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Abstract: A novel microorganism that was isolated from an olive mill waste sample was
screened for lipase production. This novel strain was identified and determined by 18S rDNA
analysis and it was detected that the strain was 92% Candida tropicalis in ratio. Optimization of
lipase production was carried out by the addition of nitrogen and carbohydrate sources into the
lipase production medium as well as the effect of pH and temperature parameters were studied
to increase the lipase production. Maximum growth conditions for the strain were detected at 4.0
pH medium and 30°C growth temperature. The effect of various nitrogen sources on lipase
production showed that ammonium sulfate increased lipase production whereas urea, peptone
and casein did not show a distinct effect. In addition presence of various sugars in the lipase
production medium did not increase the lipase production efficiently although some oils did. The
highest lipase activity was determined as 10.67 U/ml, with the addition of 1% ammonium sulfate
and 1% olive oil into the production medium.
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Zeytin Degirmeni Atiklarindan Yeni izole Edilen Bir Maya Candida
tropicalis; Lipaz Uretimi Igin Besiyeri Kompozisyonun Optimizasyonu

Oz: Bu galismada bir zeytin degirmeni atik 6rneginden yeni izole edilen bir mikroorganizma
lipaz Uretimi igin taranmistir. Bu yeni sug 18S rDNA analizi ile tanimlanmis ve susun %92
oraninda Candida tropicalis (yuvarlakmaya) oldugu tespit edilmistir. Lipaz Uretim ortamina azot
ve karbonhidrat kaynaklari ilave edilerek lipaz tretiminin optimizasyonu gergeklestiriimis, ayrica
lipaz Udretimini artirmak igin pH ve sicaklik parametrelerinin etkisi incelenmistir. Sus igin
maksimum buyime kosullari 4.0 pH ortaminda ve 30°C blyime sicakliginda tespit edilmistir.
Cesitli azot kaynaklarinin lipaz dretimi Uzerindeki etkisi arastirildiginda, amonyum sulfatin lipaz
dretimini arttirdiini, Ure, pepton ve kazeinin ise belirgin bir etki gdstermedigini saptanmistir.
Birtakim yaglarin artirmasina ragmen lipaz Uretim ortaminda gesitli sekerlerin bulunmasi lipaz
dretimini verimli bir sekilde artirmamistir. En yiksek lipaz aktivitesi, Gretim ortamina %1 amonyum
sulfat ve %1 zeytinyagdi ilavesiyle 10.67 U/ml olarak belirlenmistir.

Anahtar kelimeler: Candida tropicalis, Lipaz Gretimi, Optimizasyon

Introduction

According to Markets and Markets report on the
industrial enzymes market, published in October 2016,
the industrial enzymes market was estimated to be valued
at USD 4.61 Billion in 2016, and the global industrial
enzymes market is projected to reach USD 6.30 Billion by
2022 in terms of value, at a CAGR of 5.8% from 2017.

This huge market size led researchers to show interest in
the production of enzymes. Lipases (E.C. 3.1.1.3) are
placed only after proteases and carbohydrases in the
world enzyme market and share about 5% of it by the year
2006 (Vakhlu and Kour, 2006) and it still keeps it's leading
place in 2017. These enzymes can be defined as
carboxylesterases that catalyze the hydrolysis of long-
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chain acylglycerols to glycerol, free fatty acids, and mono-
and diglycerides (Aehle, 2007). Therefore they also can
be named triacylglycerol acyl hydrolases. The hydrolysis
of fats occurs at the water/lipid interface in aqueous
media, while in non-aqueous media, the biochemical
reactions driven by lipases include hydrolysis,
interesterification, alcoholysis, acidolysis and
esterification (Yu et al, 2016). Lipases also catalyze
aminolysis in addition to the hydrolytic activity on
triglycerides (Joseph et al, 2008). They hydrolyze esters
preferentially at the interface between lipid and water in
heterogeneous systems (Corzo and Revah, 1999).
Furthermore, lipases have chemo-, region- and stereo-
selective properties, which make lipases one of the most
desirable enzymes for many industries (Haki and Rakshit,
2003). One of the most important classes of industrial
enzymes are lipases (Babu and Rao, 2007) and they find
immense applications in food, dairy, detergent and
pharmaceutical industries. Novel biotechnological
applications have been successfully established using
lipases for the synthesis of biopolymers and biodiesel, the
production of enantiopure pharmaceuticals, agro-
chemicals, and flavour compounds (Jaeger and Eggert,
2002)).

