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ABSTRACT

lipases have many different applications in detatgecleaners, food industry, pharmaceutical indyspulp and
paper production and leather industry, but #xremophile lipases have more range applicatidiese enzymes
are resistant to the high salty, temperature ankhlhe conditions. Halophiles were isolated fromrgten Gulf,
Iran at 20C in the presence of 10% NaCl. For screening tpasé producing bacteria, Rhodamine B agar and
minimal medium were used. Then in order to findlihet growth condition for the production of lipasegle-
factor optimization was carried out. The best eonimental conditions and their interactions for gaproduction
were obtained using 16 levels Taguchi statistiest.t The WS4 isolate indicated a good lipase agtilihe 16s-
rDNA sequencing revealed that the WS4 isolate waedpicrobium okeanokoites. We named this novelrstr
Planomicrobium okeanokoites ABN-IAUF-2 and its IBBIA sequence was deposited in GenBank, NCBI, under
accession number of KP403724. The most enzyme giioalwas measured after 72 hours incubation at®26f
the presence of hazelnut oil as carbon source ambtyextractis nitrogen source and pH 7. The analysis of
Taguchi test showed that the most effective fadtomsnzyme production were carbon source with S%.6d
nitrogen source with 19% of effectiveness. Thihésfirst report of alkaline lipase production byaRomicrobium
okeanokoites. This lipase was resistant to low-gratpre and 15% saline, so it has wide applicationmedical as
well as microbial biotechnology.
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INTRODUCTION

Marine facies which comprise more than 70% of thghesurface, are not only abundant in terms odlibgrsity,
but also are useful as a source of microorganisitisimdustrial potential and biotechnological apptions. These
habitats are really expanded in terms of microtiaérsity [1]. Because most of the internationakevs are salty,
these environments are useful for finding halophilicroorganisms [2]. Halophiles are aerobic micgamisms that
their existence and growth are defined in salindimélhe salt concentration of halophilic mediuni@times more
than oceans concentration. Halophilic microorgasisare categorized into 3 groups as: 1) Slight Hdlep in
which the optimum condition of growth is carriedtdon the salt concentration of 0.2-0.85 (M/l), eftm 2-5%
(w/v) of NaCl. 2) Moderate halophiles in which tlo@timum condition of growth is carried out in thelts
concentration of 3.4-5.1 (M/l), equal to 5-20% (Wi NaCl. 3) Extreme halophiles in which the optim
condition of growth is carried out in the salt centrations over than 3.4-5.1 (M/l), equal to 20-3@%v) of NaCl.
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Almost all of the halotolerant microorganisms cogliw in a wide range of 0.5-21% of saline [3, Uipase
(EC1.3.3.1) is an enzyme that capable of hydrolyzive ester bond of triglyceride in order to praglgtycerol and
fatty acids [5]. Although lipases have many différeapplications in detergents, cleaners, food itrglus
pharmaceutical industry, pulp and paper productiod leather industry, thextremophile lipases have more range
applications. These enzymes are resistant to thh balty, temperature and alkaline conditions. 8g the
production of lipase by halophilic microorganismis Qalinivibrio and Natronococushas been reported [6, 7].
Halophiles use different methods to resist the Nb@dtericidal effect. There are a lot of similandamental
methods to send sodium ions into the outside otélle The usual method includes the accumulatidorK* and
CI' inside the cell to keep osmotic balance [8]. Arotimethod to keep the turgescence pressure inyfher lsaline
habitat is the accumulation of the compatible dissih compounds. These are molecules with low mddeameight
which are accumulated in high salty concentratiang control osmotic pressure. Carbohydrates, alsphmino
acids, betaine, ectoine and the other combinatidnish are made of these materials are the ususablgisd and
compatible ingredients that are synthesized by piales [9]. The aims of this study were isolationda
identification of halotolerant and psycrotholerdnatcteria from marine environment, feasibility okalne lipase
production by isolated halophiles and optimizatidrenzyme production using Taguchi statistical.test

