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Abstract 

Amphibian skin contains large amounts of compounds which have biological 

activities. The research and exploitation of the peptides in amphibian skin secretions 

with antimicrobial or haemolytic activities has become increasingly popular. Many 

studies show that the antimicrobial peptides (AMPs) collected from amphibians have 

pharmacological and clinical potential. 

This thesis focuses on a novel peptide discovered from the skin secretion of 

Phyllomedusa sauvagii. Firstly, “shotgun” cloning was used to obtain the nucleotide 

and translated open-reading frame (ORF) amino acid sequence of this precursor-

encoding cDNA. BLAST analysis indicated that the amino acid sequence of the novel 

peptide QUB-2909 (ALWKNMLKGIGKLAGQAALGAVKTLVGAE) belonged to 

the dermaseptin family. QUB-2909 was then synthesised by use of solid phase peptide 

synthesis. After being purified by RP-HPLC, the novel synthetic peptide was used to 

test for biological functions. 

The novel peptide QUB-2909 showed low antimicrobial activity against the Gram-

negative bacterium E. coli, the Gram-positive bacterium S. aureus and the yeast C. 

albicans at a concentration of 128 μM and little haemolytic activity on horse red blood 

cells up to the highest concentration 512 μM, employed. Moreover, the novel peptide 

does not have the ability to prevent the growth of several cancer cells and induce 

contraction or relaxation of the smooth muscle. 
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1.1 Amphibians 

  1.1.1 The living environment of amphibians 

Amphibians are widely distributed, having been found living on all continents, apart 

from Antarctica. Their distribution starts from as far south as the Patagonian 

grasslands of southern Argentina and southern Chile to the Arctic Circle in the north. 

Amphibians can survive in different ecological conditions from deep freshwater lakes 

to arid deserts. It is possible for them to live high in the cloud forest canopy or 

underground (Clarke, 1997). Some amphibians which can tolerate freezing conditions 

have been discovered north of the Arctic Circle while others have adapted to avoid 

dehydration in order to survive in several of the hotter regions of the world.  

The unfolding of many different biochemical, morphological, physiological and 

behavioral adaptations contributes to the survival of amphibians in such a wide range 

of habitats. The basic morphotype of amphibians is quiet flexible, which plays an 

important role in making them adapt to extensive ecological niches under different 

climatic conditions (Conceicao et al., 2006, Clarke, 1997). Although the majority of 

the anurans may not have an effective physiological control over evaporative water 

loss from the integument, amphibians have formed some strategies for successfully 

surviving in hostile environments. Most amphibians prefer damp conditions. As a 

result, they have to live in or near water or develop behavioral strategies like nocturnal 

activities to prevent dehydration. These habitats are potentially full of pathogenic 

bacteria and fungi. Surviving in these areas, animals may become more susceptible to 

infection by microorganisms which can be prevented by the physiological secretions 

present in the skin of these frogs and toads (Conceicao et al., 2006). The skin 

secretions of amphibians also include protective molecules which are exceptionally 
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effective against microorganisms, so that they can keep in balance with the 

environment and prevent infections and diseases successfully (Conceicao et al., 2006; 

Clarke, 1997). Indeed, amphibians have a formidable array of integrated antimicrobial 

defence systems.  

  1.1.2 Normal functions of amphibian skin 

Amphibians are widely distributed across almost all continents, which means 

amphibians have adapted to many kinds of living environments. However, their wide 

distribution is related to various changes, especially challenges to their physiology. 

Amphibians have to develop the abilities to maintain their balance of water to sustain 

hydration, readjust their respiration due to the fluctuations of oxygen saturation and 

adapt to higher changes in temperature throughout the day (Konig et al., 2015). 

Therefore, amphibians have developed a lot of adaptive functions to fit their ever-

changing surroundings and relative problems in physiology.  

