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Beta defensins are small cationic peptide secreted by the surface epithelium in
response to microbial threat. The human beta-defensin 9 (hBD9) is a relatively new
defensin and its role as antimicrobial agent has not been described previously. In this
study, Escherichia coli Mach 1 and E.coli BL21 (DE3) were used as cloning and
protein expression hosts respectively. HBD9 gene was fused to a protein expression
vector using the small ubiquitin-related modifier (SUMO) fusion system. The soluble
hBD9-SUMO fusion protein expressed was purified by Ni-IDA immobolised metal
affinity chromatography (IMAC) and SUMO was removed by SUMO protease. This
study defined the novel antimicrobial peptide hBD9 and its efficacy against common
Gram-positive and negative bacteria. Staphylococcus aureus and Pseudomonas
aeruginosa were chosen because they are common bacteria that causing eye infection.
The Minimal inhibitory concentration (MIC) and Minimal bactericidal concentration
(MBC) of the hBD9 were determined for these microbes. Interestingly, hBD9 showed
antimicrobial activity against Staphylococcus aureus but not Pseudomonas
aeruginosa. Salt sensitivity and cationic concentration were tested by incubation with
NaCl and MgCl> using liquid culture containing hBD9 to analyse the effects of NaCl
and MgCl> concentration on the antimicrobial activity. Antimicrobial activity against
Staphylococcus aureus of hBD9 was not supressed by NaCl and MgCl.. All the
antimicrobial property of the hBD9 protein against the common bacteria was verified
by using conventional methods. The results improved the current knowledge on the
hBD9 and its antimicrobial properties. This will drive towards the discovery of a broad
spectrum, safe by effective resistant-free antibiotic in the future. The finding of this
study can be used as a reference in the future investigation and it might benefits
scientific community to better by others scientist or researchers to increase
understanding and find new effective antibiotics.
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Defensin beta adalah peptida kationik kecil yang dirembeskan oleh epitelium
permukaan sebagai tindak balas terhadap ancaman mikrob. Defensin beta manusia 9
(hBD9) adalah defensin yang agak baru dan peranannya sebagai agen antimikrobial
tidak digambarkan sebelum ini. Dalam kajian ini, E.coli Mach 1 digunakan untuk
pengklonan klon dan E.coli BL21 (DE3) digunakan sebagai tuan rumah ekspresi.
Sistem penggabungan yang berkaitan ubiquitin kecil (SUMO) digunakan. Protein
gabungan yang disahkan telah disucikan oleh IMAC Ni-IDA dan dipotong oleh
protease SUMO. Kajian ini menerangkan novel antimikrobial peptide hBD9 dan
keberkesanannya terhadap bakteria biasa Gram positif dan negatif. Staphylococcus
aureus dan Pseudomonas aeruginosa dipilih kerana bakteria biasa yang menyebabkan
jangkitan mata. Kepekatan menghalang Minimal (MIC) dan kepekatan bakterisial
Minimal (MBC) hBD9 telah menentukan untuk organisma. Yang penting, hBD9
menunjukkan aktiviti antimikrobial terhadap Staphylococcus aureus tetapi bukan
Pseudomonas aeruginosa. Kepekaan garam diuji dengan inkubasi dengan NaCl dan
konsentrasi kationik diuji dengan inkubasi dengan MgCl ke dalam kultur cair yang
terkandung hBD9 untuk menganalisis kesan kepekatan NaCl dan MgClI terhadap
aktiviti antimikroba. Aktiviti antimikrobik terhadap Staphylococcus aureus hBD9
tidak ditekan oleh NaCl dan MgCl. Semua sifat antimikrobial protein hBD9 terhadap
bakteria biasa disahkan dengan menggunakan kaedah konvensional. Hasilnya
meningkatkan pengetahuan semasa mengenai hBD9 dan sifat antimikrobanya. Ini akan
mendorong kepada penemuan spektrum yang luas, selamat oleh antibiotik bebas tahan
yang berkesan pada masa akan datang. Maklumat baru ini boleh digunakan sebagai
rujukan dalam penyiasatan masa depan. Analisis ini mungkin bermanfaat oleh saintis
atau penyelidik yang lain untuk meningkatkan kefahaman dan mencari antibiotik yang
berkesan baru.
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CHAPTER 1

INTRODUCTION

1.1 Background

The term antimicrobial peptides (AMPs) are descriptive for a family of peptides with
antimicrobial properties. Various AMPs have been isolated from many classes of all
kingdoms and they are classified based on their structures and amino acid composition
(R. Koczulla & Bals, 2007). Besides having broad antimicrobial spectrum activities,
AMPs are also involved in cellular processes such as immune induction, wound
healing, cell proliferation, cytokine release, protease-antiprotease balance, chemotaxis
and angiogenesis (Szyk et al., 2006).

AMPs play an important reaction towards pathogens. They have small endogenous
cationic particles that are released by epithelial and phagocytic cells. The
antimicrobial events of AMPs are focused towards bacteria, viruses, yeast and fungi.
Once AMPs reached their target microbial membrane, they kill the microbial host
through various mechanisms (Szyk et al., 2006). AMPs function’s supported in innate
and adaptive immunity by do their roles as immunomodulatory activity like leukocyte
migration and direct inactivation.

Among the AMPs, defensins are the major AMPs developed in ocular surface
(McDermott, 2009a). Defensins are the largest family of antimicrobial peptides and
also they are the most studied. To date approximately 300 defensins have been
identified from a wide range of organisms including mammals, plants, birds,
invertebrates, and recently in the ebony-cup fungus. Defensins are a group of peptides
that are part of the basic components of the host defense system. They can identify
and neutralize microorganisms rapidly and specifically (Dhople, Krukemeyer, &
Ramamoorthy, 2006). They are synthesized as preproteins and undergo post
translational process before transformed into a biologically active peptide.

