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ABSTRACT
Purpose: To produce an organic solvent tolerant extracellular lipase from a traditional yo-
ghurt Saccharomyces cerevisiae isolate and to characterize this enzyme activity.
Material and Methods: A traditional yoghurt sample collected from a farm (Sivas-Turkey) 
was diluted and mixed with de Man, Rogosa and Sharp Medium (MRS) and poured into Petri 
dishes. One hundred colonies were selected and transferred onto MRS agar plates including 
Tween 80 as a lipase substrate. Only four colonies with lipase activity were incubated in 
MRS broth for 3 days at 37 oC and the extracellular proteins were precipitated with ethanol 
(95%v/v) from the supernatant. The precipitate with the highest lipase activity was selected 
for further analysis.
Results: The optimum pH and temperature were 7.0 and 37 oC, respectively. While (1 mM) 
Mn2+ caused a slight increase (~8%) Hg2+ or Zn2+ caused a substantial activity loss (~70%). 
Organic solvents (5%chloroform or n-butanol, v/v) increased activity ~2.5 fold. Five per-
cent SDS or Triton X-100 increased activity by 8%and 14%, respectively. The enzyme 
could hydrolyse hydroxyethyl methacrylate (HEMA) and 2,3-epoxy propyl methacrylate 
(GMA),retained ~83%of its activity after 1 hour at 37 oC, lost no activity when stored at pH 
7.0 and at 4 degree C for 60 days.
Conclusion: The properties of the extracellular yeast lipase was investigated using a number 
of physiological parameters. The results obtained indicated that it was an organic solvent- and 
detergent tolerant enzyme having the optimum activity at mild reaction conditions.
Key Words: Detergent tolerance, lipase activity, organic solvent tolerance, traditional yo-
ghurt, yeast lipase.
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ÖZET
Amaç: Geleneksel yoğurt Saccharomyces cerevisiae izolatından organik çözücü tolerant 
ekstraselüler lipazının üretimi ve enzimatik özelliklerinin araştırılması.
Gereç ve Yöntemler: Divriği (Sivas-Türkiye) yöresinden elde edilen çiftlik yapımı yoğurt 
örneği de Man, Rogosa and Sharp (MRS) agarında seyreltilerek (%10) petri kaplarına dökül-
dü. Yaklaşık yüz koloni secilerek Tween 80 içeren MRS agar plakalara ekildi.. Lipaz aktivi-
tesi gösteren dört koloni MRS besiyerinde 3 gün 37 oC’de çoğaltıldı ve ekstraselüler protein-
ler süpernatandan etanol ile çöktürülerek alındı. En yüksek lipase aktivitesi gösteren protein 
ile enzim aktivite özelliklerinin araştırılmasına devam edildi.
Bulgular: Eksraselüler enzimin optimum pH ve sıcaklığı sırasıyla 7.0 ve 37 oC’dir. Mn+2 iyo-
nu enzmi aktivitesini artırırken (%8), Zn+2 and Hg+2 iyonları aktiviteyi azaltmaktadır (~%70). 
%5 kloroform ve n-butanol varlığında enzim aktivitesinde ~2.5 kat artış gözlendi. Enzim 
aynı zamanda SDS (%108 relativ aktivite) ve Triton X-100 (%114 relativ aktivite) gibi deter-
janlarda kararlılığını korudu. Enzim, hidroksietil metakrilat (HEMA) ve 2,3-epoksi propil 
metakrilatı (GMA) da substrat olarak kullandı. Enzim bir saat süreyle, 37 oC’de bekletildi-
ğinde, aktivitesini %83’ün üzerinde koruduğu gözlendi. Enzim pH 7.0 fosfat tamponunda 60 
gün boyunca aktivitesini kaybetmeden buzdolabında saklanabildi.
Sonuç: Eksrtraselüler maya lipazının özellikleri farklı fizyolojik parametreler kullanılarak 
incelendi. Elde edilen bulgulara göre bu enzim ılımlı tepkime koşullarında çalışan organik 
çözücü ve deterjan tolerant enzimdir.
Anahtar Kelimeler: Deterjan tolerant, geleneksel yoğurt, lipaz aktivitesi, organik solvent 
tolerans, maya lipazı.
Çıkar çatışması: Yazarlarların çıkar çatışması bulunmamaktadır.
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Introduction
Lipases (EC.3.1.1.3) hydrolyze triglycerides into free 
fatty acids and glycerol moieties in aqueous environ-
ments. They are water soluble but catalyze lipophilic 
substrates at a water-lipid interface. [1,2]. They also ca-
talyse acidolysis, alcoholysis, aminolysis and esterifica-
tion [3].
Lipases are produced by organisms ranging from micro-
bes to animals. Microbial lipases are produced by bac-
teria and fungi and secreted extracellularly. Yeasts are 
a traditional source because of their relatively simpler 
growth conditions [4-6]. S. cerevisiae is a versatile or-
ganism in making fermentation products such as dairy 
products, bread, beer and wine, and can also be used as 
a probiotic. [7, 8].
Microbial lipases have been used in detergent [9,10] and 
fat and oil industries [11], in production of flavouring 
agents [12], in biomedical and pharmaceutical industri-
es [13-16] and as biosensors [17].
Enzymatic modification or synthesis of organic molecu-
les is often performed by lipases in mono-, bi- or poly-
phasic or non-aqueous environments. [18-21]. The pre-
sence of lipases, both extra- and intracellular, in S. cere-
visiae have been demonstrated by others [22, 23]. Hove-
wer in these studies the properties of the enzymes have 
not been characterized. We have used a crude fungal li-
pase secreted by a strain of S. cerevisiae isolated from 
an traditional yoghurt source, to determine its several 
substrates, pH and temperature optima, and the effect of 
several metals, and water miscible and immiscible orga-
nic solvents.