Lipases are by and large produced from microbes
(Gupta et al, 2004) According to a report by Business
Communications Company, Inc. in 2007, lipases are
forecasted as the fastest growing class of enzyme (Gupta
et al, 2015). Since lipases are physiologically necessary
for living organisms, they are ubiquitous and can be found
in diverse sources, such as plants, animals and
microorganisms (Rahman et al, 2006). More abundantly,
however, they are found in bacteria, fungi and yeasts
(Haki and Rakshit, 2003). The major sources include
microbial lipases; among these yeast and fungal lipases
are of special interest because they can carry out various
stereoselective reactions. These lipases are highly
diverse and are categorized into three classes based on
oxyanion hole: GX, GGGX and Y. The detailed
phylogenetic analysis showed that the GX family is more
diverse than GGGX and Y families (Gupta et al, 2015).
Microbial lipases have a great potential for commercial
applications due to their stability, selectivity and broad
substrate specificity because many unnatural acids,
alcohols or amines can be used as substrates. There are
also a certain number of lipases produced by yeasts,
most of them belonging to the Candida genus, that have
been used for the biotechnological purpose (Cardenas et
al, 2001).

This work was undertaken to optimize lipase
production by a novel yeast, Candida tropicalis (Sesli et
al, 2020). For this purpose soil samples were collected
from olive mill wastes and various microorganisms were
isolated. A yeast which was then identified as Candida
tropicalis by 18S rDNA analysis, showed the highest
lipase activity and was selected for the optimization of
lipase production. The pH optima of lipase production
medium as well as optimum temperature and stirring
speed, were studied. However effect of different carbon
and nitrogen sources was also detected to increase lipase
production

Material and Method

Isolation and Identification: Soil samples were
collected into sterilized plastic bags, from an olive mill in
Tarsus/Mersin regio. Under sterilized conditions 1 g of soil
sample was washed with 10 ml of 0.9% NacCl solution. 1
ml of the mixed solution inoculated on modified Yeast
Medium Agar plates and incubated at 30°C for 72 hours.
Novel yeasts were isolated by streak-plate technique and
then assayed for lipolytic activity. A strain showed the
highest activity was selected. Besides biochemical and
morphological tests, the novel strain then was identified
by 18S rDNA phylogenetic analysis. Catalase, amilase
and urease activities were examined. Also nitrate
reduction of the strain were tested. Colony morphology
and microscopy studies were studied.

Medium and Incubation: 1 ml of novel Candida
tropicalis liquid sample was inoculated in lipase
production medium (Hatzinikolaou et al, 1996). The lipase
medium composition was (g/l): 12 NaH2PO4, 2 KH2POa,
0.3 MgS04.7H20, 0.25 CaClz, 0.005 FeS0O4.7H20, 0.015
MnS04.7H20, 0.03 ZnS04.7H20, 1 peptone “as initial
nitrogen source and displaced by other nitrogen sources
during optimization”. Medium pH was adjusted to 4.5 and
after sterilization 1% olive oil (v/v) was added. Incubation
was carried out at 30°C, 100 rpm for 72 hours in a rotary
incubator.

Optimization of Lipase Production: Lipase
production medium, as described above, was prepared
for the optimization. Primarily initial pH was adjusted
between 3-9 and optimum pH range was detected.
Afterwards optimum temperature range was detected
between 10-40°C. Also stirring speed of the incubator
between 100-250 rpm with 50 rpm intervals was carried
out.

Carbon and nitrogen sources affecting growth and
lipase production in Candida tropicalis were studied.
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Various carbohydrates (with and without 1% olive oil)
were added to the production medium individually. As
carbon sources, also 1% olive oil, extra virgin olive oil,
sunflower oil, corn oil, soybean oil and canola oil were
added to the medium separately. For detection of nitrogen
sources; 1% protease peptone, peptone, yeast extract,
casein, urea, ammonium oxalate, ammonium nitrate,
ammonium carbonate and ammonium sulfate were added
with and without 1% olive oil. The results of the
experiments were determined and computed.

Preparation of Crude Lipase: After incubation the
culture media was filtered by Whatman No:1 filter paper
and then centrifuged at 7200 rpm for 10 minutes to obtain
the cell-free supernatant (CFS). The lipase activity was
carried out from the CFS. Biomass was determined by
dry weight at 30°C for 48 hours and was expressed as ¢
of cell dry weight per 100ml.

