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Enzyme-mediated catalysis has increasingly become a preferred approach in 

numerous industries, facilitating reactions with fewer by-products, consuming less 

energy and adding value to products. Increasing interest has been taken in enzymes 

obtained from organisms living in extreme environments, for instance from 

Antarctica, based on their ability to function under harsh conditions. Cold-adapted 

enzymes, especially lipases, have gained importance in commercial applications. 

These enzymes are favoured for their high catalytic activity at low temperatures, 

reducing energy costs and improving the cost-effectiveness of industrial production. 

Therefore, the search for new cold-adapted lipases is an ongoing effort. Lack of 

indepth study on the production and characterisation of cold adapted lipases hinder 

our understanding of the potential of these enzymes. In order to better understand the 

biocatalytic potential of these unique cold-adapted lipases, in-depth studies of their 

production, biochemical characterisation and structural analysis are pivotal. The 

current study set out to identify, isolate, production, express, characterise and predict 

the structure via in silico simulation, of a new cold-adapted lipase produced by a soil 

bacterium originally isolated from Signy Island, Antarctica. The strain Pseudomonas 

sp. LSK25 was isolated and its lipase gene expression was quantified. Lipase 

production of strain LSK25 was investigated via optimised physical and nutritional 

factors. A recombinant lipase gene (LSK25 lipase), consisting of 1432 nucleotides 

encoding 476 amino acids for a protein of predicted molecular mass of 65kDa, was 

successfully expressed at optimal conditions of 25°C, 0.1 mM IPTG (inducer) and  16 

h post-induction time. The enzyme was expressed in the form of an inclusion body 

and was purified via one step Ni-Sepharose affinity chromatography. Biochemical 

characterisation of LSK25 lipase showed an optimal and stable temperature profile 

around 25-30 °C with high lipolytic activity retained at pH 6.  Elevated lipolytic 

activity was also observed in the presence of the Ca2+ ion. The enzyme was able to 

hydrolyse long chain lipid substrates. An added advantage of LSK25 lipase is its 
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ability to tolerate a wide range of organic solvents. The in silico study of the predicted 

structure of the cold-adapted LSK25 lipase further improved the understanding of the 

stability and molecular flexibility of this enzyme over a broad range of temperature.  
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Enzim-pengantara pemangkinan semakin menjadi pilihan dalam pelbagai industri. 

Penggunaan enzim dalam industri dapat memudahkan tindak balas dengan 

mengurangkan sisa keluaran sampingan, menggunakan kurang tenaga dan menambah 

nilai kepada produk. Enzim yang diperolehi daripada kawasan ekstrem seperti 

Antartika menarik minat yang semakin mendalam berdasarkan keupayaan mereka 

untuk berfungsi dalam keadaan cuaca kutub yang melampau. Enzim tahan sejuk 

terutama lipase, telah mendapat kepentingan dalam aplikasi komersial. Enzim tahan 

sejuk dipilih kerana mampu menjalankan aktiviti pemangkin yang tinggi pada suhu 

rendah, mampu mengurangkan kos tenaga dan meningkatkan keberkesanan kos 

pengeluaran perindustrian. Walau bagaimanapun, penggunaan enzim psikrofilik 

adalah terbantut oleh kerana jumlah enzim tahan sejuk yang terhad. Oleh yang 

demikian, usaha untuk mencari lipase tahan sejuk baru adalah satu usaha yang 

berterusan. Dalam usaha untuk lebih memahami potensi biopemangkin lipase tahan 

sejuk, pencarian mendalam mengenai pengeluaran enzim, pencirian biokimia dan 

analisis struktur adalah penting. Kajian yang dijalankan merangkumi proses mengenal 

pasti, mengasingkan, pengeluaran, mencirikan dan meramalkan struktur melalui 

simulasi in silico, daripada lipase tahan sejuk baru yang dihasilkan oleh bakteria 

berasal dari Pulau Signy, Antartika. Pseudomonas sp. LSK25 telah diasingkan dan 

expresi gen lipase dikenalpasti.  Pengeluaran lipase LSK25 dikaji melalui faktor-

faktor fizikal dan nutrisi yang optimum. Gen rekombinan lipase (LSK25 lipase), yang 

terdiri daripada 1432 nukleotida pengekodan 476 asid amino meramalkan jisim 

molekul protein sebanyak 65kDa telah berjaya diekspres dalam keadaan optimum 

25°C, 0.1 mM IPTG (pencetus) dan 16 jam selepas- masa induksi. Enzim dinyatakan 

dalam bentuk jasad perangkuman dan telah ditulenkan melalui satu langkah Ni-

Sepharose afiniti kromatografi. Pencirian biokimia LSK25 lipase menunjukkan profil 

suhu optimum dan stabil sekitar 25-30°C dengan aktiviti lipolitik tinggi dikekalkan 

