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Production of extracellular lipase in submerged culture of Serratia rubidaea has been
investigated. The lipase production was optimized in shake flask experiments. The obser-
ved pH and temperature range optimum for maximum lipase production were 7-8 and
30-40 °C, respectively. With a selected nitrogen source, casein ((6.5+0.015) U/mL) and soy-
tone ((9.4+0.02) U/mL) were suitable substrates for accelerating lipase production. The
optimized concentration of casein and soytone was 24 g/L ((9.95+0.02) U/mL) and 5 g/L
((14.8+£0.03) U/mL), respectively. The effect of carbon source on lipase production indi-
cated that starch was suitable substrate to maximize lipase production ((15.60+0.20) U/mL)
and the optimum concentration registered was 4 g/L ((17.46+0.20) U/mL). Investigating
the effect of lipids and surfactants showed that the gingily oil ((20.52+0.20) U/mL) and
Tween 20 ((27.10£0.01) U/mL) were suitable substrates for maximizing lipase production,
and the optimum concentrations registered were 15 mL/L ((23.15£0.24) U/mL) and 6 mL/L
((34.20£0.01) U/mL), respectively. Partial purification of lipase indicated that the molecular

mass of partially purified enzyme was 54 kDa.
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Introduction

Lipases or triacylglycerol acyl ester hydrolases are
carboxylesterases that catalyze both hydrolysis and syn-
thesis of esters formed from glycerol. Lipolytic enzymes
are currently attracting an enormous attention because
of their biotechnological potential (1). Lipases find ap-
plication in many areas of biotechnology due to their abili-
ty to catalyse enantioselective reactions with a wide range
of substrates and their stability over wide variations of
temperature and pH (2). Lipases have been found in many
species of animals, plants and microorganisms. A wide
range of microorganisms (bacteria, fungi and yeast) can
produce lipases with different enzymological properties
and substrate specificities (3). In particular, lipases from
fungi are important in industrial applications (4). A rela-

tively smaller number of bacterial lipases have been well
studied compared to plant and fungal lipases. Amongst
the lipase-producing organisms, Bacillus, Candida, Penicil-
lium, Pseudomonas, Rhizomucor and Rhizopus spp. are the
outstanding ones (3).

Bacterial lipases are glycoproteins, but some extra-
cellular bacterial lipases are lipoproteins. Most of the bac-
terial lipases reported so far are constitutive and are non-
-specific in their substrate specificity and a few bacterial
lipases are thermostable (5). Among bacteria, Achromo-
bacter, Alcaligenes, Arthrobacter, Pseudomonas, Staphylococ-
cus and Chromobacterium spp. have been exploited for the
production of lipases. But in recent years, Serratia sp. has
been studied for its ability to produce lipase (6).

Microbial lipases form a versatile tool in biotechnol-
ogy and in recent years they have become an important
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class of enzymes. Their applications include the addition
to detergents, manufacture of food ingredients, pitch
control in pulp and paper industry (7), production of
aromas, production of insecticides, synthesis of drugs
such as naxopren and ibuprofen, and as a biocatalyst of
stereoselective transformations (2). With this upsurge, the
exponential increase in the application of lipases in vari-
ous fields in the past few years demands both qualitative
and quantitative improvement. The quantitative enhan-
cement requires strain improvement and medium opti-
mization for overproduction. The spectacularly success-
ful examples of strain improvement in industry are most-
ly attributed to the extensive application of mutation and
selection.

Bacterial lipases are mostly inducible enzymes, requir-
ing some form of oil, fatty acids, fatty acid alcohol or
fatty acid ester for induction. Triacyl glycerols are the
main substrates of lipases, they are uncharged lipids. The
triacyl glycerols with long-chain fatty acids esterified
with glycerol are insoluble in water, although those with
short-chain fatty acids are sparingly soluble in water (8).
Lipase biosynthesis by microorganisms can be enhanced
by optimization of culture condition factors such as tem-
perature, pH, aeration, medium composition, etc. and
sometimes these conditions may affect extracellular lipase
production. The presence of some compounds, i.e. fatty
acids, triglycerides or surfactants has often been seen to
induce lipase secretion (8). Therefore, the current study
was undertaken to optimize the lipase production by lo-
cally isolated Serratia rubidaea on relatively low cost media.

