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ABSTRACT

Optimization of lipase production lnterobacter aerogenass carried out using response surface methodology
(RSM) where the statistical model was obtainedragtibnal factorial central composite design. Tinfluence of
various physico-chemical parametessz. temperature, oil concentratigrinoculum volumepH and incubation
period on lipase production was examined. Optinmzrabdf physico-chemical parameters resulted 1.4 fiacrease

in lipase activity. The optimum levels of parameteere 34°C, oil concentration 3%, inoculum volurfge, pH 7
and incubation time 60 h for obtaining a maximupa$e activity of 27.25 U/ml.

Key words: Central composite desiginterobacter aerogengkipase, optimization, parameter, Response Surface
Methodology

INTRODUCTION applications due to their thermostability, multdol
properties, easy extraction procedures, and
Lipases or triacylglycerol acyl ester hydrolases arunlimited supply Gupta et al 2004). Due to the
the special class of esterase enzymes that catalygwing importance of lipases  within
both the hydrolysis and the synthesis of estensiotechnological perspectives, extensive research
formed from glycerol and long - chain fatty acids.is being carried out throughout the world to exploi
Multi-faceted microbial lipases have emerged abyperactive strains for lipase production and to
key enzymes in swiftly growing biotechnology. In optimize the various parameters for maximizing its
addition to their biological significance, lipasesproduction. Several bacterial strains have been
have tremendous application in areas such as foagtudied for their lipase producing ability, while
dairy, pharmaceutical, detergent, textile, cosmetithere are few reports on the production and
industries and biomedical sciences. optimization of lipases from Enterobacter
Lipases are ubiquitous in nature and are produceskrogenes.
by various plants, animals and microorganism8acterial lipases are mostly extracellular and are
especially bacteria and fungus. Althoughgreatly influenced by various physico-chemical
pancreatic lipases have been traditionally used fqrarameters (Aires-Barros et al., 1994; Brune and
various purposes, it is now well established thaGotz, 1992; Jaeger et al., 1994; Kim et al.,
lipases produced from microorganism specificallyl996).Our earlier experiments revealed that
bacterial lipases are preferred for commerciabarious physico-chemical parameters viz.
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temperature, pH, incubation time, oil (0.1%) magnesium sulphate (0.05%)
concentration, inoculum volume, had inducingsupplemented with coconut oil (2%).
effect on lipase production byEnterobacter
aerogenesvhen individually supplemented in the Culture Conditions
fermentation medium. Traditional approach tolLipase production was carried out in 250 ml
optimization of biological systems based One Erlenmeyer flasks each containing 50 ml medium
Factor At a Time commonly abbreviated OFAT, composed of peptone (0.5%) and yeast extract
IS not as scientific as is Response Surfac.3%) as nitrogen source, coconut oil as sole
Methodology (RSM). It is less efficient than acarbon source (4%),NaCl (0.25%) and MgSO
factorial screening design and can providd0.05%) with an initial pH value of 8. The
incorrect conclusions in case of strong interagionproduction broth (50 ml) was inoculated with
among the factors. Hence, in the present studjpoculum (4.0 x18 cells/ml) and incubated for
optimum conditions for lipase production were48 h in a shaker at 200 rpm at 30°C, and these
determined using RSM. conditions were set as the central point for
RSM is a compilation of statistical and experimental design.
mathematical techniques widely used to determine
the effects of several parameters and to optimizEnzyme assay
various biotechnological processes (Burkert et allipase assay was done spectrophotometrically
2004; Kalil et al., 2000; Vohra and Satyanarayanajsing p-nitrophenyl palmitate (procured from
2002; Rao et al.,, 2000; Puri et al.,, 2002).ThiSigma) as the substrate. The assay mixture
technique gives contours plots from linearcontained 1ml of 16.5 mM solution op-
interaction and quadratic effects of two or morenitrophenyl palmitate in 2-propanol along with
parameters and fits the experimental data tdris-HCI buffer, pH 8 (supplemented with 0.1%
calculate the optimal response of the system. Tharabic gum and 0.4% Triton X-100) in a ratio of
technique has been extensively used to investigale9. The enzyme solution (0.025 ml) was added to
the optimization of physiochemical parameters andt and incubated in water bath at 37f@ 10 min.
factors of several fermentation media with varioug-nitrophenol was liberated from p-nitrophenyl
microorganisms (Chang et al., 2002). There arpalmitate by lipase mediated hydrolysis imparting
several reports on optimization of lipasea yellow color to the reaction mixture. After
production by RSM (Elibol and Ozer, 2002;incubation, 2 ml of dist. water was added and the
Muralidhar et al., 2001).In the present study; RSMabsorbance was measured at 410 nm (Kordel et al.,
was adopted to optimize the fermentationl991). Absorbance of control was also recorded.
conditions for lipase production froBnterobacter One unit (U) of lipase activity was defined as the
aerogenes amount of enzyme that liberates one micromole of
p-nitrophenol, per min under the assay conditions.

