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ABSTRACT

Recombinant collagen-like protein (recCLP) is a collagen-like molecule extracted from
microorganisms and expressed in Escherichia coli host. The surge in demand for high-
quality collagen is due to the multitude of applications in the end-user industries such
as pharmaceuticals, food, nutraceuticals and cosmetics. The awareness of the halal
status of collagen among Muslim consumers encouraged the discovery of protein from
non-mammalian sources, especially from microorganisms. The collagens from
microorganisms have great industrial potential because they are free from any zoonotic
diseases, contamination and side effect issues. Moreover, the difficulties of the present
downstream processing, especially at the purification step, encourage the application of
an aqueous two-phase system (ATPS). This study aimed to identify the optimum ATPS
conditions for purification of recombinant collagen-like protein expressed in E. coli that
initially extracted from Rhodopseudomonas palustris. Recombinant collagen-like
protein from R. palustris was purified using the aqueous two-phase system consisting
of polyethylene glycol (PEG)/ potassium phosphate. First, the five binodal curves
representing five different molecular weights of PEG (1500, 2000, 4000, 6000 and 8000
g/mol) were constructed using the node determination method. Binodal curve that
divides the region of two aqueous phases from one phase is important so that a
systematic choice of system can be used for portioning experiments. Then, several
factors involved in the partitioning behaviour of recCLP such as volume ratio, system
pH, the concentration of polymer and salt were studied. The selected ATPS conditions
(PEG and salt concentration) were optimised using the response surface methodology
(RSM) method. Purification by affinity chromatography was carried out and further
compared with ATPS in terms of efficiency and economic aspects to evaluate its
potential application as a purification method for recCLP. The binodal curves obtained
proved that a high molecular weight of PEG required a low concentration of potassium
phosphate to form a two-phase system. As PEG molecular weight increased, the curved
was distorted towards the origin. The highest partition coefficient (KE) was found in
the system with 26 % (w/w) PEG 2000 and 26 % (w/w) potassium phosphate, making
it the best ATPS combination for the OFAT analysis and optimisation process. The
range of volume ratio, pH and concentration of PEG and potassium phosphate on the
partitioning of recombinant collagen-like protein by ATPS were successfully obtained
from OFAT method prior to the optimisation study. Optimisation of ATPS conditions
using face-centered central composite design (FCCCD) in Response Surface
Methodology (RSM) with 11 runs showed the optimum conditions of ATPS with 24.80
% (w/w) PEG 2000 and 29.20 % (w/w) potassium phosphate with recCLP concentration
of 3.23 = 0.12 mg/mL. Analysis of variance showed the coefficient of determination
(R2) were 0.8823, 0.8823, and 0.8193 for fluorescence intensity, the concentration of
collagen-like protein and purification factor, respectively. Lastly, sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) confirmed the molecular
weight of the recCLP, which is 36 kDa. In addition, results showed that ATPS is a low
cost, time-saving with a high recovery method that may raise the consideration for
substitution of chromatography method. In conclusion, the purification method through
ATPS to purify recCLP has high potential, cost-effective, can replace the tedious and
expensive downstream processing. Furthermore, this study can serve as a reference and
deliver new information for future work.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF STUDY

Collagen is the most abundant protein in mammals and the primary structural protein in
all animals, comprising about 25-30 % of total animal proteins (Kiew & Don, 2013). It
is the main structural material of the extracellular matrix of all connective tissues such
as skin, bones, ligaments, tendons, and cartilage as well as interstitial tissues of all
parenchymal organs (Felician et al., 2018). It is defined by a unique structure known as
triple-helical conformation that consists of three polypeptide chains (a-chains) super-
coiled together around a common axis to give a rope-like structure (Figure 1.1(a))
(Gould, 2016; Knupp & Squire, 2003; Yd et al., 2013). Figure 1.1(b) illustrates the
repeating structure of amino acid of collagen Gly-Xaa-Yaa with the unusual abundance
of three amino acids: glycine (Gly), proline, and hydroxyproline (Knupp & Squire,
2003; Lukomski et al., 2018). Due to its unique structure, collagen plays a big role in
fibril formation, mechanical properties and responsible for the interaction with a wide

range of molecules (Brodsky & Ramshaw, 1997).