Materials and Methods

Microorganism and lipolytic activity

The bacterial strain was isolated from raw milk
sample and identified as Serratia rubidaea by standard pro-
cedure described in Bergey’s Manual of Determinative
Bacteriology (9). The identified organism was tested for
lipase production on Spirit Blue agar plates supplement-
ed with tributyrin. After 4 days of incubation at 32 °C,
the lipolytic activity was confirmed by forming a clear
zone around the colony. The lipolytic activity in the li-
quid medium was assessed first by enriching S. rubidaea
in the enrichment medium containing beef extract 0.3 %,
peptone 0.5 %, NaCl 0.5 % and glucose 0.5 % at pH=7
and then 10 % of enriched culture was inoculated in
250-mL flask containing 45 mL of basal TS broth (tryp-
tone 16 g/L, soytone 3 g/L, NaCl 5 g/L, glucose 2.5 g/L,
K,HPO, 2.5 g/L) (10). The culture was then incubated
for 4 days by reciprocal shaking at 32 °C. The cells were
then harvested by centrifugation at 10 000 rpm for 15
min and the supernatant was used for further assay. The
same culture conditions were followed for all the opti-
mization experiments, and were carried out in triplicate.
During the optimization, the experiments were perform-
ed in a consecutive manner by incorporating previously
optimized parameters. The last optimization experiment
was also performed under the previously optimized
conditions. The interrelating effect of all optimized fac-
tors in this experiment was assessed.

Lipase assay

The lipase activity in the culture supernatant was de-
termined by titrimetry (olive oil emulsion method) (11).
One unit of enzyme activity is defined as the amount of
enzyme required to liberate 1 umol of equivalent fatty
acid/(mL-min) under the standard assay conditions.

Effect of pH and temperature on lipase production

The effect of pH and temperature on lipase produc-
tion was determined by incubating the culture flasks with
different pH (4, 5, 6, 7, 8, and 9) and temperature (10, 20,
30, 40, 50, 60, 70, and 80 °C).

Optimization of medium components for lipase
production

The optimization of medium components with suit-
able nutrient sources was carried out at the optimum pH
and temperature, by substituting components present in
the basal medium and subsequent optimization.

Effect of nitrogen sources on lipase production

To test the effect of nitrogen sources on lipase pro-
duction, six different nitrogen sources such as yeast ex-
tract, skim milk powder, casein, protease peptone, beef
extract and urea were used. They were individually test-
ed by replacing the tryptone present in the basal me-
dium at the concentration of 16 g/L. After screening, the
maximum lipase-yielding substrate was then taken for
optimization at various concentrations (16, 18, 20, 22, 24,
26, 28, 30, 32, 34 and 36 g/L). To test the effect of addi-
tional nitrogen source on lipase production, six different
nitrogen sources were screened: yeast extract, skim milk
powder, beef extract, protease peptone, tryptone and urea.
They were tested individually instead of the soytone,
which was present in the basal medium at the concen-
tration of 3 g/L. After screening, the maximum lipase-
-yielding substrate was taken for further optimization
by varying its concentration (3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0
and 6.5 g/L).

Effect of carbon sources on lipase production

The effect of carbon sources on lipase production was
tested by using five different carbon sources, namely su-
crose, fructose, lactose, galactose and starch. They were
tested individually by replacing the glucose present in
the basal medium at the concentration of 2.5 g/L. Then
the maximum enzyme-producing carbon source was
further optimized by varying its concentration (2.5, 3.0,
3.5, 4.0, 4.5,5.0, 5.5, 6.0 and 6.5 g/L).

