.O 1 103.62 5.68 97.93 6.61 113 .96 

Hi stidine .+.44 233 .68 3.60 189.47 2.90 152.63 

Tryptophan 0.88 80.00 0.92 83.63 0.56 50.90 

Arginine 5.06 5.94 6.66 

EAAS-Essential amino acid core (Fathima et al., 2010) . 
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Since the seed coats are usually removed by soaking pnor to consumption, the tannins In 

Mucuna beans are of little significance from the nutritional point of view. Besides, Siddhuraju et 

al and vijayakumari et al (vijayakumari et aI., 1996; Siddhuraju et al., 1996) reported that in M. 

pruriens, the leve ls of phenolics and tannins are reduced significantly during dry and wet heat 

trl'atmcn ts alld the ir rl'd li lli oll illl pro\'Cs the protein di ges tibilit y. 

2.10 Ground Beans-Ke rsting's (Kerstingiella geocarpa) 

Groundbean (Kerstingiella geocarpa harm) is a lesser known and under-exploited grain legume 

crop. It is said to have originated in the saVaIma areas of West Africa and has a very restricted 

range of cultivation being confined to tropical Africa, particularly Nigeria, Mali, Burkina-Faso, 

Upper Volta, Niger, Benin and Togo (Kay, 1979; Obas'i and Agbatse, 2003) where it is grown at 

subsistence leve l. 

Gc rmination is one of' the mcthods used in elimination of various anti-nutritional factors present 

ill foods. It is J Ilatural proccss in which dormant but viable seeds are induced to start growing 

into seedlings. This is the process by which amylase degrade starches into dextrin and maltose. 

Germination of seed is a simple process that. does not require sunlight or soil and requires only 

short sprouting time. However, its yield is high (Chen, 1970). It is characterized by a changing 

array of enzymatic activities. Some of these activities increase dramatically from an initially low 

or even undetected state to a moderate level. Later these activities then decline to an activity 

lo\Ver than in iti all y present. Another group of enzyme activities are found in dry seed at an 

inte rmcdiate le\ el " hi d reillain constant throughout germination e.g, amylase, 

ulllylog lucos idase ami g luthamine. The enzymes convert the stored foods such as insoluble 

carbohydrates and proteins to soluble components (Enwere, 1998). Nout and Ngoddy (1997) 
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reported thatgerrnination of seeds triggers the enzyme systems that cause breakdown of complex 

macromolecules of proteins, carbohydrates and lipids into simpler forms that are much easily 

ass imilated. Proteins are broken down to peptides and amino acids by protease activity. Nitrogen 

is trans ferred (0 deve loping ax is, carbohydrate to simpl er sugars by amylase, phytic acid to 

i Il os it o l and phosphoric bv ph y1 ase and breakdown o f tannin-proteinenzyme- mineral complexes . 

Sproll ti ng seeds o f most cerea ls and legumes have shown improvements in nutrients in human 

di et and compare well with their fresh counterparts ifnot better (Kakade and Evans, 1966; Kylen 

and McCready, 1975). 

Studies have shown that although legumes are known for their high protein content, their util ity 

is limited because of the low protein digestibility. A combination of sprouting and cooking 

resulted in an excell ent di gestibility coefficient (El-Hag et al., 1978; Ologhobo and Fetuga, 

1(86) . Germ illa ti on rC<.; Ll lted in grea ter retention o f all minerals and B-complex vitamins 

compared to cooking trea tment in chi ckpeas (EI-Adawy, 2002). Gel111ination increased amount 

01' thiamin , ri bo fl av in , niac in and ascorbic acid in both soybean and mung bean (Abdullah and 

Bald win , 1984). Mineral values in sprouted beans increased with germination except with iron. 

Iron values decreased in sprouted seeds but its availability increased due to an increase in 

phytase activity during seed germination (Bates et al., 1977; Walker and Kochhar, 1982). As 

gel111ination takes place, the anti-nutritional factors are greatly decreased to insignificant levels 

or to nothing (F I-Adaw y, 2002 ~ Ugwll and Oranye, 2006). 
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Table 2.13: Proximate composition of ungerminated and germinated groundbean 

Composition (%) GGBO GGB24 GGB48 GGB72 GGB96 ±SEM 

Moisture 8.75 8.25 8.25 8.75 8.55 0.022 

Crude protein 22.19 22.00 22.l9 22.29 22.61 0.060 

True protein 20.86 20.68 20.86 21.26 2l.25 0.040 

True nitrogen 3. 36 ) .31 3.34 3.40 3.40 0.015 

on protein nitrogen 0.21 0.21 0.21 0.22 0.22 0.000 

Ash 2.65 3.45 3.81 3.95 3.59 0.015 

Fat 1.05 1.23 l.20 l.11 l.22 0.0l3 

Fiber 2.92 3.48 3.25 3.36 3.62 0.017 

Carbohydrate 67.40 6l.59 61.29 60.14 60.41 0.064 

Values are means of triplicate samples ±SEM; Means bearing different superscripts in the same 

column differed (p<0.05) GGBO = Oh Germinated Groundbean GGB24 = 24h Germinated 

Groundbean GGB48 = 48h Germinated Groundbean GGB72 = 72h Germinated Groundbean 

GG B96 = 96h Germi J1Jted Groundbean (Echendu , el al ., 2009). 

2.11 Black gram (Vigna mungo) 

Bl ack gram or urid is one of the important pulse crops in India. Black gram (Vigna mungo L) 

reported to be originated in India. Its references have also been found in Vedic texts such as 

Kautilya ' s ' Arthasasthra' and in 'Charak Sarnhita' lends support to the presumption of its origin 

in Indi a. India is the largest producer and consumer of Black gram in the world. 
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Bl ack gram is a rich protein food. It contains about 26% protein, which is almost three times that 

of cereals. Black gram '"> uppli es a major share of protein requirement of vegetarian population of 

Indiall . It is CUI1SUI11cd In the (01111 of sp lit pulse as wel l as whole pul se, which is an essentia l 

supplement of cereal based di et. The combination of dal-chawal (pulse-rice) or dal-roti (pulse

wheat bread) is an important ingredient in the average Indian diet. The biological value improves 

greatl y, when wheat or rice is combined with Black gram because of the complementary 

relationship of the essential amino acids such as arginine, leucine, lysine, isoleucine, valine and 

phenylalanine etc. 

In additio n, being an illlpu rt ant source of hum an food and animal feed, it a lso plays an important 

role in sustaining soi I fert ility by improving soil physical properties and fixing atmospheric 

nitrogen. Bein g a drought resistant crop, it is suitable for dryland farming and predominantly 

used as an intercrop with other crops. The chemical composition of Black gram IS given as 

under: 

Table 2.14: Nutritional composition of Black gram 

Calorie Crude protein Fat CRO Ca Fe p Vitamin (mg! 100g) 

(caUIOOg) (%) (%) (%) (mg!100g) Bl B2 Niacin 

350 26.2 1.2 56.6 185 8.7 345 0.42 0.37 2.0 

Source: Pulse Crops, IAR I, New Delhi , (2002). 
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 Materials-Beans 

Eight different local beans species were screened for their urease activities in this experiment. 

The beans samples wcre identi fied at International Institute of Tropical Agriculture (IIT A), 

IbaJan. ~igeriLI. The (\.)1 11 111011 and botanical names of the beans samp les are shown in table 3.10. 

Six of the samples Lima beans-Phaseo/us lunatus, Mexican yam beans-Parchyrhizus tuberrosus, 

African yam beans-Sphenostylis stenocarpa, Soya bean-glycine max, Pigeon pea-Cajanus cajan, 

Black gram-Vigna mungo, were procured from Sabo market in Kaduna, Kaduna State-Northern 

Nigeria and the remaining two; Mucuna prureins and Kerstingella-Kerstings geocarpa were got 

from Owo in Ondo State-Western Nigeria, in the month of December, 2010. 

Table 3.1: Ta xonomic Identification of Beans 

Common name 

Lima beans 

Mex ican yam beans 

African yam beans 

Soya beans 

Pigeon pea 

Mucuna spp 

Kerstingiella 

Bl ack gram 

Botanical name 

Phaseolus lunalus 

Parchyrhizus tuberrosus 

Sphenostylis stenocarpa 

Glycine max 

Cajanus cajan 

Mucuna pruriens 

Kersl ings geocarpa 

~ ·iglla mUlIgo 
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Identity abbreviation 

Tpl 

Tptu 

Tss 

Tcc 

Tkg 



3.2 Equipment and Laboratory Apparatus 

,.. RC- I ()\;1 rcfri geralcd centrifuge Sherwood medicals England . 

,.. Biochrom (Biochrom Ltd) UV 2800 Double beam; UV/VIS scanning spectrophotometer. 

~ DNP-982 Laboratory incubator; Gulflex Medicals and Scientific England. 

~ Thermo cool refrigerator 

~ pH meter- Crison micropH 2000 

,.. Weighing balance - Scout pro OHAUS-200g and Brain weigh B-300 OHAUS. 

,.. General glasswa res 

3.3 Reagents and their Preparation 

3.3.1 Reagen ts 

All the reagents used were of analytical grades 

~ Tris buffer (Laboratory Technology Chemicals, pH=7.5-1 0 .0) 

~ Acetic acid (BDH chemicals) 

~ Nessler 's reagent (Sodium Hydroxide, potassium Iodide and Mercuric chloride- BDH 

chemicals) 

,.. Acetone (BDH chemic als) 

,.. Chitosan 

..,.. Distilled water 

~ Deionized water 
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3.3.2 Prepar ation of Extraction and Assay Buffers 

The buffering system used for the extraction of urease enzyme was Tris-acetate buffer as 

dl..' ~nil1l'd by K;I)<lsth.1 amI \'ila njana ( I <)<)')). The extraction buffer contained 25mM, pH 6.5 

Tri s-acctatc . \\' hcre th e <\ ci d is acetic acid and the Base is Tris . 

Acetic acid (0.14ml) was measured into 100ml distilled water and 0.3g of Tris into another 

100mi of distilled water. The two solution were titrated (Acid-Base) and the extraction buffer 

was graduated to pH 6.5 while the assay buffer was graduated to pH 5.5, 6.0, 6.5, 7.0, 7.5 and 8.0 

with the pH meter. 

3.4 Ext raction and C harac terization of Urease 

l ' rease from l 'nge r mina ted Bea ns 

Grease was extracted from different beans samples according to the method described by 

Kayastha and Nilanjana (1999). The beans samples were blended coarsely with laboratory 

mortar and pestle and 50g of the beans meal was soaked overnight in 100ml extraction buffer 

(0.025m Tris-acetate buffer, pH 6.5) at 4°C (Refrigeration temperature). The soaked beans meals 

were swirled for 2 minutes and then sieved with four layers of pre-washed and dried white 

muslin cloth , the filtrate was centrifuged at 15000rev/min for 15mins under refrigeration 

conditi on 41 'C. The clea r supematant was collected while the sediment was washed and 

di scarded. The filtrate from the protein was added to the general pool. 
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3.5 Precipitation with Acetone 

Procedure 

To the clear suprantant was added a cold acetone in a range of one-third the volume of the crude 

ex tract at oOe (ice-ch est with constant swirling) . After 15mins in ice-chest, the suspension 

(p recipitat e) was centri I'uged at 15000rev/min for 2 mins at 4°C. Equal volume of cold acetone 

was added to the supernatant for further precipitation. The precipitate was dissolved in a 

minimum volume ofO.05M Tris-acetate buffer which represent the crude urease enzyme and was 

stored at frozen temperature for further analysis. 

Germination 

The various beans samples were layered on woolen material and also covered with the same 

material , and watcr W(l S applied to moisturi ze the beans. Under this humid and warm condition, 

th e bcan seeds initiall y sV\cllcd then began to germinate (develop radicles) after 72hour. 

The ge rminati on process was stopped by freezing the beans for 12 hours followed by 2days sun 

drying. The enzyme process was repeated for germinated beans. 

3.6 Determination of Protein in Crude Extract 

The determination of the protein content of the crude extract is essential for the calculation of the 

specific activity of the urease enzyme (Bergunger and Bergmeyr, 1986). 
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3.6.1 Spectrophotometric Determination of Protein 

Procedure 

To O.lml of beans crude protein in a test tube was added 9.9ml of 0.05M Tris-acetate buffer 

(pH6.S) solution . The content was stirred with a glass rod and lml of the diluted crude protien 

was transferred into a clean test tube with syringe and was made up to 10m!. The absorbance of 

the sample so luti on was taken against the Tris-acetate buffer on a UV/VIS spectrophotometer 

(Biochro lll L'\' 2800 Do uble beam ; UV/VIS scanning spectrophotometer) at two wavelengths 

260 and 280nm. 

Calculation: 

To calculate the protein concetration calcar's emperical formula was used: 

Where x is the protein concentration in solution gllitre and E is the absorbance. E280 and E260 are 

abso rbance at 280 and 260nm respecti vely. 

3.7 Urease Enzyme Assay 

Nesslers' Reagent Preparation 

Fifty gram of potassium iodide was dissolved in 50ml of cold distilled water. Then a saturated 

solution of mercuric chloride (22g of HgCl2 in 350ml of water was added) until an excess was 

indicated by the fonn ation of a precipitate. Then 200ml of SN NaOH solution was added. The 

reac tio n Illi \tllre \\as ~t il Ted "nd dilut ed to one lit er. The mi xture was a llowed to settl e and 

filte red. The res idue \\.:IS d iscarded and the clear supernatant was used . This procedure was 
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adapted from 'SAL l' LA KE METALS (Rock y Patterson) COMPANY, 115 EAST 

BRIGADOO . SAL TLAKE C ITY UT84117'. 

