1. Introduction

1.1 Prostate gland

In humans, prostate development occurs during the second and third trimester and is
complete at the time of birth (Lowsley, 1912). The prostate sits under the bladder and is
located at the base of the penis and in front of the anus. The structure of the prostate is
that it has a narrow hole through the middle. It is fashioned this way as the urethra, the
tube which empties urine from the bladder passes through this hole on its way to the end
of the penis (The Cancer Council Victoria, 2007). The gland enlarges continuously in

size to reach the adult weight of approximately 20 g by 25-30 years of age (Figure 1.1).
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Figure 1.1: Normal prostate anatomy (Robert et al., 2000)



Similarly to the breast, the prostate is a gland which produces and secretes
fluids. The prostate also controls the flow of these fluids. Semen which was ejaculated
from the penis during sexual climax (orgasm) was produced by the cells which line the
prostate gland. The prostate also produces some of the fluid in the semen. The prostate
also helps separate the urine from the semen. The way the semen is found to be in the
liquid form was because of the prostate specific antigen (PSA). PSA is an enzyme,
which is produced primarily by cells lining the ducts and the acini of the prostate gland.
The PSA is found in the form of a glycoprotein (Strax, 2008).

The prostate overall structure however is the greatest setback. The wrap around
structure around the urethra becomes problematic if the prostate swells or enlarges.
Enlargement of the prostate could occur in man of all ages and could be cause by
prostate infection, commonly known as prostatitis. It could also be caused by benign
growth. In both cases, it will cause pain, discomfort and problems in urination (Strax,

2008).

1.2 Prostate Diseases

Generally the occurrence of prostate associated problems increase with ages.

Symptoms or problems of the following are relatively common.

Difficulty in getting the urinary flow started, especially when a person is in a
hurry

e Difficulty stopping the urine flow

e Requires longer time, due to the urine stream is weak, or it stops and starts

e Dribbling of urine after a person have finished

e Frequency of going to the toilet throughout the day, even though there is not

much urine to pass



e (Getting up at night to go to the toilet, a person used to sleep through.

e Needing to go urgently at all times

e An unfinished feeling or that there is need to go again repeatedly, although
nothing is produced

e Pain or a burning sensation when urinating

e Blood in the urine (The Cancer Council Victoria, 2007)

Due to the structure of the prostate (Strax, 2008) the prostate will be a source of
three of the major health problems which affects men. The following are the major
prostate disease:

e Benign prostatic hyperplasia (BPH); commonly known as the prostate
enlargement. It is one of the most common benign tumors in men

e Prostatitis; the prostate inflammation and the most common cause of urinary
tract infections in men. This is a highly painful condition

e Prostate cancer, the most common cancer in men (Walsh and Worthington,

2002).

BPH is commonly found in most men at the age of sixty or older. BPH is a non-
malignant enlargement of the prostate effecting about 50% of men of that particular age
category. This enlargement however is normal, and is caused by aging and is rarely life
threatening but may produce up-setting symptoms (Rubenstein and McVary, 2008).
BPH is not prostate cancer, as BPH and prostate cancer are two separate diseases which
are formed in different parts of the prostate. Having developed BPH does not indicate
that a man is more or less likely to acquire prostate cancer. The difference in prostate
cancer and BPH is that prostate cancer initiates at the outer, marginal zone of the

prostate and is growing outward and invades tissues surrounding it and that is primarily



the reason that it seldom produces symptoms until it is far advanced. Meanwhile BPH
on the other hand begins in a small area of the inner prostate known as transition zone
which is a ring of tissues that make a natural circle surrounding the urethra. While
prostate cancer grows outwards, BPH grow inwards toward the prostate’s core and
constantly tightening around the urethra and interfering with urination, which provides
many symptoms. BPH is a very common condition and it is not cancerous, but it can
mimic cancer (Walsh and Worthington, 2002). BPH can be treated with medications or
surgery. The medications will be able to alter hormone levels, or can relax or reduce the
size of the prostate, hence reducing the pressure on the urethra. Medication may take
time like months before the condition improves. Surgery procedures to remove part of
the prostate could be taken to stop the squeezing of the urethra. Laser and microwave
treatments could also be applied. (The Cancer Council Victoria, 2007).