Amphibian skin is a complex organ with various functions which is vital to the 

existence of amphibians. The functions of amphibian skin not only include respiration, 

water regulation, anti-microbial, anti-fungal and anti-predator defence, but also 

temperature control, excretion, reproduction and camouflage by forming mysterious 

dermal coloration and pattern, changing the texture of the skins surface and 

developing the dermal appendages and pockets. All these important functions have to 

be consistent, which means one of the functions does not affect the action of another 

(Clarke, 1997). Amphibian skin has many different roles and contains a large number 

of chemical compounds which are required for unimpaired simultaneous functions, 

thus these make the elaborate function of amphibian skin exceptionally intricate.  
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Amphibians perceive and monitor the changes of the environment through their skin. 

Then the skin adapts to these changes by providing a variety of appropriate responses. 

Unless the skin surface is destroyed, it is rare that amphibians become subjected to 

infections of the skin caused by microorganisms, despite most of them living in terrain 

which is rich in pathogens (Clarke, 1997). Therefore, for the survival of amphibians, 

it is essential to develop an effective anti-microbial and anti-fungal defence system 

located on the skin surface.  

The amphibian skin is vital for the balance of fluid, respiration and transport of 

essential ions. The immune defence system of the skin is related to these physiological 

responses. Producing antimicrobial peptides (AMPs) by the granular glands is one of 

the natural protections of the skin (Rollins-Smith et al., 2005). In fact, amphibians 

indeed have well-developed immune systems, but it is hard for them to defend against 

systemic fungal infections effectively (Clarke, 1997). 

  1.1.3 Compounds of amphibian skin secretions 

Amphibian skin contains large amounts of compounds which have biological 

activities, such as different alkaloids, biogenic amines, steroids and peptides or 

proteins. It has been known for a long time that these compounds are produced by 

granular glands which can be found in the amphibian skin ( Barra and Simmaco, 1995; 

Simmaco et al., 1998). The secretions released by the glands are of great importance 

for amphibians to regulate the physiological functions of the skin and protect them 

from predators and microorganisms (Barra and Simmaco, 1995, Simmaco et al., 1998). 

 In amphibian skin secretions, biogenic amines are largely derivatives of 

catecholamines and indolealkylamines. Adrenaline, noradrenaline, dopamine and 

epinine also can be found in the skin secretions of toads. Noradrenaline, dopamine 
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and epinine are used to synthesise the hormone adrenaline, which is produced by the 

suprarenal gland most commonly in mammals. Biogenic amines are often 

vasoconstrictors and some of them can lead to convulsions because they have 

hallucinogenic and hypertensive characteristics. Between various species and 

subspecies, the biogenic amines are different, thus they can be used to research the 

evolutionary lineages and are important to taxonomy (Clarke, 1997). It is also means 

that the research on molecular variants of the total kinds of biogenic amines can 

contribute to evolutionary and geographical grouping directly.  

Cholesterol is the source of bufogenines like bufotalin and related bufotoxins. 

Bufogenines also remain with the steroid group chemically due to the fact that they 

carry the particular structure of a steroid nucleus formed by one 5- and three 6- 

membered rings. Bufotoxins and bufogenines have cardioactive functions, so that they 

can reduce the heart rate and increase the power of the heartbeat. Many of the 

bufogenines and bufotoxins can act as local anaesthetics exerting a marked effect 

(Clarke, 1997).  

Alkaloids have been recognised as compounds containing a cyclic nitrogen structure 

and are widely distributed in Nature. Among the amphibians, alkaloids are released 

by poison dart frogs and have been recorded in salamanders, newts and a few kinds of 

toads and frogs (Clarke, 1997). It has been indicated in recent research that insects and 

millipedes are the source of not all but most of these alkaloids which are the major 

components of the frog’s skin secretions.  