MATERIALS AND METHODS

Culture media and Chemicals

The culture media applied in this study were enmmieht culture medium [nutrient broth powder, 39)(gNacCl,
10% (v/v); MgSQ, 5% (v/v); CaCl, 5% (v/v); distilled water, 1000 ml; pH~8 adjusteith NaOH, 1M], screening
culture media including olive agar A [olive oil, 10l; peptone, 5 (g/l); yeast extract, 3 (g/l); agz0d (g/l); NaCl,
100 (g/l); MgSQ, 3 (g/); KHPO,, 1 (g/l); distilled water, 1000 ml; pH~8 adjusteith NaOH, 1M], olive agar B
[olive oil, 10 ml; yeast extract, 2 (g/l); agar, @91); NaCl, 100 (g/l); MgS@ 0.3 (g/l); K,HPQO,, 0.1 (g/l); distilled
water, 1000 ml; pH~8 adjusted with NaOH, 1&ind olive agar C [olive oil, 10 ml; yeast extratt(g/l); NaCl, 100
(g/); agar, 20 (g/); MgS® 0.3 (g/l); KHPQ,, 0.1 (g/l); distilled water, 1000 ml; pH~8 adjust@ith NaOH, 1M]
and Rhodamine B culture medium [olive oil, 1 mipfme, 5 (g/l); yeast extract, 3 (g/l); agar, 20)(gNaCl, 100
(a/1); MgSQ, 0.3 (g/); K,HPO,, 0.1 (g/l); Rhodamine B 1% (w/v), 10 ml; distillegater, 1000 ml; pH~8 adjusted
with NaOH, 1M]. For alkaline lipase production, biloth medium [olive oil, 10 ml; yeast extract,dglly; NaCl, 100
(a/); MgSQ,, 3 (g/); KHPO,, 1 (g/l); Arabic gum, 10 (g/l); distilled waterp@0 ml; pH~8 adjusted with NaOH,
1M] was used. The olive oil used was from Sigmarikll, USA. The rest of chemicals were from Mercler@any.

Sampling, enrichment and isolation of halophiles

For water sampling a 1000 ml sterile bottle wasdugéne surface water of Persian Gulf at Bandar Alerbor,
Hormozgan province, Iran, was collected in thelband after capping immediately transferred torab®logy
laboratory in Research Laboratories Complex, FajamaBranch, Islamic Azad University, Isfahan, Iran4°C.
Ten milliliters of Persian Gulf water sample weranisferred to enrichment culture medium using &sephdition
and incubated at 20°C and 140 rpm of aeration sfogedto 5 days [10].

The primary screening of the isolated bacteria

In this method, nutrients for bacterial growth werade accessible slowly. Therefore, bacteria wefereed to use
olive oil as carbon and energy source in an adétabnner. At first, 200 pl of Persian Gulf wateasicultured on
olive agar A and incubated at 20°C for 1 to 5 dayke bacterial colonies from olive agar A weretardd on olive
agar B and incubated at 20°C for 1 to 5 days. Rirthk bacteria of olive agar B were transferrealise agar C
and incubated at 20°C for 1 to 5 days. The lated the more olive oil proportionally which resulted the

induction of alkaline lipase production and the o$elive oil as the main carbon and energy solngeselected
bacteria.

The secondary screening of the isolated bacteria

For screening the alkaline lipase-producing baatehie colonies from olive agar C were culturedRimodamine B
culture medium using streak plate method and inebat 20C for 24-72 hours. Then the Rhodamine B agar was
exposed to the UV wavelength of 350-370 nanomeiérs.formation of orange fluorescent around theviddal
colonies showed the lipase activity of isolatedtbaa [11].

The alkaline lipase assay
In this research two different methods have beed ts measure the activity of the alkaline lipaséoiow.

