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The gene encoding mature thermostable L2 lipase from Bacillus sp. L2 was
cloned into Pichia pastoris expression vectors and placed under the control of the
constitutive glyceraldehyde-3-phosphate dehydrogenase (GAP) promoter and
methanol inducible alcohol oxidase (AOX) promoter. In inducible system,
recombinant L2 lipase was efficiently secreted into the culture medium driven
by the Saccharomyces cerevisine o-factor signal sequence, compared to the
constitutive system. The optimization of the recombinant L2 lipase production
(from inducible system) in 100 mL culture was done for the best clones pPaS3
and pPaG2 from Pichia strains SMD1168H and GS115, respectively. The effect of
media formulation, methanol concentration and induction time on L2 lipase
production from inducible system was evaluated. A time course profile of

recombinant lipase production in 500-mL flasks with the optimized conditions



was performed and 15.3 mg/mL and 14.25 mg/mL of dry cell weight were
produced after 144 h of induction time from recombinant pPaS3 and pPaG2,
respectively. The lipase activities detected from both clones were 91 U/mL and

125 U/mL for pPaS3 and pPaG2, respectively.

The recombinant L2 lipase was purified to 1.8-fold with 63.2% yield and with
specific activity of 458.1 U/ mg using affinity chromatography. The enzyme was
in a monomeric form, non-glycosylated with a molecular weight of 44.5 kDa.
The optimum pH and temperature were 8.0 and 70°C, respectively. The enzyme
was stable in the pH range of 8.0-9.0 and at 65°C for 60 min where it retained
more than 70% of its residual activity. The metal ions Ca?* Na*, Cu?* and Mn?*
activated the lipase at 1 mM, whereas MgZ*and Zn?* inhibited it. Lipase showed
a notable preference for medium to long chain triacylglycerols (C10-C16), with
the highest activity toward tripalmitin (C16). It hydrolyzed all the natural oil
tested, with the highest hydrolysis rate on corn oil and the least was on
sunflower oil. L2 lipase was inhibited by EDTA, PMSF, pepstatin A and all the
surfactants tested. It showed random positional specificity towards triolein. CD

spectral analysis of L2 lipase revealed a T, of around 67.2°C.
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Gen yang mengekod lipase L2 termostabil dari Bacillus sp. L2 telah diklonkan di
dalam vektor pengekpresan Pichia pastoris dan diletakkan di bawah kawalan
promoter-promoter gliseraldehida-3-fosfat dehydrogenase (GAP) konstitutif
dan alkohol oksidase (AOX) teraruh metanol. Di dalam sistem teraruh, lipase L2
rekombinan telah dirembeskan ke dalam media kultur oleh jujukan isyarat a-
faktor Saccharomyces cerevisiae dengan lebih berkesan berbanding sistem
konstitutif. Pengoptimuman penghasilan lipase L2 (dari sistem teraruh) di
dalam kultur 100 mL telah dilakukan untuk klon-klon terbaik iaitu pPaS3 dan
pPaG2 daripada strain Pichia SMD1168H dan GS115, masing-masing. Kesan
formulasi media, kepekatan metanol, dan masa aruhan ke atas penghasilan
rekombinan lipase L2 dari sistem teraruh telah dinilai. Kajian profil masa
terhadap penghasilan lipase L2 dengan keadaan optimum telah dijalankan

dengan menggunakan kelalang 500-mL dan sebanyak 15.3 mg/mL dan 14.25



mg/mL berat sel kering telah dihasilkan selepas 144 j masa aruhan dari klon-
klon pPaS3 dan pPaG2 massing-masing. Aktiviti lipase untuk kedua-dua klon

adalah 91 U/mL dan 125 U/mL untuk pPaS3 dan pPaG2, masing-masing.