Prostatitis in men is the most prevalent cause of urinary tract infection. It is
anticipated that a quarter of all men who visits a doctor for urological problems have tell
tale signs of prostatitis. In general, there are four conditions, which are categorized as
“prostatitis”. The first, two acute and chronic bacterial prostatitis, as the name suggest,
are caused by bacteria and are not common but easily treated. These two prostatitis are
accompanied by symptoms such as fever, chills, severe burning on urination, increased
frequency of urination, and, in certain cases, a life-threatening infection in the
bloodstream.

The third form of prostatitis is called chronic prostatitis or chronic pelvic pain
syndrome. The actual causes these forms of prostatitis are not known and medications
like antibiotics do not help at all. Medications are mainly targeted at relieving
symptoms, with muscle relaxants such as alpha-blockers and other drugs, which ease
muscle tension in the prostate and make urination easier. The other form of prostatitis is

called the asymptomatic inflammatory prostatitis, which produces no symptoms and is



usually found by chance, when inflammatory cells are found in the prostatic fluid or
inflammation is detected on a prostate biopsy. Again, in the case of prostatitis, it is not a
cancer (Walsh and Worthington, 2002), treatment is with the help of antibiotics and
consumption of medication may need to persist for several months. Some men may also
need surgery to stop the swollen prostate from pressing on the urethra (The Cancer
Council Victoria, 2007).

For the detection of those prostate diseases, the doctor normally collect a patient’s
urine and thoroughly exam his prostate gland. To check the prostate gland, the doctor
undergoes digital rectal examination, which involves inserting a well-lubricated gloved
finger into the rectum to check for any abnormalities of the gland. Meanwhile prostate
specific membrane antigen (PSMA\) test could also be carried out where a blood tests to
look for this glycoprotein compound in the blood, which is produced by the prostate.
Once there is a high level of detection it could be probable be prostate cancer but the
doctor needs to carry out more tests to be certain. A biopsy could be carried out once
PSMA test or digital rectal examination is abnormal. This involves an ultrasound probe
being placed in the rectum to find areas of the prostate which are abnormal. Samples
(usually six or more) of the prostate are subsequently taken and sent to be observed
under the microscope. This procedure can be certain to diagnose if one has prostate
cancer. The biopsy will also provide insights of how fast the cancer may develop and

how much of a threat it may be (The Cancer Council Victoria, 2007).



1.3 Prostate Cancer

1.3.1 History of Prostate Cancer

The history of prostate cancer spans for about 200 years from the recognition of
the disease to the development of the three primary types of treatment which are
surgery, radiation and hormonal manipulation. Random cases of prostate cancer were
noted by physician as way back as 1817. In the early days, histological examination was
not yet in clinical use and hence, diagnoses were made at autopsies. Later on in 1853,
the first case of prostate cancer established by histological examination was reported by
Adams, a surgeon at The London Hospital, where a 59 year old man with a scirrhous
(hard and firm) tumor at the prostate gland. The prostate cancer largely unrecognized
until the turn of the last century, when prostatic adenectomy for urinary obstruction
became widely performed resulting in more specimen available for histological
examination.

In the year 1898, Fuller performed complete prostate removal together with a
bladder neck resection and then patient bladder function recovered. After the discovery
of X-ray and its applications, in 1909 Minet from Paris placed a radium tube in a
catheter to irradiate prostate cancer and subsequently in 1913 Pasteau and Degrais
reported a 3 year cure using this method. In the early 1900s experiments in animals
established the relationship of the pituitary and testis as well as their effects on the
prostate and this sparked the beginning of the research on the treatment through
hormonal manipulation. All these studies subsequently lead to the major discovery of
the dramatic effects of castration and estrogen administration on prostate cancer cells in
1941 by Huggins at the University of Chicago. During the period of 50 years, Huggins
reported more than 230 scientific articles, mostly on the effects of hormones on cancer,

with emphasis on the prostate and breast.