1) Colorimetric method with nitrophenyl palmitate as the substrate

The first solution was included of 30 mg paranitrepyl palmitate which was solved in 10 ml of prog&naole and
the second solution was included 1 ml of triton 16090 ml of phosphate buffer (0.5 M, pH~8). Thetsolutions
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were mixed to prepare the mix solution. The baaterulture media were centrifuged at 12000 RPRG #or 10
minutes. Then 100 ul of supernatant was filterilsted using 0.45um syringe filter, added to 900 pl of mix
solution and incubated at 3D, 160 RPM of aeration speed for 15 minutes. Inpgtesence of alkaline lipase, the
paranitrophenyl palmitate would be broken to paraphenyl and palmitate. The primary substrateaite fout the
paranitrophenyl color is yellow. The intensity dfet yellow color, indicative of alkaline lipase afdy, was
measured by spectrophotometer at 410 nm. One Lalkaline lipase activity was defined as the antafrenzyme
that could release 1 ul of paranitrophenyl fromstidie, paranitrophenyl palmitate, at@0during 15 minutes of
the reaction time [12].

2) Titration method with olive oil as the substrate

In this method the bacterial culture media weretrifeged at 12000 RPM, °€ for 10 minutes. Then 1 ml of
supernatant was filter sterilized using 0% syringe filter and added to 5 ml of substratevfploil, 5% (w/v),
Arabic gum, 1% (w/v), phosphate buffer, 0.5 M, pfH~Bhe mixture was incubated at°8) 160 RPM of aeration
speed for 60 minutes. The 6 ml of mixture were dfamed to a dry, clean 100 ml Erlenmeyer flask dnal of
ethanol-acetone mixture [(1:1), (v/v)] was addedte mixture to stop the enzyme reaction. Then deps of
phenolphthalein 1% were added to the flask andctirtents were titrated against NaOH (0.05 M) utité
disclosing of pale pink color in the flask conterfihe amount of consumed NaOH, equal to fatty eslielase, was
measured. One unit of alkaline lipase activity \wafined as the amounts of released fatty acid (mMdne minute
of reaction time and was reported by the scalérof/m [13].

Optimization of alkaline lipase production in different conditions

Because the production of extracellular enzymeseigerely affected by the environmental conditiond #he
precursors which are necessary for bacterial groseheral effective factors on bacterial growth #mel alkaline
lipase production by isolated bacterium were omédi Optimization procedures were made based gtesiactor
method and multiple-factors method using Taguchtistical examination to analyze the effects ofialae
environmental factors and their interactions ongtaduction of alkaline lipase by the selected &dat isolate [14,
15].

The evaluation of incubation time on the productionof alkaline lipase by WS4 isolate

In order to analyze the best incubation time fd@akihe lipase production, 1 ml of WS4 (Water Sampldsolate
broth medium (pH~8), with the turbidity of 0.5 Mafnd standard (equal to 1.5¥1@l of bacteria) was
transferred to oil broth culture medium and incebaat 20C, aeration speed of 160 RPM for 96 hours. After 24
48, 72, and 96 hours of incubation, 1 ml of braittiuwe was collected and the alkaline lipase agtiwias measured
using titration method [16].

The effects of different carbon sources on the pragtion of alkaline lipase by WS4 isolate

The oil broth culture media with different typesais were prepared. The 7 different kinds of nithe media were
included olive, Tributyrin, tween 80, sesame, althdmzelnut and coconut oil. The pH of all mediwas set to 8.
One milliliter of WS4 isolate broth medium (pH~8)ith the turbidity of 0.5 McFarland standard (equal
1.5x16/ml of bacteria) was transferred to each oil bratlture medium and incubated at°@) aeration speed of
160 RPM for 72 hours. Then 1 ml of each broth celtwas collected and the alkaline lipase activigswneasured
using titration method [16].

The effects of different primary pH on the production of alkaline lipase by WS4 isolate

The oil broth culture media with different pHs of&, 9 and 10 were prepared. One milliliter of WiSdlate broth
medium, with the turbidity of 0.5 McFarland standifequal to 1.5xFml of bacteria) was transferred to each oil
broth culture medium and incubated af@paeration speed of 160 RPM for 72 hours. Thenl bfneach broth
culture was collected and the alkaline lipase #@gtivas measured using titration method [16].

