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Abstract

The culture conditions for maximum lipase activity by Micrococcus sp. previously
isolated from Clarias gariepinus intestine were optimized. The varied culture
parameters assessed were incubation time (12 hourly for 60hours), temperature (25,
30, 34, 37, 40 and 45°C), medium pH (4, 5, 6, 7, 8 and 9), additional carbon source
(glucose, sucrose, lactose, maltose and mannitol), nitrogen source (peptone, urea,
yeast extract, ammonium nitrate, potassium nitrate, calcium nitrate and ammonium
hydrogen phosphate) and metal ions (Mn**, Cu**, Fe*", Zn**, Mg*" and Ca®"). The
lipase activity was measured using titrimetric method and olive oil as substrate.
Maximum lipase activity of 27.6U/ml was found in 48h, 37°C and pH 7.0. Among all
the additional carbon sources, maltose gave the maximum activity of 30.6U/ml and
among all the nitrogen sources and metal ions peptone and Ca®* gave maximum
activity of 27.6U/ml and 27.7U/ml respectively. The present study has revealed
Micrococcus sp. from a freshwater fish intestine as a candidate for potential industrial
production of lipase.

1. Introduction

Lipases are glycerol ester hydrolases that hydrolyze long chain water-insoluble
triglycerides into diglycerides, monoglycerides, glycerol and fatty acids [1, 2]. They
constitute the most prominent group of biocatalysts for biotechnological applications
[3]. As inducible enzymes, lipases are generally produced in the presence of a lipid
such as oil or any other inducer such as triacylglycerols, fatty acids, glycerol, Tweens,
bile salts and hydrolysable esters [4, 5]. These enzymes are ubiquitous in nature and
are widely distributed in plants, animals and microorganisms such as bacteria, yeasts
and fungi [6, 7, 8].

Lipase-producing microorganisms have been found in diverse habitats such as
industrial wastes, vegetable oil processing factories, dairies, soil contaminated with
oil, oil seeds and decaying food, compost heaps, coal tips and hot springs [9]. Lipase-
producing bacteria have also been found in fish intestine [10]. These intestinal
bacterial isolates have potentials that could be exploited to assist in lipid degradation
in various industrial processes.

Enzymes from microbial source are more stable than their corresponding plant and
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animal enzymes and their production is more convenient
and safer [11]. Microbial lipases have gained special
industrial attention due to their stability, selectivity and
broad substrate specificity [12]. Microbial lipases have
immense applications in waste water treatment and in
synthesis of fine chemicals and new polymeric materials as
well as in various fields such as food, pharmaceutical,
cosmetic, agrochemical, feedstock, detergent, textile,
biodiesel and processing industries [8, 13, 14, 15]. The
industrial demand for lipolytic enzymes continues to
stimulate the search for new enzyme source [16].

Many bacteria and other microorganisms that have
potential for lipase production are yet to be isolated,
identified and characterized. The production of microbial
lipases is greatly influenced by medium composition and
physicochemical factors. Consequently, temperature, pH,
dissolved oxygen, carbon sources, nitrogen sources and
essential micronutrients are carefully considered for cell
growth [17] and the bioprocess parameters need to be
optimized for industrial production.

Therefore, the aim of this present study was to optimize
the different bioprocess parameters for maximum lipase
activity by a lipolytic bacterium (Micrococcus sp.)
previously isolated from cultured fish intestine [10].

2. Materials and Methods

Source of Lipolytic Bacterium (Micrococcus sp.):
Micrococcus sp. was previously isolated from fish (Clarias
gariepinus) intestine [10] and maintained as part of culture
collection in Microbiology Laboratory, University of Port
Harcourt, Nigeria.

Lipase Production: The modified liquid culture medium
of [3] containing (% w/v): peptone 0.5, yeast extract 0.5,
NaCl 0.5, CaCl, 0.005 and olive oil (1.0 emulsified with
gum acacia 0.5), pH 7.5 was used for lipase production.
One millilitre of a 24h nutrient broth culture of the tested
bacterium was inoculated into 100ml of production
medium in 500ml Erlenmeyer flask. The inoculated flasks
were then incubated for a period of 48hours at 37°C. Cell-
free supernatant was recovered by centrifugation at 5,000
rpm for 15 min and used as the source of extracellular
enzyme.

