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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  

 

 



© C
OPYRIG

HT U
PM

 

 

 

 

100 

6 REFERENCES 

Aghajari, N., Van Petegem, F., Villeret, V., Chessa, J. P., Gerday, C., Haser, R., & 

 Van Beeumen, J. (2003). Crystal structures of a psychrophilic 

 metalloprotease reveal new insights into catalysis by cold adapted 

 proteases. Proteins: Structure, Function, and Bioinformatics, 50(4), 636-647. 

Aislabie, J., Saul, D. J., & Foght, J. M. (2006). Bioremediation of hydrocarbon-

 contaminated polar soils. Extremophiles, 10(3), 171-179. 

Ali, M. S. M., Ganasen, M., Rahman, R. N. Z. R. A., Chor, A. L. T., Salleh, A. B., & 

 Basri, M. (2013). Cold-adapted RTX lipase from antarctic Pseudomonas sp. 

 strain AMS8: isolation, molecular modeling and heterologous 

 expression. The Protein Journal, 32(4), 317-325. 

Altschul, S. F., Gish, W., Miller, W., Myers, E. W., & Lipman, D. J. (1990). Basic 

 local alignment search tool. Journal of Molecular Biology, 215(3), 403-410. 

Alquati, C., Gioia, L. D., Santarossa, G., Alberghina, L., Fantucci, P. & Lotti, M.

 (2002). The cold-active lipase of Pseudomonas fragi. European Journal of 

 Biochemistry, 269, 3321-3328. 

Alvarado-Cuevas, Z. D., López-Hidalgo, A. M., Ordoñez, L. G., Oceguera-

 Contreras, E., Ornelas-Salas, J. T., & De León-Rodríguez, A. (2015). 

 Biohydrogen production using psychrophilic bacteria isolated from 

 Antarctica. International Journal of Hydrogen Energy, 40(24), 7586-7592. 

Amada, K., Haruki, M., Imanaka, T., Morikawa, M., & Kanaya, S. (2000). 

 Overproduction  in Escherichia coli, purification and characterization of a 

 family  1.3 lipase from Pseudomonas sp. MIS38. Biochimica et Biophysica 

 Acta ,1478, 201-210. 

Angkawidjaja, C., Matsumura, H., Koga, Y., Takano, K., & Kanaya, S. (2010).X-ray 

crystallographic and MD simulation studies on the mechanism of interfacial 

activation of a family I. 3 lipase with two lids. Journal of Molecular 

Biology, 400(1), 82-95. 

Angkawidjaja, C., You, D. J., Matsumura, H., Koga, Y., Takano, K., & Kanaya, S. 

 (2007). Extracellular overproduction and preliminary crystallographic 

 analysis of a family 1.3 lipase. Acta Crystallographica Section F: Structural 

 Biology and Crystallization Communication, 63, 187-189. 

Arndt, C., Koristka, S., Bartsch, H., & Bachmann, M. (2012). Native polyacrylamide 

 gels. In Protein E lectrophoresis (pp. 49-53). Humana Press, Totowa, NJ. 

Arpigny, J. L., & Jaeger, K. E. (1999). Bacterial lipolytic enzymes: classification 

 and properties. Biochemical Journal, 343(1), 177-183. 

 



© C
OPYRIG

HT U
PM

 

 

 

 

101 

Ayala-del-Río, H. L., Chain, P. S., Grzymski, J. J., Ponder, M. A., Ivanova, N., 

 Bergholz, P. W., & Rodrigues, D. (2010). The genome sequence of 

 Psychrobacter arcticus 273-4, a psychroactive Siberian permafrost 

 bacterium, reveals mechanisms for adaptation to low-temperature 

 growth. Applied andEnvironmental Microbiology, 76(7), 2304-2312. 

Babu, P., Chandel, A. K., & Singh, O. V. (2015). Survival mechanisms of 

 extremophiles. In Extremophiles and their applications in medical 

 processes (pp. 9-23). Springer, Cham. 

Baharum, S. N., Rahman, R. N. Z. R. A., Basri, M., & Salleh, A. B.(2010). 

 Chaperone-dependent gene expression of organic solvent-tolerant lipase 

 from Pseudomonas aeruginosa strain S5. Process Biochemistry, 45(3), 

 346-354. 

Baharum, S. N., Salleh, A. B., Razak, C. N. A., Basri, M., Rahman, M. B. A., & 

 Rahman, R. N. Z. R. A. (2003). Organic solvent tolerant lipase by 

 Pseudomonas sp. strain S5: stability of enzyme in organic solvent and 

 physical factors effecting its production. Annals of Microbiology, 53(1), 75-

 84. 

Barbe, S., Lafaquiere, V., Guieysse, D., Monsan, P., Remaud‐ Siméon, M., & Andre, 

 I. (2009). Insights into lid movements of Burkholderia cepacia lipase inferred 

 from molecular dynamics simulations. Proteins: Structure, Function, and 

 Bioinformatics, 77(3), 509-523. 

Bokhorst, S., Huiskes, A., Convey, P., Van Bodegom, P. M., & Aerts, R. (2008). 

 Climate change effects on soil arthropod communities from the Falkland 

 Islands and the Maritime Antarctic. Soil Biology and Biochemistry, 40(7), 

 1547-1556. 

Bonhoure, A., Demenge, A., Kostmann, C., San José, L., De la Cal, E., Armisen, P., 

 & Travé, G. (2018). One-step affinity purification of fusion proteins with 

 optimal monodispersity and biological activity: application to aggregation-

 prone HPV E6 proteins. Microbial Cell Factories, 17(1), 191. 

Boonchaidung, T., Papone, T., & Leesing, R. (2013). Effect of carbon and nitrogen 

 sources on lipase production by isolated lipase-producing soil yeast. Journal

  Life Science Technology, 1, 176-179. 

Borkar, P. S., Bodade, R. G., Rao, S. R., & Khobragade, C. N. (2009). Purification 

 and characterization of extracellular lipase from a new strain: Pseudomonas 

 aeruginosa SRT 9. Brazilian Journal of Microbiology, 40(2), 358-366. 

Bornhorst, J. A., & Falke, J. J. (2000). Purification of proteins using 

 polyhistidine affinity tags. In Methods in Enzymology (Vol. 326, pp. 245-

 254). Academic Press. 



© C
OPYRIG

HT U
PM

 

 

 

 

102 

Bose, A., & Keharia, H. (2013). Production, characterization and applications of 

 organic solvent tolerant lipase by Pseudomonas aeruginosa 

 AAU2. Biocatalysis and Agricultural Biotechnology, 2(3), 255-266. 

Bouaziz, A., Horchani, H., Salem, N. B., Gargouri, Y., & Sayari, A. (2011). 

 Expression, purification of a novel alkaline Staphylococcus xylosus lipase 

 acting at high temperature. Biochemical Engineering Journal, 54(2), 93-102. 

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of 

 microgram quantities of protein using the principle of protein-dye binding. 

 Analytical Biochemistry, 72, 248-254. 

Brault, G., Shareck, F., Hurtubise, Y., Lépine, F., & Doucet, N. (2012). Isolation and 

 characterization of EstC, a new cold-active esterase from Streptomyces 

 coelicolor A3 (2). PloS one, 7(3), e32041. 

Burgos, J. S., Ramı́rez, C., Tenorio, R., Sastre, I., & Bullido, M. J. (2002). Influence 

 of reagents formulation on real-time PCR parameters. Molecular and 

 Cellular Probes, 16(4), 257-260. 

Burton-Johnson, A., Black, M., Fretwell, P., & Kaluza-Gilbert, J. (2016). An 

 automated methodology for differentiating rock from snow, clouds and sea in 

 Antarctica from Landsat 8 imagery: a new rock outcrop map and area 

 estimation for the entire Antarctic continent. The Cryosphere, 10, 1665-1677. 

Cao, Y., Zhuang, Y., Yao, C., Wu, B., & He, B. (2012). Purification and 

 characterization of an organic solvent-stable lipase from Pseudomonas 

 stutzeri LC2-8 and its application for efficient resolution of (R, S)-1-

 phenylethanol. Biochemical Engineering Journal, 64, 55-60. 

Cavasotto, C. N., & Phatak, S. S. (2009). Homology modeling in drug discovery: 

 current trends and applications. Drug Discovery Today, 14(13-14), 676-683. 

Cavicchioli, R., Charlton, T., Ertan, H., Omar, S. M., Siddiqui, K. S., &                 

 Williams, T.J.  (2011). Biotechnological uses of enzymes from psychrophiles. 