There are a large number of peptides and proteins with antimicrobial or haemolytic 

activities contained in the amphibian skin secretions (Wechselberger, 1998). Research 

and exploitation of amphibian biochemicals have become more and more popular due 
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to the detection of new peptides and proteins from the secretions released by the 

granular glands of amphibians. The polypeptides have been divided into five groups: 

bradykinin and bradykinin-like; eledosin; alytesin and alytesin-like; caerulein and 

related polypeptides; and a varied group of mixed forms.  Moreover, caerins, caeridins 

and dynastins also have been added to these groups. Over the past few years, the 

finding of a novel type of peptide – the magainins – may be the most important event 

that has happened in this area. Magainins have a wide spectrum of antimicrobial 

functions, so that they can act against Gram-negative and Gram-positive bacteria, as 

well as fungal species such as Cryptococcus neoformans, Candida albicans and 

Saccharomyces cerevisiae. Moreover, magainins have been proven to cause lysis of 

many protozoan species, such as Paramecium caudatum, Amoeba proteus and 

Euglena gracilis (Clarke, 1997). The peptides and proteins secreted by amphibians 

have latterly attracted the interest of many researchers.  

Although large number of studies still need to be carried out, it has been recognised 

that the peptides in amphibian skin secretions have pharmacological and clinical 

potential. In the research of peptides in the amphibian skin, scientists claim that the 

frog skin is rich in antimicrobial peptides. Researchers also considered that the skin 

of frogs is an important source of peptide-processing enzymes that could contribute 

to new catalytic transformations (Clarke, 1997).  

One study showed that skin secretions of amphibian have large amounts of effective 

components containing peptides with strong pharmacological functions. We can 

identify these compounds, for instance, opioid peptides, antimicrobial peptides, toxic 

peptides, alkaloids and steroids. The substances include those with analgesic, 

antimicrobial, cytotoxic, antiviral and anti-inflammatory effects.  When studying cell 

receptors and analysing transmembrane ion transport, these compounds can be used 
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(Calkosinski et al., 2009). These materials can be acquired easily without hurting the 

amphibians due to the fact they are released by skin granular glands. It is a great 

possibility that amphibian skin can act as a potential source of modern drugs.   

  1.1.4 Peptides from amphibians 

After concerted efforts, bioactive components especially biologically active peptides 

separated from skin secretions have been widely studied (Ma et al., 2010). The 

peptides can be classified into different groups, including opioid peptides, myotropic 

peptides, corticotropin-releasing peptides, protease inhibiting peptides, angiotensin 

inhibitor peptides, antioxidant peptides, antiviral peptides, antimicrobial peptides, 

anti-parasite peptides, antitumor peptides, neuropeptides, insulin releasing peptides, 

lectin releasing peptides, wound-healing peptides, mast cell degranulation/histamine-

releasing peptides, immunomodulatory peptides, neuronal nitric oxide synthase 

inhibitors, pheromone peptides and others (Xu and Lai, 2015). The large amounts of 

cytolytic and antimicrobial cationic peptides produced by granular glands are 

considered to take part in the defence of the naked skin against microbial invasion and 

the repair of wounds (Charpentier et al., 1998). Over the past centuries, in Chinese 

traditional medicine, the skin extracts have been used to regulate internal bodily 

functions and fertility. In ancient Egypt, they were used as a form of pain relief (Xu 

and Lai, 2015). Therefore, the research on active peptides in amphibian skin secretions 

is helpful for the development of novel therapies. Both academic and pharmaceutical 

groups have shown research interest in amphibian skin peptides for many years, 

because of their potential functions in biophysical studies, biochemical taxonomy and 

the development of new pharmaceuticals (Conceicao et al., 2006).   
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There are many kinds of biologically active compounds that exist in amphibian skin 

secretions, like biogenic amines, complex alkaloids, peptides and so on. Large 

amounts of peptides with the antimicrobial activity have been discovered  and 

identified from the skin secretions released by different amphibian species (Simmaco 

et al., 1998). Amphibian skin peptides play a leading role in the wider research area 

of antimicrobial materials. It has been discovered that they can prevent the increase of 

large number of species like bacteria, protozoa, fungi and several kinds of cancer cells 

and many do not have obvious haemolytic activity (Batista et al., 2001). In the innate 

immunity, AMPs are recognised as the most effective molecules, working as a first 

line to protect the amphibians from bacterial infections (Simmaco et al., 1998). 

