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Introduction 
Protease inhibitors (PIs) are of very common 
occurrence. They have been isolated and 
Characterized from a large number of organisms, 
including plants, animals and   microorganisms1-6. 
Plant PIs (PPIs) are generally small proteins that 
have mainly been described as occurring in 
storage tissues, such as tubers and seeds, but they 
have also been found in the aerial parts of plants7. 
They are natural, defense-related proteins often 
present in seeds and induced in certain plant 
tissues by herbivore or wounding8. PIs are 
induced in different plant species in response to 
attack by bacteria9, viruses10, 11 upon treatment 
with fungal elicitors12, and wounding13, 9, 14. 
      
In plants, these PIs act as anti-metabolic proteins, 
which interfere with the digestive process of  the 
insect. The defensive capacities of plant PIs rely 
on inhibition of proteases present in insect guts or 
secreted by microorganisms, causing a reduction 
in the availability of amino acids necessary for 
their growth and development15. Some 11 families 
of inhibitors have been described, based on their 
amino acid sequence relationships and inhibitory 
properties16. Majority of  proteinase inhibitors 
studied in plants kingdom originate from three 
main families namely Leguminosae, Solanaceae 
and Gramineae17.  
      
The term gum is commonly applied; it is water 
soluble and non-starch mucilaginous 
polysaccharides of commercial value. The gums 
are known to contain varying amounts of 
proteinaceous and non-proteinaceous materials18. 
Gum is a complex of different substances, mostly 
polysaccharides of diverse structure; the  

 
composition of gum polysaccharides varies from 
species to species and from cultivar to cultivar19-21. 
Gum ducts are formed naturally in healthy fruit 
trees. The formation of gum in plant is induced by 
environmental stresses such as infection, insect 
attack, flooding and mechanical or chemical 
injury22. All of the factors which stimulate gum 
exudation also promote ethylene production in 
plant tissues23. 
    
In this paper, we report the presence of trypsin 
and chymotrypsin inhibitors activity in Acacia 
leucophloea plant gum. Also in paper a novel 
protease inhibitor was purified and characterized. 
As per our knowledge this is the first report on 
the presence of PIs in gum.   
  

Material and Methods 
Materials 
Synthetic substrate N-Alfa -Benzoyl -DL-Arginine 
P-nitroanilide (BApNA), N-Succinyl-Ala-Ala-Pro-
Phe r-nitroanilide (SAAPFpNA), protein 
molecular weight markers were purchased from 
Merck chemicals, Germany. Bovine serum 
albumin (BSA) was purchased from Sigma, USA. 
Trypsin, Chymotrypsin and Casein were 
purchased from SRL, Mumbai, India. X-ray films 
were purchased from Agfa, India. 
 
Collection of the plant gum 
Gum from Azadirechta Indica, Acacia leucophloea, 
Acacia nilotica, Terminalia spp., Anogeissus latifolia, 
Mangifera indica and   Moringa oleofera was collected 
from the campus of Dr. B. A. M. University 
Aurangabad (MS), India. 
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Protease inhibitors (PIs) extraction: Plant gum 
powder (1gm) was homogenized in 15ml of the 
Millie-Q water (1:15w/v) and allowed to stand for 
24 hr at room temperature. These suspensions 
were then filtered through sintered glass funnel 
having pore size (40-90 and 5-15microns). The 
filtrate was sterilized by passing through 0.2 µm 
filters. The clean filtrate was acetone extracted 
using acetone, the 5ml of filtrate and 25ml chilled 
acetone (1:5v/v). The precipitate was collected 
and dried at room temperature. Finally dried 
precipitate was suspended in the 1% 
Polyvinylpyrrolidone (PVP) at a ratio (1:3w/v) 
and stored for the 24hr at 4ºC. The suspension 
was then centrifuged at 10,000 rpm for 10 min at 
6ºC. The upper clear supernatant containing water 
soluble protein was used for the detection of the 
trypsin and chymotrypsin inhibitors. Gum 
proteins in crude extract were estimated using 

Lowry’s method24.  
 
Detection of trypsin and chymotrypsin 
inhibitors activity by dot blot assay: Gel-X-ray 
film contact print method developed in our 
laboratory25 was slightly modified for detection of 
proteinase inhibitors activity in plant gum extract. 
Gum extract was used as in source of PI the dot 
blot assay, the three varying volumes of enzymes 
(1.0mg/ml trypsin enzyme) and gum extract were 
mixed in the following ratio, 3:1 v/v (15µl 
enzymes: 5µl inhibitors), 1:1v/v (10µl enzymes: 
10µl inhibitors) and 1:3v/v (5µl enzymes: 15µl 
inhibitors) and incubated for 30 min., then 
mixture was used for the spotting on undeveloped 
X-ray film. Appropriate controls which included 
enzymes alone and extract alone spots were 
loaded on X-ray film. The film with spots was 
again incubated for 7-8min., the film was washed 
with either tap or warm water and the hydrolysis 
of the gelatine was visually monitored.  
  