The effect of different nitrogen sources on the prduction of alkaline lipase by WS4 isolate

Four different kinds of nitrogen sources includirgast extract, peptone, triptonee and Nagiv€re selected. The oll
broth culture media with these different types itfogen sources were prepared. The pH of all me@ia set to 8.
One milliliter of WS4 isolate broth medium (pH~8)ith the turbidity of 0.5 McFarland standard (equal
1.5x16/ml of bacteria) was transferred to each oil bratiture medium and incubated at°@) aeration speed of
160 RPM for 72 hours. Then 1 ml of each broth celtwas collected and the alkaline lipase activigswneasured
using titration method [16].

The effect of different temperatures on the productin of alkaline lipase by WS4 isolate

In order to analyze the best temperature for alkdlipase production, 1 ml of WS4 isolate broth med(pH~8),
with the turbidity of 0.5 McFarland standard (eqtml1.5x18/ml of bacteria) was transferred to each oil broth
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culture medium and incubated at different tempeestwf 15, 20, 25 and 30, aeration speed of 160 RPM for 72
hours. Then 1 ml of each oil broth culture wasextttd and the alkaline lipase activity was measusaty titration
method [16].

Optimizing the production of alkaline lipase by WSdisolate based on the statistical Taguchi method

The optimization of alkaline lipase production bySWisolate based on the statistical Taguchi mettasl carried
out using Qualiteck-4 software. Before planning tests, among diverse factors, a limited numbethef most
important factors were selected for the next ssdldnese variables were pH, in 3 levels, tempegaiar3 levels,
and carbon source, nitrogen source and NaCl coratamt each in 2 levels (Table 1). Using thesealdes and
their levels, the Qualiteck-4 software designedekperimental conditions (Table 2). The designatqeeements
were fulfilled and the related results were anatlyag the software.

Tablel. The factors and their levels used for therpduction of alkaline lipase by WS4 isolate in Tagchi experiment

Factor Level-1 Level-2 Level-3
pH 7 7.5 8
Carbon source Almond oil Hazelnut gil  ------
Nitrogen source Yeast extragt  Triptone |  ------
Temperature 10°C 15°C 20°C
NaCl concentration 5% 10% | ------

Table2. The L-16 platform of experimental conditiors for the production of alkaline lipase by WS4 isalte designated by Qualiteck-4

software
Condition | pH | Temperature (0C) | NaCl Concentration | Cabon Source | Nitrogen Source
1 7 10 5% Almond oll Triptone
2 7 15 5% Almond oil Triptone
3 7 20 10% Hazelnut oil Yeast extract
4 7 10 10% Hazelnut ol Yeast extract
5 7.5 15 10% Almond oil Yeast extract
6 7.5 20 10% Almond oil Yeast extract
7 7.5 10 5% Hazelnut oil Triptone
8 7.5 15 5% Hazelnut oil Triptone
9 8 20 10% Hazelnut oil Triptone
10 8 10 10% Hazelnut ol Triptone
11 8 15 5% Almond oil Yeast extract
12 8 20 5% Almond oil Yeast extract
13 7.5 10 5% Hazelnut oil Yeast extract
14 7.5 15 5% Hazelnut oil Yeast extract
15 7.5 20 10% Almond oil Triptone
16 7.5 10 10% Almond oil Triptone

Molecular identification of WS4 isolate by 16s-rDNAanalysis

An individual colony of WS4 isolate in Olive Agar @edium was cultured in 100 ml of oil broth mediamd
incubated at 30°C, 160 RPM of aeration speed fond4#s. Ten milliliters of oil broth medium was risderred to
15 ml sterile falcon and centrifuged at 3000g férniinutes. The supernatant was discarded and 16f igcterial
biomass was used for DNA extraction using DNA ecttom kit (Bioneer, South Korea). The universahpeis used
for molecular identification of WS4 isolate, wereWR1 as forward primer with the sequence of
5'’AACTGGAGGAAGGTGGGGAT3" and DG74 as reverse primewith the sequence of
5'’AGGAGGTGATCCAACCGCA3'. PCR was performed in anpEpdorf Thermal Cycler. The PCR program
encompassed initial denaturation at 96°C for 4 meisufollowed by 30 cycles each of 94°C for 2 masut55°C for

1 minute, 72°C for 1 minute, 72°C for 4 minutes amcubation at 4°C for 10 minutes. The expectedeawlar
weight of PCR product using these primers was 3¥{(LiB]. The PCR product and primers were sent tarblgene
Co., South Korea, for DNA sequencing. The DNA segeewas reviewed using Finch TV V.1.4.0 and Mega4
software and its similarity to GenBank genomic sswes was investigated using BLASTN software
(http://blast.ncbi.nlm.nih.gov). The isolated straias identified after bioinformatics analysis.