 Microbial Biotechnology, 4(4), 449–460. 

Chattopadhyay, M. K. (2006). Mechanism of bacterial adaptation to low 

 temperature. Journal of Biosciences, 31(1), 157-165. 

Chen, R., Guo, L., & Dang, H. (2011). Gene cloning, expression and characterization 

 of a cold-adapted lipase from a psychrophilic deep-sea bacterium 

 Psychrobacter sp. C18. World Journal of Microbiology and 

 Biotechnology, 27(2), 431-441. 

Cheng, Y. Y., Qian, Y. K., Li, Z. F., Wu, Z. H., Liu, H., & Li, Y. Z. (2011). A novel 

 cold-adapted lipase from Sorangium cellulosum strain So0157-2: gene 

 cloning, expression, and enzymatic characterization. International Journal of 

 Molecular Sciences, 12(10), 6765-6780. 



© C
OPYRIG

HT U
PM

 

 

 

 

103 

Chong, C. W., Dunn, M. J., Convey, P., Tan, G. A., Wong, R. C., & Tan, I. K. 

 (2009). Environmental influences on bacterial diversity of soils on Signy 

 Island, maritime Antarctic. Polar Biology, 32(11), 1571-1582. 

Chong, C. W., Pearce, D. A., Convey, P., Tan, G. A., Wong, R. C., & Tan, I. K. 

 (2010). High levels of spatial heterogeneity in the biodiversity of soil 

 prokaryotes on Signy Island, Antarctica. Soil Biology and 

 Biochemistry, 42(4), 601-610. 

Choo, D. W., Kurihara, T., Suzuki, T., Soda, K., & Esaki, N. (1998). A cold-adapted 

 lipase of an Alaskan psychrotroph, Pseudomonas sp. strain B11-1: gene 

 cloning and enzyme purification and characterization. Applied and  

 Enviromental  Microbiology., 64(2), 486-491. 

Clark, E. D. B. (2001). Protein refolding for industrial processes. Current Opinion in 

 Biotechnology, 12(2), 202-207. 

Colovos, C., & Yeates, T. O. (1993). ERRAT: an empirical atom-based method for 

 validating protein structures. Protein Science, 2, 1511-1519. 

Comer, J., & Tam, K. (2001). Lipophilicity profiles: theory and measurement (pp. 

 275-304). Wiley-VCH: Zürich, Switzerland. 

Convey, P., Bowman, V. C., Chown, S. L., Francis, J. E., Fraser, C., Smellie, J. L., 

 & Terauds, A. (2018). Ice Bound Antarctica: Biotic Consequences of the 

 Shift from a Temperate to a Polar Climate. Mountains, Climate and 

 Biodiversity, 355. 

Convey, P., Gibson, J. A., Hillenbrand, C. D., Hodgson, D. A., Pugh, P. J., Smellie, 

 J. L., & Stevens, M. I. (2008). Antarctic terrestrial life–challenging the 

 history of the frozen continent?. Biological Reviews, 83(2), 103-117. 

Cowan, D. A., Casanueva, A., & Stafford, W. (2007). Ecology and biodiversity of 

 cold-adapted microorganisms. In Physiology and Biochemistry of 

 Extremophiles (pp. 119-132). American Society of Microbiology. 

D'Amico, S., Collins, T., Marx, J. C., Feller, G., & Gerday, C. (2006). Psychrophilic 

 microorganisms: challenges for life. EMBO Reports, 7(4), 385-389 

D'Amico, S., Marx, J. C., Gerday, C., & Feller, G. (2003). Activity-stability 

 relationships in extremophilic enzymes. Journal of Biological 

 Chemistry, 278(10), 7891-7896. 

De Almeida, A. F., Tauk-Tornisielo, S. M., & Carmona, E. C. (2013). Acid lipase 

 from Candida viswanathii: production, biochemical properties, and potential 

 application. BioMed Research International, 2013:54678 

 

 



© C
OPYRIG

HT U
PM

 

 

 

 

104 

Dieckelmann, M., Johnson, L. A., & Beacham, I. R. (1998). The diversity of lipases 

 from psychrotrophic strains of Pseudomonas: a novel lipase from a highly 

 lipolytic strain of Pseudomonas fluorescence. Journal of Applied 

 Microbiology, 85(3), 527-536. 

Dodson, G., & Verma, C. S. (2006). Protein flexibility: its role in structure and 

 mechanism revealed by molecular simulations. Cellular and Molecular Life 

 Sciences CMLS, 63(2), 207-219. 

Dong, X. Y., Feng, X. D., & Sun, Y. (2010). Histagged protein purification by 

 metal chelate affinity extraction with nickel chelate reverse 

 micelles. Biotechnology Progress, 26(4), 1088-1094. 

Eisenberg, D., Lüthy, R., & Bowie, J. U. (1997). VERIFY3D: assessment of 

 protein models with three-dimensional profiles. In  Methods in 

 Enzymology (Vol. 277, pp. 396-404). Academic Press. 

El-moniem, A. E. A. (2008). Production and Characterization of a Mesophilic 

 Lipase Isolated from Bacillus stearothermophilus AB-1. Pakistan Journal of 

 Biological Sciences, 11(8), 1100–1106. 

Eltaweel, M. A., Noor, R., Raja, Z., Rahman, A., Salleh, A. B., & Basri, M. (2005). 

 An organic solvent-stable lipase from Bacillus sp. strain 42. Annals of 

 Microbiology, 55(3), 187–192. 

Feller, G. (2013). Psychrophilic enzymes: from folding to function and 

 biotechnology. Scientifica, 2013:512840. 

Feller, G., & Gerday, C. (1997). Psychrophilic enzymes: molecular basis of cold 

 adaptation. Cellular and Molecular Life Sciences CMLS, 53(10), 830-841. 

Feller, G., & Gerday, C. (2003). Psychrophilic enzymes: Hot topics in cold 

 adaptation. Nature Reviews Microbiology, 1(3), 200–208. 

Fjerbaek, L., Christensen, K. V., & Norddahl, B. (2009). A review of the current 

 state of biodiesel production using enzymatic 

 transesterification. Biotechnology and Bioengineering, 102(5), 1298-1315. 

Flocco, C. G., Mac Cormack, W. P., & Smalla, K. (2019). Antarctic Soil Microbial 

 Communities in a Changing Environment: Their Contributions to the 

 Sustainability of Antarctic Ecosystems and the Bioremediation of 

 Anthropogenic Pollution. In The Ecological Role of Micro-organisms in the 

 Antarctic Environment (pp. 133–161). Springer. 

Frisken, B. J. (2001). Revisiting the method of cumulants for the analysis of dynamic 

 light-scattering data. Applied Optics, 40(24), 4087-4091. 

Galkin, V. E., Yu, X., Bielnicki, J., Ndjonka, D., Bell, C. E., & Egelman, E. H. (2009). 

Cleavage of bacteriophage λ cI repressor involves the RecA C-terminal 

domain. Journal of Molecular Biology, 385(3), 779-787. 



© C
OPYRIG

HT U
PM

 

 

 

 

105 

Ganasen, M., Yaacob, N., Rahman, R. N. Z. R. A., Leow, A. T. C., Basri, M., Salleh, 

 A. B., & Ali, M. S. M. (2016). Cold-adapted organic solvent tolerant 

 alkalophilic  family I.3 lipase from an Antarctic Pseudomonas. 

 International Journal of Biological Macromolecules, 92, 1266–1276.  

Geoffry, K., & Achur, R. N. (2018). Screening and production of lipase from fungal 

 organisms. Biocatalysis and Agricultural Biotechnology, 14, 241-253. 

Georlette, D., Damien, B., Blaise, V., Depiereux, E., Uversky, V. N., Gerday, C., & 

 Feller, G. (2003). Structural and functional adaptations to extreme 

 temperatures in psychrophilic, mesophilic, and thermophilic DNA 

 ligases. Journal of Biological Chemistry, 278(39), 37015-37023. 

Gerday, C., Aittaleb, M., Bentahir, M., Chessa, J. P., Claverie, P., Collins, T., & 

 Feller,  G.(2000).Cold-adapted enzymes: From fundamentals to 

 biotechnology. Trends in Biotechnology, 18(3), 103–107.  

Giovanola, M., D'Antoni, F., Santacroce, M., Mari, S. A., Cherubino, F., Bossi, E., 

 & Castagna, M. (2012). Role of a conserved glycine triplet in the NSS amino 

 acid transporter KAAT1. Biochimica et Biophysica Acta (BBA)-

 Biomembranes, 1818(7), 1737-1744. 

