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Abstract

Impact of different carbon and nitrogen sources on protease production byBacillus sp. was
investigated using Plackett Burman (PB) method. The inoculum concentration, incubation time,
incubation temperature, medium pH, aeration and agitation were evaluated by conventional one
factor at a time (OFAT) method. Fractional Factorial Central Composite Design (FFCCD) of
Response Surface Methodology (RSM) was used to further optimize with respect to glucose
(carbon source), soyabean meal (nitrogen source), inoculum concentration, medium volume,
temperature and initial medium pH. High determination co-efficient (R® = 0.9165) and lower
value of the coefficient of variation (CV = 8.19%) indicated a better precision and reliability of
experimental data. ANOVA indicated linear effect by inoculum concentration whereas;
incubation temperature vs volume, pH vs volume and volume vs inoculum size were more
significant for protease production at interactive level. Response surface data revealed medium
pH, glucose and soyabean meal concentrations were most significant with respect to inoculum
concentration. Software predicted optimized conditions were validated at shake flask and
improved protease production to the tune of 37 % was observed. Incubation temperature and
medium volume depicted maximum interactive influence among all selected factors. Glucose,
soyabean meal and medium pH play critical regulatory role in protease production by this
isolate. Considerable improvement of enzyme production 37 % was noticed at optimized
environment at shake flask. Carbon and nitrogen source ratio and medium pH were the major
regulatory factors in protease production by Bacillus sp. Sgnificant improvement 37% in
enzyme production was achieved at optimized environment. Among all selected fermentation
parameters, medium volume was the most interactive factor and showed significant interaction
with inoculum concentration and medium pH while inoculum concentration had linear effect on
enzyme production.
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INTRODUCTION

Proteases, especially alkaline, constitute 60—65%englobal industrial enzyme market [1]. In
fact it is reported that the global proteolytic yme demand will increase dramatically to 1.0-1.2
billon dollars[2] because of their application pdtal in several industrial sectors especially
food, meat tenderization, peptide synthesis, fanhformula preparations, baking and brewing,
pharmaceuticals and medical diagnosis, detergelistny as additives, as well as in textile for
process of dehairing [3]. Alkaline proteases beltmthe group of proteases, which have either a
serine center or metallo-type, exhibiting a wide phge (6-13). Among these, the serine
proteases have industrial importance [4] such aslymtion of high nutritional value fish
hydrolysate using. subtilis protease [5], up-gradation of lean meat wastealiole products [6]
and in the enzymatic modification of zein to proglle non-bitter peptide fraction with high
Fischer ratio for patients with hepatic encephatop§/].

Among all protease producing microbial systems rafies belonging t®acillus genus gained
importance due to their potential in productiorite#se enzymes extracellularly under submerged
fermentation conditions[8-11]. It was well docurtezhthat each microbial strain differs in its
enzyme production character which mainly dependesmentation, nutritional, physiological
and genetic nature [4]. The composition of fermgmtamedia plays an important role in the
production of primary and secondary metabolites13P- Moreover, the production
characteristics would offer a competitive advantager existing products. Discovering such
species, producing proteases with novel charatterisvill be of great value to the enzyme
industry for different applications. Hence, designof an appropriate fermentation medium was
of critical importance as medium composition, prctdaoncentration, yield, and volumetric
productivity [13] influences the product productyi To achieve basic industrial objective of
production capabilities of any new strain will bespible when the isolated strain was
characterized for its growth and enzyme synthestisrial. This can be achieved by optimizing
the different fermentation parameters.

Response surface methodology (RSM) has been wigkdyl to evaluate and understand the
interactions between different physiological antritianal parameters [14-20]. Prior knowledge
and understanding of fermentation parameters weregssary for achieving a more realistic
model. In the present study, an isolated and ifledtibacterial strainBacillus, which was
characterized for alkaline protease production usdéd-state fermentation was used. Based on
the results obtained by the classical approaclgnpeters found significantly affecting protease
production from preliminary experimentation wer&ke@ into account. A 2[6-2] fractional-
factorial central composite design (FFCCD) of RSMswused for optimization of medium
components for the maximal production of proteaselen submerged fermentation. The
regression analysis was performed to obtain thienopd medium concentration.

