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Abstract 

Amphibians have been living on the Earth for more than 370 million years. In the 

long history of evolution, amphibians have generated a unique self-defence system 

on the surface of their bodies - their skin secretion. There are literally thousands of 

active molecules in the skin secretions of amphibians and the bioactive peptides are 

predominant among those bioactive substances. In this study, the skin secretion of 

the Purple-Sided Leaf Frog, Phyllomedusa baltea, was harvested. The isolation and 

identification of bioactive peptides from its skin secretion were performed through 

both approaches of genomic and proteomic analysis. The mRNA was isolated from 

the skin secretion and used to establish a cDNA library by mRNA transcription. The 

target cDNA of interest was amplified and sequenced using a typical procedure of 

molecular cloning. On the other hand, MS/MS fragmentation sequencing was used to 

identify the amino acid sequence and posttranslational modification of the encoded 

mature peptide. Once the sequence was confirmed, the peptide was chemically 

synthesised and biological activity screening was performed subsequently. In this 

thesis, one bioactive peptide, named QUB2492, was discovered. The full-length 

nucleotide sequence of its precursor-encoding cDNA was identified and structural 

characteristics of the mature peptide were confirmed. Antimicrobial assays, 

anticancer assays and a haemolysis assay, were performed to evaluate the biological 

activities of QUB2492. It demonstrated that QUB2492 did not inhibit the growth of 

the three tested microorganisms and was not capable of inducing haemolysis, at a 

concentration up to 512 µM. Although, QUB2492 was failed to inhibit the growth of 

the other two cell lines, human melanoma cell MB435S and human prostate cancer, 

PC-3, it exhibited potent anticancer activity against the proliferation of two cancer 

cell lines including human non-small cell lung cancer cell, H157, and human 
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neuronal glioblastoma cell, U251MG. Practically, it inhibited the proliferation effect 

of H157 cells at the concentration of 10 nM. Therefore, this peptide is considered to 

have specific targets on lung cancer cells.  
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1.1 Amphibian Biology 

The skin provides the primary barrier between pathogen establishment and the inner 

infections of the body, thus it is considered to harbour one of the most essential parts 

of the immune system (Grice and Segre, 2011). The epidermis is a structurally 

complex tissue that experiences a frequent renewal process during the life cycle of 

the organism in vertebrates and which plays a key role of the integrity of the skin 

barrier (Cramp et al., 2014). To understand the protective capacity and physiological 

processes of skin associated with different environmental characters is a current 

interest in studies of global environmental changes and the emergence of infectious 

diseases, which may play a role in the decrease of skin-susceptible species. 

In amphibians, the skin conducts tremendous crucial biological functions, such as 

respiratory and osmotic regulation. Other than being a physical barrier, the 

amphibian skin also provides different microorganisms to interact with their 

surrounding environments and enables the epidermis to act as a dynamic, permeable 

surface (Diamond et al., 2009). Moulting, so called peeling, a kind of amphibian skin 

self-protecting mechanism, which maintains the skin integrity is achieved by 

separating the outer layer and the underlying skin layer. Different from many other 

vertebrates, including individual skin cells or small plaques, amphibians (including 

anurans, urodeles and caecilians) undergo a more cyclical moulting process, so that 

the entire skin layer gradually falls off. Amphibian skin is composed of a keratinised 

and thin outer layer, called the stratum corneum, below which is the granular layer, 

then the second is the stratum spinosum, germinal layer and base layer. In the 

moulting cycle, the stratum corneum and the underlying particle layer are separated, 

and form a thin layer of skin. The process is known as “sloughing". After that, the 

granule layer is dried and keratinised to become a new keratinised stratum corneum, 
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which usually falls off the entire body. Then, most amphibians would consume 

slough. Intermittent intervals are called time intervals between recurrent sloughing 

events, which can be based on periods of several days to several weeks. The 

moulting process is regulated by thyroid, adrenal and pituitary hormones; however, 

the frequency of moulting and the length of the associated staggered intervals may 

also be affected by environmental conditions, including temperature, light and food 

availability. 

As the external temperature of the animal changes, the ambient temperature will have 

a significant impact on the physiological processes of amphibians. On one hand 

amphibians tend to occupy wet, humid habitats in order to facilitate the absorption of 

water transport, but on the other hand, their skin permeability to dehydration stress is 

very sensitive. Due to the rapid changes in climate, the pressures on amphibian 

physiological processes is increasing, which is both a direct result and a result of 

changes in relative humidity and rainfall. Thus it is worth studying the effects of 

environmental variables on amphibian physiology. 

A typical moist surface of amphibians is considered as an ideal medium for the 

growth of microorganisms, some of which would be present throughout the life cycle 

of the organism, and some of them being continually exchanged between the skin 

and the environment. These microorganisms are symbiotic, some of which can help 

the host to inhibit the growth of certain pathogens, which is through the amphibian 

innate immune system and small antifungal metabolites (such as alkaloids and larger 

peptides). Pathogenic microorganisms can also be found on the epidermis. Until 

recently, there was little impact on the known frequency of the abundance of skin 

microbes in the process of collapse and / or shedding. For instance, the sloughing of 

the cane toad, Rhinella marina, was found to be thermally sensitive and moulting 



4 
 

resulted in a 100% reduction in skin microbial abundance, which for the first time 

showed that sloughing played a role as an integral part of the innate immune system 

of amphibians. 

Although these findings have potential implications in cane toads, there are still 

many questions as to whether moulting in other amphibian species is equally affected 

by temperature or other environmental conditions and whether moulting has the same 

effect on the culturable microbial community as in the toad.  

 

1.2 Skin structures and functions 

Amphibians are vertebrates that exist in two worlds: they divide their time between 

freshwater and terrestrial habitats. They have some common characteristics with air-

breathing lungfish, but also in many ways are different from lungfish. One major 

difference is in their appendages. Modern amphibians include salamanders, 

frogs/toads and caecilians. 

In fact, amphibians are the first truly quadruped vertebrate, limbed animals. They 

generally have moist skin without scales. They have adapted to live in a variety of 

special habitats such as deserts, tundra or alpine meadows and extreme environments 

around the world, except for Antarctica and some remote marine islands. It is worth 

pointing out that the skin of the adult frog consists of two major layers: the dermis 

and the epidermis. The dermis is subdivided into two layers: the stratum compactum 

and the stratum spongiosum. These names refer to the appearance of the connective 

tissue in these layers.  
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Figure 1.1: Frog integument and associated glands 

 

Among the organs, the structure and function of the skin makes an important 

contribution to the survivability of amphibians, enabling them to breathe, to regulate 

the temperature and prevent desiccation, and especially to act as a defensive 

mechanism(Hsia et al., 2013). Actually, the amphibian skin is the first barrier against 

predators and bacterial infections, and since the amphibians were on land, it has 

served its hosts extremely well for over 280 million years.  

Amphibians possess chemical weapons which are an integral part of their defence 

system. In a variety of stressful situations, the host defence compounds are secreted 

by the specialised glands of the amphibian dorsal surface onto the skin (Kazimirova 

and Stibraniova, 2013). There are many different kinds of compounds in these 

secretions, such as alkaloids, amines and peptides. The peptides here have 

antibacterial, anticancer, and antiviral activities and some act as sex pheromones 

(Wessels et al., 2011). 
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1.3 Antimicrobial peptides (AMPs) 

Over the past decade, many of the arising multidrug-resistant strains of pathogenic 

microorganisms have stimulated the search for a new class of antimicrobial 

compounds (Manchanda et al., 2010). 

In these new potential areas, the synthesis and secretion of broad-spectrum AMPs in 

amphibian skin is gaining increasing attention (Jenssen et al., 2006). The presence of 

these peptides in skin secretions is an important feature of these vertebrate defence 

strategies, and some authors believe that they constitute the original mode of the 

immune system before other more specific features arose (Ismail et al., 2002). 

While the traditional drugs that kill microorganisms act against intracellular 

components, these peptides produce severe membrane disturbances which make it 

difficult for pathogens to develop resistance as the composition of the pathogen 

membranes is relatively stable and difficult to change (Silhavy et al., 2010). 

A large number of amphibian skin AMPs have a strong antibacterial effect (Conlon 

et al., 2009). Even at low concentrations, a variety of bacteria, including Gram-

positive and Gram-negative bacteria, protozoa and fungi, in some cases, cancer cells, 

are killed. 

 

1.3.1 Structures of AMPs  

AMPs typically consist of 10 – 50 amino acid and according to their amino acid 

composition and structure, they can be divided into several subgroups (Kichler et al., 

2006). These peptides contain two or more cationic residues provided by arginine, 

lysine and histidine, and abundant hydrophobic residues (Ebenhan et al., 2014). 
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AMP secondary structure consists of the following four themes; i) α-helix ii) β-strand 

due to the presence of two or more disulphide bonds, iii) β-hairpin or loop in a single 

disulphide bond or cyclisation The presence of the peptide chain, and iv) rich in 

glycine, proline, tryptophan, arginine and histidine. 

Even if the antibacterial agent is limited to peptides, there are still a lot of structures 

that are known. This makes it a complicated and difficult task to design an improved 

agent, simultaneously this also has to offer opportunities for further development. 

The classification of AMPs is, to some degree, arbitrary, with similar analogues of 

similar sequences, but different conformational patterns will fall into different classes, 

although their chemical structures are similar and may also function as a mechanistic 

adjunct (Jenssen et al., 2006). However, in order to simplify the problem as well as to 

describe the structure of the peptide exhibiting antibacterial activity, AMPs have 

been grouped into several categories. These groups contain linear peptides formed by 

hydrophilic and hydrophobic domains, cyclic peptides and low molecular weight 

proteins that form L-sheet structures, which have a unique amino acid composition 

and cyclic thioether groups in cyclic peptides that terminate at amino alcohols and 

cyclic peptides such as lipopeptides (Vauthey et al., 2002). 