In 1966 he shared the Nobel Prize in physiology and medicine with Rous, who
developed the first virally induced solid tumor in animals, called the Rous-chicken

sarcoma (Lytton, 2001).

1.3.2 Definition of Prostate Cancer

Prostate cancer is a form of cancer that develops in the prostate. The cells are
known to mutate and there is uncontrollable growth. Prostate cancer is the primary
cause of cancer death and is the most common major cancer in men. A common fact is
noted that when prostate cancer is small and curable, it is often also silent where it
produces no tell tale signs. Hence, routine testing is very important where the cancer is
detected as early as possible and once if it is detected too late, the prostate cancer can be
often lethal and the symptoms are often painful if the disease is allowed to run its
course. However if it is detected early prior to the cancer cells spreading beyond the
wall of the prostate, prostate cancer can be cured with surgery or radiation (Walsh and
Worthington, 2002).

In some cases, some men with small and slow-growing tumors, a process called
expectant management which means following the disease closely may be a safer
option. With the advances of technologies, treatment and successful rate of curing
prostate cancer is better and with fewer side effects. However, although in some cases
the cancers are incurable, the metastasis of the cancer cells can be contained with the

advancement in the medical technology.
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In prostate cancer the key to a better chance of recovery is as follows:

» Prevention—to ward off prostate cancer entirely, or at least delay its onset for
decades.

» Earlier diagnosis—with the help of highly sensitive tests and sophisticated
models for analyzing the results, detecting prostate cancer at the earliest and
most curable stages yet.

» Better treatment for localized disease—expanding and refining effective
treatments, and working to minimize side effects even further.

+ Better control of advanced disease. (Walsh and Worthington, 2002).

1.3.3 Genetics of cancer

Similar to other cancers, prostate cancer also develops due to the consequences
of genetic changes. There are quite a number of putative genes that have been isolated
for the development of breast, ovarian (BRCA1, BRCA2) and colon cancer (hMLH1,
hMSH2) but however, the etiology and pathogenesis of prostate cancer continues to be
largely unknown. This is also due to the fact that prostate cancer is such a
heterogeneous disease. The diversity of prostate cancer with the stepwise transition
from benign cells through prostatic intraepithelial neoplasia (PIN), invasive carcinoma,
the development of metastases to hormone refractory disease make this an interesting
disease to study but also a difficult disease to cure. Many works have been published on
clinical prognostic factors but with advanced development in molecular genetics, the
genetic code analysis that will in the future give both prognostic information and targets

for therapeutic intervention.



At present, the available prognostic factors have recently been ranked by a
multidisciplinary group of clinicians, pathologists and statisticians and they are divided
in three categories as follows:

e Category I: Factors of prognostic importance and are used frequently on a daily
basis in patient management. These are inclusive of the preoperative prostate
specific antigen (PSA), TNM stage, Gleason grade and surgical margin status.

e Category IlI: Factors that have been comprehensively studied but the importance
remains to be validated statistically, e.g. tumor volume, histological type and
DNA ploidy.

e Category IlI: All factors insufficiently studied to demonstrate their prognostic
value: examples would be oncogenes, tumor suppressor genes and apoptosis
genes, as well as perineural invasion, neuroendocrine differentiation microvessel

density, nuclear roundness and chromatin texture (Bott et al., 2003).

1.3.4 Signs and symptoms

Prostate cancer could be identified with three different stages namely the early-
stage disease, locally advanced disease and advanced disease. In the early-stage disease,
patient with organ-confined prostate cancer most commonly without symptoms while
patient with a large component of benign prostatic hyperplasia could be identified with
bladder outlet obstruction unrelated to prostate cancer. In the case of locally advanced
disease, bladder outlet obstruction is mainly the sign of locally advanced prostate cancer
however there are few cases with locally advanced disease present with hematuria,
urinary tract infections, and irritative voiding symptoms secondary to bladder outlet

obstruction. Lastly, in the case of advanced disease there are rare instances where



patient with bulky lymph node metastasis may present with bilateral lower-extremity

edema (Moul et al., 2008).