Magainins, esculentins, brevinins, ranatuerins and ranalexin, dermaseptins and 

bombinins are well-known AMPs extracted from amphibian skin secretions which 

play a role by enhancing the permeability of biological membranes (Batista et al., 

2001).  

Usually, when the amphibians feel a suitable stress stimulus, a large number of AMPs 

with a spectrum of activities are rapidly released to ensure a fast and effective response 

to any invading microbes. Over the past few years, some host-defence peptides, most 

of which have antimicrobial and/or one or more neuropeptide-type activities, have 

been separated from frogs and toads (Apponyi et al., 2004). These AMPs act as 

chemical arsenal which can protect the amphibians from being attacked by microbes 

that are generally found in their hostile living environments. In Nature, AMPs 

demonstrate their effectiveness as defensive compounds showing high activity and 

selectivity for microbes (Calabrese et al., 2016) (Conlon, 2011). Therefore, they have 

been seen as attractive candidates for developing novel antimicrobials based on 

peptides.  
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Although many efforts have been devoted to the analysis of the structures and 

functions of amphibian skin peptides, there are still many species which remain to be 

studied in the future. The amphibian skin peptides are proven to be highly diverse and 

are similar to endogenous vertebrate neurochemicals (Chen et al., 2003) Thus, they 

can be recognised as an important resource for research of human neurochemical 

complexity and the discovery of potential new drugs.  

  1.1.5 Peptides from members of the Phyllomedusa genus 

Amphibians have to protect themselves from pathogen invasion as well as from the 

uncontrolled growth of microorganisms. Apart from their excellent cell-mediated 

immune system, amphibians also have an additional defence system which can protect 

them by synthesising small-sized peptides with broad  antimicrobial activity (Mor and 

Nicolas, 1994).  

Over the past few years, because peptides from the amphibian skin are exceptionally 

rich in biological activities and have great biotechnological potential, many research 

groups and pharmaceutical companies have shown a strong interest in these peptides. 

More interesting reports about AMPs from amphibians are now being published.  

Among the different amphibians, the Phyllomedusa genus is particularly important 

due to the fact that most of the species have numerous peptides with potent 

antimicrobial functions, healing powers and biochemical relevance. Until now, more 

than 200 peptides have been discovered from the Phyllomedusa genus. According to 

the basic activity of Phyllomedusa skin peptides, they can be divided into three groups 

(Table 1.1 (Azevedo Calderon et al., 2011)) and several peptide families are popular 

among research.  
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Table 1.1: Peptide families, fundamental activities and distributions in the Phyllomedusa genus  (Azevedo Calderon et al., 2011) 

Main 

activity 

Peptide 

family 

Species 

P.azurea P.bicolor P.burmeisiteri P.distincta P.hypochondrialis P.nordestina P.oreades P.rohdei P.sauvagii P.tarsius P.tomopterna P.trinitatis 

Antimicrobial Dermaseptin X X X X X  X X X X X X 

 Dermatoxin  X       X X   

 Distincin X  X X         

 Phylloseptin X X X  X  X X  X X  

 Phylloxin  X       X    

 Plasticins  X       X    

 SPYY  X       X    

Central 

nervous 

Deltorphin  X X     X X    

system active Dermorphin     X        

Smooth 

muscle 

Bradykinin X  X  X X  X X  X  

active Phyllokinin X    X   X X    

 Tryptophyllin X    X   X     

 Litorin        X     

 Phyllolitorin         X    

 Phyllomedusin  X           

 Phyllocaerulein         X    

 Sauvagine         X    

 Sauvatide         X    

 S-Calcitonin 

gene related 

 X           

Unknown Hyposin X       X     
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Dermaseptin 

A group of peptides with a similar structure and function also released by granular 

glands from Phyllomedusa frogs form a family called dermaseptins (Batista et al., 

1999). The dermaseptins are amphiphatic peptides containing about 34-residues and 

are cationic (Mor and Nicolas, 1994). They have potent actions on bacteria, protozoa, 

yeasts and filamentous fungi (Batista et al., 1999). Dermaseptins, shorter analogues 

as well as N-terminal modified precursors, despite having similar structural features, 

show different effects on pathogenic bacteria, protozoa and yeasts. Many 

dermaseptins also show haemolytic activity due to their high hydrophobicity. 

