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ABSTRACT

First report on the production of protease throufgli batch cultivation using co-culture of Pseudoasoputida
and Staphylococcus aureus from a crude carbon spulranana peel. Batch production by using synthegdium,
impact of some of the process parameters on celivlr and alkaline protease activity was investigatad the
optimized values were found to be inoculum siZe%f(v/v), period of cultivation as 72 hr, inculmatitemperature
of 40C, and initial pH of production medium as 8.0. $ytic medium was improved with the addition of di@ed
ground banana peel as the main carbon source aa&legonomized with the replacement of its nitrogmmce of
synthetic medium, yeast extract, by soybean nieatther the effective concentrations were found&o2% (w/v)
banana peel and 1% (w/v) soybean meal with theliakkgrotease activity of 1443.6715.6 U/ml throughtch
fermentation. Mathematical models were proposedthar effect of temperature, incubation time, and @H
cultivation medium. The suitability of these progabsnodels was checked with ANOVA. Higher conctortisaof
banana peel (> 2% (w/v)) and soybean meal (> 1%)Wwvere found to inhibitory to alkaline proteasetisity.
This problem was overcome by shifting batch tobfdh fermentation with constant supply of standaetium of
banana peel (2% (w/v)) and soybean meal (4% (vaw))Ohr of operation. Specific growth rate was tammously
decreased due to dilution of cultivation mediumlgvttie concentration of bacterial cell mass andaditie protease
were found to increase and finally reached a comtstealue. Fructose which was the main carbon corepbmof
banana peel was utilized by cells and kept itsevalsi low as 1.2 g/l. Enzyme activity in fed bdéchmentation was
1.81 fold - increase than batch fermentation.
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INTRODUCTION

Proteases are hydrolytic enzymes with E.C.3.4.2B1that catalyze the cleavage of peptide bondstargroteins
[1-3]. These constitute the largest product segrremtdustrial enzymes market with carbohydrases lgpases, as
they have been using in leather, detergents, ¢extibd and feed and pharmaceutical industries.[8&sed upon
pH of cultivation medium, these can be classifisdaaidic, neutral and alkaline proteases [7]. €hily, these
enzymes are produced through batch, fed batch amthaous modes while fed batch and continuousvetions

with supply of carbon and nitrogen sources are gdliyesuperior to batch processing for longer iratidn periods
[8]. Particularly fed batch is preferred to batchem higher concentrations of nutrients may inhikit productivity

thereby affect yield of the desired product [9-11].
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Research on proteases is ongoing process andddaqgbion of these enzymes locally will save the mneeded
foreign exchange [12]. Especially, enormous pulklisbata are available on protease production Bawillus sp

[6]. Additionally, it's synthesis fronPseudomonaand Staphylococcusp. have been reported either in submerged
or solid state fermentation [13] while much has been reported from the mixed combinationPseudomonas
putidaandStaphylococcuaureus Therefore the present investigation was perfdrmigh following objectives:

- To check the potentiality of co-consortium Beudomonas putidand Staphylococcus aureudor alkaline
protease production in batch submerged fermentation

- To optimize pH, incubation time, concentrationrmd¢ulum, and incubation temperature

- To economize batch synthesis of alkaline protegaesing fruit waste as main carbon source

- To formulate a mathematical model for the compatatf alkaline protease activity

- To enhance the alkaline protease activity throwghtfatch fermentation with constant feed supply

MATERIALS AND METHODS

Preparation of inoculum

Two proteolytic bacterial culturef?seudomonas putidand Staphylococcus aureusyere procured from Sri
Venkateswara University, Tirupati, A.P., India.otulum was prepared with addition of 10 ml distlllgater mixed
with 0.05% Triton X-100 solution to 24 hr old agdant and was shaken well to obtain homogeneoysess®n of
above mentioned bacteria separately.