Collagen can be derived from various sources such as land animals, marine
animals, birds, and microorganisms. Mammalian collagen (mainly bovine and porcine)
is the major industrial source of collagen owing to the multitude of applications in
industries. Recently, instead of focusing on animal-derived collagen, most studies
focused on non-mammalian sources such as bacteria and marine sources. The rise of
potential disease transmission and religious issues triggered researchers to come up with
an alternative to animal collagen. Therefore, for the past 10 years, more than 100
putative collagen-like proteins (CLPs) have been discovered from various bacterial
genomes and eight of them have been recombinantly expressed in Escherichia coli (Xu
et al., 2010). Collagen-like protein (CLP) in microorganism or bacterial collagen has
been identified based on the repeating signature (Gly-Xaa-Yaa)n sequence



characteristic of triple-helix. Furthermore, their uniqueness is that bacterial collagen has
a different amino acid structure from animal collagen but is able to function well as
animal-derived collagen (Xu et al., 2014). Bacterial collagen has a big potential to be
further developed and commercialised due to the high demand for collagen in various
industries such as the pharmaceutical, biomedical, food, and cosmetic industry. This
study is focusing on collagen from microorganisms as they are purer and disease-free

compared to animal collagen.

(@) NS \ =l

b)) oo0000000000

Figure 1.1 (a) The Collagen Triple-Helix Structure (b) The Repeating
Signature Triplets Gly-Xaa-Yaa in Collagen Amino Acid Sequences (Knupp &
Squire, 2003)

In the recent era, recombinant DNA technology comes under the spotlight of
researchers and scientists due to tremendous advancement and various applications in
the medical, pharmaceuticals, and agriculture industry (Khan et al., 2016). Recombinant
technology for the production of collagen from either plant or bacterial sources is
currently under investigation and has been used in some animal studies (Peng et al.,
2012; Shiloetal., 2013; Wang et al., 2013). This technology would allow the production
of non-animal collagen in an animal-free system with the improvement of final products
in terms of purity, yield, and safety (Gould, 2016). To keep up, there is a need to develop
an efficient and cost-effective downstream process (Ratanapongleka, 2013; Rosa et al.,
2010). Recently, a technique known as aqueous two-phase systems (ATPS) has become
the alternative method for the purification of biomolecules which can reduce the number

of stages as well as the overall cost (Raja et al., 2011).



The main purpose of this study is to purify the recombinant collagen-like protein
from bacteria using an efficient and cost-effective method known as an aqueous-two-
phase system (ATPS). Several potential factors can affect the performance of ATPS and
they were investigated using the one factor at a time (OFAT) and optimised using

Response Surface Methodology (RSM) method.

1.2 PROBLEM STATEMENT

The demand for high-quality collagen is due to the multitude of applications in
industries such as pharmaceuticals, food, and cosmetic industry. Collagen is normally
extracted from human sources or animal sources mainly from pigs and cows (Vazquez
etal., 2016). However, Muslims and Jews are prohibited from consuming collagen from
pigs whereas bovine sources are prohibited for Sikhs and Hindus (Eriksson et al., 2013).
At present, the awareness of halal authentication among the consumers has been spread
to other industries such as pharmaceuticals and cosmetics. The halal status of collagen
is depending on the origin of the raw sources and the process conditions. Nonspecific
collagen is highly suspected to contaminate with porcine elements and haram for used

by the Muslim consumers.

Besides, another challenge in producing collagen from animal sources is the
emergence of potential disease transmission, contamination, and side effect issues to
the consumers. Production of animal-recombinant collagen is complex and requires
additional processes results in the high cost of production. Therefore, recombinant

technology has elevated the production of recombinant collagen from bacteria.

