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Abstract 
       The present work has been carried out to isolate protease from the crude extract of Glycine max 
seeds. The activity of Glycine max seeds protease was found optimum at pH 9.0 and at temperature 
30oC. The activity of crude Glycine max seed protease was strongly enhanced in the presence of CaCl2 
and MnCl2 while inhibited by cysteine and mercaptoethanol. The enzyme was found thermostable. 
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1. Introduction 
 Proteases are the leading class of 
enzymes, which have importance both in 
commercial and physiological fields. Proteases are 
degradative enzymes, which catalyze the total 
hydrolysis of proteins. Proteases are the oldest 
enzymes which have been used in the food and 
detergent industries. Proteases have been used for 
centuries in the manufacturing process for soy 
sauce, tamari sauce and miso (Tatsumi, 1988). 
Now a days proteases are extensively used in 
numerous fields including protein engineering 
(Durrschmidt, 2001), food processing industry, 
leather industry, silk industry, detergent industry 
(Joo, 2005) and waste processing industry   
(Pastor, 2001). Proteases represent one of the 
three largest groups of industrial enzymes   and 
account for about  60% of the total worldwide sale 
of enzymes (Mala, 1998). The protease activities 
of seeds have been investigated as a storage     
protein of the seeds. Many proteases have been 
isolated, purified and characterized from different 
plant seeds such as Indian bean seeds         
(Vadde, 2005), Kidney beans (Vitalyi, 1997), 
Vetch seeds (Becker et. al., 1995), Rice seeds 
(Asakura and Abe, 1995) and Cocoa seeds (Biehl 
et. al., 1993). The vast diversity of proteases, in 
contrast to the specificity of their action, hence 
attracted worldwide attention to explore low cost 

sources. As a matter of fact, a country like 
Pakistan marked by an agro-based economy can 
be an ideal place for the isolation of industrially 
important enzymes from plant sources, which are 
frequently available and low cost. In this regards 
in present study, some characteristic properties of 
crude soybean seeds protease were investigated.     
 

2. Material and Methods 
Material:  
The soybean seeds were purchased from local 
market in dry state. All reagents were of analytical 
grade  and were used without further purification. 
 

Methods:  
Enzyme powder preparation: After removing 
seed coats, the seeds were crushed in Pestle and 
mortar and defatted with Diethyl ether. The 
defatted sample was homogenized in chilled 
acetone. The suspension was filtered through 
Whatman No.1 filter paper through suction pump 
and residue was separated on filter paper and 
allowed to dry at 20oC. 
 
Preparation of soluble enzyme: The crude 
enzyme solution was prepared by accurately 
weighing 10g of acetone dried residue (crude 
enzyme) and crushed to fine powder using pestle 
and mortar and dissolved in 30 ml ice cold 0.2M     
Tris-HCl buffer pH 8.25. The solution was 
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centrifuged at 7000 rmp in Kubota refrigerated 
centrifuged at 4oC for 15 minutes and the 
supernatant was transferred to a 100 ml 
volumetric flask. This procedure was repeated 
twice and total volume was made up to 100 ml. 
Protease activity was determined from this 
solution. 
 

Substrate preparation: 2% solution of Casein 
acid hydrolyzed (Sigma chemicals) was prepared 
in 0.2 M Tris-HCl buffer, pH 8.25.  
 

Determination of protein: Protein content from 
the crude extract was determined by the method of 
(Lowry et. al., 1951) using bovine serum albumin 
as standard.   
 

Determination of Protease activity: Protease 
activity was determined by the method of Anson 
(1938) with slight modification. One ml of 
enzyme solution   was incubated with 1.0ml 2% 
casein acid hydrolyzed (Sigma Chemicals) in     
0.2 M Tris-HCl buffer (pH 8.50) at 35oC for        
30 minutes. The enzyme reaction was stopped by 
the addition of 2.0 ml 15% trichloroacetic acid, 
which precipitated the residual protein. The 
contents of the tubes were centrifuged after 30 
minutes at 6000 rpm for 10 minutes. In 1.0 ml of 
clear supernatant, 4.0 ml of 0.5 N sodium 
hydroxide and 1.0 ml Folin phenol reagent 
(diluted 1:1 v/v in water) were added. The total 
volume was then made up to 10.0 ml by adding 
4.0 ml double distilled water. A blue colour 
developed was determined after 5minutes at      
625 nm.  
 The quantity of enzyme that released 
1ug of tyrosine under the standard assay 
conditions called one unit of protease activity. 
 