Effect of triglycerides on lipase production

The lipase production was accelerated by incorpo-
ration of different lipid sources, namely olive oil, coco-
nut oil, gingily oil, tributyrin, and cod liver oil, in the
optimized medium. They were tested individually at the
fraction of 5 mL/L and the medium without oil was
used as the control. The triglyceride producing maxi-
mum lipase was then optimized by varying its fraction
(5, 10, 15, 20 and 25 mL/L).
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Effect of surfactants on lipase production

The surfactant that induces the production of lipase
was detected by incorporating different surfactants, na-
mely Tween 20, Tween 80, polyethylene glycol 300, Triton
X 100 and Criton X 100 in the optimized medium. They
were tested individually at the fraction of 2 mL/L and
the medium without surfactant was used as control. The
surfactant producing maximum lipase was then opti-
mized by varying its fraction (2, 3,4, 5, 6,7, 8, 9 and 10
mL/L).

Partial purification of lipase

The test strain was first enriched on the enrichment
medium containing beef extract 0.3 %, peptone 0.5 %,
NaCl 0.5 % and glucose 0.5 % at pH=7 and then cul-
tured in nutrient-optimized experimental medium at room
temperature for 4 days by reciprocal shaking. Then, af-
ter 4 days of growth, the culture filtrate was collected
separately by centrifugation. A volume of 100 mL of crude
enzyme was taken individually, and 500 mL of ethyl al-
cohol were added. The mixture was allowed to precipi-
tate for an hour and then centrifuged at 5000 rpm for 15
min. The precipitate was collected by centrifugation at
1000 rpm for 15 min. After that the precipitate was dis-
solved in minimum amount of 20 mL Tris/HCI buffer
(pH=8), containing CaCl, and dialyzed against the same
buffer for 24 h. The dialyzate was collected in a sterile
container and stored at 4 °C for further analysis. For the
determination of molecular mass of partially purified
lipase, 15 % SDS-PAGE was performed. The R; values of
the fractions and percentage of raw volume were calcu-
lated by using molecular mass markers, and gel docu-
mentation system (Syngene, UK).

Statistical analysis

The results obtained in the present study were sub-
jected to relevant statistical analysis (12).

Results and Discussion

The bacterium S. rubidaea isolated from raw milk show-
ed lipolytic activity after 2 days of incubation at 32 °C
on Spirit Blue agar plates. The diameter of the zone was
15 mm.

Effect of pH on lipase production

The effect of the pH of the medium on lipase pro-
duction by S. rubidaea indicated a linear increase from
(1.18+0.012) to (4.0£0.01) U/mL corresponding to the in-
crease of pH from 4 to 8. At the pH of 9 and 10, the
lipase production decreased ((3.83+0.07) and (2.71+0.03)
U/mL), respectively. Invariably, the lipase production by
Serratia marcescens prefers slightly acidic pH (6.5-7) (13)
and Pseudomonas aeruginosa MB prefers neutral pH (14).
The present study revealed that the lipase production by
S. rubidaea requires alkaline pH. Lipase activity by Ser-
ratia grimesii was high in pH=8-9 (15). The lipase activ-
ity by S. marcescens was found to be maximum at pH=8
(6,16). One-way ANOVA test conducted to obtain the
data on lipase production as a function of medium pH
revealed a highly significant variation (p<0.0001).