Lipase Assay: CFS was used as an enzyme
source for lipase assay. 1 ml of olive oil, 1 ml of enzyme
source, 4.5 ml of 50mM asetate buffer (pH 5.6), 0.5 ml of
0.1M CacClx were strirred gently and incubated at 30°C,
200 rpm for 30 minutes. The reaction was stopped by
adding 20 ml of ethyl alcohol. Lipase activity was
determined by titration of the released fatty acids with 50
mM potassium hydroxide “up to final pH=10.5"
(Kamzolova et al. 2005; Sugihara et al. 1991). One unit of
lipase activity was defined as the amount of enzyme that
catalysed the release of 1 ymol of fatty acids per minute
at 30°C under assay conditions.

Results

Soil samples were collected from an olive mill in
Tarsus/Mersin regio and besides bacteria four isolated
yeasts were assayed for lipolytic activity. A novel yeast
strain that showed the highest activity was selected for
future experiments. After biochemical and morphological
tests carried out, 18S rDNA phylogenetic analysis was
applied and the novel strain was identified as Candida
tropicalis in 92% ratio [Fig. 1].

For detection of the biochemical properties of
Candida tropicalis catalase activity was determined and
was found that it was catalase positive. Also biochemical
tests showed that nitrate reduction of the strain was
negative, it's amilase activity was negative and urease
activity was positive.

Colony morphology of the strain were also
determined as S type colony. The strain was dyed by
methylene blue. At microscopy examination no
pseudohyphae or hyphae were detected. 18 RNA
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analysis and identification was carried out by a private
biotechnology company located in Ankara.

Sample

Candida

00005

Figure 1. Identification of novel yeast strain by 18S rDNA

analysis.

The strain’s optimum pH range of growth was 3-7
and maximum was 4. The optimum pH range on lipase
production was 3-5 and maximum were at 4 [Fig. 2].
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Figure 2. Effect of pH on growth and lipase production
by Candida tropicalis.

The growth temperature was also detected and
maximum growth and lipase production was determined

at 30°C [Fig. 3.
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Figure 3. Effect of temperature on growth and lipase
production by Candida tropicalis.

Stirring speeds between 100-250 rpm were studied
for growth and lipase production. It showed that maximum
growth and lipase production were detected at 100 rpm
stirring speed [Fig. 4].
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Figure 4. Effect of stirring speed on growth and lipase
production by Candida tropicalis.

The addition of carbon and nitrogen sources into
the lipase production medium showed that carbohydrates
used as carbon sources did not give a significant effect
on lipase production, however, with olive oil growth
increased significantly [Fig. 5 and Fig. 6].
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Figure 5. Effect of carbohydrates without olive oil on
growth and lipase production by Candida tropicalis.
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Figure 6. Effect of carbohydrates with olive oil on growth
and lipase production by Candida tropicalis.

Furthermore effect of oils was determined. It was
obvious that oils increased lipase production and growth
according to carbohydrate additives. Maximum lipase
activity was detected in extra virgin olive oil, corn oil,
soybean oil and canola oil as 5.17 U/ml (Fig. 7).
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Figure 7. Effect of oils on growth and lipase production
by Candida tropicalis.

Although carbon sources did not affect lipase
production as expected, the addition of nitrogen sources
did. Ammonium sulfate increased lipase production more
than other nitrogen and carbon sources, with olive olil
lipase production was determined as 10.67 U/ml although
without olive oil it was 10.33 U/ml [Fig. 8 and Fig. 9].
Ammonium oxalate and ammonium nitrate also showed a
distinct effect on lipase production.
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Figure 8. Effect of nitrogen sources with olive oil on
growth and lipase production by Candida tropicalis.
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Figure 9. Effect of nitrogen sources without olive oil on
growth and lipase production by Candida tropicalis.

Discussions

Only about 2% of the world’s microorganisms have
been tested as enzyme sources (Hasan, 2006).
Companies of the enzyme industry continue searching for
economical sources of high activity lipases also with
simple growth and lipase producing conditions. New
lipases from microbial sources have been reported
sporadically. The need for novel lipases is obvious, but
little effort has been made for conducting a large-scale
systematic screening for new lipases (Hou, 1997).
Candida sp. is the most potential lipase producer from

yeasts reported in the literature (Treichel, 2010).
According to Vakhlu and Kour (2006), the main terrestrial
species of yeasts that were found to produce lipases are:
Candida tropicalis, C. rugosa, C. antarctica, Candida
deformans and Yarrowia lipolytica, et al.