MATERIALS AND METHODS

Microorganism and culture conditions

A laboratory bacterial isolate identified Bacillus sp. was used in this study. This microbial
strain was grown on a medium consisting of (in géiast extract - 7.5, peptone - 7.5 and glucose
- 10 at pH 9.0 by incubating at 43 and at 150 rpm in an orbital shaker (LabTech 3016
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R). The organism was maintained on agar 20 (g4etd above medium slants by sub-culturing
at monthly intervals and stored at 4°C till furthese.

Selection of production medium components

For selection of the best medium components anddbacentrations, carbon (maltose, glucose,
xylose, ribose, arabinose, mannose, sucrose, agdiutarch fructose and galactose), nitrogen
(potassium nitrate, ammonium sulphate, ammoniuroridd, ammonium nitrate, yeast extact,
beef extract, ammonium thiocynate, casein, corepsieuor, typtone, ammonium sulphate,
peptone, sodium nitrate, urea and soya bean msalj)rces were selected based on Plackett-
Burman approach. The selected carbon and nitrogerces were replaced with glucose, yeast
extract and peptone in growth medium. Whereas ofaetors such as pH, incubation
temperature, inoculum concentration and mediummeluwere screened and selected based on
classical approach. All these experiments wergiethrin Erlenmeyer flasks of 250 ml
containing 100 ml of medium were inoculated with 1% inoculum Rsoonm at 1.00) and
incubated at 33°C under shaking (150 rpm) unledseraise stated. Protease yield was
determined after 24 h of fermentation period.

Measurement of enzyme activity

Protease activity in the fermented sample was ohétexd using modified Auson—Hagihara
method [21]. In this method 1 ml of the diluted asldermentation broth was added to 1 ml
casein solution (1%, w/v casein solution prepare80 mM  glycine—NaOH buffer, pH 11) and
incubated at 70 °C for 20 min. The reaction wasmieated by adding 2 ml of 10%

trichloroacetic acid and the contents were filteteugh a Whatman No. 1 filter paper. The
absorbance of the filtrate was read at 280 nm ubiWgVisible spectrophotometer (Perklin-

Emler A25) and the protease activity was calculated usmasine standard curve. One unit of
protease activity was defined agd of tyrosine liberated mi under the assay conditions.

Experimental Design and Optimization

The optimum concentrations of production medium gonents for the protease production by
Bacillus sp. were determined by means of RSM. The RSM consikis group of empirical
techniques devoted to the evaluation of relatigrstaxisting between a cluster of controlled
experimental factors and measured responses aggotalione or more selected criteria[22].
According to this design, the total number of expental combinations was

2"k + 2*k + n0
* kis the number of independent variables
» n0 is the number of repetitions of the experimehth@ center point

Based on the best results of above medium comp®nselection approach, six critical
components of the production medium were selecatedfarther evaluated for their interactive
behaviors by using a statistical approach. Thel$evlesix medium variablegz. Glucose, 10 g/l
(x1); soyabean meal, 10 gi2); Temperature, 38C (x3); pH, 10 &4 volume, 75 mlX5) and
inoculum size, 3%xg) were selected and each of the variables weredcatlfive levels -2, -1,
0, 1, and 2 by using Eq. 1.
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For statistical calculations, the variabl¥s were coded asi according to the following
transformation.
The range and levels of the variables in codedsdaitRSM studies are given in Table 1.

Xj = Xi — Xo/ AX-------- (1)
* Xxi = dimensionless coded value of the variatle
* Xp = value of thex at the center point
* AX=step change.

