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Abstract 

Enzyme with deamidase activity was found in the germinating wheat seeds. The activity appeared in the 
seeds after 24 hours of germination and reached its maximum value after 48 hours and then declined 
rapidly. Protein deamidase from germinating wheat seeds was further purified by salting out with 
phosphate salts and by subsequent chromatography on gel filtration and DEAE-cellulose column 
chromatography. Polyacrylamide slab gel elec trophoresis showed the purified enzyme to be 
homogeneous. The molecular weight was determined to be 59 kDa by gel filtration and 60 kDa, by SDS- 
Polyacrylamide slab gel electrophoresis (SDS-PAGE). The optimum pH and temperature of the purified 
enzyme were found to be 6.9 and 320C, respectively.The functional properties of wheat gluten were 
investigated after treating with it purified deamidase enzyme from germinating wheat seeds at pH 6.9 at 
320C. The functional properties such as solubility, emulsification and foam formation of deamidase 
treated gluten were improved greatly as compared to that of native gluten. The solubility of the 
deamidase treated gluten was remarkably high in the pH range of 6 to 8, in which the native gluten was 
insoluble. It was apparent that the improvement of functional properties of wheat gluten was mainly due 
to the deamidation induced by wheat deamidase at pH 6.9 and 320C. 
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Introduction 

Wheat is the national staple food in forty -three countries and second staple food crop of Bangladesh. Now a 
day’s wheat provides almost 20%, while rice provides about 21% of the food calories for the people of the 
entire world. The whole wheat grain contains approximately: water 13%; protein 11.5%; fat 2%; carbohydrate 
70%; fiber 2%; ash 1.5% (Purseglov 1972). Wheat products are probably the most widely used articles of 
human diet. The wheat flour is used for making breads, cakes, crackers, biscuits, pastry etc. Wheat is also 
extensively used in the manufacture of beer and other alcoholic beverages and industrial alcohol. It is also an 
excellent feed for livestock. 

Wheat gluten is a unique and complex material, which gives wheat flour its stretch ability and strength. 
Gluten is only slightly soluble in water and aqueous buffers. It dissolves only in organic solvents, acidic or 
alkaline solutions, or by addition of detergents, denaturing agents, or compounds that cleave disulfide bonds. 
As wheat gluten is a typical insoluble protein for which it is desirable to extend its utilization in food 
application because of its abundant supply as a byproduct of the wheat starch industry. 
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Protein deamidation, the hydrolysis of side chain amido groups of protein-bound glutaminyl or asparaginyl 
residues to release ammonia, has received attention in terms of biochemistry and industrial applications. 
Many proteins, including enzymes and hormones, can be deamidated in vivo (Robinson and Rudd 1974, 
Wright 1991), leading to alterations in higher-structure and function. The physiological role of protein 
deamidation in cells, which is usually considered to be nonenzymatic, is speculated to be a post-translational 
modification process related to the regulation of protein folding, protein breakdown, and aging (Wright 1991).  

A hypothesis has been proposed (Robinson et al. 1970) that protein deamidation is a molecular clock. 

Most plant storage proteins in seeds, such as cereal prolamins and legume globulins, contain a high level of 
glutamine residues. The abundant amido groups in these proteins are thought to serve as a nitrogen source 
for seed germination. Deamidation of proteins preceding their proteolytic degradation was observed in 
germinating seeds (Daussant et al. 1969 and Kumar et.al  1980) and increased susceptibilities of deamidated 
proteins to proteases have been inferred in plant storage proteins (Kumar et al. 1980, 1999). 

In the food protein industry, protein deamidation is regarded as a promising method to improve protein 
functionality in food systems (Riha et al. 1996, Hamada 1994 and Schwenke 1997). Deamidations of food 
proteins have been investigated by various methods [reviewed in (Riha et al. 1996 and Schwenke 1997)] 
such as mild acid treatment, anion-catalyzed deamidation, dry heating under mild alkaline conditions, and 
thermal treatment. Although deamidations by these treatments improved protein functionalities, there were 
undesired side-effects, such as concomitant peptide bond cleavage, unavoidably brought about by the 
chemical/physical treatments. Therefore, enzymatic methods have been desired because of their advantages 
of being selective and mild. The possibilities of the use of transglutaminase (Motoki et al. 1986, Larre et al. 
1992 and Larre et al. 1993) peptidoglutaminases (Gill  et al. 1985, Hamada et al. 1988 and Hamada 1992), 
and proteases (Kato et al. 1987, Bollecker et al. 1990 and Shih 1990) for this purpose have been explored. 
These enzymes, however, were unsuitable for protein deamidation because the primary catalytic reactions of 
transglutaminase and protease are not deamidation, and the primary substrate of peptidoglutaminases is not 
protein. A new enzyme is required that catalyzes the deamidation of protein as its primary reaction  
(Schwenke 1997 and Kato et al. 1987). 