RESULTS

The WS4 strain isolated from Persian Gulf, Hormaezgeovince, Iran had the good lipolytic activity selective
culture media of olive agar A, olive agar B andveliagar C and was selected for the subsequentestutiis
bacterium was able to grow in different concentradi of salt ranging from 5 to 15% (w/v) and in dka
conditions. The PCR of purified bacterial DNA witlmiversal primers showed the 370 bp band in gel
electrophoresis (Figure 1). The analysis of genoseiguence of 16s-rDNA using Finch TV and Mega4 theth
BLASTN confirmed that the isolated strain from RansGulf water sample was related to spe&isomicrobium
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okeanokoites.This strain was name®lanomicrobium okeanokoiteABN-IAUF-2 and its 16s-rDNA partial
sequence was deposited in GenBank, NCBI underdbesaion number of KP403724. The phylogenic trethisf
novel strain has been indicated in Figure 2.

Figurel. The gel electrophoresis of the extractedNDA from WS4 isolate after PCR with 16s-rDNA universl primers. The MW of
product is 370 bp

Planomicrobium okeanokoites strain ABN-IAUF-2 16S ribosomal RNA gene, partial sequence
Planomicrobium okeanokoites strain ABN-IAUF-2 168 ribosomal RNA gene, partial sequence
# Uncultured bacterium clone GKJIWQY 101AKKII 16S ribosomal RNA gene, partial sequence
@ Uncultured bacterium clone 04-20 16S ribosomal RNA gene, partial sequence
Uncultured bacterium clone EZ43 16S ribosomal RNA gene, partial sequence
Planococcus donghaensis partial 16S rRNA gene, isolate 0612R13-3
@ Uncultured Planococcus sp. partial 16S rRNA gene, clone R68
9 ® Uncultured Planomicrobium sp. gene for 16S ribosomal RNA, partial sequence, clone: DhA4-161
¥ Uncultured bacterium clone B4-67 168 ribosomal RNA gene, partial sequence
® Uncultured bacterium clone RS-F79 16S ribosomal RNA gene, partial sequence
<o Uncultured bacterium clone RS-F76 16S ribosomal RNA gene, partial sequence
Uncultured bacterium clone RS-F65 16S ribosomal RNA gene, partial sequence
® Planomicrobium glaciei strain QL-22 16S ribosomal RNA gene, partial sequence
& ® Planomicrobium okeanokoites strain QT-30 16S ribosomal RNA gene, partial sequence
d @ Uncultured Planomicrobium sp. clone OO.P1.HT.6.ab1 16S ribosomal RNA gene, partial sequence
L d *L’nculluml bacterium clone EE-2-C6 16S ribosomal RNA gene, partial sequence
@ Planococcus sp. EP36 16S rRNA gene
® Planomicrobium sp. 401P1-4 16S ribosomal RNA gene, partial sequence
® Uncultured Planomicrobium sp. clone OO.P1.HT.8.ab1 16S ribosomal RNA gene, partial sequence
@ Uncultured Planomicrobium sp. clone OO.P1.HT.69.ab1 16S ribosomal RNA gene, partial sequence
§L‘ucuhumd Planomicrobium sp. clone KIRT-55 16S ribosomal RNA gene, partial sequence