The behavior of the system was explained by tHevi@hg quadratic model 2.
Y =B+ 2 B X+ B XA Byt Xy ()
* Y= predicted response
* Po = intercept term
* Bi = linear effect
* Bii = squared effect
* Bij = interaction effect

The full quadratic equation for four factors is@ivby model 3.

Y =Po+P1 XL +P2X2 +Ba X3 +BaX4 +B5X5 +Pe X6 + P11 XI*XL + P12 X1*X2 + P13 X1*X3 + P14
X1*X 4 + B15 X1*X5 + P16 X1*X6 + Poo X2*X2 + P23 X2*X3 + P24 X2*X 4 + P25 X2*X5 + Pos X2*X6 +
B33 X3*X3+ P3a X3*X4+ B35 X3*XS + P3e X3*X6 + Paa X4* X4+ Bas X4* X5 + Pae X4* X6 + Pss5 X5* X5
+ Pse X5* X6+ Pes X6* X6 -------------- 3

Several experimental designs were considered fadystg such models and FFCCD was
selected based on its simplicity [2For this study, a 2[6-2] factorial design with twelstar
points and six replicates at the central points amployed to fit the second order polynomial
model, which indicated that 34 experiments weralireg for this procedure. STATISTICA 6.0
(Stat Soft, Inc, Tulsa, OK) software was used fgression and graphical analysis of the data
obtained.

In order to search for the optimum combination @jon components of the production medium,
experiments were performed according to the FFCgi2iemental plan (Table 2). The results of
FFCCD experiments for studying the effect of sidapendent variables were presented along
with the mean predicted and observed responsegabte B. The regression equations obtained
after the analysis of variance (ANOVA) gave theeleaf protease production as a function of the
initial values of glucose, soyabean meal, inculmatemperature, pH, volume and inoculum
concentration. Validation experiments were perfatne shake flask level and two-liter
bioreactor (B-Braun) at software predicted optirdineedium conditions.
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RESULTS

The influence of different fermentation parametstgh as carbon source, nitrogen source,
medium pH, incubation temperature, inoculum sizd aredium volume were optimized by
conventional method changing one factor at a tisieagigrowth medium. Maximum enzyme
production (3245 U/ml) was observed after 24 hrmiubation. Whereas, selected carbon and
nitrogen sources influence on protease productiprhis Bacillus sp. was investigated using
Plackett-Berman design (Fig 1 and 2) under subndefgementation conditions. The data
indicated that the enzyme production affected tyyge tof carbon and nitrogen and their
concentration in the fermentation medium as replarditerature in different microbial systems
[4,8,24]. Maximum protease production by thisistreas observed with galactose followed by
glucose as carbon source (Fig 1). While in cas@tafgen sources, soya bean meal and peptone
supplementation showed maximum enzyme productiop 2 The observed difference in
enzyme production was very less i.e., <5 and <2%aise of carbon (between galactose and
glucose) and nitrogen (between soya bean meal gptbie) sources, respectively. Considering
the cost and availability of galactose and glucgtesose was considered as carbon source for
further optimization. In case of nitrogen sourcesja bean meal as nitrogen source was selected
as one of the optimization parameters using RSMe Jix independent variables, glucose, soya
bean meal, incubation temperature, medium pH, mmedwelume in 250 ml conical flask
(volume) and inoculum concentration were choseroptimize the protease production by
Bacillussp. Selected ranges of all these fermentatiompetexs are depicted in Table 1. Table 2
depicts the FFCCD experimental design layout ampkemental results. A predicted value for
each performed experiment was calculated and theslabon between experimental and
predicted values is shown in Fig 3.