Giudice, A. Lo., Azzaro, M., & Schiaparelli, S. (2019). Microbial Symbionts of 

 Antarctic Marine Benthic Invertebrates. In The Ecological Role of Micro-

 organisms in the Antarctic Environment (pp. 277–296). Springer. 

Gopinath, S. C., Anbu, P., Lakshmipriya, T., & Hilda, A. (2013). Strategies to 

 characterize fungal lipases for applications in medicine and dairy 

 industry. BioMed Research International, 2013:56212. 

Gotor-Fernández, V., Brieva, R., & Gotor, V. (2006). Lipases: Useful biocatalysts 

 for the preparation of pharmaceuticals. Journal of Molecular Catalysis B: 

 Enzymatic, 40(3-4), 111-120. 

Graumann, K., & Premstaller, A. (2006). Manufacturing of recombinant therapeutic 

 proteins in microbial systems. Biotechnology Journal: Healthcare Nutrition 

 Technology, 1(2), 164-186. 

Greenfield, N. J. (2006). Using circular dichroism spectra to estimate protein 

 secondary ,structure. Nature Protocols, 1(6), 2876. 

Grodzki, A. C., & Berenstein, E. (2010). Antibody purification: affinity 

 chromatography–protein A and protein G Sepharose. In Immunocytochemical 

 Methods and Protocols (pp. 33-41). Humana Press. 

Gupta, R., Gupta, N., & Rathi, P. (2004). Bacterial lipases: an overview of 

 production, purification and biochemical properties. Applied Microbiology 

 and Biotechnology, 64(6), 763-781. 

 



© C
OPYRIG

HT U
PM

 

 

 

 

106 

Gurung, N., Ray, S., Bose, S., & Rai, V. (2013). A broader view: microbial enzymes 

 and their relevance in industries, medicine, and beyond. BioMed Research 

 International, 2013:56645. 

Hansson, T., Oostenbrink, C., & van Gunsteren, W. (2002). Molecular dynamics 

 simulations. Current Opinion in Structural Biology, 12(2), 190-196. 

Hasan, F., Shah, A. A., & Hameed, A. (2006). Influence of culture conditions on 

 lipase production byBacillus sp. FH5. Annals of Microbiology, 56(3), 247-

 252. 

Hasan, F., Shah, A. A., & Hameed, A. (2009). Methods for detection and 

 characterization of lipases: a comprehensive review. Biotechnology 

 Advances, 27(6), 782-798. 

Heravi, K. M., Eftekhar, F., Yakhchali, B., & Tabandeh, F. (2008). Isolation and 

 identification of a lipase producing Bacillus sp. from soil. Pakistan  Journal 

 of Biological Sciences: PJBS, 11(5), 740-745. 

Hughes, K. A., & Convey, P. (2012). Determining the native/non-native status of 

 newly discovered terrestrial and freshwater species in Antarctica–current 

 knowledge, methodology and management action. Journal of Environmental 

 Management, 93(1), 52-66. 

Huston, A. L. (2008). Biotechnological aspects of cold-adapted enzymes. 

 In Psychrophiles: from biodiversity to biotechnology(pp. 347-363). Springer, 

 Berlin, Heidelberg. 

Jaeger, K. E., & Eggert. T. (2002). Lipases for biotechnology. Current Opinion in 

 Biotechnology. 13(4), 390-397. 

Jaeger, K. E., Ransac, S., Dijkstra, B. W., Colson, C., van Heuvel, M., & Misset, O. 

 (1994). Bacterial lipases. FEMS Microbiology Reviews, 15(1), 29-63. 

Jaiswal, N., & Joseph, B. (2011). Production of extracellular cold active lipase by 

Curtobacterium sp. using cell immobilization. International Journal of   

Genetic Engineering  Biotechnology, 2, 33-46. 

Jalil, F.N.F.A.A., Rahman, R.N.Z.R.A., Salleh, A., & Mohamad Ali, M. (2018). 

 Optimization and in Silico Analysis of a Cold-Adapted Lipase from an 

 Antarctic Pseudomonas sp. Strain AMS8 Reaction in Triton X-100 Reverse 

 Micelles. Catalysts, 8(7), 289. 

Javed, S., Azeem, F., Hussain, S., Rasul, I., Siddique, M. H., Riaz, M., & Nadeem, 

 H. (2018). Bacterial lipases: a review on purification and 

 characterization. Progress in Biophysics and Molecular Biology, 132, 23-34. 

Jevševar, S., Gaberc Porekar, V., Fonda, I., Podobnik, B., Grdadolnik, J., & Menart, 

 V. (2005). Production of nonclassical inclusion bodies from which  correctly 

 folded  protein can be extracted. Biotechnology Progress, 21(2), 632-639. 



© C
OPYRIG

HT U
PM

 

 

 

 

107 

Jiewei, T., Zuchao, L., Peng, Q., Lei, W., & Yongqiang, T. (2014). Purification and 

 characterization of a cold-adapted lipase from Oceanobacillus strain PT-

 11. PloS one, 9(7), e101343. 

Joseph, B., Ramteke, P. W., & Kumar, P. A. (2006). Studies on the enhanced 

 production of extracellular lipase by Staphylococcus epidermidis. The 

 Journal of General and Applied Microbiology, 52(6), 315-320. 

Joseph, B., Ramteke, P. W., & Thomas, G. (2008). Cold active microbial lipases: 

 some hot issues and recent developments. Biotechnology Advances, 26(5), 

 457-470. 

Joseph, B., Shrivastava, N., & Ramteke, P. W. (2012). Extracellular cold-active 

 lipase of Microbacterium luteolum isolated from Gangotri glacier, western 

 Himalaya: Isolation, partial purification and characterization. Journal of 

 Genetic Engineering and Biotechnology, 10(1), 137-144. 

Jung, J. W., & Lee, W. (2004). Structure-based functional discovery of proteins: 

 structural proteomics. Journal of Biochemistry and Molecular Biology, 37(1), 

 28-34. 

Kamal, M. Z., Ahmad, S., Molugu, T. R., Vijayalakshmi, A., Deshmukh, M. V., 

 Sankaranarayanan, R., & Rao, N. M. (2011). In vitro evolved non-

 aggregating and thermostable lipase: structural and thermodynamic 

 investigation. Journal of Molecular Biology, 413(3), 726-741. 

Kamarudin, N. H. A., Rahman, R. N. Z. R. A., Ali, M. S. M., Leow, T. C., Basri, M., 

 & Salleh, A. B. (2014). Unscrambling the effect of C-terminal tail deletion on 

 the stability of a cold-adapted, organic solvent stable lipase from 

 Staphylococcus epidermidis AT2. Molecular Biotechnology, 56(8), 747–757.  

Kapoor, M., & Gupta, M. N. (2012). Lipase promiscuity and its biochemical 

 applications. Process Biochemistry, 47(4), 555-569. 

Karan, R., Capes, M. D., & DasSarma, S. (2012). Function and biotechnology of 

 extremophilic enzymes in low water activity. Aquatic Biosystems, 8(1), 4. 

Karjiban, R. A., Rahman, M. B. A., Basri, M., Salleh, A. B., Jacobs, D., & Wahab, 

 H. A. (2009). Molecular dynamics study of the structure, flexibility and 

 dynamics of thermostable L1 lipase at high temperatures. The Protein 

 Journal, 28(1), 14-23. 

Kavitha, M. (2016). Cold active lipases – an update. Frontiers in Life Science, 9(3), 

 226–238.  

Kavitha, M., & Shanthi, C. (2013). Isolation and characterization of cold active 

 lipase  producing Pseudomonas sp. 4 from marine samples of Tamilnadu 

 coast.  Research Journal of Biotechnology, 8(4), 57–62. 



© C
OPYRIG

HT U
PM

 

 

 

 

108 

Kelly, S. M., & Price, N. C. (2000). The use of circular dichroism in the investigation 

 of protein structure and function. Current Protein and Peptide 

 Science, 1(4), 349-384. 

Khan, F. I., Lan, D., Durrani, R., Huan, W., Zhao, Z., & Wang, Y. (2017). The lid 

 domain in lipases: Structural and functional determinant of enzymatic 

 properties. Frontiers in Bioengineering and Biotechnology, 5, 16. 

Khoramnia, A., Lai, O. M., Ebrahimpour, A., Tanduba, C. J., Voon, T. S., & 

 Mukhlis, S. (2010). Thermostable lipase from a newly isolated 

 Staphylococcus xylosus strain; process optimization and characterization 

 using RSM and ANN. Electronic Journal of Biotechnology, 13(5), 15-16. 

