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ABSTRACT

The extracelular microbial proteases have several applications in various industries which account for
approximately 40% of the total enzyme in the work market. In the present study, protease production from Bacillus
cereus was studied and different parameters were optimized such as incubation time, pH, carbon and nitrogen were
optimized. Maximum protease production was observed at 48 hours with pH 7; increase in production was observed
when glucose and peptone were used as carbon and nitrogen sources in the production medium respectively.
Further, cassava waste water was also used as an alternative carbon source for enzyme production, showing a
maxi mum of protease production when supplemented with 6 % in the production medium.
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INTRODUCTION

Enzymes are biocatalysts that are produced bydig#lls to bring about specific biochemical reatsignvolved in
the metabolic processes of the cells. Since itsodiry, around 3000 different enzymes have beessifled and
found to be useful in biotechnological applicatiofi. Even small improvements have been significtort
commercial success in biotechnological enzyme ol processes [2]. Proteases are important indlst
enzymes synthesized by different types of micrdlkesfungi, bacteria, yeasts and also by some plant animal
tissues. Because of their rapid growth, less spageairement for their cultivation, microbes sergeaapreferred
source of protease enzymes [3]. Microbial prote@sesbe produced in large quantities and represeatof the
largest classes of industrial enzymes, accountimg40% of the total worldwide sales of enzymes bjug [4].
Proteases are one of the important groups of indushzymes which have application in food indystietergents,
pharmaceutical industry, leather industry and iadiation processes [5].

Bacillus sp. are one among the best protease produceredtsd far since they exhibit properties like broad
substrate specificity, significant activity, statyil simple downstream purification, short periddf@rmentation and
low cost [6]. These properties make the bacterratgases most suitable for a wider applicationndustries.
SeveralBacillus species involved in protease production Bresterothermophilus, B. cereus, B. megaterium, B.
mojavensis, andB. subtilis [3]. In order to sustain with the economic prodluttof enzyme with industrial process,
it is necessary to utilize alternative cheap salstr Cassava waste water has a combination ofrhajacular
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weight sugars which can be utilized for the enzyraduction which gained much attention in recergrgevhich
can reduce the manufacturing costs with large szraléuction.

The aim of the present research study was to aptithie culture conditions &acillus cereus for maximal protease
production and also to utilize cassava waste watexr cheap carbon source for enzyme production.

MATERIALS AND METHODS

Strain Selection:
Bacillus cereus MTCC 8301 was obtained from the Microbial Type tQté Collection (MTCC), Chandigarh, India
and stored at 4°C. The culture was sub-culturethéurin Nutrient agar (NA) for the present study.

Screening for Protease Production

Protease production by the bacterial strain wasmesrd on agar plates supplemented with skim miék egntaining
(1% skim milk, 1% peptone, 0.5% sodium chloridépZgar). Screening medium was prepared, adjusteH{0.2,
inoculated withB. cereus MTCC 8301 and were incubated at 37°C for 24-48rsioBroduction of protease by
Bacillus cereus MTCC 8301 was confirmed based on the zone of atear formed after incubation.

Protease Enzyme Production

Protease production medium was adopted [7] with){gflucose-0.1, peptone-1, yeast extract-0.02K0,-0.05,
CaCb-0.01, MgSQ-0.01 (pH 7.0). 100 ml of sterile medium was take250 ml shake flask and inoculated with 5
ml of overnightB. cereus culture, and incubated at 37°C in a shaking intab@ 50 rpm) for 24 hours.

Assay of Proteolytic Activity

After incubation, the culture was centrifuged at0D® rpm for 15 minutes at 4 °C. The cell free sopt&ant was
used for protease assay [8]. The reaction mixtargaining 1ml of enzyme was added to 1 ml of caé&¥a w/v in

50 mM potassium phosphate buffer, pH 7.5) and tlepgration was incubated for 10 minutes at 37 °e T
reaction was terminated by adding 2 ml of 10% tanotacetic (TCA) acid reagent kept for 30 minutesubation at
room temperature and then centrifuged for 15 msatel0,000 rpm. Then 2 ml of filtrate was mixedw8 ml of
500 mM sodium carbonate solution and optical dgnsiés observed at 280 nm. One unit of enzyme agtisi
defined as the amount of enzyme required to lieedapmol of tyrosine per minute under the defined assay
conditions. The concentration with range 50-2&00f tyrosine was used as standard. The prospeptiviease
producer was utilized for further optimization se&ito enhance the protease production.

Determination of Total Protein
The total protein content from the crude extracs wstimated using Bradford method with bovine sealbumin as
the standard protein [9].

Optimization of Physical Parameters on protease pmiuction

The effect of various physical parameters on psggaroduction was assessed by growing bacteritireuin the
production medium described earlier. Effect of wagyincubation time was analyzed from 12 to 72 kpuvhile
samples were withdrawn aseptically every 6 houtesrial and protease activity was determined. Sihgildor the
investigation of optimal pH, the medium was prefdaby varying the pH from 4.5 to 8.5 and for theeeff of
agitation the bacterial culture was incubated atrsge of 50-300 rpm at optimal incubation time pootease
production.

