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Abstract 

Not previously studied metalloprotease was tested in four species of leguminosae, 

purified and characterized from Acacia farnesiana which have maximum specific 

activity 25.01 U/mg. Precipitation by 50% ammonium sulfate referred to increase of 

specific activity (35.84) U/mg while loading on DEAE-Cellulose exchanger pointed 

out elevation of specific activity and purification fold, 51.39 unit/mg and 2.06 

respectively. Molecular mass, pH and temperature optima of purified metalloprotease 

were 55.11kDa, 7.5 and 50
o
C respectively. All metal ions were decreased enzyme 

activity except the zinc showed the increasing about 16%. EDTA was inhibiting the 

activity in otherwise other inhibitor not affected on enzyme activity. Optimum 

substrate for activity was BSA and has Km and Vmax 1.11mM and 625 mM/ min 

respectively.  
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Introduction  

Proteases are famous enzymes which speed up the hydrolytic reactions of protein 

molecules to degrade into peptides and amino acids. Several groups of proteases 

differ in its features include specificity to substrate, active site, catalytic mechanism, 

optimum activity, stability to pH and temperature [1]. One of these groups are 

metalloproteases which present in bacteria, fungi and animals [2], and also reported in 

plant which involved the purification and characterization. [3]. Metalloproteases 

recognized from the rest proteases by contain, zinc atom or replaced by another metal 

such as cobalt or manganese in their active site. Exo- and endopeptidases 

metalloproteases in many different sub-cellular locations has ability to digestion or 

highly specific processing function [4]. According to few available articles about 

plants were obtained, we can mentioned the physiochemical properties of these type 

of protease which reviewed by [5] from plants and other organisms as follow: 

Molecular weights, pHs and temperatures optima and isoelectric points were located 

between 35-79.7 kDa, 5.5-8, 20-60
o
C and 3.3-7.7 respectively. 

Methods 

Protease Extraction 

50 gram fresh young leaves of 4 species of leguminosae (Vigna radiate, Medicago 

sativa, Acacia farnesiana and Vicia faba) were ground in blender with 250 ml of 50 

mM phosphate buffer pH7.6 for 15 min at 25
o
C. The mixtures were filtered by 

whatman No.4 filter paper to isolate and remove of all precipitations [6].  

Protease Activity 

Activity of protease was estimated according to Fadiloglu (2001). Digestion reaction 

start by adding of protease extract (0.5ml) to 1ml of 1% w/v casein previously 

dissolved in 100 ml of mM of phosphate buffer pH 7.6. Solution was incubated at 40 
◦
C for 20 min then reaction arrested by 3 ml of 5% (w/v) trichloroacetic acid (TCA). 

The non-digested protein in mixture after 60 min was isolated by centrifugation at 

3000 rpm for 10 min and supernatant was measured at 280 nm for protease activity. 

Preparation of blank has similar steps mentioned as above but TCA was added prior 
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the protease extract. One enzyme unit (U) is represented the amount of proteins were 

digested by the enzyme per min. 

 

Proteins Concentration 

Concentrations of proteins in the extractions were determined according to the [8] 

using BSA. 
Purification Procedures 

Traditional first step of clarification is sedimentation of protease in raw solution of 

extraction by subjected to solid ammonium sulfate added to 15 ml of the extract 

separately to reach final concentrations namely 30- 80% at 10 intervals. The sediment 

was collected by centrifugation (15 min at 10000 rpm and 4
o
C) then suspended in 4 

ml of 50 mM phosphate buffer pH 7.6 and dialyzed for 12 h at 4
o
C against 1000 ml of 

the buffer. Second step included preparation of DEAE-Cellulose exchanger by 

packaging it in column with dimension 2.5×15 cm. The column was equilibrated by 

50 mM phosphate buffer pH 7.6 for 24 h at flow rate 30ml/h. Dialyzed solution 

passed through column then washed by 50 mM phosphate buffer pH 7.6 and fractions 

collected (2ml for each fraction). Absorbance and activity were measured in wash 

fractions to detect the fractions have protease activity whereas elution of bounded 

proteins obtained by liner gradient NaCl (0-1M) dissolved 50 mM phosphate buffer 

pH 7.6. Collection, absorbance and activity were determined as in washing fractions.  

Characterization 

Molecular Mass 

Molecular mass of protease was determined by size exclusion on Sephacyle S-200 

column (1×42 cm) previously equilibrated  by 200 mM phosphate buffer pH 7.6 using 

different marker proteins (Ferritin, BSA, Trypsin and Lysozyme). Flow rate of 

equilibrium and elution for marker proteins and protease were 30ml/h while volume 

of each fraction was 3ml.  