Lipase Assay: The method of [18] described by [19] was
employed. Lipase activity was measured by titrimetric
method using olive oil as a substrate. Olive oil (10% v/v)
was emulsified with gum Arabic (5% w/v) in 100mM
potassium phosphate buffer pH 7.0. Then 100ul of crude
enzyme was added to the emulsion and incubated for 15
minutes at 37°C. The reaction was stopped and fatty acids
were extracted by addition of 1.0ml of acetone:ethanol
solution (1.1). The amount of fatty acids liberated was
estimated by titrating with 0.05SM NaOH until pH 10.5
using a phenophathelin indicator [18]. One unit of enzyme
is defined as the amount of enzyme required to hydrolyse
umol of fatty acids from triglycerides.

Lipase Activity (Units/ml)
_ Vol. of alkali consumed X Normality of NaOH

"~ Time of incubation X Vol. of enzyme solution

2.1. Optimization of Culture Parameters for
Lipase Production

Effect of Incubation Period: The tested bacterium was
cultured in production medium at 37°C for 96hours. The
culture broth was harvested at 12 hourly intervals by
centrifugation at 5,000 rpm for 15 min. The supernatant
collected was used as crude enzyme and was assayed for
lipase activity.

Effect of Temperature: Micrococcus sp. was cultured at
temperatures ranging from 25°C to 45°C to select the
optimum temperature for maximum lipase production while
keeping the remaining parameters constant. Incubation was
for 48hours. Each supernatant collected after centrifugation
was used as crude enzyme which was assayed for enzyme
activity.

Effect of Medium pH: The effect of pH of the production
medium on lipase production was performed by varying pH
of the medium from 4 to 9 while the other parameters were
unaltered. Incubation was for 48hours at 37°C and each
crude enzyme obtained after harvesting each culture broth
was assayed for lipase activity.

Effect of Carbon Sources: The effect of additional carbon
sources on lipase production by Micrococcus sp. was
analysed by supplementing the production medium with
different carbon sources. Glucose, sucrose, lactose, maltose
and mannitol at a concentration of 1% (w/v) were added
into the production medium in 500ml Erlenmeyer flasks
containing 100ml of liquid medium. Each crude enzyme
was assayed for lipase activity after incubation at 37°C for
48hours.

Effect of Nitrogen Sources: The effect of nitrogen
sources on the lipase production was studied by replacing
the nitrogen source with organic and inorganic nitrogen
sources. Peptone, urea, yeast extract, ammonium nitrate,
potassium nitrate, calcium nitrate and ammonium hydrogen
phosphate at a concentration of 1% (w/v) were added into
the production medium in 500ml Erlenmeyer flasks
containing 100ml of liquid medium. Each crude enzyme
was assayed for lipase activity after incubation at 37°C for
48hours.

Effect of Metal lons: To evaluate the effect of different
divalent cations on enzyme activity, manganese sulphate,
copper sulphate, ferrous sulphate, zinc sulphate,
magnesium sulphate and calcium chloride were separately
added into the production medium at a final concentration
of ImM.

Statistical Analysis: Standard deviations for each of the
experimental results were calculated using Excel
Spreadsheets, with Microsoft excel software.
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3. Results and Discussion

In this study we assessed the effects of culture conditions
on lipase producing ability of Micrococcus sp. previously
isolated from the intestine of a freshwater fish (Clarias
gariepinus) [10]. Many microorganisms such as bacteria,
yeast and fungi are known as potential producers of
extracellular lipases [20] and bacteria of the digestive tract
of aquatic animals participate with their enzymes in the
process of degradation of nutrients [21].