Kilikian, B. V., Suarez, I. D., Liria, C. W., &  Gombert, A. K. (2000). Process 

 strategies to improve heterologous protein production in Escherichia coli 

 under lactose or IPTG induction. Process Biochemistry, 35(9), 1019-1025. 

Kiran, G. S., Shanmughapriya, S., Jayalakshmi, J., Selvin, J., Gandhimathi, R., 

 Sivaramakrishnan, S., & Natarajaseenivasan, K. (2008). Optimization of 

 extracellular psychrophilic alkaline lipase produced by marine Pseudomonas 

 sp.(MSI057). Bioprocess and Biosystems Engineering, 31(5), 483-492. 

Klein, D. (2002). Quantification using real-time PCR technology: applications and 

 limitations. Trends in Molecular Medicine, 8(6), 257-260. 

Kochkina, G. A., Ivanushkina, N. E., Lupachev, A. V, Starodumova, I. P., Vasilenko, 

 O. V, & Ozerskaya, S. M. (2019). Diversity of mycelial fungi in natural and 

 human-affected Antarctic soils. Polar Biology, 42(1), 47–64. 

Kojima, Y., Kobayashi, M., & Shimizu, S. (2003). A novel lipase from Pseudomonas 

 fluorescens HU380: gene cloning, overproduction, renaturation-activation, 

 two-step purification, and characterization. Journal of Bioscience and 

 Bioengineering 96(3), 242-249. 

Kong, W., Ream, D. C., Priscu, J. C., & Morgan-Kiss, R. M. (2012). Diversity and 

 expression of RubisCO genes in a perennially ice-covered Antarctic lake 

 during the polar night transition. Applied and Environmental 

 Microbiology, 78(12), 4358-4366. 

Korpimäki, T., Kurittu, J., & Karp, M. (2003). Surprisingly fast disappearance of β-

 lactam selection pressure in cultivation as detected with novel biosensing 

 approaches. Journal of Microbiological Methods, 53(1), 37-42. 

Kosa, P., Gavenciakova, B., & Nosek, J. (2007). Development of a set of plasmid 

 vectors for genetic manipulations of the pathogenic yeast Candida 

 parapsilosis. Gene, 396(2), 338-345. 

Kouker, G., & Jaeger, K. E. (1987). Specific and sensitive plate assay for bacterial 

 lipases. Applied and Environmental Microbiology, 53(1), 211-213. 



© C
OPYRIG

HT U
PM

 

 

 

 

109 

Krieger, E., Joo, K., Lee, J., Lee, J., Raman, S., Thompson, J.,& Karplus, K. 

 (2009). Improving physical realism, stereochemistry, and side‐ chain accuracy 

 in homology modeling: four approaches that performed well in 

 CASP8. Proteins: Structure, Function, and Bioinformatics, 77(S9), 114-122. 

Krieger, E., Koraimann, G., & Vriend, G. (2002). Increasing the precision of 

comparative models with YASARA NOVA—a self‐ parameterizing force 

field. Proteins: Structure, Function, and Bioinformatics, 47(3), 393-402. 

Kuddus, M. (2018). Cold-active enzymes in food biotechnology: An updated mini 

 review. Journal of Applied Biology & Biotechnology , 6(3), 58-63. 

Kulakova, L., Galkin, A., Nakayama, T., Nishino, T., & Esaki, N. (2004). Cold-

 active esterase from Psychrobacter sp. Ant300: gene cloning, 

 characterization, and the effects of Gly→ Pro substitution near the active site 

 on its catalytic activity and stability. Biochimica et Biophysica Acta (BBA)-

 Proteins and Proteomics, 1696(1), 59-65. 

Kumar, D., Kumar, L., Nagar, S., Raina, C., Parshad, R., & Gupta, V. K. (2012). 

 Screening, isolation and production of lipase/esterase producing Bacillus sp. 

 strain DVL2 and its potential evaluation in esterification and resolution 

 reactions. Archives of Applied Science Research, 4(4), 1763-1770. 

Kumar, R., Sharma, A., Kumar, A., & Singh, D. (2012b). Lipase from Bacillus 

 pumilus RK31: production, purification and some properties. World Applied 

 Science Journal, 16(7), 940-948. 

Kumar, S., Kikon, K., Upadhyay, A., Kanwar, S. S., & Gupta, R. (2005). Production, 

 purification, and characterization of lipase from thermophilic and alkaliphilic 

 Bacillus coagulans BTS-3. Protein Expression and Purification, 41(1), 38-

 44. 

Kumar, S., Stecher, G., Li, M., Knyaz, C., & Tamura, K. (2018). MEGA X: molecular 

evolutionary genetics analysis across computing platforms. Molecular Biology 

and Evolution, 35(6), 1547-1549. 

Kurashina, Y., Yamashita, T., Kurabayashi, S., Takemura, K., & Ando, K. (2019). 

 Growth control of leaf lettuce with exposure to underwater ultrasound and 

 dissolved oxygen supersaturation. Ultrasonics Sonochemistry, 51, 292-297. 

Kwon, D. Y. & Rhee, J. S. (1986). A simple and rapid colorimetric method for 

 determination of free fatty acids for lipase assay. Journal of the American Oil 

 Chemists’ Society 63(1), 89-92. 

Laemmli, U. K. (1970). Cleavage of structure protein during assembly of the head of 

 bacteriophage T4. Nature 277, 680-685 

Lanka, S., & Latha, J. N. L. (2015). A short review on various screening methods to 

 isolate potential lipase producers: lipases-the present and future enzymes of 

 biotech industry. International Journal Biology Chemistry 9, 207-219. 



© C
OPYRIG

HT U
PM

 

 

 

 

110 

Latip, W., Raja Abd Rahman, R. N. Z., Chor Leow, A. T., Mohd Shariff, F., & 

 Mohamad Ali, M. S. (2016). Expression and characterization of 

 thermotolerant lipase with broad pH profiles isolated from an Antarctic 

 Pseudomonas sp strain AMS3. PeerJ, 4, e2420.  

Latip, W., Raja Abd Rahman, R. N. Z., Leow, A. T. C., Mohd Shariff, F., 

 Kamarudin, N. H. A., & Mohamad Ali, M. S. (2018). The effect of N-

 terminal domain removal towards the biochemical and structural features of 

 a thermotolerant lipase from an antarctic Pseudomonas sp. Strain  AMS3. 

 International Journal of Molecular Sciences, 19(2), 1–18.  

Lee, C., Kim, J., Shin, S. G., & Hwang, S. (2006). Absolute and relative QPCR 

 quantification of plasmid copy number in Escherichia coli. Journal of 

 Biotechnology, 123(3), 273-280 

Lee, H. K., Ahn, M. J., Kwak, S. H., Song, W. H., & Jeong, B. C. (2003). 

 Purification and characterization of cold active lipase from psychrotrophic 

 Aeromonas sp. LPB 4. The Journal of Microbiology, 41(1), 22-27. 

Lee, L. P., Karbul, H. M., Citartan, M., Gopinath, S. C., Lakshmipriya, T., & Tang, 

 T. H. (2015). Lipase-secreting Bacillus species in an oil-contaminated 

 habitat: promising strains to alleviate oil pollution. BioMed Research 

 International, 2015:44612. 

Leow, T. C., Rahman, R. N. Z. R. A., Basri, M., & Salleh, A. B. (2007). A 

 thermoalkaliphilic lipase of Geobacillus sp. T1. Extremophiles, 11(3), 527-

 535. 

Li, X. L., Zhang, W. H., Wang, Y. D., Dai, Y. J., Zhang, H. T., Wang, Y., & Lu,  F. 

  P.(2014). A high-detergent-performance, cold-adapted lipase from 

 Pseudomonas stutzeri PS59 suitable for detergent formulation. Journal of 

 Molecular Catalysis B: Enzymatic, 102, 16-24. 

Liebeton, K., Zacharias, A., & Jaeger, K. E. (2001). Disulfide Bond in Pseudomonas 

 aeruginosa lipase stabilizes the structure but is not required for interaction 

 with its foldase. Journal of Bacteriology, 183(2), 597-603. 

Lim, P. K. C., Lee, X. C., Mohd Nazmi, N. M. A., Tang, Y. Y., Wong, S. F., Mak, J. 

 W., & Convey, P. (2018). Parasites in soil samples from Signy island, 

 Antarctica. Tropical Biomedicine, 35(4), 1007-1016. 