Detection of proteinase inhibitor bands in 
Acacia leucophloea by GXCP: TI of gum 
extract of Acacia leucophloea plant was 
electrophoresed on a vertical slab gel using a 
discontinuous buffer system26. After 
electrophoresis the gel was processed for activity 
staining of PI by the gel X-ray film-contact print 
method25. The gel was incubated in 0.1M Tris-
HCl buffer, pH 7.8, for 4-5min. followed by 
incubation in the trypsin (1.0mg/ml) for 7-8min 
at 37°C on a shaking water bath. The gel was then 
washed with the same buffer and placed on a 
piece of undeveloped X-ray film. The extent of 
gelatine hydrolysis was visually monitored. 
Depending on the extent of gelatine hydrolysis, 
the film was washed with either tap or warm 
water (45°C). To detect bands with less PI activity 
the same gel was overlaid three or more times 
with different pieces of X-ray film for 8, 12, and 
20min, respectively. PI bands appeared as 
unhydrolyzed gelatine against the background of 

hydrolyzed gelatine. Same procedure was used for 
visualization of chymotrypsin inhibitors.  
 
Protease inhibitors assay: Proteinase inhibitory 
activity was measured using a caseinolytic assay27, 

28. As well as using synthetic substrate BApNA 
and SAAPFpNA as described29. PIs activity was 
determined by mixing 20µg of trypsin. Equivalent 
amount of the enzyme used in the study with 
sufficient amount of the Acacia leucophoea plant 
gum extract containing PIs. The incubation of 
enzyme with PIs was conducted at 37°C for 
10min. The residual proteinase activity was 
measured using the assay. One unit of proteinase 
activity was defined as the amount of enzyme that 
caused an increase of one optical density at 
410nm in the TCA-soluble products of substrate 
hydrolysis per minute 27, 28. One PI unit was 
defined as the amount of inhibitor that inhibited 
one unit of proteinase activity. 
 
Molecular weight determination of the Acacia 
Leucophoea plant gum extract inhibitors: 
Molecular weight of the PIs in the extract and the 
purified one was determined using Laemmli 
buffer system30. In 12% SDS-PAGE, Acacia 
leucophoea gum extract was mixed with sample 
loading buffer containing tris-HCl buffer 0.12M 
pH6.8, SDS 4%, 10% glycerol and bromophenol 
blue 0.02% and incubated in boiling water bath 
for one minute and loaded in well. Standard 
molecular weight markers were loaded in one well. 
After the electrophoresis the gel was washed for 
10min with 2.5% triton X-100 in distilled water. 
After the visualization of proteins bands by 
staining gel in coomassie brilliant blue R-250, the 
proteins corresponding with protein activity 
bands were detected. 
 
Purification of Acacia leucophloea gum 
extract by sephadex G-75 column (Gel 
filtration column): Protein purification was 
carried out by gel filtration chromatography using 
sephadex G-75. A 25 x 1 cm column was used for 
gel filtration. The column was packed with 
sephadex G-75, preparative matrix. The matrix 
was initially washed with 2.5% alcohol and 
degassed for 60 min under suction. It was then 
prewashed with distilled water to remove the 
traces of alcohol and equilibrated with 0.1M tris-
HCl buffer, pH 7.8, then it was loaded onto the 
column so as to fill 2/3rd of its length. The 
column was then washed with 5 bed volume of 
0.1M tris-HCl buffer pH 7.8 before loading with 
sample materials. 2.0ml water soluble extract of 
the ammonium sulphate fraction loaded and 
eluted using 0.1M tris-HCl buffer, pH 7.8. 2.0ml 
fractions were collected using a fraction collector. 
The fractions were analyzed at 280nm using PC-
based spectrophotometer (JASCO 500 series) and 
the graph was plotted. The fractions containing 
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proteins were identified and subjected to dot blot 
assay, electrophoresis and assay in solution. 
 

Results and Discussion 
Dot blot assay of trypsin and chymotrypsin 
inhibitors: Different ratios of enzyme and gum 
extracts (PIs) gave different patterns of gelatine 
hydrolysis on the X-ray film depending on the 
potency of PIs which can be observed visually. 
Only Acacia leucophloea gum PIs strongly inhibited 

both trypsin and chymotrypsin activity (Figure.1A 
& 1B). Gum extracts of all other plant gums 
Azadirechta Indica, Acacia nilotica, Terminalia spp., 
Anogeissus latifolia, Mangifera indica and Moringa 
oleofera species did not show PIs activity, as seen 
by the clearance of gelatine on X- ray film. Also 
confirmed Acacia leucophloea gum PIs strongly 
inhibited both the trypsin and chymotrypsin 
activity by enzymatic assay (Table.1).