The effect of incubation time on lipase production is
shown in Fig. 1. Maximum lipase activity of 27.6U/ml was
observed at 48hours. The lipase production decreases after
48hours. Similarly, [17] and [22] reported a maximum
lipase production at 48hours for Pseudomonas gessardii
and Staphylococcus sp. respectively. The incubation time
for enzyme production is governed by the characteristics of
the culture and is based on growth rate [17].
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Fig. 1. Effect of Incubation time on lipase production by Micrococcus sp.

The effect of medium temperature on lipase production is
shown in Fig. 2. The temperature of 37°C was found to be
optimum with maximum of 27.6U/ml lipase activity. The
enzyme production decreased beyond 37°C. Similarly, the
maximum lipase production by Pseudomonas xinjiangensis
[23] and Pseudomonas gessardii [17] was at 37°C. The
decrease in lipase production beyond 37°C reported by these
researchers and also observed in this work proved that
temperature plays a major role in enzyme production.
Temperature, as a critical parameter that has to be controlled,
influences secretion of extracellular enzymes by changing
the physical properties of the cell membrane [17].
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Fig. 2. Effect of Incubation temperature on lipase production by
Micrococcus sp.

The effect of pH on lipase production is shown in Fig. 3.
Maximum lipase activity of 27.6U/ml was observed at pH
7.0. Lipase production declined beyond pH 7.0. Similarly
maximum lipase activity was observed at pH 7.0 for
Staphylococcus [22] and Pseudomonas gessardii [17].
These results show that initial pH of growth medium
influences the rate of lipase production.
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Fig. 3. Effect of medium pH on lipase production by Micrococcus sp.

The effect of additional carbon source on lipase
production is shown in Fig. 4. Sugars as additional carbon
sources have influence on lipase production. Among five
sugars, maltose (30.6U/ml), lactose (29.0U/ml) and sucrose
(28.0U/ml) influenced lipase production. On the other hand,
glucose and mannitol caused a reduction in enzyme
production in comparison with the control. This reduction
in enzyme production in the presence of sugars as carbon
sources could be due to catabolite repression by readily
available carbon sources in the medium [24, 25].

25 4
20 +
15 -
10 -
5 -
0 T T T T T

Glucose

Lipase Activity (U/ml)

Sucrose Lactose Maltose

Carbon Sources

Mannitel Control

Fig. 4. Effect of additional carbon sources on lipase production by
Micrococcus sp.

The effect of nitrogen sources on lipase production is
shown in Fig. 5. Among the nitrogen sources employed
organic nitrogen sources enhanced lipase production
whereas lipase production was low with inorganic nitrogen
sources. Other authors have reported that microorganisms
provide high yields of lipase when organic nitrogen sources
such as peptone and yeast extract are used [26, 27].
Maximum lipase activity of 27.6U/ml was observed when
peptone was used as nitrogen source. Peptone has been
found to be the most suitable source for maximum lipase
activity by Pseudomonas aeruginosa [28].
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Fig. 5. Effect of nitrogen sources on lipase production by Micrococcus sp.

The effect of metal ions on enzyme activity is shown in
Fig. 6. Micrococcus sp. showed maximum enzyme activity
in presence of Ca’’. Lipase activity was reduced on
addition of other metal ions employed. Sayari [29]
demonstrated that the activity of staphylococcal lipase may
depend on the presence of Ca®". However, it has been
reported that Staphylococcus sp. isolated from waste
contaminated oil showed maximum enzyme activity in
presence of Cu®* [30]. Lipase activity is in general inhibited
drastically by heavy metals like Co>", Ni*", Hg*" and Sn**
and slightly inhibited by Zn*" and Mg** [31]. These results
suggest that lipase production by Micrococcus sp. is
strongly influenced by medium components as well as
cultural parameters.
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Fig. 6. Effect of metal ions (ImM) on lipase production by Micrococcus sp.

4. Conclusion

The study has revealed that Micrococcus sp. isolated
from fish intestine is a potential producer of lipase. The
optimized culture conditions developed in this study can be
used for large scale production of lipase to assist in lipase
degradation in various industrial applications. Further
optimization of lipase production under different nutritional
and environmental conditions can be employed to improve
the lipolytic activity of the indigenous Micrococcus sp. for
possible usage in bioremediation of contaminated site.
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