MATERIALSAND METHODS Optimization of five parametersby RSM
A central composite design was set up to
Organism determine the optimum level of five physico-

A bacterium  Enterobacter aerogenes chemical parameters. The effect of temperature
(Enterobacter aerogenedABR-0785 was (A), oil concentration (B), inoculum volume(C),

isolated from the soil of IIT Kharagpur. It was PH (D) and incubation time (E), on the production
grown at 30°C for 24 h and then stored at 4°C, andf lipase was studied at five experimental levels:

was maintained on nutrient broth agar slants. ~ —& -1, 0, +1, &, wherea = 2" heren was the
number of parameters and O corresponded to the
Chemical central level which was selected from the
Chemicals were purchased from Merck. preliminary work. The experimental levels were
selected by varying the parameters above and
Media below the respective central levelLipase

For the preparation of inoculuri, aerogenesvas  production was analyzed by using a second-
cultivated in medium  containing potassiumorder polynomial equation and the data were
dihydrogen phosphatg0.1%), sodium nitrate fitted in to the equation by multiple regression
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procedure. The model equation fmalysis is f1, f2, ..., fs are linear coefficientsfia, f2o, ... fss
given below: are quadratic coefficients arftl,, f1s, ... , S5 are
Y= BytBiA+B.B+ BaC+ BuD+ PsE + PAB+ interactive coefficient estimates whife have a

role of a scaling constant. Analysis of variance
g:jég: %QDEZ Béj:bEg +B ?535221 P f%fl?l?z: Béchz: (ANOVA), regression analysis were done and

2 2 contour plots were drawn by using Design expert
PaaD + PscE software
Where A, B, ..., E are the levels of the factors and

Table 1 - Control, maximum and minimum values of the paransatbosen for experimental levels.

Independent parameters Level
Symbol -1 0 +1
Temperature (°C) A 25 30 35
Qil concentration (%) B 3 4 5
Inoculum volume (%) (4.0 xf@ells/ml) C 7 8 9
pH D 7 8 9
Incubation time (h) E 36 48 60
RESULTSAND DISCUSSION +1.53AE+2.62BC+0.019BD-
0.17BE+0.93CD+1.44CE-0.14DE-2.486A
Fitting of the model +0.48B+0.12C-0.0247-0.43E

A regression analysis (Table 2) was carried out tRegression analysis of the experimental data
fit the mathematical model to the experimentashowed that coefficient for four factors
data in order to get an optimal region for thetemperature, inoculum volume, pH and
response studied. The predicted model can Wbecubation time) were positive while oil
describped by the following second-orderconcentration had negative coefficient. The

polynomial equation. negative effect of oil concentration on response
Y = 19.67+1.06A-1.11B+0.038C+0.11 implied that higher value of this parameter led to
D+2.58E+0.13AB+0.52AC-1.03AD lower lipase production.
Table 2- Analysis of variance (ANOVA) for response surfagmdratic model obtained from experimental designs
Source Sum of square Df F value p-value
Model 6.51.43 20 6.92 0.0011

