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ABSTRACT

A nutritional requirement for the lipase production by Pseudomonas aeruginosa strain was investigated. The
bacterial strain was isolated from municipal sewage and it was culture with different nutritional composition. The
maximum lipase activity was obtained with maltose as the sole carbon source 6.5 Umi™, followed by lactose 4.6Uml”
! The various salts used the best results were observed with calcium chloride 4.6 Uml™as and sodium chloride an
inorganic source. Among the various commercial grade oil highest activity was observed with coconut oil 8.1 Uml™
and gingili oil 6.8 Um™. Amino acids are also play a significant role for the lipase production. The maximum
lipase activity was observed with glycine 5.1Uml™ followed by tryptophan 4.6Uml™ as a supplement. The organism
grows optimally in the temperature of 40°C and pH 8. The strain isolated from the municipal sewage is industrially
important fromin terms of ability. These findings will be helpful in prospect for increase the production of industrial
enzyme.
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INTRODUCTION

Enzymes are biological catalysts that allow chemieactions to occur in living organisms at ambieonditions.

Microbial enzymes are often more useful than enzyderived from plants or animals because of thatgrariety

of catalytic activities such as the possibility ifjh yields, ease of genetic manipulation, regslagpply due to
absence of seasonal fluctuations and rapid grofthicroorganisms with inexpensive media [Dharmst8itand

Kuhasuntisuk,1998, Kojima, Yet al.,1994]. Among microbial enzymes the lipase hambstadied extensively
[Karl-Erich J and Reetz, 1998].

Lipases (EC 3.1.1.3) comprise a group of enzymashntatalyze the hydrolysis of triglycerols. In ttexzent years,
the interest on lipase has grown significantly. e Tevelopment of technologies using lipase forayrhesis of
novel compounds result in expanding into new aegakincrease in number of industrial applicatioMéseman, A
1995]. Lipases are extremely versatile enzymeswisty many interesting properties in industrial legagions.
Microbial lipases have high demand due to theircHjpgty of reaction, stereo specificity and lesgaeegy
consumption than conventional methods. Microbddes have wide application in the processingod f leather,
domestic, industrial wastes, cosmetic, detergemtispdnarmaceutical industries [ Houedeal., 2004, Wangt al.,
1995]its mainly due to their ability to catalyze estiedtion, interesterificcation and transesterifioatreactions in
aqueous media [Khyami-Horani H,1996xtracellular lipases have been produced from séweicroorganisms,
such as fungi, yeast, and bacteria beside fromtpland animals. Many commercial lipases produceth f
Pseudomonas cepacia, Pseudomonas al caligenes, Pseudomonas mendocina Burkholderia studiedby [Johnvesly and
Naik 2001 Krieg and Holt, 1984].
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The quality and quantity of the microbial enzymeaimy depend on the physical parameters and roriti

supplements. The present investigation is platoddcus on the nutritional requirement for theté&eproduction

of lipase byPseudomonas aeruginosa. The important growth parameters such as cultuedimm, carbon, amino
acid, inorganic nitrogen source, certain lipid indts and the physical parameters mainly the pHtamgberature
were optimized for the maximum production of lip@sezyme.

MATERIALSAND METHODS

Isolation and identification of bacterial strain

The bacterial strain used in this study was isdlfitem sewage sludge soil at Thiruninravur of Tallwr district of
Tamilnadu, India. The soil was suspended in stediwater and the suspension was spread directthieoplate.
Grown colonies were collected for further studigsus isolated colonies were cultured in sterileriRBates using
Cetrimade agar medium and incubated &C37The developed colonies Bfeudomonas aeruginosa was isolated
and screened for lipase production.

Species confirmation

The isolated strain was confirmed by criteria giuerhe Bergey’'s Manual of Systemic Bacteriologydtahabest
al., 1977] and with the help of GC-MIS Gas Chromaapgr Microbial Identification System Agilent Techagies
(model- 6890 N).