 

Figure 1.2: Various structures of AMPs. 
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1.3.2 Mechanism of action of AMPs 

Although there are many hypotheses to explain the mechanism of action of these 

agents, in fact, the exact mechanism has not been well established so far. For some of 

these peptides, the lipid bilayer of the membrane is the target, which can be proven 

by the fact that these peptides can boost the leakage rate of the internal fluid content 

of liposomes.  

In addition, most AMPs are positively-charged and their interactions with negatively 

charged phospholipids provides a ready-made explanation of the mechanism of 

action on bacterial membranes. 

In Gram-negative bacteria, the outer membrane and outer membrane of the plasma 

membrane contain anionic molecules. In contrast, in terms of mammals, there are 

few negative charges on their cell membranes. Thus, the cationic AMPs will bind to 

the exposed negative charges of the bacterial membrane with high affinity, but not to 

the mammalian extracellular membrane of the current amphiphilic parent. 

The specificity of this anionic membrane module also mimics findings in the study of 

model liposomes. 

However, there is still uncertainty as to how these peptides interfere with membranes 

and induce membrane perturbations related to their antibacterial activity. Recent 

studies have shown that there is no correlation between the ability of the peptide to 

pass through the membrane and its antimicrobial activity. It is probable that instead 

of the mechanism of cytotoxicity, the direct factor for the effects of these peptides is 

the way they enter the cells to achieve interaction with their targets. 

With respect to this mechanism, the peptide splits the membrane and breaks the 

barrier, allowing the leakage of cellular components. 
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For instance, with amphiphilic helical peptides, such as AMPs, transmembrane 

electrochemical gradients dissipate at low concentrations, but require higher 

concentrations to affect the release of encapsulated fluorescent probes. Some 

peptides are however cytotoxic to Gram-negative bacteria at low concentrations of 

dissipating ion gradients, but this is not enough to induce cytoplasmic contents to be 

released. 

 

1.3.2.1 The “barrel-stave” mechanism 

Several models have been proposed to explain the lipid membrane permeabilising 

mechanisms of these AMPs. The first hypothesis was proposed as the "barrel stave" 

mechanism, according to this, the peptide inserts into the transbilayer and aggregates 

to form a pore, whose hydrophilic surface lines a water channel and whose nonpolar 

residues orientate towards the membrane. Although this model was presented 30 

years ago, the resulting peptaibol of tetracycline was definite proof of its robustness. 

As shown in Figure 1.3, the peptide helix forms a bundle in the membrane with a 

central cavity, which is very much like a barrel. 
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Figure 1.3: The “barrel-stave” model of AMP-induced microbial killing. 

 

1.3.2.2 The “carpet” mechanism 

Another mechanism, known as the 'carpet' model, was recently proposed by Shai, 

Matsuzaki and Huang, and involves the parallel association of AMPS with the 

membrane surface, with the spiral faces of hydrophilic domain facing the water. 

According to this model, the membrane perturbation is caused by the strain generated 

by the insertion of the peptide from the outer layer of the membrane. When the 

threshold peptide / lipid ratio is reached, the strain is released by the formation of 

membrane defects. In this overall scheme, different versions of the model were 

presented: For example, Huang and his colleagues reported experimental data that 

the membrane permeability was due to a clear annular structure of the pores whose 

membranes were bent back to their shape in donuts, and the peptide is interposed 

between the phospholipid heads on the surface. More recently, MD simulations have 



11 
 

shown that the pore structure may be much less defined, leading to the so-called 

"disordered annular pore model". 

 

Figure 1.4: The “carpet” model of AMP-induced microbial killing. 

1.3.2.3 Other mechanisms  

In addition to the two main models mentioned above, several other hypotheses have 

been proposed, such as "sink" patterns in which several peptides form aggregates, 

which can diffuse through membranes, or "leaks", wherein the peptides are 

perpendicular to the membrane, but, rather than form a circular hole, they form an 

amphiphilic band on the entire side. The hydrophobicity of the ribbon is oriented 

towards a double layer of the hydrocarbon chain, while the toxicity is caused by the 

hydrophilic faces as the side of the ribbon cannot be sealed with the opposite contact 
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double layer by hydrophobicity. Thus, the lipid is forced to use a highly positive 

curvature, causing the film to bend on itself. 

 

1.3.3 Mechanism of the selectivity of AMPs 

AMPs have been shown to show target cell selectivity. That is, they selectively kill 

the microorganisms without causing significant toxicity to the host cells. This 

concept, which coincides with the role of amplifiers in innate immunity, comes from 

a large number of observations that have shown at concentrations much higher than 

their minimum inhibitory concentrations (MICs), AMPs are non-haemolytic. 

However, it should be emphasised that AMPs are potentially toxic to mammalian 

cells in more subtle ways. 

 

Figure 1.5: Molecular basis of cell selectivity of AMPs. 

As shown in Figure 1.5, the AMP forms an amphiphilic structure with a positively 

charged face (blue) and a hydrophobic face (brown). The electrostatic interaction 

between the AMPs at the mammalian cell surface (left) and the bacterial surface 

(right) and the positive charge of the negatively charged components (red) is the 
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main driving force of cell association. Negatively charged glycoprotein sugar chains 

(not shown) may also serve as binding sites for AMPs. In addition, the hydrophobic 

interaction (brown) with the hydrophobic surface of the lipid portion of the 

membrane also drives the cell binding of peptide. 

The cationic nature of AMPs contributes primarily to cell selectivity because the 

surface of the bacterial membrane is more negatively charged than that of 

mammalian cells. The bacterial cell membrane is rich in acidic phospholipids, such 

as phosphatidylglycerol and phospholipids. At the same time, the cell wall also 

contains anionic molecules, such as Gram-positive bacterial peptidoglycans or the 

Gram-negative bacterial outer membrane lipopolysaccharides, lipoteichoic acids and 

the phosphoric acid. Thus, their higher levels of negatively charged surface 

molecules make bacteria more susceptible to the actions of AMPs. 

In contrast, acidic phospholipids are usually found on the inner membrane of the 

plasma membrane in the case of mammalian cells (Figure 1.5). The outer leaves are 

mainly composed of zwitterionic phospholipids and sphingomyelins, although rare 

negatively charged gangliosides are also found. The hydrophobic interaction between 

the amphiphilic peptide on the cell surface and the hydrophobic surface of the 

zwitterionic phospholipids plays a major role in their interaction with membranes in 

mammalian cells. However, this is relatively weak compared to electrostatic 

interactions. Thus, the AMPs will preferentially interact with the bacterial 

membranes. 

Factors other than cell surface charge also promote cell selectivity. In mammalian 

cells, the presence of stable cholesterol protects cells against AMP attack. An inside 

negative transmembrane potential allows membrane permeability by promoting 
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saturated bladder transition into the membrane. The transmembrane potential of 

bacterial cells is more negative than that of normal mammalian cells. 

Various attempts have been made to improve cell selectivity for AMPs. These 

include the optimisation of the physicochemical parameters of peptides, the 

introduction of D-amino acids, the insertion of fluorine-containing amino acids, and 

unusual amino acids. 

 

1.3.4 Therapeutic potential of AMPs 

The basic requirement of any antimicrobial agent is that it has selective toxicity 

against microorganisms, which is an important feature of AMPs because of their 

preferential interactions with microbial cells that make them non-toxic to mammalian 

cells (Aoki and Ueda, 2013). Based on the significant differences between 

mammalian and microbial cells, several factors determine the selectivity of AMPs, 

such as membrane composition, transmembrane potential, charge and structural 

features (Peters et al., 2010). 

AMPs as a future treatment, have many potential advantages, as in addition to their 

broad-spectrum antimicrobial activity and rapid killing of microorganisms, they 

neutralise endotoxins and the classical antibiotic resistance mechanism is not 

activated (Giuliani et al., 2007). Obviously, they tend to penetrate the target 

microbial membrane which promotes entry into the microbial cells to enhance the 

effectiveness of existing drugs, resulting in synergistic effects. 

In addition, unlike traditional antibiotics which microorganisms can easily 

circumvent, AMPs do not appear to induce antibiotic resistance, most likely due to 

requiring profound changes in membrane structure to obtain microbial cell resistance 
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but also as they rapidly kill. Interestingly, although the basic biological effect of 

AMPs is antibacterial activity, recent studies have highlighted new alternative 

functions that include immunomodulatory activity, neutralising endotoxins, wound 

healing and anticancer effects. Based on the extensive and diverse biological 

functions of these endogenous peptides, AMPs are being currently widely used as 

blueprints for the development of innovative therapeutic agents that can be used as 

antibacterial agents, modifiers of inflammation or in cancer treatments. 

 

1.4 Advantages and shortcomings of peptide drugs 

In the skin of frogs, ribosomes produce inactive peptide precursors. Subsequently, 

the precursors are modified by enzymes and some post-translation procedures, which 

includes glycosylation and terminal amidation (Walsh and Jefferis, 2006). 

Afterwards, a variety of peptide isoforms can be obtained from the precursors. 

Nevertheless, in Nature, some bacteria have developed defence mechanisms against 

antibiotics (Tlaskalová-Hogenová et al., 2011) and some bacteria have found ways to 

resist peptide drugs as a result of the production of AMPs in animals and plants. For 

instance, viable bacteria modify their cell walls by reducing the ways in which 

peptides can bind to the surface of the membrane, which is similar to the defence 

mechanisms against antibiotics (Malanovic and Lohner, 2016). Moreover, another 

mechanism is the combination of antibiotic specific ATP to cassette transporters, 

which leads to inhibition of peptide binding. 

Due to their diversity of sequences, it is difficult to classify some new peptides. 

Hence, researchers began using bioinformatics to discover novel peptides. (Schutte et 

al., 2002). As the number of AMPs increase, a number of databases such as Antimic 
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profiling database (ANTIMIC) and Dragon Antimicrobial Peptide Database 

(DAMPD) have been built to further facilitate the discovery of novel peptides, 

biotechnological techniques have been developed, particularly in the field of genome 

sequencing. 

Compared with other types of antimicrobial medicines, the peptide has a shorter half-

life due to its rapid proteolysis (Otvos and Wade, 2014). Since the L-amino-

containing peptide is naturally susceptible to proteolysis, the oral bioavailability is 

poor. 