The above results were analyzed using statisticgrpmme and the coefficient of determination
(R?) was calculated as 0.9165 for protease produdiipithis Bacillus sp. (Model summary,
Table 3), indicating that the statistical model eaplain 91.65% of variability in the response
and only 8.35% of the total variations were notlaimed by the model. Th&® value should
always be between 0 and 1. If tR&is closer to 1.0, the stronger the model and teebit
predicts the response [25]. The adjus®dalue corrects thB? value for the sample size and for
the number of terms in the model. The value of ddpisted determination coefficierfR(=
0.8032) was also very high suggesting a higherifsignce of the model used for analyzing the
data [22,26]. In this enzyme production study tHgistedR? value (0.8032) was lesser than the
R? value (0.9165). This is because, if there areyntarms in the model and the sample size is
not very large, the adjustd® may be noticeably smaller than tRé. At the same time, a
relatively lower value of the coefficient of vaiia (CV=8.19%) indicated a better precision and
reliability of the experiments carried out.

The protease experimental data was analyzed byiagphultiple regression and the results of
the FFCCD design were fitted with a second orddlr galynomial equation. The empirical
relationship between protease productighgnd the four test variables in coded units oletin
by the application of RSM is given by equation 4.
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Y = 6688.395 + 200.74 * x1 + 20.49 * X2 - 76.503 x102.71 * x4 - 122.15 * X5 + 411.15 * X6
-194.56 * x1x1 - 296.55 * x2x2 - 252.50 * x2x56%:43 * x3x3 - 263.82 * x3x4 - 480.04 *
X3X5 - 489.22 * X3x6 - 499.22 * x4x4 - 408.70 * &x282.63 * x4x6 - 203.12 * x5x5 - 463.34
* x5x6 - 243.98 * X6X6 ---------- 4)

WhereY, protease production in U/ml, was response and gkjctO g/l X1); soyabean meal, 10
g/l (x2); Temperature, 38C (x3); pH, 10 &4) volume, 75 ml in 250 ml conical flask%) and
inoculum size, 3.0%x6) were the coded values of the test variables.

The ANOVA was conducted for the second order respaurface model. The significance of
each coefficient was determined by Studettsst andp-values, which were listed in Table 3
and 4. The larger the magnitude of thalue and smaller thevalue, the more significant is the
corresponding coefficient [22,25,26]. This implittht the linear effects of inoculum size <
0.00218) and interactive effects of temperature\aidme p < 0.003083), pH and volume and
(p < 0.008849) volume and inoculum size<0.003945) were more significant than the other
factors, i.e., § < 0.05). The model F-value of 8.019, and values abability > F (<0.05)
indicated that the model terms were significant.

The regression model developed was representde ifotm of 2D and 3D surface and contour
plots. The yields of protease for different concatdns of variables could also be predicted
from the respective contour plots as shown in EEgut—8. Each contour curve represents an
infinite number of combinations of tow test vareblwith the other two maintained at their
respective O level. It was evident from the contounves that the protease production was highly
and interactively influenced by all selected fertaéion parameters (Fig 3 and 4). An
interesting enzyme productivity status was notiedth the interactive state of carbon and
nitrogen source supplemented environment. Thermazgroduction was inhibited by higher
concentrations of these two nutrients (in the geteaange) and more enzyme yield was
observed when one of these nutrient concentrati@ssbelow critical level (0O level at selected
concentrations) and other at above critical lebelqw ‘O’ level as per present experiment) (Fig
3D). Moreover, the figure also suggested thatdohieving maximum enzyme production,
glucose concentration should be more than 2.5%ewgdala bean meal concentration should be
low (below 1.0%) (Fig 3D). Moreover, higher enzyrpeoduction was also observed in
controlling the ratio of soyabean meal and glucos$his can be evidenced from the figure 3D
that protease production improved by supplementadioglucose in the range of 1.0% while
increasing the soyabean meal concentration ranfyjorg 0.5 to above 2.0%. Similarly, the
interaction influence of soyabean meal with inooulconcentration was observed to be
interesting (Fig 3C). Maximum enzyme production ldobe achieved with soyabean meal
supplementation in the range of 0.2-1.0% with 3 % Boculum concentration. Though
influence of increased inoculum on enhanced enzpnogluction was well reported in the
literature [8], however, soya bean meal concemnategulated productivity as observed in this
study was not documented. Similar trend was atsticed with incubation temperature and
volume of the medium versus inoculum level (Fig&#d 3B).