A 26.88 1 5.72 0.0358

B 29.61 1 6.30 0.0290

C 0.035 1 7.498E-003 0.9326

D 0.29 1 0.063 0.8069

E 159.96 1 34.01 0.0001

AB 0.26 1 0.054 0.8202

AC 4.39 1 0.93 0.3548

AD 16.81 1 3.57 0.0853

AE 37.27 1 7.92 0.0168

BC 109.83 1 23.35 0.0005

BD 5.625E-033 1 1.196E-033 0.9730

BE 21.72 1 4.62 0.0548

CD 13.88 1 2.95 0.1139

CE 33.18 1 7.05 0.0224

DE 0.33 1 0.070 0.7958

A2 177.61 1 37.76 <0.0001

B2 6.88 1 1.46 0.2518

Cc2 0.44 1 0.094 0.7643

D2 0.018 1 3.723E-033 .9524

E2 5.35 1 1.14 0.3092

Cor total 703.16 31
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Among the four parameters, incubation time hadiven in Table.2. ANOVA confirmed the
highest impact on lipase production as given bwydequacy of the quadratic model and explained,
highest linear coefficient (2.58), followed by whether this model satisfactorily fitted the
temperature (1.06), pH (0.11) and inoculunvariation observed in lipase production with the
volume (0.038). Gupta et al. (2006) also reportedesigned level of physico-chemical parameters. As
the incubation time as the most significant factothe F-test for the model was significant at the 5%
for lipase production. level (P < 0.05), this model was considered fit and
The significant negative quadratic effects on lgpascould effectively explain the variation observed. |
production indicated that lipase productionwas seen that parameters with significant model
increased as the level of the parameterterms were the linear terms of temperature (A), oil
(temperature, pH and incubation time) increasedtoncentration (B), incubation time (E) and
whereas the decrease in the lipase activity coald luadratic term of temperature §A followed by
observed as the level of these parameters wése interaction effects of temperature and
increased above certain values. incubation time (AE), oil concentration and
Lipase activity obtained from the designedinoculum volume (BC), inoculum volume and
experiments along with the predicted value isncubation time (CE). The result suggested that
given in Table.3. The analysis of variance for théemperature, oil concentration and incubation time
lipase production obtained from this design ishad very significant effect on lipase activity.

Table 3 - Central composite design matrix for the experirakdésign and predicted lipase activity

Oil Inoculum .
Run  Temperature . Incubation . -
Order (°C)(A) concentration  volume  pH(D) Time (h)(E) Lipase activity
(%) (B) (%)(©)
Experimental Predicted

1 25 3 7 7 60 21.9 21.39
2 35 3 7 7 36 20.27 19.35
3 25 5 7 7 36 13.6 14.12
4 35 5 7 7 60 18.98 17.73
5 25 3 9 7 36 8.55 8.59
6 35 3 9 7 60 25.94 24.21
7 25 5 9 7 60 16.89 16.59
8 35 5 9 7 36 16.76 16.06
9 25 3 7 9 36 20.24 20.2
10 35 3 7 9 60 25.10 23.29
11 25 5 7 9 60 11.84 11.47
12 35 5 7 9 36 11.85 11.07
13 25 3 9 9 60 20.86 20
14 35 3 9 9 36 12.04 10.78
15 25 5 9 9 36 17.93 18.1
16 35 5 9 9 60 26.49 24.9
17 20 4 8 8 48 8.46 7.71
18 40 4 8 8 48 8.35 11.94
19 30 2 8 8 48 21.71 23.83
20 30 6 8 8 48 18.66 19.40
21 30 4 6 8 48 18.93 20.09
22 30 4 10 8 48 18.55 20.24
23 30 4 8 6 48 18.35 19.35
24 30 4 8 10 48 17.95 19.79
25 30 4 8 8 24 12.74 12.8
26 30 4 8 8 72 20.34 23.13
27 30 4 8 8 48 20.32 19.67
28 30 4 8 8 48 20.25 19.67
29 30 4 8 8 48 20.23 19.67
30 30 4 8 8 48 20.14 19.67
31 30 4 8 8 48 19.94 19.67
32 30 4 8 8 48 19.99 19.67
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Although the linear effect of inoculum volume(C) Hence, for the optimum lipase production,
was not significant but two of its interactioninoculum volume and oil concentration were kept
effects were significant which suggested that that their lowest concentration (7 and 3%
inoculum volume had considerable effect on lipaseespectively). Fig.3 shows the interaction between
activity. incubation time and inoculum volume. The
The coefficient of determinationR{) (0.9264) response surface established that increasing the
suggested a good fit of the model with thencubation time with simultaneous decrease in
observed values, which was better tBRawalue inoculum volume from the control levels resulted
of the 0.81 and 0.91 for lipase production fromin increase in lipase activity with maximum lipase
Burkholderia sp. C20 andCandida sp. 99-125 activity after 60 h of incubation. Table 3 showed
(Chien-Hung et al.,2006; Yao-Qiang and Tianthat on further increase in incubation time, ik, a
Wei, 2006).Thus, the model could explain up to/2 h, there was no increase in lipase activity.sThu

92.64% variation of lipase production. for E. aerogenesthe optimum incubation time
was fixed as 60 h, which was lesser than that of
Analysis of response surface many other lipase producing bacteria such as,

To investigate the effects of above five factors ofPseudomonas s. fragi andP. fluorescen8W

the lipase activity, three-dimensional plots weré@6CC which gives maximum lipase activity after
drawn. Figs. 1-3 show response surface plots af2 and 96 h of incubation (Dong et al.,1999; Pabai
lipase production for each pair of selectecet al.,1996). Other interaction model terms were
parameters by keeping the other three factonsot shown graphically since they were not found
constant at its control level. Response surfaces plosignificant for lipase activity.