In addition, some peptides are toxic not only to bacteria but also cancer cells, and 

some are even toxic to normal cells. Therefore, the study of whether the peptide is 

toxic to mammalian cells is a key point in the development of new anticancer drugs. 

In addition to find a way to overcome the poor pharmacokinetics and poor oral 

bioavailability is also the main direction of many studies. The focus of this study is 

on chemical synthesis of peptides, as well as their antimicrobial, haemolytic and 

anticancer properties. 

 

1.5 Aims of this thesis 

Initially, the molecular cloning of full length cDNAs encoding antimicrobial peptide 

precursors was performed using a lyophilised skin secretion-derived cDNA library of 

the Purple-Sided Leaf Frog, Phyllomedusa baltea. 

Secondly, the mature peptide sequence was obtained by translation of these cDNAs 

and a synthetic replicate of the peptide was synthesised by use of an automated solid 

phase peptide synthesiser. 
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Thirdly, bioassays were performed on the synthetic peptide which included 

antimicrobial, anticancer and haemolysis assays for evaluation of biological activity. 

Finally, the techniques used in this project were learned for future studies in peptide 

and protein research. 
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2.1 The purple-sided leaf frog (Phyllomedusa baltea) 

Phyllomedusa is a genus of tree frog found from Central to South America. They 

range from Costa Rica southwards to Argentina and consists of around 30 species. 

In this genus of tree frogs, eggs are deposited on a leaf surface, interspersed with 

hydrating jelly capsules. During the mating process, the frogs fold the leaf around 

their batch of eggs using their limbs, with a jelly plug at the bottom of the folded leaf 

to prevent the eggs from falling out. At hatching, the jelly plug is liquified, and the 

tadpoles drop through the previously plugged hole. These nests are made above 

water, so the tadpoles drop into a suitable habitat, where they begin their lives as 

filter feeders. 

Phyllomedusa baltea is a species of frog in the Hylidae family. It is endemic to Peru. 

Its natural habitats are subtropical or tropical moist montane forests and intermittent 

freshwater marshes. It is threatened by habitat loss. 

 

2.2 mRNA isolation  

A Dynabeads® mRNA DIRECT™ Kit (Dynal Biotech Ltd, UK) was utilised in 

mRNA isolation. The poly A tail of poly A mRNA from the sample can hybridise to 

the bead-bound oligo-dT and can be eluted from the Dynabeads afterwards.  

 

2.2.1 Preparation of skin secretion 

Five mg of crude lyophilised skin secretion from the South American purple-sided 

leaf frog was transferred into a 1.5 ml RNase-free tube containing 1 ml 

Lysis/Binding Buffer. Then, the 1.5 ml tube was vortexed for 10 min in total and 
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placed on cold ice for several seconds at intervals of one min to obtain the 

undegraded mRNA. Finally, the lysate solution was centrifuged for 5 min in the 

centrifuge 5424 (Eppendorf, UK) to remove the debris. The supernatants were 

prepared and stored cold until the beads were ready. 

 

2.2.2 Preparation of Dynabeads® Oligo (dT)25 beads 

Two hundred and fifty μl of thoroughly resuspended Dynabeads® Oligo (dT)25 beads 

(5 mg/ml) were transferred into a 1.5 ml RNase-free tube and put on the magnetic 

rack. Then, the supernatants were removed and discarded as cleanly as possible when 

the supernatants were clarified. After that, 250 μl Lysis/Binding Buffer was 

transferred into the 1.5 ml tube to wash the beads by gently shaking. Finally, the 

supernatants were removed and discarded completely from the 1.5 ml tube on the 

magnetic rack when the lysate was well prepared to avoid drying the beads and 

lowering beads capacity. 

 

2.2.3 Hybridisation between the poly A tail of mRNA and bead-

bound oligo-dT  

The supernatants from the lysate solution were transferred into the 1.5 ml tube 

containing prepared beads which were combined with oligo-dT on the surface by 

covalent binding. The mixture of lysate and beads were blended by slowly and gently 

shaking for fifteen min at room temperature, which made the poly-A tail of mRNA 

hybridise to the bead-bound oligo-dT through A-T base pairing. Finally, the 

supernatants were discarded completely on the magnetic rack. The intact mRNA was 

isolated from the secretion and retained on the surface of the beads. 
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2.2.4 Washing 

The beads/mRNA complex was washed by slowly and gently using 500 μl Washing 

Buffer A three times. The beads were separated from the washing solution and the 

washing solution was discarded on the magnetic rack after each washing step. 

Similarly, the beads/mRNA complex was washed by slowly using 500 μl Washing 

Buffer B two times. 

 

2.2.5 Elution 

A volume of 18 μl of cool elution solution (Tris-HCl, 10mM) was added drop by 

drop into the 1.5 ml tube containing the well-washed beads and the 1.5 ml tube was 

flicked gently to make every droplet carry the beads down to the bottom until all the 

solution ran through. Then, the 1.5 ml tube was incubated in a heating block (Grant, 

Cambridge, UK) at 80°C for 2 min to remove the mRNA from the beads. All 

supernatants were subsequently transferred into a 0.2 ml RNase-free PCR tube on the 

magnetic rack as soon as possible to avoid mRNA readsorbing onto the beads. 

Finally, the 0.2 ml PCR tube was cooled on ice for 2 min and then the solution was 

allocated into five chilled-prepared 0.2 ml PCR tubes which included 4 μl volume for 

three PCR tubes and 3 μl volume for two PCR tubes, respectively. 

 

2.3 cDNA library construction 

A BD SMART™ RACE cDNA Amplification Kit (BD Biosciences, UK) was used 

in cDNA library construction and primary cDNA amplification. 5’ RACE Ready 

cDNA was synthesised using a 5’-RACE CDs Primer and the BD SMART II™ A 

Oligonucleotide which contained a terminal stretch of G residues to pair dC-rich 
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cDNA tail at the end. 3’-RACE-Ready cDNA was synthesised using 3’-RACE CDs 

Primer by a reverse transcription reaction. 

 

2.3.1 Preparation of sample mixture 

2.3.1.1 Preparation of mixture for 3’ RACE Ready cDNA synthesis 

The following components were combined and mixed completely by pipetting in 

three 0.2 ml PCR tubes. One extra volume of reagents was calculated and added to 

ensure sufficient volume for the RT-PCR reaction.  

Table 2.1 The components of the 3’ RACE cDNA reaction 

Component Final Volume Final Concentration 

RNA sample 4 μl 10-1000 ng 

3’-RACE CDS Primer 1 μl 12 μM 

dNTP Mix 1 μl 4 mM                                                                                                                    

DTT 1 μl 4 mM 

5X First-Strand Buffer,30mM MgCl2 2 μl 1 X 

Reverse Transcriptase 1 μl 20 unit 

*The Master Mix includes dNTP Mix, DTT and 5X First-Strand Buffer for 5 

reactions.  

2.3.1.2 Preparation of mixture for 5’ RACE Ready cDNA synthesis 

The following components were combined and mixed completely by pipetting in two 

0.2 ml PCR tubes. One extra volume of reagents was calculated and added to ensure 

sufficient volume for the RT-PCR reaction.  
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Table 2.2 The components of the 5’ RACE cDNA reaction 

Component Final Volume Final Concentration 

RNA sample 3 μl 10-1000 ng 

5’-RACE CDS Primer 1 μl 12 μM 

BD SMART II™ A Oligonucleotide 1 μl 12 μM 

dNTP Mix 1 μl 4 mM 

DTT 1 μl 4 mM 

5X First-Strand Buffer,30mM MgCl2 2 μl 1 X 

Reverse Transcriptase 1 μl 20 units 

*The Master Mix includes dNTP Mix, DTT and 5X First-Strand Buffer for 5 

reactions. 

 

2.3.2 Reverse transcription polymerase chain reaction (RT-PCR) 

Five PCR tubes, containing sample mixture, were micro-centrifuged and incubated in 

the heating block at 70°C for 2 min to combine the primer and templates. Then, five 

0.2 ml PCR tubes were cooled ice for 2 min. After that, 4 μl prepared Master Mix 

was divided into each 0.2 ml PCR tube and pipetted completely. Subsequently, 1 μl 

Reverse Transcriptase was added into each 0.2 ml PCR tube and pipetted completely. 

After adding all solutions, five 0.2 ml PCR tubes were micro-centrifuged to collect 

all contents at the bottom without bubbles and incubated in the thermal cycler 

(Applied Biosystems, UK) at 42°C for 1.5 h to complete the reverse transcription 

reaction. 
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2.3.3 Concentration dilution and final extension 

Fifty μl of deionised water was added into each PCR tube to lower the concentration. 

Then, all the reactions were incubated in the thermal cycler at 72°C for 7 min for a 

final extension. At this point, 3’- and 5’-RACE Ready cDNA templates were 

obtained and stored at -20°C in the freezer.  

 

2.4 Polymerase chain reaction (PCR) amplification of cDNA 

2.4.1 Preparation of mixture for RACE-PCR reaction 

The following components were combined and mixed completely by pipetting and an 

extra volume was calculated and added to ensure sufficient volume for the RACE-

PCR reaction. 

Table 2.3 The components of one RACE-PCR reaction 

Component Final Volume Final Concentration 

PCR-Grade water 2.6 μl - 

10X BD Advantage 2 PCR Buffer 1 μl 1 X 

dNTP Mix 0.2 μl 0.2 mM 

NUP Primer 0.5 μl 20 μM 

Sense Primer 0.5 μl 20 μM 

BD Advantage 2 Polymerase Mix 0.2 μl 15 μM 

3’ RACE-Ready cDNA templates 10 μl 10-1000 ng 
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*The 3’ RACE-Ready cDNA templates were substituted with water in the negative 

control. 

*The Master Mix includes PCR-Grade water, 10X BD Advantage 2 PCR Buffer,   

dNTP Mix, NUP Primer, Sense Primer and BD Advantage 2 Polymerase Mix for 4 

reactions. 