In recent years, recovery and purification of recombinant protein are the major
challenges due to its complexity and high cost. The purification process is the most
crucial step and makes up more than 70% of downstream processing costs (Diamond &
Hsu, 1992; Goja et al.,, 2013). The conventional methods consist of several unit

operations that cause the high cost of operation and maintenance (Raja et al., 2011). For

3



instance, precipitation needs to be combined with another process such as
chromatography processes, which are complex, tedious, time-consuming, and often
produced low yields (Cao & Xu, 2008). Furthermore, the high unit operation involved

caused loss of target molecules that will result in a low yield of the product.

Therefore, in this study, the aqueous two-phase system is proposed as an
alternative for the purification method. This method is very simple, mild, and free from
protein denaturation due to the high water content and stabilising effect supplied by the
polymers (Asenjo & Andrews, 2012). Thus, this method can maintain the native
structure of proteins. Polyethylene glycol (PEG) is the commonly used polymer in
ATPS as it is available at a low cost and able to form a two-phase system when reacts

with other neutral polymers as well as salts (Raja et al., 2011).

1.3 RESEARCH QUESTIONS

The research questions in this study are as following:

i.  What is the most suitable molecular weight and concentration of polymer
that able to separate CLPs?
ii.  What is the most suitable concentration of salt that able to separate CLPs?
iii.  What are the optimum conditions for purification of recombinant collagen-

like protein using agqueous two-phase system?



1.4 RESEARCH OBJECTIVES

The objectives of this project are as the following:

i.To identify suitable concentration and molecular weight of polymer for
purification of recombinant collagen-like protein (CLP) by binodal curve
determination.
Ii. To identify suitable salt concentration for purification of collagen-like protein
(CLP) using binodal curve determination.
iii. To optimize the purification method for collagen-like protein (CLP) by response

surface methodology (RSM).

1.5 RESEARCH SCOPE

The present work focused on the application of aqueous two-phase system as the
purification method for recombinant collagen-like protein. Firstly, five different binodal
curves that represents the five molecular weight of polyethylene glycol (PEG) were
developed using node determination method. After that, the most suitable molecular
weight of PEG and concentration of PEG and salt required to purify recCLP were
identified.

One Factor at A Time (OFAT) technique was adopted in this study as a tool for
screening of optimum range of the selected parameters; molecular weight of
polyethylene glycol (1500, 2000, 4000, 6000 and 8000), volume ratio (0.33-3.5),
concentration of PEG (20- 32) % (w/w ), concentration of salt (20-32) % (w/w) and pH
(6.0-8.0). The responses involved were fluorescence intensity, concentration of
collagen-like protein and purification factor.

Afterwards, the optimisation of ATPS conditions was done using Face Centered

Central Composite Design (FCCCD) in Response Surface Methodology (RSM) where
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the factors are concentration of PEG and salt. The responses involved were
fluorescence intensity, concentration of recombinant collagen-like protein and
purification factor. In addition, purification of recCLP using affinity chromatography

was conducted and the result obtained were compared with ATPS purification method.



CHAPTER TWO

LITERATURE REVIEW

2.1 INTRODUCTION

This chapter starts with the general introduction of collagens including its structure,
biosynthesis, function, stability, types of collagens that have been discovered followed
by their applications in various industries. It also includes the details of the purification
method involved in the purification of collagen such as the theory, mechanisms,

advantages and disadvantages.

2.2 COLLAGEN

2.2.1 Structure of Collagen

Collagen is the main structural protein that is ubiquitously found in the extracellular
matrix of animals, including all vertebrates and invertebrates that comprised of amino
acids such as glycine (Gly), proline (Pro), and hydroxyproline (Figure 2.1) (Dutson,
1976; Yamazaki et al., 2010). The most common collagen, type 1, contains amino acid
sequence of Gly-Xaa-Yaa triplets that are commonly occupied with proline (Pro) and
hydroxyproline (Hyp) in Xaa and Yaa position, respectively (Gelse et al., 2003a;
Krishnan & Perumal, 2013; Ricard-blum, 2011). The prevalence of Gly-Pro-Hyp
sequence in collagen triplets is about 10.5% (Domene & Wajid, 2016; Gorres & Raines,
2010). These triplets are bound together to form polypeptide chains that twisted together
in the form of a triple helix structure (Brodsky & Ramshaw, 1997).