Litantra, R., Lobionda, S., Yim, J. H., & Kim, H. K. (2013). Expression and 

 biochemical characterization of cold-adapted lipases from Antarctic Bacillus 

 pumilus strains. Journal of Microbiology and Biotechnology, 23(9), 1221-

 1228. 

Luo, Y., Zheng, Y., Jiang, Z., Ma, Y., & Wei, D. (2006). A novel psychrophilic 

 lipase from Pseudomonas fluorescens with unique property in chiral 

 resolution and biodiesel production via transesterification. Applied 

 Microbiology and Biotechnology, 73(2), 349-355. 



© C
OPYRIG

HT U
PM

 

 

 

 

111 

Lorber, B., Fischer, F., Bailly, M., Roy, H., & Kern, D. (2012). Protein analysis by 

 dynamic light scattering: methods and techniques for students. Biochemistry 

 and Molecular Biology Education, 40(6), 372-382. 

Loughran, S. T., & Walls, D. (2017). Tagging recombinant proteins to enhance 

 solubility and aid purification. In Protein Chromatography (pp. 131-156). 

 Humana Press, New York, NY. 

Magdeldin, S., & Moser, A. (2012). Affinity chromatography: Principles and 

 applications. In Affinity Chromatography. IntechOpen. 

Maiangwa, J., Ali, M. S. M., Salleh, A. B., Rahman, R. N. Z. R. A., Shariff, F. M., & 

 Leow, T. C. (2015). Adaptational properties and applications of cold-active 

 lipases from psychrophilic bacteria. Extremophiles, 19(2), 235–247.  

Mander, P., Cho, S. S., Simkhada, J. R., Choi, Y. H., Ha, J. W., & Yoo, J. C. (2012). 

 An organic solvent-tolerant alkaline lipase from Streptomyces sp. CS268 and 

 its application in biodiesel production. Biotechnology and Bioprocess 

 Engineering, 17(1), 67-75. 

Margesin, R., Labbe, D., Schinner, F., Greer, C. W., & Whyte, L. G. (2003). 

 Characterization of hydrocarbon-degrading microbial populations in 

 contaminated and pristine alpine soils. Applied and Environmental  

 Microbiology, 69(6),  3085-3092. 

Martin-Sanchez, P. M., Gorbushina, A. A., & Toepel, J. (2018). Quantification of 

 microbial load in diesel storage tanks using culture-and qPCR-based 

 approaches. International Biodeterioration & Biodegradation, 126, 216-223. 

Masomian, M., Rahman, R. N. Z. R. A., Salleh, A. B., & Basri, M. (2010). A unique 

 thermostable and organic solvent tolerant lipase from newly isolated 

 Aneurinibacillus thermoaerophilus strain HZ: Physical factor studies. World 

 Journal of Microbiology and Biotechnology, 26(9), 1693–1701.  

Mavromatis, K., Feller, G., Kokkinidis, M., & Bouriotis, V. (2003). Cold adaptation 

 of a psychrophilic chitinase: a mutagenesis study. Protein Engineering, 16(7), 

 497-503. 

Meier, R., Drepper, T., Svensson, V., Jaeger, K. E., & Baumann, U. (2007). A 

 calcium-gated lid and a large β-roll sandwich are revealed by the crystal 

 structure of extracellular lipase from Serratia marcescens. Journal of 

 Biological Chemistry, 282(43), 31477-31483. 

Messaoudi, A., Belguith, H., Gram, I., & Hamida, J. B. (2010). Classification of EC 

 3.1. 1.3 bacterial true lipases using phylogenetic analysis. African Journal of 

 Biotechnology, 9(48), 8243-8247. 

Metpally, R. P. R., & Reddy, B. V. B. (2009). Comparative proteome analysis of 

 psychrophilic versus mesophilic bacterial species: Insights into the molecular 

 basis of cold adaptation of proteins. BMC Genomics, 10(1), 11. 



© C
OPYRIG

HT U
PM

 

 

 

 

112 

Miao, L. L., Hou, Y. J., Fan, H. X., Qu, J., Qi, C., Liu, Y. & Liu, Z. P. (2016). 

 Molecular structural basis for the cold adaptedness of the psychrophilic                       

 β- glucosidase BglU in Micrococcus antarcticus. Applied and Environmental 

 Microbiology, 82(7), 2021–2030. 

Michaux, C., Massant, J., Kerff, F., Frère, J. M., Docquier, J. D., Vandenberghe, I., 

 & Van Beeumen, J. (2008). Crystal structure of a cold adapted class C β

 lactamase. The FEBS journal, 275(8), 1687-1697. 

Mohamad, A. M. S., Mohd Fuzi, S. F., Ganasen, M., Abdul Rahman, R. N. Z. R., 

 Basri, M., & Salleh, A. B. (2013). Structural adaptation of cold-active RTX 

 lipase from Pseudomonas sp. strain AMS8 revealed via homology and 

 molecular dynamics simulation approaches. BioMed Research International, 

 2013:925373:9. 

Morita, R. Y. (1975). Psychrophilic bacteria. Bacteriological Reviews, 39(2), 144. 

Nguyen, T. A. V., Le, T. D., Phan, H. N., & Tran, L. B. (2018). Hydrolysis Activity 

 of Virgin Coconut Oil Using Lipase from Different 

 Sources. Scientifica, 2018:54467. 

Nosoh, Y., & Sekiguchi, T. (1991). Protein stability and stabilization through 

 protein engineering. E. Horwood. 

Novototskaya-Vlasova, K., Petrovskaya, L., Kryukova, E., Rivkina, E., Dolgikh, D., 

 & Kirpichnikov, M. (2013). Expression and chaperone-assisted refolding of a 

 new cold-active lipase from Psychrobacter cryohalolentis K5T. Protein 

 Expression and Purification, 91(1), 96-103. 

Ogino, H., Katou, Y., Akagi, R., Mimitsuka, T., Hiroshima, S., Gemba, Y., Doukyu, 

 N., Yasuda, M., Ishimi, K., & Ishikawa, H. (2007). Cloning and expression of 

 gene, and activation of an organic solvent-stable lipase from Pseudomonas 

 aeruginosa LST-03. Extremophiles, 11, 809-817. 

Ogino, H., Mimitsuka, T., Muto, T., Matsumura, M., Yasuda, M., Ishimi, K., & 

 Ishikawa, H. (2004). Cloning, expression and characterization of a lipolytic 

 enzyme gene (lip8) from Pseudomonas aeruginosa LST-03. Journal of 

 Molecular Microbiology and Biotechnology 7, 212-223 

Olusesan, A. T., Azura, L. K., Abubakar, F., Hamid, N. S. A., Radu, S., & Saari, N. 

 (2009). Phenotypic and molecular identification of a novel thermophilic 

 Anoxybacillus species: a lipase-producing bacterium isolated from a 

 Malaysian hotspring. World Journal of Microbiology and 

 Biotechnology, 25(11), 1981-1988 

Orphan, V. J., Taylor, L. T., Hafenbradl, D., & Delong, E. F. (2000). Culture-

 dependent and culture-independent characterization of microbial assemblages 

 associated with high-temperature petroleum reservoirs. Applied and

 Environmental Microbiology, 66(2), 700-711. 



© C
OPYRIG

HT U
PM

 

 

 

 

113 

Pandey, A., Benjamin, S., Soccol, C. R., Nigam, P., Krieger, N., & Soccol, V. T. 

 (1999). The realm of microbial lipases in biotechnology. Biotechnology and 

 Applied Biochemistry, 29(2), 119-131. 

Park, I. H., Kim, S. H., Lee, Y. S., Lee, S. C., Zhou, Y., Kim, C. M.,  & Choi, Y. L. 

 (2009). Gene cloning, purification, and characterization of a cold-adapted 

 lipase produced by Acinetobacter baumannii BD5. Journal Microbiology

 Biotechnology, 19(2), 128-135. 

Park, M., Hong, S. G., Park, H., Lee, B. H., & Lee, H. (2018). Identification of 

 reference genes for RT-qPCR in the Antarctic moss Sanionia uncinata under 

 abiotic stress conditions. PloS one, 13(6), e0199356. 

Parra, L. P., Reyes, F., Acevedo, J. P., Salazar, O., Andrews, B. A., & Asenjo, J. A. 

 (2008). Cloning and fusion expression of a cold-active lipase from marine 

 Antarctic origin. Enzyme and Microbial Technology, 42(4), 371-377. 