Materials and Methods
A traditional yoghurt sample obtained from a farm, pro-
duced for sale, was collected in a sterile glass container, 
at 4 oC, from the district of Divrigi, Sivas-Turkey. All 
chemicals used in MRS agar and culture media, were 
obtained from Merck AG (Darmstadt, Germany), and 
for activity studies from Sigma (St. Louis, MO, USA). 
Buffer and sample solutions were prefiltered through a 
0.2 µm membrane (Whatman, Dassel, Germany). Water 
was purified using a Barnstead (Dubuque, IA) ROpure 
LP® reverse osmosis unit.

Isolation and screening of lipase producing 
Yeast
Ten milliliters of yoghurt were diluted asceptically in 90 
mL sterile peptone solution. Dilutions, up to 10-10, were 
then prepared, and 1 mL aliquots of 10-5-10-7 dilutions 
were mixed with 9 mL MRS agar and poured on pla-
tes that contained 1%peptone, 1%meat extract, 0.5 %ye-
ast extract, 2%glucose, 0.2%K2HPO4, 0.5%sodium ace-
tate, 0.2%triammonium citrate, 0.02%MgSO4.7H2O, 
0.005%MnSO4.4H2O, (pH 6.3). Colonies were grown at 
37ºC for 3 days in Petri dishes. One hundred 100 colo-
nies that differed in colour and size, were obtained and 

transferred onto MRS agar plates supplemented with 
1%Tween 80. The only four of the colonies surrounded 
by clear zones displayed fluffy and smooth morphology 
(with the naked eye), cream to light brown in colour, 
very similar to those of S. cerevisiae [24] were selected.

Extracellular lipase production
Each of the four colonies was inoculated into 250 mL 
MRS medium containing 1%Tween 80 and incubated 
at 37 oC overnight. Each culture was centrifuged for 15 
min at 5,000 xg at 4oC, the supernatant was mixed with 
two volumes of 95%ethanol and the proteins were pre-
cipitated at -20 oC overnight. The precipitates were then 
air-dried and stored at -20 oC. Protein concentration was 
estimated from its absorbance at 280 nm in a UV/vis 
spectrophotometer (Optima, Tokyo, Japan) and calcula-
ted from a bovine serum albumin calibration curve.

Lipase activity
Lipase activity was measured using a modified version 
of the method described in [25]. Briefly, 250 mg olive oil 
were emulsified in 250 mg gum arabic (just these two 
chemical) in an ultrasonic water bath (Bandelin Sonorex 
Digitec, Germany). The emulsified substrate was then 
transferred into a test tube containing 5mL phosphate 
buffer (pH 7.0, 50 mM), and kept in a shaking water bath 
for 15 min at 37 oC. Then, 100 ml protein solution pH 7.0 
phosphate buffer (1.0 mg/mL), was added and incubati-
on continued for a further 15 min and the reaction ter-
minated by adding 10 mL ethanol (95%). The fatty acids 
produced was determined by titration with 0.05 N NaOH 
and phenolphthalein as indicator. As a control, a sample 
without enzyme was treated in the same way. One unit 
of lipase activity was taken as one micromole of free 
fatty acid per minute per mg of protein. The protein pre-
cipitate yielding the highest lipase activity was used for 
the determining of lipase properties.