Estimation of growth and lipase production

The strain was inoculated in the enriched mediuime €ulture was incubated at°80under static and shaking
condition (200x g) for 48 hrs. The enriched mediused was nutrient broth. All stock cultures wstered at -
10°C. Growth ofPseudomonas aeruginosa was estimated through spectrophotometer at opteaity of 540 nm at
different time intervals. One growth unit is th@unt of cells that cause a change in OD of 1 dmie growth of
Pseudomonas aeruginosa was investigated in basal medium with 0.2ml oféhes old culture inoculums in nutrient
broth inoculated for a period of 4 days at in bsitaken and static conditions the pH of the medias maintained
at 7. The enzyme activity was assayed for evdrsdntervals in both shaken and static conditions.

Nutritional factorsinfluencing the lipase production by Pseudomonas aeruginosa

The nutritional factors which are influencing theogth and lipase production &fseudomonas aeruginosa were
observed with two types of media which includegieat broth and minimal medium (MM). The mininmakdium
(g/l) contains peptone 2%, Starch 2%, £, 0.2%, (NH) NO3 0.5%, NgHPO 12H,0 0.8%, MgSQ 7H,O
0.001%, CaGl2H,0 0.01%, 1 %( v/v) olive oil and the pH was adjdste 7.5. The medium was inoculated with
2ml of overnight culture and incubated at’G7 After 24hrs of incubation the culture was hated from the
medium by centrifugation in a high-speed refrigedatentrifuge at 10,000x g for 10 minutes and swggant was
carefully removed and stored &C4until used. The supernatant was then filtereth witWhatman No.1 filter paper.
Bacterial growth was determined spectrophotomdlyic& absorbance 540nm. Each experiment was dione
triplicates.

Lipase Assay

Titrimetric assay method

Lipolytic activity was measured according to [&amgt al., 2010]. The reaction mixture containing 5ml a¥eloil
emulsion composed of 25ml olive oil, 75ml 2% potyyi alcohol (PVA) solution, 4ml of 0.2M tris buffeiml of
115mM CaC} and 1ml of enzyme solution. The control contajnboiled inactivated enzyme (at £@0for 5
minutes) was treated similarly. After the incubatithe enzyme activity was blocked by 20ml of acetand
ethanol (1:1) mixture and liberated free fatty awids titrated against 0.02 M NaOH using phenoldkthaas
indicator. One unit of lipase was defined as thmant of enzyme, which liberates 1M of fatty acidinilml of
0.02N NaOH is equivalent to 100 M fatty acid libexdhper min).

Effect of culture variable on lipase production

The amount of lipase production was assessed vifdreht carbon sources such as glucose, stangttose, lactose
and maltose. These carbon sources were mixedpngiduction medium at the level of 0.5 %. The |pastivity
was estimated in the culture filtrate after theulmation period. Likewise different lipid sourceslaD % level were
also added to the production medium which actadisders of lipase which includes Tween-80, tribatgnd some
vegetable oils (Castor oil, groundnut oil, cocowilt olive oil and gingili oil) then the strainPseudomonas
aeruginosa inoculated into the production medium and incubbat® above.
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Effect of inorganic nitrogen source on lipase production

The effect of inorganic nitrogen source was ingzggd without the presence of organic nitrogenairr the basal

medium. The following inorganic nitrogen sourceerev substituted into the basal medium such as 0.4f %
ammonium nitrate, disodium hydrogen phosphate patas dihydrogen phosphate, sodium chloride, magnes

sulphate and calcium chloride. The lipase actiwigg measured from the each culture after the &t period.

Effect of amino acidson lipase production
Alanine, glutamine acid, methionine, tryptopharycgie and valine were added to the lipase prodnctiedium at
0.2 % level. Lipase activity was estimated from élaeh culture after the incubation period.