Assa~' Procedure 

To 0.9ml of assay buffer (O.OSM Tris-acetate, pH 7.0) was added O.lml of appropriately diluted 

enzyme (20-fold dilution in same buffer) and incubated at 60°C in 1ml of O.2M urea. After 

30mins, the reaction was stopped by reducing temperature to lOoC (stopping an enzyme 

catalysed reaction is concerned with changing the environmental condition such as the pH and 

temperature of the enzyme). An aliquot (1 ml) of the reaction mixture was transferred to a SOm! 

b~ak.~r alld 11111 ;\;~s~kls ' reage nt v\as added with constant swi rling and the volume made up 

\\ ith di still ed \\ ate r aftl' r Imin of reacti on. The yellow colour produced was measured at 40Snm 

with UV /VIS spectrophotometer (Biochrom UV 2800 Double beam; UVNIS scanning 

spectrophotometer). A blank was run without the enzyme and urea. An enzyme Unit (U) in this 

present work is defined as the amount of enzyme required to liberate 1 !-lmoI ammonia in 1 min 

under the reaction conditions (O.2M urea, O.OSM Tris:'acetate buffer, pH 7 at 60°C). The 

experiments were conducted in triplicate. 

The urease ['mill both germilla ted and ungerminated beans were charactirzed for optimum pH, 

tem perature and kinecti c parameters under standard assay condition. 

3.7.1 Optimum pH 

In order to determine the optimum pH for urease activity from germinated and ungerminated 

beans samples, enzyme activity were assayed in pH ranging from 5.5 to 8.0 at constant 

temperature 60°C and 0.2M urea for 30mins. 
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3.7.2 Optimum Temperature 

To determine the optimal temperature up to which the urease enzyme from both germinated and 

un germinated beans ca n withstand temperature urease enzyme was suspended in Tris-acetate 

hurrer (CU)) 1\1 ) and op tillluill pH above, and incubated at di fferent temperatures (30 to 80 °C) for 

JO ll1in befo re the ac ti \ ity was measured. 

3.7.3 Determination of the Kinetic Parameters (Vmax and Km) 

To determine the kinetic parameters (Km and Vmax ) the substrate concentration was varied (0.1-

0.6M), at optimum pH and temperature of urease from germinated and ungerminated beans. The 

values of Km and Vmax were determined using Lineweaver- Burke plots. 

The catalyti c effi ciency was detemlined for urease from germinated and ungerminated beans 

samples: V,II,II /K III accord ing to the method o f Juan el a I. , (20 10). 

3.8 Partial Purification of Urease 

Urease would be further purified from any samples that showed higher activity compared to soya 

beans and pi geon pea for immobilization. These samples (soya beans and pigeon pea) have been 

shown in literature to have high urease activity (Kayastha, 1999 and Polacca & Holland, 1993 ; 

1994). The protein so precipitated was redissolved in Tris buffer (10ml) and loaded (2ml) onto a 

sephadex G-J 00 co lu llln (3.0:-< I Scm) , prev iously equilibrated with O.OSM Tri s-acetate buffer, pH 

7 () ( I Sml /g b ' cl \'o lulll e) . The adsorbed protein was eluted using 0.1 M Tri s-acetate buffe rs , 

pH 7.0. Eluent s were co ll ec ted at 20ml per tube . After collecting the pass through, the column 

was washed with two-bed volumes of the same buffer. 
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3.9 Urease Ezyme Assay 

The protein content of the fractions (20ml eluent) were determined spectrophotometrically 

following the procedure discussed earlier 

3.10 Preparation of I mmobilization Buffer 

The preparation of illllllobili ;,ution buffer followed the same procedure as the extraction buffer. 

The buffering system contained 100mM Tris-acetate (pH 7.0). 

The enzyme assay was performed in each eluent collected (20ml). The reaction mixture 

contained O.IM Tris-accetate buffer, pH 7.0, 0.02M urea and the enzyme was incubated for 

30min at 37°C, and the reaction was stopped reducing the temperature to lOoC. Urease activity 

was determined by measuring the amount of ammonia released from urea using the Nessler ' s 

reagent. The reaction was monitored spectrophotometrically at 40Snm. The protein level of the 

ac tive fractions (1 00-140ml) was determined before and after immobilization. 

J.10.1 Formation of C hitosan Beads 

Chitosan beads were prepared according to the method Nastratum et ai., (2009). The chitosan 

powder (3g) was first dissolved in 1 % acetic 'acid. The solution of the chitosan powder was then 

introduced into a 20ml syringe and extruded through the syringe needle into a solution of 1 M 

NaOH containing 26% (v/v) ethanol under constant stirring. The spherical beads (Smm in 

diameter) were formed as a result of coagulating effect of NaOH and ethanol. The mixture was 

al loV\ed to remai n ll\ crnight at 4('\C refrigeration temperature , The spherical beads were 

harvested by fi ltrati oll anJ V\ashed with deionized water until neutrality and were stored in 

deionized water at 4°C until needed. 
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3.10.2 Immohilization l'rease Enzyme 

Procedure 

The immobilization was performed according to the method of Zu pei LiANG, et ai., (2005). 

The chitosan beads were immersed in urease solution with a given enzymelbeads ratio 

(2ml/gbeads). The mixture was gently stirred for 10mins and then placed in refrigerator at 4°C 

for 24hours . The supernatant was removed and the beads washed three times with deionized 

water. The immobili zed urease was recoverved from spent so lution and stored at 4°C for reuse . 

3.10.3 Assay for the Activity of Free and Immobilized Urease 

The urease enzyme activities were determined in both free and immobilized enzyme, according 

to the reaction condition stated in section 3.9. There after the free and immobilized urease were 

characterized for optimum temperature, substrate concentration, storage ability and reusability. 

3.10.4 Optimum Temperature 

To detemline the optimal temperature at what limit the immobilized enzyme can withstand 

themla l stress, free and immobili zed enzyme were suspended in Tris-acetate buffer (0.10 M, pH 

7) and incubated at di fferent temperatures (30 to 80 °C) for 30 min before the activity was 

measu red as described in secti on 3.9. 

3.10.5 Determination of the Kinetic Parameters (Vmax and Km) 

To determine the kinetic parameter of the partially purified urease, the substrate concentration 

was varied (O .OI-O.IM) for both free and immobilized enzyme at optimum temperature, 40°C 

and 0.1 M Tris-acetate buffer pH7.0. The rate of reaction was measured at 405nm. The values of 

Km and Vmax were determined by using Lineweaver-Burke double reciprocal plots. 
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3.1 0.6 Storage Abili ty and Reusability 

To detemline lhe storage ability of free and immobili zed urease, the activity was monitored 

\\ 'Cekly. However, th e reusabi lity of the immobili zed enzyme was determined by using it 

repea ledl y at 4()()e, O. 02 V1 urea and 0.1 M Tris-acetate buffer (pH 7.0). 

3.11 Statistical Analysis 

All data obtained in this work were statistically analyzed on the basis of germinated and 

ungerminated beans samples, using descriptive, analysis of variance and Students T -test with 

SPSS 15.0, Graphpad and SAS system for windows 9.0, at p< 0.05 level of significance. 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION 

4.1 Protien Level in Germinated and Ungerminated Beans 

The result s or protein IC \'e l in germinated and ungerminated beans are presented in Table 4.1 

respective ly. The result showed that, germination significantly (p<0.05) reduced the protein level 

in the beans when compared to the ungerminated beans samples. However, effect of germination 

on protein leve l of Cajanus cajan was significantly (p<0.05) higher than other beans samples 

with 71.36% and 3.49fold decrease in protein level, whereas, the effect of germination on 

Parchyrhizus tuberrosus was least significant (p<0.05) with 2.89% and 1.03fold decrease in 

protein level when compared to others . Additionally, the protein content of both germinated and 

ungellllinated M uclIl1 ({ pruri(> I1 s was significantly (p<0.05) higher compared to protein of other 

beans sampl es . 

-t .2 Urease Spec ific Activity in Germinated and Ungerminated Beans 

The urease activities pattern in germinated and ungerminated beans is shown in Table 4.2. From 

the result, germination significantly (p<0.05) increased the urease activity compared to the 

ungerminated beans samples. The effect of germination on urease activity in Glycine max was 

significantly (p<0.05) higher than other beans sample with 672 .20% and 7.72fold increase, 

while, germinat ion effect on Parchyrhizus tuberrosus was least significant (p<0.05) with 13.70% 

~tlld 1. I-lf,)l d il1 l'1'lW';l' II llJ'l';tS,-' llc ti\ 'it) \\ he ll co mpared to others (See Ap pendix A). However, 

germinati on red uc ed the urease ac tivity in Sphenosty fis stenocarpa. 
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Tahk .. "1: Protrin Ln cI in Germinated and Ungerminated Beans Samples 

Beans samples Germinated (mg/g) Ungerminated(mg/g) % Decrease Fold decrease 

Glycine max 60.13±8.89b 90.l7±2.11 a 33.32 l.SO 

Parchyrhizus luber 43.73±0.47 a··· 4SS.03±7.6Sa *** 2.89 l.03 

Phaseolus lunalus 46.93±9.2S a··· Sl.00±4.16ans 7.98 l.09 

Ca.janus cajan lS . l3±2. 14bns S2.83±2.02ans 71.36 3.49 

Mllcllna pruriens 91 .1l±5.54b··· 9S.57±7.68a•• 4.65 1.05 

A:enl i n ,':!,s ,':!,C (}( ("pU ~ (U O =- ~ . 08h··· 67.17±2.14ans 56.38 2.29 

/ ·igna mungo 22.37±6.04 b··· 72.90±2.08ans 69.31 3.26 

Down columns, values with ns, *, * * and * * * are statistically different from Glycine max at p< 

0.05 , < 0.01 and <0.001 level of significance respectively. Across rows, values with different 

letters (superscripts) are statistically different at p<O.OS. Each data is mean±SD of three 

replicates. NS: not significant. 
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Table 4.2: Urease Specific Ativity in Germinated and Ungerminated Bea ns 

Bea ns sa mp les Cerminated (U/mg) Ungerminated (U/mg) % Increase Fold increase 

(j/l'cine max 695±0.05 h 0.90±0.03a 672 .2 7.72 

fo/'chl'l'hi:::lIs I uher 1.66±0.07 a··· 1.46±0.07a••• 13 .70 1.14 

'~/7henosfy/is slenoc 1.20±0.06b*** 1.40±0.06 -16.67 0.86 

Phaseolus lunatus 1.51±0.06 b··· 1.04±0.06ans 45.19 1.45 

Cajanus cajan 5.47±0.19 b··· 1.24±0.06 a··· 341.13 4.41 

Mucuna pruriens 3.59±0.06 b··· 1.17±0.03a••• 206.84 3.07 

Kerslings geocarpa 3.49±0.10b
••• 0.93±0.04ans 275.27 3.75 

Vigna mungo 1.99±O.15 b
••• O.77±O.O4 a· 288.31 3.88 

1)()\\ll colllllln". ,~t1l1l' " ' ,\ l ll1 n'> . *. ** and *** are stati stically different from Glycine max at p< 

(J.()5. < 0.0 I and <0.00 I leve l of significance respectively. Across rows, values with different 

letters (superscripts) are statistically different at p<O.OS. Each data is mean±SD of three 

replicates. NS: not significant. 
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4.3.1 Optimum pH 

The result of optimum pH for urease extracted from germinated and ungerminated beans samples 

are presented in Figure 4.1 (a-c) to 4.2 (a-c) and summarized in Table 4.3. The result showed 

that, the optimum pH of urease from both germinated and ungerminated beans samples ranged 

between 6.5 and 7.0. 
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Figure 4.1 a: Effect of pH on urease from germinated beans. 
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Figure 4.1 b : Effect of pH on urease from germinated beans. 
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Figure 4.1c : Effect of pH on urease from germinated beans. 
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Figure 4.2a: Effect of pH on urease from ungerminated beans. 
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Figure 4.2b: Effect of pH on urease from ungerminated beans. 
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Figure 4.2c: Effect of pH on urease from ungerminated beans. 