1.3.5 Screening and diagnosis

Prostate cancer could be screened using prostate specific membrane antigen
(PSMA) and digital rectal examination (DRE). With such screening, this has increases
the prostate cancer detection. With this, prostate cancer is detected at earlier stages,
when they are potentially curable. Most prostate cancers were undetected until it
produces local symptoms or distant metastases. The discovery at this stage is often too

late and incurable.

The digital rectal examination could possible detect nodularity or induration, and
this is followed by a biopsy. Even with the detection of such irregularities using DRE,
from the subsequent biopsy procedure, it only leads to a diagnosis of prostate cancer in
only 15% to 25% of cases. Although such DRE detection is neither accurate nor
sensitive for prostate cancer detection, it is however that abnormal DRE is associated
with a fivefold increased risk of cancer present at the time of screening. PSA is a serine
protease produced by the prostatic epithelium and secreted in large quantities through
the seminal fluid. PSA level in the serum could be increased through inflammation of
the prostate, urinary retention, prostatic infection, benign prostatic hyperplasia, prostate
cancer, and prostatic manipulation. The overall sensitivity for PSA levels ranges from
50% to 70% but this depends on the threshold used, and it is not as specific, and in
addition, it does not allow for differentiation between indolent and aggressive disease.
A more worthwhile approach for PSA screening may be to use the rate of rise in PSA

(PSA velocity) in combination with the absolute PSA value. This approach has been
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shown to be useful recently in the form of age-adjusted PSA velocity, but accepted

guidelines are still controversial (Moul et al., 2008).

1.3.6 Prognosis

The most common and widely used staging system is the TNM system (Table
1.1). For this system, T1 and T2 are tumors, which are limited to the gland while T3 and

T4 are the tumor having a local extension.

Table 1.1: TNM staging system of prostate cancer.

Localised disease

Tla Tumor incidental histologic finding in < 5% of resected tissue: not
palpable

T1b Tumor incidental histologic finding in > 5% of resected tissue

Tlc Tumor identified by needle biopsy (e.g. because of elevated PSA level)

T2a Tumor involves one-half of one lobe or less

T2b Tumor involves more than one-half of one lobe but not both lobes

T2C Tumor involves both lobes

Local extension

T3a Extracapsular extension (unilateral or bilateral)

T3b Tumor invades seminal vesicle(s)

T4 Bladder invasion, fixed to pelvic side wall, or invasion of adjacent
structures

Metastasic disease

N1 Positive regional lymph nodes

M1 Distant metastasis

The management of patients with prostate cancer differs widely and is highly
reliant upon the patient’s age, overall health, and tumor risk assessment. The disease
development process can be varied; it can be incidental that will not result to cancer-
specific mortality, to a case of very aggressive, resulting in early widespread metastatic

disease and death.
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Patients with a low Gleason score (2— 4) that has clinically localized prostate
cancer treated conservatively (observation or hormonal therapy alone), have a small risk
of death from their cancer within 15 years (4%—7%). Meanwhile, those with poorly
differentiated tumors (Gleason score 8-10), have a higher risk of death cause by
prostate cancer than of any other causes, even when the cancer is diagnosed in the
eighth decade of life. Besides that, if a man prior to sixty years old diagnosed with a
clinically localized prostate cancer with a Gleason score of 8 to 10 and is left untreated,

that patient has an 87% risk of dying of the disease within 15 years (Moul et al., 2008).