Parwata, I. P., Asyari, M., & Hertadi, R. (2014). Organic solvent-stable lipase from 

 moderate halophilic bacteria Pseudomonas stutzeri Isolated from the Mud 

 Crater of Bleduk Kuwu, Central Java, Indonesia. Journal of Pure Applied 

 Microbiology, 8(1), 31-40. 

Pearce, D. A., Van der Gast, C. J., Lawley, B., & Ellis-Evans, J. C. (2003). 

 Bacterioplankton community diversity in a maritime Antarctic lake, 

 determined by culture-dependent and culture-independent techniques. FEMS 

 Microbiology Ecology, 45(1), 59-70. 

Peternel, Š., Bele, M., Gaberc-Porekar, V., & Menart, V. (2006). Nonclassical 

 inclusion bodies in Escherichia coli. Microbial Cell Factories, 5(1), P23. 

Pfeffer, J., Rusnak, M., Hansen, C. E., Rhlid, R. B., Schmid, R. D., & Maurer, S. C. 

 (2007). Functional expression of lipase A from Candida antarctica in 

 Escherichia coli—a prerequisite for high-throughput screening and directed 

 evolution. Journal of Molecular Catalysis B: Enzymatic, 45(1-2), 62-67. 

Pikuta, E. V., Hoover, R. B., & Tang, J. (2007). Microbial extremophiles at the limits 

 of life. Critical Reviews in Microbiology, 33(3), 183-209. 

Pimentel, M. C. B., Krieger, N., Coelho, L. C. C. B., Fontana, J. O., Melo, E. H. M., 

 Ledingham, W. M., & Lima Filho, J. L. (1994). Lipase from a Brazilian strain 

 of Penicillium citrinum. Applied Biochemistry and Biotechnology, 49(1),               

 59-74. 

Pliego, J., Mateos, J., Rodriguez, J., Valero, F., Baeza, M., Femat, R., & Herrera-

 López, E. (2015). Monitoring lipase/esterase activity by stopped flow in a 

 sequential injection analysis system using p-nitrophenyl 

 butyrate. Sensors, 15(2), 2798-2811. 



© C
OPYRIG

HT U
PM

 

 

 

 

114 

Preuss, I., Kaiser, I., & Gehring, U. (2001). Molecular characterization of a 

 phosphatidylcholine hydrolyzing phospholipase C. European Journal of 

 Biochemistry, 268(19), 5081-5091. 

Priji, P., Unni, K. N., Sajith, S., Binod, P., & Benjamin, S. (2015). Production, 

 optimization, and partial purification of lipase from Pseudomonas sp. strain 

 BUP6, a novel rumen bacterium characterized from Malabari 

 goat. Biotechnology and Applied Biochemistry, 62(1), 71-78. 

Priyanka, P., Kinsella, G., Henehan, G. T., & Ryan, B. J. (2019). Isolation, 

 purification and characterization of a novel solvent stable lipase from 

 Pseudomonas reinekei. Protein Expression and Purification, 153, 121-130. 

Rahman, R., Masomian, M., Salleh, A., & Basri, M. (2009). A new thermostable 

 lipase  by Aneurinibacillus thermoaerophilus strain HZ : Nutritional studies. 

 Annals of Microbiology, 59(1), 133–139.  

Rahman, R. N. Z. R., Baharum, S. N., Basri, M., & Salleh, A. B. (2005). High-yield 

 purification of an organic solvent-tolerant lipase from Pseudomonas sp. strain 

 S5. Analytical biochemistry, 341(2), 267-274. 

Ramachandran, G. N. (1963). Stereochemistry of polypeptide chain 

 configurations. Journal of Molecular Biology, 7, 95-99. 

Ramani, K., Kennedy, L. J., Ramakrishnan, M., & Sekaran, G. (2010). Purification, 

 characterization and application of acidic lipase from Pseudomonas gessardii 

 using beef tallow as a substrate for fats and oil hydrolysis. Process 

 Biochemistry, 45(10), 1683-1691. 

Ramteke, P. W., Joseph, B., & Kuddus, M. (2005). Extracellular lipases from 

 anaerobic microorganisms of Antarctic. Indian Journal of Biotechnology, 4, 

 293-304 

Rashid, N., Shimada, Y., Ezaki, S., Atomi, H. & Imanaka, T. (2001). Low-

 temperature  lipase from psychrotrophic Pseudomonas sp. strain KB700A. 

 Applied and Environmental Microbiology, 67(9), 4064-4069. 

Rathi, P., Saxena, R. K., & Gupta, R. (2001). A novel alkaline lipase from 

 Burkholderia cepacia for detergent formulation. Process Biochemistry, 37(2), 

 187-192. 

Raussens, V., Ruysschaert, J. M., & Goormaghtigh, E. (2003). Protein concentration 

 is not an absolute prerequisite for the determination of secondary structure 

 from circular dichroism spectra: a new scaling method. Analytical 

 Biochemistry, 319(1), 114-121. 

Reddy, G. S., Matsumoto, G. I., Schumann, P., Stackebrandt, E., & Shivaji, S. 

 (2004). Psychrophilic pseudomonads from Antarctica: Pseudomonas 

 antarctica sp. nov., Pseudomonas meridiana sp. nov. and Pseudomonas 



© C
OPYRIG

HT U
PM

 

 

 

 

115 

 proteolytica sp. nov. International Journal of Systematic and Evolutionary 

 Microbiology, 54(3), 713-719. 

Reddy K, R. C., Lilie, H., Rudolph, R., & Lange, C. (2005). L Arginine increases the 

 solubility of unfolded species of hen egg white lysozyme. Protein 

 Science, 14(4), 929-935. 

Reed, A. J., Thatje, S., & Linse, K. (2012). Shifting baselines in Antarctic 

 ecosystems; ecophysiological response to warming in Lissarca miliaris at 

 Signy Island, Antarctica. PloS one, 7(12), e53477. 

Reis, P., Holmberg, K., Watzke, H., Leser, M. E., & Miller, R. (2009). Lipases at 

 interfaces: a review. Advances in Colloid and Interface Science, 147, 237-

 250. 

Rinas, U., Garcia-Fruitós, E., Corchero, J. L., Vázquez, E., Seras-Franzoso, J., & 

 Villaverde, A. (2017). Bacterial inclusion bodies: discovering their better 

 half. Trends in Biochemical Sciences, 42(9), 726-737. 

Rodrigues, D. F., & Tiedje, J. M. (2008). Coping with our cold planet. Applied and 

 Environmental Microbiology., 74(6), 1677-1686. 

Rosano, G. L., & Ceccarelli, E. A. (2014). Recombinant protein expression in 

 Escherichia coli: advances and challenges. Frontiers in Microbiology, 5, 172. 

Ruberto, L. A., Vazquez, S., Lobalbo, A., & Mac Cormack, W. P. (2005). 

 Psychrotolerant hydrocarbon-degrading Rhodococcus strains isolated from 

 polluted Antarctic soils. Antarctic Science, 17(1), 47-56. 

Ryu, H. S., Kim, H. K., Choi, W. C., Kim, M. H., Park, S. Y., Han, N. S., & Lee,  J. 

 K. (2006). New cold-adapted lipase from Photobacterium lipolyticum sp. 

 nov. that is closely related to filamentous fungal lipases. Applied 

 Microbiology and Biotechnology, 70(3), 321-326. 

Sabat, S., Murthy, V. K., Pavithra, M., Mayur, P., & Chandavar, A. (2012). 

 Production and characterisation of extracellular lipase from Bacillus 

 stearothermophilus MTCC 37 under different fermentation 

 conditions. International  Journal of  Engineering Residue Applied, 2(3), 

 1775-1781. 

Sahdev, S., Khattar, S. K., & Saini, K. S. (2008). Production of active eukaryotic 

 proteins through bacterial expression systems: a review of the existing 

 biotechnology strategies. Molecular and Cellular Biochemistry, 307(1-2), 

 249-264. 

Salihu, A., & Alam, M. Z. (2015). Solvent tolerant lipases: A review. Process 

 Biochemistry, 50(1), 86–96. 



© C
OPYRIG

HT U
PM

 

 

 

 

116 

Salleh, A. B., Rahim, A. S. M. A., Rahman, R. N. Z. R. A., Leow, T. C., & Basri, M. 

 (2012). The role of Arg157Ser in improving the compactness and stability of 

 ARM lipase. Journal of Computer Science & Systems Biology, 5(2), 39. 

Samad, M. Y. A., Razak, C. N. A., Salleh, A. B., Yunus, W. Z. W., Ampon, K., & 

 Basri, M. (1989). A plate assay for primary screening of lipase 

 activity. Journal of Microbiological Methods, 9(1), 51-56. 