4.3.2 Optimum Temperature 

The results of optimum temperature for urease from germinated and ungerminated beans are 

shown in Figure 4.3 (a-c) to 4.4 (a-c) and summarized in Table 4.4. Results showed that, the 

optimum temperature for urease from both germinated and ungerminated beans samples ranged 

between 65 and 70De. 
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Figure 4.3a: Effect of temperature on urease from germinated beans 
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Figure 4.3b: Effect of temperature on urease from germinated beans, 
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Figure 4.3c: Effect of temperature on urease from germinated beans. 
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Figure 4.4a: Effect of temperature on urease from ungerminated beans. 
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Figure 4.4b : Effect of temperature on urease from ungerminated beans. 
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Figure 4.4c: Effect of temperature on urease from ungerminated beans 

4.3.3 Substrate Effect and Enzyme Kinetics (Vmax and Km) 

The results of substrate effect on uresae enzyme activity are presented in Figures 4.5 (a-c) and 

4.6 (a-c). From the results, urease activity follows the expected Michelis-Menten curve. The 

results of reaction velocity (Vmax) and the Michelis-Menten's constant (Km) are presented in 

Figures 4.7 (a,b) and 4.8 (a,b) and the summary of the kinetic parameters in Table 4.3. The Vmax 

of urease from germinated beans samples was significantly (p<O.05) higher than the 

ungerminated beans, while the Km showed a corresponding Michelis-Menten pattern 
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Figure 4.5a: Effect of substrate concentration on urease from germinated beans 
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Figure 4.5b: Effect of substrate concentration on urease from germinated beans 
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Figure 4.5c: Effect of substrate concentration on urease from germinated beans 

86 



1.4 

1.2 

1 

0.8 

0.6 

0.4 

0.2 

o +---~----~----~--~----~----~--~ 
o 0.1 0.2 OJ 0.4 0.5 0.6 0.7 

-+-G. max ungerminated 

_ c.cajan ungerminated 

-"'M. pruriens ungerminated 

Figure 4.6a: Effect of substrate concentration on urease from ungerminated beans 
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Figure 4.6b: Effect of substrate concentration on urease from ungerminated beans 
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Figure 4.7b: Double reciprocal plot of rate Vi vs 1/[SJ for urease from germinated beans. 
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Figure 4.8a: Double reciprocal plot of rate V vs lI[S] for urease from ungerminated beans 
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Tab le 4.3: Kinetic Characteristic of Crease from Germinated and Ungerminated beans 

V,,,aAU /mg) Km(mM) Catalytic efficiency 

Beans sa mples Germinated l"ngermi nated Germinated Ungerminated Germinated Ungerminatd 

e/l 'cine max 11.67±0.73b 1.64:::0, 17J 0.38±0.04b 0.15±0.03 J 30.71 10.93 

1>(/rc/7u'h izus tuber 
a··· , . .. 

4.09±0.47 3,68 d).88- 0.30±0.10ans 0.35±O.15 
J' • 

13.63 10.51 

Sph C' l1 ostylis steno 
b··· il·· · 2.37±0.38 4, 71 ~().23 0.19±0.06 a· 0.16±0.02"'h 12.47 29.44 

Phaseolus lunatus 2.23±0.16 a- ·· 1.87± 1.63an5 0.15±0.05 a-·· 0.29±0.04 a" 14.87 6.45 

Co/anus cajan 12.49±0.56bns 2.04±0.65 ans 0.21±0.01 a· 0.20±0.11 alh 59.48 10.20 

Mucuna pruriens 6.68±O.81 b··· 3.39±0.20a" 0.28±0.05ans 0.29±0.22a· 25.69 12.11 

Kerstings geocarpa 3.06±0.26b••• 1.32±0.08ans 0.14±0.04 a· · O.l3±0.0 1 an, 21.86 10.15 

Vigna mungo . 4.95±0.71 b··· 1.02±.06ans 0.18±0.06 a· · 0.046±0.004b• 27.50 22.17 

Down columns, values with ns, *, ** and *** are statistically different from Glycine max at p< 0.05, < 0.01 and <0.001 level of 

significance respectively. Across rows, values with different letters (superscripts) are statistically different at p<0.05. Each data is 

mean±SD of three replicates. NS: not significant. 
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4.4.1 Protein Level and Urease Enzyme Activity of Fractions 

The results of protein level and urease specific activity in Mucuna pruriens after partial 

purification are presented in Figure 4.9. The protein level showed one peak at fraction 120ml. 

The results of urease specific activity showed that, activity was highest in fraction 120ml. The 

active fractions 100-140ml were pooled together for immobilization. The protein levels of the 

active fractions pooled was 17.30mg/g, while 1O.80mg/g protein was observed in immobilized 

urease. 

25 

20 

15 

10 

5 

o +-----~~-------,--------,-----~.-~~--~ 
o 50 100 150 200 250 

Figure 4.9: Specific activity and protein level of urease. 
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Table 4.4: Purification of urease from Mucuna pruriens 

Fraction 

Acetone 

Sephadex G-100 

Protein (mg/g) 

95.57±7.68a 

20.77±0.35 b 

Urease activity (U/mg) 

1.17±0.03a 

18.69±0.12b 

Within columns, values with different letters (superscrpts) are statistically different at p<O.OS. 

Each data is mean±SD of three replicates. 

4.5 Characterization of Immobilized Urease 

The results of optimum temperature, substrate concentration profile, storage ability and 

reusability of the immobilized and free urease enzyme are shown below. 

4.5.1 Optimum Temperature 

The results of optimum temperature for immobilized and free urease enzyme are shown in Figure 

4.10. Results showed that, optimum temperature for both free and immobilized urease enzyme is 

40°C. 
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Figure 4.10: Effect of temperature on free and immobilized urease 

4.5.2 Substrate Concentration and Enzyme Kinetics (Vmax and Km) 

~FREE ENZYME 

_ IMMO ENZYME 

The result of the effect of substrate concentration on specific activity of free and immobilized 

urease enzyme are presented in Figure 4.11. From the results, urease activity was signicantly 

(p<0.05) higher in free urease enzyme compared to the immobilized. The results of reaction 

velocity (Vmax) and the Michelis-Menten constant (Km) are presented in Table 4.5. The partial 

purification step significantly (p<0.05) increase Vmax and decrease Km in free and immobilized 

urease compared to crude. 
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Figure 4.11: Effect of substrate concentration on free and immobilized urease 
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Figure 4.12: Double reciprocal plot of rate VI vs l /[S} of immobilized and free urease 
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Table 4.5: Kinetic parameters of free and enzymes immobilized on chitosan beads 

Urease Enzyme 

Immobilized 

Free 

Km(mM) 

0.04 

0.02 

4.5.3 Storage ability and Reusability 

Vmax (U/mg) Catalytic Efficiency 

19.23 480.75 

38.46 1923 

The results of storage ability of free and immobilized urease are shown in Table 4.6. The results 

indicated that, free and immobilized urease enzyme retained 50% and 25% activity respectively, 

after one week. The result of reusability is presented in Figure 4.13. The result showed that, 

immobilized urease lost activity completely after third cycle of reuse. 

Table 4.6: Storage ability of free and immobilized urease 

Storage period 

WeekI 

Week 2 

Free enzyme (US-I) 

17.38±0.17 

8.69±0.17 

100 

Immobilized enzyme (US-I) 

9.79±0.26 

1.99±0.00 
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Figure 4.13: Reusability of urease immobilized on chitosan beads 

4.6 Discussion 

The results of protein level in germinated and ungerminated beans are presented in Table 4.1. 

From these results, it was observed that germination significantly (p<0.05) reduced the level of 

protein in beans samples studied. Polacco and Holland, (1993) had shown that, urease in 

conjunction with arginase (Figure 2.3) utilizes seed protein reserve during germination. 

Additionally, according to Mobley et aI. , (1995), proteins, also act as urease-specific chaperones 

(Figure 2.5) in the process of nickel fixation (activation) into urease active site during 

germination (Polacco and Holland, 1994; Hausinger, 1997; Salomone et ai., 2007) thereby 

making free protein unavailable. The pathways shown in Figures 2.6 provide genetic information 
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of how seedling resen 'cd proteins is utilized in the process of nickel incorporation at the active 

site or urease uu rin g germi nat ion . It could therefore be accepted that, naturally, as plants grow 

the protein leve ls of the seedlings reduce as a result of biological handling of nickel and nickel 

trafficking in the urease system. However, the information about the role of proteins in nickel 

incorporation during urease activation is not limited to plants only. Bacteria such as K. 

aerogenes, Helicobacter spp. e.t.c and any other urea metabolizing organism make use of their 

accessory protein for urease maturation (Jabri et al., 1995; Tange and Niwa, 1997). Based on 

these facts, there was reduction in protein level in germinated beans when compared to the 

un genllinated as shown in th is study. 

In the sa me \ ei n, the pattern of decrease (folds and %) in protein level differs in the beans 

samples studied. These variations might be depended on protein level and the rate of urease 

utilization of the protein for maturation in each of the beans samples studied. The protein level of 

both germinated and ungerminated Mucuna pruriens is somewhat higher compared specifically 

to Gfvcine max as well as Sphenosty lis stenocarpa, Vigna mungo, Cajanus cajan, Kerstings 

geocarpa, Phaseo/us luna/us and Parchyrhisus tubberrosus (Table 4.l) . This suggested its high 

nutritional va lue. Arinathan ef (f l., (2009) had shown that, the protein level of Mucuna prureins is 

1 ~lr highcr th :il1 somc l'" ~ I h.' \\e ll kn o\\ 'n pul se such as, black beans, green gram, pigeon pea, 

chic k pea and cow pea . This nutritional profile of Mucuna pruriens makes it a good and cheap 

source of plant protein for animal feed and other industrial processes requiring protein. 

The result of effect of germination on urease specific activity can be seen in Table 4.2 . From the 

result, germination increased urease specific activity in the beans samples studied. It has been 
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reported that , urease specific activity IS increased during paInt germination, and this was 

attributed to the role of seedling accessory protein involved in nickel incorporation at the urease 

active site (Polacco and Holland, 1994; Mobley et aI., 1995). Urease maturation is very 

Il ecessa ry beCd use 01" Its ill vo lvement in seedlings ' nitrogen matebolism (Claus-Peter el aL. , 

~ ()() 2) . Incrc,\s,-' in urc ~ \ " e spccific acti\ 'ity is al so associ ated with plants urea metabolism, most 

especially when urea is supplied as fertilizer (Mobley and Hausinger, 1989; Mobley et al., 1995; 

Callahan et al ., 2005 and Ciurli, 2007). Ordinarily, the nitrogen present in urea is unavailable to 

the plant unless hydrolyzed by urease. Therefore, plants urease activity needed to be significantly 

increased to metabolize the bulk flow of urea which, if in excess could lead to leaf necrosis 

(Eskew et al. , 1983; Krogmeier et aI., 1989; Stebbins et al., 1991). Therefore, there was 

signi ficant (r<O.05) increase in urease activity in germinated beans compared to the 

unge rminated sampl es (Tabl e -+ .2). 

Comparing the urease activity profile in the various beans samples as shown in Table 4.2, there 

\-vas no signi ficant (p<0.05) difference in Mucuna prureins and Kerstings geocarpa among 

others. Whereas urease specific activity in Glycine max (Polacco and Holland, 1993, 1994) and 

Cajanus cajan (Kayastha and Das, 1998) are very high compared to others, although they are 

well studied for their urease activity. However, Mucuna pruriens could be a better source of 

urease due to the fact that. it has limitations as a food material. 

Addition all y, I"rom the result Table 4.2, Spenoszvlis slenocarpa showed a different pattern. The 

urease en/ym,-' acti vit v in gemlinated Sphenoslvlis slenocarpa was significantly (p<0.05) lower 

than the ungerminated Cfable 4.2) . It was observed that the germination did not have a 

significant effect on urease enzyme activity in the bean sample, though with lower protein level 
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(Table 4. I) . This mi ght be due to the genetic supression of urease gene of the beans whose 

inactivation might lead to reduction in urease activity. This observation could be supported by 

report on genetic analysis of urease from soya beans, where several genes became mutated and 

urease activity was lost despite reduction in protein level (Polacco and Holland, 1993; 1994). 

Torisky ef 01 .. (1994) ohserved that, soybean expresses a urease essential for assimilation of urea, 

either endogenously generated or environmentally available. This urease is encoded by Eu4 

(Glymallg37250) , which is expressed in all tissues examined, including callus and the 

dc\ elopi ng cillbryo t 1 uri sk)- e/ ul. , 19(4). Loss of urease activity leads to accumulation of urea 

in seeds and in leaves to the extent that leaf tips become necrotic (Stebbins et at., 1991). Similar 

trait was also observed in soybean plants deprived of nickel (Eskew et at., 1983), a component of 

the urease active site. The loss of urease activity in soya beans is however similar to Sphenosty lis 

stenocarpa where loss of urease activity was expressed after germination, although the genetic 

analysis of urease expression in this legume in not studied yet. 

The opti mum pH or crude urease enzyme frol11 the beans samples studied are shown in Figure 

4.:la-c and 4.4a-c. The result showed that , the pH optimum for crude urease in both germinated 

and ungerminated beans samples shifted towards neutral and was stable within the pH range of 

6.S-7.0. The optimum pH of urease from both germinated and ungerminated beans samples is 

summarized in Appendix A. However, the specific activity of urease enzyme from germinated 

beans was significantly (p<O.OS) higher than the ungerminated at the optimum pH of each 

urease, except urease extracted from both germinated and ungerminated Sphenostylis stenocarpa. 

The result ill this work is su pported by other researchers . For instance, optimum pH for urease 

act ivi ty in .Jack beans (Anita, et aI., 20 I 0 and Zu Pei LIANG et al., 200S), Rhyzopus oryzea 
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( eveen, l OO()) and sur face hl ac k soil (Lu, 2000) were found to be 7.0, 7.0 and 6.45 respectively. 

I he stabili ty 0 1' urcaSl' .Il' tl\ It) at these pH va lues may be ex plained by the structural changes 

occ un-ing in enzyme protcins caused by pH variation. The tertiary structure of a protein depends 

on interactions such as hydrogen bonding between enzyme amino acids functional groups. A 

change in pH can alter the ionization of these amino acid side chains and disrupt the native 

conformation and in some cases denature the enzyme. Hence, each enzyme has an optimal pH 

range that helps the maintenance of its native conformation in an environment, where it operates . 