Deamidation is a very effective method to improve functional properties of food proteins and enzymatic 
deamidation of food proteins offers several advantages over chemical and protease-using deamidations. 
Many researchers have developed methods to change the solubility and functional properties of gluten. Wu 
et al. (1976) have found a significant improvement in the functional properties of gluten by mild acid 
hydrolysis. Matsudomi et al. (1986) and Kato et al. (1989) have reported that proteolytic deamidation of 
gluten was effective for the improvement in the functional properties. Thus much attention has been recently 
directed to the deamidation of proteins. However, the enzymatic deamidation of proteins is desirable to 
prepare deamidated proteins, because mild acid treatment of proteins causes not only denaturation but also 
cleavage of peptide bonds. To the best of our knowledge, till now no specific deamidating enzyme is known 
which acts on protein at pH 6.9. So deamidase, purified from germinating wheat seeds (Vaintraub et.al.  
1992) may open a new possibility in changing the functional properties of food proteins. 

In this study we gave attention to the purification of deamidating enzyme (deamidase) from germinating 
wheat seeds and improvement of functional properties (solubility, emulsifying and foaming) of wheat gluten 
by treating with purified deamidase from germinating wheat seeds. 



MATERIALS AND METHODS 

Plant material 

Wheat (Triticum aestivum,L.) seeds were collected from Bangladesh Agriculture research Institute (BARI), 
substation of Ishwardi, pabna. The seeds were soaked in distilled water for 6 hrs, germinated in the dark at 
250C for 24h, 48h, 72h and 96h including soaking time. The germinated seeds at different hours stored 
separately in the deep freeze (-100C) for further experimental purpose.  

Enzyme extraction 

Twenty grams of germinated wheat seeds (germinated at 48 h) were taken in a pre-cooled mortar and 
pasted with a pestle and homogenized with cold de-ionized distilled water in a ratio of 3:5 (weight of dry 
seeds/water volume) and then centrifuged at 6×103rpm (at 20C) for 10 minutes by a refrigerated centrifuge 
machine. After centrifugation, the clear supernatant solution (water extract) was taken as a crude extract of 
the enzyme. 

Purification of deamidase 

All enzyme purification steps were carried out at 4º C. A mixture of Sodium dihydrogen phosphate (NaH2PO4) 
and Dipotasium hydrogen phosphate (K2HPO4) in the ratio of 83:17 was added to the crude water extract 
and dissolved the salts by gentle stirring in an ice bath for keeping the temperature below 5º C. The solution 
was centrifuged at 6000 rpm, for 15 minutes at 4º C and the precipitates was discarded out. The supernatant 
was then dialyzed (first in de-ionized distilled H2O, for 12 h and then in 50 mM phosphate buffer, for over 
night, at pH 6.8, temperature 4ºC and were concentrated to 30 ml in freeze dryer.  

Gel filtration 

The concentrated crude extract after dialysis with 50 mM phosphate buffer, pH 6.8, 4º C was loaded onto a 
Sephadex G-75 gel column (2.5 x 120 cm), which was equilibrated with the same buffer. The column was 
eluted with 50 mM phosphate buffer, pH 6.8, at a flow rate of 1.0 ml min -1. Absorbance of each fraction at 
280 nm, deamidase activities and protein concentration were measured and the active fractions were 
collected. 

DEAE-cellulose column chromatography 

The enzymatically active protein fractions after gel filtration were collected and dialyzed against 50 mM 
phosphate buffer, pH 6.8 for overnight and then concentrated to its 1/4th volume by freeze dryer and applied 
to a DEAE-cellulose column (32 x 1.0 cm, flow rate 25 ml h-1) previously equilibrated with 50 mM phosphate 
buffer, pH 6.8 and eluted with the same buffer containing a linear gradient of NaCl (100-500 mM). 
Absorbance at 280 nm, protein concentration and deamidase activities were determined. The active fractions 
were collected. 

Determination of deamidase activity 

Working substrate globulins was prepared from wheat seeds by the method of Thanh and Shibasaki (1976). 
A mixture consisting of 0.2 ml of substrate solution (3 mg of wheat proteins/1 ml in phosphate-citrate buffer, 
pH 6.8) and 0.4 ml enzyme solution was incubated at 370C in a temperature controlled water bath for 45 
minutes. In control experiments the substrate solution was substituted by 0.2 ml of the substrate buffer. After 
incubation, the reaction was stopped by adding 0.5 ml of 4% solution of Na2B4O7, 10 H2O (pH about 10) to 
bring up the pH of the incubation mixture nearly to 10. The evolved ammonia was distilled isothermally into 
1M H2SO4 and determined by a variant of the Nessler’,s method   (Middleton 1960). The enzyme activity was 
expressed in U (n mol of NH3 released per minute). 