Batch Production

Fermentation was carried out in an Erlenmeyer f@80ml) with synthetic medium of constituents Ygf peptone

- 5, sodium chloride - 5, beef extract - 1.5, yeadtact-1.5, KHPQ, — 1.18, and KHPQ, - 0.2. Prepared medium
was autoclaved at 121°C, 15 psi for 15 min. Thensterilized medium was inoculated with 3% (Vgeudomonas
putida Same procedure was repeatedStaphylococcus aurewnd also for mixed consortium (MC) of equal sizes
of Pseudomonas putidand Staphylococcus aureusspectively. Flasks were transferred to orbitalker and then
agitated at 250 rpm for 48 hr at temperature af236. After required incubation, the flask contentsravéitered
through Whatman No. 1 filter paper and the filtraiges used for the assay of protease [14, 15] aoieipr[16]. Dry
weight of biomass was determined [17]. Proteaseeatration was calculated in terms of tyrosinegsi standard
tyrosine curve and its activity was expressed asfiigrosine produced per min per ml of enzyme.

Optimization of process parameters through conventinal approaches

In order to investigate the effective inoculum dked consortium, alkaline protease production wadgsmed with
the size range of 1 — 8 % (v/v). The optimum Sfeotential bacterial suspension (MC3) was usetlither
experimentation. The effect of incubation period enzyme activity was tested by performing the batch
fermentation at different time intervals of 12 #41hr. Similarly, impact of pH on enzyme synthegés determined
with an initial pH range of 6 to 10 and incubated 72hr at 35+2C. In the same way, temperature was optimized
with range 20°C to 45°C for incubation of 72 hrhaiititial pH of production medium at eight.

Role of carbon sources on alkaline protease produon

Peels of beetroot, potato, pineapple, and banana eadlected from local vegetable market. The peele cleaned
with tap water and dried in hot air oven maintaiae¢®0°C and then made them into powder usingralgrimixer
and stored in air-tight jars at room temperatuteuie. The green gram husk was collected fromlléoar mill.
Dried tamarind seeds were collected from local reakd ground to powder. In the present studyta ab thirteen
carbon sources 2.0% (w/v) such as glucose, fructnaliose, sucrose, starch, pectin, green gram, hasiana peel,
barley powder, beetroot peel, potato peel, pineappkl, tamarind seed meal were used. Productia@iumewas
designed as 2 % (w/v) carbon sourt# (w/v) yeast extra@nd0.5% (w/v) sodium chloride in order to replace the
synthetic medium and also to economize the enzyradugtion. Next to it, optimization of best carbsource,
banana peel, was investigated with its concentratamge of 1 to 6% (w/v) along with 1% (w/v) yeastract and
0.5% sodium chloride. Further study was carriedvath the optimum concentration of the fruit waste.

Effect of nitrogen sources used for alkaline protese production

Dried cotton seeds were obtained from local maaket were ground in mortar with pestle to made wger. Corn
flour and soybean meal were purchased from logaéismarket. Poultry feathers were collected frooaldarms
then washed extensively and boiled. Then it isdlin hot air oven for 4 hr at 50°C. The dried fieas were then
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pulverized and the powder was used as feather [h8hlA total of eight nitrogen sources of 1.0% véuch as
yeast extract, urea, peptone, ammonium nitrat¢héeaneal, soybean meal, cotton seed meal, andfloannwere
selected for enzyme synthesis. Further, the béstgein source was optimized with various conceiotnatange of
1% to 6% (w/v) with the addition of 2% (w/v) bangoeel and 0.5% (w/v) sodium chloride.

Statistical analysis

All the experiments were done in triplicates ang tbsults were presented as mean of these thaéedrid Standard
Deviation (mean + SD). ANOVA was performed usingchdisoft Excel 2007. P values < 0.05 were considered
significant with a confidence limit of 95% [13].

Fed batch fermentation

Fermentation medium was prepared with optimizedabarpeel 2% (w/v), soybean meal 4% (w/v), and sodiu
chloride 0.5% (w/v). Then autoclaved medium wasitated with 5% (v/v) of MC3 and incubated at 40ith
agitation at 150 rpm. Then 10 ml of sterilized nuadiwas supplied intermittently to the bioreactorategular
interval of 24 h during operation. The fermentativas extended for thirteen days. Sample was takeagalar
interval of 24 hr and analyzed for concentratiohgractose, biomass, and the alkaline proteaseigctiAnalysis
was performed in triplicates and results were regmeed as mean + SD.

RESULTS AND DISCUSSION

Impact of inoculum size on protease production

Size of inoculum is an important biological factbat creates a balance between the biomass andtdganaterials
that enhance optimum enzyme production [19]. Shitksk experiments were performed with suspension of
Staphylococcus aureus, Pseudomonas putida co-culture separately. Response of the fertientavas
summarized in the Table 1.

