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ABSTRACT

Statistics based experimental design on chitinase production by Serratia marcescens was
optimized in solid state fermentation using Plackett-Burman design and Response surface
methodology. The important medium components identified by initial screening method of
Plackett-Burman were colloidal chitin, yeast extract, MgSO,.7H,0 and KH,PQO,. Plackett-Burman
Pareto chart illustrates the order of significance of the variables affecting the cellmass production.
Central composite response surface methodology was performed to evaluate the effects of
temperature, pH, inoculum size and substrate concentration on production of chitinase by Serratia
marcescens was studied using sugarcane bagasse under solid state fermentation. Statistical
analysis of results showed that, the linear and quadric terms of these four variables had significant
effects and evident interactions existing between pH and substrate concentration were found to
contribute to the response at a significant level. Under the conditions of pH (6), Temperature
(30°C), inoculum size (2.4%) and substrate concentration (2 g) in the experiment. The predicted
response for chitinase production was 52.72 U/ml

Key words: Chitinase, CCDQptimization Serratiamarcescend/Vheat bran.

INTRODUCTION

Chitin,a-1, 4 -linked homopolymer oN-acetylglucosamine is the second most abundant
polysaccharide in nature. It is insoluble in watdilite and concentrated alkalis, alcohol and other
organic solvents. It forms the major structural poment in the shells and cuticles of arthropods,
crustaceans and insects and in cell walls of fufige major contribution of chitin to nature is het
form of animal biomass. Chitinases, belonging ®fémily of glycosyl hydrolasésare the enzymes
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responsible for biological conversion of chitin.eBe enzymes find major applications in the field of
agriculturé, mediciné, biotechnolog$, food technology, waste managemeantd industr§. Studies

on optimization of chitinases have been reportelieeavith effects of different media ingredients o
its productiod. The concept of response surface methodology (R&id)eased process development
and has been of significant use at industrial ledla basic biological level, recent studies have
indicated the use of RSM for analyzing effects dffedent factors on enzyme activityand
optimization of enzyme productidnSolid-state fermentation (SSF) has emerged asparopriate
technology for the management of agro-industrigidwes and for their value addition. SSF is a
promising technology for the development of sevbiaprocesses and products including production
of industrial enzymes on large-scdleDifferent types of substrates, which containiohibave been
tried for the production of chitinase, which inokatdfungal cell walls, crab and shrimp shells and
agricultural residues. The use $érratiasp. in SSF for the production of lytic enzymes sash
cellulose and chitinase has tremendous impactrdndustrial scale productidh This study is an
attempt to evaluate the effects of several factorsthe production of an industrially important
enzyme, chitinase. Screening of medium componeassevaluated using Plackett-Burman statistical
design and from the optimized nutrient composifienSerratia marcescengrowth rate, the effects
of the temperature, pH, inoculum size and substrateentration level were studied using Central
Composite Design (CCD).

MATERIALS AND METHODS

(a). Micro-organism and inoculum preparation: A fungal isolate,S. marcescens 93btained
from the IMTECH, Chandegarh was used in the pres&udy. The culture was maintained on
Nutrient agar medium and subcultured every thigysd Slants were incubated for 2 days at 30°C and
stored at 4°C. The spores of a fully sporulatedtsigere dispersed in 10 ml of 0.1% Tween 80
solution by dislodging them with a sterile loop endaseptic conditions. The spore suspension
obtained was used as the inoculum. Viable sporesept in the suspension were determined by serial
dilution followed by plate count.

(b) Chitinase assay: Chitinase activity was determined by a dinitrosdiicacid (DNS) methot.
This method works on the concentratiorNeécetyl glucosamine (NAG), which is released assailt

of enzymic actioh” * The 2ml reaction mixture contained 0.5 ml of 0.8%loidal chitin in
phosphate buffer (pH 5.5), 0.5 ml crude enzymeaekxtand 1ml distilled water. The well vortexed
mixture was incubated in a water bath shaker a€50r 1 h. The reaction was arrested by the
addition of 3ml DNS reagent followed by heating1@0°C for 10 min with 40% Rochelle’s salt
solution. The coloured solution was centrifugedl@t000 rotations per minute for 5 min and the
absorption of the appropriately diluted test samplas measured at 530 nm using UV
spectrophotometer (UV-160 A, Shimadzu, Japan) aleitly substrate and enzyme blanks. Colloidal
chitin was prepared by the modified method of Rtsbend Selitrenkotf. One unit (U) of the

chitinase activity is defined as the amount of emeythat is required to releasgniol of N-acetyl- -
d-glucosamine per minute from 0.5% of dry colloidhitin solution under assay conditions.