Molecular weight of deamidase  

a) Gel Filtration 

The molecular weight of the purified deamidase was determined by gel filtration on Sephadex  G-75 column 
(150X3.0 cm) equilibrated with 50 mM phosphate buffer, pH 6.8, following the procedure established 
(Andrews 1965).  Trypsin inhibitor (12.028 kDa), carbonic anhydrase ( 29 kDa ), ? -amylase ( 58 kDa ), 
bovine serum albumin ( 68 kDa ), phosphorylase-b ( 97.4 kDa ) and ß-galactosidase (116 kDa) were used as 
marker proteins (Weber and Osborn 1966).  

(b) Electrophoresis: SDS-PAGE was performed according to the method of Laemmli (1970) on a Bio-rad 
mini electrophoresis system. The standard proteins were ß-lactoglobulin ( 18.4 kDa ), carbonic anhydrase ( 
29 kDa ), ovalbumin ( 43 kDa ), bovine serum albumin ( 68 kDa ), phosphorylase-b ( 97.4 kDa ) and ß-
galactosidase (116 kDa). PAGE was performed with 7% gels and the electrophoresis was run at 2000 V and 
50 A. 

Optimum pH of the enzyme 

To study the effect of pH on enzyme activity, the enzyme solutions  (0.6%) were dialyzed against 50 mM 
buffer of different pH (pH 2.0-3.0, AcONa - HCl; pH 4.0 - 5.0, AcONa - CH3COOH; pH 5.5 - 8.0, NaH2PO4  - 
Na2HPO4; pH 8.5 - 9.0, Na2B4O7 - HCl; pH 9.5, Na2B4O7  - Na2CO3.) for 24   hrs   with   frequent change of   
buffers.   After   necessary   adjustment of pH by adding 0.1 N HCl or 0.1 N NaOH, the enzyme activities   
were assayed   using   globulin as substrate. 

Optimum temperature of the enzyme 

In order to determine the optimum temperature, the enzyme solutions (0.5%) in 50 mM phosphate buffer, pH 
6.9, were incubated at various temperatures ranging from 100C - 900C for 15 minutes in a temperature 
controlled water bath and the activities were assayed. 

Preparation of gluten 

An insoluble wheat protein complex, gluten, was prepared from flour dough washed until the washings were 
free from soluble protein. The gluten ball thus obtained was dialyzed against distilled water and then freeze-
dried in a freeze-dryer. 

Deamidase treatment of gluten 

To ten ml of a 0.1% gluten solution in phosphate-citrate buffer, (pH 6.9) 0.5 mg-purified deamidase was 
added. The mixture was incubated at 320C for 30 minutes. After incubation, the reaction mixture was 
immediately heated for 30 seconds at 900C to inactivate the deamidase. The enzymatically treated gluten 
solution thus obtained was dialyzed against distilled water for 48 hrs at 40C to remove ammonia and then 
freeze-dried. Control gluten was similarly treated without deamidase. 

Determination of solubility of gluten 

0.05% gluten or deamidated gluten solutions were adjusted to different pH with 0.1N HCl or NaOH, stirred for 
10 minutes with a magnetic stirrer, and centrifuged at 12,000×g for 15 minutes. The absorbance of the 
supernatant was measured at 280 nm. The solubility was represented as % absorbance of the supernatant 
of 0.05% native gluten in 0.1N NaOH. 

Measurement of emulsifying properties 

The emulsifying property of freeze-dried samples was determined by the method of Pearce and Kinsella 
(1978). To prepare an emulsion, 1 ml corn oil and 3 ml enzyme solution in 0.1 M phosphate buffer, pH 7.4, 



were shaken together and homogenized in an Ultra Turrax (Hansen and co., Germany) at 12,000×g for 
1minute at 200C. Fifty micro liters of the emulsion was taken from the bottom of the container at various times 
and diluted with 5 ml 0.1% SDS solution. The absorbance of the diluted emulsions was then determined at 
500 nm. Emulsifying activity was determined from the absorbance measured immediately after the emulsion 
formation. The emulsion stability was defined as the half time (min) for turbidity of the diluted solution, 
estimating from the curves of emulsion turbidity. Values reported are means of triplicate.  