1.4 Prostate specific membrane antigen (PSMA)

1.4.1 Structure of PSMA

The PSMA gene consists of 19 exons that span ~60 kb of genomic DNA. This
gene encodes a type Il transmembrane protein with a short NH2-terminal cytoplasmic
tail (19 amino acids), a single hydrophobic trans-membrane domain (24 amino acids),
and a large extracellular domain (707 amino acids) at the COOH terminus (Figure.1.2),
(Israeli et al., 1993; O'Keefe et al., 1998). The extracellular domain of PSMA is highly
glycosylated, with linked oligosaccharides accounting for up to 25% of the
molecular weight of the native protein (Holmes et al., 1996). Regions within this
domain share modest degrees of homology with the transferrin receptor (TfR) (Israeli et
al.,, 1993), and with members of the M28 family of cocatalytic aminopeptidases
(Rawlings et al., 1997). Although the TfR has only a vestigial catalytic site, PSMA is
known to possess both N-acetylated, a-linked acidic dipeptidase (NAALADase) and

folate hydrolase (FOLH) activities (Pinto et al., 1996).
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Figure 1.2: Schematic diagram of prostate-specific membrane antigen (PSMA)
structure. PSMA is a type Il transmembrane protein with a short NHj-terminal
cytoplasmic domain (CD), a hydrophobic transmembrane region (TM), and a large
extracellular domain (ED). The CD contains an endocytic targeting motif and filamin A
(FLNa) binding site (A). The large ED is highly glycosylated with nine predicted N-
glycosylation sites (). The ED contains two domains of unknown function that span
amino acid residues 44-150 (B) and 151-274 (D), proline- and glycine-rich regions that
span amino acid residues 145-172 and 249-273, respectively (C and E), a catalytic
domain that spans amino acid residues 274-587 (F), and a final domain of unknown
function (amino acids 587-750) to which a helical dimerization domain (amino acids
601-750) is localized (G) (Israeli et al., 1993; O'Keefe et al., 1998).

These two related peptidase activities hydrolyze 7-peptide bonds between N-
acetylaspartate and glutamate in the abundant neuropeptide N-acetylaspartylglutamate
(NAAG) and the 7-glutamyl linkages in pteroylpolyglutamate, respectively. Thus this
enzyme has been referred to alternatively as glutamate carboxypeptidase 11 (GCP-I11) and
folate hydrolase 1 (FOLH1). The enzymatic activity of PSMA is largely inhibited by
phosphate, even at millimolar concentrations (Slusher et al., 1999), and is dependent
on glycosylation and dimerization for proper function (Ghosh et al., 2003). In contrast to
the large extracellular domain, the cytoplasmic tail of PSMA consists of just 19 amino

acids. In spite of its diminutive stature, the cytoplasmic domain interacts with a number
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of proteins and has a major impact on the localizationand molecular properties of

PSMA (Anilkumar et al., 2003).

1.4.2 Dimerization of PSMA

Homodimerization is a fundamental feature of many transmembrane receptors.
Induction of homodimer formation is often induced by ligand binding, which is in turn
necessary for mediating the cellular response of the receptor (Schlessinger et al., 2002).
The TfR is an archetypal example of one such receptor. This type Il transmembrane
proteinis involved in regulating cellular iron homeostasis through binding and
internalization of iron-laden transferrin (Aisen et al., 2004). PSMA shares homology
with the TfR at the levels of both aminoacid identity and domain organization

(Mahadevan et al., 1999).

Like the TfR, PSMA is expressed as a noncovalently linked homodimer on the
cell surface (Lawrence et al., 1999; Schulke et al., 2003). This dimerization is
apparently mediated by epitopes within the large extracellular domain, because
truncated versions of PSMA lacking the cytoplasmic and transmembrane domains are
still capable of interacting. PSMA dimerization is criticalto maintaining the
conformation and enzymatic activity of PSMA (Schiilke et al., 2003). Although the
possibility has yet to be addressed fully, the similarity between PSMA and TfR at the
amino acid and structural levels, combined with the common dimerization requirement,

may suggest that these proteins share similar receptor and ligand transport functions.
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1.4.3 Potential role of PSMA enzyme activity