Defensins are divided into alpha- and beta-defensins depending on their disulfide
bridging pattern. The a- and B-defensins are able to induce the release of cytokines,
histamine and prostaglandin D2 from the mast cells and alter cell migration and
maturation. In addition, defensins are classically described as antimicrobial peptides
and are also involved in immune modulation, fertility, cell development and wound
healing.

Native human a-defensin peptide also known as human neutrophil peptides (HNP) can
be isolated from neutrophils. The first defensin was isolated from the rabbit alveolar

macrophages and the first defensin discovered in multicellular organisms is a-
defensins (Selsted, Brown, DelLange, & Lehrer, 1983).



Beta defensins, which belong to the family of mammalian defensins, form part of the
defence system rendering the epithelial surfaces resistance to microbial colonization
and they also play a role in the innate immune system. B-defensins genes are liable for
the production of antimicrobial peptides that are found in the white blood cells such
as granulocytes, macrophages, Natural Killer (NK) cells and also in the epithelial cells.

a-defensins was derived from infiltrating neutrophils. McDermott, 2009 reported that
ocular surface epithelial cells synthesized and secreted the B-defensins (McDermott,
2009b). Both cornea and conjunctival expressed the p-defensins. Human beta-
defensin 1 (hBD1) has been shown effectively expressed while human beta-defensin
2 (hBD2) expression is variable because it is infrequently expressed by normal tissues
(Haynes, Tighe, & Dua, 1998). The expression of human beta-defensin 4 (hBD4) in
cultured ocular surface of epithelial cells has been detected but in non-cultured
samples it is only found irregularly (Mclintosh et al., 2005). Human beta-defensin 3
(hBD3) also has been shown to be effective against Pseudomonas aeruginosa and
Staphylococcus strains (Dua, Otri, Hopkinson, & Mohammed, 2014). In addition
human beta-defensin 5 (hBD5) and human beta-defensin 6 (hBD6) were found to have
antimicrobial activities against Escherichia coli but not Staphylococcus aureus
(Huang, Ching, Jiang, & Leong, 2008).

A study on expression of a novel B-defensin gene, DEFB 109 has been discovered in
the ocular surface epithelia (Abedin, Mohammed, Hopkinson, & Dua, 2008). Human
Beta Defensin 9 (hBD9) is a newly discovered defensin and has not been isolated and
fully characterised. HBD9 was first reported on the ocular surface by Abedin and co-
workers in 2008 (Abedin et al., 2008)(Abedin et al., 2008). Previous study
demonstrated that hBD9 mRNA is expressed constitutively but subsequently down
regulated in the presence of ocular surface infection and inflammation (Abedin et al.,
2008). This is in good agreement with the earlier findings reported by Premratanachai
et al (2004) who demonstrated that in vitro stimulation of gingival keratinocytes with
Candida albicans down-regulate the hBD9 mRNA after the stimulation
(Premratanachai et al., 2004). Toll-like receptors (TLRs) and Nod-like receptors
(NLRs) are two main receptor of innate immune response. These receptor have high
affinity for pathogen recognition and cytokine modulation and AMP expression
(Akira, Uematsu, & Takeuchi, 2006). A study on hBD9 found it has a unique
mechanism. HBD9 expression can be downregulated and upregulated in a time
dependent manner in response to the stimulation of different TLRs and NLRs with
specific PAMs and IL-1p (Mohammed et al., 2010). Different expression of hBD9
suggest that it may have other roles, like in between innate and adaptive immune
system and immunomodulation to the attributed antimicrobial response (Mohammed
etal., 2010).

At the protein expression level, hBD9 is constitutively expressed in all region of
normal ocular surface tissue and it is primarily localised at the basal epithelial cells of
the conjunctiva but more superficially in cornea epithelium (Mohammed et al., 2010).
The existing data interestingly points towards possibly different or additional roles it



could plays in the host immune system including in the ocular surface against invading
pathogens.

Application of fusion technology is notably effective to enhance the solubility and
expression level of recombinant proteins. With respect to their advantages, fusion
partners are categorized differently. These advantages include improvement of
recombinant protein solubility, recombinant protein expression level, reduction in
proteolytic degradation of the recombinant protein, and simplicify the purification
protocol and detection.

Traditionally, hBD9 was expressed using conventional pET fusion system. These
conventional protein expression systems produced low level of recombinant hBD9,
which was also associated with protein insolubility, non-specific proteolysis, and high
enzyme to substrate ratio as well as narrow pH and urea tolerance for protein stability.
In addition, the isolation of the target protein following cleavage required multiple
chromatographical steps with variable retrieval rates. Overall, this has increased the
production cost. In order to improve the protein production yield, solubility and
stability, hBD9 gene has been cloned into a pET-SUMO protein expression system.
The fusion protein of hBD9 and SUMO was expressed by Isopropyl-p-D-
thiogalactoside (IPTG) induction and purified with immobilized metal affinity column
(IMAC) attached to a Fast Protein Liquid Chromatography (FPLC) system. The
SUMO protein and its 6x His-tagged was removed by SUMO protease before the
cleaved hBD9 was reversed purified with another round of IMAC chromatography.
Purified hBD9 was assayed for its biological activity using antimicrobial assay

1.2 Objectives
1.2.1 General objectives

The general objective was to produce antimicrobial peptide hBD9 and determined its
antimicrobial efficacy against Staphylococcus aureus and Pseudomonas aeruginosa
in various salt concentrations.

1.2.2 The specific objectives of this study includes:

a. To express and purify the hBD9 protein
b. To determine antimicrobial activity of hBD9 protein against Staphylococcus
aureus and Pseudomonas aeruginosa
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