Sampaio, D. S., Almeida, J. R. B., de Jesus, H. E., Rosado, A. S., Seldin, L., & 

 Jurelevicius, D. (2017). Distribution of anaerobic hydrocarbon-degrading 

 bacteria in soils from King George Island, Maritime Antarctica. Microbial 

 Ecology, 74(4), 810-820. 

Sangeetha, R., Arul Pandi, I., & Geetha, A. (2011). Bacterial lipases as potential 

 industrial biocatalysts: An overview. Research Journal of Microbiology 6(1),      

 1-24. 

Sani, H. A., Shariff, F. M., Rahman, R. N. Z. R. A., Leow, T. C., & Salleh, A. B. 

 (2018). The effects of one amino acid substitutions at the C-terminal region 

 of thermostable L2 lipase by computational and experimental 

 approach. Molecular  Biotechnology, 60(1), 1-11. 

Santiago, M., Ramírez-Sarmiento, C. A., Zamora, R. A., & Parra, L. P. (2016). 

 Discovery, molecular mechanisms, and industrial applications of cold-active 

 enzymes. Frontiers in Microbiology, 7, 1408. 

Shakiba, M. H., Ali, M. S. M., Rahman, R. N. Z. R. A., Salleh, A. B., & Leow, T. C. 

 (2016). Cloning, expression and characterization of a novel cold-adapted 

 GDSL family esterase from Photobacterium sp. strain 

 J15. Extremophiles, 20(1), 45-55. 

Shariff, F. M., Rahman, R. N. Z. R. A., Basri, M., & Salleh, A. B. (2011). A newly 

 isolated thermostable lipase from Bacillus sp. International Journal of 

 Molecular Sciences, 12(5), 2917-2934. 

Sharma, R., Chisti, Y., & Banerjee, U. C. (2001). Production, purification, 

 characterization, and applications of lipases. Biotechnology Advances, 19(8), 

 627-662. 

Shuo-shuo, C., Xue-zheng, L., & Ji-hong, S. (2011). Effects of co-expression of 

 molecular chaperones on heterologous soluble expression of the cold-active 

 lipase Lip-948. Protein Expression and Purification, 77(2), 166-172. 

Siddiqui, K. S., & Cavicchioli, R. (2006). Cold-adapted enzymes. Annual Review in 

 Biochemistry, 75, 403-433. 

Siddiqui, K. S., Williams, T. J., Wilkins, D., Yau, S., Allen, M. A., Brown, M. V., & 

 Cavicchioli, R. (2013). Psychrophiles. Annual Review of Earth and Planetary 

 Sciences, 41, 87-115. 



© C
OPYRIG

HT U
PM

 

 

 

 

117 

Singh, S. M., & Panda, A. K. (2005). Solubilization and refolding of bacterial 

 inclusion body proteins. Journal of Bioscience and Bioengineering 99(4), 

 303-310. 

Sjursen, H., & Sinclair, B. J. (2002). On the cold hardiness of Stereotydeus mollis 

 (Acari: Prostigmata) from Ross Island, Antarctica. Pedobiologia, 46(2), 188-

 195. 

Smith, R. L. (1990). Signy Island as a paradigm of biological and environmental 

 change in Antarctic terrestrial ecosystems. In Antarctic Ecosystems (pp. 32-

 50). Springer, Berlin, Heidelberg. 

Sooch, B. S., & Kauldhar, B. S. (2013). Influence of multiple bioprocess parameters 

 on production of lipase from Pseudomonas sp. BWS-5. Brazilian Archives of 

 Biology and Technology, 56(5), 711-721. 

Soleymani, S., Alizadeh, H., Mohammadian, H., Rabbani, E., Moazen, F., Sadeghi, 

 H. M., & Rabbani, M. (2017). Efficient media for high lipase production: 

 One variable at a time approach. Avicenna Journal of Medical 

 Biotechnology, 9(2), 82. 

Sommer, P., Bormann, C., & Götz, F. (1997). Genetic and biochemical 

 characterization of a new extracellular lipase from Streptomyces 

 cinnamomeus. Applied and Environmental Microbioogy., 63(9), 3553-3560. 

Sørensen, H. P., & Mortensen, K. K. (2005). Advanced genetic strategies for 

 recombinant protein expression in Escherichia coli. Journal of 

 Biotechnology, 115(2), 113-128. 

Spiwok, V., Lipovová, P., Skálová, T., Dušková, J., Dohnálek, J., Hašek, J., & 

 Králová, B. (2007). Cold-active enzymes studied by comparative molecular 

 dynamics simulation. Journal of Molecular Modeling, 13(4), 485-497. 

Suzuki, T., Nakayama, T., Kurihara, T., Nishino, T., & Esaki, N. (2001). Cold-active 

 lipolytic activity of psychrotrophic Acinetobacter sp. strain no. 6. Journal of 

 Bioscience and Bioengineering, 92(2), 144-148. 

Tanaka, D., Yoneda, S., Yamashiro, Y., Sakatoku, A., Kayashima, T., Yamakawa, 

 K., & Nakamura, S. (2012). Characterization of a new cold-adapted lipase 

 from Pseudomonas sp. TK-3. Applied Biochemistry and 

 Biotechnology, 168(2), 327-338. 

Tang, L., Su, M., Yan, J., Xie, S., & Zhang, W. (2015). Lid hinge region of 

 Penicillium expansum lipase affects enzyme activity and interfacial 

 activation. Process Biochemistry, 50(8), 1218-1223. 

Teng, Y., & Xu, Y. (2008). Culture condition improvement for whole-cell lipase 

 production in submerged fermentation by Rhizopus chinensis using statistical 

 method. Bioresource Technology, 99(9), 3900-3907. 



© C
OPYRIG

HT U
PM

 

 

 

 

118 

Thakur, V., Tewari, R., & Sharma, R. (2014). Evaluation of production parameters 

 for maximum lipase production by Pseudomonas stutzeri MTCC 5618 and 

 scale-up in bioreactor. Chinese Journal of Biology, 2014. 

Thanassi, D. G., & Hultgren, S. J. (2000). Multiple pathways allow protein secretion 

 across the bacterial outer membrane. Current Opinion in Cell Biology, 12(4), 

 420 -430. 

Thomas, D. N., & Dieckmann, G. S. (2002). Antarctic sea ice-a habitat for 

 extremophiles. Science, 295(5555), 641-644. 

Thomson, C. A., Delaquis, P. J., & Mazza, G. (1999). Detection and measurement of 

 microbial lipase activity: a review. Critical Reviews in Food Science and 

 Nutrition, 39(2), 165-187. 

Tin, T., Sovacool, B. K., Blake, D., Magill, P., El Naggar, S., Lidstrom, S., & 

 Berte, J. (2010). Energy efficiency and renewable energy under extreme 

 conditions: Case studies from Antarctica. Renewable Energy, 35(8), 1715-

 1723. 

Treichel, H., de Oliveira, D., Mazutti, M. A., Di Luccio, M., & Oliveira, J. V. (2010). 

 A review on microbial lipases production. Food and Bioprocess 

 Technology, 3(2), 182-196. 

Tsumoto, K., Ejima, D., Kumagai, I., & Arakawa, T. (2003). Practical considerations 

 in refolding proteins from inclusion bodies. Protein Expression and 

 Purification, 28(1), 1-8. 

Ülker, S., Özel, A., Çolak, A., & Karaoğlu, Ş. A. (2011). Isolation, production, and 

 characterization of an extracellular lipase from Trichoderma harzianum 

 isolated from soil. Turkish Journal of Biology, 35(5), 543-550. 

Vallejo, L. F. (2004). Strategy for recovery of active protein through refolding of 

 bacterial inclusion body proteins. Microbial. Cell Factories., 3, 2-12. 

Van Goethem, M. W., & Cowan, D. A. (2019). Role of Cyanobacteria in the 

 ecology of polar environments. In The Ecological Role of Micro-organisms in 

 the Antarctic Environment (pp. 3-23). Springer, Cham. 

Veno, J., Ahmad Kamarudin, N., Mohamad Ali, M., & Masomian, M. (2017). 

 Directed evolution of recombinant C-terminal truncated Staphylococcus 

 epidermidis lipase AT2 for the enhancement of thermostability. International  

 Journal of Molecular Sciences, 18(11), 2202. 

Verma, N., Thakur, S., & Bhatt, A. K. (2012). Microbial lipases: industrial 

 applications and properties (a review). International Research Journal of 

 Biological Sciences, 1(8), 88-92. 