 
Table. 1: Trypsin and chymotrypsin inhibitors Potentials from crude extract of plants gum.  

 
Each value is an average of three replicates ± SEM. 
 
Figure 1A: Dot blot assay of trypsin inhibitors of 
the different gum extracts (PIs). 

 
Different ratio of gum extracts and trypsin solution were 
incubated and loaded on X-ray film as described in material 
and methods. 

 
Detection of proteinase inhibitors in crude 
Acacia leucophloea gum extracts: The Acacia 
leucophloea plant gum extracts contain at least six 
major trypsin and six chymotrypsin inhibitors 
(Figure.2). All higher inhibitory activity bands 
appear much thicker and broader. They are 
distinct, band pattern is stable. It is evident that 
the inhibitory activity is distributed among the 
different isoforms in the Acacia leucophloea gum 
extracts. TI and CTI isoforms are exactly 
identical. This indicates that Acacia leucophloea plant 
gum extract PIs may be double-headed or single 
headed inhibitor might have been interacting with 
both trypsin and chymotrypsin. As TI and CTI 
pattern is similar and identical, we used a broder 
term PI, in steads of TI and CTI. 
 
 
 
 

 
Figure 1B: Dot blot assay of chymotrypsin 
inhibitors of the different gum extracts (PIs). 

 
Different ratio of gum extracts and chymotrypsin solution 
were incubated and loaded on X-ray film as described in 
material and methods. 

 
Earlier studies have reported double headed PIs. 
Proteinase inhibitors capable of acting on trypsin 
and chymotrypsin and possessing distinct binding 
sites for the two enzymes have been reported31. 
They are capable of simultaneously inhibiting two 
molecules of enzymes per molecules of 
inhibitor32. Qi et al., 33 have reported the presence 
of double headed Bowman- Birk inhibitors (BBIs) 
in dicots with 8kDa molecular weight having two 
reactive sites. These inhibitors interact 
simultaneously and independently with two (not 
necessarily identical) molecules of protease. The 
first reactive site of most dicot inhibitors is more 
specific and inhibits, trypsin, whereas the second 
one inhibits trypsin, chymotryspin and elastase33. 
Tamhane et al., 34have reported diverse forms of 
Pin-II family proteinase inhibitors from Capsicum 
annuum (CanPIs) having both trypsin and 
chymotrypsin sites. Similarly, Haq and Khan35 
characterized PIs from pigeonpea and reported 
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the kinetic properties of pigeonpea PIs. Single 
headed inhibitors can interact with both trypsin 
and chymotrypsins have been reported in potato 
and in pepper36. There are several reported 
methods of visualization of protease inhibitors37. 
The method we have described here requires 
neither ampholytes nor synthetic substrates, so it 
is cheaper and more convenient. One unique 
advantage of this method is to detect inhibitors of 
low activity or low abundance; the gel can be 
exposed to X- ray film several times at increasing 
time intervals. Initially only strong TI activity 
bands appear on the X- ray film while for the 
same gel exposed to another film for longer time 
the weaker activity bands appear. 
 
Figure 2: Gel X-ray film contact print of protease 
inhibitors (PIs) in Acacia leucophloea. 

 
Electrophoresis was carried out on 10% SDS PAGE. Protease 
inhibitor (PI) activity bands were visualized using gel X-ray 
film contact print technique as described in Materials and 
Methods. Approx. 25µl of protein was loaded in each lane. 
Lane 1- Trypsin inhibitors and lane 2- Chymotrypsin 
inhibitors. 

 
Purification and characterization of Acacia 
leucophloea gum PIs: Yield of purified Acacia 
leucophloea fractions were trypsin and chymotrypsin 
specific activity and purification fold (Table 2 and 
3). The eluted Acacia leucophloea protein fractions 
were analyzed for PIs activity on X-ray film as 
explained in material and method. The major 
peaks were containing the inhibitory activity. One 
step purification method used here was 
satisfactory since the purified protein exhibited a 
single band in SDS-PAGE analysis. It was a single 
high activity band detected on X-ray film 
(Figure.3). The eluted fraction exhibiting highest 
PI activity was loaded on electrophoresis gel and 
after electrophoresis; a single PI band detected on 
GXCP confirmed the separation of single PI. SDS 
PAGE analysis followed by staining gel with CBB 
of same fraction revealed a single band which 
confirmed purification. Plant PIs are quite stable, 
molecules and are often resistant to heat16, 32, 38, 39. 
An effect of heat on Acacia leucophloea purified 

inhibitor was studied by incubating at various 
temperatures ranging from 20-80°C. Trypsin 
inhibitor activity was lost at 80°C. Heat treated 
PIs of Acacia leucophloea gum extracts were not 
destroyed up to 70°C (Figure.5). Trypsin inhibitor 
activity was detected over the range 30-70°C 
temperatures. Heat treatment at 100ºC for 5 min 
resulted in the complete loss of enzyme activity in 
purified fraction of Neem gum (Azadirachta indica) 

37[40].  
  