(c) Optimization of nutrient supplements. The medium components were evaluated using
Plackett-Burman statistical dest§nThis is a fraction of a two-level factorial designd allows the

investigation of h-1' variables with at leasn® experiments. The main effect was calculated as th
difference between the average of measurements atatitee high setting (+1) and the average of
measurements observed at low setting (—1) of eaatiorf This model describes no interaction among
factors and it is used to screen and evaluatentiperiant factors that influence enzyme production.
The factors that have confidence level above 958&ccansidered the most significant factors that

J. Chem. Bio. Phy. Sci. 2011, Vol.1, NO.2, Sec.G23362. 353



Optimization....... Sudhakar.Ret al

affect the enzyme production. The main effect @& thedium components, regression coefficient, F
values and P values of the factors investigatedha present studyTable-1 shows selected
experimental variables for conducting twelve experital trials.

Table-1: Variables to be monitored in Plackett-Burman stiaa$ design for cell
growth ofSerratia marcescens

S.N Medium High level Low Level
0
1. Peptone 1.0 2.0
2.| Citric acid monohydrate  0.625 1.75
3. NaCl 0.250 4
4. MgSQ,. 7H,0 0.275 0.5
S. (NH4), SO, 1.0 4.0
6. colloidal chitin 10.0 24.0
7. Yeast Extract 0.5 5.0
8. KH,PO, 0.3 1.4

(d) Experimental designs. From the optimized nutrient composition f8erratia marcescens
growth rate, the effects of the temperature, pH, imoculum size and substrate concentration level
were studied using Central Composite Design (CtDY Central Composite Design consists of:

(1) A complete 2 factorial design, where the factor levels are ebtiethe usual -1,
+1 value. This is called the factorial portion loétdesign and no center points ¥n 1).

(I Two axial points on the axis of the design iabte at a distance afa from the
design center. This is called the axial portiortled design.

The total number of design points is thus equalote; [2] Y. For this investigation,
temperature (X, pH (X, inoculum size (¥ and substrate concentration jfXare the
independent variables in a series of chitinaseymioh experiment.

ThusK=4 a=2x% =2

A CCD with six star point& = 2) and six replicates at the center point (no i total
number of experiments (N), N = 3Range and levels of the independent variables teeldor
the production of chitinase is giveniable -2.
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Table-2: Range and levels of the independent variablesteeldor the production of chitinase

Parameters -2 -1 0 1 2
Temperature 30 35 40 45 50
pH 3 4 5 6 7
Inoculum Size 0.6 1.2 1.8 2.4 3.0
Substrate Concentration 0.5 1.0 15 2 2,5

RESULTS AND DISCUSSION

(i) Chitinase activity: Serratia marcescenggave maximum chitinase activity of 53.50 U/ml for
Wheat bran after incubation for 6 days.

(i) Screening of important media components: The effect of eight medium components of the
fermentation for chitinase production Bgrratia marcescenswas examined using Plackett-Burman
statistical desigii. The main effect of the medium components, regpasmefficient, F values and P
values of the factors investigated in the presemiysis illustrated inrable- 3.

Table- 3: Observed and predicted responses for the expesmpentormed using Plackett—

Burman design matrix to optimize cell growth ofi@&éa marcescens

Citric
MEDIU Pepton acid N MgSOa,. | (NHy): : Ye | KH,P
aCl Colloidal
CODE e-l monohy C 7H,0 SO, chitin = ast Oq4
A drate D E G H
B
1 + + - + - - - +
2 + - + + - + - -
3 - - - - - - - -
4 + - + - - - + +
5 - + + + - + + -
6 + + - - + - + -
7 + - - - + + + -
8 - - - + + + - +
9 - - + + + - + +
10 - + - - - + + +
11 - + + - + - - -
12 + + + - + + - +
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on analysis of regression coefficient of eight medicomponents peptone, citric acid monohydrate,
NaCl, MgSQ-7H,0, (NH,)2SQ,, colloidal chitin, yeast extract and KIPO,, among these peptone,
citric acid monohydrate, NaCl, (N}2SQ, showed negative effect biomass production, whereas
colloidal chitin, yeast extract, MgSGH,O and KHPQ, showed positive effect in the tested range of
concentration. The Pareto chart illustrates thesrowf significance of the variables affecting the
cellmass production. The order of significanceraiciated by Pareto chart is colloidal chitin, yeast
extract, MgSQ@7H,0, KH,PO, (NH,)2SQ, citric acid monohydrate, peptone and Nathe
significant factors identified by Plackett-Burmaastyn were considered for the next stage in the
medium optimization using response surface optitiinaechnique for the future study. The F-value
is the ratio of the mean square due to regressaothé mean square due to error and indicates
the influence (significance) of each controllediéa®mn the tested model. The model equation fitted
by regression analysis is given by