3. Results and Discussion  
 The different parts of plants contain 
different protease while seeds serve as a preferred 
source of these enzymes. To ensure whether these 
enzymes are suitable for commercial level, it is 
important to determine some parameters such as 
pH, temperature, substrate concentration, 
activators and inhibitors, which effect on enzyme 
catalyzed reaction.  
 

It was observed that the activity of the 
enzyme increased with the increase of time of 
incubation upto 60 minutes and then decreased 
(Fig.1). This declination in activity after 60 

minutes reaction time may be suggested to the 
presence of other proteolytic enzymes in crude 
sample of soybean seeds (Dahot, 1993). The 
decline in activity after 60minutes could not be 
ruled out due to self-digestion or product 
inhibition (Weil, 1966).  
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Fig. 1: Effect of time period on protease  

activity of Soybean seeds 
 

Generally the rate of enzymatic reaction 
increased linearly with the increase in the 
substrate concentration until an optimum point is 
appeared where the concentration of the substrate 
saturated with enzyme present in reaction mixture. 
The hydrolytic activity of protease was 
investigated and results are represented in (Fig.2).  

 

0

2 0

4 0

6 0

8 0

10 0

0 0 . 5 1 1. 5 2 2 . 5 3 3 . 5

S ubst r a t e  C onc e nt r a t i on ( %)

 
 
 
 

when various concentrations of substrate (casein 
acid hydrolyzed) ranging from 0.5 to 3 % with 
respect to its optimum time. It was observed that 
the rate of reaction declined after 2% substrate 
concentration. The declination in the rate of 
reaction after optimum concentration could be due 
to the alteration of enzyme substrate concentration 
ratio. The activity of protease increases with the 
increase of substrate concentration also reported 
by (Hiroshi et. al., 2000) using 22-kDa protein as 

Fig. 2: Effect of substrate concentration on 
soybean seed protease 
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a substrate obtained from Osmunda Japonica, 
(Yong and Linda, 2000) using Leu-Gly as 
substrate and (Isabelle et. al., 1996) using 
Glutenins  and Gliadins as substrates .  
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Fig.3. Effect of enzyme concentration on  

Soybean seed protease 
 

(Fig.3) shows the effect of various 
enzyme concentrations (2.5-20 %) on protease 
activity of soybean seeds and observed that the 
activity increased with the increase of enzyme 
concentration up to 10 % and then decreased. The 
maximum reaction velocity at 10 % enzyme 
concentration is due to the utilization of total 
amount of substrate in enzyme-substrate complex 
(Sandra and Pant, 2005). In subsequent 
experiments 10% enzyme concentration (10 % 
crude enzyme solution of soybean seeds) and 2 % 
casein acid hydrolyzed was used as substrate. 
 

The hydrolysis of casein was measured in 
a series of universal (Britton and Robinson type 
pH 2.69-12.0.) buffer in an attempt to cover the 
range of pH 3.0 to 11.0. Protease activity was 
found  to be  most active  at  the  lower  side of the 
alkaline pH. The enzyme has  an  optimum pH 9.0 
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Fig. 4.  Effect of pH on soybean seed  

protease activity 

as shown in (Fig. 4). (Gupta et. al., 2002) have 
reported that alkaline proteases are the leading 
detergent enzymes. A large number of researchers 
have isolated alkaline proteases from different 
parts of plants such as tomato (Jian, 2005), alga 
chara corallin (Yuji and Ladislav, 2004) wheat 
leaves (Irma, 2003), roots of sweet potato    
(Tzeng et. al., 2004), fruits of Bromelia hieronymi 
Mez (Mariela et. al., 2006) and pea plant (Iwona  
et .al. 1996).  
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 Fig. 5. Effect of temperature on soybean seed 
protease activity 

 
 The effect of temperature on protease 
enzyme activity was observed and the results are 
shown in (Fig.5) the temperature profile indicates 
that the optimum temperature of action was found 
to be 30°C. An initial increase in temperature up 
to 30oC increased the rate of the enzyme-catalyzed 
reaction due to the increase in number of collision 
between the reacting molecules, but the enzyme 
probably got denatured on exposure to higher 
temperature than its optimum temperature. This 
declination of activity after optimum temperature 
may also be due to the alteration of the structure 
of enzyme (Acevedo et. al., 2002). Optimal 
temperature result (30oC) of soybean protease is in 
agreement with that of the protease isolated from 
Cajanus cajan seeds (Dahot, 1992) and from 
Durum wheat (Isabelle et. al., 1996 ). It has been 
reported that most plant proteases have optimum 
temperatures above 30oC (Ogbonna and  Okolo 
2005; Senarath et. al., 2004; John et. al., 2003) 
but soybean seeds protease optimally active at 
temperature 30oC. The effects of some reagents 
and metals (5m) on soybean seeds protease 
activity are summarized in (Table-1).  
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Table–1. Effect of different reagents on Soybean 
seed protease activity 