Figure 3: Gel X-ray film contact print of purified 
trypsin inhibitors (TI) from Acacia leucophloea gum 
extract. 

 
Electrophoresis was carried out on 10% SDS PAGE. Trypsin 
inhibitor (TI) activity band was visualized using gel X-ray film 
contact print technique as described in Materials and Methods. 
Lane1-5µl. Lane 2-10µl and Lane 3-15 µl of purified protein 
was loaded. 

 
Figure 4: Molecular weight determination of 
purified TI from gum extract without addition of 
a reducing agent.  

 
Purified extract was separated on 12% SDS PAGE as 
described in Material and Methods. Lane M-molecular weight 
markers, lane 1and 2-10µl and 15µl of purified Acacia leucophloea 
gum extracts, respectively. 

 
In general, protease inhibitors from legumes are 
quite stable up to 80°C but lose activity above this 
temperature41-43. There was appreciable loss in TI 
activity only when the fraction was exposed to 
highly acidic conditions (data not shown). Gum 
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samples, stored at room temperature for 6 
months did not show any appreciable loss of TI 
activity. The molecular weight markers (Range 
between the 97.4kDa to 14.3kDa) were used to 
determine the molecular weight. The molecular 
weight of Acacia leucophloea purified inhibitor 
determined on SDS-PAGE, in the absence of 
reducing agent. Approximate molecular weight of 
purified inhibitor was found to be 97kDa 
(Figure.4). 
 
Besides disulfide bridges, many non-covalent 
interactions also contribute to the stability of 
inhibitors. Their molecular weights range from 
4kDa-60kDa. Generally speaking, plants PIs vary 
from 4 to 85kDa, with the majority in the range of 
8kDa-20kDa44. The cereal trypsin/-amylase 

inhibitors consist of a single polypeptide chain 
containing five disulfide bonds with a molecular 
mass of about 13kDa45.Kunitz-type protease 
inhibitors having different molecular masses than 
that of the chickpea trypsin inhibitor have been 
reported in soybean (19kDa), mustard seeds 
(20kDa) and Cajanus cajan (14kDa)46. High 
Molecular Weight kininogens (HMW) with a 
molecular mass of 120kDa and Low Molecular 
Weight kininogens (LMW) with molecular mass 
ranging between 60 and 80kDa are known. A 
third type T kininogens with molecular mass of 
68kDa has also been reported. These proteins 
contain tandem domains that result from gene 
duplication of the family-2 cystatins. These 
proteins are also secreted and play key roles in 
blood coagulation47. 

 
Table 2: Purification of trypsin inhibitor from Acacia leucophloea plant gum.  

 
Each value is an average of three replicates ± SEM. 
 
Table 3: Purification of chymotrypsin inhibitor from Acacia leucophloea plant gum.  

 
Each value is an average of three replicates ± SEM. 
 
Figure 5: Effect of the temperature on purified 
Acacia leucophloea plant gum extract 

 
PIs. Lane 1-Purified PI, and Lane 2- Purified PI incubated at 
30ºC. Lane 3- Purified PI incubated at 40ºC. Lane 4- Purified 
PI incubated at 50ºC. Lane 5- Purified PI incubated at 60ºC. 
Lane 6- Purified PI incubated at 70ºC and Lane 7-Purified PI 
incubated at 80ºC, before loading in the gel. 

 

 
 

 
Conclusion 
In the present research report, a novel protease 
inhibitor was purified and characterized. Acacia 
leucophloea plant gum is rich source of serine 
protease inhibitors. These protease inhibitors are 
moderately heat tolearent with broad range of the 
pH (4-10). We conclude that these inhibitors are 
biologically active protein molecules. These 
investigations establish for the first time the 
presence of protease inhibitor in Acacia leucophloea 
gum extract. Also this research paper investigates 
optimum extraction steps which result in large 
amount of extracted proteins. This method could 
also be used in extraction of other proteins from 
any other different sources. The observed trypsin 
inhibitor activity of this plant gum may be useful 
for therapeutics. Detection of amylase inhibitors, 
elastase inhibitors and microbial activity however 
further work is needed in this area.  
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