Measurement of foaming properties 

The foaming property of proteins was determined according to the conductivity method of Kato et al. (1983). 
Electric conductivity of foams was measured when air was introduced for 15 sec into 5 ml of 0.1% enzyme 
solution in 0.02 M phosphate buffer, pH 7.4, in a vertical glass column (2.4×30 cm) with a glass filter (G-4) at 
a constant flow rate. The foam stability is expressed as C0 x dt/dc, where dc is the change in conductivity 
occurring during the time interval dt, and C0 is the conductivity at zero time obtained by extrapolating the plot 
of linear conductivity vs time. Foaming power was defined as the maximum conductivity of foams produced 
after aeration. The foam stability was shown as the time for the disappearance of the conductiv ity. Values 
obtained are means of triplicate samples. 

Protein assay 

Protein concentration of each fraction was determined by UV-visible spectrophotometer at 280 nm. The 
amount of protein was estimated by the published method of Lowry et al. (1951) using BSA as standard. 

Chemicals 

BSA, Acryl amide, Sodium Dodecyl Sulfate, and Sephadex G-75 were purchased from Sigma Chemicals 
Ltd., USA. Standard proteins, DEAE-cellulose were purchased from Pharmacia Fine Chemicals Ltd., 
Sweden. All other chemicals used for th is research was commercially available and were of high purity.  

Results and Discussion 

Time course study 

In the germinating wheat seeds, the deamidase activity in crude extract was not observed within 20 hrs. The 
deamidase activity appeared in crude extract after 24 hrs and showed its maximum activity at 48-52 hrs (Fig. 
1) after germination and then declined rapidly. It is interesting that no deamidase activity was observed in 
early germination; so, we used to carry out our experiment using wheat seeds germinated for 48 hrs. 

Gel filtration 

The enzyme was eluted as two peaks namely F-1 and F-2 (Fig. 2). It was found that only F-1 fraction 
contained the deamidase activity while the F-2 fraction showed no activity. The F-1 peak containing the 
enzyme activity was pooled, concentrated and further purified by DEAE-cellulose column chromatography. 

DEAE-cellulose column chromatography 

The components of F-1 fraction from gel filtration were separated into two peaks namely F-1a and F-1b (Fig. 
3) using sodium chloride gradient (0.1-0.5 M) on DEAE-cellulose column. F-1a fraction showed deamidase 
activity while F-1b fraction possessed no enzymatic activity. The homogeneity of the deamidase existing 
fraction (F-1a) was checked by sodium dodecylsulphatepolyacrylamide slab gel electrophoresis (SDS-
PAGE). This fraction gave single band on SDS-PAGE (Fig.4) indicating that the enzyme was in pure form. 
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Fig. 1.  

Time-course of wheat protein deamidase activity 
during germination. 
 

Fig. 2.    Gel filtration pattern of crude extract (After salting 
out  and dialysis) on Sephadex G-75 column (2.5 ×100 cm). 
The wheat protein deamidase was applied to the column of 
Sephadex G-75 and then the enzyme was eluted with 0.06M 
phosphate duffer, pH 6.8. 

Table 1 summarizes the purification of deamidase enzyme from germinating wheat seeds. The specific 
activities of the extracted enzyme increased at each purification step and the purification fold was achieved 
from crude extract nearly 72. The specific activity of the final preparation was 215 units /mg. 

Table  1.  Purification summary of germinating wheat protein deamidase.  
 

Purification steps 
Total protein 

(mg) 
Total activity  

(units) 
Specific activity     

(units/mg) 
Yield 

(%) 

Purification 

(Folds) 

Crude extract 310 930 3 100 1.00 

Salting out and 
dialysis 

30.5 673 22.03 72.37 7.36 

Gel filtration 
chromatography  

5.2 295 56.73 31.72 18.91 

DEAE-cellulose 
chromatography  0.87 187.5 215.5 20.16 71.83 

The molecular weight of the pure enzyme was determined by comparing their elution volume on Sephadex 
G-75 under identical experimental conditions. A logarithmic plot of molecular weight against relative volume 
gave a linear relationship and the molecular weight of the enzyme was found to be 59 kDa. In order to 
elucidate the sub-unit structure of the enzyme, SDS-polyacrylamide slab gel electrophoresis was performed 
using ß-lactoglobulin (18.4 kDa), carbonic anhydrase (29 kDa), ovalbumin (43 kDa), bovine serum albumin 
(68 kDa), phosphorylase-b (97.4 kDa) and ß-galactosidase (116 kDa) as standard proteins under denaturing 
and non-denaturing conditions. The molecular weight was found to be unchanged under both the conditions 
indicating that the enzyme contained only one sub-unit. The standard curve was constructed by plotting log 
of molecular weight against relative mobility of the reference proteins (Fig.4) and the molecular weight of the 



enzyme was calculated from the plot as 60 kD. This value was in accordance with molecular weight of 
deamidase isolated from bovine brain (Rakov et al. 1977) but higher than the deamidases of Pseudomonas 
fluorescens AG (Wintzerith et al. 1980) and Yeast (Yan and Sloan 1987). 
 