Table 1: Comparative production of protease from ctected bacterial cultures

Culture Concentration of inoculu (% v/v) | Protease activity(U/m
Staphylococcus aureus 3.0 475+0.794
Pseudomonas putida 3.0 541.6+1.999
Mixed culture (MC: equal volumes &.aureus and P.putijla 3.0 675+1.104

*Results indicated in the above table were mea®$S0.05

From the results, it was observed that the mininemzyme activity was obtained wig8taphylococcus aurewaone
while the maximum was noticed from MC that was 1tiddes more tharPseudomonas putiddarlier reports
revealed that highest protease activity from béaadtespecies such aBacillus subtilis Pseudomonasp. and

Staphylococcusp. was around 390+15 U/ml [20].

Below figurel has exhibited the enzyme activitiesrf MC with the inoculum range of 1- 8 % (v/v). Tim@culum
magnitude of 5 % (v/v) was superior (901.67+1.136to others.

The effective inoculum size was in good accordamitle the industrial inoculum range of 1 to 10% [28Moreover
the role of different volume ratios #fseudomonas putidand Staphylococcus aureus five percentage of mixed
consortium was studied and results were reportefalile 2. These findings were in good agreemertt edrlier
studies [22, 23] foBacillussp.

From the outcomes of Table 2, MC3 was capableatliyig highest protease activity of 1066.19+28.3mlivhich
was 1.81 more than control (MC1). It was also reatithat the higher volume &seudomonas putidand lower
volume ofStaphylococcus aurelis MC was the better combination for achieving significant enzyme activity.
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Figure 1: Effect of different concentrations of mibed consortium on protease production
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Table 2: Bacterial cultures in mixed consortium forprotease production

Mixed consortium

Volume dP.putida(ml)

Volume ofS.aureugml)

Protease activity (U/ml

MC1 (Control 2.5 2.t 901.6740.221
MC2 3.C 2.C 1000.16:0.82
MC3 3.5 15 1066.19+0.636

*Results indicated in the above table were the me@B, p<0.05.

Role of temperature, pH and incubation period on potease production

Production and optimization of protease from MC3swexamined through classical approach in batch SmF.
Influence of various factors viz. incubation tinieitial pH of cultivation medium, and the incubatitemperature
was investigated.

Incubation period has played an important rolehim énzyme production (Table 3). The outcomes ofeTathave
revealed that there was steady increase in enzyoaigtion from 12 hr to 72 hr of incubation.

Table 3: Role of incubation period on enzyme aieity

Incubation time (h | Protease activity (U/ir

12 455.17+1.717

24 666.63+0.364

36 814.51+0.28

48 1066.63+0.899
60 1123.1440.70

72 1184.16+0.56

84 1105.5840.14

96 833.06+1.414
120 807.09+0.998

*Results indicated in the above table were mea®$€S0.05

The maximum accumulation of protease from MC3 watgad with incubation time of three days. Sligkthhe in

the protease activity was observed with furtheubation which could be due to depletion of esséntidrients.

This result has indicated that more amount of @sdenvas produced in later exponential and eadipsetay phases
of growth culture. The maximum activity of proteg$484.16+26.04) was attained at 72 hr of fermémtatSeveral
authors examined that the maximum protease activwéty obtained at incubation period of 72 hr vdwillus sp.

[22] andBacillus thuringiensigd24]. On the contrary, 48 hr of incubation wasared withBacillus laterosporus
for the maximum secretion of protease [25].
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The pH of the culture strongly affects many enzymatiocesses and transport of compounds acrosseth
membrane [3]especially concentration of hydrogen significardfjects the protease activi[26]. The effect of
medium initial pH in the range of 5.0 to 9.0 wasdstd in batch SmF for enzyme production at ©C with
cultivation time of 72 hr (Figur®). Peak activity of 1230.62+14.55 U/ml was obtairet pH of 8.0. It wa
gradually increased fropH 5.0 to 8.0 and was declined at pH more than Bnzyme synthesis w increased with
increase of medium ptdbwards alkaline range from neutral maximum being at pH.8 and furthe increase in pH
resulted in decrease pfotease productic. These findings were coinciding wigieviousstudies [21]. It was noted
that pH of the fermentation broth was reduced kalade value at the end of incubati Therefore MC3 is being
capable of producing alkaline prote: Similarly findings have reported that effective bt alkaline proteas
production fromBacillus cereuss in between nine and 1[27 — 29] . Akaline proteases were largely produc by
a gram-negative bacteriunseudomon: sp [3]. Therefore, in the subsequent experiments, theainiH of
cultivation medium was adjusted to ¢
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Figure 2: Relation between protease activity and ptf medium (Results are mean +SIL

