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The intrinsic propensity of each amino acid residue forming a-helices in a
protein determines the stability of a protein. The purpose of this study is to
improve the stability of the protein by stabilizing the N-terminal a-helix.
Therefore, mutations were focused on N-terminal helix of J15 lipase derived
from Photobacterium sp. strain J15. The structure of J15 lipase was modeled
based on M37 lipase crystal structure as a template. Asp6 of N-terminal helix
was chosen as competition of Asp6 with the adjoining main chain hydrogen
bonding interaction could destabilize the N-terminal helical structure. In silico

analysis using SDM and I-mutant 2.0 revealed that D6L and D61 enhanced the



stability of mutated J15 lipases with AAG of 5.12 kcal/mol and 0.82 kcal/mol
respectively. In order to validate the in-silico prediction, the gene encoding J15
lipase was cloned into pEasy-E2 expression vector and transformed into
Escherichia coli BL21(De3). Point mutation was generated using Fast
Mutagenesis System to increase the mutation efficiency. The Aspartate residue
at the sixth position of the N-terminal a-helix was substituted with Isoleucine
and Leucine. The wild-type and mutants were induced with 0.015 mM IPTG at
30°C for 16 h. The expected size of the protein was approximately 40.11kDa.
Both the wild-type and mutants showed low expression level and most of the
proteins were present as insoluble bodies. The specific activity of the crude
protein calculated for J15 lipase is 1.953 U/mg, D6l is 1.55 U/mg and D6L is
1.429 U/mg. Overall, the specific activity was low. Due to time constraint,
further experimental work could not be performed on time and it was not able

to validate the result with the in-silico protein stability predictions.
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Kecenderungan intrinsic daripada setiap residu asid amino yang membentuk heliks
alfa dalam protein menentukan kestabilan protein. Oleh itu, mutasi difokuskan kepada
heliks N-termini lipase J15 yang didapati daripada spesies Photobacterium strain J15.
Struktur lipase J15 dimodelkan berdasarkan struktur kristal lipase M37 sebagai
templat. Asp6 daripada heliks N-termini dipilih sebagai tapak mutasi kerana
persaingan di antara Asp6 dan rantaian ikatan hydrogen utama boleh menjejaskan
kestabilan struktur heliks N-termini. Dalam analisis silico menggunaka SDM dan |-
mutant 2.0, ia mendedahkan bahawa D6L dan D61 meningkatkan kestabilan lipase J15

bermutasi dengan bacaan AAG 5.12 kcal/mol dan 0.82 kcal/mol. Dalam usaha untuk



mengesahkan ramalan dalam silico, kajian eksperimen telah dijalankan. Gen yang
mengandungi lipase J15 telah diklonkan ke dalam pEasy-E2 vektor ekspresi dan
ditransformasikan ke dalam Escherichia coli BL21(DE3). Titik mutasi telah dijanakan
dengan menggunakan Sistem Mutagenesis cekap untuk meningkatkan kecekapan
mutasi. Residu Aspartate di kedudukan keenam N-termini telah o-heliks digantikan
dengan Isoleucine dan Leucine. Lipase J15 jenis liar dan mutan telah diaruhkan
dengan 0.015 mM IPTG pada 30°C selama 16 jam. Jangkaan saiz protein adalah lebih
kurang 40.11kDa. Lipase J15 jenis liar dan mutan mempunyai tahap ekspresi yang
rendah dan sebahagian besar daripada protein adalah tidak larut. Aktiviti spesifik
protein mentah dikira untuk jenis liar J15 lipase adalah 1,953 U/mg, D61 adalah 1.55
U/mg dan D6L adalah 1.429 U/mg. Secara keseluruhannya, aktiviti khusus adalah
rendah. Oleh kerana kekangan masa, kerja eksperimen lanjut tidak dapat dilakukan

pada masa ini dan ia tidak dapat mengesahkan keputusan dengan ramalan dalam silico.

Kata kunci : mutagenesis, lipase, Photobacterium, kestabilan
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CHAPTER 1

INTRODUCTION

Lipases catalyze the hydrolysis of triacylglycerol to glycerol and fatty acids (Sharma
et al., 2011). Lipase will only be activated when interface between the aggregated
substrates and aqueous solution is formed. This is known as the interfacial activation.
The active sites of the enzyme are shielded from the solvent (Brady et al., 1990).
Some lipases are stable in organic solvents, which in turn giving them a chance for
their exploitation in organic synthesis such as esterification, transesterification and
aminolysis (Drauz and Waldman, 1995). Lipases are being utilized as cheap and
versatile biocatalysts as the enzymes are widely spread in nature such as plants,
animals and microorganisms (Gandhi, 1997). Besides, lipases are also widely used in
many industrial applications such as in the production of fats and oils, detergents, food

processing and production of cosmetics (Rubin and Dennis, 1997a,b).

In an a-helix, the first four amine group and the last four carboxyl group lacks internal
hydrogen bonds. Instead, they are often capped by an alternative hydrogen bond
partner (Aurora and Rose, 1998). Presta and Rose (1998) hypothesized that helix end
capping plays an important role in helix stabilization. Basically, by substituting one or
several amino acids at the N- or C- terminal will help to improve the protein stability

by increasing the thermal stability of the protein.

Most of the enzymes are marginally stable under cellular environments and are hardly
stable under harsh condition such as high temperature. Mutation was introduced at the

1



N-terminus so that enzymes with improved properties and desired characteristics can

be obtained. Point mutation was modeled first and protein stability was analysed in-

silico. Experimental studies were then carried out to validate the in-silico protein

stability prediction results.

Objectives

1.1 To clone J15 lipase gene into pEasy-E2 expression vector
1.2 To model point mutation in-silico

1.3 To analyse the protein stability in-silico

1.4 To generate point mutation through site-directed mutagenesis
1.5  To study the effect of mutation on the stability of J15 lipase
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