 

2.4.2 3’ RACE-Ready cDNA amplification  

Eleven μl of Master Mix was allocated into four well-prepared PCR tubes and 10 μl 

of 3’ RACE-Ready cDNA templates were added into two PCR tubes. 10 μl of PCR-

Grade water was added into another two PCR tubes as negative controls. 0.5 μl NUP 

primer (supplied with the kit) and 0.5 μl specific degenerate sense primer (S1; 5’- 

ACTTTCYGAWTTRYAAGMCCAAABATG-3’) (Y=C+T, W=A+T, R=A+G, 

M=A+C, B=T+C+G) were added into each PCR tube. The degenerate primer was 

designed based on the highly-conserved 5’-untranslated region of dermaseptin cDNA 

from Phyllomedusa baltea (EMBL Accession No.AJ251876) and the opioid peptide 

cDNA from Phyllomedusa baltea (EMBL Accession No.AJ005443). All of the 

reagents were pipetted completely and micro-centrifuged to collect all contents at the 

bottom without bubbles. Finally, the RACR-PCR programme with a gradient 

temperature was set and commenced in the thermal cycler. The appropriate annealing 

temperature was determined in the RACE-PCR reaction. Three steps of PCR reaction 

with different conditions were set up and each cycle included 94°C denaturation for 

30 s to obtain single-stranded DNA templates, 53°C or 55°C annealing for 30 s 

between primer and single-strand DNA templates and 72°C extension for 3 min. All 

the procedures were repeated over 40 thermal cycles to obtain double-stranded DNA 
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amplification. The annealing temperature in one group included one 3’ RACE-Ready 

cDNA template and one negative control at 53°C, whereas it was set at 55°C in 

another group. All of the four samples after RACE-PCR reaction were stored at -

20°C in the freezer. 

 

2.5 Agarose gel electrophoresis 

2.5.1 Preparation of 1.5% agarose gel 

0.45 g of agarose (Invitrogen, UK) was transferred into a 200 ml flask with 35 ml 

fresh working 1X TBE Buffer (Invitrogen, UK). The flask was heated in a 

microwave oven without foaming until all the agarose was dissolved completely, and 

then it was cooled for several minutes. 2.5 μl ethidium bromide (EtBr, 10 mg/mL) 

(Invitrogen, UK) was added into the flask to bind to the DNA and make the DNA 

visible under ultraviolet light. Then, the melted agarose was poured into the gel box 

with one straight-inserted comb and two well-placed blocks in the gel electrophoresis 

tank. After the solidification of the agarose gel at room temperature for 40 min, the 

comb was vertically removed and the intact wells were obtained. Finally, the gel tank 

was filled with recycling 1X TBE Buffer within the maximum lines. 

 

2.5.2 Sample loading and electrophoresis 

Two and half μl of a standard DNA ladder (Invitrogen, UK) composed of several 

fragments of known molecular weight, were loaded carefully into the first lane of the 

agarose gel to measure the size of DNA fragments. 1.5 μl of samples and 0.5 μl of 

loading dye (0.25% bromophenol blue, 15% Ficoll 400 in TAE) were mixed well and 
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loaded carefully in the other lanes in order. After that, the electrophoresis was run at 

90 v and the samples travelled through the gel from the negative electrode to the 

positive electrode for 30 min until the yellow colour indicator reached two-thirds of 

the way down the gel. Finally, the power was stopped and the gel was transferred 

into a large weigh boat for later detection of bands. 

 

2.5.3 Detection of bands and gel analysis 

The electrophoresis gel was placed under the UV trans-illuminator BioDoc-It® 

Imaging System (NVP, Cambridge, UK) and a photographic image was recorded as 

the result.  

 

2.6 PCR product purification 

An E.Z.N.A.® Tissue DNA Kit (Omega, Norcross, UK) was employed in PCR 

product purification, in which DNA was bound to silica-based filter membranes 

during washing steps and eluted for collection. 

 

2.6.1 DNA binding with the filter membranes 

The DNA amplification samples from the previous steps were mixed together and 

transferred into a 1.5 ml DNase-free tube. Then, 87 μl Buffer CP was added into the 

1.5 ml tube where five volumes Buffer CP corresponded with one volume PCR 

product according to the weight of DNA product. After pipetting evenly and 

completely, all the solutions were transferred drop by drop onto the centre of a filter 

cartridge with a 1.5 ml collection tube. Afterwards, the filter cartridge was 
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centrifuged at a speed of 8000 × g for 1 min to bind the DNA to the silica-based filter 

membranes and remove the impurities. Finally, the filtrate was discarded and the 

collection tube was placed back into the cartridge. 

 

2.6.2 DNA Washing  

Seven hundred μl of DNA Washing Buffer diluted in absolute ethanol was added 

into the cartridge and centrifuged at 8000 × g for 1 min for DNA washing. 

Subsequently, the filtrate was discarded and the collection tube was placed back in 

the bottom of the cartridge. Similarly, 500 μl DNA Washing Buffer with added 

ethanol was also added into the cartridge and centrifuged again at 8000 × g for 1 min. 

Then, the filtrate was discarded and the collection tube was placed back into the 

cartridge. Finally, the empty cartridge with collection tube was centrifuged at the 

maximum speed of 8000 × g for 2 min to dry the column matrix and remove ethanol 

completely as this could interfere with the downstream applications. 

 

2.6.3 DNA elution 

A new 1.5 ml DNase-free tube was used instead of the holding tube before DNA 

collection. Then, 30 μl of deionised water was added directly into the centre of the 

cartridge for DNA elution. After 2 min at room temperature, the cartridge with the 

new 1.5 ml collection tube was centrifuged at 8000 × g for 1 min to collect all DNA 

products. Then, the cartridge was discarded and the 1.5 ml collection tube with DNA 

purification products was retained. Finally, the DNA purification products were 

placed for 50 min in a concentrator (Eppendorf, Hamburg, Germany) to dry the DNA 
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sample and drive the ethanol away thoroughly. After evaporation, the DNA sample 

was sealed with parafilm and stored at -20°C in the freezer. 

 

2.7 Ligation 

A pGEM®-T and pGEM®-T Easy Vector (Promega, USA) kit was used for ligation, 

transformation, blue and white colony screening and isolation of recombinant DNA 

reactions. The DNA with A at both ends of the strand could bind to and insert into 

the site of the pGEM®-T Easy Vector (50 ng/μl) with T through A-T based pairing.  

 

2.7.1 Reagent preparation  

Ten μl of deionised water was added into the 1.5 ml tube containing 7 μl DNA 

purification products to dissolve the DNA and then tube was vortexed completely by 

tapping and micro-centrifuged briefly to collect all contents at the bottom and then 

placed on ice to cool. This step was repeated five times for DNA preparation. 2X 

Rapid Ligation Buffer was vortexed vigorously without centrifuging as the Buffer 

was so heavy. Also, the pGEM®-T Easy Vectors were micro-centrifuged briefly 

without pipetting to avoid damaging the fragile vectors. The T4 DNA Ligase was 

also micro-centrifuged briefly without pipetting as the enzyme was susceptible to 

inactivation under the changes of environment. 

 

2.7.2 Ligation between DNA and vector 

The following prepared reagents were combined and mixed without pipetting in a 

DNase-free PCR tube.  
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Table 2.4 The components of the ligation reaction 

Component Volume Final Concentration 

2X Rapid Ligation Buffer,20mM MgCl2 2.5 μl 1 X 

pGEM®-T Easy Vectors 0.5 μl 50 ng/μl 

PCR Products 1.5 μl 10-1000 ng 

T4 DNA Ligase 0.5 μl 3 Weiss units 

 

A 0.2 ml PCR tube with ligation reaction product was incubated for 1 h at room 

temperature and then incubated at 4°C overnight (16-24 h) in the thermal cycler. The 

vectors with a 3’ single terminal thymidine (T) in the insertion site were re-cyclised 

with a single guanosine (A)-ending DNA sequence derived from Taq DNA 

Polymerase through A-T base pairing. 

 

2.8 Transformation 

The recombinant vectors were transformed into the competent cell and selected by 

ampicillin, IPTG and X-Gal using the pGEM®-T and pGEM®-T Easy Vector kit 

(Promega, USA). 

 

2.8.1 Transformation  

Ligation reaction products were transferred into a 1.5 ml DNase-free tube without 

pipetting and the competent cells of E. coli were removed from -80°C storage and 

defrosted on ice for 4 min until all thawed and clarified. Then, 50 μl of E. coli was 
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transferred quickly into the 1.5 ml tube containing ligation reaction products. Both 

were mixed by gently flicking and tapping at the bottom of the tube three times and 

then returned back to ice for 20 min. Next, the 1.5 ml tube was heat-shocked at 

exactly 42°C for 47 s and returned back to ice immediately for 2 min. Finally, 950 μl 

SOC medium was added into the 1.5 ml tube slowly and gently and the tube was 

incubated at 37°C for 2.5 h at a shaking rate of 150 rpm to grow bacteria. 

 

2.8.2 Plating and culture for amplification  

One hundred μl of transformation suspensions were transferred and spread over the 

surface of LB/ampicillin/IPTG/X-Gal plates with three replications and all plates 

were incubated upside down at 37°C overnight (16-24 h) for bacterial culture and 

DNA amplification.  

2.8.3 Blue and white colony screening 

Pure white colonies were selected and subcultured in the solid medium for further 

identification. The 1.5 cm length squares were divided by drawing lines at the bottom 

of the Petri dish, then the pure white colonies and white colonies with blue dots were 

picked up and transferred into three new LB/ampicillin/IPTG/X-Gal plates by 

streaking without touching the edge of the lines using an inoculating loop under a 

sterile environment. All of the three plates were incubated upside down at 37°C 

overnight (16-24 h) for subculture and further selection. 
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2.9 Isolation of recombinant DNA by cloning PCR 

A single DNA was isolated and amplified by the cloning PCR reaction, in which the 

M13 Forward Primer (5’-GTAACGCCAGGGTTTTCCCAG-3’) and M13 Reverse 

Primer (5’-TGTGAGCGGATAACAATTTCAC-3’) bound to the 5’ and 3’ ends of 

inserted DNA, respectively by use of an Advantage® 2 PCR Kit (Clontech Inc, USA). 