TABLE1L. Taxonomic characteristics of lipolytic bacterial strain

M orphological characteristics
Morphology Gram negative rods, actively ieginon-sporing, non-capsulated and Facultatiaessbes.
Nutrient agar  Pseudomonas aeruginosa maintained at%C in nutrient agar slants
Cetrimade agar This is the selective medium teht Im the isolation of Pseudomonas aeruginosa. The organism is growm
in the medium and used for further Procedure. Goadour pigment are observed in cetrimade agde pla
With earthy mawkish.
Temperature X 14
pH 7.2
Biochemical char acteristics
IMVIC
Indole production Negative
Methyl red test Negative
Voges- Proskauer Negative
Citrate utilization Positive
Oxidase test Positive
Triple sugar iron Alkaline slantikaline butt, No HS and No gas production
SUGARS
Glucose Positive
Fructose Negative
Sucrose Negative
Mannose Negative
Lactose Negative

Effect of temperatureand pH
The lipase obtained from the culture was assayeddactivity at different temperatures (20°30) and different
pH (5-10).

RESULTSAND DSCUSSION

In this study carried out lipase production [FiglandPseudomonas aeruginosa identified as [Table-1].
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Fig-1 Growth of incubation Pseudomonas aeruginosa static and shaking
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Fig-2 Effect of different carbon sour ce on extracellular lipase production by Pseudomonas aeruginosa
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Fig-4 Effect of different inorganic salts on extracellular lipase production by Pseudomonas aeruginosa
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Fig-5 Effect of different amino acids on extracellular lipase production by Pseudomonas aeruginosa

Fig-6 Effect of different temperatureson extracellular lipase production by Pseudomonas aeruginosa
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Fig-7 Effect of different pH on extracellular lipase production by Pseudomonas aeruginosa
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Isolation and identification of the bacterial strain

In the present investigatiothe lipolytic bacterial strain wasolated from sewage sludge sample and it is ifledti
asPseudomonas aeruginosa based on the morphological and biochemical chariatics of this organism as listed in
Table-1.

Bacterial growth and lipase production

The present study shows that the shaken cultulgsyeaximum lipase production when compared tacstafture.
This study also emphasizes that the incubationoges crucial for enzyme elaboration. A four dagubation
offered good yield of the enzyme in the test orgami The different environmental conditions wesedi to
determine the growth in every four hrs intervaldaximum growth measured as optical density of basterium
was achieved after 36hrs in static condition wheirahaking condition it was achieved after 52ihcsibation. In
basal medium the logarithmic phase commenced at &l continued for another 12hrs. Lipase prodootias
detected in the late logarithmic phase after ()6lred it increased until its optimum productioneaféd8-hrs
incubation. The fall of activity might be due teetabsorption of the enzyme by the substrate. |&isiiudies have
been carried out witlPseudomonas aeruginosa EF2 [Chigusaet al., 1996]. The enzyme activity was found
declined in subsequent days (Fig-1). The fall mfyene activity might be due to the absorption & émzyme by
the substrate or by the proteolytic activity. Samistudies have been carried out with thermoplihcillus spp.
[Litthaueret al., 2002],Pseudomonas putida [Pabaiet al., 1995Jand Aspergillus niger [Lesuisseet al., 1993],where
maximum lipase activity was also produced during tate logarithmic phase and then decreased hastitg
growth had ceased.

Effect of different carbon sources on lipase production

The study of lipase production with various carlsmurces such as glucose, starch, lactose, fruetodenaltose
was observed with the medium. Among different carbources, the maximum enzyme production was oéderv
with maltose (6.5 Unf) while the low level of lipase production was otveel with lactose (4.6 Un) (Fig-2). A
study made by [Ofet al., 1999], that the carbon source was the bestipasé production by [Leet al., 1999],
Pseudomonas fluorescens.  Similar to the present study was carried outrbiysychrotrophic bacteria as carbon was
found to be best source for lipase production.