Effect of temperature on lipase production

Experiment on the effect of temperature indicated
that the lipase production of S. rubidaea was maximum
((4.29+0.001) U/mL) at the optimum temperature of
40 °C. But below (10 to 30 °C) and above (50 to 80 °C)
the optimum temperature, the lipase production record-
ed was low ((1.9£0.02) to (3.59£0.033) and (2.10+0.05) to
(3.91£0.06) U/mL, respectively). Lipase production by S.
marcescens was higher at the cultivation temperature of
25 °C, compared to 30 and 35 °C (13). Similarly, the lipase
production observed in Pseudomonas aeruginosa MB was
higher at 30 °C. Earlier studies regarding lipase produc-
tion by Serratia sp. isolated from raw milk samples stat-
ed that optimum temperature for lipase production was
30-40 °C (15), but in the present study lipase activity
showed gradual increase with the increase of tempera-
ture from 10 to 40 °C and further increase of tempera-
ture, beyond 40 °C, decreased the production of lipase.
Statistical analysis by one-way ANOVA test for the data
on lipase activity as a function of medium temperature
changes indicated a highly significant variation (p<0.0001).

Effect of nitrogen sources on lipase production

In the present study different nitrogen sources (ei-
ther organic or inorganic) were screened at a fixed con-
centration of 16 g/L. The lipase production was greatly
influenced by the tested nitrogen sources (Fig. 1). Among
these nitrogen sources, casein produced maximum lipase
((6.5+0.015) U/mL), compared to others. This is because
casein is a simple milk protein and can be easily utilized
by a candidate species. After casein, higher lipase pro-
duction was registered in tryptone-supplied basal me-
dium, followed by others. The lowest lipase production
((2.93+£0.05) U/mL) was registered in yeast extract-sup-
plied medium. A possible mechanism may be that yeast
extract is a complex nitrogen source and thus requires
the cells to secrete more protease for its enzymatic de-
gradation before utilization. This might result in lower
production and higher degradation of the extracellular
lipase (13). One-way ANOVA revealed that the lipase pro-
duction at varying nitrogen sources was found to be sta-
tistically significant (p<0.0001).

Lipase production by S. rubidaea was also influenced
by the concentration of casein in the medium. In the me-
dium with 18 to 36 g/L of casein (added at the interval

Lipase activity/(U/mL)

Protease Beef Urea
peptone extract

Skim milk  Casein
powder

Tryptone Yeast
(Control) extract

y(nitrogen source)=16 g/L

Fig. 1. Screening of nitrogen sources for lipase production
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of 2 g), maximum lipase production ((9.95+0.015) U/mL)
was registered at the concentration of 24 g/L. But at low
(18 to 22 g/L) and high (26 to 36 g/L) casein concen-
trations, the lipase production was lower ((6.98+0.06) to
(8.7040.031) U/mL and (7.76+0.02) to (5.42+0.011) U/mL,
respectively). The statistical analysis by one-way ANOVA
test revealed that the lipase production at various con-
centrations of casein was found to be statistically signi-
ficant (p<0.0001).

Effect of additional nitrogen source on the produc-
tion of lipase by S. rubidaea revealed that the basal me-
dium supplied with soytone gave its maximum produc-
tion ((9.40£0.02) U/mL). In consistence with the present
study, Kim et al. (10) reported that the lipase production
by Pseudomonas sp. S34 was maximum with two nitro-
gen sources, namely trypton and soytone, and the stu-
dies by Lima et al. (2) reported that lipase production by
Penicillium aurantiogriseum was high when using inorga-
nic nitrogen source, but a medium with two organic ni-
trogen sources displayed lipase production more or less
the same to that of the medium containing one organic
nitrogen source. In the present study, in addition to soy-
tone, medium supplied with skim milk or tryptone also
gave more or less similar production results (Fig. 2). The
statistical analysis by one-way ANOVA showed that the
influence of nitrogen sources on total lipase production
was statistically significant (p<0.0001).

N
o

Lipase activity/(U/mL)
o - N w e (4] o ~ © ©

Soytone  Yeast extract Skim milk Beef extract Protease
(Control) powder peptone

Tryptone Urea
y(nitrogen source)=3 g/L

Fig. 2. Screening of additional nitrogen sources for lipase pro-
duction in combination with casein

The effect of different concentrations of soytone on
lipase production showed a positive linear increase
((9.9£0.034) to (14.8£0.03) U/mL) with respect to the in-
crease in the concentration of soytone from 3.5 to 5.0 g/L
at 0.5 g interval. Further increase in the concentration of
soytone to 6.5 g/L resulted in decreased lipase produc-
tion ((12.2+0.011) U/mL). One-way ANOVA indicated that
the influence of various concentrations of soytone on the
lipase production was found to be statistically signifi-
cant (p<0.001).