 

2.9.1 Bacterial harvesting 

The bacteria in the white colonies were harvested from the plates and transferred into 

each 0.5 ml tube containing with 20 μl of deionised water for dispersion. Then, 14 

samples of bacteria were obtained for recombinant DNA isolation.  

 

2.9.2 Vector release 

Two temperature extremes were used from heating up to 100°C for 5 min then 

cooling down on ice for 5 min in order to make the cells fragile. Then, each tube was 

vortexed for 30 s and centrifuged at the maximum speed of 8000 × g for 5 min to 

break the cell walls and release the vectors. Finally, the supernatants which contained 

recombinant DNA were ready to use. 

 

2.9.3 Preparation of reagent mixture for cloning PCR 

The following components were combined and mixed completely by pipetting. One 

extra volume of reagents was calculated and added.  
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Table 2.5 The components in each cloning PCR reaction  

Component Final Volume Final Concentration 

dNTP Mix 1 μl 0.2mM 

PCR-Grade water 31 μl - 

Cloning PCR Buffer 10 μl 1 X 

M13 Forward Primer 2.5 μl 5 μM 

M13 Reverse Primer 2. 5 μl 5 μM 

Taq Polymerase enzyme 0.25 μl units 

DNA template  2.5 μl 10-1000 ng 

*The Master Mix includes PCR-Grade water, dNTP Mix, Cloning PCR Buffer, M13 

Forward Primer and M13 Reverse Primer for 14 reactions. 

 

2.9.4 Isolation of recombinant DNA by cloning PCR 

Forty-seven μl Master Mix was aliquoted into each PCR tube respectively and 

pipetted completely. Then, 0.25 μl Taq Polymerase enzyme and 2.5 μl supernatants 

containing recombinant DNA were added into each 0.2 ml PCR tube in proper order 

and pipetted completely and evenly. All of the fourteen 0.2 ml PCR tubes were 

micro-centrifuged briefly to collect all contents at the bottom without bubbles. The 

isolation of target DNA from the vector and target DNA amplification relied on a 

cloning PCR reaction in which the M13 Forward Primer and M13 Reverse Primer 

could bind to the 5’ and 3’ ends of inserted DNA, respectively. Finally, the cloning 

PCR reaction was set and commenced using the following programme, and each 



34 
 

cycle in the thermal cycler included: 94°C denaturation for 30 s, 55°C annealing for 

30 s and 72°C extension for 3 min, repeated 31 times over a total in 3 h 15 min. After 

this cloning PCR reaction, the 14 samples tubes were stored at -20°C in the freezer. 

 

2.10 Agarose gel electrophoresis analysis 

The information can be found in section 2.5. 

 

2.11 Selected PCR product purification 

The information can be found in section 2.6. 

 

2.12 DNA sequencing reaction 

A BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, California, 

USA) was utilised in the DNA sequencing reaction in which the sequence was 

detected by fluorescence during DNA extension and termination process. 

 

2.12.1 Preparation of mixture for sequencing PCR reaction 

Four optimal DNA samples were chosen for the sequencing reaction and 10 μl of 

M13 Forward Primer was diluted in 52.5 μl PCR-Grade water. The following 

components were combined and mixed completely by pipetting, and an extra volume 

was calculated and added to ensure sufficient volume for the sequencing PCR 

reaction.  
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Table 2.6 The components of a sequencing PCR reaction 

Component Final Volume 

PCR-Grade water 12.4 μl 

5X Sequencing Buffer 3.57 μl 

M13 Forward Primer 1.14 μl 

Terminator Ready Reaction Mix  2.86 μl 

DNA template  2.5 μl 

*The Master Mix includes PCR-Grade water, 5X Sequencing Buffer, M13 Forward 

Primer and Terminator Ready Reaction Mix for 4 reactions. 

 

2.12.2 DNA sequencing reaction 

Master Mix and 2.5 μl sample were aliquoted into 0.2 ml PCR tubes and the 

sequencing PCR reaction was set and commenced using the following programme. 

Each cycle in the thermal cycler consisted of: 96°C denaturation for 20 s, 55°C 

annealing for 10 s and 60°C extension for 4 min. Cycles were repeated 26 times in 

total for 2h 15min. Finally, the four sequencing products were stored at -20°C in the 

freezer. 

 

2.13 Extension product purification by ethanol  

Seventy-two μl of 95% ethanol was added into the PCR tube with sequencing 

reaction products and pipetted vigorously. After that, all the solutions were 

transferred into a 1.5 ml tube with 10 μl PCR-Grade water. Each of the 4 tubes was 
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vortexed for 30 s and kept at room temperature for 20 min and then centrifuged at the 

maximum speed of 10000 × g for 20 min. Immediately after this, the supernatants 

were discarded as cleanly as possible. Similarly, 260 μl 70% ethanol was added into 

each 1.5 ml tube with sequencing reaction products and mixed, vortexed for 30 s and 

centrifuged again as before. Then the supernatants were discarded quickly. 

Afterwards, a 1 min cooling step and a 1 min heating step at 95°C were repeated 3 

times. Finally, the contents of the 1.5ml tubes were concentrated for 3 h to dry the 

DNA and to drive the ethanol away. Finally, the 4 samples were stored at -20°C in 

the freezer. 

 

2.14 Sequencing 

Ten μl of highly-purified HiDi formamide was added to each DNA sample which 

had been concentrated for 1 h before use. Then, the 1.5ml tubes were vortexed and 

then centrifuged briefly as before. Afterwards, the tubes were heated to 95°C for 4 

min in the heating block and cooled on ice for 3 min. Subsequently, 9 μl of well-

prepared mixture sample was loaded into the 96-well plate in odd or even rows. 

Finally, the sequencing results were obtained using an ABI 3100 automated 

sequencer (Applied Biosystems, Foster City, CA, USA). The elongation of DNA 

strands in the solution was terminated by the modified ddNTPs randomly and 

detected by fluorescence.  

 

2.2 Results 

A bio-synthetic prepropeptide encoding cDNA was successfully cloned. The 

nucleotide and translated open-reading frame amino acid sequence of the peptide 
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precursor are shown in Figure 2.1. The full-length precursor consisted of 71 amino 

acid residues, which can be divided into three topological domains. The first domain 

is called the putative signal peptide containing 22 amino acids at the N-terminus. 

After this, there is a peptide domain containing many acidic amino acid residues, 

named the acidic spacer peptide. Then, there is a typical di-basic amino acid residue 

motif, -KR-, which is considered to be a propeptide convertase processing site at the 

end of the acidic spacer domain. Finally, the mature peptide sequence is shown 

following the -KR-, and consisted of 23 amino acid residues, which was named 

QUB-2492, based on the computed molecular mass of 2492 Da. The BLAST search 

result showed that QUB-2492 was a dermaseptin AMP with only one amino acid 

difference from dermaseptin-4, which was previously discovered in the skin 

secretion of Phyllomedusa tarsius (Figure 2.2). 

 

Figure 2.1: Nucleotide sequence and corresponding translated open-reading frame of 

QUB-2492 (dermaseptin-4) precursor cDNA cloned from A Phyllomedusa baltea 

skin secretion library. The putative signal peptide is underlined at the top, the mature 

peptide is underlined at the bottom and the stop codon is marked by an asterisk.  
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Figure 2.2: The alignment of QUB-2492 and dermaseptin-4 from the skin secretion 

of Phyllomedusa tarsius. The identical amino acid residues are marked by asterisks. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

QUB-2493                ALWKDILKNAGKAALNAINQIVQ 23 

Dermaseptin-4   ALWKDILKNAGKAALNEINQIVQ 23 

                      **************** ****** 
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Chapter Three: Chemical synthesis of 

QUB-2492  
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3.1 Peptide synthesis 

The mature peptide, QUB-2492, was chemically-synthesised by solid phase 

Fluorenylmethoxycarbonyl (Fmoc) chemistry in a PS4 automated solid-phase 

synthesiser (Protein Technologies, Inc, Tucson, AZ, USA). The unequivocal primary 

structure of the peptide was established as follows:  

ALWKDILKNAGKAALNAINQIVQ-NH2 

The weights of catalyst 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium 

hexafluorophosphate (HBTU) and dry amino acids in equal proportion and in four-

fold molar excess, were calculated and weighed into acetone-cleaned amino acid 

vials. Then, 0.3 mmol rink amide resin which contained an amide group for the C-

terminus was also weighed into the reaction vessel. During the peptide synthesis 

reaction, the reaction vessel and pipeline were washed by dimethylformamide (DMF) 

first, and then the Fmoc protecting groups were deprotected using 20% (v/v) 

piperidine in DMF. Each amino acid residue was activated and coupled using 11% 

(v/v) N-Methylmorpholine (NMM) in 89% (v/v) DMF combined with activator 

HBTU. After that, the peptide was synthesised from C-terminal to N-terminal by the 

PS4 synthesiser. Finally, degassed dichloromethane (DCM) was employed for 

washing the peptide/resin complex after the synthesis reaction. The peptide/resin was 

dried in a vacuum desiccator overnight. 

 

3.2 Peptide cleavage and rotary evaporation 

The resin linked with synthesised peptide was weighed and transferred into a 50 ml 

round-bottomed flask with a magnetic rotor. Then, the appropriate volume of 

cleavage cocktail was chosen and calculated according to the weight. Subsequently, 
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33.5 ml 90.5% (v/v) trifluoroacetic acid (TFA), 1.85 ml 5% (v/v) phenol, 0.925 ml 

2.5% (v/v) water and 0.74 ml 2% (v/v) TIPS were added into the 50 ml round-

bottomed flask to deprotect the protecting groups of side chains including Trp (W). 

The cleavage reaction was performed by stirring at room temperature for 8 h. After 

that, the mixture was suction filtered using the Buchner funnel to remove the resin in 

the upper layer. The solution in the lower layer was transferred and evaporated to 

remove the remaining TFA and TIPS using the rotary evaporator (VWR, 

Pennsylvania, USA). Finally, the remaining solution was transferred into a 50 ml 

universal tube and the ether was supplemented up to 50 ml for the peptide 

precipitation in the freezer overnight. 