Lipolysis of commercial grade oils

The lipolytic activity of lipase enzyme produced Bseudomonas aeruginosa on various commercial food grade
fats and oils was determined at°G7(optimal temperature for activity) for 30min birimetric method. The
enzyme was active against all kinds of lipids @g4f€g-3). Among the various source of inducersdusethis study
the highest activity (8.1 Unt) was observed in the coconut oil followed by gingil (6.8 UmI™®). The activities
towards castor oil, olive oil, and groundnut oilre®.3, 6.6 and 5.6 Urhlrespectively. Similar trend as in the case
of the present study was observed by [Bjorkkhgl., 1991].
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Effect of different inorganic saltson lipase production

The different inorganic salts were tested for thgeasment of lipase productivity Bgeudomonas aeruginosa. The
calcium chloride and sodium chloride got highgsasie yield as 4.6 and 4.3 Uhtiespectively (Fig-4). Co-factors
are generally not required for lipase activity, dittalent cations such as calcium often stimulatzyme activity
they are acting as co-factors for catalytic agfiviThe inorganic nitrogen compounds 0.5% resultegbod growth
with the exception of ammonium acetate, potassiitnata and sodium nitrate. Interestingly, ammonicitnate
gave good growth but no lipase activity, while thelate gave good growth and poor lipase activimmonium
acetate on the other hand, suppressed both gravdHigase production. The effect of citrate coukl due to
catabolite repression, although this is unlikelyetglain the effect of oxalate. However both asi@ould affect
calcium availability by precipitation or chelati@md therefore reduce lipase production. Both teitemd acetate
were found to be inhibitory for lipase productiohem present as the sole of carbon [Makhzetah., 1995].

Effect of different amino acids on lipase production

Incorporation of amino acids in the basal mediura baen found to enhance lipase production was widdyy
[Louwriver A, 1998]. The organism resulting in good growth with arginirtbreonine and lysine, whereas,
asparagines aspartic acid and serine gave the tidipase production [Alford and Pierce, 1963]. &ikise, in
present observation all amino acids such as alamgjlamic acid, methionine, tryptophan, glycined araline
appeared to stimulate lipase production (Fig-5he Taximum activity was noted in glycine and trybtan as
found maximum lipolytic activity as 5.1-4.6 Uthtespectively.

Effect of different pH and temperaturefor lipase production

The enzyme activities were observed at@Q®CC, 40C and 50C. The optimum temperature was observed at
40°C for maximum production (Fig-6). In the same marihe thermal stability of lipase ranging from 30°G.
Stability of organic solvents is desirable in sywtis reaction most of bacterial lipase are stablerganic solvents
[Stead D, 1987 and Dorg al., 1999]. However, reports exist on bacterial dgmwith optima in both lower and
higher ranges [Sztajest al., 1991, Nadakarani SR, 1971 and Suehal., 2002]. The effect of pH on lipase
production was studied by using phosphate bufféh warious pH values ranged from pH 5-10 (Fig-Th. the
present observation, the enzyme functioned optinadlpH level of 8. In general, bacterial lipapessess stability
over a wide range of pH (4-11) but it was most Istah the pH of 7-8 [Ghos# al., 1996, Gilberet al., 1991 and
Sidhuet al., 1998b].

CONCLUSION

In this study thé’seudomonas aeruginosa isolated from sewage sludge identified as a orteeuitable species for
the production of lipase enzyme. The nutritionatdas of the production medium were optimized vdtive oil as
the substrate, and then the crude enzyme was tarlesn various inducers. The screening of migganism for
the production of lipolytic enzyme will open a nend simple route for synthetic processes and coesgly the
present work will be a very good baseline for #gé scale production.

REFERENCES

[1] Alford J.A., & Pierce, D.AJ Bacteriol, 1963, 86, 24.

[2] Bjorkling F., Godtfredson, S.E. & Kirk, OTrendsin Biotechnology, 1991, 9, 360.