 
Reagents Activity % of relative % of 

5mM Conc. units/ ml activity activation/ 
[inhibition]

Tween 80 25 41.66 [56.34] 
Triton X- 

100 14 23.33 [76.67] 

SDC 28 46.66 [53.34] 
SDS 26 43.33 [56.67] 

AgNO3 46 76.66 [23.34] 
HgNO3 53 88.33 [11.67] 

Mercapto- 
ethanol 8 13.33 [86.67] 

Cysteine 10 16.66 [83.34] 
O-phena- 
 nthroline 35 58.33 [41.67] 

EDTA 38 63.33 [36.67] 
CaCl2 82 136.66 36.66 
MnCl2 98 163.33 63.33 
CoCl2 58 96.66 [3.34] 
ZnCl2 55 91.66 [8.34] 

Control 60 100 - 
 

It was noted that the activity of soybean 
seeds protease was enhanced 58% with CaCl2 and 
70% with MnCl2. On the other hand AgNO3 and 
HgNO3   slightly accelerate the enzyme activity. 
Where as detergents SDS, SDC, Tritron-X-100, 
Tween-80, EDTA, O-phenonthroleine, cysteine 
and mercaptoethanol retarded the enzyme  
activity. The inhibition effect of EDTA and             
O-phenonthroleine and the stimulation effect of 
divalent cation on the protease activity were 
reported by (Becker et al.,1995). The increase of 
activity by Mn2+ was also observed by (Wellingta 
and Meire, 2004) and (Rahman et. al., 1994) and 
Ca+2 by (Rahman et. al.,1994 and Gianna et. al., 
2001). (Schaller, 2004) has reported that the 

metallo proteases depend on divalent cations, 
most commonly zinc and manganese. Several 
researchers have isolated and characterized the 
metallo protease from different plant sources such 
as Arabidopsis, (Junping et .al., 2006), Tomato 
(Hauser et. al., 2001), Sorghum malt (Ogbonna 
and Okolo, 2005), Potato tuber (Stahl et .al., 
2002), Arabidopsis thaliana (Yu et. al., 2004) and 
Pea seeds (Distefano  et. al.,1997).  
  

On the other hand protease activity 
significantly inactivated in the presence of 
cysteine, mercaptoethanol, EDTA and                 
O-phenonthroline. EDTA removes the metal from 
the vicinity of the active site of the enzyme by 
chelation. The inhibitory effect of EDTA and     
O-phenonthroline supports the assumption that 
alkaline protease of soybean seeds belongs to a 
metallo type enzyme (Hampson et. al., 1963; 
Morihara and Tsuzuki, 1970 and Manabe  et. al., 
1985). Studies of thermal stability of purified 
soybean seeds protease activity was performed at 
pH 9.0 by heating ambient volume of enzyme 
solution at different temperatures ranging from 30 
to 100oC for 10 minutes with and without addition 
of activators. The remaining activities were 
examined under standard assay conditions as 
shown in (Fig.-6).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6. Thermostability of soybean seed protease 

activity with and without activator 
 

The protease activity of soybean seeds 
was retained about 20% at 50oC. It has noted that 
at 50oC, 48% and 92 % protease activity was 
present by the addition of CaCl2 (6mM) and 
MnCl2 (4mM) respectively. These results 
suggested that the soybean seeds protease is a 
thermostable protease. (Tzeng et. al., 2004) have 
isolated a protease from roots of sweet potato, 
which was stable upto 40oC while (Kenneth  et. 
al., 2003) have isolated a thermostable protease 
from Arabidopsis thaliana, which was stable          
above 60oC and (Yonezawa et. al., 1998) have 
characterized a thermostable  Asparagus protease, 
which was fairly stable up to 50oC.  
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In order to obtain information about the 
primary specificity of alkaline protease, soybean 
seed was tested with different substrates prepared 
in universal buffer pH 7.0 and results are 
presented in (Fig.7).  
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Fig. 7. Effect of substrate specificity of soybean 
seeds protease activity 

 
The greatest protease activity was 

obtained with peptones obtain from animal, 
soybean and meat while low substrate specificity 
was observed with other proteins such as 
Hemoglobin, azocoll, albumin and azocasien used 
as a substrate. It is concluded from the above 
results that soybean seeds protease prefer to 
hydrolyzed peptones rather than other proteins.  
 

