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ABSTRACT

The lipases of P. aeruginosa were isolated, immobilized and characterized.
They were applied to hydrolysis of crude oils i.e. cotton cil. maize oil, palm oil,
sunflower oil and olive oil. The lipase produced by P. aeruginosa was precipitated
from the growth media using by cold acetone and was immobilized on celite. The
characteristics of free and immobilized lipases were sludied as follows:

The optimum temperature for lipases activity was 37°C for free lipase.
whereas it was 44°C for immobilized one. The optimum pH value for free and
immobilized lipases was 7.4. The stability fo pH was higher in the immotilized
enzyme than the free one. Immobilized lipase was stable betwaen pH 6.8-7.8 and
free lipase between 7.2-7.6. Both free and immobilized lipases were stable at 40°C
but immobilized one was more stable at (43-50°C). The oplimum substrale
concentrations for free and immobilized lipases were 0.25% and 0.30%, respectively.
Free and immobilized lipases were abie fo hydrolyse all nafural ciis tested. Olive oif
was the most hydrolyzed one than other oils.

Keywords: Immobilized lipase, oils, Pseudomonas aeruginosa

INTRODUCTION

Lipases of microorganisms are now extensively studied primarily
because of their possible biotechnological applications. P. cegacia lipase was
purified by precipitating with Tris-HC| buffer at pH 6.5, centrifuged‘ dialyzed
against the same buffer. The final solution was loaded at 4°C on DEAE-
Sepharose column, active fractions were pooled and dialyzed against
ammonium acetate buffer at pH 7.0 {Gaelle of al, 1997). At the same line
Qmar et al (1987) used acetone to precipitate lipase. While Sugiura et al.
{1977) purified P. fluorescens lipase by ethanol precipitation (65-85%) from
the cutture broth. Also, Nadkarni, {1971) performed the purification of P.
aeruginosa lipase by means of ammonium sulfate and gel filtration
techniques. Mencher and Alford (1967) used solid ammonium sulfate to 35%
saturation for precipitation, the precipitate was collected by centrifugation and
dissolved in phosphate buffer. Sephadex-G100 cofumn was used for
fractionation.

The immaobilization of enzymes is a technique makes their use on an
industrial scate more applicable. This is because immehbilized enzymes offer
cerfain processing advantages over free enzymes such as ease of separation
from the product, localization within a reactor, improved stability, activity
retention, continuous operaticn over extended time periods, and the possibility
of obtaining superactivity. There are different materials can used to
immobilize enzymes such as Sol-Gel (Manfred st al, 1996) immobilized
fipase from P. cepacia, Yoshitsugt and Hideo (1992} immobilized lipase from
P, fluorescens on macroporous anion exchange resin using glutaraldhyde to
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enhance the adscrption. Jei-Fu et al (1990} studied six different types of
materials including polyvinyl choloride (PVC), chitosan, chilin, agarose,
sepharose and trisacyl for their lipase coupling efficiencies. Lipase could be
immobilized efficiently on chitin to yield a high specific lipolytic activity.

Furthermore, in this respect the characteristics of free and
immobilized lipases were studied. The characteristics were factors affect
reaction rates i.e temperature, pH. Many workers supported that, Nielson
{1985) replaced the pancreatin by microbial enzymes in partial hydrolysis of
food fats and monoglycerides production. Langrand et al. {1988) reported that
thiteen commercial lipase preparations were checked for their ability to
catalyse the formation of flavour esters (isoamyl or geranyl acetate,
propionate and butyrate) by either direct esterification or ester soluolysis in n-
heptane. The formation of isoamyl or geranyl butyrates and propionates by
direct eslerification was catalyzed by the majority of the tested lipases. Acetic
acid esters were more difficult to cbtain. Transesterification reaclions were
found to be a good alternative way for ester synthesis.

Accordingly, the aim of work: immobilizaton of lipase,
charaoterization of free and immobilized enzymes, study of thermal stability
and hydrolysis of natural oils.

MATERIALS AND METHODS

The micro-organisms:

Seven baclerial isalates of lipalylic enzyme ones; previously isolaled
by El-Shafey (1999) from the soil of Agric. Res. Sla. , Fac. of Agric. Mansoura
Univ., Mansoura. They were identified as: strain 1 belonging to Psetdomonas
aeruginosa strain 2 belonging to Pseudomonas so., stran 3 belonging to
Pseudomonas fluorescens, while strain 4, 5 & 6 beionging ta Microceceus sp.
(I, 11 & I, respectively and strain 7 belonging to Baciflus cereus. The most
aclive strains , namely, B aeruginosa, P flucrescens and B. cereus were
chasen during this work .