Uncultured Planomicrobium sp. clone xj-7 16S ribosomal RNA gene, partial sequence
Uncultured Planomicrobium sp. clone OO.P1.HT.38.abl 16S ribosomal RNA gene, partial sequence
® Planomicrobium sp. 3057 partial 16S rRNA gene
3P|mlmnicmbium okeanokoites strain 01-5 16S ribosomal RNA gene, partial sequence
@ Planomicrobium sp. CSS-3 16S ribosomal RNA gene, partial sequence
@ Planomicrobium sp. EP20 16S rRNA gene
® Planomicrobium sp. EP22 16S rRNA gene
® Uncultured rumen bacterium clone BRC25 168 ribosomal RNA gene, partial sequence
® Uncultured Planomicrobium sp. clone iso4_71 16S ribosomal RNA gene, partial sequence
® Uncultured bacterium clone MBFOS-14 16S ribosomal RNA gene, partial sequence
# Uncultured bacterium clone 1101352028112 168 ribosomal RNA gene, partial sequence
® Uncultured bacterium clone 1101352028142 168 ribosomal RNA gene, partial sequence
® Uncultured bacterium clone 1103200825240 16S ribosomal RNA gene, partial sequence
® Uncultured bacterium clone 1103200820276 16S ribosomal RNA gene, partial sequence
@ Uncultured bacterium clone 1103200820280 16S ribosomal RNA gene, partial sequence
# Uncultured bacterium clone 1103200820404 16S ribosomal RNA gene, partial sequence
® Uncultured bacterium clone 1103200820440 16S ribosomal RNA gene, partial sequence
® Uncultured bacterium clone 1103200821972 168 ribosomal RNA gene, partial sequence
® Uncultured bacterium clone 1103200821980 16S ribosomal RNA gene, partial sequence
# Uncultured bacterium clone 1103200822004 16S ribosomal RNA gene, partial sequence
@ Uncultured bacterium clone 1103200822020 16S ribosomal RNA gene, partial sequence
® Uncultured bacterium clone 1103200822060 16S ribosomal RNA gene, partial sequence

Figure 2. The phylogenic tree oflanomicrobium okeanokoites ABN-IAUF-2 isolated from Persian Gulf

The secondary screening method for disclosing iffesé-producing bacteria using Rhodamine B culineglium
was positive forPlanomicrobium okeanokoiteABN-IAUF-2. The Planomicrobium okeanokoite&ABN-IAUF-2
individual colonies in Rhodamine B agar after expggo the UV wavelength of 350-370 nm showed trenge
fluorescent In the evaluation of incubation time effects on theoduction of lipase byPlanomicrobium
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okeanokoiteABN-IAUF-2, the activity of lipase after 24, 482 And 96 hours of incubation at°®and aeration
speed of 160 RPM were measured as 9, 10, 10.8A@B8 (u/ml) respectively. It was indicated that thighest
lipase activity was obtained after 72 hours of ettion (Figure 3).
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Figure 3. The effects of incubation time on the prduction of lipase byPlanomicrobium okeanokoites ABN-IAUF-2 at 20°C and aeration
speed of 160 RPM

In the evaluation of different carbon source effech the production of lipase Blanomicrobium okeanokoites
ABN-IAUF-2 at 20°C, aeration speed of 160 RPM after 72 hours inéoibathe activity of enzyme in different oil
broth media with carbon sources of olive oil, sesawi, hazelnut oil, almond oil, tween ,86oconut oil and
Tributyrin were measured as 10.80, 14, 17, 1518430 and 11 (u/ml) respectively. It was shown iguFe 4 that
the maximum enzyme activity was obtained in thes@nee of hazelnut oil as the best source of caifane olil
broth medium and was equivalent to 17 (u/ml).
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Figure 4. The effects of different carbon sourcesmthe production of lipase byPlanomicrobium okeanokoites ABN-IAUF-2 after 72 hours
incubation at 20°C and aeration speed of 160 RPM

As it is drawn from Figure 5, in the evaluationiwitial pH effects on the production of lipase Bianomicrobium
okeanokoite ABN-IAUF-2 after 72 hours incubation at®ZDand aeration speed of 160 RPM, the activity mdde
in oil broth media with initial pHs of 7, 8, 9, aid® were equivalent to 10.8 (u/ml), 7 (u/ml), 4nl)/and 4 (u/ml)
respectively. So the highest enzyme activity wdseaed in pH 7 and was equivalent to 10.8 (u/ml).