The interactive influence of glucose as carbon @writh respect to medium pH and inoculum
level in this microbial strain was depicted in BigA and B). Glucose showed positive effect on
protease production at lower level of medium pH-(Z0 pH range) than optimized pH value
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(Fig 4A) i.e., at individual level maximum enzymeguction was observed at 10 pH. However,
improved enzyme production at higher glucose awmdulum levels was expected (Fig 4B) as
glucose as carbon source provides more carbontskeleand energy for any metabolite
production. Similar trend was noticed with medipid and inoculum level (Fig 4D) in the
investigated range. Optimum enzyme production degscted with selected range of medium
pH and incubation temperature at central pointggifmization process (Fig 4C). The above
data indicated that interaction among fermentapiarameters was one of the important aspects
in achieving optimum productivity of any metaboligand further improvement in enzyme
production is possible with regulation of interaetiinfluences between selected fermentation
parameters.

A numerical method given by Myers and Montgomer$][@as used to solve the regression
equation 4. The optimal values of the six testaldds in coded units were observed to be
x1=0.24, x2=0.46, x3=0.53, x4=-0.35, x5=0.32 andX@. The predicted value of Y (U/ml) at
these values of x was 7886 U/ml. The real valuethefsix test variables were obtained by
substituting the respective coded values in egndtio

The optimum conditions of selected fermentatiorapeaters were predicted using RSM and the
maximum predicted protease production (7886 U/najild¢ be achieved with the medium
consisting of (g/l) glucose -1.12 and soyabean mehl23 at 348C at pH 9.65 with medium
volume of 83 ml in 250 ml flask and 5.2 ml of imitinoculum concentration of 18 hours culture
having absorbance of 0.8 at 600 nm. The validagrperimental protease production data
revealed 7717 and 9685 U/ml under optimized comastiindicating an overall improvement of
137 and 198% after optimization at shake flask bimteactor conditions, respectively. The
experimental value of the protease production wamst equal if we consider 95% of the
confidence limits for the prediction of Y value @itimized conditions with shake flask results.
Further validation was performed for optimized fentation parameters. Incubation temperature
and fermentation medium pH was maintained at 42.6nd 9.65, respectively throughout the
fermentation period. Maximum enzyme productionamehlidation conditions was found to be
9685 U/ml at 24 h. The optimization of medium comgots and process conditions will be
efficient and cost effective at industrial levebguction.

DISCUSSION

Increasing emphasis on the environmental protectimuse of biocatalysts gained considerable
attention in this biotechnological era. Extremozgnaee now-a-day replacing chemical catalyst
in manufacturing of chemicals, textiles, pharmaicailg, paper, food and agricultural chemicals.
Microbial protease constitutes one of the most g groups of industrial enzymes,
accounting for at least 25% of the total enzymekeiar Among different proteases, emphasis
was given to on protease and several microbes lbeewe tested for their ability to secrete these
enzymes [8-11,24,29]. Industrial potential of ax@w microbial strain will be known when it is
characterized for production capabilities. The silzd method of experimental optimization
involves changing one variable at a time keepirgdtners constant, which is tedious, laborious,
time-taking, cost intensive and is not practicalcayry out experiments with every possible
factorial combination of the test variables. Irdiéidn, this does not consider the interactions
effect of various parameters. An alternative andaevedfficient approach is the use of statistical
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method, which would be crucial to develop a prodesshe maximum production of protease
and standardization of media components[11].

The RSM is an effective and sequential and steppiiseedure. The lead objective of the RSM
was to run rapidly and efficiently along the pathmprovement towards the general vicinity of
the optimum. It is appropriate when the optimaligagior running the process was identified
before performing RSM experiments. It was reportieat effects of a specific carbon and
nitrogen supplement on protease production difl@mforganism to organism although complex
nitrogen sources are usually used for proteaseuptimoh [8,24].