Crude enzyme:

Crude enzyme was prepared according to the method of Omar et al.
(1987); under the optimal growth conditions (Afify, et al, 2002); after the
fermentation period the culture broth was centrifuged at 1500 xg for 20 min.
Cold acetone was added to the supernatant to a final concentration of 80%
(viv) and left over night The preciptate formed was collected by
centrifugation at 6600 xg for 30 min. and finally washed twice with cold
acetone. The resultant precipitate was either dissolved in 100 ml of Tris-HCI
buffer {(pH 7.4) and kept in refrigerator until using (stack solution) or dried
under wvacuum over night. The precipitate obtained was used as crude
enzyme.

Estimation of lipase activity:

Lipase activity was estimated as described by O: ef af. (1969) with
some maodifications as follows: The reaction mixture contained 5.0 ml of 5.0%
olive oil emuision in 7% gum acacia, 5.0 ml of 0.2 M Tris~HC! buffer (pH 7 4).
20 ml 0.2 M CaCl;, 1.0 m| enzyme solution and 2.0 ml glass distilled water,
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After the incubation period under the assay conditions, the total amount of
liberated fatty acids was litrated against 0.01 mol/L NaOH. The blank was an
assay mixture containing boiled enzyme lipase calculated according to Xia et
al. {1996). Enzyme unit is defined as the amount of enzyme that liberates 1
umol free fatty acids {(FFA) from olive ol in 1 min under the analytical
conditicns.

Enzyme immobilization:

Lipase was immobilized according to the method described by
Goderis ot al. (1987) as follows;

One gram celite (BDH Ltd., England) was added to 10 ml stock
solution (100 U enzyme /ml of buffer), mixed thoroughly. Water phase of the
buffer was subsequently removed by evaporating at under cooling for 15
hours. The resultant was used as immobilized enzyme.

Thermal stability:

One milliliter of enzyme solution or equivalent amount of immobilized
enzyme were added to Tris-HCI buffer (pH 7.4) for free and immobilized
enzyme and heated in test tubes to various temperatures (40, 50, 60 and
70°C) for 30 min. After incubation the solutions were cooled immediately in
ice bath for 5 min. The residual activity was determined as described by (Iwai
and Tsujisaka, 1574).

Effect of substrate concentration:

The effect of substrate concentration on free and immobilized
enzymes activity was studied using 1 ml of enzyme soluticn and the same
quantity of immobilized enzyme. The concentrations of olive oil used were
0,05, 0.10, 0.15, 0.20, 0.25, 0,30 and 0.35% (wAv). The reaction was carried
out at the optimum pH and the optimum temperature of each enzyme used.
Hydrolysis of natural oils:

According to the method described by Omar et af. (1987) with
modification; ope miliiliter of enzyme solution or equivalent amount of
immobilized enzyme was added to reaction mixture containing (5 ml of
different oils) i.e. sunflower; palm; cotton seed; maize and olive oils and 5 ml
of Tris-HC| with optimum pH of each enzyme. The mixture was incubated at
optimum temperature of each enzyme for 10 min. with shacking. The reaction
was terminated by adding 20 ml of acetone/ethancl mixture (1: 1 v/v) and then
the free fatty acids liberated were titrtated with §.01 N NaQOH salution.
Determination of protein:

The protein content was determined by the method of Lowry of af.
(1951).

RESULTS AND DISCUSSION

Partial purification of enzyme:

The crude lipase from P aeruginosa was precipitated by cold
acetone, dialysed and lyophilized. The recovery of enzymatic activity was high
(81.23%) in acetone precipitate (Table 1) and the specific activity increased
by 4.8 fold with 81.23% remained activity and 16.8% yield of protein.
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Table 1. Scheme for the partial purification of lipase from culture

supernatant of Pseudomonas aeruginosa.