A large number of researchers 
investigated the substrate specificity of protease 
isolated from different plants such as the 
Osmunda Japonica protease hydrolysis only     
22-KDa protein but not the other proteins (Hiroshi   
et.al., 2000), the favorable substrates for 
Cucumisin, a Prince melons protease are Glt-Ala-
Ala-Pro-Leu- pNA and Suc-Ala-Ala-Pro-Phe-
pNA (Tetsuya  et.al.,1995), Durum wheat 
protease specific for reduced Gliadin as compared  
to other substrates such as Casein, Hemoglobin 
and Gelatin ( Isabelle et.al., 1996), a Maize 
protease prefer to hydrolyze Boc-Val-Leu-Lys-
MCA and Suc-Leu-Leu-Val-Tyr-MCA than    
other oligopeptide substrates (Takafumi et.al., 
2000), Tomato proteases, His6-LAP-A prefer      
to hydrolyze Leu-β-NAP and His6-LAP-N 
significantly hydrolyzed Met-β-NAP than other 
acyl-β-naphthyl-amide (β-NAP) substrates (Chao 
et.al., 2003) and LAP-A hydrolysis Xaa-Leu 
substrate than other dipeptides and Leu-Gly-Gly 
substrate than other tripeptides(Yong and Linda, 
2000) and Winged-bean seeds protease prefer to 

hydrolyze Gelatin as compared to other substrates 
(Rajamma and Manoranjan, 1996) .  
 
Reference 
Asakura, T., and K. A. Abe, (1995) Evidence for 
the occurrence of multiple aspartic proteinases    
in   rice seeds. Biosci. Biotech. Biochem. (59): 
1793–1794. 
 

Anson M.L., (1938) The estimation of pepsin, 
trypsin, papian and cathepsin with Hemoglobin.  
J. Gen. Physiol. (22): 79Pp. 
 
Acevedo, F., J.C. Gentian, and A. Illanes, (2002) 
Fundamentose de imgenieria bioqumica, 
Ediciones Universitarias de Valparaiso-UCV. 
Valparaiso. Chile, 347Pp.  
 
Becker, C., A.D. Shutov V.H. Nong V.I. Senyuk 
R. Jung C. Horstmann J. Fischer N.C. Neilsen and 
K. Muntaz, (1995) Purification, cloning and 
characterization of proteinase B, an asparagine-
speicfic endopeptidase from germinating vetch 
(Vicia sativa L.) seeds. Eur. J. Biochem. (228): 
456-462. 
 
Biehl, B., H. Heinrichs, B. H. Ziegeler,                  
S. Srivastava Q. Xiong D. Passern V. Senyuk   
and M. Hammoor, (1993) The proteases of 
ungerminated cocoa seeds and their role in the 
fermentation process. Angew Bot. (67): 59–65. 
 
Chao, J. T., Y. P. Sang, and L. W. Linda, (2003) 
Isolation and characterization of the neutral 
leucine aminopeptidase (Lap N) of tomato. Plant 
Physiol. (132): 243–255. 
 
Durrschmidt, P., J. Mansfeld and R.U. Hofmann, 
(2001) Differentiation between conformational 
and autoproteaolytic stability of the neutral 
protease from Bacillus stearothermophilus 
containing an engineered disulfide bond. Eur.      
J. Biochem. (268), 3612-3618.  
 
Dahot, M. U., (1992) Alkaline protease activity of 
some plant seeds. Proc. All Pak. Sci. Conf.                       
(1): 102-104      
 
Dahot, M.U., (1992)  Investigation of proteases in 
plant seeds. J. Islamic Academy of Science (5): 
241-244.  
 

Characterization of crude alkaline protease…                          11



Distefano, S., J. M. Palma, M. Gomez, and L.A R. 
Del, (1997) Characterization of endoproteases 
from plant peroxisomes. J. Biochem. (327):      
399-405. 
 

Gupta, R., Q. K. Beg, and P. Lorenz, (2002) 
Bacterial alkaline protease: molecular    
approaches and industrial applications. Appl. 
Microbiotechnol. (59): 15-32. 
 