Y = 7.527 + 0.190A — 0.343B — 0.090C +1.410D — BB #2.573F — 1.490G +1.343H
-------- (3.1)

The graphical representations of the regressioratexju called the surface were obtained
using the Minitab 14 software package. The secautak polynomial regression equation (3.1) was
solved by the sequential quadratic programming gudffATLAB 7. The optimum values of test
variables and the corresponding maximum biomasdygtmn 13.5 g/l. The model F-value of 13.97,
and values of prob > F (<0.05) indicated that tloeleh terms are significant. For biomass production,
D, F, G and H were a significant modeible-4.

Table-4: Analysis of Variance (Anova) for the Quadratic Mbfie the Biomass Production

Parameter estimate
Model term . T P
(coefficients’
Constant 7.527 5.17 0.014
A 0.19(C 0.13 0.904
B -0.34: -0.24 0.82¢
C -0.09C -0.0€ 0.95¢
D 1.41C 0.97 0.40¢
E -0.67:< -0.4€ 0.67¢
F 2.57:¢ 1.77 0.17¢
G -1.49C -1.0z 0.381
H 1.34c: 0.92 0.42¢

(iii)
Optimization of Process Parameters for Chitinase Ryduction using Wheat bran in this study,
Wheat branwas used as main substrate under solid state featiem For one thing, the use of
purified chitin enhanced the cost of enzyme pradacand was a major limitation to the economic
feasible of bioconversion and utilization of ignthgl®sic materials. For another, agricultural resd
was not only inexpensive, but also it was abundadteasily available, supplying the microorganism
better nutrition. In order to obtain optimum levefschitinase bySerratia marcescers Optimization
of cultivation conditions variables that had a #igant impact on chitinase production was
necessary. It can be seen frdable-5, there was a considerable variation in the chigrna®duction
depending on the four chosen variables. The maxirohitinase production (53.50 U-mL-1) was
achieved in run number 22, while the minimum clagi@ production (28.50 U-mL-1) was observed in
run number 16. The former was much higher tharattter, which adequately indicated that choosing
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appropriate cultivation conditions could eviderglyhance the yield of chitinase.

Table-5: Observed and predicted responses for the expesrpenformed using CCD design

for Wheat bran

Chitinase Productio
RuUN Tempe H Innoculu | Substrate (U/ml)
rature | P m Size Concentration| Experi Predicated
mental

1 30(-1) | 4(-1) 1.2(-1) 1(-1) 37.5 37.56
2 40(1) 4(-1) 1.2(-1) 2(1) 44.5 43.06
3 40(1) 6(1) 1.2(-1) 2(1) 50.0 53.63
4 35(0) 5(0) 1.8(0) 2.5(2) 41.0 38.48

5 40(1) | 6(1) 2.4(1) 2(1) 48.5 48.54
6 30(-1) | 6(1) 1.2(-1) 1(-1) 45.5 45.50
7 35(0) 5(0) 1.8(0) 1.5(0) 33.5 35.89
8 35(0) 5(0) 1.8(0) 1.5(0) 37.0 36.40