The degree of ioni zatio n of the surface functional groups of amino acid residues is a function of 

the medium 's pH. Th e Ill ain fac tor in vol ved here is the titration of the ionizabl e group which 

maintai ns sur face charge, in the active site, or stabilizes the enzyme resulting in an optimum pH 

for the enzymc (Banu , lOa I ). Hence, from observation, germination did affect optimum pH for 

urease acti vit y in germinated beans samples. Because, it has been shown that, its only the 

incorporation of nickel in the active site of urease during the process of germination that alters 

the conformational state of the inactive Capo-urease) urease enzyme to form the active urease 

(Holo-urease) (Figure 2.3 and 2.5) (Hausinger, 1997). Since the optimum pH of enzyme only 

depends on tertiary structure of protein , therefore, germination did not confer any special trait on 

urease that cO lild influ ence the optimum pH , because there was no difference in optimum pH of 

url'(ISe de li\ it) ill gCI'Il 111latCJ an J unge rminated beans samples (Appendix A) . 

Thi s impli es that, urease can be very useful in clinical chemistry, for determination of urea in 

bio logical fluid such as blood and urine as well as water treatment. Besides, microencapsulation 

of urease in the development of artificial kidney for those with renal failure is possible, because 

both blood and urease are stable at pH around neutral. 
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The optimum temperature of crude urease from the studied beans samples are shown in Figure 

4.3a-c and 4.4a-c and summarized in Appendix B. The result showed that, optimum temperature 

ranged between 60-70"C for both germinated and ungerminated beans samples. From the result, 

ge rminati on d id no t k lVl' effec t on th e optimum temperature of urease when compared to the 

1I11 gcrlnilldtcd (T'-1hlc -L-l l. I<r:lj ewska, (2009), observed that , urease is a thermostable enzyme. 

Published works on optimum temperature for urease activities in Jack beans (Anita et aI., 2010), 

Rhizopus oryzae (Neveen, 2006), Yersinia enterocolitica (Jagsharan and Neeru, 2009), purified 

Chenopodium album leaves (EI-Shora, 2001) are 60, 55, 65, 60 and 40°C respectively. The 

temperature dependence of an enzyme-catalyzed reactions exhibit an optimum because the 

themlodynamic increase of reaction rate is followed by a steep drop caused by thermal 

denaturation of' th e en/ Vill e (Wo lfgan g, 2007) . 

The hi gh optimum temperature of urease makes it very relevant in any industrial process 

in vol ving urease at high temperature. For example, urease is used as a reducing agent in 

alcoholic beverages, in the manufacture of glues, hair conditioners and plastics . 

The substrate concentration on enzyme activity profile follows the normal Michelis-Menten rate 

of reaction which means that the enzynle do not deviate from the expected enzyme 

characteristics . The res ults of the effect of substrtate concentration on the enzyme activity and 

kinetics are shown in Fi gure 4 .50a-c, 4 .60a-c , 4 .70a-b and 4.80a-b respectively. From the results 

ge rmination s igni tic antly (p<0.05) increased Vlllnx and there was no significant (p<0.05) 

di ITerence in Kill of germinated compared to ungerimnated beans samples studied, except in 

Sphenostylis slenocarpa where reverse was the case. It has been shown ealier that, germination 
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inlluences proper assemblage of Ni 2
+ at the active site of urease enzyme. As a result of this 

activation, there was no significant (p<0.05) difference in Km values of urease in germinated 

beans samples compared to the ungerminated, thereby increasing the affinity of urease to its 

speci fie substrate urea. without any conformational changes in enzyme protein making its active 

sites more accessible to its substrate. The KI1I values varied between the urease in different beans 

samples studi l'd. The \ alLles of the V II/ar were also different in each of the beans samples, 

germi nated and ungermi nated respectively. The effect of germination on Km had a corresponding 

relationship with the f11/1f/ 1' That is, the activity of the enzyme depends on its affinity for urea. 

Therefore, the increase in maximum activity (Vmax) observed in urease is due to effect of 

germination on the urease active site compared to the ungerminated samples. 

This observation is f1ll1her strengthened by the catalytic efficiency (VmaxIKm) of urease in 

genninated compared to ungemlinated beans samples respectively. Results presented in Table 

~ l sho\\cd ck,tr ly th ,t\. ge rmination increased the catalytic of efficiency of urease . It was also 

deduced 1'1'0111 result that. wi th increased VII/ax and reduced Kill , the catalytic efficiency of the 

el17yme is heightened . Therefore, the catalytic efficiency of an enzyme is an index of the 

catalytic capacity of enzyme through enzymatic reactions (Juan et al., 2010). That is, the higher 

the affinity of the enzyme for the substrate (Km), the higher the maximum activity (Vmax) and this 

will also increase catalytic efficiencyof the enzyme. Hence, the relationship of Km and Vmax, and 

the mechanism of nickel fixation into active site of urease by germination are in accordance with 

the principle Orenf.Y l11e kinetics. Anita el al.. (2010) showed that, the Km and Vmax of urease from 

jack hean s arc O.251ll1llol 'L and 0.154mmol/l11 g respecti ve ly, whereas, lugsharan and Neeru 

(lOOl)) shoV\cd that, }'('/,Sltl{u erocolilica had KII/ and Vl1Iax of 1.7 ± 0.4 mM and 7.29 ± 0.42 1111101 
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respecti\el y. l olllparl lig tllL'sc result s, urease from germinated beans samples is of better 

cata lytic e ffici ency than urease from these sources . 

Juan et al ., (2010) showed the inhibitory effect ofN-(n-Butyl) thiophosphoric triamide (NBPT) , 

phenyl phosphorodiamidate (PPD) and hydroquinone (HQ) on Km and Vmax of urease from black 

soil. The Kill of soil urease in the presence of these inhibitors were significantly higher, compared 

with the control, which may be attributed to the formation of inhibitor-urease complex, thereby 

red uing the ai'finity of urease for its specific substrate urea (Vieth and Venkatasubramanian, 

1973 and Juan el al., 2()09). In general , the Vmax values were lower in the presence ofPPD and 

BPT than HQ, indi cating that PPD and NBPT had higher inhibitory effectiveness on soil 

urease. The inhibitory effect of these inhibitors on urease active site further confirmed that, the 

process of germination actually activated urease thereby increasing Vmax and redued Km. 

Although, there were obvious differences in the values of Vmax and Km of urease from the various 

beans samples. The comparison of Vmax values among the beans samples studied showed that, 

(Table -+ .3), there was 110 sigl1i (jcant (p ...:::0.05) difference in VII/ax of genninated Glycille max and 

Cli/mllls ("(111111. Ho\\'e \"c r, the VII/ax of urease in germinated Mucuna pruriens was significantly 

(p .... O.OS) hi gher compared Sphenoslylis stenocarpa, Vigna mungo, Kerstings geocarpa, 

Phaseolus lunatus and Parchyrhisus tubberrosus. In general, the Vmax values were higher in 

germinated than the ungerminated beans samples because germination had activatory effect on 

plant urease . However, there was consistent trend of higher catalytic efficiency (VmajKII/) as 

influenced by germination in all the germinated beans samples. 
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The effect of gennination on the kinetic characteristics of ureae as discussed imply that, urease 

as a result of it catalytic efficiency would have desirable clinical and industrial applications most 

cspeciall y in the area or blood urea analysis and development of artificial kidney (Nose, 1990), 

as bi oscnsor ro r the determina tion of heavy metal in surface and underground water and soil 

during environmental impact assessment due to industrial waste and also for biocementation. 

Hence, since gennination increased the cat~llytic capacity of urease, it indicated that, plants 

during germination can efficiently hydrolyze both internally generated urea and the one in the 

soil. It therefore means that, the bulk flow of urea from arginine (Figure 2.2) and soil into the 

plant increase the activity of the enzyme. That is, with an increased urea concentration, there is 

higher hydrol ysis o f UI"(, ~l (hi gher VII III , ) until the active site becomes saturated (optimum substrate 

concentration) , thereb y lowering the sensitivity of the enzyme to the substrate. As a result of this 

phenomenon, with increased substrate concentration, there is lower enzyme sensitivity to 

substrate at the optimum. Thus, the biochemical characteristics of urease during plant 

germination showed that the Vmax is increased so as to metabolize urea generated in the plant and 

the urea supplied as fertilizer (external). This elucidates the importance of urea in agriculture 

most especially in the area of soil fertility. Consequently, enzyme kinetic parameter is a function 

of substrate concentration and enzyme activity, and Michelis-Menten constants for enzymes 

usuall y range between 10.2 and I O·S mM for most enzymes (Wolfgang, 2007). 

The result of partial purification of urease from Mucuna pruriens is presented in Figure 4.90a 

and summarized in Table 4.4. From the elution profile of sephadex G-IOO column 

chromatography (Figure 4.90b), it can be seen that, urease from Mucuna pruriens was eluted 
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from the column in one peak of protein accompanied with one peak of urease activity. The 

protein level of partially purified urease was significantly (p<0.05) reduced when compared to 

the acetone-precipitated protein. This showed that, gel filtration removed about 78.23% of the 

contaminating proteins and reduced the protein by 4.60fold . The peak of activity was found in 

fractions 120ml with urease activity 18.67U/mg which is 94% and 15.97fold higher than the 

crude en/ynh:, [ I-Shma. (200 1) reported on the activity of purified urease from leaves of 

('/1C'1/ (}(l Or/illll l lI /hlll7!. He showed that , the activity increased form 1.6 to 1.9U/mg with1.2fold 

increase. Thi s showed thaI, Mucuna pruriens contains higher urease activity than leaves of 

Chenopodium album. These results showed that, purification significantly (p<0.05) increased the 

urease activity. Therefore, purification of urease enzyme further increased the enzyme activity. 

Purified enzyme enhances higher product yield most especially during industrial application. As 

mentioned earlier, urease enzyme is very important in clinical chemistry, environmental 

pollution assessment to mention a few , which means that, application of purified enzyme will in 

no mcan \\'a )' i III pro vc t IIC yi c Id 0 f prod L1cts in the course 0 f industrial processing. 

The results of optimum temperature of both free and immobilized urease immobilized are shown 

in Figure 4.10,0. The result showed that, both free and immobilized enzyme possessed the same 

temperature optima (40°C). Usually, the optimum temperature of immobilized enzymes is higher 

when compared to the free enzyme (Yoshida et al., 1989; Sadhukhan et al., 1993), but the 

reverse effect was observed in immobilization under consideration (Sungur et al., 1992). 

However, report o f c rude urease extracted from Jack beans and immobili zed on calcium alginate 

showed th at. hoth free and immobili zed urease possessed the same temperature optima (55 °C) 

(Anita er u/ ., 20 I 0), Al so, report of lipase immobilized on palm-base polyurethane foam showed 
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that , optimum tempera ture hoth free and immobilized lipase was (40°C) (Roila et at., 2007) . 

According to these reports, for both free and immobilized enzyme to have the same optimum 

temperature, it means, immobilization did not alter the general charater of these enzymes. 

Therefore, for immobilized urease enzyme to have the same optimum temperature as the free 

enzyme shows that, urease immobilized on chitosan beads in the present study retained its 

structural integrity and activity. 

Immobili 7Lltion techn o logy is very important in the industri al/large scale application of urease. 

With thi s l~cll i lology, ullJ~r a very su itable condition, there is low cost of production with 

cil/yme and reusabilit y. 

The result of substrate concentration profil~ and kinetic (Vmax and Km) behavior of partially 

purified urease is presented in Figure 4.11 and 4.12 respectively while the kinetic parameter is 

summarized in Table 4 .5. From the result, the Vmax increased from 3.39U/mg to 38.46U/mg with 

11.35fold increase and Km 0.29 to 0.02 with 14.5fold decrease. Additionally, the catalytic 

effic iency ( I/,"" / K,,, ) o f th e partially purified urease increased from 11.69 to 1923 with 

I () -+ .50rolcl hi gher th an crucle. Thi s implies that , with purification enzyme activity is greatly 

en hance for des irahle per to rm ance during application. The Vmar and Km (19.23U/mg and 0.04) of 

immobilized urease are less than the free urease. This might be due to mass transfer resistance 

and steric hindrance created by enzyme immobilization, which restricted the transport of 

substrate from the bulk solution to the catalytic sites and diffusion of products back to the 

solution (Anita et al., 2010). Hence, only a little amount of substrate concentration was required 

by the immobilized enzyme to achieve the same rate of reaction obtained with free enzyme. 
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~I O\\' e \c r , the c llal ytic capaci ty of the immobili zed urease enzyme is much higher than the crude 

enzyme and the kinetic behavior of free and immobilized are in accordance with the Michaelis

Menten rate equation. 

The result of storage ability of free and immobilized urease is summarized in Table 4.6 and the 

reusability of the immobilized urease in Figure 4 .13 respectively. From the result, both free and 

immobilized urease rct ained ac tivity above one week. However, free and immobilized enzyme 

retained 50'% and 25",u of th ei r activity after seven days respectively. Ordinarily, immobilized 

en/ymes usuall y show hi gher storage stability, but in this case it was not. 

From the result of reusability of immobilized enzyme, activity was lost after every use, and 

completely lost after three times of reuse. On a general note (Table 4.6), storageability and 

reusability of enzyme immobilized with physical adsorption on polysaccharide such as chitosan 

is low (Ak~amoglu, 1997 ). This is speculated to be due to the weak intennolecular interaction, 

such as hyd rogen bonding, Van der Waal's forces e.t.c which anchors the enzyme amino acid 

res idue to the po lysacc harid e. These characteri stic features of physical adsorption method 

usuall y cause leakage of enzyme at ambient temperature (Wolgang, 2007 and Villeneuve et al., 

2000). Therefore there was reduction in the reusability and storageability of the enzyme 

immobilize on chitosan. 