The important environmental factor is the incubatiemperature as it affects the growth of bactexidiures an
finally alkaline protease productivity. The effeat temperature on alkaline protease productionMC3 was
summarized in Table 4. A vaniebf temperatures astested in the present study, the effective tempesdbr the
growth and productivity was found to be°C for enzyme production. Therefore, bacterial aesuof preser
experimental study were categorized as mesophilitures. The maximum activitywas observeat 40C with
Bacillus laterosporu$25].

Table 4: Effect of temperature on protease production

Temperature’C) | Protease activity (U/m
20+2C 562.9+7.66
25+2C 744.25+6.661
30+2C 934.1+0.169

35+2C (Control) 1230.62+20.57

40°C 1306.3+14.269
45°C 1140.63.719

*Values in table are represented as mean : (P<0.05)

The effective temperature range for alkaline prstearoduction fronBacillusisolateswas in between 2C - 50C

[12] while a temperature of %5 was the optimum for bacteria isolated from araliie hot spring[14]. Th

maximum protease activity at %45 with Bacillus sp [22]. Anoptimal pH and temperature of the protease act
from Bacillus licheniformiswas reported as 9.00 and’C [29]. Authors also reported that protease activity -

found to reduced at 80 and the enzyme was unstable at this highest teye [29]. However maximum enzyme
activity from Bacillus thuringiensisvas reported at lowest incubation temperatuf€3e4].
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Role of carbon sources on alkaline protease produoh

Supplementation of fermentation media with a sl#taarbon enhances the enzyme productivity irrdspeof the
type of fermentation [7,17]In this connectiol the effect of different carbon sourcg96 w/v) was tested on the
alkaline protease production from 13 at an initial pH of 8.0, a temperature of@Gnd with an agitation of 1&
rpm for 72 hr of incubationFigure 3). Protease synthesis was repressedllgose, maltose, fructose, green gi
husk, barley powder, beetroot peel, potato peaose, pectin, starch and pineapple peel whilewétad by
tamarind seed meal, and banana. The highest activity of 1433.39 U/ml was given hg MC3 from banza peel
followed by tamarind seed meal where as the mininofirh00 U/ml was resulted with glucose. Among tastec
monosaccharides, fructose was better than gluamserfzyme yield. The main carbohydrate of banarel
fructose, which was resulted ihet highest protease activity under aforesaid cmmdit Therefore, fermentatic
medium was designed with banana peel as the medorcagource thereby the process was economizeshftyme
production.
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Figure 3: Effect of various carbon sources oprotease activity

Pure form of disaccharide, sucrose, was better ghacose, fructose, and maltose. In contrast, lsigpeoteas
activity from Bacillus sp. was achieved with sucrose [27]. Another repaatde the maltose was the effective
carbon source for alkaline protease synthesis fPseudomonas aeruginossolated from dairy effluent sludc
[13]. Maximal activity (1433. 67+39.598 U/ml) was achidvevith 2% (w/v) banana peel while gres
concentrations (> 2%w/v)) were shown inhibitory to the productivitf enzyme and also to the cell grov
(Figure 4).

Effect of different nitrogen sources on alkaline potease production

Nitrogen source is metabolized to produce primaaityino acid, nucleic acid, prin and cell wall component
These nitrogen sources have regulatory effect erettzyme synthesis. Production of protease is yiddpenden
on both carbon and nitrogen sources availableémtiedium [13]. The impact of different inorganic, organic
agro based nitrogen sources on biomass and alkalotease production from MC3 by utilizing banareelp(2%
w/Vv) as the main carbon source were shown in Tak
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Figure 4: Relation between enzyme activity and ammt of banana pee

Table 5: Role of various nitrogen sources on alkaline prease activity

Nitrogen source (1%w/v] Protease activity (U/rl)
Yeast Extract (Contrc 1433+39.59

