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ABSTRACT

Insect cells-baculovirus expression system is a promising new artificial
system for the production of many therapeutic glycoproteins. This system owns
many of the protein processing and folding mechanisms of mammalian cells and is
capable of expressing a large amount of recombinant proteins. This work aimed at
expressing, optimizing, and characterizing recombinant human Transferrin (rhTf), a
model glycoprotein, at a laboratory scale. In this research, time course expression
profiles of rhTf at various multiplicities of infection (MOI), seeding densities (SD),
times of infection (TOI), and harvest times (HT) were studied. Screening
experiments were conducted to identify the medium components in Sf900-11 SFM
and the recombinant baculovirus stock that resulted in improved production of rhTf.
Finally, Response Surface Methodology (RSM) was employed to hunt for optimum
medium composition. The results showed that the optimum HT for rhTf was between
24 to 72 hours post infection, at SD of 1.6 x 10° viable cells/ml, TOI of day 2 post
seeding, and MOI of 5 pfu/cell. Glucose and glutamine were found to have the most
positive effect on rhTf production with more than 95% significance. In addition to
that, the best recombinant baculovirus stock was identified at 98.7% purity. With the
optimized parameters, rhTf production had increased three-fold from 19.89ug/ml to

65.12pug/ml.
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ABSTRAK

Sistem ekspresi sel serangga-bakulovirus adalah satu sistem alternatif dalam
penghasilan pelbagai jenis glikoprotein teraputik. Sistem ini memiliki banyak
mekanisma pemprosesan dan penglipatan protein sel mamalia serta mampu untuk
menghasilkan protein rekombinan dalam kuantiti yang besar. Penyelidikan ini
bertujuan untuk mengekspresi, mengoptimum dan mencirikan model glikoprotein
jaitu Transferin manusia rekombinan (rhTf) pada skala makmal. Di dalam
penyelidikan ini, kajian dilakukan ke atas profil ekspresi lawan masa bagi rhTf pada
pelbagai gandaan jangkitan (MOI), kepekatan pembenihan (SD), masa jangkitan
(TOl) dan masa penuaian (HT). Eksperimen penyaringan dilakukan untuk
mengenalpasti komponen dalam medium Sf900-11 SFM dan juga stok bakulovirus
rekombinan yang dapat meningkatkan lagi penghasilan rhTf. Akhirnya, Metodologi
Permukaan Tindakbalas (RSM) dijalankan untuk mencari komposisi medium yang
optimum. Hasil kajian mendapati bahawa, nilai optimum untuk HT ialah pada 24
hingga 72 jam selepas jangkitan pertama, SD sebanyak 1.6 x 10° sel produktif/ml,
TOI pada hari ke-2 selepas pembenihan pertama dan MOI sebanyak 5 pfu/ml.
Glukosa dan glutamina didapati mempunyai kesan yang paling positif terhadap
penghasilan rhTf dengan nilai signifikan melebihi 95%. Stok bakulovirus
rekombinan yang terbaik dikenalpasti pada 98.7% ketulinan. Melalui parameter-
parameter yang telah dioptimumkan, penghasilan rhTf telah meningkat sebanyak 3-
kali ganda iaitu daripada 19.89ug/ml kepada 65.12ug/ml.
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CHAPTER 1

INTRODUCTION

1.1 Preface

The Internet created a sky rocketed investment that made history in this
modern era. It is a matter of time in some circles that biotechnology is the next
computer revolution that will change the world, spawn new industries and create

multi-millionaires.

Global manufacturing of biopharmaceuticals has increased significantly over
the last decade due to a number of reasons. Biopharmaceuticals offer several
advantages such as highly effective and potent action, fewer side effects and the
potential to actually cure diseases rather than merely treating the symptoms. These
advantages, combined with the increasing number of new diseases that can be treated
with biopharmaceuticals, are driving enhanced production of these drugs worldwide.

According to a report by PRNewswire, London dated November 30" 2004;
the global manufacturing capacity of biopharmaceuticals was around 2.27 million
liters in 2004. This included the capacity held by both captive use and contract



manufacturers. It is expected to increase to 3.69 million liters in 2011 at a compound
annual growth rate (CAGR) of 7.2 per cent.