9 30(-1) | 4(-1) 2.4(1) 1(-1) 45.5 45.50
10 35(0) 5(0) 1.8(0) 0.5(-2) 37.5 37.48
11 40(1) 6(1) 1.2(-1) 1(-1) 38.5 37.14
12 | 30(-1) | 4(-1) | 2.4(1) 2(1) 46.0 46.71
13 35(0) 5(0) 1.8(0) 1.5(0) 46.5 48.56
14 | 35(0) 5(0) 1.8(0) 1.5(0) 45.5 44.29
15 30(-1) | 4(-1) 1.2(-1) 2(1) 49.0 46.89
16 35(0) 5(0) 1.8(0) 1.5(0) 28.5 29.79
17 35(0) 7(2) 1.8(0) 1.5(0) 45.5 45.50
18 35(0) 3(-2) 1.8(0) 1.5(0) 34.5 33.31
19 40(1) 4(-1) 2.4(1) 2(1) 53.0 52.06
20 35(0) 5(0) 1.8(0) 1.5(0) 45.5 45.50
21 | 40(1) | 6(1) 2.4(1) 1(-1) 39.0 40.70
22 30(-1) | 6(2) 2.4(1) 2(1) 53.5 52.72
23 40(1) 4(-1) 2.4(1) 1(-1) 33.5 34.47
24 | 30(-1) | 6(1) 2.4(1) 1(-1) 39.5 40.62
25 35(0) 5(0) 0.6(-2) 1.5(0) 45.5 45.50
26 50(2) 5(0) 1.8(0) 1.5(0) 38.5 40.14
27 35(0) 5(0) 1.8(0) 1.5(0) 51.5 50.97
28 30(-2) | 5(0) 1.8(0) 1.5(0) 45.5 45.50
29 | 40(1) | 4(-1) | 1.2(-1) 1(-1) 50.5 49.48
30 30(-1) | 6(1) 1.2(-1) 2(1) 45.5 45.50
31 35(0) 5(0) 3.0(2) 1.5(0) 43.5 41.56

In order to estimate the error, the centre poirthendesign was repeatedly carried out for threedi
By applying multiple regression analysis on the exipental data, the following second order
polynomial equation was found to explain the chis@ production by only considering the significant

terms and was shown in equation 3.2.
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Y=45.5-2.708A+3.167B+2.333C+1.500D—2.573A\823B+0.865C-0.448F-
0.062AB+0.625AC-2.688AD-1.688BC-2.000BD-1.312CD -(3.2)

Where Y is the chitinase activity (U/ml), Where Aroculums Size, B = Temperature, C = pH, and
D = Substrate Concentration.

The independent variables were fitted to the seayddr model equation and examined for
the goodness of fit. Several indicators were usegvaluate the adequacy of the fitted model and the
results are shown ifable-6 The determination coefficie®® value, correlation coefficier® value,
coefficients of variation (CV) and model significan(-value) were used to judge the adequacy of
the model R, or coefficient of determination, is the propontiof variation in the response attributed
to the model rather than to random error. For adgaioof a model R should be at least 80%. The
determination coefficientRf) implies that the sample variation of 97.59% fbitinase production
using sugarcane bagasse as substrate is attriiouteel independent variables, and only about 3.8% o
the total variation can not be explained by the ehotihe closer value d® (correlation coefficient) to
1, the better is the correlation between the erpemtal and predicted values. Here the valu® of
(0.9759) forEg. (3.2) being close to 1 indicated a close agreement legtwlee experimental results
and the theoretical values predicted by the modehtion. The coefficient of variation (CV) is the
ratio of the standard error of estimate to the mesne of the observed response, expressed as a
percentage. A model can be considered reasonghigdecible if the CV is not greater than 10%.
Usually, the higher the value of CV, the lowerhs teliability of experiment. Here, a lower value o
CV indicated a greater reliability of the experirteeperformed. The model significande-\(alue)
indicates the level of confidence that the seleatedel can not be due to experimental error. Linear
and quadratic terms were significant at the 1%lleMeerefore, the quadratic model was selected in
this optimization study.

Table-6: Regression coefficients and their significancesnfrthe results of Central Composite
experimental design for chitinase production indsstate fermentation using Wheat bran