Zu pei LIANG et aI., 2005 reported that, urease immobilized on chitosan maintained high 

reusabi lity and storage ahilit y when cross-linked with glutaraldeh yde. Adsorption fol1owed by 

cross-l inking \\ Itl1 glu l; l r ~ild c h yd e SO Il1 C times stabili zes the ac ti vity of immobili zed enzyme by 
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anchoring the enzyme molecule properly, and thereby preventing leakage and thermo inactivation 

(Wolfgang, 2007). Th e immobili zed urease retained 40% of its initial enzyme activity even after 

10 rcpca tcJ u :,~s. Thl: ilnllwbiliLeJ urease storeJ at 4°C retained 46% of its initial activity even 

after 35 days . This indicated that, as more aldehyde groups are available on the activated 

chitosan beads, multiple-point of attachments of urease molecules to the beads will likely occur 

and this leads to activation of urease (Wolfgang, 2007). 
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CHAPTER FIVE 

5.0 CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

In this study, it was observed that genni nation reduced the protein level and increased the 

specific act ivit y of urease when compared to ungenninated beans samples. In view of what other 

resea rchers ha \"C done. seed reserved protein was used to assemble the active sites of urease by 

inco rporation of nickel. It was discovered that, the optimum pH and temperature were not 

affected by germination, since both germinated and ungerminated beans samples have similar 

optimum pH and temperature. The results of this experiment also showed that, the Km and Vltlax 

were greatly influenced by germination in that, germination increased Vmax and reduced Km. 

Therefore the catalytic e ffi ciency of the enzyme was increased. These express the significance 

and applicat ion of urease in agriculture, clinical chemistry (blood urea analysis can efficiently be 

carried oul \'\ ilh ure(l~ l ' cn/yme) and industry. The mechanism that increased urease act ivity 

dur ing ge ll11ination makes urease an important enzyme in agriculture 

The urease kinetics observed in Mucuna pruriens compared to Glycine max and Cajanus cajan 

showed that , the legume could be a very good source of urease without any competition with 

food status of the society because, as for now Mucuna pruriens is not a staple food . 

Finally, partial purification of urease from Mucuna pruriens showed that, with purification 

cn/yme ac ti\'iI V is gre ~ l l l y increased. However, immob ili zation is a very good means of making 

ell/Yl11 c ulili /al ion COSl cfTeclive beca use of it reusability and storage ability under suitable 

condit io ns and method s. 
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5.2 Recommendation 

Acti vation of urease could be means of improving urease before extraction. Mucuna pruriens 

could be a very good and cheap source of animal protein, industrial processes requiring protein 

and urease without any effect on the nutritional status of the society. In the same vein, urea can 

be a very good fertilizer owing to the biochemical mechanism of its metabolism. In the same 

vein, immobilization of enzyme can reduce cost of production, but should be done with cross

linking ifph ys ica l adsorption method will be used . 

The onl y problem with Mucuna pruriens is the itching effect which poses a further area of 

resea rch as re~ards its suitability for better plant technology. I therefore suggest the removal of 

this itching effect for further research. 

115 



REFERENCES 

Abdel, L.M.S. & Guilbault, G.G. (1990). Fluorometric Determination of Urea by Flow Injection 
Analysis. Journal of Biotechnology, 14, 53-62. 

Abdullah, A. B. & Aldwin, R.E. (1984). Mineral and Vitamin Contents of Seeds and Sprouts of 
Newly Available Small Seeded Soybeans and Market Samples of Mungbeans. Journal of 
Food Science, 49, 656-657. 

Ak~amoglu, A. (1997). Lipaz Enziminin Florisil Uzerine Immobilizasyonu. YUksek lisans tezi, 
<;ukurova Universitesi, Adana. 

Ameh, G. I. (2007). Proximate and Mineral Composition of Seed and Tuber of African Yam 
Bean, Sphenostylis stenocarpa, ASSET An International Journal, 6 (1), 1-10. 

Anderson, J.1. , Ambrose, W.W. & Garner, S.C. (1995). Orally Dosed Genistein from Soy and 
Prevention of Cancellous Bone loss in Two Ovariectomized Rat Models. Abstract. Journal 
of Nutrition, 125,799S. 

Andrew, R.K. , Dexter, A., Blakeley & Zener B. (1986). Jack Beans Urease (EC 3.5.1.5). On the 
Inhibition of Urease by Amides and Esters of Phosphoric Acid. Journal of American 
Chemical Society, 108, 7124-7125. 

Anita, B. , Kespi, P. & Neelam, M. (2010). Immobilization of Urease in Alginate, Paraffin and 
Lac. Journal of Serb ian Chemical Society, 75 (2), 175-183. 

Archer, D.B. & Peberdy, J.F. (1997). The Molecular Biology of Secreted Enzyme Production by 
Fungi. Critical Review Biotechnology, 17,273-306. 

Arduini, F.; Amine, A. ; Moscone, D. & Palleschi, G. (2009). Reversible Enzyme Inhibition 
Based Biosensors; Applications and Analytical Improvement through Diagnostic 
inhibition. Analytical Letter, 42, 1258-1293. 

Arinathan, V. , Mohan, V.R. , John de Britto, A. & Murugan, C. (2003). Chemical Composition 
of Certain Tribal Pulses in South India. International. Journal of Food Science Nutrition, 
54, 209- 217. 

Arinathan, V., Mohan, V.R., Maruthupandian, A. & Athiperumalsami, T. (2009). Chemical 
Evaluation of Raw Seeds of Certain Tribal Pulses in Tamil Nadu, India. Tropical, 
Subtropical Agroecosystem, 10, 287-294. 

Arulmozhi, M. & Janardhanan, K. (1992). The Biochemical Composition and Nutritional 
Potential of the Tribal Pulse, Mucuna monosperma DC ex Wightii. Plant Foods Human 
Nutrition, 42, 45-53. 

116 



Asare, E.O, Shehu Y. & Agishi, E.A (1984). Prelimininary Studies on Indigenous Species for 
Dry Season Grazing in the Northern Savanna of Nigeria. Tropical Grasslands, 18, 148-
152. 

Association of Official Analytical Chemist (1990). Proximate Analysis Methods. 

Azeke, M.A., Barbara, F., Han, B.P., Wilhelm, H. & Thomas, B. (2005). Nutritional Value of 
African Yam Bean (Sphenostylis stenocarpa): Improvement by Lactic Acid Fermentation. 
Journal of Science Food Agriculture, 85(6), 963-970. 

Banu bZTURK (2001). Immobilization of Lipase from Candida rugosa on Hydrophobic and 
Hydrorhi lic Surr0rts. Department of Biotechnology and Bioengineering izmir Institute of 
Technol ugy izmir . Turkey. 

Bates, R.P. , Kilapp, F. W , & Araujo, P.E. (1977). Protein Quality of Green Mature, Dry Mature 
and Sprouted Soybeans. Journal of Food Science, 42, 271-272. 

Baudoin , J.P. & Mergcai, G., (2001). Yam Bean Sphenostylis stenocarpa (Hochst.ex A. Rich.). 
Hall11S Ill : R.H. Raemaekers (Ed) Crop Production in Tropical Africa. Directorate General 
for bean urease-encoding cDNA, Genetics, 108,265- 267. 

Bergmeyer, H.D. & Bergmeyer J (1986). Grab (eds): Methods of Enzymatic Analysis, 3rd ed., i
xi, Verlag Chemie, Weinhein, Germany. 

Bradstreet, J. David, G. Kartzinel, J. Adams, J. & Geier, M. (2003). A Case-control Study of 
Mercury\Burden in Children with Autistic Spectrum Disorders. Journal of American 
Ph),si% gl' and SlIrgery , 8, 76-79. 

Broadbent, .J.H . & Shone, G. (1963) . The Composition of Pachyrrhizus eros us (Yam Bean) Seed 
Oi l. JOllmul of Science Food Agriculture, 14(7), 524-527. 

I1rncl / ik , R , Ko pro\\ sk i, H., Yusibov , V. & Sirko, A. (2000). Production of Urease from 
f-Ielicohllcrer pylori in Transgenic Tobacco Plants. Cell Molecular Biology Letter, 5, 357-
366 . 

Burke, G.L, Hughes, C.L Jr, Clarkson, T.B & Anthony, M.S, (1995). Does Soy Supplementation 
Improve Coronary Heart Disease (CHD) Risk? Abstract. Circulation, 91,925. 

Callahan, Yuan & Wolenden (2005). Urease: the most Efficient Enzyme. American Journal of 
Chemical Society, 127, 10828. 

Chapleau, R., Blomberg, R. Ford, P. & Sagermann, M., (2008). Design of a Highly Specific and 
Noninvasive Biosensor Suitable for Real-time in vivo Imaging of Mercury (II) Uptake. 
Pr%col Science, 17, 614-622 . 

C!1cllarandlLl Il . M. & l,rlShnan , R.V.M. (1998). Removal of Urea from Blood in the Treatment 
of li remia. Procns Biochemistry, 33(6), 595. 

117 



Chen, J., Q. Wang, Z. Hua & G. Du, (2007) . Research and Application of Biotechnology in 
Textile Industri es in China. Enzyme and Microbial Technology, 40, 1651-1655 . 

Chen. P.S. (19 70) . So yhea n for Hea lth , Longevity and Economy. 3rd Edition . Provoker Press, St. 
ClthcriI1\'. Ontalw Ca nada. 

Chit ra, U., Singh, U. & Venkateswara Rao, P., (1996) . Phytic Acid, in vitro Protein Digestibility, 
Dietary Fiber and Minerals of Pulses as Influenced by Processing Methods. Plant Foods 
for Human Nutrition, 49, 307- 316. 

Ciucu, A.; Lupu, A.; Pirvutoiu, S. & Palleschi, G., (2001). Biosensors for Heavy Metals 
Determination Based on Enzyme Inhibition. UPB Bulletin Scientific, Series B : Chemical 
Mate. Science. (Romania), 63, 33-44. 

Ciurii, S. (2007). Metal Ions in Life Sciences". (Sigel, Sigel and Sigel Eds.). Volume 2, John 
Wi ley and Sons Ltd , Chichester, (pp. 241-278). 

Claus- Peter Wille, S8rdh A. . Ti Iler. Mark A. Taylor. & Howard, V. D. (2002). Planl Phvsi%gy, 
\ 'Ollll11l' . 128, pp 1 12<) 1 136. 

COII/wlIino/ iOIl of Soil ulld Water Inside and Outside the Union Carbide India Limited (2009). 
CSE Study: Bhopal, India. 

Cruz, A.O. (1950). Composition of Philippine Singkamas Oil from the Seeds of Pachyrrhizus 
eros liS (Li nn .) Urban Philipp. Journal of Science, 78, 145-147. 

Deleyn, F. & Stouffs. R. (1990). Immobilized p-amylase in the Production of Maltose Syrups. 
Starch, 42, 158-160. 

Dixon, N.E Gazzola, C, Blakeley, R .L & Zemer, B. (1975). Jack Beans Urease (E.C 3.5 .1.5). A 
Metelloenzyme. A Simple Biological Role of Nickel? Journal of American Chemical 
Sociell ', lJ7, 4131-4133. 

Doaa, A. R. Mohmoud & Wafaa, A. Heley (2009) . Potential Application of Immobili zation 
Technology in Enzyme and Biomass Production . Journal of applied Science Research, 5 
( 12), 24()6-2476. 

Faton. K.A .. Rrooks. C L., Morgan, D.R . & Krakowka, S. (1991) . Essential Role of Urease in 
Pathogenesis of Gastritis Induced by Helicobacter pylori in Gnotobiotic Piglets. Infectious 
Immunology, 59, 2470-2475. 

Echendu, CA. , Obizoba, I.e. & Anyika, P.D. (2009). Effect of Germination on Chemical 
Compositon of Kerstingiella geocarpa Seed. Pakistan Journal of Nutrition, 8 (2), 1849-
1854. 

118 



Ekfenyong, T.E.& Brochers , R.F.(1979). Digestibility of Proteins of Winged Bean Seeds. 
Journal of Food Science Technology, 16,92-95. 

EI-Adawy, T.A. (2002) . Nutritional Composition and Antinutritional Factors of Chickpeas 
(Cicer orielinul1IL.) Undergoing Different Cooking Methods and Germination. Plant Food 
HlIl1Iall ,Vllf r ifioll , 57 , 83-97 . 

El egbede, .J.A ., (1998) . Legumes. In: Osagie, A.L. , Eka, O.U (Eds.). Nutritional Quality of Plant 
Food, (pp . 53- 93). Post-Harvest Research Unit, Department of Biochemistry, University of 
Benin , Benin Cit y, 1gena. 

EI-Hag, '., ~ . F. Haanj & . Morse, R.E. (1978) . Influence of Sprouting on the Digestibility 
Coeffici ent, Trypsin Inhibitor and Globulin Proteins of Red Kidney Beans. Journal of 
Food Science, 43,1874-1875. 

EI-Shora, H.M. (2001) . Properties and Immobilization of Urease from Leaves of Chenopodium 
album (C3). Botanical Bulletin of Academia Sinica, Vol. 42. 

Enwere, N.J. (1998) . Foods of Plant Origin. Afro.-Orbis Publication. Limited., Nsukka, Nigeria. 

Eskew, D.L., Welch, R.M. & Cary, E.E. (1983). Nickel: An Essential Micronutrient for Legumes 
and Possibly all Hi gher Plants. Science, 222,621-226. 