Microbial lipases are mostly extracellular and their
production is greatly influenced by medium composition
besides physicochemical factors (Treichel, 2010).
Therefore many researchers aimed to change the
composition of the medium by addition of different carbon
and nitrogen sources and changing physicochemical
factors such as temperature, pH, and dissolved oxygen
(Rajendrean and Thangavelu, 2007; Treichel, 2010). The
major factor for the expression of lipase activity has
always been reported as the carbon source, since lipases
are inducible enzymes. These enzymes are generally
produced in the presence of a lipid such as oil or any other
inducer (Sharma et al, 2001; Gupta et al, 2004; Treichel,
2010). However, nitrogen sources and essential
micronutrients should also be carefully considered for
growth and production optimization (Treichel, 2010).

Different carbon sources affecting growth and
lipase production in Candida rugosa were studied on a
defined medium (Dalmau et al, 2000). And carbohydrates
and acids non-related to fats did not induce lipase
production. A present study was therefore undertaken to
investigate the effect of different growth media (with and
without olive oil) supplemented with various nitrogen
(yeast extract, tryptone and proteose-peptone) and
carbon sources (glucose and fructose) on lipase
production by C. rugosa (Fadiloglu and Erkmen, 2002). In
this study high yields of the enzyme were obtained with
yeast extract and proteose-peptone in the medium with
olive oil.

The initial pH of the growth medium and
temperature are important for lipase production therefore
culture pH and growth temperature should be assayed for
lipase production optima. Researchers studied the
optimization of lipase production generally adjusted
culture pH between 3-11 and growth temperature
between 10-70°C. Stirring speed is as important as
carbon and nitrogen sources, the culture pH and growth
temperature. Alonso et al, (2005), studied lipase
production by a Brazilian wild strain of Yarrowia lipolytica
(formerly Candida lipolytica) at different stirring speeds
and air flow rates and maximum lipase activity was
detected in the late stationary phase at 200 rpm.

In this study a novel yeast isolated from olive mill
soil was identified as Candida tropicalis by 18S rDNA
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analysis. Optimization of lipase production assayed by
carbon and nitrogen sources, culture pH, growth
temperature and stirring speed conditions. According to
the results obtained, the lipase production medium was

Nisan(2022)13(1)8/14

MnS04.7H20, 0.03 ZnS04.7H20 and %1 ammonium

sulfate, initial pH adjusted to 4.5, and after sterilization 1%
olive oil (v/v) added. Maximum lipase production assayed
at 30°C growth temperature, 100 rpm stirring speed at 72

modified as (g/l): 12 NaH2PO4, 2 KH2PO4, 0.3
MgS04.7H20, 0.25 CaClz, 0.005 FeS04.7H20, 0.015

hours incubation.

References

Aehle, W. (2007). Chapter 5, Industrial Enzymes. In: Aehle W (ed) Enzymes in Industry Production and Applications, 3rd
Completely Revised edn. WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. pp13.

Alonso, FOM., Oliveira, EBL., Dellamora-Ortiz, GM. and Pereira-Meirelles, FV. (2005). Improvement of Lipase Production
at Different Stirring Speeds and Oxgen Levels. Braz. J. Chem. Eng. 22 (01):9-18.

Babu, IS. and Rao, GH. (2007). Lipase Production by Yarrowia lipolytica NCIM 3589 in Solid State Fermentation Using
Mixed Substrate. Res. J. Microbiol. 2 (5):469-474.

Cardenas, F., Alvarez, E., Castro-Alvarez, MS., Sanchez-Montero, JM., Valmaseda, M., Elson, SW. and Sinisterra, JV.
(2001). Screening and catalytic activity in organic synthesis of novel fungal and yeast lipases. J. Mol. Catal. B-Enzym.
14:111-123.

Corzo, G. and Revah, S. (1999). Production and characteristics of the lipase from Yarrowia lipolytica 681. Bioresource
Technol. 70:173-180.

Dalmau, E., Montesinosa, JL., Lottib, M. and Casasa, C. (2000). Effect of different carbon sources on lipase production by
Candida rugosa. Enzyme Microb. Tech. 26:657-663.