Feather meal 233.03+15.019
Corn flour 333.06+15.302
Cotton seed meal 433.12+16.433
Peptone 700.15+18.964
Ammonium nitrate 633.37+17.098
Urea 900.20+19.799
Soybean meal 1419.81+2.999

Fermentation medium supplemented with yeast ex{raxcttrol) resulted in the highest activity of 14&B + 14.2:
U/ml. In order to design low cost mediutrsecond best nitrogen source, soybean meal, wasdeoed as th:
suitable nitrogen. ximum activity was obtained with yeast extractdated by soybean meal. Alkaline prote:
activity range of 230 to 900 U/ml was observed waither nitrogen sources ted in the present experimental stuc
Low cost agro industnpased nitrogen source, soybean r was shown to considerable impact on prott
synthesigdEnzyme activity of 1419.81+2.999 U/nwhile the remaining were found to repress the emzgaivity.
Based on the economic point of view, soybean meal eonsidered as the suitable nitrogen sourcenfoareec
alkaline protease activitAn experimental studyeportedthat yeast extract was the best nitrogen sourcalkatine
protease production fror®seudomonas aeruginc [13]. A decrease trend in enzyme activity was founch
soybean meal concentrations more than four pe (Figure 5).

Modeling of alkaline protease activity from mixed onsortium

Simple polynomial models were proposed extracellular alkaline protease in submerged fetatem with the
help of software, MATLAB With the below formulated models, alkaline proteastvity can be predicted at a
pH, incubation time. Similar models for acid prategroduction fronAspergillussp. under solid state fermentati
were proposed [17].

Y () = -0.196/°+6.199r-65.799 P+ 254.135%-112.097 |+ 42.464 4.1)
Where Y (t): Protease activity as a function ofduum size, I, U/ml

Y (t) = 0.0001f- 0.0201 i+ 1.4457 % - 21.6749 t+ 557.522 (4.2)
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Where Y (t): Protease activity as a function ofuibation time, t, U/ml

Y (pH) =-2 pH®+82pH*-1448pH3 +12314 (pH) -50452 (pH) + 80418 (4.3)
Where Y (pH): Protease activity as a function afiahpH of medium, U/ml
Y (T) = 0.22T3+22T%-627.91 T + 6254.4 4.4)
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Figure 5: Role of various concentrations of soybeameal
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Figure 6: Kinetics of fructose, protease activityand biomass

Fed batch fermentation

In general fed batch fermentation is used in otdereduce the inhibitory of either carbon or nigagsources
thereby enhancing the productivity of desired melitd [9,11,30]. Therefore cultivation was shiftesl fed batch
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from batch withconstant feeding strategy of carbon and nitrogemcss at the end of 70 hr of incubation. Dul
the process it was difficult to determine the coniion of soybean meal. Consequently, fructosbanfana pee
protease activity, and bacterial conration were analyzed at regular interval of 24l aut comes were shown
Figure 6. The vertical solid line denoted thetstdirintermittent supply of sterilized medium. Atet end of batc
cultivation, concentration of biomass was foundo® 3.26 /I. A low concentration of fructose was maintair
during the entire fedbatch operation. Final enzyme activity achieve@ 248 U/ml which was 1.94 fol- increase
than batch. Increased trend of activity was ndtidering fed batch cultivation. Biomaof mixed consortium grew
continuously up to 192 hr of operation and thesxaitt was almost constant around 3.13 g /l. Moreoseybear
meal concentration of 4% w/v was found to be irtbityi from batch which was resulted in enhanced liss
growth and azyme synthesis. Production of protease and biomeass progressed because of supply of carbor
nitrogen sources during fdzhtch cultivation

Specific growth ratep, was computed by usinu = %Z—f . During fed batch fermentatioiit was found to be
reduced continuously (Figure 7).
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Specific growth rate, u, 1/hr

0.005 -

0 T T T T
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Figure 7: Relation between fermentation time andygecific growth rate
CONCLUSION

Coculture ofpseudomonas putida aiStaphylococcus aureusuld produce alkaline protease using banana
the maincarbon source through submerged ferment: Long -term incubations were possible with fed be
mode of operation with constant supply of banarel ped soybean me Higher concentration of soybean me>
4.0% w/v) was inhibitory to protease produn which was lessehby fed batch cultivationEnhanced enzyme
activity was achieved throughd batch than batch process. In future, vari feedingstrategie of fed batch are to
be investigated.
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