A variety of systems can be employed to produce biopharmaceuticals. The
most important ones are derived from bacteria and yeasts, but eukaryotic systems
become more and more important because the proteins produced are almost similar
to native proteins. In the recent past, the baculovirus insect cell system has attracted
wide attention as vectors for high level and faithful expression of a variety of
heterologous proteins. In many cases the products are chemically, antigenically,
immunologically and functionally similar, if not identical to their authentic
counterparts (Vlak, 1997).

The baculovirus expression vector system (BEVYS) is frequently a method of
choice for the expression of recombinant mammalian proteins (O’Reilly et al., 1994).
Apart from the simplicity and cost-effectiveness of this method, the insect host cells
possess many of the protein-processing and -folding mechanisms of mammalian cells
(O’Reilly et al., 1992) therefore functional and antigenic differences are rarely seen.
The technology called the BEVS for the safe, abundant and rapid production of
recombinant proteins in insect cells and insects was pioneered in the laboratory of
Dr. Max D. Summers of Texas A&M University USA in 1982.

The BEVS has become a core technology for the cloning and expression of
genes for study of protein structure, processing and function. It is also important for
the production of biochemical reagents and study of regulation of gene expression. It
has a wide application in the commercial exploration, development and production of
vaccines, therapeutics and diagnostics; drug discovery research; as well as
exploration and development of safer, more selective and environmentally

compatible biopesticides consistent with sustainable agriculture.



Studies of proteins for the development of drug therapies, vaccines, and
insights into biological function depend upon the ability to produce large amounts of
structurally complex proteins. It is important that these proteins are biologically
active, processed correctly, assume a native shape, and locate to the proper place in
the cell. The inability to generate large quantities of structurally complex eukaryotic
proteins with these characteristics has been a major limitation for many years. Thus,
this thesis hoped to give necessary foundations on how to develop a process that will

produce greater amount of recombinant proteins for therapeutic purpose.

1.2 Research Problem Background

The development of new recombinant therapeutic proteins requires extensive
studies on the expressional host and product. In this research, human transferrin, a
model protein was chosen as the expressional product and insect cell as the
expressional host. The selection was based on many reports from other researchers
which indicate that insect cell baculovirus system is a promising new artificial
system for the production of large amount of recombinant proteins. Insect cells
Spodoptera Frugiperda (Sf9) and recombinant Autographa Californica Multiple
Nuclear Polyhydrosis Virus (rACMNPV) were utilized in this research. Human
transferrin was chosen because it is a simple form of glycoprotein which is easier to

study than the complex and hybrid forms.



To complement metabolic engineering works involving the humanization of
recombinant glycoprotein, it is important that the recombinant protein can be
generated in large quantities. The understanding of the insect cells and baculovirus
behaviour is as critical as the expressional behaviour of the recombinant protein at
various settings. Various yields of recombinant human transferrin (rhTf) using the
baculovirus system have been reported. Among those were Tomiya et al., (2003)
who reported rhTf yield of 7ug/ml and Ali et al., (1996) with 20 ug/ml of rhTT.

1.3  Research Objective

The ultimate objective of this research was to optimize the expression level of
recombinant human transferrin in insect cells baculovirus expression system in terms

of its concentration (ug/ml) and protein percentage.

1.4  Research Scopes

This research focused on the optimization of expression of recombinant
human transferrin gene which had already been cloned into the baculovirus DNA.

The scopes of this research were as follows:

a) Expression and optimization of rhTf in Sf9 insect cells monolayer culture
using conventional method. Variables studied were seeding density (SD),
multiplicity of infection (MOI), time of infection (TOI), and harvest time
(HT).

b) Screening of the Sf900-11 SFM insect cell culture medium and recombinant

baculovirus stock that resulted in improved production of rhTf.



c) Expression and optimization of rhTf in Sf9 insect cells suspension culture
using experimental design. Variables studied were dominant medium

components that were screened earlier.

15 Research Contributions

Some major contributions of this research are listed below.

1) Establishment of methods for optimizing recombinant protein expression in
insect cells culture.

2) Trained (hands-on-experienced) personnel in Baculovirus Insect Cells
Expression System.

3) Two research papers (proceedings) were published (Ongkudon et al., 2004;

Ongkudon et al., 2005) and two other papers are in preparation.
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