Lipase L2 rekombinan telah ditulenkan kepada 1.8 kali ganda, dengan
penghasilan sebanyak 63.2% dan aktiviti spesifik sebanyak 458.1 U/mg dengan
menggunakan kromatografi afiniti. Enzim tersebut berada dalam bentuk
monomer, tidak diglikosilasikan dan mempunyai berat molekul sebanyak 44.5
kDa. pH dan suhu optimum enzim ini adalah 8.0 dan 70°C, masing-masing.
Enzim ini stabil pada pH 8.0-9.0 dan pada 65°C selama 60 min di mana ia
mengekalkan lebih daripada 70% aktivitinya. Ion-ion logam seperti Ca* Na*,
Cu?* dan Mn?* pada kepekatan 1 mM boleh mengaktifkan lipase L2, manakala
Mg?*dan Zn?>* menyahaktifkannya. Lipase L2 lebih memilih untuk
menghidrolisiskan triasilgliserol berantai sederhana ke panjang (C10-C16),
dengan aktiviti yang paling tinggi ke atas tripalmitin (C16). la juga
menghidrolisiskan kesemua minyak semulajadi yang diuji dengan kadar
hidrolisis yang tertinggi pada minyak jagung, dan yang terendah pada minyak
bunga matahari. Lipase L2 dinyahaktifkan oleh EDTA, PMSF, pepstatin A dan
kesemua surfaktan yang telah diuji. la menunjukkan kespesifikan posisi rawak
terhadap triolein. Analisis spektra CD terhadap lipase L2 menunjukkan nilai T,

sebanyak 67.2°C.
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CHAPTER 1

INTRODUCTION

The global market for industrial enzymes has already achieved the USD 2 billion
mark, and it is sure to grow. A report from McKinsey & Co., recently indicated
that the future for sustainable development is clearly a bright one, and enzyme
technology will play a major role, along with the use of microorganisms, both
natural and engineered (Wood and Scott, 2004). To date, approximately 80% of
all industrial enzymes are hydrolytic in nature and used for depolymerization of
natural substances. Of these enzymes, 60% are proteolytic enzymes used by the
detergent, dairy and leather industries. Thirty percent are carbohydrases used in
baking, distilling, brewing, starch, and textile industries. This leaves lipases and
highly specialized enzymes for use in pharmaceutical, oleochemical, and
analytical industries (Kirk et al., 2002). However, this share has the potential to
increase dramatically via a wide range of lipases’ new applications (Jaeger and

Eggert, 2002; Pandey et al., 1999).

Lipases are efficient catalysts for lipolytic reactions initiating the catabolism of
fats and oils by hydrolyzing the fatty acyl ester bonds of acylglycerols (Vulfson,
1994). Lipases have tremendous potential for further exploitation in
biotechnology. Their ability to catalyze a wide variety of reactions allow

numerous applications in industry such as the removal of oils and fats from



fabrics, machinery and waste water, the production of mono- and diglycerides
for food emulsifiers and stereospecific synthesis of compounds including
precursors for biologically active therapeutics, herbicides or pesticides (van

Kuiken and Behnke, 1994; Haas et al., 1992).

Enzymes from thermophiles have been found to be the most practical
commercial used biocatalysts to date because of their overall inherent stability
which are better suited to the harsh conditions of industrial processes (Kirk et
al., 2002). There are many efforts directed at improving enzymes involved in
industrial processes in order to decrease cost and increase energy efficiency.
One of the most promising methods to obtain better enzymes is via
recombination DNA technology to produce the enzymes in large quantities with

desired properties which will make them economically viable.

Cloning and characterization of lipases from thermophilic bacteria and the
expression of the biologically active proteins in Escherichia coli had been
reported (Rahman et al., 2005, Sinchaikul et al., 2001). This protein shows high
activity at high temperature and this feature offers several interesting
advantages in term of biotechnological applications. Although the protein
obtained from recombinant E. coli was sufficient to perform a variety of
experiments, the low production together with the complex purification

procedures were proven unsuitable for industrial production of the enzyme.