Effect of pH          
Protease activity was estimated at varied pH values ranging from 3-10 to detect the 

optimum pH of activity using appropriate buffers. 

Effect of Temperature 

The optimum temperature activity of protease was assayed at different temperatures 

(30-80 ºC).  

Effect of Metals Ions 

The effect of many metal ions included 1mM of Co
+‏2

, Ca
+‏2

Mg ,‏
+‏2

Mn‏ ,
+‏2

, Ba
+‏2

, Hg
+‏2

 ,‏

Cu
+‏2

, Zn
+‏2

, Ni
+‏2

 on protease activity were determined. Protease (0.5 ml) was 

incubated with metal ion have final volume 1.5 ml of 50‏ mM phosphate buffer pH 7.6 

at 45 
o
C for 20 min. Control was prepared as above except absence of metal ion. 

Effect of Inhibitors 

Same procedure in effect of the metal ions on protease was used but replaced by 

specific inhibitor with its appropriate concentration. Iodoacetamide (cysteine protease 

inhibitor), Pestatin A (aspartic protease inhibitor), PMSF (serine protease inhibitor) 

and EDTA (metalloprotease inhibitor). 

Effect of different substrates 

In addition of casein, BSA, hemoglobin and gelatin were used to determine of 

protease activity under optimum conditions. 

Km and Vmax Studies 

The determination of kinetic parameters depending on double reciprocal plot for BSA 

using different concentrations included 0.5, 1, 2, 4, 6, 8 and 10 mM. 

Results and Discussion 
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The results in showed that all plant varies in enzyme activity, Acacia farnesiana 

leaves liberate optimum (25.01U/mg) compared with other plants followed by Vigna 

radiate, Vicia faba and Medicago sativa (table1). Type of protease in these legumes 

may be belong to metallo-enzyme of [9] who pointed out present of mealloprotease in 

leaves of  Glycine max (leguminosae).  

Table 1 Protease activity in selected legumes  

 

 

 

 

 

 

 

 

 

 

 

 

 

For investigation and characterization of major type of protease in plant have 

maximum specific activity (Acacia farnesiana), purification techniques should be 

accomplished. Precipitation by ammonium sulfate at 50% concentrate appeared 

increase of proteins content compared with crude extract (2.62mg/ml), but increase of 

the activity (93.92U/ml) subsequently gave higher specific activity (35.84 mg/ml) and 

led to increase in purification index (table2). Usually proteins have very high 

molecular weight precipitate below 25% ammonium sulfate saturation [10], that 

indicate protease in the present study not involved to this group of proteins (see 

below).  Final purification index and recovery were 2.06 and 39.45% respectively at 

the peaks in 61-65 fractions of the DEAE-Cellulose exchanger (Figure 1 and table 3). 

Low volume of target protease in protein solution (10 ml) may be belong to the often 

enzymes are sticky, adhering to surfaces such as glass or the packing substance in the 

ion exchange column chromatography [11].  

 

Table 2 Activity of Acacia farnesiana protease at various concentration % of 

ammonium sulfate 
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Figure 1 Ion exchange of Acacia farnesiana protease on DEAE-Cellulose 

exchanger 

 

Molecular mass of protease was 55.11 kDa (Figure 2), the value with the elution of 

soy beans metalloprotease on a calibrated gel filtration was 15 kDa (Graham et al., 

1991). The same type of protease was 79.7 kDa on SDS-PAGE under reducing 

condition when purified from Euphorbia cotinifolia [5] while Nicotiana tabacum have 

two forms with apparent molecular masses of ~30 and 55 kDa [12].  

 

Table 3 Purification steps of Acacia farnesiana protease 

 

 

 

 

 

 

 

 

 

 

The maximum activity for casein degradation was 38.02 at pH 7.5 (Figure 3), at this 

pH the ionizable groups in active site located in suitable ionic interaction for three 

dimensional binding between enzyme and substrate. These enzymes have a pH 

optimum near neutral values; hence some times the metalloproteases called neutral 

proteases [13]. 
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Figure 2 Molecular mass of Acacia farnesiana protease 
 

Effect of temperature in protease activity was the best at 45
o
C which produce activity 

42.62 (Figure 4), very less studies about optimum temperature on plants 

metalloprotease. Sorghum malt variety KSV8-1 and Euphorbia cotinifolia have 

temperature optima 50 and 60
 o
C respectively [13; 5].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Effect of pH on protease activity of Acacia farnesiana  

 

The obvious effect of selective ions on enzyme activity were cobalt followed by 

mercury and copper while other ions showed low to moderate inhibition except zinc 

which raised of the activity about 16% (table 4). Some metal ions and cofactors may 

be necessary to maintain the native structure and biological activity of the enzyme 

[14].  
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Figure 4 Effect of temperature on protease activity of Acacia farnesiana  

 

About 53% and 100% of enzyme activity was lost at 1 and 10 mM of EDTA inhibitor 

respectively, where as no significant influences of other inhibitors at its concentration 

(table 5). Protease extracted purified, characterize and strongly inhibited by EDTA 

from Acacia farnesiana belong to metalloprotease [15].  