Fa ris. D.G " Saxena. I' .B .. Mazumdar, S . & Singh, U., (1987) . Vegetable Pigeonpea: A 
h Ollll SI II:; (' rop lUI' In Ola. Patancheru, A.P., india: iCRISAT. 

Fa ri s, D.G. & Singh , U. (1990). Pigeonpea: Nutrition and Products. In: Grain Legumes in Asia. 

Farley, P.c. & Santosa, S. (2002). Regulation of Expression of the Rhizopus oryzea Uricase and 
Urease Enzymes . Cancer Journal of Microbiology, 48, 11 04-11 08. 

Fathima, K.R., Tresina, P. Sori & Mohan V.R. (2010) . Nutritional and Anitnutritional 
Assessment of Mucuna pruriens (L) DC Var. Pruriens an Underutilized Tribal Pulse. 
Society Education, India, Vol 1 (2), 79-89. http://www.soeagra.com 

Fernandez ,M .L. & Berry, J.W. (1988) . Nutritional Evaluation of Chickpea and Germinated 
Chickpea Flours. Plant Food Human Nutrition, 38,127-134. 

FOl cOa r. R.K. & S C I1; I"I·ab art y. (198 5). Cooperative Studies on Foliar and Soil Application of 
Nitrogen 0 11 the 1. 1.:,1 C Yie ld of Mulberry. Indian Journal Science, 25 , 58-64 . 

Food Drug Administration/Center for Food Safety and Applied Nutrition Hypertext updated by 
(2004). 

119 



• 

Food and Agriculture Organization/World Health Organization (1990). Expert Consultation on 
Protein Quality Evaluation. Food and Agriculture Organization of the United Nations, 
Rome. 

Food Agriculture Organi zation/World Health Organization (1991). Protein Quality Evaluation 
Report of Joint FAO/WHO Expert Consultation, Food and Agriculture Organization of the 
United Nations, F AO Food and Nutrition Paper No. 51, Rome. 

Foodnet, (2002). R-Directory of commodities: Pigeonpea. 
http: //w.vVw.foodnet.cgi ar.org/market/Tropcomrn/part2R.htm. Last accessed, 27th March 
2007. 

Freyerm uth , S.K., Forde, B.G. & Polacco, 1.c. (1999). Nucleotide Sequence of a cDNA 
Encoding an Aruhidopsis Urease Accessory Protein (accession no. AFI09374) (PGR99-
o 12) .Plallf Physiology. 119, 364-366. 

Freyermuth , S.K., Bacanarnwo, M. & Polacco, lC. (2000). The Soybean Eu3 Gene Encodes an 
i-binding Protei n ecessary for Urease Activity. Plant Journal 21, 53-60. 

Fujinawa, S.B.G & Dela T.P (1990) . Application of Acid Urease to Reduction of Urea m 
Commercial Wines. American Journal Enology Vitiulogy, 42, 350-354. 

Fumuyiwa, 0.0 & Ouch, C.S.(1991). Modification of Acid Urease Activityby Fluoride Ions and 
Malic Acid in Wimes. American Journal Enology Viticulogy, 91, 350-359. 

Gallardo, F., Fu, J., Canton, F. R., Garcia-Gutierrez, A., Canovas, F.M. & Kirby, E.G. (1999). 
Ex pression of a Con i fer Glutamine Synthetase Gene in Transgenic Poplar. Planta 
210, 19-26. 

Gerendas, .I ., Zilu, Z. & Sattelmacher, B. (1998) . Influence of N and Ni Supply on Nitrogen 
'v1c laho l l:> 111 and L' reasc Act ivity in Rice (Oryza saliva L.). Journal of Experimental 
B OIUII)', '+ l) , 1545-1554. 

Germain, P. & R.R. Crichton. (1980). Characterization of a Chemically Modified Amylase 
Immobilized on Porous Silica. Journal of Chemical Technical Biotechnology, 41, 297-315 . 

Gruneberg, W.J., Goffman, F.D. & Velasco, L. (1999). Characterization of Yarn Bean 
(Pachyrhizus spp) Seeds as Potential Sources of High Palmitic Acid Oil. Journal of 
American Chemical Society, 76, l309-l312. 

Guascito, M.; Malitesta, c.; Mazzotta, E. & Turco, A. (2008). Inhibitive Determination of Metal 
Ions by an Amperometric Glucose Oxidase Biosensor: Study of the Effect of Hydrogen 
Peroxide Decompos ition . Sensor Actual B. , 131 ,394-402. 

(;II/dd ll lL'\ 1m Or/Ilk /Il l: \ 1 Il l er Qllu lil\ ' (2004). World Health Organization: Geneva, Switzerland. 

120 



Guisan, lM. (2006). Immobilization of Enzymes and Cells. Humana Press, Totowa, New Jersey. 

Gupta, K. & Wagle, D.S. (1978). Proximate Composition and Nutritive Value of Phaseolus 
mungoreous; a Cross Between Phaseolus mungo and Phaseolus aureus. Journal of Food 
Science. Technology , 15, 34 - 35 . 

Han, H.; Zhu, M. ; Yuan , Z. & Li, X. A. (2001). Methylene Blue-mediated Enzyme Electrode for 
the Detennination of Trace Mercury(II), Mercury(I), Methyl Mercury, and Mercury
glutathione Compl ex. Biosensor Bioelectron , 16,9-16. 

Harinder. K .. Ka liL H. & Sh arma , S (1999). Studies on the Baking Properties of Wheat : 
Pigeonpca Flour 8lends. Plant Foodsfor Human Nutrition, 54, 217- 226. 

Hausinger, R.P. (1997). Urease Active Site Assembly. Journal of Biochemistry. 

Hausinger, R.P . (1989). Biochemistry of Nickel. Plenium Publishing Corp. New York, U.S .A. 

Heam, E. & eufeld, R. 1. (2000). Immobilization of Enzymes on Cellulosic Supports. Process 
Biochemistry, 35, 1253. 

Hirai, M., Kawai-Hirai, R., Hirai, T. & Ueki, T. (1993). Structural Change of Jack Bean Urease 
Induced by Addition of Surfactants Studied with Synchrotron-Radiation Small-angle X-ray 
Scattering. European Journal of Biochemistry, 215, 55-61. 

Hir~l yaI1l 8. C . Sugilll ur:l . \1 .. S8ito, H. & akamura, M. (2000). Purification and Properties of 
l lrcasc i'ro lll the I C:l f or 1V1l1lherry. Mom s {[fh{[. Phytochemistry. 53 , 325-330. 

Hobson, N.S .. I. Tothill & Turner, A.P.F. (1996). Microbial Detection. Biosensor Bioelectron, 
11 , 455-4 77 . 

Horgan, ME , Swift, I.E . & J. Done. (1983). Urease Assay and Ammonia Release from Leaf 
Tissues. Phytochemistry, 22, 663- 668. 

Home, 1., Sutherland, T.D. Harcourt, R.L. Russell, RJ. & Oakeshott, GJ. (2002). Identification 
of an (Organophosphate Degradation) Gene in an Agro-bacterium Isolate. Applied 
Environmental Microbiology, 3371-3376. 

Hu, L.T. & Mobley, H. L. (1993) . Expression of Catalytically Active Recombinant Helicobacter 
pylori Urease at Wild-type Levels in Escherichia coli. Infection Immunology. 61, 2563-
2569. 

IIl anes. F. A. (2 ()08 ). Ed .. Springer, Valparaiso , Enzyme biocatalysis; principles and application. 

121 



Indian Council of Medical Research (1992). Nutrient Requirement and Recommended Dietary 
Allowances for Indians. A report of the expert group of the Indian Council of Medical 
Research (ICMR), National Institute of Nutrition., Hyderabad, India. 

International Institute of Tropical Agriculture (IIT A) (1985). Annual Report, Ibadan, Nigeria. 

Jabri, E., Carr, M.B. , Hausinger, R.P. & Karplus, P.A. (1995). The Crystal Structure of Urease 
from Klebsiella aerogenes. Science, 268, 998-1004. 

Jambunathan, R. & Singh, U. (1980). Studies on Desi and Kabuli chickpea (Cicer arietinum) 
Cultivars. Chemical composition. In Proceedings of the International Workshop on 
Chickpea Improvement. ICRISAT, Hydrabad, India. 

Janardhanan, K. & Lakshmanan, K.K. (1985). Studies on the pulse, Mucuna utilis: Chemical 
Composition and Antinutritional Factors. Journal of Food Science and Technology, 22, 
369- 371. 

Jimenez, B. AG. (1994). Extracci6n de Rotenona a Partir de las Semillas de Pachyrhizus erosus 
Uicama). M.Sc. Thesis Escuela de Ingenieria Quimica, University of Costa Rica. (pp. 106). 

Juan, Y. H. , Chen, L. J., Wu, Z. J., Wang, R., Chen, Z.H., Sun, W.T. ... Zhang, Y.L. (2010). 
Kinetic and Thermodynamic Behaviors of Soil Urease as Affected by Urease 
Inhibitors. Republic of China Suelo Nutrition and Vegetation, 10(1), 1 -11. 

Juan, Y. H., Chen, L. J., Wu, Z. J. & Wang, R. (2009). Kinetics of Soil Urease Affected by 
Urease Inhibitors at Contrasting Moisture Regimes. Journal of Soil Science and Plant 
Nutrition, 9(2), 125 - 133. 

Jugsharan S. Virdi & Neeru, B. (2009). Molecular and Biochemical Characterization of Urease 
and Survival of Yersinia enterocolitica Biovar 1A in Acidic pH in vitro. Biomedical 
Central Microbiology, 9, 262. 

Kakade, M.L. & R.J. Evans, (1966). Growth Inhibition of Rats Fed Raw Navy Beans (Phaseolus 
vulgaris). Journal of Nutrition, 90, 191-192. 

Kakimoto, S.S.Y. & Suzuki, T. (1992). Acid Urease Production by Lactobacillus species. US 
Patent, 509325. 

Karmali, A & Domingos, A (1993). Monoclonal Antibodies against Urease from Canavalia 
ensiformis Biochimie, 75, 1001-1006. 

Katchalski-Katzir, E. & Kraemer, D.M. (2000) .. Eupergit, a Carrier for Immobilization of 
Enzymes of Industrial Potential. Journal of molecular catalysis B: enzymatic, 10, issues 1-
3, 157-176. 

122 



Kay, D.E., (1979). Food Legumes. TPI Crop and Product Digest No. 3 Tropical Products 
Institute, London, (pp 205-209). 

K:IYClSlhCl. 1\ \11 . & il;lI1j,lIlCi D. (1999) . Immobili zation of Urease from Cajanus cajon for 
BlouJ L lca C:Stil ll ~lt I UIl. iJiachell/ieal education , 27, 114-117. 

Kaysner, c.A. , Abeyta, C, Jr., Trost, P.A., Wetherington, lH. , Jinneman, K.C, Hill, W.E .... 
Wekell , M.M. (1994). Urea Hydrolysis can Predict the Potential Pathogenicity of Vibrio 
parahaemoly ticus Strains Isolated in the Pacific Northwest. Applied Environmental 
Microbiology, 60, 3020-3022. 

Kestwal, D.; Karve, M.; Kakade, B. & Pillai, V. (2008). Invertase Inhibition Based 
Electrochemical Sensor for the Detection of Heavy Metal Ions in Aqueous system: 
Application of Ultra-micro electrode to Enhance Sucrose Biosensor's Sensitivity. Biosensor 
Bioelectron, 24, 657-664. 

Khan, M.A, Jacobsen, 1. & Eggum, B.D. (1979). Nutritive Value of Some Improved Varieties of 
Leglll1lc ~. JOllm u! o( ,)'cience Food Agricurure, 30, 395 - 400. 

Kokufuta, E., Shimi l.LI, N. Tanaka, H. & lsei, 1. (1988). Use of Polyelectrolyte Complex 
Stabili zed Calcium Alginate Gel for Entrapment of Amylase. Biotechnology Biochemistry, 
32,756- 759. 

Krajcw ka , B. (2009). Thermal Stability of Urease Enzyme. Journal Molecular Catalysis B: 
Enzyl7/ e, 59, 22 . 

Krawczyk, T.; Moszczynska, M. & Trojanowicz, M. (2000). Inhibitive Determination of 
Mercury and other Metal Ion by Potentiometric Urea Biosensor. Biosensor Bioelectron 15, 
681-69l. 

Krogmeier, MJ. , McCarty, G.W. & Bremner, lM. (1989) . Phytotoxicity of Foliar-applied Urea. 
Nat iona! Academl' of Science, USA. 86, 8189-819l. 

Kliral ay, F.; Ozyoruk, H. & Yildiz, A (2007) . Inhibitive Determination of Hg2+ Ion by an 
Amperometric Urea Biosensor Using Poly (Vinyl Ferrocenium) Film. Enzyme. 
Microhio!Ogl ' T(,('/lI lOlogl '., 40, 1156-1159. 

Kyle-n , .'\ .M. &. McCrc3dy, R.M. (1975). Nutrients in Seeds and Sprouts of Alfalfa, Lentils, 
Mung Bean and Soybeans. Journal of Food Science, 40,1008-1009. 

Lea, P. (1997). Primary Nitrogen Metabolism. In P.M. Dey and J. B. Harbome (eds .), Plant 
Biochemistry. Academic Press, London, Harcourt Brace and Company, Publishers . 

Lee, K.B, Boad, D.K. & Neufeld, R.J . (1995) . Blood Urea Clearance with Microencapsulated 
Urease. Journal of theoretical Biology, 175, 295-303. 