showed that simultaneous increase in incubatioBraphical analysis was combined with the
time with temperature above the control levelsiumerical optimization to evaluate the optimum
resulted in increase in lipase activity up to econdition for lipase synthesis. After optimization
certain extent within the range but further rise irusing RSM, 1.4-fold increase in lipase activity was
temperature led to decrease in enzyme activitypbserved with 27.25 U/ml lipase activity. Kaushik
This indicated the presence of optimum poinet al. (2006) reported approximately 1.8-fold
within the range (Fig.1). Fig.2 shows theincrease in the enzyme activity, resulting in
interaction between inoculum volume and 0il12.7 U/ml lipase activity. The optimum condition
concentration. for lipase production was 34°il concentration
The response surface demonstrated that increasigp, inoculum volume 7%, pH 7 and 60 h of
inoculum volume and oil concentration above thencubation.

control levels caused decrease in lipase activity.

1 = A temperature 3
2 = E Incubation time

FPotual Factors 1823
B: oil concentration = .00

C: inmoculum walume = 8B .
D:pH= 200 s 6ES

terd
b
i
Rt
R
“‘t,"‘-t;v
£z

E: Incuhatinntirneh./m"sD A ternperature

B0 23Em

Figure 1 - Effects of temperature and incubation time ond@activity through response surface
plot at constant oil concentration, pH and inoculkotume.
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1 = B: oil concentration o
#2 = C:innoculum wolume

£ctual Factors =AE
& temperature = 3000 &
O:pH=3.00 =

E: Incubation time = 48.0% CLl

18375

Lipaze

155
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C: innoculumm volurmd™ 3509 il concentration

70 300

Figure 2 - Effects of oil concentration and inoculum volume ljppase activity through response
surface plot at constant temperature, pH and ircubéme.

H1 = C:innoculum wolume
K2 = E: Incubation time

Hotual Factors

A temperature = 30.00
B: il concentration = 4.0
O: pH=5.00

Lipase actiity

150 m\ //31:-3
E: Incubatian time =™ aﬁm\{“‘_&: innoculum valume

Figure 3 - Effects of incubation time and inoculum volume lggase activity through response
surface plot at constant temperature, oil concéatrand pH.

Model verification experiments activity (27.25 U/ml) was obtained experimentally
In order to determine the fitness of the modeland this was closer to the predicted value
lipase synthesis experiments were designed usirg$.59 U/ml (Table 4).

selected optimal condition. The maximum lipase

Table 4- Validation of model showing lipase production atioum level of all parameters

Parameters Optimal Condition Predicted Activity ObservedActivity
Temperature °C 33.64

Oil concentration (%) 3.05

Inoculum volume (%) 7.33 26.59 (U/mi) 217.25 (U/mi)
pH 7.14

Incubation time (h) 59.96
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CONCLUSION Dong, H., Gao, S., Han, S. and Cao, S. (1999),
Purification and characterization of a Pseudomonas

The response surface methodology is an efficientSP- llPase and its properties in non-aqueous media.
Appl Microbiol Biotechnal 30,251-256.

ftechnqu_Je for the rapid screening of the S|gn|ftcanE”bo|’ M. and Ozer, D. (2002), Response surface
mfluencmg parameters anq Qevelopment c.)f a analysis of lipase production by freely suspended
polynomial ~model to optimize fermentation  gpizopus arrhizusProcess Biochem3s,367-372.
condition for the production of lipase froff. Gupta, R., Gupta, N. and Rathi, P. (2004) Bacterial
aerogenesTheR’ value of 0.9264 showed a good lipases: an overview of production, purificationdan
fit of the model with the experimental data. The biochemical properties. ApgWiicrobiol. Biotechnol.
model, predicted accurately for maximum lipase 64: 763-781.

production. An overall 1.4-fold increase in lipaseGupta, N., Sahai, V. and Gupta, R. (2007), Alkaline
activity was achieved after medium optimization, lipase from a novel straiBurkholderia multivorans
following the statistical approach. The optimum Statistical medium optimization and production in a

fermentation conditions obtained for the synthesi§atgg§acéoépr%cae;§£'Oghegﬁigﬁi&gzv?/ Colson, C

of Ilpase'from E:aerogeneswere 34°C, oil van Heuvel, M. and Misset, O. (1994), Bacterial

poncenj[ratlo'n 3%, inoculum volgme 7%, pH'7 and Lipases FEMS Microbiol Rey 15,29-63.

incubation time 60 h for obtaining a maximumgalil, S.J., Mavgeri, F. and Rodrigues, M.l. (2000)

lipase activity of 27.25 U/ml. Response surface analysis and simulation as dcool
bioprocess design and optimizationProcess
Biochem, 35, 539-550.
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