. 

Table 4 Effect of metal ions on protease of Acacia farnesiana 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5 Effect of inhibitors on protease activity of Acacia farnesiana 
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Results presented in figure 5 showed the metalloprotease activity with 4 different 

substrates. The highest specificity with BSA (93.48 U/ml) unlike hemoglobin which 

reflect very low specificity (1.07 U/ml) compared with other selected natural 

substrate. Further study is needed to identify substrates because, metalloproteases 

classified according to physiological functions, depending on substrate specificity and 

their expression in cellular organelles[16]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Effect of different substrates on protease activity of Acacia farnesiana 

 

The kinetics constants Km and Vmax were 1.11mM and 625 mM/ min respectively 

(Figure 6). Matelloprotease can obtained from straight line generated from1/[S]  is 

plotted against 1/v. The exact crossing of the line with the x and y axis produce -1/Km 

and 1/Vmax respectively. This type of plot is very obvious, but not suitable in practical 

purposes for estimation of Vmax and K m [17]. 
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Figure 6 Kinetics parameters of Acacia farnesiana metalloprotease  
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  Acacia farnesiana تنقيت جزئيت لأنزين البروتيز الوعذني الوستخلص هن نباث شىك الشام
 جاهعت القادسيت/ كليت العلىم/ قسن علىم الحياة /نزار عبذالأهير حوزة و ههنذ هحوذ صاحب

‏اىخلاصخ

‏عِ ‏اىزحشٌ ‏‏رٌ ‏ثشورُضاد ‏ٍعذُّخ ‏فٍ‏رشخصىٌ ‏اّىاع‏عبثقب ‏اىجقىىُخ‏اسثعخ ‏اىعبئيخ ‏ّجبربد ‏ّقُذ‏‏،ٍِ حُث

‏ ‏ّىعُخ ‏فعبىُخ ‏اعيً ‏اٍزيل ‏واىزٌ ‏اىشبً ‏ّجبد‏شىك ‏فٍ ‏وحذح/ٍيغٌ‏(25.01)ووصفذ ‏ىزصو‏، ‏اسرفعذ واىزٍ

‏‏وحذح/ٍيغٌ‏35.84اىً ‏اىزشعُت ‏الاٍىُّىً.50ةعْذ ‏ٍشاد‏‏بعاسرف‏اعزَش%‏مجشَزبد ‏وعذد ‏اىْىعُخ اىفعبىُخ

‏اىَجبده‏الاَىٍّ‏اىغبىت‏‏2.06‏و وحذح/ٍيغٌ‏51.39‏ار‏مبّذاىزْقُخ‏ ثْبئٍ‏اثُو‏اٍُْى‏عيً‏اىزىاىٍ‏عْذ‏اعزخذاً

مُيىداىزىُ(‏‏والاط‏اىهذسوجٍُْ‏واىحشاسح‏اىَثيً‏ىلاّضٌَ‏ار‏مبّذ‏و‏‏55.11.‏قذس‏اىىصُ‏اىجضَئٍ‏)اثُو‏عيُيىص

‏‏50و‏‏7.5 ‏اىحضِ‏ٍع‏الاَىّبد‏اىَعذُّخ‏عذا ‏اّخفضذ‏اىفعبىُخ‏عْذ اَىُ‏اىضّل‏ار‏دسجخ‏ٍئىَخ‏عيً‏اىزىاىٍ.

‏ٍقبسّخ‏ثىاعطخ‏اثيُِ‏داٌ‏اٍُِ‏رزشا‏اعزل‏اعذ‏ٍيٍ‏ٍىىش10ميُب‏عْذ‏رشمُض‏‏%.‏‏ثجط‏الاّض16ٌَاسرفعذ‏ثَقذاس‏

‏دسط‏ثبثذ‏ٍنبىظ‏ٍْزِ‏و‏اىغشعخ‏اىقصىي)ى‏ٍع‏اىزشامُض‏اىَخزيفخ ‏625ٍيٍ‏ٍىىش‏و‏1.11يَثجطبد‏الاخشي.

‏‏‏‏‏.اعبط‏حٍيٍ‏ٍىىش/دقُقخ(‏‏ثىجىد‏اىجىٍُِ‏اىَصو‏اىجقشٌ‏مَبد

‏ًاىنيَبد‏اىَفزبحُخ:‏اىجشورُضاد‏اىَعذُّخ،شىك‏اىشب

 