123 



Limami, A., Phillipson, B., Ameziane, R., Pemollet, N., Jiang, Q., Roy, R ... Hirel, B. (1999). 
Does Root Glutamine Synthetase Control Plant Biomass Production in Lotusjaponicus L.? 
Planta, 209,495-502. 

Lu, R. K. (2000). Methods of Soil and Agrochemistry Analysis. Chinese Agricultural Science 
and Technology Press, Beijing, Chinese. 

Lubbers, M.W .. Rodri guez, S.B. Honey, .K. & Thornton RJ. (1996) . Purification and 
CharaCIl'ri/.ati on or Urease from Schizosaccharomyces pombe. Canadian Journal of 
Mirrohil) /ogr , 41 . 132 . 

\ Llhll1od. A . (2 ()() I) . Ill\ cst i ga t ion or the Reversible Inhibition of ButryIcholinesterase by Mercury 
Chloride. Journal of Medical Science, 1, 251-254. 

Mary Josephine, R. & Janardhanan, K. (1992). Studies on Chemical Composition and 
Antinutritional Factors in Three Germplasm Seed Materials of the Tribal Pulse, Mucuna 
pruriens (L.) DC. Food Chemistry., 43,13-18. 

Meyer-Bothling, L.E. & Polacco, lC. (1987). Mutational Analysis of the Embryo-specific 
Urease Locus of Soybean. Molecular Gene Genetics 209, 439-444. 

Meyer-Bothling, L.E ., Polacco, lC. & Cianzio, S.R. (1987). Pleiotropic Soybean Mutants 
Defective in both Urease Isoenzymes. Molecular Genetics, 209,432-438. 

Mobley. H. L. & HclL\ si nge r. R.P . (1989) . Microbial Ureases: Significance, Regulation , and 
:Y\ o lecu lJr C haraCIC I'I Lall o l1 . Microbiology Review, 53, 85- 108. 

"M obley, H.L. . Island . M.D. and Hausinger, R.P . (1995). Molecular Biology of Microbial 
Ureases. Microbiology Review, 59,451-480. 

Mobley, H.L., Island, M.D . & Hausinger, R.P. (1995). Molecular Biology of Microbial Ureases; 
Modified Polucarbonate Membrane. Biotechnology and Applied Biochemisry, 27, 245-248 , 

Mohammadi, H.; Amine, A.; Cosnier, S. & Mousty, C (2005). Mercury Enzyme Inhibition 
Assays with an Amperometric Sucrose Biosensor Based on a Trienzymatic Clay Matrix . 
Analytical Chemitry, 543,143-149. 

Mohan, V.R. & K. Janardhanan, (1993). Chemical and Nutritional Evaluation of Raw Seeds of 
the Trib:tI Pul ses Porkia ro.Yburghii. G. Don and Enfada phaseoloides (L). Infernatiollal 
Journal of Food Science and Nutrition, 44, 47-53. 

Mohan, V.R. & .lanal'dh anan , K. (1995). Chemical Analysis and Nutritional Assessment of 
Lesser Known Pul ses oCthe Genus, Mucuna Food Chemistry, 52, 275-280. 

124 



Moncrief, M. R. & Hausinger, R.P. (1997) . Characterization of UreG, Identification of a 
UreDUrcF-UreG Complex, and Evidence Suggesting that a Nucleotide-binding Site in 
UreG is Required for in vivo Metallocenter Assembly of Klebsiella aerogenes Urease. 
Journal of Bacteriology, 179,4081-4086. 

Moyib, O.K., Gbadegesin, M .A., Aina, 0 .0 . .& Odunola, O.A. (2008). Genetic Variation Within 
a Collection of Nigerian Accessions of African Yam Bean (Sphenosty lis stenocarpa) 
Revealed by RAPD Primers. African Journal Biotechnology, 7(12), 1839-1846. 

Mulrooney, S.8., Pankratz, H.S. & Hausinger, R .P. (1989). Regulation of Gene Expression and 
Cellular Locali zation of Cloned Klebsiella aerogenes (K. pneumoniae) Urease. Journal of 
Genenrul Microhiology, 135, 1769-1776. 

aras inga Rao, B.S . Deosthale Y.J . & Pant, K.c. (1989). Nutritive Value of Indian Foods. 
Hydcrab Jct. Indi ~l: 'ati a nal Institute of Nutrition , Indian Council of Medical Research . 

:\asratulll , M .. ' aid , 1-1 .:\. No raziah, A. & Abd Alia, A. . (2009). Immobilization of Lipase from 
('ulldidu rugosa o n Chi tosan Beads for Transesterification Reaction. American Journal of 
Applied Sriences 6 (9) , 1653-1657. 

National Academy of Sciences (1979) . Tropical Legumes: Resources for the future. National 
Academy of Sciences (NAS) (pp. 230 - 331) Washington D. C. 

ational Research Council (NRC) (2007). Lost Crops of Africa: Vol II: Vegetables and Yam 
bean Development, Security and Cooperation Policy and Global Affairs (DSC) (pp. 322-
344) Washington , D . c., USA. 

elson, 1.M. & Griffin, E.G. (1916). Immobilization . Chemical Society, 38,1109. 

Ncvecn, S.I. Cl. (20() ()) . Purification and Characterization of Intracellualr Urease Evzyme 
Isolated !'rom Rlw (}p lls () IT:{W Asian Network for Scientific Information ; Biotechnology, 
5 (3) , ~5 , - ~64 . 

inomiya, T. , Ohmori , H. , Hashimoto, K., Tsuruta, K. & Ekino, S. (1995). Expansion of 
Methylmercury Poisoning Outside of Minamata: An Epidemiological Study on Chronic 
Methylmercury Poisoning Outside of Minamata. Environmental Research, 70, 47-50. 

ose, Y. (1990). Atiificial Kidney Research, is it not Really Necessary? Artificial organs, 14, 
245 . 

Nout, M.J.R. & P.O. Ngoddy, (1997) . Technological Aspects of Preparing Affordable Fermented 
Foods. 

woko lo, E. & Oji , D.L (1985). Variation in Metabolizable Energy Content of Raw or 
Autocla\ cd White and Brown Varieties of Three Tropical Grain Legumes. Analytical Food 
,)'(' / (>11 ('(> ( (, (, /IIW/(!<! L I ~ . 141 - 146. 

125 



woko lo , E.A. (198 7). A Nutritional Assessment of African Yam Bean (Sphenostylis 
stenocarpa) and Bambara Groundnut (Voadzeiasubterranean). Journal of Science Food 
Agriculture, 41 , 123-129. 

Obasi, M.O. & Agbatse, A. (2003). Evaluation of Nutritive Value and Some Functional Properties 
of Kerstings Groundnut Seeds for Optimum Utilization as a Food and Feed Resource. 
African Agricultural Forest Journal, 68, 173-181. 

Okpara, D.A. & Om aliko, C.P.E (1997). Response of African Yam Bean Sphenostylis 
stenocarpa to Sowing date and Plant Density. Indian Journal. Agriculture Science, 67(50), 
220-221 . 

Okigho. B. ( 19n l. Introducing the African Yam Bean Sphenostylis stenocarpa. In 
Proceedings of til e First llT A Grain Legume Improvement Workshop, UTA, (pp. 224-238) 
IbaLlan, . Igena. 

Oliveira, P.c. , Alves , G.M. & Castro, H.F. (2000). Immobilization Studies and Catalytic 
Properti es of Microbial Lipase onto Styrene-divinylbenzene Copolymer., Biochemical 
engineering journal, 5, issue 1, 63-71. 

Ologhobo, AO & . Fetuga, B.L. (1986). Changes 111 Carbohydrate Content of Germinated 
Cowpea. Food Chemistry, 20, 117-125. 

Pearson, M. , Michel, L., Hausinger, R. & Karplus, P. (1997). Structures ofCys 319 Variants and 
Acetohydroxamate Inhib ited Klebsiella aerogenes Urease. Biochemistry, 36, 8164-8172. 

Pedrozo, H.A., Schwal1z, Z., Dean, D.O., Wiederhold, M.L. & Boyan, B.D. (1996a). Regulation 
of Statoconia Minera li7ation in Ap~l 'sia cali/ornica in vitro. Connectil'e. Tissue Research. 
35 , 317- .\ 23 . 

PcLirol.O. H. A. . Schwa rt !. . Z., Luther, M., Dean, D.D. , Boyan, B.D. & Wiederhold, M.L. (1996b). 
A Mccll dllism or Adaptation to Hypergravity in the Statocyst of Aplysia californica. Heart 
Research , 102, 5 1-62. 

Pirvutoiu, S., Dey, E., Bhand, S. , Ciucu, A, Magearu, V. & Danielsson, B. (2002). Application 
of the Enzyme Thermistor for Determination of Mercury and other Heavy Metals using 
Free and Immobilized Alcohol Oxidase. Roum Biotechnology Letter, 7, 975-986. 

Pitcher W.H. (1980) . "Immobilized Enzymes for Food Processing". (CRC Press, Florida), 2-14. 

Polacco, 1.c. & Holland, M.A (1993) . Roles of Urease in Plant Cells . International Review of 
Cytology (Jeon, K.W. & Jarvik, 1. , eds.) vol. 145, (pp. 65-103). Academic Press, Inc. , San 
Diego. 

Polacco . .I. & . Hav ir F> \ . (I ( 79) . Compari son of Soybean Urease Isolated from Seed and Tissue 
Cu ltu re . .Jolln/al u/ Biology Chemistry, 254, 1707. 

126 



Polacco, 1.c. & Holl ulHJ, M.A. (1994). Genetic Control of Plant Ureases. Genetic Engin eering, 
(Setlow . .I.K ., ed .) vol. 16, (pp . 33-48), Plenum Press, ew York . 

Polacco . .I . & Iio ll and, VI.A . ( 1993). Roles of Urease in Plant Cells. Review Cy tology, 145,65. 

Potter, D. (I <)<) I). Systematic Studies of Sphenosty lis and Nesphostylis. Ph.D Dissertation, 
Cornell University. 

Prakash, O. & Bushan, G. (1997). Isolation, Purification and Partial Characterization of Urease 
form Seeds of Water Melon (Citrullus vulgaris). Journal of plant Biochemistry and 
Biotechnology. 

Preininger, C. (1999). The Enzymatic Determination of Mercury and Copper Using Acid Urease. 
The effect of Buffers . Mikrochim Acta, 130, 209-214. 

Rajyalakshmi . P. & Gecrvani, P. (1994) . Nutritive Value of the Foods Cultivated and Consumed 
by the T ri bals of South India. Plant Foods Human Nutrition, 46, 53-61. 

RUl1lpersad , R., Badrie, ' . & Comisciong, E. (2003). Physico-chemical and Sensory 
Characteris ti cs 01' Flavored Snacks from Extruded CassavalPigeonPea Flour. Journal of 
Food SCiell ce>, 6 ,363 · 367. 

Rav indran, V. & Ravindran, G. (1988). Nutritional and Anti-nutritional Characteristics of 
Mucuna Galactoside and Mono- and Disaccharide Content of an Indian Tribal Pulse 
(Mucuna prueriens var utifis). Journal of Science Food and Agriculture, 81, 718-725. 

Ray, R.R., Jana, S.C & Nanda, G. (1994). Saccharification of Indigenous Starches by j3-amylase 
of Bacillus megaterium. Journal of Microbiology and. Biotechnology, 10, 691-693. 

Reddy, R.C. , Srivastava, P.K. , Dey, P.M, & Kayastha, M. (2004). Immobilization. Biotechnology 
and Applied Biochemistry, 39, 323. 

Redd y, L.J.. Gleen, .1 .,\1., Bi sen, S.S ., Singh, U. & .I ambunathan, R., (1979) . Seed Protein Studies 
on CO/OII IIS ('0/(//1 1.. , A(v losio spp, and Some Hybrid Derivatives . In: Seed Protein 
iJllpro l'£'IIIe>n( in ( £'re(tls and Grain Legumes. Volume 2, (pp . 105- 117), euherberg. 

Riddles, P. W .. Whan, V., Blakeley, R.L. & Zerner, B. (1991). Cloning and Sequencing of a Jack 
Bean rease-encoding eDNA. Gene, 108,265- 267. 

Robin, c., V. Vaillant, G. Vansuyt & Zinsou, C. (1990). Assimilate Partitioning in Pachyrhizus 
eros us During Long-day Vegetative Development. Plant Physiology. Biochemistry, 28(3), 
343-349. 

Rodriguez, B., Bolbot, J . & Tothill, 1. (2004). Urease-glutamic Dehydrogenase Biosensor for 
Screening Heavy Metals in Water and Soil Samples. Analtical and Bioanalytical 
Chemistn ', 380, 284-292 . 

127 



Roila, A, Mohd, R. G. & Mahiran, B. (2007). Immobilization of Lipase from Rugosa on Palm
based Polyurethane Foam as a Support Material. American Journal of Biochemistry and 
Biotechnology, 3(3), 163-166. 

Roy, F. & Hedge, M.V. (1987). Immobilization of ,B-amylase on Polystyrene Cations Exchange 
Resin Eq uilibrated with A13+ (1r-120 AI3+). Enzyme Microbiology TechnoLogy, 9, 550-
552 . 

SaJ hukhan, R .. Roy, S.K & Chakrabart y, S.L. (1 993) . Immobilization of a -amylase from 
Myceliophfhora Ihermophila D-14 (ATCC 48104). Enzyme Microbiology Technology, 15 , 
80 1-804. 