The prostate gland is composed mainly of stromal, epithelial, and
neuroendocrine cells. The dynamic balance of cell proliferation, differentiation, and
apoptosis in general maintains the cellularand tissue homeostasis. This balance is
generated by the continuous cross talk among these cell populations (Sung et al., 2002).
For this purpose, epithelial and stromal cells secrete various types of growth factors,
chemokines, and neuropeptides (Wong & Wang, 2000). Deregulation inthis paracrine
communication can result in derangement of the prostate gland, such as benign prostate
hyperplasia and prostate carcinoma (Dawson et al., 2004). For example, the peptidase
NEP normally actsto inhibit the migratory properties of prostate epithelial cells. NEP
achieves the inhibition of prostatic epithelial cell migrationby cleaving critical
neuropeptides such as bombesin and endothelin and thereby prevents the relay of signal
transduction mediated by G protein-coupled receptors (Sumitomo et al., 2000). Like
NEP, PSMA is also a type Il transmembrane glycoproteinwith cocatalytic
metallopeptidase activity. The increased expressionof PSMA in prostatic
adenocarcinoma may indicate a role in the cleavage of signaling molecules involved in
maintaining prostate gland architecture and function. The overexpression of PSMA

could potentially disturb the growth balance of the prostate gland.

1.4.4 Genomic properties

PSMA expression in prostate cancer is significantly higher than in benign
prostate hyperplasia or the normal prostate and is greater in prostate cancer with a
higher Gleason score (Marchal and Ghosh et al., 2004), suggesting that the regulatory
elements controlling PSMA expression become more active as prostate cancer

progresses.
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There are at least three PSMA variants produced by alternative splicing: PSM',
PSM-C, and PSM-D. Interestingly, the ratio of full-length PSMA to variant PSM',
which lacks nucleotides 114 to 380 of the PSMA cDNA and, as a result, is located in

cytoplasm, increases as normal prostate progresses to the tumor (Su et al., 1995).

To date, two transcription regulatory elements have been characterized: the 1.2-
kb promoter upstream of the PSMA-encoding gene (FOLH1) and the PSMA enhancer
core (PSME) in the third intron of FOLH1. PSME exhibits high activity only in PSMA.-
positive LNCaP and C4-2 cells; very low activity in PC-3 cells; and no activity in other
PSMA-negative cells tested (Watt et al., 2001, Lee et al., 2002). Consistent with PSMA
expression, PSME is also negatively regulated by androgens, so it exhibits a much
higher activity at low levels or in the absence of androgens (Wright et al., 1996, Watt et
al.,, 2001), making PSME a strong candidate for mediating virus replication or

expressing exogenous cytotoxic genes in hormone-refractory prostate cancer.

1.5 Polymerase Chain Reaction (PCR)

The polymerase chain reaction is a selective amplification of a particular region
or fragment of a DNA molecule. In order for a PCR to be carried out the border
sequence of the region must be known. This is because of two short oligonucleotide
flanking the fragment of interest is need for the amplification and this short
oligonucleotide is known as primers. The primers delimit the region that would be
amplified. Amplification is normally being conducted using DNA | polymerase enzyme
from Thermus aquaticus. Tag polymerase the enzyme from Thermus aquaticus is

resistant to heat denaturation.
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The overall procedure begins with the addition of enzyme to the primed DNA
template and incubated to produce new complementary strands. This is the heated to
94 °C so the newly synthesize strand will separate and this is subsequently cooled to let
more primers to hybridize the respective position. This process of denaturation,
hybridization and synthesis is repeated 25 to 30 times resulting hundreds of millions of

copies amplified (Brown, 2002)

1.6 Overlap extension PCR

Overlap extension polymerase chain reaction is a type of PCR, which helps to

produce polynucleotides from smaller fragments (Higuchi et al., 1988).

The following diagram is an overview of the overlap PCR:
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Figure 1.3: The process of overlap extension polymerase chain reaction.

17



PCR was used to amplify the smaller fragments of the polynucleotide that was to
be formed. When PCR for the carried out, the primers used to amplify one of the
fragment should by synthesis with part of the sequence of the other fragment, hence
there would be part of an overlapping region. Subsequently, both of these products were
used as a template for a PCR. The fragments are denatured and they anneal at the
overlapping regions. This combination of fragment was subsequently extended. The
complete polynucleotide was then used as a template for another PCR reaction to

amplify this complete polynucleotide (Miesfeld, 2001).