 

3.3 Peptide washing 

The 50 ml universal tube was centrifuged at the speed of 5000 × g for 5 min to 

collect the peptide precipitate at the bottom and then the supernatants were discarded 

as cleanly as possible. Then, 45 ml ether was refilled and the washing step was 

repeated three times. Afterwards, the peptide was dried and the remaining ether was 

evaporated at room temperature.  

 

3.4 Peptide lyophilisation  

The dry peptide was dissolved in 15 ml TFA/water/acetonitrile (0.5/19.95/80, v/v) 

(Buffer B) and 15 ml TFA/water (0.5/99.95, v/v) (Buffer A). Then, the peptide 

solution was lyophilised using the Alpha 1-2 freeze-drying system (Martinchrist, 

Germany). Finally, the lyophilised peptide was weighed and stored at -20°C in the 

freezer.  
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3.6 Reverse-phase high performance liquid 

chromatography (HPLC) 

Ten mg of crude lyophilised peptide was weighed and diluted in a 15 ml universal 

tube with 5 ml Buffer A and 5 ml Buffer B. Then, the 15 ml universal tube was 

vortexed and centrifuged at the maximum speed for 15 min. The clear supernatant 

was transferred into another 15 ml universal tube. An analytical reverse phase HPLC 

Jupiter C5 column (250 mm × 4.6 mm, Phenomenex, UK) was washed with Buffer B 

for 30 min and equilibrated in Buffer A for 30 min before use. Subsequently, 1 ml of 

clear supernatant was pumped onto the Jupiter C5 column on a Cecil Adept CE4200 

HPLC system (Cecil, Cambridge, UK) for peptide elution and purification with 

214nm wavelength detection. The peptide was eluted from the column with a linear 

gradient from 75% Buffer A mixed with 25% Buffer B to 100% Buffer B over 80 

min at a flow rate of 1 ml/min. The fractions were collected in polypropylene tubes 

(Starstedt, Germany) at every peak using an Amersham Biosciences Frac-920 

fraction collector and utilised for identification.  

 

 

3.7 Peptide analysis by Matrix-assisted laser desorption 

ionisation time-of-flight mass spectrometry (MALDI-TOF)  

MALDI-TOF mass spectrometry was used for peptide identification by mass 

analysis using a linear time-of-flight mass spectrometer (Voyager DE, PerSeptive 

Biosystems, Framingham, MA, USA) in positive detection mode. Internal mass 

calibration was verified using the standard peptides corresponding with standard 

molecular masses to ensure high accuracy of ±0.1%. 2 μl of HPLC fractions were 
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loaded and spotted onto the MALDI ground-steel target plate, and 1 μl excess matrix 

solution (10 mg/ml) which contained alpha-cyano-4-hydroxycinnamic acid (CHCA) 

diluted in acetonitrile/TFA/water (70/0.02/30, v/v) was also loaded and spotted after 

drying the fractions. The samples were ionised and flew through the electrical field 

in the instrument to reach the detector. The peptide was identified by mass 

measurement, which depended on its mass-to-charge (m/z) ratio. Finally, the pure 

peptide was obtained and subjected to lyophilisation and biological activity assay. 

 

3.8 Results 

Reverse-phase high-performance liquid chromatography was used to isolate the 

synthetic peptide, QUB-2492 (Figure 3.1). The retention time of QUB-2492 was 60 

min. The MALDI-TOF MS spectrum shows the molecular mass and relative purity 

of the synthetic peptide (Figure 3.2). The major peptide ion observed at m/z 2493.15, 

is consistent with the expected singly-charged ion molecular mass.  
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Figure 3.1: Reverse phase HPLC chromatogram of synthetic peptide mixture with 

an arrow indicating the absorbance peak containing authentic QUB-2492.  

Absorbance wavelength was 214 nm. 

 

 

Figure 3.2: MALDI-TOF spectrum of synthetic peptide QUB-2942. The observed 

single protonated mass was 2493.15 Da. 
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Chapter Four: Biological Activity 

Experiments  
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4.1 Antimicrobial assays 

Three kinds of standard microorganisms were used in these assays including the 

Gram-positive bacterium Staphylococcus aureus (S. aureus, NCTC 10788), the 

Gram-negative bacterium Escherichia coli (E.coli, NCTC 10418) and the pathogenic 

yeast Candida albicans (C. albicans, NCPF 1467) to assess the peptide antimicrobial 

and bactericidal activity. 

 

4.1.1 Microorganism inoculation 

One bead covered with bacteria on the surface was transferred from frozen stock into 

a 100 ml flask containing with Mueller Hinton Broth (MHB) medium, and then the 

labelled flask was incubated in the orbital incubator (Stuart, UK) at a speed of 150 

rpm at 37°C overnight (16-20 h). 

 

4.1.2 Peptide preparation 

Lyophilised peptide was weighed and dissolved in dimethyl sulphoxide (DMSO) to 

make the stock solution at a final concentration of 512*102 µM. Then 10 μl stock 

solution was double-diluted in the ratio of 1:1 in DMSO to prepare a range of 

gradient concentrations from 512, 256, 128, 64, 32, 16, 8, 4, 2, 1*102 µM.  

 

4.1.3 Subculture 

Five hundred μl of bacterial suspension was transferred and grown in a pre-warmed 

McCartney bottle with 20 ml MHB medium. Then, the McCartney bottle was 

incubated in the orbital incubator (Stuart, UK) at 37°C for several hours until the 
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subcultured bacteria reached their respective logarithmic growth phases. The optical 

density (OD) value of the subcultured bacteria was measured at 550 nm wavelength 

by a UV spectrophotometer. In the following table, the appropriate OD values of the 

three kinds of microorganism cultures and their corresponding concentrations are 

given. 100 μl of subculture suspensions of S. aureus or E.coli were transferred into 

19.9 ml of pre-warmed MHB medium and dispersed completely in the Petri dish. In 

terms of C. albicans, 2 ml subculture suspension was transferred into 18 ml of pre-

warmed MHB medium and mixed evenly to achieve the acquired concentration of 

5*105 cfu/ml 

Table 4.1 The appropriate OD values for the three microorganisms used. 

Organism 

   Subculture incubation 

time 

OD Concentration (cfu/ml) 

S. aureus 1.5 h 0.2 5*105 

E. coli 1.0 h 0.4 5*105 

C. albicans 0.5 h 0.15 5*105 

 

4.1.4 Minimum inhibitory concentration (MIC) measurements  

One μl of peptide dilution in 7 replicates at each concentration were arranged in the 

wells of a 96-well plate and 99 μl adjusted bacterial suspension was also added into 

the wells. 100 μl of adjusted bacterial suspension in 7 replicates were added as 

positive controls which tested the growth of the organisms and 100 μl of pre-warmed 

MHB medium in 7 replicates were added as negative controls (blank control). In 

addition, 1 μl DMSO which and 99 μl adjusted bacterial suspensions in 7 replicates 
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were added as vehicle controls to observe the impact of 1% DMSO on the growth of 

bacteria in the 96-well plate. Subsequently, the 96-well plate was incubated in the 

orbital incubator (Stuart, UK) for 5 min and then transferred into the incubator 

(Genlab Limited, UK) to culture at 37°C overnight (16-20 h). Afterwards, the 

absorbance in each well was measured by the Synergy HT plate reader (BioTek, 

USA) at 550 nm wavelength. Finally, the graph was drawn using the calculated 

average and the minimum inhibitory concentration (MIC) value was obtained as the 

wells in which no growth of organism was detectable. 

 

4.1.5 Viable cell counts 

One hundred μl adjusted bacterial suspension was transferred into the microtube with 

900 μl phosphate-buffered saline (PBS) and mixed completely. Then, 10-fold 

dilutions of this were prepared including 10-1, 10-2, 10-3, 10-4, 10-5 10-6. Next, 20 μl of 

culture in 3 replicates at each concentration were transferred and spotted onto the 

dried Mueller Hinton Agar (MHA) plate and incubated in the incubator (Genlab 

Limited, UK) at 37°C overnight (16-20 h). Then the numbers of the bacteria in each 

drop was counted. Finally, the exact concentrations of bacteria were calculated using 

the following formula: C= N/3 * 50 * 10n, where N represented the total quantity of 

the bacteria at each concentration while n was the ratio of dilution.  

 

4.1.6 Minimum bactericidal concentration (MBC) measurement 

The clear solution at the MIC value at the concentration was chosen for the 

assessment of minimum bactericidal concentration (MBC). 20 μl clear solution in 7 

replicates were transferred, spotted onto a new MHA plate and then incubated at 
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37°C overnight (16-20 h). Finally, the MBC value was obtained as that in which no 

colonies grew at the lower concentration. The antimicrobial assays should be 

repeated at least three times and the standard error of the mean (SEM) of three 

experiments was calculated to show the variability and repeatability. 

 

 

4.2 Haemolysis assay 

4.2.1 Peptide and control preparation 

The pure lyophilised peptide was weighed and dissolved in DMSO solution to make 

2.2 ml stock solution with the final concentration of 1024 µM. Then, 1.1 ml stock 

solution was 2-fold diluted in the ratio of 1:1 in the PBS solution to achieve a range 

of gradient concentrations including 1024, 512, 256, 128, 64, 32, 16, 8, 4, 2 µM. 

Also, 22 μl Triton X-100 (Sigma Aldrich, St. Louis, MO, USA) was diluted in 1078 

μl PBS solution as a positive control in which 1% (v/v) non-ionic detergent Triton X-

100 (Sigma-Aldrich) can produce a 70% haemolytic effect. Meanwhile, PBS solution 

was regarded as a negative control (blank control) for the comparison of non-

haemolytic effects. 22 μl DMSO was diluted in 1078 μl PBS solution as a vehicle 

control to assess the influence of 1% (v/v) DMSO solution on the erythrocytes.  