Protease production in most of the microbial sgaivas regulated by several fermentation
factors [8,11]. In general it was noticed thathi@gconcentration of any carbon source results in
reduction in protease production in variety of peste producing microbial systems due to
catabolic repression of glucose. In alkalophidatinomyces sp. supplementation of more than
0.5% of carbon source resulted in decreased peteasiuction [28] (> 60%). Such carbon
source mediated repression also observed\vrihrobacter sp.[29] and alkaliphilicBacillus
sp.[30]. However, it was evident from figure 3at glucose mediated regulation of enzyme
production was fine tuned with other nutrient sestc This is the first report of its kind where
soya bean meal concentration mediated regulatiggraiéase production in presence of glucose
as carbon source or vice versa. It was evidem tiee surface response figure 3D that, available
carbon and nitrogen source ratio was the critiaatdr in enzyme production in this microbial
strain and more production was noticed in low cotregions of soyabean meal (Fig 3D).
However, enhanced protease production was repwitbdsoya bean meal [31] and corn steep
liquor[32] as nitrogen sources. Comparativelythis isolate higher concentration of nitrogen
source (> 1.0%) in presence of higher glucose auraon (1-2.5%) reduced protease
production. This might be due to the fact thatrogien sources known to affect the enzyme
secretion [33]. Similar results were observed Bn firmus [34] when present in higher
concentrations. However, the influence of glucasecentration in reduction of medium pH was
not ruled out as Glucose dependent protease pliodweas observed in several microbial strains
[4,8,10]. These types of nutritional regulatoryy k&spects are very important in large-scale
production where enzyme yield will be continuougrevn limited availability of one of the
nutrients.

Table 1: Range and Levels of the fermentation vaaibles in coded units for alkaline
protease production by isolatedBacillus sp.

Parameter/level 20 -1 0 1 2| AX
Glucose, X 1, (gm/100 ml) 0.250.5| 1.0] 15| 25| 05
Soyabean meal X 2, (gm/100) ml  0.250.5| 1.0 1.5| 2.5| 05
Temp(°C) X 3 27| 30| 33| 36| 39 3
pH, X 4 8 9| 10| 11| 12 1
Volume, X 5, (ml) 25 50| 75| 100| 125| 25
Inoculum size, X 6, (ml) 1.0 20| 3.0/ 4.0f 50| 1.0
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Validation experimental data suggested that, psatgaoduction by this isolated bacterial strain
could be achieved 37% more under optimized conwticompared to initial fermentation
environment at shake flask.

Table 2: Protease production Design of Experimentgy Fractional Factorial Central
Composite Design (CCD) for RSM Studies