144



Elham Akbari et al Int J Med Res Health Sci. 2016, 5(4):139-148

6 -

4 -

i

0 - . T . )
7 8 9 10

pH

[EEN
N

[any
o
I

(o]
1

Enzyme Activity
(u/ml)

Figure 5. The effects of culture media initial pH @ the production of lipase byPlanomicrobium okeanokoites ABN-IAUF-2 after 72 hours
incubation at 20°C and aeration speed of 160 RPM

Figure 6 indicates that in the evaluation of difetr nitrogen source effects on the production pade by
Planomicrobium okeanoko#eABN-IAUF-2 at 20C, aeration speed of 160 RPM after 72 hours inéobathe
activity of enzyme in different oil broth media Wihitrogen sources of yeast extract, peptone otmgiand NaN©
were equivalent to 10.8 (u/ml), 5.6 (u/ml), 8.9nfl)/and 5 (u/ml) respectively. It was indicatedttttee maximum
of enzyme production was occurred in the presehgeast extract as the nitrogen source and wasureshss 10.8

(u/ml).

Yeast Extract Peptone Triptone NaNo3

12
10
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o N B~ O

Enzyme Activity

Nitrogen Source

Figure 6. The effects of different nitrogen sourceen the production of lipase byPlanomicrobium okeanokoites ABN-IAUF-2 after 72
hours incubation at 20C and aeration speed of 160 RPM

As it is obtained from Figure 7, in the evaluatiohdifferent temperature effects on the productidripase by
Planomicrobium okeanokogeABN-IAUF-2 at the aeration speed of 160 RPM aft@r hours incubation, the
enzyme activity in different incubation temperatuof 15, 20, 25 and 3G were measured as 18 (u/ml), 20 (u/ml),
14 (u/ml) and 10.8 (u/ml) respectively. So it waswn that the maximum of enzyme activity was aobieat 20C
and measured as 20 (u/ml).
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Figure 7. The effects of different temperatures othe production of lipase byPlanomicrobium okeanokoites ABN-IAUF-2 after 72 hours
incubation at the aeration speed of 160 RPM

The results of statistical Taguchi experiment fayduction of lipase bylanomicrobium okeanoko&eABN-IAUF-
2 have been indicated in Table 3. This examinastoowed that the carbon source was the most eféefdistor in
producing lipase with the level of 54.65%. The setand third effective factors were nitrogen souarel
temperature with the level of 19.00% and 11.78%eae8vely. The least effective factors in lipaseduction by
Planomicrobium okeanokoge ABN-IAUF-2 were pH and NaCl with the amounts 0f.34% and 0.46%
respectively.

Table 3. The results of L-16 platform of experimerdl conditions for the production of alkaline lipaseby Planomicrobium okeanokoites
ABN-IAUF-2 designated by Qualiteck-4 software

Condition Number Lipase activity (u/ml)

1

2 17
3 16
4 16
5 16
6 15
7 15.5
8 15
9 17.5
10 18
11 21
12 18
13 15
14 16
15 18.5
16 16.5