 

4.2.2 Horse blood preparation 

Two ml of fresh defibrinated horse blood (TCS Biosciences Ltd, Buckingham, UK) 

were transferred into a 50 ml universal tube and centrifuged at 930 × g for 5 min to 

separate the serum and erythrocytes. Then, the cloudy supernatants were discarded 
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completely and 30 ml PBS solution was added. Several washing steps were repeated 

until the supernatants were clear. Then, the supernatants were discarded as cleanly as 

possible and PBS solution was refilled to the 50 ml volume. Finally, gentle shaking 

was needed to obtain an even 4% (v/v) erythrocyte suspension.  

 

4.2.3 Haemolysis assay 

Two hundred μl of prepared peptide dilutions at each concentration, 1% Triton X-

100 dilution, PBS solution and 1% DMSO dilution were arranged in 1.5 ml tubes 

with five replicates of each. Then, an equal volume of erythrocyte suspension was 

added slowly into each 1.5 ml tube and incubated in the incubator (Genlab Limited, 

UK) at 37°C for 2 h. Afterwards, all the 1.5 ml tubes were centrifuged at the speed of 

500 × g for 5 min and 100 μl of supernatants were transferred into the wells of a 96-

well plate. Finally, the absorbance of the supernatants was detected at 550 nm 

wavelength using a Synergy HT plate reader (BioTek, USA). The percentage of 

haemolysis was calculated using the following formula and a graph was drawn. The 

haemolysis assay was repeated at least three times and the datapoint SEMs of three 

experiments was calculated to show the variability and repeatability.  

Haemolysis% = (A-AO) / (AX-AO) * 100% 

where A represents the OD (λ550) of peptide/ erythrocyte mixture, AX the OD (λ550) 

of the positive control and AO the OD (λ550) of the negative control.  
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4.3 Anticancer cell assay 

The human prostate cancer cell line (PC3) and the human non-small cell lung cancer 

cell line (NCI-H157) were cultured in RPMI-1640 medium (Invitrogen, Paisley, UK), 

whereas the human melanoma cell line (MDA-MB-435s) and the human neuronal 

glioblastoma cell line (U251MG) were cultured in Dulbecco’s Modified Eagle’s 

Medium (DMEM) with high glucose (25 mM) (Sigma, St. Louis, MO, USA) in a 

humidified environment containing 5% CO2 at 37°C. Importantly, both the 10% 

foetal bovine serum (FBS) (Sigma, UK) which provided nutrition for cells growing 

and 1% penicillin streptomycin solution (Sigma, UK) which inhibited the growth of 

bacteria were also added into the medium.  

 

4.3.1 Resuscitation of frozen cell lines 

The frozen cancer cells were removed immediately from -80°C freezer storage and 

thawed in a 37°C water bath (Grant JB Aqua 12, UK) by gently shaking. Then, all 

the cells were transferred into an 75 cm2 culture flask (Nunc, Denmark) with pre-

warmed 15 ml medium drop by drop and swayed gently and slowly to dilute the 

cryoprotectant DMSO. Finally, the culture flask was incubated at 37°C atmosphere 

containing with 5% CO2 after the cell examination by an inverted microscope. 

 

4.3.2 Cell subculture and passage 

Initially, the spent culture medium was discarded after the cell confluence 

examination and then 10 ml pre-warmed PBS solution was added into the culture 

flask followed by gentle swaying to wash the cells. Afterwards, 1000 μl 1X 

Trypsin/EDTA (Invitrogen, UK) was added into the culture flask containing 10% 
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FBS without Ca2+ and Mg2+, and then the culture flask was incubated for 2-5 min to 

digest and detached the monolayer cells. Subsequently, 10 ml pre-warmed medium 

was added into the culture flask to cease the digestion, followed by cell aspiration. 

After that, all the solution from the culture flask was transferred into a 15 ml 

universal tube and centrifuged gently for 5 min. The supernatants were then 

discarded and 5 ml pre-warmed medium was added into the 15 ml universal tube. 

The cells in the tube were mixed thoroughly. Finally, 2 ml of cell suspension was 

transferred into a new 75 cm2 culture flask with 15 ml pre-warmed medium and then 

incubated at 37°C in a humidified environment containing 5% CO2 after cell 

examination. Additionally, the cells could be employed in cell line cryopreservation, 

MTT viability assay or continuous passage after the first passaging.  

 

4.3.3 Cell quantification 

The MTT cell viability assay can be performed when the secondary passaged cells 

covered 90% of the surface of the culture flask. The previous procedures including 

cell washing, digestion, transfer, centrifugation and discarding of media were used 

with all subsequent cell passages. Five ml of pre-warmed medium was added into a 

15 ml universal tube with cells and then the tube contents were mixed evenly by 

vortexing. After that, 50 μl of cell suspension and an equivalent volume of 0.4% (w/v) 

trypan blue (Invitrogen, UK) were mixed in the tube. Afterwards, the mixture was 

added to the pre-cleaned counting area between the haemocytometer chamber and 

the coverslip by capillary action. Nine large squares were on each side and each 

square was 0.1 mm2. Six random 0.1 mm2 squares were counted using a hand-held 

counter under the inverted microscope. The cell concentration was determined by use 

of the following formula: 
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Cells per ml = average number of the cells per 0.1 mm2 square * 104 * 2 

2 represented the dilution factor. Finally, the volume of cells and medium were 

calculated to achieve the desired concentration of 5*104 cells per ml. 

 

4.3.4 Cell seeding 

An appropriate volume of cell suspension and pre-warmed medium were mixed and 

diluted to the final concentration of 5000 cells/100μl in the tray. Then, 100 μl 

samples of cell suspension were seeded in each well of the 96-well plate for cell 

attachment. After that, the 96-well plate was incubated at 37°C under 5% CO2 in a 

humidified atmosphere for 24 h. 

 

4.3.5 Cell starvation 

All media from the wells was removed and discarded as cleanly as possible and 100 

μl of pre-warmed FBS-free medium was added into each well. Subsequently, the 96-

well plate was incubated at 37°C under 5% CO2 in humidified surroundings for 6-12 

h in order to starve the cells which can eliminate the impact of FBS in the parallel 

assay.  

 

4.3.6 Peptide preparation 

Five mg of pure lyophilised peptide was weighed and dissolved in 198 μl DMSO to 

make a stock solution with a final concentration of 10-2 M. Then, 70 μl of this stock 

solution was 10-fold diluted in 630 μl of pre-warmed FBS-free medium to achieve a 

range of concentrations of 10-3, 10-4, 10-5, 10-6, 10-7, 10-8, 10-9 M. 
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4.3.7 Peptide loading 

All media from the wells was removed, discarded and 100 μl of peptide dilutions at 

each concentration were loaded in 5 replicates in the 96-well plate. Then, 100 μl of 

pre-warmed FBS-free medium was used as a positive control and an equal volume of 

1% DMSO solution was also added as a vehicle control which reflected the impact of 

1% DMSO on the cell growth. Lastly, the 96-well plate was incubated at 37°C in a 

humidified environment containing 5% CO2 for 24 h. 

 

4.3.8 MTT assay 

Ten μl of yellow-coloured MTT solution (5 mg/ml) (Sigma, UK) was added into 

each well in a dark environment and incubated for 4-6 h. When the supernatants were 

discarded completely by use of a syringe, 100 μl of DMSO was added into each well 

quickly followed by gentle agitation in the orbital incubator (Stuart, UK) for 10 min 

in order to dissolve the insoluble purple formazan crystals. Finally, the absorbance of 

the coloured solution was measured at 570 nm using the Synergy HT plate reader 

(BioTek, Winooski, VT, USA). The statistical results were analysed by Student’s t-

test through GraphPad Prism 6.0 software. A p value of < 0.05 was considered 

statistically significance.  
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4.4 Results 

4.4.1 The antimicrobial activity of QUB-2492 (dermaseptin-4) 

The antimicrobial activities of QUB-2942 against the Gram-negative bacterium, E. 

coli, the Gram-positive bacterium, S. aureus and the yeast C. albicans are shown 

below in Figure 4.1. The X-axis of these graphs was the concentration of the peptide 

and the Y-axis was the calculated percentage of cell viability compared to growth 

control. Hence, as shown in the figure, there was no MIC against E. coli, S. aureus 

and C. albicans at concentrations up to and including 256 µM. 

 

 

Figure 4.1: The antimicrobial activity of QUB-2942 against S.aureus (red), E. coli 

(green) and C.albicans (blue) at a series of concentraitions.  

 

4.4.2 Haemolysis assay 

The haemolytic activity of QUB-2942 is shown in Figure 4.2. QUB-2942 possessed 

a low level of haemolysis at concentrations up to 512 µM, which only induced 7% 

haemolysis. 
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Figure 4.2 The haemolytic activity of QUB-2942 at a series of concentrations up to 

512 µM. The error bar represents the standard error and the experiment was repeated 

three times.  

4.4.3 Anticancer assay 

The anticancer activities of the peptide against U251MG and H157 cell lines are 

shown in Figure 4.3. Although QUB-2942 showed no antimicrobial activity, it could 

inhibit the proliferation of two human cancer cell lines. Especially, QUB-2942 was 

able to inhibit the growth of lung cancer cells at a very low concentration, 10 nM.  
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Figure 4.4: The anti-proliferation activity of QUB-2942 against (A) U251MG and 

(B) H157 cells were treated with concentrations from 10-9 to 10-4 M of QUB-2942. 

The B represents the control without any peptides. The significance is given as * 

p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001. 
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Chapter Five: Discussion  
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5.1    Conclusion and discussion 

According to the MIC results, this peptide cannot inhibit the growth of S.aureus, 

E.coli and C.albicans, while the peptide could also cause little haemolysis.   

Researchers have proven that cationic AMPs can inhibit bacteria better than those 

with no charge or a negative charge. So it is possible that the antimicrobial activity of 

this peptide may be enhanced if the peptide was modified to be more cationic. 

However, in the anticancer assay, the peptide was active against both cell lines tested. 