pada pH 6. Kadar aktiviti enzim yang tinggi juga diperhatikan dengan kehadiran ion 
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Ca2+. Enzim lipase dapat menghidrolisiskan substrat lipid berantai panjang. Satu 

kelebihan tambahan LSK25 lipase mencatatkan peningkatan yang tinggi dalam 

pelbagai pelarut organik. Dalam kajian in silico struktur yang diramalkan LSK25 

lipase tahan sejuk meningkatkan pemahaman kestabilan dan fleksibiliti molekul enzim 

dalam pelbagai suhu.  
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1 

CHAPTER 1 

1 INTRODUCTION 

Extreme environments such as those of the polar regions, have been successfully 

colonised by an abundance of microorganisms, and the biodiversity of these 

microorganisms is becoming increasingly well documented (Flocco et al.,2019; 

Giudice et al.,2019; Kochkina et al.,2019). Microorganisms which typically inhabit 

cold polar environments are commonly categorised as psychrophilic or 

psychrotolerant. These microorganisms have developed various adaptations enabling 

them to survive the harsh effects of such environments (Gerday et al.,2000; 

Cavicchioli et al.,2011). Psychrophiles are defined as microorganisms with an optimal 

growth temperature below 15ºC and unable to grow above 20°C whereas 

psychrotolerant’s have their optimal temperature for growth above 20°C                    

(Verma et al.,2015). It is crucial that all components of the cell, including metabolism 

and protein synthesis, are well adapted to function at low temperature (Feller & 

Gerday, 2003).  

Adaptations of these psychrophiles and psychrotolerant microbes includes crucial 

features such as  the maintenance of functional membranes, the evolution of cold-

adapted enzymes, high catalytic efficiency at low temperatures and the inclusion of a 

range of structural features which endow a high level of flexibility in protein structure 

especially around the active site (Thomas & Diekmann, 2002; Siddiqui et al.,2013). 

Cold-adapted enzymes are increasingly reported as an essential component in these 

adaptations, also receiving attention owing to their potential application in 

biotechnological industries (Kavitha & Shanthi, 2013; Maiangwa et al.,2015; Miao et 

al., 2016). 

Lipases (triacylglycerol acylhydrolase, E.C. 3.1.1.3) are able to catalyse the hydrolysis 

of triacyglycerols to glycerols and fatty acids at oil-water interfaces (Jaeger & Eggert, 

2002; Verma et al., 2012). Cold-adapted lipases have emerged as advantageous in 

temperature sensitive applications, such as in detergent additives, permitting effective 

washing in cooler water and thereby improving energy efficiency. As additives in the 

food industry, cold-adapted lipases aid in improving cold storage through reducing 

contamination and food spoilage, and they can also be used as efficient bioremediation 

agents in waste water treatment and in the in situ bioremediation of fat-contaminated 

environments (Maiangwa et al., 2015; Salihu & Alam, 2015). Cold-adapted lipases 

with the specific features of being organic solvent tolerant also have high potential 

value for use in enzyme-catalyzed transesterification reactions such as are employed 

in biodiesel production (Kamarudin et al.,2014). Cold regions, and in particular the 

Arctic and Antarctic, provide ideal potential sources for the isolation of novel cold-

adapted lipases (Gerday et al.,2000; Margesin et al.,2003; Cavicchioli et al., 2011). 
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To date, however, most studies have focused on the production of lipase enzymes from 

thermophiles and mesophiles (El-moniem et al.,2008; Rahman et al.,2009; Masomian 

et al.,2010; Babu et al.,2015). Little attention also has been paid to the potential for 

the production and characterisation of cold-adapted lipases sourced from the 

microbiota of more cold environments The rising interest in the biotechnological 

applications of cold-adapted lipases has led to the development of recombinant 

lipases, whereby the lipase genes are integrated into heterologous expression host 

systems in order to increase the efficiency and scale of production of the desired 

enzyme (Thanassi et al.,2000). With the ever growing demand for cold-adapted 

lipases, there is continual activity to isolate, express and characterise new cold-adapted 

lipases. Such work also contributes to increasing the still limited understanding of the 

structural and functional adaption of these enzymes to the challenges of extreme 

environments.  The principle objective of this study was to isolate a cold-adapted 

lipase gene from an Antarctic bacterium, and to study the production and feature of 

the  cold-adapted recombinant  lipase enzyme via biochemical and biophysical 

analyses.  The specific objectives of this study were as follows: 

1. To screen and isolate a cold-adapted lipase from an identified Antarctic 

bacterium 

2. To examine the potential of various physical and nutritional factors to 

enhance lipase production from selected wildtype strain 

3. To optimise recombinant lipase expression via molecular approaches 

4. To purify and characterise the recombinant cold adapted lipase via 

biochemical and biophysical approaches 

5. To predict the 3D structure and perform molecular dynamic simulation of 

the cold adapted lipase  
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