Run x1|x2 | x3 | x4 | x6 | x6 | Co-efficient Protease production
number assessed by (U/ml)
FFCCD Measure | Predicte
1] -1] -1| 2] 1] -1 -1| 2% fractional 156( | 1714.19
21 1| -1 -1 -1 1| -1| factorial points 523€| 5933.41!
3] -1] 1] -1] 1] 1] 1] (16 experiments) 550( | 5918.82;
41 1 1 -1 -1 -1 1 558¢| 7409.16!
5| -1 -1 11 -1 1 1 494¢ | 6459.67
6 1 -1 11 -1 -1 1 575(| 7467.35
71 -1 1 11 -1 -1 -1 460( | 6496.10:!
8| 1 1 11 -1 1 -1 531¢| 5908.30.
9| -1 -1 -1 1 -1 1 550(C | 6480.00.
10| 1 -1 -1 1 1 1 566( | 7382.18!
111 -1 1 -1 1 1 -1 4527 | 5987.81l
121 1 1 -1 1 -1 -1 420C| 6271.73!
13| -1 -1 1 1 1 -1 468z | 5541.64.
141 1 -1 1 1 -1 -1 546(| 5342.90:
151 -1 1 1 1 -1 1 550( | 6281.08.
16| 1 1 1 1 1 1 27571 | 2376.24!
17| -2 0 0 0 0 0 2x6 star point 5265 | 5508.63!
18| 2 0 0 0 0 0| (12 experiments 610( | 6311.62
19| O -2 0 0 0 0 4950 | 4727.24.
201 O 2 0 0 0 0 560( | 4809.21!
21| O 0| -2 0 0 0 497(| 6028.90:
22| O 0 2 0 0 0 342¢ | 5722.90.
231 0 0 o -2 0 0 5027 | 6893.82.
24| 0 0 0 2 0 0 390(C | 6482.96
25| O 0 0 0| -2 0 650( | 6932.70.
26| O 0 0 0 2 0 4797 | 6444.09
271 0 0 0 0 0 -2 442:| 5866.09.
281 O 0 0 0 0 2 6547 | 7510.69
29| 0 0 0 0 0 0 6 central point 676(| 6688.39!
30| O 0 0 0 0 0 6901 | 6688.39!
31| O 0 0 0 0 0 689(| 6688.39!
32| 0 0 0 0 0 0 680z | 6688.39!
33| O 0 0 0 0 0 679( | 66€8.39¢
34| O 0 0 0 0 0 689¢ | 6688.39!
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Table 3: Summary data of protease production by idated Bacillus sp.

Mode Unstandardized Standardized | T Sig.
I Coefficients Coefficients
B Std. Beta
Error
1| (Constant) 6688.395 203.3553 32.89019 1.17E-14
x1 200.7481 109.8244 0.141135 1.827900] 0.088950
X2 20.4939 109.8244 0.014408] 0.186606] 0.854647
x3 -76.50169 109.8244 -0.053784] -0.696582| 0.497468
x4 -102.7144 109.8244 -0.072213 -0.935259| 0.365508
x5 -122.15271 109.8244 -0.085879 -1.112255 0.284764
X6 411.1514 109.8244 0.289058] 3.743715 0.002180*
x1x1 -194.564 96.79426) -0.155610 -2.010098| 0.064096
X2X2 -296.55971 96.79426 -0.237182 -3.063815 0.008416*
X2x5 -252.5094 134.5069 -0.144949 -1.877295 0.081472
x3x3 -565.4308 96.79426 -0.452220 -5.841574f 4.28E-05
xX3x4 -263.8274 134.5069 -0.151446] -1.961441f 0.070027
x3x5 -480.0411 134.5069 -0.275560 -3.568895 0.003083*
X3X6 -489.2228 134.5069 -0.280831] -3.637157| 0.002693*
X4x4 -499.224 96.79426 -0.399271] -5.157599| 0.000145*
X4x5 -408.7024 134.5069 -0.234609] -3.038523] 0.008849*
X4x6 -282.6344 134.5069 -0.162242 -2.101261] 0.054207
x5x5 -203.12271 96.79426 -0.162453] -2.098500] 0.054484
X5x6 -463.34784 134.5069 -0.265977] -3.444788 0.003945*
X6X6 -243.9848 96.79426 -0.195134 -2.520654f 0.024470

* Values are significant at 95% confidence limits (p < 0.05)

Table 4: ANOVA table for data obtained for proteaseproduction by isolatedBacillus sp.

Model Sum of Squares| Degree of Mean F Significanc
Freedom (DF) | Square e
Regression 44503576 19| 2342293| 8.09155] 0.000128
7
Residual 4052633 14| 289473.
8
Total 48556209 33

R=0.95736; CV=8.19%; R Square=0.916537; Adjust&fhRare= 0.803266; Std. Error of thq
Estimate= 538.0277
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Fig 1: Influence of different carbon sources on prtease production by IsolatedBacillus sp.
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Fig 2: Influence of different nitrogen sources orprotease production by isolatedacillus
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Fig 3: Contour graphs for protease production byBacillus sp.
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Fig 4. Response surface graphs for protease production Bacillus sp.
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