Optimization of Chemical Parameters on Protease Pawuction

The effect of various chemical parameters on psatgaroduction was studied by varying the carborrcasu
(glucose, fructose, sucrose, lactose, mannose aladtgse at 0.1% wi/v) and nitrogen sources (patasgiitrate,
urea, ammonium nitrate, ammonium chloride, sodiuimate, and peptone at 0.05% w/v). After 24 houfs o
incubation, the cell free supernatants were estichfir protease production.

Cassava waste water

From the local cassava flour factory, cassava waster was obtained, boiled and cooled till it teat 5°C. The
preparation was then centrifuged at 3000 rpm fomf0utes at 4°C in order to solubilize the starobnf the
suspended solids and to eliminate the hydrogenidgaoresent. The treated cassava water was thieredtior
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protease production by replacing the carbon sofirde 10 %) in the production medium and the pre¢eactivity
was determined as described earlier.

RESULTS AND DISCUSSION

Screening for Protease Production:

The test strainBacillus cereus MTCC 8301 was characterized for protease produdbip using skim milk agar,
showing clear zone confirming the proteolytic aityiv

Optimization of Physical Parameters

Incubation time plays a major role in the maximuraduction of enzyme during the fermentation procésshe
present study, the protease production was gradiradteased from 12 hours and reaches the maximufr®®
U/ml at 48 hours (Figure-1). Further incubationults in the decline of enzyme production due to the
exponential phase where the multiplication of baatstarted decreasing. These results are in aasoedwith
observations made by Durhams [10], Gessesse [Hl@uar and their co workers [7].Similar reporesrevalso
reported that maximum protease production was @bddretween 48 hours to 96 hours [12,13].
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Figure 1: Protease production at various incubatiortime periods (hours)
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Figure 2: Protease production at various pH
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The effect of pH and temperature was also studiethk protease production. Among the tested phh #db to 8.5,
maximum production of protease activity of 124 UMvds observed when the pH was maintained at 7.I&@imi
studies were reported by Sarketral. [14] and Rahmaret al. [15], where maximum enzyme production was
observed at 6.0 and pH 6.5 pH respectively (Figu?¢. The results also show that there is a deerigathe enzyme

production when it is below the optimal pH which ynbe due to the metabolites accumulation leading to
inactivation of enzyme.

The effect of various agitation rates were studied protease production and a maximum proteasevigcti
production of 130 U/ml (Figure-3) was observed %@ tpm.Bacillus subtilis ATCC 14416 (Chuet al. 1992) andB.

licheniformis (Fikret Uyaret al. 2011) showed optimum yields of alkaline proteasmipction at 200 rpm which is
similar to our studies.
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Figure 3: Protease production at various agitatiorspeeds (rpm)
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Figure 4: Effect of different carbon sources on Prtease production

Optimization of Chemical Parameters

Among the different carbon sources utilized fortpase production, maximum protease activity of W42nl was
found when glucose was supplemented into the medallowed by sucrose and fructose (Figure-4). Samil
findings were reported by Gommet al. [16] and Sen and Satyanarayana, [17] where theimuax protease
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production was observed when the carbon sourcenvedistained at glucose arsthrch respectively. Recent results
are in good accordance with previous studies shgpwiaximum protease production observed when glus@se
used as carbon source in the culture broth [12].

The effect of nitrogen source (peptone) on proteasayme in the production medium was investigatetl iawas
observed that maximum production of 152 U/ml wheptpne was supplemented into the medium followedrbg
and ammonium chloride (Figure-5). Similar resulsrevobserved by Nilegaonketr al. when they used tryptone,
peptone, casein and yeast extract as substratatkédine protease production [18]. Atalo and Gawshtheir study
found that yeast extract and peptone can inducegse production when supplemented in glucose meflig].
Verma et al. also reported the production of all@lprotease was maximum when gelatin was maintaased
nitrogen sources followed by ammonium nitrate [20].
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Figure 5: Effect of different nitrogen sources on Potease production

The liquid squeezed out during the cassava pulpdatation was utilized as a source of industriadyeres and
various metabolites [21].The protease activity vmaximum (114 U/ml) when the cassava waste water was
supplemented at a concentration of 6 % in the proiu medium by replacing the carbon substraterele in the
concentration of cassava waste water more thasB®us a decline in the protease production. Sirstiadies were
also reported by Uzochukwat al. [22] where cassava waste water was utilized fergtowth of different bacteria
and fungi for metabolite production.

CONCLUSION

In conclusion Bacillus cereus has been successfully exploited for the produatibproteases. Various parameters
were studied and optimized for maximum productibprotease. Additionally, application of cassavasteavater

in the production medium was studied and a furtheestigation is needed for enhanced protease ptimtufor
commercial scale.
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