 

Fig. 3.    
DEAE-cellulose column chromatography 
(2.5 ×100 cm) of wheat protein deamidase. 
The enzyme fractions obtained from gel 
filtration column were applied to the DEAE-
cellulose column. The enzyme was eluted 
with 0.01M phosphate duffer, pH 6.8. 
 

  Fig. 4. 
   Photographic representation of the SDS- polyacrylamide slab gel 

electrophoresis of the various fractions obtained during the 
purification of deamidase for determination of molecular weight.  

   A= Marker protein solution containing standard protein mixture. 
   B= After DEAE-cellulose column 
   C= After gel filtration column 
   D= Crude enzyme solution 

The dependence of enzyme activity on the pH of the reaction mixture was examined at 370C using various 
buffer solutions. The optimum pH of the purified enzyme was found in a range of pH 6.5-7.5, with a maximum 
at pH 6.9 (Fig. 5) which is very close to that reported by Wintzerith et al. (1980) for nicotinamide deamidase 
(pH 7.2) and higher than that reported by Yan and Sloan yeast deamidase (1987). 
 

 

 

 

 

 

Fig. 5.   Effect of pH on the activity of wheat     
             seed deamidase. 

Fig. 6.    Effect of temperature on the activity of wheat  
               seed deamidase. 



Temperature of incubation was optimized by controlling the reaction mixture at 20-700 C at optimum pH 6.9. 
The activity increased with increasing temperature to 30-350 C (Fig. 6), followed by a sharp decline and at 
700C complete inhibition was found.  

The solubility of the native gluten and deamidase treated gluten are shown in Fig. 7. The deamidase treated 
gluten was more soluble in a pH range above 6 when compared with native gluten. The minimum solubility of 
the deamidase treated gluten was shifted to the more acidic pH range. This result indicated that the free 
carboxyl groups in gluten might have been increased by deamidation of glutaminyl and asparaginyl residues 
in gluten. Thus, the enhancement of solubility might have been induced mainly by the increased electrostatic 
repulsion and the decreased hydrogen bonding as a result of deamidation. 

 

 
Fig. 7.   Effect of pH on the solubility of gluten treated with wheat deamidase and native gluten. 

The emulsifying activity of the deamidase treated gluten was found too higher than that of native gluten (Fig -
8). In addition, the emulsion of the deamidase treated gluten was particularly stable, although the emulsion 
stabilities of native gluten rapidly decreased. The increase of emulsifying property was probably due to 
induction of an amphiphilic nature by deamidase-catalyzed deamidation. 
 

 
 

Fig. 8.  Emulsifying properties of gluten treated with  
               wheat deamidase and native gluten. 

Fig. 9.  Foaming properties of gluten treated with wheat  
              deamidase and native gluten. 



The foaming property of native gluten and deamidase treated gluten are shown in Fig.  9. The foaming 
property of the deamidase treated gluten was also higher than that of native gluten. This result suggests that 
the increased in the flexibility due to deamidation might cause an improvement of foaming properties. 

Like protease, protein deamidase is useful and desirable for industrial applications, because the deamidated 
wheat proteins reveal good functional properties our experiment; it was observed that by treating with 
deamidase at pH 6.9 the deamidated gluten could be obtained. The deamidated gluten greatly improved 
some functional properties such as solubility, emu lsifying and foaming ability. It was suggested that under 
specifically controlled conditions, the deamidase treated wheat gluten (byproduct from food industry), which 
contain a large amount of amidated amino acids, could be a useful procedure for improving their functional 
properties. 

The changing of protein charge by enzymatic deamidation represents a very promising method of 
modification of functional properties of proteins. Unlike the chemical methods of deamidation, the enzymatic 
transformation from neutral amide group to the carboxyl group increases the charge of protein molecule 
without affecting the food value of proteins. So, the enzymatic deamidation may become an easy and highly 
effective method of increasing the functional properties of food proteins by increasing their solubility enzyme 
deamidase opens possibilities of changes in functional properties of food proteins. The seed storage proteins 
are the natural substrate of this enzyme. It may be expected that it will carry out deep deamidations at least 
of those protein isolates, which are obtained from seeds. 
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