Dermaseptins extracted from Phyllomedusa sauvagii, have the ability to disrupt the 

microbial activities of neutrophils (Chen et al., 2003). Compared with antibiotics 

which are more effective, they still have several advantages, for example, they can kill 

target cells quickly and also act against antibiotic-resistant pathogens (Batista et al., 

1999). Thus, we can conclude that dermaseptins may be less sensitive compared to 

normal antibiotics and therefore, these peptides have greater potential to solve the 

problem of common antibiotic resistance. 

Distinctin 

Distinctin is a heterodimeric AMP from Phyllomedusa distincta. This peptide contains 

two different polypeptide chains which combine with each other through a disulphide 

bridge. The antimicrobial activity of distinctin is apparent against both Gram-negative 

and Gram-positive bacteria (Batista et al., 2001). 
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Phylloseptin 

Phylloseptins which have anti-bacterial and anti-protozoan functions were discovered 

in the skin secretions of Phyllomedusa oreades and Phyllomedusa hypochondrialis. 

Phylloseptins commonly contain 19-20 amino acids. Moreover, the N-terminal region 

which is highly conserved and the amidation of the C-terminal, are characteristics of 

their structures. Phylloseptins show a wide antimicrobial function against both Gram-

negative and Gram-positive bacteria (Leite et al., 2005). 

Plasticins 

Plasticins are gene-encoded peptides secreted by the skin of amphibians. Plasticins 

share similar amino acid sequences and hydrophobicity whilst having many 

differences in net charge, activity spectra and other characteristics. Plasticins have the 

ability to kill bacterial cells by binding to or ruining the membrane of cells or even 

interacting with the intracellular targets due to their intrinsic flexibility and structural 

malleability. Plasticins can be used as templates for the designing of novel drugs 

which contain multi-activities to kill both pathogens and viruses (El Amri and Nicolas, 

2008). 

Endogenous opioid peptides 

Compared with other peptides classes, endogenous opioid peptides can only be found 

in the skin secretions from South American Phyllomedusine species. This family is 

famous for its extraordinary complex skin secretions containing large amounts of 

bioactive peptides. These peptides were first discovered in the skin extracts of 

Phyllomedusa burmeisteri, Phyllomedusa rohdei and Phyllomedusa sauvagii. Until 

now, there are twelve known opioid peptides. The endogenous peptides can be 
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catagorised into deltorphins and dermorphins. The common structure of these peptides 

is a special Tyr-Ala-Phe- motif with the second amino acid being present in the D-

form at the N-terminus (Konig et al., 2015). This modification may be the cause of 

the resistance against degradation of these peptides by protease enzymes.  

Phyllokinin 

Phyllokinin was one of the first peptides discovered from Phyllomedusa species in 

1966. In fact, phyllokinin is bradykinin with a dipeptide extension, -Ile-Tyr, at the C-

terminal. The biological activities of this peptide are related to the Tyr residue in O-

sulfated form which is not a common modification in proteins and rarer in peptides 

(Chen and Shaw, 2003).   

Adenoregulin 

There are also many other peptides found in skin secretions of the Phyllomedusa 

family. A 33-residue peptide was initially discovered in the skin secretions released 

by Phyllomedusa bicolor which was named adenoregulin. The function of this peptide 

is that it acts as agonist of the A1 adenosine receptor. As adenoregulin was found to 

have many similar characteristics with dermaseptin analogues (Calabrese et al., 2016), 

it was supposed that adenoregulin may act through signal transductions after 

interacting with receptors and changing the structure of cell membranes.  