Effect of carbon sources on lipase production

A range of different carbon sources, mainly carbo-
hydrates, were screened for their efficiency to support
lipase production by S. rubidaea at the fixed concentra-
tion of 2.5 g/L. On the basis of lipase activity, it was

concluded that the medium containing starch was more
suitable for maximum lipase ((15.60+£0.20) U/mL) pro-
duction than other carbon sources (Fig. 3). The influence
of different carbon sources on the production of lipase
was found to be statistically significant (p<0.0001) by the
one-way ANOVA. This result supports the earlier obser-
vations of lipase production by Pseudomonas fragi 2239B
(17) stimulated with polysaccharides and higher lipase
production by Bacillus circulans induced with starch (18).
The lipase production by Streptomyces sp. and P. fluores-
cens was increased when these organisms were cultured
in the medium containing soluble starch (18).

Lipase activity/(U/mL)

Glucose Sucrose Fructose Lactose Galactose Starch

(Control)
ycarbon source)=2.5 g/L

Fig. 3. Screening of carbon sources for lipase production

In the medium with added starch S. rubidaea lipase
production depended on its concentration. Among the
tested starch concentrations in the range from 3.0 to 6.5
g/L, at the interval of 0.5 g/L, the lipase production was
maximum ((17.46+0.20) U/mL) at 4.0 g/L. When low
(3.0 to 3.5 g/L) or high (4.5 to 6.5 g/L) concentrations of
starch were added, the lipase production was lower
((16.2£0.23) to (16.76£0.27) U/mL and (16.5£0.11) to
(14.6£0.02) U/mL, respectively). One-way ANOVA test
revealed that the influence of various concentrations of
starch on lipase production was found to be statistically
significant (p<0.0001).

Influence of lipid sources on lipase production

Lipid-induced lipase production by S. rubidaea was
confirmed by the addition of lipids to the culture me-
dium. Here, the lipase production in lipid-supplemented
medium gave better production than the control me-
dium. On the basis of the activity, the gingily oil was
found to be suitable for maximizing the lipase produc-
tion ((20.52+0.20) U/mL) by S. rubidaea (Fig. 4). This is
because triglycerides are important substrates for lipase
production as they can act as an inducer as well as an
inhibitor. In the present study, all the tested triglycerides
were found to induce the lipase synthesis with different
level of enzyme production. This study is in agreement
with the previous work on castor oil-induced lipase pro-
duction by Pseudomonas aeruginosa KKA-5 (19), sunflower
oil and olive oil-induced extracellular lipase production
by Yarrowia lipolytica (8) and vegetable oil-induced lipase
production by Candida rugosa (DSM 2031) (20). One-way
ANOVA showed that the influence of various lipid
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21

20

Lipase activity/(U/mL)

Medium Olive oil Cod liver oil

without oil
(Control)

Coconut oil  Gingily oil Tributyrin

¢(lipid sources)=5 mL/L

Fig. 4. Influence of various triglycerides on lipase production

sources on total lipase production was statistically sig-
nificant (p<0.05). Addition of gingily oil in the fraction
range of 5 to 25 mL/L at an interval of 5 mL/L indi-
cated that the lipase production was optimum ((23.15+
0.24) U/mL) in the medium containing 15 mL/L of gin-
gily oil. At low (5 mL/L) and high (25 mL/L) fractions
of gingily oil, the lipase production was reduced ((18+
0.05) and (19.98+0.15) U/mL). One-way ANOVA results
of lipase production at different fractions of gingily oil
were found to be statistically significant (p<0.0001).

