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Abstract

In this study, selection of suitable carbon, nitrogen and sulphate sources were carried out by one-variable-at-time 
approach for the production of alkaline protease enzyme by Bacillus licheniformis NCIM-2042. Maximum levels of al-
kaline protease were found in culture media supplemented with magnesium sulphate, starch and soybean meal as a good 
sulphate, carbon and nitrogen sources which influenced the maximum yield of this enzyme (137.69±4.57, 135.23±1.73 
and 134.74±1.77, respectively) in comparison with the other sulphate, carbon and nitrogen sources.
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Introduction

A protease enzyme hydrolyses the peptide bonds that 
link amino acids together in the polypeptide chain form-
ing a protein molecule. Proteases are essential constituents 
of all forms of life on earth, including prokaryotes, fungi, 
plants and animals. It can be cultured in large quantities in 
a relatively short time by established methods of fermenta-
tion and they also produce an abundant, regular supply of 
the desired product (Gupta et al., 2002). Alkaline proteas-
es are defined as those proteases that are active in a neutral 
to alkaline pH range. They are either a serine protease or a 
metalloprotease.

Alkaline proteases enjoy a big share of the enzyme mar-
ket with two thirds of share in detergent industry alone 
(Anwar and Saleemuddin, 2000). Besides they are also 
used in leather, food and textile industries; organic synthe-
sis and waste water treatment (Kumar and Takagi, 1999). 
Microbial alkaline proteases occupy nearly 40% of the to-
tal worldwide enzyme sales and use of protease in deter-
gent industry accounts 25% of the total worldwide sales of 
enzyme (Rao et al., 1998). A micro-organism is excellent 
source of enzyme, better than plants or animal due to their 
broad biochemical diversity, feasibility of mass culture and 
ease of genetic manipulation (Patel et al., 2005). Alkaline 
proteases can be produced from bacteria, fungi and yeast 
using fermentation technique (Chandran et al., 2005; 
Germano et al., 2003; Haki and Rakshit, 2003). Although 
there are several microbial alkaline proteases producers, 
only a few are considered industrially useful (Gupta et al., 
2002). Gram-positive bacteria, especially the genus Bacil-
lus are considered an important commercial enzyme pro-

ducer of proteases. Of them, Bacillus lichniformis, Bacillus 
subtilis, Bacillus alcalophilus, Bacillus lentus, for instance, 
are industrial protease producers (Gupta et al., 2002).

Keeping in view of the demand, usefulness of the pro-
teases in the industry, it is very important to focus on 
their overall production. Rapid enzyme production can 
be achieved by improvements in media composition and 
physical parameters (Moon and Parulekar, 1993; Oberoi 
et al., 2001). There is no universal medium for protease 
production for different microbial strains (Pandey et al., 
2000) because each microorganism has its own individual 
physicochemical and nutritional requirements for growth 
and enzyme secretion. Accurate process optimization in-
fluences the activities of microorganisms and improves the 
production significantly, which is desirable for minimiza-
tion of processing cost. In biotechnological enzyme pro-
duction processes, even small improvements have been sig-
nificant for commercial success (Reddy et al., 2008). Thus, 
development of a cost-effective medium for production of 
alkaline protease requires selection of carbon source, nitro-
gen source and inorganic salts at first and then nutritional 
requirement can be optimized by the statistical methods.  
However, the one-variable-at-time approach may be useful 
for important inhibitory or stimulation variables prior to 
conducting statistical methods.

In this study, selection of carbon, nitrogen and sulphate 
sources were carried out by the classical method involving 
one variable at a time approach for extracellular alkaline 
protease production from Bacillus licheniformis NCIM-
2042. It is known that carbon, nitrogen and sulphate 
sources are considered to contribute alkaline protease pro-
duction from Bacillus sp. (Chauhan and Gupta, 2004).
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Simulated media was prepared by incorporating 
starch, soybean meal and magnesium sulphate as 1% Car-
bon (wv-1), 0.5% Nitrogen (wv-1) and 1 gl-1 and protease 
production was compared with basal media after 96 h of 
incubation at 37oC and 180 rpm.

Results and discussion

Maximum alkaline protease production was realised 
when the medium comprised of starch, soybean meal and 
magnesium sulphate as carbon, nitrogen and sulphate 
sources respectively. Maximum extracellular alkaline pro-
tease production was obtained in presence of starch, as a 
complex carbon source, producing 135.23±1.72 (U) which 
is the maximum yield in comparison with the other carbon 
sources (shown in Fig. 1). The protease production by oth-
er carbon sources were as follows: lactose (119.94±4.31), 
maltose (117.88±3.92), D-mannitol, (106.50±4.71), 
sucrose (98.55±2.61), glycerol (62.27±4.31), fructose 
(39.82±2.78); mannose (38.54±3.07) and glucose (32.36 
±3.39); which seemingly have less influence on protease 
production when compared to that of starch. These results 
were in accordance to previous reports for Bacillus sp. (Fer-
rero et al., 1996, Gusek et al., 1988, Hubner et al., 1993, 
Puri et al., 2002b). Repressive effect on protease synthesis 
was observed in this experiment when other carbon sourc-
es were used. Catabolite repression may be the most likely 
reason for this lagging effect (Kumar et al., 1999, Priest, 
1977). It was previously established that a catabolite con-
trol protein (CcpA) was responsible for this regulatory 
mechanisms which transduced signal for the repression in 
protease synthesis (Tobisch et al., 1999). 