Gianna, P., B. Carmen, C. Giovanna, G. Paola,  
M. Gennaro, M. Maria, and S. Giovanni, (2001) 
Purification, Characterization, and Functional 
Role of a Novel Extracellular Protease from 
Pleurotus ostreatus. App. Environ. Microbiol. 
(67): 2754–2759. 
 
Hauser, F., J. Strassner, and A. Schaller, (2001) 
Cloning, expression and characterization of 
tomato (Lycopersicon esculentum) aminopeptidase 
P. J. Biol. Chem. (276), 31732-31737. 
 

Hampson, S.E., G.L. Mills, and T. Spencer, 
(1963) Biochemica  Biophysica Acta (73), 476. 
 
Hiroshi, I., K. Hiroyuki, Y. Daigo, O. Miwa, and 
N. Munenori, (2000) Characterization of a 
protease that acts specifically on the 22-kDa 
protein in thylakoid membranes from green spores 
of the fern Osmunda japonica. Physiol. Plant. 
(109): 129–136. 
 
Irma, N. R., F. N. M. Pedro, P. C. Carla,              
P. Susana, and J. B. Atilio, (2003) Purification 
and characterization of a subtilisin-like serine 
protease induced during the senescence of wheat 
leaves. Physiologia Plantarum (118): 483–490. 
 

Iwona, A., L. Marika, R. Margrit, and A. Bertil, 
(1996) Degradation of the light-stress protein is 
mediated by an ATP-independent, serine-type 
protease under low-light conditions.  Eur. J. 
Biochem., (236): 591-599. 
 
Isabelle, B., H. W. Joshua, K. Karoly, and B. B. 
Bob, (1996) Thiocalsin: a thioredoxin-linked, 
substrate-specific protease dependent on calcium. 
Plant Biology  (93): 3169–3175. 
 
Joo, H.S., and C.S. Chang (2005) Oxidant and 
SDS-stable alkaline protease from a halo-tolerant 
Bacillus clausii 1-52: enhanced production       
and simple purification. J. Appl. Microbiol. (98): 
491-497.  

Jian, F. L., H. Q.U. Liang, and L. Ning, (2005) 
Isolation of a tomato protease that may be 
involved in proteolysis of 1-aminocyclopropane-
1-carboxylate synthase. J. Integrative Plant 
Biology (47): 1220- 1227. 
 
John, M. U. H., J. S. David, C. H. Stefan, K. N. 
Bongani, and R. S. Antoni, (2003) Ara12 
subtilisin-like protease from arabidopsis thaliana 
:purification, substrate specificity and tissue 
localization. Biochem.  J. (370): 57-67.  
 
Junping, C., J. B. John, V. Jeff, and X.  Zhanguo, 
(2006)  Ftsh11 protease plays a critical role         
in Arabidopsis thermotolerance.  Plant  J. (48): 
73–84. 
 
Kenneth, G. P., T. Takuji, G. Susannah, and Y. Y. 
Rickey, (2003) Construction, expression and 
characterization of a chimaeric mammalian–plant 
aspartic proteinase. Biochem. J. (372): 671–678. 
 
Lowry, O.H., N.J. Roseberough A.L. Farr and R.J.  
Randall (1951) Portein measurrment with folin 
phenol reagent. J. Biol.Chem. (193): 265-275. 
 
Mala, B. R., M. T. Aparna S. G. Mohini and V. D. 
Vasanti (1998) Molecular and Biotechnological 
Aspects of Microbiol Proteases. Microbiol and 
Molecularbiol Rev. (62): 597-635. 
 
Mariela, A. B., A. T. Sebastian, F. A. Xavier       
O. C. Nestor and M. I. L. Laura, (2006) Peptidase 
isolated from fruits of Bromelia hieronymi Mez 
(Bromeliaceae). Protein J. (25): 224-231.    
 
Manabe, K., M. M. Morii, M. Honjo, M. Ohoka, 
K. Fushim, A. Sawakura, and Y. Furutani, (1985) 
Agric. Biol. Chem. (49): 2261. 
 
 Morihara, K. and  Tsuzuki, H., (1970)  Eur. J. 
Biochem. (15): 374Pp. 
 
Ogbonna, A.C. and B.N. Okolo, (2005) 
Purification and some properties of a 
metalloprotease from sorghum malt variety 
KSV8-1. World J. Microbiol and Biotechnol. 
(21): 1051-1056. 
 

Pastor, M.D., G.S. Lorda and A. Ballati (2001) 
Protease obtain   using Bacillus subtilis 3411 and 
amaranth seed meal medium at different aeration 
rates. Braz. J. Microbiol. (32): 1-8.  