Effect of surfactants on lipase production

The studies on the influence of surfactants on lipase
production revealed that maximum lipase production by
S. rubidaea was induced by Tween 20 ((27.10+0.01) U/mL),
followed by polyethylene glycol 300 ((26.00+0.06) U/mL).
Thus, all the tested surfactants showed positive influence
on lipase production compared to the control. Similarly,
the studies of lipase production by P. aeruginosa EF2 in-
dicated the positive influence of Tween 80 (21). The pro-
duction of lipase by Rhizophus oligosporus induced by
Tween 20 was reported by Johri et al. (22), while sur-
factant-induced lipase production by Yarrowia lipolytica
was studied by Dominguez et al. (§). From the present
study it is also evident that the lipase production by mi-
croorganisms could be induced by the addition of sur-
factants (Fig. 5). One-way ANOVA test for lipase pro-
duction showed that the use of different surfactants was
found to be statistically significant (p<0001). Addition of
surfactants to the medium also showed that the lipase

28
27 —

26 —
25

24

Lipase activity/(U/mL)

23

22

21

Medium Tween 20 Tween 80 Polyethylene  Triton X 100 Criton X 100
without glycol 300
surfactant

(Control) ¢(surfactant)=2 mL/L

Fig. 5. Influence of different surfactants on lipase production

production in S. rubidaea depended on their fraction.
Among the tested fractions of Tween 20 from 3.0 to 10.0
mL/L, at an interval of 1 mL/L, the lipase production
was maximum ((34.20+0.01) U/mL) in the medium with
6.0 mL/L. The lipase activity was low ((30.93+0.04) to
(32.66+0.03) U/mL and (30.46+0.045) to (33.53+0.013)
U/mL) in medium supplemented with 3.0 to 5.0 and 7.0
to 10.0 mL/L of Tween 20, respectively. One-way ANOVA
test showed that various concentrations of Tween 20
were statistically significant (p<0.001).

Partial purification of lipase

The results of partial purification of lipase indicated
that the enzyme activity was found to be 8-fold more
than the crude enzyme, and it was recorded that the
molecular mass of partially purified enzyme was 54 kDa
(Fig. 6). In consistence with this study, Matsumae and
Shibatani (16) found that the molecular mass of S.
marcescens SR418000 purified lipase was 62 kDa, while
that of S. grimesii lipase was 57 kDa (15). Abdou (6) also
reported that the molecular mass of purified lipase of S.
marcescens was 52 kDa. The observation of Arpigny and
Jaeger (23) inferred that the molecular mass of lipases
from P. fluorescens and S. marcescens was 50 and 65 kDa,
respectively.

Lane 1 Lane I1
205 000 ——=mmmm

97 400 —— R

66 000 — T

43000 — S WS

Molecular markers/Da

29 000 -——b
A

Density

0!\@;’(\ /\7& ¥ w:fht ik

111 #F m

Lane I - Marker

N/
40 R,' 60 80 10
i b

Lane II - Partially purified lipase

Density

0

Fig. 6. SDS-PAGE profile of partially purified lipase
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Conclusion

The present study revealed that extracellular lipase
production by S. rubidaea isolated from milk samples was
found to be accelerated at optimized culture conditions
such as medium pH, temperature and various substrate
concentrations. From the results, it could be concluded
that the medium pH of 8.0 and temperature of 40 °C
were optimum for maximizing lipase production by S.
rubidaea. The assessment of various substrates for opti-
mizing the production of lipase by S. rubidaea inferred
that the optimum substrate contained: casein 24 g/L,
soytone 5 g/L, starch 4 g/L, gingily oil 15 mL/L, Tween
20 6 mL/L. The lipase produced by S. rubidaea was par-
tially purified and the molecular mass of the purified
enzyme was 54 kDa. Therefore, S. rubidaea is a potential
strain for lipase production by utilizing some of the chea-
pest substrates.
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