Fractions Fotal protein | Total activity [Specific activityl Recovery {P_ur!ﬁcatm\
(mg) () u/mg (%) {fold)
Culture supematant 180.55 4164.72 25.84 100,00 1.0
125.35 81.23 4.8

Acetone precipitate |  26.98 | 3383.00

Characteristics of free and immobilized lipases:
1 .Temperature reaction:

The variations of the initial reaction rates with temperature is shown in
Fig. (1) for the free and immobilized lipases preparations derived from P.
aeoruginosa. For the iree enzymes, the reaction rate ingreased from 30 to
37°C.
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Temperature {°C)
Lipase activity = pmol FFA/ ml/ min
Fig. 1. Effect of temperature on free and immobilized lipase activity

Further increase of temperature than 44°C decreased the enzyme
aclivity, On the other hand, the maximal reaction rate for immobilized enzyme
was observed atd44°C. The decrease of reaction rate was noticed above this
temperature and at $1°C it was much slower but still higher than for the free
lipase. The fitting of temperature curves opayed the statlstucal formula:

Y = . 0.01770 + 048434 x + 0.00286 x* - 0.00023 x°
with correlation coefficient 0.094352 for free lipase Fig. (1).
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While, ¥ = 0.01595 - 0.36381 x + 0.04582 x* - 0.00069 x°
with correlation coefficient 0.96611 for immobilized lipase Fig. (1).

These results are in agreement with those obtained by Pencreac'h et
al. (1997) who reported that free enzyme reaction rate increased from 25 to
45°C  while from 45 to 50°C for the immobilized lipase purified from P.
cepacia. Also, Lavayre and Baratti (1982) found that the apparent optimum
temperature of free and immobilized pancreatic lipase were 32°C and 40°C,
respectively.

2, Thermal stability:

The results in Fig. (2) showed that at 40°C, both free and immobilized
lipases were stable and totai initial activity was recorded after 30 min. In
contrast, after 30 min. of incubation at 70°C the remaining activity of the free
and immobilized fipase represented 21% and 25% from initial activity,
respectively, These results indicated that immobilized lipase produced by P.
aeruginosa was more stable than free lipase at 70°C. The free enzyme was
completely stabie at 40°C for 30 min., while B50%, 40% of the activity was
retained at 50°C and B0°C for 30 min., respectively. On the other hand,
immobilized enzyme was completely active at 40°C while 95%, 80% of the
activity retained at 50°C and 60°C for 30 min., respectively. The results also
show that both lipases lost their activities rapidly at temperature above 60°C.,
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Temperature (°C)
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Fig. 2. Thermal stability of free and immabilized lipasa.

The fitting of thermal stability curves opayed the statistical formula;
Y = 001025 + 136779 x -0038270 x* + 000028 x°
with correlation coefficient 0.98103 for free lipase Fig. (2).
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While, Y = 000228 + 210577 x -0.05974 x* + 0.00044 x°
with correlation coefficient 0.99956 for immobilized lipase Fig. (2).

These results are similar to those obtained by El-Shafei and
Rezkallah {1997) who reported that the activity is lost completely at 80°C for
lipase produced from Bacillus cereus, while Songgang et al (1997) results
with Pseudomonas pseudoaicaiigenes indicated that lipase was stable below
60°C, lost 40% of its activity at 70°C. 10% of its actvity remained at 80°C.
Aiso, Kim ef al (1994} found that the lipase from a thermophilic Bacillus
species  purified to  homogenity from the culture supernatant had high
thermostability and no loss of activity upon incubaticn at 80°C for 30 min.
Also. Kurashige ef at (1989) found that. the thermal staiulity of Pseudomonas
fluaroscens lipase was remarkably improved by immicbilizazaon on celite,

These results contrast those indicated by Pencreach et al. (1997)
who found that at 50°C both free and immaobilized lipases from Pseudomonas
cepacta were stable and more than 85% of the initiat aciraty was recovered

after one hour of incubation.

3.pH reaction:
The results n Fig. (3) show that pH contrel from & 8 to 8.00 shightly

enhanced the lipase activity The lipase activity reacned its maximum value at
the pH range from 7.4-7 6 for free lipase butat pH 7 0-7.6 for immobilized
ipase. The cptimum lipase activity for both two enzymes was at pH 7.4, The
reaction was carried out at 37°C for free lipase and 44°C for immobilized

lipase prepared from P. agruginosa

—Erun —— irnmabilized

¥ = 18.8907 + 24804z - 207 98
R'=0.0719

Lipase activity

y = -2207FcT» 128072 - 12223
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pH values
Lipase activity = umol FFA/ mlf min

Fig. 3 . Effect of pH on free and immobilized lipase activity.
The fitting of pH curves opayed the statistical formula;

Y = 0.00067 - 169.29649 x + 4578043 x° - 3.06892 X
with correlation coefficient 0.75233 for free lipase Fig. (3).
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While, Y = -0.00056-112.7008¢ x + 31.54259 x*-2.17184 x°
with correlation coefficient ¢ 94635 for immobilized lipase Fig. (3).