Effect of pH on lipase activity
Lipase activity was determined at pH from 3.0 to 10.0, at 
37 oC, using as buffers: 50 mM acetate (pH 3.0-5.0), 50 
mM phosphate (pH 6.0-8.0), and 50 mM carbonate buf-
fer (pH 9.0-10).

Effect of temperature on lipase activity
Lipase activity was measured in 10 degree intervals at 
from 5 to 85 oC in 50 mM phosphate buffer (pH 7.0) and 
recorded as a percentage the highest value at each tem-
perature [26].

Activity on different substrates
Enzyme activity was determined using olive oil, tributy-
rin, sunflower oil, Tween 20, Tween 40 or Tween 80 as 
substrates, after incubation at 37 oC for 5, 10, 15, 25, 45, 
and 60 min.

Kinetic studies
For the kinetic studies, activity of 100 ml protein solution 
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in pH 7.0 phosphate buffer (1.0 mg/mL) on 5 mL emul-
sion of olive oil concentration (from 10 to 100 mg/mL) 
was determined.

Effect of organic solvents detergents and me-
tals
Activity was measured in presence of methanol, etha-
nol, acetone, toluene, benzene, ethyl acetate, 2,3-epoxy-
propyl methacrylate, hydroxymethyl methacrylate, 
n-butanol, chloroform, sodium dodecyl sulfate (SDS) or 
Triton X-100, each at 5%final concentration (v/v).
Activity was also measured in presence of of NaCl, KCl, 
ZnSO4, CaCl2, MgCl2, FeCl3, HgCl2, or MnCl2 (1mM fi-
nal concentration) at 37 oC and in aqueous media.

Shelf-life
Precipitate dissolved in 50 mM phosphate buffer (pH 
7.0) was stored at 4 o C and its activity was measured af-
ter 5, 15, 30, 45 or 60 days.

Thermal stability
100 ml protein solution (1.0 mg/mL) was prepared in 50 
mM pH 7.0 phosphate buffer and incubated for 1 h at 37, 
45, 55, 65 or 75 oC. Aliquots were taken at 10 min inter-
vals and the activity determined.

Results and Discussion

Effect of pH and Temperature
The optimum pH and temperature for lipase activity 
were 7.0 (in phosphate buffer) and 37.0 oC respectively 
(Fig.1 and 2). Phosphate buffer was chosen since it sta-
bilizes free fatty acid molecules [27] and most yeast li-
pases such as Candida rugosa function best under mild 
pH conditions [28]. The activity was totally inactivated 
by acetate buffer, pH 3-4 (Fig. 1). The specific activity 
was 120 U/mg with olive oil as substrate, in phosphate 
buffer at pH 7.0 and at 37 oC (The other three precipates 
showed activity as 60 U/mg, 65 U/mg, and 80 U/mg un-
der the same experimental conditions).

Effect of Metal Salts
Contrary to the findings of others [29, 30], only Mn++ inc-
reased the lipase activity, by ~8%(Fig.3). Mg++ decreased 
activity by ~50 %(Fig.3). Bacillus sp. RN2 was also dec-
reased activity in the presence of 1 mM Mg++ [31]. This 
could be due interaction of Mg++ with free fatty acids and 
formation of insoluble salts. Na+ and K+ each caused a 
~20%decrease (Fig. 3). The highest inhibitory effect ~70%, 
Hg++ and Zn++ each inhibited by ~70%. These dramatic 
decreases may result from changes in the native structure 
of the lipase possibly by destruction of its SH-bonds. [35].

Effect of Organic Solvents
The effect of several organic solvents is summarized in 
Fig. 4. The highest activity (Fig. 4) was found with the 
n-butanol or chloroform (~250%), and toluene (~150%) 

while ethanol (~50%), acetone (~100%), and benzene 
(~86%) produced much increased activity by ~50%,! 
100%and ~86%, respectively.. It has been hypothesi-
zed that, solvent-tolerant lipolytic enzyme secreted by 
organic solvent-tolerant Pseudomonas aeruginosa LST-
03 are stable in presence of organic solvents [33]. The 
maximum relative activity, ~260%was with 2-3 epoxy-
propyl methacrylates (GMA). Hydroxymethyl methacr-
ylate (HEMA) also increased activity ~170%
The detergents, SDS and Triton X -100 increased acti-
vity, ~8%, and ~14%, respectively. Yeast lipases from 
Kurtzmanomyces sp. I-11 active in presence of benzene, 
diethylether, and detergents such as SDS, have been re-
ported [34].