[3] Chigusa S.T., Hasegawa, N. Yamamoto, & Y. Watanaldat. Sci.Technol, 1996, 34, 51.

[4] Dharmsthiti S, Kuhasuntisuk B:Ind Microbiol Biotechnol, 1998, 21, 75.

[5]1 Dong H, Gao S, Han S & CaoAppl Micraobiol Biotechnol, 1999, 30, 251.

[6] Gilbert E.J, J.W. Drozd and C.W.Jone3.Gen.Microbiol, 1991, 137, 2215.

[7]1 Ghosh P.K., Saxena R.K., Gupta R, Yadav, R.P.a&iflson, W.SSci.Prog,1996,79, 119.

[8] Houde A, Kademi A & Leblanc DAppl Biochem Biotechnol, 2004, 118, 155.

[9] Jagtap S, Gore S, Yavankar S, Pardesi K & ChopaaheiBn Journal of Experimental Biology, 2010, 48, 936.
[10]Johnvesly B., Naik GRProcess Biochem, 2001,37,139.

[11]Karl-Erich J., M.T. ReetzTIBTECH, 1998, 16, 396.

[12]Krieg NR. & JG Holt: Bergey’'s Manual of SystemaBacteriology Vol.1. Williams and Wilkins, Baltimore
1984, ppl140.

[13]Kojima Y, Yokoe M, Mase Biosci Biotechnol Biochem, 1994 (58) 1564.

[14]Khyami-Horani HWorld J Microbiol Biotechnol, 1996,12. 399.

[15]Lee SY., Rhee JSEnzyme Microb Technol, 1993,15, 617.

[16]Lee O-W, Koh Y-S, Kim K-J, Kim B-C, Choi H-J, Ki D-S, Suhartono MT & Pyun Y-REMS Micrabiol
Lett, 1999, 179, 393.

[17]Lesuisse E, Schanck K., & ColsonELlrr J Biochem, 1993, 216, 155.

597
Pelagia Research Library



T. Kathiravan et al Adv. Appl. Sci. Res., 2012, 3(1):591-598

[18]Litthauer D, Ginster A & Skein EVEnzyme Microb Technol, 2002, 30, 209.

[19] Louwriver A: Biotechnol Appl Biochem, 1998, 27, 1.

[20]Makhzoum A, Knapp J.S & Owusu R Kood microbiology, 1995, 12, 277.

[21]Nadakarani S.R.Enzymolgia, 1971, 40, 286.

[22]0h B-C, Kim H-K, Lee J-K, Kang S-C & Oh T-KKEMSMicrobiol Lett, 1999, 179, 385.

[23]Pabai F., Kermasha S, Morin ¥jorld J Microbiol Biotechnol, 1995, 11, 669.

[24] Saxena R.K., Ghosh, P.K, Gupta, R., Davidson, VB&doo, S, & Gulati, RCurr.Sc, 1999,77,105.
[25]Sidhu P., Sharma R, Soni SK, Gupta Bétia Microbiol, 1998b, 43, 51.

[26] Sztajer H., Borkowski J and Sobiech Biptechnol Appl Biochem, 1991,13, 65.

[27] Stead, DJournal of Dairy Reearch, 1987, 54, 535.

[28]Sunna A, Hunter L, Hutton CA & Bergquist Fnzyme Microb Technol, 2002, 31, 472.
[29]Watanabe N., Ota.Y.Minoda, Y. and Yamada,AgQric.Biol.Chem, 1977, 41,1353.

[30]Wang Y, Srivastava KC, Shen G-J & Wang H¥erment Bioeng, 1995, 79, 433.

[31]Wiseman A.: Introduction to principles In Wiseman edlitor Handbook of enzyme biotechnology. 3™ ed.
Padastow (Ellis Horwood Ltd,T.J. Press, Cornwall, UK),1995, pp 3.

598
Pelagia Research Library