A. Ali and M.U. Dahot                           12



Rahman, R.N.Z.A., C.N. Razak, K. Ampom,      
M. Basri,  W.M.Z.W. Yunus, and A.B. Salleh 
(1994) Purification and characterization of a      
heatstable alkaline protease from bacillus 
stearothermophilus F1. Appl. Microbiol. 
Biotechnol. (40): 822-827. 
 
Rajamma, U., S. Manoranjan, (1996) Proteases   
of germinating wingedbean (Psophocarpus 
tetragonolobus) seeds: purification and 
characterization of an acidic protease. Biochem. J. 
(313):, 423-429. 
 
Sandra, A. F., and H. K. Pant, (2005) Enzyme 
Technology. Asiatech publisher Inc. New Dehli, 
31 Pp. 
 
Senarath, B. P. A., M. Koji, R. Sanath, K. 
Masayuki, K. Masaki, K. Y. Nobuko, I. Akihiro, 
S. Chiaki, I. Hideshi, and T. Kenji, (2004) 
Enzymic and structural characterization of 
nepenthesin, a unique member of a novel 
subfamily of aspartic proteinases. Biochem. J. 
(381): 295–306.  
 
Schaller, A. (2004) A cut above the rest: the 
regulatory function of plant proteases. Planta 
(220): 183–197. 
 
Stahl, A.P.M., J. Ytterberg, O. Panfilov, H.B.V.L. 
Wenhielm, F. Nilsson, and E.R. Glase, (2002) 
Isolation and identification of a novel 
mitochondrial metalloprotease (prep) that 
degrades targeting presequences in plants. J. Biol. 
Chem. (277): 41931-41939. 
 
Tatsumi, H., Ohsawa M.T., Muralami S., Nakano 
E.,  Motai H.,  Asaki A.,  Ishida Y., Murami  K., 
Kawabe H. and Arimura  H. Agric. Biochem. 
(1988) (52): 15-20  
 
Tzeng, E. C., J. H. Dong, and H.L.Yaw, (2004) 
Isolation and characterization of a serine protease 
from the storage roots of sweet potato (Ipomoea 
batatas L. Lam). Plant Science (166): 1019-1026.  
 
Tetsuya, U., Y. Hiroo and K. Makoto, (1995) 
Cleavage specificity of cucumisin, a plant serine 
protease. J. Biochem. (117): 1126-1130. 
 

Takafumi, Y., O. Hiroyuki, S. Azusa, I. Akihiro, 
S. Hiroshi, T. Tohru, M. Tatsuru and I. T. Ken, 
(2000)  A cysteine protease from maize isolated in 
a complex form. Cell Physiol. (41): 185–191. 
 
Vadde, R., and P. R. Ramakrishna, (2005) 
Purification of acidic protease from the cotyledons 
of germinating indian bean (Dolichos lablab L 
varlignosus) seeds. African J Biotechnol. (4):  
703-707.  
 
Vitalyi, R., S. H. Vitalyi, Christian J. Antonina     
and V. Iosif (1997), Proteinase A-like from 
germinated kidney bean seeds. Its action on 
phaseolin and vicilin. Physiol. Plant (100):      
171-177.  
 
Weil, J., A. Pinsky and S. Grossman, (1966)      
The protease of the soybean. Cereal Chem. (43): 
392 Pp. 
 
Wellingta, C. A. D. N., and L. L. M. Meire, 
(2004) Production and properties of an 
extracellular protease from thermophilic bacillus 
sp. Brazilian J. Microbiol. (35): 91-96.  
 
Yong, Q. G., and L. W. Linda, (2000) Specificity 
of the wound-induced leucine aminopeptidase 
(LAP-A) tomato activity on dipeptide and 
tripeptide substrates. Eur. J. Biochem. (267): 
1178-1187. 
 
Yuji, M., and M. Ladislav, (2004) Purification and 
characterization of the 20s proteasome from the 
alga chara corallina (charophyceae). J. Phycol. 
(40): 333-340. 
 
Yu, F., S. Park, and S.R. Rodermal, (2004) The 
arabidopsis Ftsh metalloproteases gene family: 
interchangeability of subunits in chloroplast 
oligomeric complexes. Plant J. (37): 864-876. 
 
Yonezawa, H., M. Kaneda, and T. A Uchikoba, 
(1998) cysteine protease from young stems of 
asparagus: isolation, properties and substrate 
specificity. Biosci. Botechnol. Biochem. (62):    
28-33. 
 

Characterization of crude alkaline protease…                         13