 



© C
OPYRIG

HT U
PM

 

 

 

 

119 

Verma, P., Yadav, A. N., Khannam, K. S., Panjiar, N., Kumar, S., Saxena, A. K., & 

 Suman, A. (2015). Assessment of genetic diversity and plant growth 

 promoting  attributes of psychrotolerant bacteria allied with wheat 

 (Triticum aestivum) from  the northern hills zone of India. Annals of 

 Microbiology, 65(4), 1885–1899. 

Weerasooriya, M. K. B., & Kumarasinghe, A. A. N. (2012). Isolation of alkaline 

 lipase from rubber seed—Partial purification, characterization and its 

 potential applications as a detergent additive. Indian Journal of Chemical 

 Technology, 19, 244-249. 

Wintrode, P. L., Miyazaki, K., & Arnold, F. H. (2000). Cold adaptation of a 

 mesophilic subtilisin-like protease by laboratory evolution. Journal of 

 Biological Chemistry, 275(41), 31635-31640. 

Wu, G., Zhang, X., Wei, L., Wu, G., Kumar, A., Mao, T., & Liu, Z. (2015). A cold-

 adapted, solvent and salt tolerant esterase from marine bacterium 

 Psychrobacter pacificensis. International Journal of Biological 

 Macromolecules, 81, 180-187. 

Xuezheng, L., Shuoshuo, C., Guoying, X., Shuai, W., Ning, D., & Jihong, S. (2010). 

 Cloning and heterologous expression of two cold-active lipases from the 

 Antarctic bacterium Psychrobacter sp. G. Polar Research, 29(3), 421-429. 

Yaacob, N., Mohamad Ali, M. S., Salleh, A. B., Rahman, R. N. Z. R. A., &                            

 Leow, A. T.C. (2016). Toluene promotes lid 2 interfacial activation of cold 

 active solvent tolerant lipase from Pseudomonas fluorescens strain AMS8. 

 Journal of Molecular Graphics and Modelling, 68, 224–235.  

Yadav, K. S., Adsul, M. G., Bastawde, K. B., Jadhav, D. D., Thulasiram, H. V., & 

 Gokhale, D. V. (2011). Differential induction, purification and 

 characterization of cold active lipase from Yarrowia lipolytica NCIM 

 3639. Bioresource Technology, 102(22), 10663-10670. 

Yamaguchi, H., & Miyazaki, M. (2014). Refolding techniques for recovering 

 biologically active recombinant proteins from inclusion 

 bodies. Biomolecules, 4(1), 235-251. 

Yew, W. C., Pearce, D. A., Dunn, M. J., Adlard, S., Alias, S. A., Samah, A. A., & 

 Convey, P. (2018). Links between bacteria derived from penguin guts and 

 deposited guano and the surrounding soil microbiota. Polar Biology, 41(2), 

 269-281. 

Young, C. L., Britton, Z. T., & Robinson, A. S. (2012). Recombinant protein 

 expression and purification: a comprehensive review of affinity tags and 

 microbial applications. Biotechnology Journal, 7(5), 620-634. 

Yu, X. W., Tan, N. J., Xiao, R., & Xu, Y. (2012). Engineering a disulfide bond in the 

 lid hinge region of Rhizopus chinensis lipase: increased thermostability and 

 altered acyl chain length specificity. Plos one, 7(10), e46388. 



© C
OPYRIG

HT U
PM

 

 

 

 

120 

Zeng, X., Xiao, X., Wang, P., & Wang, R. (2004). Screening and characterization of 

 psychrotrophic, lipolytic bacteria from deep-sea sediments. Journal of 

 Microbiology and Biotechnology, 14(5), 952-958. 

Zhang, A., Gao, R., Diao, N., Xie, G., Gao, G., & Cao, G. (2009). Cloning, 

 expression  and characterization of an organic solvent tolerant lipase from 

 Pseudomonas  fluorescens JCM5963. Journal of Molecular Catalysis B: 

 Enzymatic 56, 78-84. 

Zhang, J., Lin, S., & Zeng, R. (2007). Cloning, expression, and characterization of a 

 cold-adapted lipase gene from an antarctic deep-sea psychorotrophic 

 bacterium, Psychobacter sp. 7195. Journal of Microbiology and 

 Biotechnology, 17(4), 604-610. 

Zhang, J. W., & Zeng, R. Y. (2008). Molecular cloning and expression of a cold-

 adapted lipase gene from an Antarctic deep sea psychrotrophic bacterium 

 Pseudomonas sp. 7323. Marine Biotechnology, 10(5), 612-621. 

Zhang, Y., Ji, F., Wang, J., Pu, Z., Jiang, B., & Bao, Y. (2018). Purification and 

 characterization of a novel organic solvent-tolerant and cold-adapted lipase 

 from Psychrobacter sp. ZY124. Extremophiles, 22(2), 287-300. 

Zheng, X., Chu, X., Zhang, W., Wu, N., & Fan, Y. (2011). A novel cold-adapted 

 lipase from Acinetobacter sp. XMZ-26: gene cloning and 

 characterisation. Applied Microbiology and Biotechnology, 90(3), 971-980. 

Zouaoui, B., & Bouziane, A. (2011). Isolation, Optimisation and purification of 

 lipase production by Pseudomonas aeruginosa. Journal Biotechnology 

 Biomaterial, 7(1), 345-351. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

 

 

 

133 

8 BIODATA OF STUDENT 

Leelatulasi Salwoom , the eldest of 3 girls was born on the 25th of January 1980 in 

Kuala Lumpur Malaysia. She received her education at Sekolah Kebangsaan Ampang 

Campuran and continued her secondary in Convent Bukit Nanas , Kuala Lumpur. 

Upon completion of Sijil Tertinggi Persekolahan Malaysia (STPM)  she was offered 

to pursue her degree in  Medical Microbiology, Faculty of Medicine University 

Malaya Kuala Lumpur and continued her masters in the field of Antarctic 

Microbiology under the National Antarctic Research Centre, Institute of Postgraduate 

Studies University Malaya. The author has also conducted her own sampling from the 

Antarctic region for the completion of her MSc project. The author joined Universiti 

Putra Malaysia (UPM) , Faculty of Biotechnology and Biomolecular Sciences under 

the supervision of Assoc. Prof. Dr. Mohd Shukuri Mohamad Ali for PhD programme 

with dissertation.. Enzymology was the chosen field of study specialising in cold 

adapted lipases from the Antarctic region. Author is also the recipient of the Sultan 

Mizan Antarctic Research Fellowship from the Academy of Sciences Malaysia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

 

 

 

134 

9 LIST OF PUBLICATIONS  

Published research article 

 

Salwoom, L.; Rahman, R.N.Z.R.; Salleh, A.B.; Shariff, F.M.; Convey, P.; Pearce, D.; 

Ali, M.S.M.  (2019). Isolation, Characterisation, and Lipase Production of a 

Cold-Adapted Bacterial Strain Pseudomonas sp. LSK25 Isolated from Signy 

Island, Antarctica. Molecules, 24(4), 715. (Impact factor: 3.098, Q2) 

 

Salwoom, L.; Rahman, R.N.Z.R.; Salleh, A.B.; Shariff, F.M.; Convey, P.; Ali, M.S.M. 

(2019). New Recombinant Cold-Adapted and Organic Solvent Tolerant Lipase 

from psychrophilic Pseudomonas sp. LSK25, Isolated from Signy Island 

Antarctica. International Journal of Molecular Sciences, 20(6), 1264.( Impact 

factor: 4.183, Q2) 

 

 

Pending submissions 

 

1. Unravelling protein structure of a new recombinant cold adapted lipase from 

psychrophilic Pseudomonas sp. LSK25 via insilico approaches 

 

2. Effect non polar solvents on the interfacial activation of organic solvent 

tolerant lipase Pseudomonas sp. LSK25  

 

3. A comprehensive review of cold adapted lipases from Pseudomonas sp. 

isolated from the Antarctic region 

 

 

Conferences 
 

1. Scientific Committee on Antarctic Research's (SCAR) Biology Conferences. 

Barcelona Spain . 2-10th August 2013. Poster presenter 

 

2. Scientific Committee on Antarctic Research's (SCAR) Biology Conferences. 

Kuala Lumpur Malaysia. 25-30th August 2016. Poster presenter 

 

3. Malaysian International Antarctic Seminar, Terengganu Malaysia 10-15th 

August 2017. Oral presenter 



© C
OPYRIG

HT U
PM




