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One of the most reliable methods to improve the heterologous protein production is
by conducting molecular cloning and expression of a targeted gene in an organism.
This process requires extensive assessment on different promoters and hosts resulting
in wastage of time, energy and resources. BLAST heuristic algorithm can predict
lipase expression in Pichia pastoris. This study aims to develop a promoter prediction
system for recombinant lipase expression in commonly used yeast expression system,
P. pastoris using BLAST heuristic algorithm. Published experimental results of lipase
expressed in P. pastoris were curated manually from publicly available databases and
used for lipase database development. Two databases were developed, to store,
organize and manage the curated data using MySQL and protein sequences in FASTA
format using flat file. As for prediction, a BLAST heuristic method was implemented
for sequence alignment and similarity comparison using Perl scripting language. The
prediction system consists of two modules; Lipase Expression Database (LipEXDB)
and Lipase Expression Prediction System (LIpExXPS). LipExXDB is a module for
storing curated data and providing users with interface to query and retrieve
information; and LipEXPS is a module for users to upload the query sequence and
retrieve the results of sequence alignment and other statistical parameters such as
percentage of similarity and e-value. A user interface was provided for LipEXPS.
ARM lipase was used to validate the LipEXPS. The predicted result of ARM lipase
was used to clone into pGAPZaA and pPICZaB vectors followed by transformation
into P. pastoris. The expression of ARM lipase was monitored in P. pastoris strain
GS115. Based on the experimental validation, ARM lipase was successfully expressed
in P. pastoris strain GS115 using GAP and AOX promoters as predicted by LipEXPS.
LipEXPS was able to address the problem of promoter/host choice in lipase expression
when using P. pastoris as a host by predicting the promoters that can be used to
express the gene submitted to LIpEXPS. LipEXDB would provide researchers with
more information on lipase expression in P. pastoris. The development of this
prediction system would facilitate the expression of lipase gene in P. pastoris thus
saving resources, time and energy.
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PEMBANGUNAN DAN PENGESAHAN SISTEM RAMALAN PROMOTER
UNTUK PENGEKSPRESAN LIPASE REKOMBINAN DI Pichia pastoris

Oleh

MAYAKI FATIMA GOGO

April 2017
Pengerusi : Siti Nurbaya Oslan, PhD
Fakulti : Bioteknologi dan Sains Biomolekul

Salah satu kaedah yang boleh digunakan untuk meningkatkan pengeluaran protein
heterologus adalah dengan menjalankan pengklonan dan ekspresi molekular gen yang
dikehendaki di dalam organisma. Proses ini memerlukan pemilihan menyeluruh
promoter dan hos yang berbeza, di mana akan mengakibatkan pembaziran masa,
tenaga dan sumber. Algoritma heuristik BLAST boleh meramalkan ekspresi lipase
dalam Pichia pastoris. Kajian ini bertujuan untuk membangunkan sistem ramalan
promoter untuk mengekspreskan lipase rekombinan dalam sistem ekspresi yis P.
pastoris menggunakan algoritma heuristik BLAST. Hasil eksperimen yang telah
diterbitkan dalam pangkalan data umum, dikumpulkan secara manual dan digunakan
untuk pembangunan pangkalan data lipase. Dua pangkalan data telah dibangunkan
untuk menyimpan, menyusun dan menguruskan data yang dikumpul menggunakan
MySQL dan jujukan protein dalam format FASTA menggunakan fail rata. Bagi
pembangunan sistem ramalan, kaedah heuristik BLAST yang telah dilaksanakan
untuk penjajaran jujukan protein dan perbandingan persamaan menggunakan bahasa
pengatucaraan Perl. Sistem ramalan ini terdiri daripada dua modul; pangkalan data
ekspresi lipase (LipExDB) dan sistem ramalan ekspresi lipase (LipEXPS). LipExDB
adalah modul untuk menyimpan data yang terkumpul disamping menyediakan antara
muka pengguna untuk pertanyaan dan mendapatkan maklumat; manakala LipEXPS
adalah modul untuk pengguna memuatnaik jujukan pertanyaan dan mendapatkan
keputusan penjajaran jujukan berserta parameter statistik yang lain seperti peratus
persamaan dan e-nilai. Antara muka pengguna telah disediakan bagi kegunaan
LIipEXPS. ARM lipase telah dipilih untuk mengesahkan sistem LipExPS. Hasil
ramalan telah digunakan untuk proses mengklonkan ARM lipase ke dalam pGAPZaA
dan pPICZaB vektor, diikuti dengan transformasi ke dalam P. pastoris. Ekspresi ARM
lipase dipantau dalam P. pastoris GS115. Berdasarkan pengesahan eksperimen itu,
ARM lipase berjaya diekspreskan di dalam P. pastoris GS115 menggunakan promoter
GAP dan AOX seperti yang diramalkan oleh LipExPS. LipEXPS berjaya menangani
masalah pilihan promoter/hos dalam ekspresi lipase di dalam P. pastoris. Sistem
ramalan promoter (LipExPS) ini boleh digunakan dalam pengekspresan gen di dalam