The effect on U251MG cells and H157 cells was dose-dependent reaching a 

minimum viability of 30% and 47% at a concentration of 10-4 M, respectively. These 

observations clearly deserved to be further investigated on mechanisms of action. 

Antimicrobial peptides (AMPs) are part of the innate immune defence mechanism in 

many organisms. Although the amplifier is a potential alternative to infectious 

disease research and development, cancer therapy as a cancer peptide (ACPs), used 

alone or in combination with other conventional drugs, has been considered a 

therapeutic strategy (Harris et al., 2013). As human cancer still causes a high 

morbidity and mortality worldwide, new, selective and more effective drugs are 

urgently needed. Although ACPs are not expected to affect the normal physiological 

functions of the body, selective ACP development has been a challenge for selective 

effects on cancer cells (Schweizer, 2009). It is impossible to predict anticancer 

activity based on ACPs structure. Compared with current cancer chemotherapy, this 

is a unique molecule and the arsenal actually shows a variety of behaviours that seem 

to coexist in certain types of cancer (Dobrzynska et al., 2005). Regardless of the 

debate about the definition of ACP structure/activity relationships, investment and 

improved ACP design efforts to effectively kill cancer cells still exist. 
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In terms of structure, most of the ACPs have an alpha helix or beta conformation, but 

some extended structures have been reported. There are two types of unit targets 

(Bowdish et al., 2005). The first contains active AMPs which do not attack healthy 

mammalian cells – peptides such as cecropin and bombesin activity (Li et al., 2006). 

The second group contains ACPs, available for all three cell types: microorganisms, 

normal and cancer cells, such as human neutrophil defensins, HNP-1 to 3. A 

complete ACPs reader list is available at http://aps.unmc.edu/ap/database/antic.php. 

The mechanism and selectivity of ACPs in killing cancer cells remains a 

controversial issue, although some major conclusions can be drawn. ACPs usually 

break down in the mechanism of membrane decomposition (Papo and Shai, 2005). 

The mechanism by which each membrane decomposes peptide activity depends on 

the characteristics of ACPs, as well as on the function of target cell membranes that 

regulate peptide selectivity and toxicity (Lee et al., 2011). In fact, there are many 

differences between cancer cells and normal cells that are responsible for the 

selectivity of certain ACPs. These differences depend on the negative characteristics 

of the negative charge of the cell membrane (van Zoggel et al., 2012). Such as 

phosphatidylserine, phospholipid molecules in cancer cell membrane anions (PS), O- 

glycosylation proteins, sialic acid gangliosides and heparin sulphate, compared to 

normal mammalian cell membranes, a net negative charge was given (Dube and 

Bertozzi, 2005). The increase of sialic acid content on the membrane influences the 

membrane charge by stimulating the surface concentration of the acid groups. In 

addition to improved glycosylation profiles of typical cancer tissues that are directly 

related to cancer phenotypes, PS molecules in the cell themselves are converted to 

the outer membrane, where they accumulate and neutralise typical membrane 

phospholipid asymmetries (Hoskin and Ramamoorthy, 2008). By regulating cell 

http://aps.unmc.edu/ap/database/antic.php
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mobility and blocking the entry of cationic peptides via zwitterionic lipids, a normal 

cell membrane with high cholesterol levels has been proposed as a protective 

molecule. In contrast, the majority of cancer cell membranes are attacked by ACPs as 

compared to the normal cell membranes, that are not (Mai et al., 2001). However, it 

also shows that some cancers, such as breast and prostate cancer, have high levels of 

cholesterol which form barriers to ACPs in the cell membrane (Harris et al., 2013). 

Cell surface area is also a factor that controls ACPs activity, because of the number 

and microscopic characteristics of distorted malignant cells, resulting in higher 

surface areas and higher contact with ACP molecules. 

The negative surface charge of cancer cell membranes is a common feature of 

bacterial cells. This fact leads to hypothesis of molecular selectivity and activity 

principle of amplifier and ACPs similarity (Shang et al., 2012). Revealing the 

expression of specific targets is an important source of information about each type 

of cancer (Mader and Hoskin, 2006). 

The effect of ACPs on the solubility and selectivity of cancer cell membranes may be 

due to an increase in the cytoplasm of these anions. For example, use of the same 

"carpet" and "bucket wall" model to describe the interaction of AMPs with bacterial 

membranes, in this case (Schweizer, 2009). Further electrolytic events involve 

cytochrome C and mitochondrial apoptosis events and mitochondrial swelling. 

Although the associated ACPs killing may imply a non receptor-mediated manner, it 

also describes some of the ACPs non membrane disruption activity (Li et al., 2006). 

Different attempts at controlling cancer involve the targeting of angiogenesis. The 

peptide blocking function of the receptor is expressed in vascular endothelial cells. 

The primary goal of anti angiogenic therapy is to normalise the tumour vasculature 

rather than to reduce tumour vascular density (Rosca et al., 2011). The development 
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of therapeutic molecules, or the development of several other chemotherapeutic 

drugs associated with targeted angiogenesis events, may be beneficial for cancer 

treatment. 

Naturally, some natural products extracted from animals, plants and microorganisms 

have some properties that can be developed into new natural drugs. As one of these 

branches, natural peptides isolated from amphibians have attracted people's attention 

for their medicinal value. It has been found that some AMPs have strong ability to 

inhibit or kill bacteria, even antibiotic resistant strains. To discover new bioactive 

peptides synthesised by amphibians, the project employed a range of modern 

technologies. Once skin secretions were obtained from the amphibious skin, the dried 

skin secretions were dissolved in the buffer and injected into the HPLC system, 

where the chromatogram shows the complexity of the components contained. In 

molecular cloning strategies, a small amount of skin secretion is used, which requires 

suitable primers for selective screening of target peptides. Based on the results of the 

DNA sequencing, the putative peptide sequence was compared with other similar 

peptide sequences on the NCBI site using the BLAST programme. Based on the 

selected peptide sequence, SPPS was used to synthesise a sufficient amount of target 

peptide. A small amount of the synthesised peptide was dissolved in the buffer and 

mixed with the substrate on the metal plate for MALDI-TOF analysis. If only one 

peak indicates the molecular mass of the target peptide without any impurity peaks, 

then peptide synthesis may be considered successful. However, HPLC can be used to 

purify impure synthetic peptides. The appropriate amount of purified peptide is then 

used for a range of pharmacological activity tests, such as minimum inhibitory 

concentration, haemolysis assays, and anticancer cell assays.  
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Positively charged and hydrophobic AMPs are usually composed of no more than 50 

amino acids, some of which are lysine and arginine residues. This positively charged 

feature allows AMPs to interact with negatively charged microbial cell plasma 

membranes, whereas hydrophobic residues enable AMPs to interact with fatty acyl 

chains of membrane lipids. The proportion of hydrophobic and charged residues in 

AMP sequences varies from 1:1 to 1:2. When the ratio of peptide / lipid grows and 

forms a transmembrane pore, AMPs are more likely to be perpendicular to the target 

membrane. It has also been shown that their structure, amino acid composition, 

affinity, cationic charge and size can be modified to develop better properties with 

reduced cytotoxicity and / or haemolytic activity.  

For antibacterial peptide mechanisms, there is still no convincing theory that can 

account for this phenomenon. However, researchers have put forward some 

assumptions assuming that the gene encoding AMP can be adopted in the "double", 

"carpet", "ring hole" or membrane translocation pore formation in the membrane 

bilayer mechanism to kill bacteria. In addition, translocation of AMPs can kill 

bacteria by interfering with the formation of cell membrane intervals, reducing cell 

wall synthesis, nucleic acid and inhibiting protein synthesis and enzyme activity 

(Kohanski et al., 2010). The true mode of action of these peptides remains unknown, 

and this may involve one or more of these mechanisms. 

There is a direct relationship between the structure and function of peptides. The 

researchers have shown that membranes with large hydrophobic surfaces bind α-

helix and are cytotoxic to mammalian cells (Diamond et al., 2009). To reduce the 

cytotoxicity of AMPs with α-helix structures, a membrane like environment is 

required to induce proper folding, and proline or glycine induced kinks should adhere 



64 
 

to the centre of the α-helix. The tail of the helix is inserted into the membrane lipid 

bilayer, which ultimately determines the antibacterial activity (Khandelia et al., 

2006), The length of the α-helix AMP contributes to the span of the thick film lipid 

bilayer, thereby changing the thickness of the film. This type of AMP can destroy 

bacterial membranes and form circular pores in this way (Malanovic and Lohner, 

2016). In addition, the α-helix characteristic of the two parents links the charged 

sides of AMPs to the phospholipid head group, and the hydrophobic side is 

connected to the acyl tail core (Khandelia et al., 2008). For β-sheet AMPs, the film 

hole is formed through an annular mechanism. This type of AMP resulted in the film 

formed on the anion oligomeric transmembrane β-barrel, but on the surface layer 

containing β-sheet aggregates on cholesterol (Lazaridis et al., 2013). Although the 

covalent bond between β-sheet and β-hairpin conserved Cys residues can stabilise 

the molecule, but when it comes to antimicrobial activity when they are not 

indispensable (Panteleev et al., 2015). Usually, the type of extension of AMPs are 

usually rich in Arg, Trp, or Pro residues, but many of them do not work on 

membranes. However, some extended AMPs, such as drosocin and apidaecin 

peptides, can interact with intracellular proteins and then inhibit enzyme activity 

(Guilhelmelli et al., 2013). 
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5.2    Future work 

Future work may focus on the analysis of smooth muscle cells and anticancer assays 

using other cell lines. The new peptide may affect smooth muscle or inhibit the 

growth of other types of cancer cells. Further studies are needed to illustrate the 

antimicrobial and anticancer mechanisms of this peptide.  

In addition, some amino acids can be replaced by other amino acids, allowing the 

original structure to be modified because the resulting peptides may have better 

antimicrobial and anticancer properties. In addition, changes in the charge and two 

parental characteristics of this peptide can enhance its antimicrobial activity. 

Currently, this new peptide has been limited to antimicrobial, anticancer, and 

haemolytic tests, but the peptide can be tested in other tests such as anti-aging and 

wound healing. 
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