DISCUSSION

In this study, WS4 strain isolated from Persian fGuéter, Hormozgan province, Iran was a gram pasiti
cocobacillus-shaped, non-spore forming bacteriuat thas able to grow in various concentrations ¢f reanging
from 5 to 15%. This isolate was identified Risnomicrobium okeanoko#eABN-IUF-2 using 16s-rDNA analysis
and its sequence was deposited in GenBank, NCB¢ruadcession number of KP403724. There are no tepor
indicating the lipase production Blanomicrobium spyyet In different studies, various culture media haeerb
applied for screening of lipase-producing bactetihakraborty et al. have used the tributyrin faresaing lipase
producing Bacillus licheniformisH1 strain [18]. The same culture medium has besed ufor isolating the
Staphylococcusp. capable of lipase production [19]. Wang dtaale used Rhodamin B Agar for screening alkaline
lipase producingd®seudomonasp. [20]. In all mentioned researches, the cadmrce has been a kind of oil. The
presence of other hydrocarbons such as sugarsnhiasibitory effect on the lipase production. If Rhodamin B
Agar, the glucose is used as the carbon sourcegrdmge fluorescent will not be observed becauséétterium
uses an easier carbon source and lipase produmtiaid be inhibited [18, 19, 20]. In this study, fibre initial
screening of lipase producing bacteria, a cultuegliom containing olive oil as the only source afbca was used
but the bacteria were not suddenly placed in theddiom, rather the gradual loss of nutrients hasttedhe
adaptation of isolated WS4 isolate and inductiotipifse secretion. Since the growth of bacterian'tligive us a
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criterion of lipase production, the bacteria wendtuwed on Rhodamin B Agar medium including 1% 6¥e oil.
The tributyrin has been reported as the best casbarce for alkaline lipase production Aginetobactersp. Also
the most appropriate carbon source for the produdif this enzyme bRRhizopus oligosporusas Tween 80 [13].
The best carbon source for lipase productionPBgudomonas aeroginoseas olive oil and Tween 80-olive oil
respectively [22]. In this research, to optimize ttarbon source for production of lipase Banomicrobium
okeanokoite ABN-IAUF-2, seven kinds of oils were used. Thsutes of single-factor optimization showed that the
most appropriate carbon source for production isféhzyme byPlanomicrobium okeanokogeABN-IAUF-2 were
hazelnut oil and almond oil respectively. In difat studies, a number of optimal pHs have beenrireghdor
alkaline lipase production by different spp. ThesthygH for lipase production was 7 fbtarinobacter Lipulyticus
[23]. In the present study, the initial pH of istid@ and screening was set on 8. Therefore, omyatkalophylic and
alkalotolerant bacteria were able to grow in c@toredium. In order to obtain the most appropridteop medium
for production of lipase, different pHs were evaguh But the best initial pH of culture medium fmoduction of
lipase by Planomicrobium okeanoko#eABN-IAUF-2 isolated from Persian Gulf was pH 7Isé the best
incubation temperature for producing lipase Rignomicrobium okeanoko&eABN-IAUF-2, was 20C that was
fitted to the temperature of incubation from whisllated. The optimal temperature for productionatifaline
lipase byMarinobacter SM19 was measured as°Z5 Also the appropriate temperature for productidrthis
enzyme byAcinetobacter johnsonliP28 was 30°Cfor Bacillus licheniformidH1s, as 50C and forstaphylococcus
sp. as 36C [21, 24, 25]. Chakraborty and Raj have reported the best nitrogen source for production ofdgphy
Bacillus LicheniformisH1 was yeast extract [18]. Prasanth Kumar and Vélsee indicated that the most
appropriate nitrogen source for lipase productigrBacillus coagulansvas triptone [26]. In this study, different
nitrogen sources such as triptone, peptone, yeasice and NaN@in alkaline lipase production were evaluated.
We suggested that the best nitrogen source folimdkipase production biPlanomicrobium okeanokogeABN-
IAUF-2 was yeast extract. So far there is no rejdtcating the optimization of alkaline lipase guztion by
Taguchi statistical test. Taguchi test was desigfeedoptimization of lipase production bilanomicrobium
okeanokoite ABN-IAUF-2 with 16-level platform. The analysid statistical examinations showed that the most
appropriate levels for production of the enzymeRtgnomicrobium okeanokodeABN-IAUF-2 was level 11 with
the maximum of lipase activity of 21 (u/ml). Therlsan source had the most influence of 54.65%, pade
production byPlanomicrobium okeanoko&eABN-IAUF-2. The nitrogen source with 19.00%, phthwl1.54%,
temperature with 11.78% and NaCl concentration Wi#6% of influence were other effective factorsalkaline
lipase production bi?lanomicrobium okeanoko&eABN-IAUF-2.

CONCLUSION

This is the first report of production of lipase g novel halotolerant and psychrotolerant bacterium
Planomicrobium okeanokod#eABN-IAUF-2, that was isolated from Persian GuHter, Hormozgan province, Iran.
The maximum enzyme activity of 21 (u/ml) was meadun the presence of hazelnut oil as the carbarcedn oil
broth medium after 72 hours incubation at the plEnd 20°C. According to new advances in the prodoctif
industrial enzymes, the use of enzymes produceexingmophiles likePlanomicrobium okeanoko#ecould be an
asset in the areas of Medical, Pharmaceuticalmohaktrial Biotechnology.
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