Substrate hydrolysis
While we used olive oil for the measurement of specific 
activity the enzyme’s highest activity was on Tween 80. 
The long chain length makes this molecule more hydrop-
hobic thus increasing the surface area for the catalytic 
activity. Similar findings have been reported for Fusari-
um oxysporum f. sp. vasinfectum lipase [35].
Sunflower oil and Tween 40 had the same relative acti-
vity (85%), as did olive oil and tributyrin and Tween 20 
(72%). These results confirm the effect of fatty acid cha-
in length on the activity [21].

Incubation Period
With olive oil the reaction rate reached a maximum at 
15 min.

Kinetic studies
The enzyme did not follow Michaelis-Menten kine-
tics. This could result from the substrates being water-
insoluble and requiring the enzyme to function at the 
interface of the biphasic reaction system. This also de-
monstrates that the enzyme was a lipase and not an es-
terase [1, 36].

Shelf-life
No loss of activity was noted over 60 days at pH 7.0 
and 4oC (Fig.5). Similar results have also been reported 
for the shelf life of thermophilic Bacillus sp. DH4 lipa-
se [37]. Sequential freezing and thawing of the enzyme 
two times per days during 20 days did not cause detec-
table deterioration in activity (data not shown).

Thermal stability
Activity was inversely propotional to the temperature 
i.e., 83%was retained at 37oC, and 10%at 75 oC (Fig.6). 
Thus the enzyme was not thermostable and similar fin-
dings have also be found for Aspergillus niger, Serra-
tia marcescens and Bacillus cereus lipases [30, 38, 39].
We conclude that our crude extracellular yeast lipase has 
the optimum activity at mild reaction conditions and has 
the potential to be useful in organic solvents and deter-
gents
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Figure 1. Effect of pH on lipase activity in 50 mM acetate, pH 3.0-
5.0; 50 mM phosphate, pH 6.0-8.0; and 50 mM carbonate buffer, pH 
9.0-10.0.

Figure 3. Effect of metals (1 mM) on lipase activity.

Figure 5. Storage stability of lipase at 4oC. Figure 6. Thermal stability of lipase (at 37, 45, 55, 65, and 75 oC).

Figure 4. Effect of organic solvents (5%v/v) and detergents (5%v/v) 
on lipase activity. (GMA: 2,3-epoxypropyl methacrylate, HEMA: 
hydroxymethyl methacrylate).

Figure 2. Effect of temperature on lipase activity at 5-85 oC, with 10 
oC increments,for 30 min in 50 mM phosphate buffer, pH 7.0



Turk J Biochem, 2012; 37 (1) ; 62–67. Akkaya et al66

biotechnological applications of lipases. Annu Rev Microbiol. 
53:315-351.

[14]  Lee WH, Kim KJ, Kim MG, Lee SB. (1995) Enzymatic resoluti-
on of racemic ibuprofen esters: effect of organic cosolvents and 
temperature. J Ferment Bioeng. 80:613-615.

[15]  Tsai SW, Liu BY, Chang CS. (1996) Enhancement of (S) 
-Naproxen ester productivity from racemic Naproxen by lipase 
in organic solvents. J Chem Technol Biotechnol. 65:156-162.

[16]  Chang CS, Tsai SW. (1997) A facile enzymatic process 
for the preparation of (s) -naproxen ester prodrug in organic sol-
vents. Enz Microb Technol. 20:635-639.

[17]  Kartal F, Kılınç A, Timur S. (2007) Lipase biosensors 
for tributyrin and pesticide detection. Int J Environ An Ch. 87 
(10):715-722.

[18]  Akanbi TO, Kamaruzaman AL, Abu BF, Sheikh AN, Radu S 
et al. (2010) Highly thermostable extracellular lipase-producing 
Bacillus strain isolated from a Malaysian hotspring and identifi-
ed using 16S Rrna gene sequencing. Int food research J. 17:45-53.