Gupta, R., Gupta, N. and Rathi, P. (2004). Bacterial lipases: an overview of production, purification and biochemical
properties. Appl. Microbiol. Biot. 64:763-81.

Gupta, R., Kumari, A., Syal, P. and Singh, Y. (2015). Molecular and functional diversity of yeast and fungal lipases: Their
role in biotechnology and cellular physiology. Prog. Lipid Res. 57:40-54.

Fadiloglu, S. and Erkmen, O. (2002). Effects of Carbon and Nitrogen Sources on Lipase Production by Candida rugosa.
Turkish J. Eng. Env. Sci. 26:249-254.

Haki, GD. and Rakshit, SK. (2003). Developments in industrially important thermostable enzymes: a review. Bioresour.
Technol. 89:17-34.

Hasan, F., Shah, AA. and Hameed, A. (2006). Industrial applications of microbial lipases, Enzyme Microb. Technol. 39
(2):235-251.

Hatzinikolaou, D., Macris, JB., Christakopoulos, P., Kekos, D., Kolisis, FN. and Fountoukidis, G. (1996). Production and
Partial Characterization of Extracellular Lipase from Aspergillus niger. Biotechnol. Lett. 18:547-552.

Hou, CT. (1997). Characterization of New Yeast Lipases. J. Am. Oil Chem. Soc. 74 (11):1391-1394.

Jaeger, KE. and Eggert T. (2002). Lipases for biotechnology. Curr. Opin. Biotech. 13:390-397.

Joseph, B., Ramteke, PW. and Thomas, G. (2008). Cold active microbial lipases: some hot issues and recent
developments. Biotechnol. Adv. 26:457-470.

Kamzolova, SV., Morgunov, IG., Aurich, A., Perevoznikova, OA., Shishkanova, NV., Stottmeister, U., and Finogenova, TV.
(2005). Lipase Secretion and Citric Acid Production in Yarrowia lipolytica Yeast Grown on Animal and Vegetable Fat.
Food Technol. Biotechnol. 43 (2):113-122.

Rahman, RNZRA., Salleh, AB. and Basri, M. (2006). Chapter 1, Lipases: Introduction. In: Salleh A.B. et al. (ed) New Lipases
and Proteases, Nova Science Publishers, Inc. ppl3.

Rajendran, A. and Thangavelu, V. (2007). Optimization of medium composition for lipase production by Candida rugosa
NCIM 3462 using response surface methodology. Can. J. Microbiol. 53:643-655.

Sesli, E., Asan, A., Selcuk, F. (eds), Abaci Ginyar, O., Akata, |., Akgll, H., Aktas, S., Alkan, S., Alli, H., Aydogdu, H.,
Berikten, D., Demirel, K., Demirel, R., Dogan, H.H., Erdogdu, M., Ergil, C.C., Eroglu, G., Giray, G., Haliki Uztan, A.,
Kabaktepe, S., Kadaifciler, D., Kalyoncu, F., Karalti, i., Kasik, G., Kaya, A., Keles, A., Kirbag, S., Kivang, M., Ocak,
i., Okten, S., Ozkale, E., Oztiirk, C., Sevindik, M., Sen, B., Sen, i., Tirkekul, i., Ulukapi, M., Uzun, Ya., Uzun, Yu.
Yoltas, A. (2020). Tiirkiye Mantarlari Listesi. Ali Nihat G6kyigit Vakfi Yayini. istanbul. Page 157.

Sharma, R., Chisti, Y. and Banerjee, UC. (2001). Production, purification, characterization, and applications of lipases.
Biotechnol. Adv. 19:627—662.

Sugihara, A, Tani, T. and Tominaga, Y. (1991). Purification and characterization of a novel thermostable lipase from Bacillus
sp., J. Biochem. 109:211-216.

13



MANTAR DERGISI/The Journal of Fungus Nisan(2022)13(1)8/14

Food and Bioprocess Technology. 3:182-196.

Vakhlu, J. and Kour, A. (2006). Yeast lipases: enzyme purification, biochemical properties and gene cloning. Electron. J.
Biotechnol. 9 (1):69-85.

Yu, XW., Xua Y. and Xiao, R. (2016). Lipases from the genus Rhizopus: Characteristics, expression, protein engineering
and application. Prog. Lipid Res. 64:57-68.

14