1.7 TA Cloning

The procedure of cloning DNA fragment into a plasmid vector is a regular
procedure in recombinant DNA technology. It is known that cloning methods can be
divided into two main classes, depending on if ligase is use. Among the two methods,
commonly used method for cloning is the method that requires the use of DNA ligase to
link the compatible ends of the DNA fragment and the linearized plasmid, forming a
single cyclic molecule that is capable of autonomous replication in host cells.

TA cloning is among the easiest and most effective way of the cloning of PCR
products as this approach takes advantage of the terminal transferase activity of certain
thermophilic DNA polymerases, like for example the Thermus aquaticus (Taq)
polymerase. Taq polymerase is known to have non-template dependent activity, which
adds a single adenosine to the 3'-ends of a double stranded DNA molecule. With this,
the molecules PCR amplified by Taq polymerase contains single 3'-A overhangs. With
this, the use of a linearized “T-vector” which has single 3'-T overhangs on both ends
permits direct, high-efficiency cloning of PCR products which is facilitated by being

complement between the PCR product 3'-A overhangs and vector 3'-T overhangs.
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This strategy is commonly referred to as “TA cloning.” This strategy is rather
simple and much efficient than blunt-ended ligation for the cloning of PCR products

(Zhou and Sanchez, 2000).

1.8 Expression system

The need to have functional studies like protein-protein interaction experiments,
enzyme kinetics studies, functional studies of the protein, structural studies like protein
crystallization and protein structure study and as well as production of antibodies for
further experiments has lead to the expression recombinant protein. There are two main
systems for the expression of recombinant protein. The two systems are the prokaryotic

(bacterial) or eukaryotic (usually yeast or mammalian cell) system.

1.8.1. Bacterial expression system

The bacterial expression system is the use of prokaryotic cells as an expression
system. Escherichia coli, a prokaryotic cell is among the most popular hosts in the
production of recombinant proteins. The E. coli is in favour because of its simplicity,
safety, and known genetic properties, which is a major asset. The capability of
transformation of E. coli with foreign DNA is an easy with well-established genetic
manipulation method. With the advantage of fast propagation, generations of stable cell
lines are a quick process. The most important advantage of E. coli, however, is its
capability to produce proteins in large amount and to grow very quickly in comparison

to other cell lines like mammalian cells.
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However, the application of E. coli for production of complex molecules like
heterodimers, molecules containing complex disulfide bonds, or glycosylated proteins is
still a problem. Besides that, over expression of recombinant genes often results in
formation of inactive protein aggregates (inclusion bodies) from which biologically
active proteins can only be obtained through complicated and costly denaturation—
refolding processes. The other major setback of the usage of E. coli as an expression
system is difficulty in recovering substantial yields of correctly folded proteins

(Leonhartsberger, 2006).

1. 8.2 Pichia Pastoris expression system

The expression systems foreign gene by yeasts is known to be efficient and
economical and becomes a source of a different of higher eukaryotic proteins which are
important academically and commercially. Yeasts has both the microbial growth and
genetic manipulation advantages of E. coli and an eukaryotic environment which allows
many eukaryote-specific posttranslational protein modifications such as proteolytic
processing, folding, disulfide bridge formation, and glycosylation. E. coli has the ability
to produce eukaryotic foreign proteins at high levels; however with the absence of these
eukaryotic post transcriptional modifications, this causes the proteins to be insoluble
and inactive. This is why, for eukaryotic proteins that are needed in a biologically active
and/or native form, in vitro refolding procedures have proven to be inefficient, hence a
eukaryotic expression system is much desirable.

The Pichia pastoris which is methylotrophic yeast has two key advantages as a
host for the production of foreign proteins. The first is the promoter used to transcribe
foreign genes that is derived from the methanol-regulated P. pastoris alcohol oxidase |

gene (AOX 1). This is where cells that are exposed to methanol as the sole carbon
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source, transcription initiation at the AOX 1 promoter (AOX | p) is highly 