[19]  Chosh PK, Saxena RK, Gupta R, Yadav RP, Davidson S. 
(1996) Microbial lipases: production and applications. Sci Prog. 
79:119-? 57.

[20] Kumar SS, Kumar L, Sahai V, Gupta R. (2009) A thiol-activated 
lipase from Trichosporon asahii MSR 54: detergent compatibi-
lity and presoak formulation for oil removal from soiled cloth at 
ambient temperature. J Ind Microbiol Biotechnol. 36:427-432.

[21]  Hasan F, Aamer AS, Sundus J, Abdul H. (2010) Enzymes used in 
detergents: Lipases. Afr J Biotechnol. 9 (31): 4836-4844.

[22] Alli JA, Oluwadun A, Okonko I O, Fagade O E, Kolade A F and 
Ogunleye V O. (2010) Microbial Assessment and Microbiologi-
cal Quality of Some Commercially Prepared Yoghurt Retailed 
in Ibadan, Oyo State, Southwestern Nigeria. Brit. J.Dairy Sci. 1 
(2): 34-38.

[23] Shirazi S H, Rahman S R, Rahman M M. (1998) Short Commu-
nication: Production of Extracellular lipases by Saccharomyces 
cerevisiae. World J. Microb. Biot. 14: 595-597.

[24] Casalone E, Barberio C, Cappellini L, Polsinelli M. (2005) Cha-
racterization of Saccharomyces cerevisiae natural populations 
for pseudohyphal growth and colony morphology.Res. Microbi-
ol. 156: 191–200.

[25] Parry RM, Chandan RC, Shahani KM. (1966) Rapid and sensiti-
ve assay for milk lipase. J Dairy Scie. 49:356-360.

[26] Akkaya B, Uzun L, Altıntaş EB, Candan F, Denizli A. (2007) 
Concanavalin a Immobilized Monosize and Magnetic Poly 
(glycidyl Methacrylate) Beads for Use in Yeast Invertase Ad-
sorption. J Macromol Scie: Part A: pure and appl. Chem. 46: 
232-239.

[27] Pinsirodom P, Parkin KL (2001) In: Current Protocols in Food 
Analytical Chemistry (Wrolstad RE, Acree TE, Decker EA, 
Penner MH, Reid DS, Schwartz SJ, Shoemaker CF, Smith DM, 
Sporns P, Eds.), John Wiley and Sons, Inc., C3.1.1-C3.1.13.

[28] Benjamin S, Pandey A. (2001) Isolation and characterization of 
three distinct forms of lipases from Candida rugosa produced in 
solid state fermentation. Braz Arch Biol Technol. 44 (2):213-221.

[29] Rahman RNZA, Kamarudin NHA, Yunus J, Salleh AB, Basri 
M. (2010) Expression of an Organic Solvent Stable Lipase from 
Staphylococcus epidermiddis AT2. Int J Mol Scie. 11:3195-3208.

[30] Adham NZ, Ahmed EM. (2009) Extracellular lipase of Asper-
gillus niger NRRL3; production, partial purification and proper-
ties. Indian J microbiol. 49:77-83.

[31]  Kanjanavas P, Khuchareontaworn S, Khawsak P, Pakpitcharo-
en A, Pothivejkul K, Santiwatanakul S, Matsui K, Kajiwara T, 
Chansiri K. (2010) Purification and Characterization of Organic 
Solvent and Detergent Tolerant Lipase from Thermotolerant Ba-
cillus sp. RN2. Int J Mol Scie. 11 (10):3783–3792.

Acknowledgements
This work was supported by The Research Fund of Cum-
huriyet University (CÜBAP, Project no: F-327).
Conflict of interest: The authors do not have a conf-
lict of interest.

References
[1]  Reis P, Holmberg K, Watzke H, Leser ME, Miller R. (2009) Li-

pases at interfaces: A review. Adv Colloid Interfac. 147-148:237-
250.

[2]  Ransac S, Carriere F, Rogalska E, Verger R, Marguet F, et. al. 
(1996) The kinetics, specificities and structural features of li-
pases, in NATO ASI Series, Molecular Dynamics of Biomemb-
ranes, vol. 96 (Op den Kamp, JAF, ed.), pp. 265–304, Springer, 
Berlin,

[3]  Joseph B, Ramteke PW, Thomas G. (2008) Cold active microbi-
al lipases: Some hot issues and recent developments. Biotechnol 
Adv. 26:457–470.