P. pastoris. LIpEXDB juga akan memberikan maklumat lebih lanjut mengenai
ekspresi lipase dalam P. pastoris. Pembangunan sistem ramalan ini akan memudahkan
pengekspresan lipase dalam P. pastoris sekaligus menjimatkan sumber, masa dan

tenaga.
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CHAPTER 1

INTRODUCTION

In computational biology, predictions are used in various aspects such as in predicting
protein-protein interactions, protein structure and transcription bind site, gene
expression and drug discovery and design (Hartner et al., 2008; Barbosa et al., 2015).
In order for a prediction system to exist an algorithm is needed. Algorithms are set of
statistical formulas used to solve a problem (Parikh & Boyd, 2013). There are different
categories of algorithms such as simple recursive algorithms, backtracking algorithms,
divide-and-conquer algorithms, dynamic programming algorithms, greedy algorithms
and branch-and-bound algorithms (Seddon et al., 2013; Fernandez et al., 2017).

Widely used in computational biology and bioinformatics is dynamic programming
algorithms (Badr et al., 2014). These algorithms are used for optimization problems
because it can remember past results and use it to find new results (Xia, 2013; Jou et
al., 2016; Reeb et al., 2016). These algorithms are used for protein folding, RNA
structure prediction and sequence alignment (Bandyopadhyay et al., 2006). Examples
of sequence alignment dynamic programming algorithms are Basic Local Alignment
Search Tool (BLAST) (Altschul et al., 1990) and FAST All (FASTA) (Lipman &
Pearson, 1985). Both BLAST and FASTA are used for nucleotides and proteins
sequence analysis (Neumann et al., 2014). Algorithms are implemented on databases
to make predictions (Wang & Bryant, 2014).

Databases are organized collection of information which are arranged for easy access,
management and updating (Medvedeva et al., 2015). They are classified based on the
information content. The functions of a database include storing data, managing data
and indexing data (Alonso & Korth, 1993; Kroger, 2001). The functions of a database
management system (DBMS) are data definition, updating and retrieving information
(Altman, 2004; Murovec et al., 2015). Most databases curate data such as protein data
(Finn et al., 2016), weather data (Field et al., 2015) and pollution data (Falchi et al.,
2016). Examples of protein data include enzymes and hormones.

Enzymes play an important role in many industries which makes their production also
crucial. Enzymes are important in detergent, fermentation, textiles, paper and dairy
industries (Ray, 2012). There are many enzymes available that suit industrial use such
as lipases, amylases and proteases. The hydrolysis of fats and oil is carried out by the
enzyme lipase (triacylglycerol ester hydrolases, EC 3.1.1.3) with subsequent release
of monoacylglycerols, diacylglycerols, free fatty acids, and glycerol (Villeneuve et
al., 2000). These enzymes are ubiquitous in nature. The hydrolysis of triglycerides
takes place at the interface between the insoluble substrate and water (Quyen et al.,
2003). These enzymes have also been used broadly in hydrolysis of a variety of esters
and enantio- selective synthesis (Nars et al.,, 2014). Antioxidants, biodiesel
production, cosmetic, syntheses of antitumor, biosensor construction, waste water
treatment are applications of this enzyme. Lipases are largely produced from microbes
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and specifically bacterial play an important role in the production of lipases (Hasan et
al., 2009; Guillén et al., 2011).

For industrial enzyme production, genes are cloned and expressed in various hosts
such as yeast, bacteria and mammalian cells in order to increase their productivity
(Cereghino & Cregg, 2000). In this study, the focus is on the development of a
promoter prediction system for lipase expression in Pichia pastoris. Pichia
(Komagataella) pastoris, a methylotrophic yeast that use methanol as sole carbon and
energy source. Due to the ability of this yeast to utilize methanol, carry out post-
translational modifications, higher yield and easy to manipulate it was evaluated as a
potential source of single-cell protein (Cos et al., 2006; Lin-Cereghino et al., 2013).

At the moment, only few methods are available for the enhancement of higher
expression of proteins in P. pastoris (Nocon et al., 2014). Most of the methods involve
the optimization of the expression vectors and none is available to choose a
promoter/host prior to cloning (Puxbaum et al., 2015; Zhou et al., 2015). Prior to
cloning, the choice of promoter/host is done by trial and error method. BLAST
heuristic algorithm can predict promoter/host prior to cloning of lipase in P. pastoris.
Hence, this study focussed on the development of a promoter prediction system for
recombinant lipase expression in P. pastoris.

The main research objective is:

To develop and validate a promoter prediction system for recombinant lipase
expression in P. pastoris using BLAST heuristic algorithm.

In order to achieve this objective, the following sub-objectives were conducted:
1. Todevelop a lipase expression database from P. pastoris.

2. To implement BLAST heuristic algorithm in Perl.
3. To validate the prediction system experimentally.
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