It is clear that the immobilized enzyme has the higher correlation than
free enzyme in optimum temperature, thermal stability and pH

With regard to the results obtained by Kosugi and Suzuki (1892) the
optimum pH of P. fuorescens hpase was pH 4.0 and 6.0 for the immobilized
and soluble lipases, respectively Qiaogin et al (1992) reported that pH 9.2
was the optimal pH for the free lipase aclivity from bactena strain F-1903
isolated from Fujian soil.On the other hand. Yoshitsugu and Hideo {1992)
found that, the oplimum pH of lipase was 4.0 for the immobilized lipase and
pH 6.0 for the scluble free one, and free lipase can be promoted at strake
alkaline reaction. Also, in the same line Paba) st a/ (1985) suggested that the
free lipase from P fragi CRDA 323 activity reached its optimum at the pH
range 8.5-9.0. Castellar et al (1996) reported that very alkaline pH 8 0 was
the best pH for free lipase activity frcm Chremobactenum viscosum and P

glumae.
4.Substrate concentration:

The effect of different concentrations cf olive oil on lipase activity was
studied. The rate of olive oil hydrolysis was measured at substrate
concentrations from 0.05% to 0.35% The reaction for free and immobilized
lipases from P. aeruginosa was carned out at the optimum pH and
temperature of each enzyme.  Fig. (4) show that the maximum activity was
obtained at 0.25% and 0.30% olive oll, for free and immobilized lipase.
respectively. Then, the reaclion reached its steady state. Data show also that
immobilized enzyme was more active than free enzyme at higher substrate
concentration. This may be due to that soluble lipase might be inhibited
severely by the substrate at higher concentrations, whereas immobilization of
lipase reduced substrate inhibition (Kwon and Rhee. 1984).
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18

|

¥ 2 13,81x7 + 17.976x + 6.9457
R =0.9713

a
o

¥ =.933.29x% + 98.78x - 43714
RY = 0.8561

Lipase activity

a .08 0.1 o138 0.2 0.28 0.3 0.8 0.4
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Lipase activity = umoi FFA/ ml { min
Fig. 4 .Effect of substrate concentration on activity of free and
immobilized lipase.
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The fitting of substrate concentration curves opayed the statistical
formula:

Y = -023348 + 040873 x +366.17749 x® - 79353535 x’
with correlation coefficient 0.96963 for free lipase Fig. (4).

While, Y = 0.89576 + 129.26349 x -553.98266 x> + 861.01010 x* with
correlation coefficient 0.94469 for immobilized lipase Fig. (4).

These equations showed that the immobilized enzyme show lower
correlation coefficient than free enzyme.

Elwan et al. (1977 and 1987) found that the optimum substrate
concentration for free lipase from B. stearothermophilus and Peniciftium
chrysogenum was 0.2%.

Also, Kosugi and Suzuki {1992) reported that the extent of final
hydrolysis by the P. fluorescens soluble lipase notably decreased at higher
substrate concentrations, whereas, the extent of final hydrolysis by the
immobilized lipase was high even at higher substrate concentrations. Data
show also that immobilized enzyme was more active than free enzyme at
higher substrate concentration.
5.Hydrolysis of natural olls:

The ability of . aeruginosa lipase on hydrolyzing different oils was
tested by incubating each oil with the free and immobilized enzyme. Under the
optimal conditions then, the free fatty acids liberated were determined.

Fig. (5) shows that free and immobilized lipase of P. aeruginosa
hydrolyzed various natural oils with different extents depending on the variety
of oil. They can be arranged as follows with free and immobilized enzyme:
ofive oil, maize oil, palm e¢il, sunflower oil and cotton oil, respectively. It can be
deduced that free and immobilized lipase hydrolyzed ¢live oil more than ali
natural oils, but free lipase hydrolyzed these oils slightly less than the
immobilized lipase.

OFme O Immobilized

14 g

2

10

Lipase activity

Conon oft

Natural oils

Lipase activity = pmol FFA/ ml/ min
Fig. 5 . Hydrolysis of natural oils by lipases.
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These results are in agreement with those obtained by Kokusho et al.
(1982) found that Aicaligenes sp. No. 679 lipase could hydrolyse the tested
natural fats and oils 1o the same degree as olive ¢il. Also, Omar et al. {1987)
who stated that Humicala lanuginosa No. 3 lipase was capable of hydrolyzing
broad range of fats and oils. Plant oil was found to be most rapidly hydrolyzed
oil, while castor ail was poorly hydrolyzed.
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