[4]  Kademi A, Lee B, Houde A. (2003) Production of heterologous 
microbial lipases by yeasts. Indian J. Biotechnol. 2 (3):346-355.

[5]  Jisheng M, Zuoming Z, Baijing W, Xiangju K, Yuguo W. Et. al. 
(2006) Overexpression and characterization of a lipase from Ba-
cillus subtilis. Protein Expres Purif. 45: 22–29.

[6]  Liu Z, Chi Z, Wang L, Li J. (2008) Production, purification and 
characterization of an extracellular lipase from Aureobasidium 
pullulans HN2.3 with potential application for the hydrolysis of 
edible oils. Biochem Eng J. 40:445–451.

[7]  Ghindea R, Vassu T, Stoica I, Tanase A-M, Csutak O. (2009) 
Preliminary taxonomic studies on yeast strains isolated from da-
iry products, Rom. Biotech. Lett. 14 (1): 4170-4179.

[8]  Suriyarachchi VR, Fleet GH. (1981) Occurrence and Growth of 
Yeasts in Yogurts. Appl. Environ. Microb. 42 (3): 574-579.

[9]  Pierce GE, Wick CB, Palmer DT. (1990) Unique microbial lipa-
ses with activity at temperatures and pH’s suitable for use in de-
tergent. European Patent No.0385401.

[10]  Batenburg AM, Egmond MR, Frenken LGJ. Vırrıps CT. (1991) 
Enzymes and enzymatic detergent composition. European pa-
tent 0407225A1,.

[11]  Macrae AR, And Hammond RC. (1985) Present and future app-
lications of lipases. Biotechnol Gen Engin Rev. 3:193-217.

[12]  Pandey A, Benjamin S, Soccol CR, Nigam P, Krieger N, 
Soccol VT. (1999) The realm of microbial lipases in biotechno-
logy. Biotechnol Appl Bioc. 29 (2):119-131.

[13]  Jaeger KE, Dijkstra BW, Reetz MT. (1999) Bacterial bio-
catalysts: Molecular biology three-dimensional structures and 

Table 1. Substrate specifity of lipase (reaction conditions: 250 mg 
substrate, 250 mg gum arabic, in 50 mM phosphate buffer, pH 7.0, at 
37 oC, for 30 min)

   Substrate (250 mg) %Relative Activity 

   Olive oil 72
   Sunflower oil 85
   Tributyrine 72
   Tween 80 100
   Tween 40 85
   Tween 20 72



Turk J Biochem, 2012; 37 (1) ; 62–67. Akkaya et al67

[32]  Sharon C, Nakazato M, Ogawa HI, Kato Y. (1998) Lipase-
induced hydrolysis of castor oil: effect of various metals. J Ind 
Microbiol Biot. 21:292–295.

[33]  Doukyu N, Ogino H. (2010) Organic solvent tolerant enz-
ymes. Biochem. Eng. J. 48: 70-282

[34] Kakugawa K, Shobayashi M, Suzuki O, Mıyakawa T (2002). Pu-
rification and Characterization of a lipase from the Glycolipid-
Producing Yeast Kurtzmanomyces sp. I-11. Biosci. Biotechnol. 
Biochem., 66 (5): 978-985.

[35] Rapp P. (1995) Production, regulation and some properties of 
lipase activity from Fusarium oxysporum f. sp. vasinfectum. 
Enzym Microb Technol. 17:832-838.

[36] Jaeger K, Ransac S, Dijkstra BW, Colson C, Heuvel M, et. al. 
(1994) “Bacterial Lipases”. FEMS Microbiol Rev. 15: 29-63.

[37] Bora L, Kalita MC. (2008) Production of thermostable alkaline 
lipase on vegetable oils from a thermophilic Bacillus sp. DH4, 
characterization and its potential applications as detergent addi-
tive. J Chem Technol Biotechnol 83:688-693

[38] Hu B, Pan J, Yu H-L, Liu J-W, Xu J-H. (2009) Immobilization of 
Serratia marcescens lipase onto amino-functionalized magnetic 
nanoparticles for repeated use in enzymatic synthesis of Diltia-
zem intermediate. Process Biochemistry 44: 1019–1024.

[39]  Gang W, Guang C, Ming W. (2011) Biochemical properti-
es potential applications of an organic solvent tolerant lipase iso-
lated from Bacillus cereus BF-3. Afr. J. Biotech 10 (61), 13174-
13179.