. S.E
Term Coefficient Coefficient T P
Constant 45.50 0.7166 63.490 0.000
A -2.708 0.3870 -6.998 0.000
B 3.167 0.3870 8.812 0.000
C 2.333 0.3870 6.029 0.000
D 1.500 0.3870 3.876 0.001
A*A -2.573 0.3546 -7.256 0.000
B*B -0.823 0.3546 -2.321 0.034
Cc*C 0.865 0.3546 2.438 0.027
D*D -0.448 0.3546 -1.263 0.225
A*B -0.062 0.4740 -0.132 0.897
A*C 0.625 0.4740 1.319 0.206
A*D -2.688 0.4740 -5.670 0.000
B*C 1.688 0.4740 3.560 0.003
B*D -2.000 0.4740 -4.219 0.001
C*D -1.312 0.4740 -2.769 0.014
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The Studenf-distribution and the correspondifgvalue, along with the parameter estimate,
are given inTable-7. The P-values are used as a tool to check the signifeasfceach of the
coefficients which, in turn, are necessary to usiderd the pattern of the mutual interactions betwee
the best variables. The parameter estimates andotinespondind?-values showed that among the
independent variables,;XInoculum Size), X (Temperature), X(pH) and X (Wheat bran) had a
significant effect on chitinase production. Positaoefficients for X and X indicated a linear effect
to increase chitinase production, while negativefio@ent of X, (Wheat bran) revealed the opposite
effect. It was included that #pH) was the key factor influencing chitinase preittn, due to its
largest t-value among the four variables. The duathrm of these four variables also had a
significant effect. As could be seen, evident iattions existed in Xand X, but no interactions
between the other variable pairs were found tordmute to the response at a significant level, also
could be seen from the P valuesable-7.

Table-7: Analysis of variance (ANOVA) for the quadratic pogmial model of chitinase production
for Wheat bran

Source DF | SeqSS | AdjSS| AdjMS| F P
Regression 14 1101.32 1101.318/8.666 | 21.88] 0.00Q
Linear 4 601.37 | 601.375 150.344 41.§20-000
Square 4 240.94| 240943 60236 1674000
Interaction 6 2590.00 | 259.00p0 43.167  12.010-000
ResidualErro 16 57.52 57.521 3.595
Lack-of-Fit | 10 5752 | 57.521] 5.752
Pure Error 6 0.00 0.000 0.000
Total 30 | 1158.84

So, compared with the traditional ‘one- ariableatime’ approach which is unable to detect
the frequent interactions occurring between twanore factors although they often do occur, RSM
has immeasurable effects and tremendous advantagesa.Table-6. Interactions between the AD,
BC and BD should be more significant compare taothteractions. It is evident from the counter
plot figure-1 (a) andl1 (b) Temperature Vs pH and Temperature Vs Substrateectration.

Three-dimensional response plots and their correfipg contour plots for the chitinase
production using sugarcane bagasse by the abovelraoel shown irFigures- 2(a)and 2(b). The
contour plots affirm that the objective functionuisimodal in nature which shows an optimum in the
boundaries. The boundary optimum point was evallatéing gradient method in the direction of
steepest ascent. The graphical representation
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Inoculam Size
o
|
Substrate Conc.
.
|

Substrate Conc. Temperature
Figure-1 (a): Contour plot for Figure-1( b ): Contour plot on
chitinase production showing the chitinase production showing the effect
interactive effects of Inoculam Size of Substrate Conc. and Temperature

and Substrate Conc.

. s
Chitinase Activity Chitinase Acitivity

30

0 : 0
Inoculam Size 0 Temperature 0
Substarate Conc.

Figure-2(a): Three dimensional response Figure-2(b): Surface plot for chitinase
plot for chitinase production showing the production showing the interactive
nteractive effects of Inoculam Size and effects of Substrate Conc and
Substrate Conc Temperature

CONCLUSION

The evaluation of the medium components for chsgn@roduction was done using the
Plackett-Burman statistical method. The effectighemedium components were studied and among
them peptone, malt extract, citric acid and ureeevieund to be the significant variables for cetigs
by Serratia marcescenas the percentage confidence level was more thé&h. 9%e significant
factors identified by Plackett-Burman design arexsitered for the next stage of the medium
optimization using response surface optimizatiawhiéque for the future study. Response surface
methodology was proved to be a powerful tool fotirojzation of process parameters. Central
Composite design was employed to evaluate the tsffet temperature, pH, inoculum size and
substrate concentration on production of chitifas8erratia marcescenslsing the above optimized
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nutrient solution, Maximum chitinase activity of .58 U mL-1 was obtained in at the pH (6),
Temperature (3C), inoculum size (2.4%) and substrate concentrazg) for Wheat bran,. The
statistical design of experiment offer efficientthdology to identify the significant variables atod
optimize the factors with minimum number of expeitts for chitinase production by
microorganism. Serratia marcescenghitinase is active over a wide range of operatarmg
environmental conditions and hence it is designatedone of the best organism to study the
production as well biochemical aspects of chitinaseshort, understanding more about the various
chitinolytic enzymes such as the standardizatidrssitable process parameters for its productiah an
method of estimation will make them more usefud ivariety of process in near future.
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