Maximum extracellular alkaline protease production 
was obtained in presence of soybean meal, as a complex 
nitrogen source, producing 134.74±1.77 (U) which is the 
maximum yield in comparison with the other nitrogen 
sources (shown in Fig. 2). The protease production by oth-
er nitrogen sources are as follows: peptone (131.90±4.18), 
gelatine (89.34±2.67), sodium nitrate (80.12±2.50), po-

Materials and methods

Casein for protease assay was purchased from Hime-
dia. All other medium chemical components used were of 
analytical grade, commercially available in India. All ex-
periments have been done in triplicate.

Protease producing Bacillus licheniformis NCIM-2042 
was procured from National Chemical Laboratory, Pune, 
India. The microorganism was grown on nutrient agar 
slants at 37oC at pH 7.4. It was maintained by sub-cultur-
ing on nutrient agar slants kept at pH 7.4. For production 
experiments, the culture was revived by adding a loop full 
of pure culture into 50 ml of sterile nutrient broth. For 
protease production, 50 ml complex medium taken in 250 
ml Erlenmeyer flask containing (gl-1): starch, 20; soybean 
meal, 10; K2HPO4, 3; KH2PO4, 1; at pH-7 (Oberoi et al., 
2001) was inoculated with 2% fresh culture (A550 nm ≈ 0.2). 
The inoculated medium was incubated at 37oC and 180 
rpm. The culture was centrifuged at 10.000 × g for 10 min 
at 4oC. The cell pellet was discarded and the supernatant 
was used for assay of protease activity.

Protease activity was determined by a modified meth-
od of Folin and Ciocalteu (Folin and Ciocalteu, 1927). 
200 µl of the protease broth was added to the reaction 
mixture, containing 0.65% (wv-1) casein in 800 µl of 50 
mM in phosphate buffer (pH 9). The mixture was incu-
bated at 75oC for 10 min. The reaction was stopped by the 
addition of 1 ml of 5% (wv-1) trichloroacetic acid (TCA), 
followed by centrifugation at 10.000×g for 15 min. The 
supernatant were analyzed by the Folin-Ciocalteu reagent. 
One unit of protease activity was defined as the amount 
of enzyme that liberated 1µg tyrosine per min per ml of 
protease broth. 

Selection of carbon source was done by one variable at 
a time method where in the production medium, starch 
was replaced by different carbon sources viz. D-mannitol, 
glycerol, maltose, lactose, sucrose, glucose, mannose and 
fructose. All carbon sources were used at a final concentra-
tion of 1% Carbon (wv-1) (Puri et al., 2002a). Selection of 
nitrogen source was done by one variable at a time method 
where various organic and inorganic nitrogen sources were 
added to the fermentation medium at a final concentra-
tion of 0.5% Nitrogen (wv-1) (Puri et al., 2002). To study 
the effect of different nitrogen sources on protease produc-
tion, soybean meal was replaced by other organic as well 
as inorganic nitrogen sources such as peptone, casamino 
acid, gelatine, tryptone, urea, yeast extract, sodium nitrate, 
ammonium nitrate, ammonium chloride, ammonium sul-
phate and potassium nitrate. Selection of sulphate source 
was carried out by one variable at a time method where 
various metal sulphates sources such as magnesium sul-
phate, ferrous sulphate and calcium sulphate were added 
to the fermentation medium at a final concentration of 
1gl-1. Protease yield was determined after 96 h of incuba-
tion at 37oC and 180 rpm.
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Fig. 1. Effect of different carbon sources on alkaline protease 
production
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tassium nitrate (79.53±6.33), yeast extract (54.82±2.17), 
ammonium chloride (45.90±3.18), casamino acid 
(41.78±4.44), tryptone (33.73±2.45), ammonium nitrate 
(15.89±3.98), ammonium sulphate (12.66±2.70) and  
urea (11.38±1.77), which seemingly have less influence on 
protease production when compared to that of soybean 

meal. These results are in accordance to previous reports 
for Bacillus sp. (Ferrero et al., 1996; Gupta et al., 2002; 
Hubner et al., 1993; Joo et al., 2002; Puri et al., 2002) and 
this can be explained by the mechanism of feedback inhi-
bition (Malathi and Chakraborty, 1991).

Magnesium sulphate, when used as the sulphate source, 
produced 137.69±4.57 (U) of protease whereas ferrous 
sulphate produced 129.25±5.71 U and  calcium sulphate 
126.80±8.53 (U) of protease (Fig. 3). Magnesium ion was 
found to be more effective in protease production than 
other metal ions. The depletion in magnesium ion results 
in decreased rate of enzyme production that ultimately af-
fects the mechanism of protease synthesis (Hanlon et al., 
1982).

A significant improvement (4.42-fold) in the alkaline 
protease production (shown in Fig. 4) by Bacillus licheni-
formis NCIM-2042 was found in simulated media than 
basal media.

Conclusions

The present study focused on selection of suitable car-
bon, nitrogen and sulphate sources as a media component 
for maximal alkaline protease production through micro-
bial fermentation. It was observed that such study was of 
utmost important for obtaining higher degree of alkaline 
protease production as well as reduction of operating cost 
of the process. Selection of the suitable carbon, nitrogen 
and sulphate sources were done through classical method 
involving one variable at a time which is user friendly. Fur-
ther experiments on this protease towards optimization of 
media componants are currently under way.
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Fig. 2. Effect of different nitrogen sources on alkaline protease 
production
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Fig. 4. Comparative study of protease production with Basal 
and Simulated Media
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