Sales, AM., Baldini, V.L.S., Cunha, M .F. & Henriques, E.A. (1990). Perfil Eletroforetico e 
Composicao de Aminoacidos de Sementes de Jacatupe (Pachyrhizus tuberosus Spreng.). 
Ciencia e Tecnologia de Alimentos, 10(1),87-108. 

Salomone-Stagni, Zameli, M. & Ciurli, S. (2007). Protein. Biochemistry, 68, 749-761. 

Salunkhe, O.K., Chavan, J.K. & Kadam, S.S., (1986). Pigeonpea as an Important Food Source. 
Critical Reviews in Food Science and Nutrition, 23(2),103- 145. 

Sa lunkhe, O. K , Sathe. S.K. & Redd y, N.R . (1982) . Legume Lipids. In : S.K. Arora. (ed. ) 
C/WIlIISII T o lld I1 w('hell1/slry of Legumes, (pp.51-107). Oxford and lBH Publish ing Co. , 
:'-JC \\ Delh i. Indi ,1. 

Santos, A.C.O., Cavalcanti , M.S .M. & Coello, L.C.B.B . (1996). Chemical Composition and 
utriti onal Potential of Yam Bean Seeds (Pachyrhizuserosus (L.) Urban) . Plant Food for 

Hum an Nutrition , 49, 36-41. 

Sarker, AA & Absar, N. (1995) . Foliar Treatment Effect of Urea and Micronutrients on 
Mulberry (Morus sp.) and Silkworm (Bombyx mori). Seric, 35, 713-720. 

Sathe, S.K. & Salunkhe, D.K. (1984). Technology of Removal of Unwanted Components of Dry 
Bean. Critical Review of Food Science and Nutrition, 21 ,263-286. 

Savangikar, V.A. & Joshi , R. . (1978) . Nutritional Composition of Ground Beans. Journal of 
Food S('Jc ll ce, 43, 16 16. 

Schaai'sma, ( I (20()() ) The Protein Di gestibility-corrected Amino Acid Score. Journal of 
NIIIl'iliulI . 130, 1 S()SS- 1867S. 

Segel, I. H. (1 975). Enzyme Kinetics . Wiley, New York. 

Selid , P. Xu, H., Collins, H. , Collins, E. M. & Zhao, J. (2009). Sensing Mercury for Biomedical 
and Environmental Monitoring. Sensors, 9, 5446-5459. 

128 



Sharlllin, F., Rakshit , S. & Ja yas uriya, H. (2007). "Enzyme Immobilization on Glass Surfaces for 
the De\ 'elopment of Phosphate Detection Biosensors". Agricultural Engineering 
Internati onal: the C IGR Ejoumal. Manuscript FP 06 019. Vol. 9. 

Sheffield, O..J. , Harry, T.R., Smith, A.J. & Rogers, LJ. (1995). Coral/ina Gjficinalis 
Bromoperoxidase Immobilized on Agarose. Phytochemistry, 38(5), 1103-1107. 

Shekhovtsova, T. & Chemetskaya, S. (1994). Determination of Mercury at the Picogram per 
Milliliter Level Using Immobilized Horseradish Peroxidase. Analytical Letter, 2 7, 2883-
2898. 

Shin-ichiro, S., Yuji , K. & Kira, A. (1998). Immobilization of Glucose Oxidase on Poly 
(L1ysine)- Modified Polucarbonate Membrane. Biotechnology and Applied Biochemistry, 
27,245-248. 

SiJdhuraj u, P . Vijayk ulllari , K. & Janardhanan, K. (1992). Nutritional and Chemical Evalution 
o f Raw Seeds of the Tribal Pulse Vigna trilobata (L.), International Journal of Food 
,)'('/('IIC(' \'lflr/l/oll . 43, 97 - 103. 

Siddhuraju, P. , Vijayakumari, K. & Janardhanan, K. (1996). Chemical Composition and Protein 
Quality of the Little-known Legume, Velvet Bean (Mucuna pruriens (L.) DC) Journal of 
Agriculture Food Chemistry, 44, 2636-2641. 

Singh, U, (1988). Anti-nutritional Factors of Chickpea and Pigeonpea and their Removal by 
Processing. Plant Foodsfor Human Nutrition, 38, 251- 261. 

Singh, V. & Eggum, B .O . (1984). Factors Affecting the Protein Quality of Pigeon pea (Cajanus 
cajan L.) Plant Foods Human Nutrition, 34, 273 - 283 . 

Sinha, S.K. (1977). Food legumes: Distribution, Adaptability and Biology of Yield . In: FAG 
Plalll Producl/Oll (lllri Protect/on Paper 3 (pp. 1- 102). Food Agriculture Organization, 
ROllle . 

Sorensen, M. ( 1996). Yam bean (Pachyrhizus De.). Promoting the Conservation and use of 
Underutilized and eglected Crops. 2. Institute of Plant Genetics and Crop plant Research, 
Gaterslebenllnternational Plant Genetic Resources Institute, Rome. 

Stebbins, N ., Holland , M.A. S.R. Cianzio, S.R. & Polacco, J.e. (1991). Genetics Tests of the 
Roles of the Embryonic Urease of Soybean. Plant Physiology, 97, 1004. 

Stitt, M. (1999) Nitrate Regulation of Metabolism and Growth. Current Opinion Plant Biology, 
2,178-186. 

Summer, J.B. (1926) . The Isolation and Crystallization of Enzyme Urease. Journal of Biological 
Chem/sl/T, 69,4::15-441 . 

129 



Sungur, S., Elcin, M. & u. Akbulut, U. (1992). Studies on Immobilization of Urease in Gelatin 
by Cross-linking. Blomaterials, 13, 795-800. 

SWClmil1Clt hal1 . V1 .S . 8:. .Iain , H. K. , (19 7]) . Food Legum es in Indian agricUlture. In: Milner, M.M. 
(Ed.) . .\ 1I1I'IIIOl/il l l/1/pl'ovement of Food Legumes by Breeding . Proceedings of a 
symposium spon so red by PAG , held at FAO, Rome, Italy, 3- 5 July 1972 . PAG of the 
United Nations System, (pp 69- 82). United Nations, New York. 

Takishima, K ., Suga, T. & Mamiya, G. (1988). The Structure of Jack Bean Urease. The 
Complete Amino Acid Sequence, Limited Proteolysis and Reactive Cysteine Residues. 
European Journal Biochemistry, 175, 151-165. 

Tange, Y. & Niwa, O . (1997). Identification of the urel+ Gene Encoding Urease in Fission 
Yeast. Current Genetics, 32, 244-246. 

Thompson, .T.F . (1980). Arginine Synthesis, Proline Synthesis, and Related Processes . In B . .T. 
Miflin (ed .). The Biochemistry of Plants, vol. 5 (pp. 375). Academic Press, New York. 

Torisky, R.S ., Griffin . J.D. , Yenofsk y, R.L. & Polacco, .T.c. (1994). A Single Gene (Eu4) 
Encodes the Tissu c- ub iqultous Urease of Soybean . Molecular General Genetics, 242, 404-
414. 

Tsai, H. & Duong, R. (2005) . Simultaneous Determination of pH, Urea, Acetylcholine and 
Heavy Metals Usi ng Array Based Enzymatic Optical Biosensor. Biosensor Bioelectron, 20, 
1796-1 804. 

Tuzen, M., Karaman, 1., Citak, D. & Soylak, M. (2009) . Mercury (II) and Methylmercury 
Determinations in Water and Fish Samples by Using Solid Phase Extraction and Cold 
Vapour Atomic Absorption Spectrometry Combination. Food and Chemical Toxicology, 7, 
1648-1652. 

Ugwu, F.M. & Oran ye, N.A. (2006). Effects of some Processing Methods on the Toxic 
Components of A frican Breadfruit (Treculia africana) . African Journal of Biotechnology, 
5,2329-2333. 

Vadive l. V .. &. .l anarc1 hanan. K. (2000) . Nutritional and Anti-nutritional Composition of Velvet 
Bean: :'\11 Uncl cruti lized Food Legume in South India. International Journal Food 
Sclell cc/\'lIlrilioll, 5 1,279-287. 

Viera, F.B ., Barragan, B.B. and Busto, B.L. (1988) . Reversible Immobilization of Soybean fJ
amylase on phenyl boronate agarose. Biotechnology and Bioengineering. 31,711-713. 

Vieth, W. A. , & Venkatasubramanian, K. (1973). Properties of Immobilized Enzyme Systems. 
Enzyme Engineering, Part 1. Chemistry Technology, 3, 18-29 

130 



Vijayakumari, K. , Siddhuraju, P. & Janardhanan, K. (1996). Effects of Different Post-harvest 
Treatments on Anti-nutritional Factors in Seeds of the Tribal Pulse, Mucuna pruriens (L.) 
DC. International Journal Food Science Nutrition, 47, 263-272. 

Villeneuve P. , Muderhwa 1.M., Graille J., & Haas MJ. (2000) . Customizing Lipases for 
Biocatal ysis: A Survey of Chemical, Physical and Molecular Biological Approaches. 
Journal of molecular catalysis B: enzymatic, 9, issues 4-6, 113-148. 

Walker, A.F. & Koch har, N. (1982) . Effect of Cooking Including Domestic Cooking on 
N utri ti olla l Qual i t y 0 r Legum es. Nutritional Society, 41 , 4l-5l. 

\\ ·hitah.c r, .J .R. &. Gramllll, P. E. (1980). An Absolute Method for Protein Determination Based on 
Difference of Absorbance at 260 and 280nm. Analtical Biochemistry, 109, 156-159. 

Wikiped ia, (2006). Urea from Wikipedia, the Free encycLopedia 14: GNU Free Documentation 
License Text of the GNU Free Documentation License. Wikipedia is a registered 
trademark of the Wikimedia Foundation, Inc. Version 1.2, November 2002. Copyright (C) 
2000,200 1, 2002 Free Software Foundation, USA, Boston MA 02110-1301. 

Wiren, N., Gazzarrini, S., Gojon, A. & Frommer, W.B. (2000). The Molecular Physiology of 
Ammonium Uptake and Retrieval. Current Opinion Plant Biology, 3, 254-261. 

Wolfgang, A. (2007). Enzyme in Industry Third Edition. ISBN: 978-3-527-31689-2. 

Won, K. , Kim . S., Ki m, K.J.. Park, H. W. & Moon, S.J . (2005). Immobilization of Enzymes on 
Cellul osic Supports . Process Biochemistry, 40, 2149. 

Wubbo lts, M.G. Buc ke, C. & Stainslaw, B. (2000). How to Get the Biocatalyst. in Applied 
HioCillUiI 'SIS (Stanlhof, AJJ and Adlercrutz EDs) Harwood Academic Publishers, Cpp 153-
161 ). ctcrl ands. 

Yong, G., Ji e, W. & Xijin, S, (2004). Immobilization of Enzymes. Journal of Zhejiang 
University of Science, S, 1608. 

Yoshida, M., Oishi, K. , Kimura, T. , Ogata, M. & Nakakuli, I (1989), Continuous Production of 
Maltose Using a Dual Immobilized Enzyme System. Agricultural Biology and Chemistry, 
35,3139-3142. 

Young, N.D., Mudge, 1. & Ellis, T.N., (2003) . Legume Genomes: More than Peas in a Pod. 
Current Opinion in Plant Biology, 6, 199- 204. 

Yu , .1 . .1.. Smithson, S.I .. Thomas, P.W., Kirkland , T.N. & Cole, G.T. (1997) . Tsolation and 
Characteriza tion or the Urease Gene (URE) from the Pathogenic Fungus Coccidioides 
i/1l1ll ilis . (;I!ne, It) ,387-391. 

131 



Zonia, L.E., Stehbins, r E. & Polacco, J.e. (1995). Essential Role of Urease in Germination of 
itrogen- limited :1rabidopsis thaliana seeds. Plant Physiology, 107,1097-1103 . 

Zu Pei LIANG, Ya Qing FENG, Shu Xian MENG, & Zhi Yan LIANG (2005). Preparation and 
Properti es of UI'casc Immobili zed onto Glutaraldehyde Cross-linked Chitosan Beads. 
Chinese Chemical Letters, 16 (1), 135-138. 

132 



APPENDICES 

Appendix A: Optimum pH for urease activity in germinated and ungerminated beans 

samples 

Beans samples Optimum Temperature eC) 

Germinated beans Ungerminated beans 

P/ws('()IIIS III I/ i/I IIS 7.0 7.0 

P(/rc/7l"r/7i:lIs I lIherroslI l 7.0 6.5 

'\I'lienosil'/is sicnocarl'u 6.5 6.5 

C/l'cine max 6.5 6.5 

Cajanus cajan 7.0 7.0 

Mucuna pruriens 7.0 6.5 

K erstings geocarpa 6.5 7.0 

Vigna mungo 7.0 6.5 
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Appendix B: Optimum temperature for urease activity in germinated and ungerminated 

beans samples 

Ikan li sample ~ Optimum Temperature CC) 

Germinated beans Ungerminated beans 

Phaseolus lunatus 60 60 

Parchyrhizus tuberrosus 60 60 

Sphenostylis slenocarpa 70 70 

Glycine max 60 60 

CajanLis cajull 70 60 

,\/IIl'llI7l1 I JI'III 'I, Ii, I 60 60 

A:c:nl ing,l gC:()l'Ul'pa 70 60 

I 'igno mungo 70 60 
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Appendix C: Calibration curve for crude and partiaUy purified urease assay 
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Appendix D: Calibration curve for immobilized urease assay 
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