1.2 Antimicrobial Peptides (AMPs) 

AMPs have been widely recognised as the initial mechanism of immunity and have 

been researched in many life forms including insects and amphibians (Wiesner and 

Vilcinskas, 2010). 
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  1.2.1 The classification of AMPs 

Compared with the elimination of cell debris and pathogens by phagocytes, scientists 

consider that the most important mechanism of immunity is related to peptides or 

proteins which possess antimicrobial activity directly. Commonly, these products can 

be divided into two very different types according to source (Figure 1.1). The first 

type are the gene-encoded peptides. They are oligopeptides or proteins synthesised by 

ribosomes and can be found in almost all kinds of organisms. The second class are 

peptide antibiotics which are specifically produced by bacteria and fungi rather than 

synthesised at ribosomes. These peptide antibiotics are complexes of multi enzymes, 

D-amino acids and some other non-proteogenic AAs. They may undergo various 

modifications due to the fact that they contain a branched or cyclic structure. In the 

clinic, some peptide antibiotics are commonly used, like gramicidin S, bacitracin, 

polymyxin B and so on. In accordance to being produced by bacteria or eukaryotes, 

the molecules synthesised by ribosomes can be further divided into two major classes. 

Bacteriocins are peptides and proteins which have bacterial defence and antimicrobial 

activities. Bacteriocins are a large group which contains both small and large proteins. 

They usually show high activity at very low concentrations but their aim is only to 

prevent the growth of bacteria related closely to the host organism. In contrast, the 

majority of eukaryotic AMPs show broad-spectrum effects at relatively high 

concentrations (Wiesner and Vilcinskas, 2010).  
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Antimicrobial peptides (AMPs) 

 

                              Gene-encoded peptides                                    Peptide antibiotics 

 

The AMPs produced by bacteria            The AMPs produced by eukaryotes 

 

Figure1.1: The classification of AMPs according to their source. 

Amphibian antimicrobial peptides (AMPs) can also be divided into two different 

classes: one is linear and α-helical without cysteines and another one contains 

disulphide bonds (Rinaldi, 2002). In hydrophobic environments, peptides can form an 

amphipathic α-helix. When taking the functional similarities, combining sequence 

homologies as well as conformational properties into consideration, these helical 

peptides can be divided into several categories. At the C-terminus, the first type of 

peptide has an intramolecular disulphide bridge and has a loop formed by six or seven 

amino acid residues. The AMPs belonging to the second type have one or more 

intramolecular disulphide bridges. Some peptides isolated from bovine neutrophils 

like a cyclic dodecapeptide, only have one disulphide bond. The feature of other 

peptides like L-defensins isolated from mammalian tissues and chicken leukocytes, 

defensins separated from mammalian granulocytes and protegrins purified 

from porcine leukocytes, is that at least two or three disulphide bridges are present 

(Batista et al., 2001). 
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  1.2.2 The structural features of AMPs 

Innate immunity is the most important component of the host-resistance apparatus and 

AMPs act as a leading role in this. These are gene-encoded ribosome-synthesised 

peptides, which usually contain 10-50 amino acids. All AMPs which contain a signal 

sequence are formed after proteolytic processing. After transcription, modifications, 

including the amidation at the C-terminal and in some cases the isomerisation of 

amino acids, usually happens (Rinaldi, 2002). Although it is not necessary to share 

similar amino acid sequences, the structural patterns of AMPs are really similar in 

various organisms (Wiesner and Vilcinskas, 2010). The common structural features 

involve a small size linear or cyclic structure. The linear structure includes 

amphipathic α- helices and the cyclic structure includes many disulphide bridges 

which can form a β - sheet (Ageitos et al., 2016). The majority of the peptides can be 

divided into three structural types: firstly, α-helical without cysteine residues; 

secondly, a β – sheet which is stabilised by intramolecular disulphide bonds formed 

in peptides; the last type includes uncommon amino acids like histidine, glycine, 

proline or tryptophan (Figure 1.2 (Wiesner and Vilcinskas, 2010)). 

 

(a)                                            (b)                                               (c) 
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Figure 1.2: The three types of antimicrobial peptides (AMPs). (a): containing α- 

helices. (b):  containing a β – sheet which is stabilised by three intramolecular 

disulphide bridges. (c): containing the uncommon amino acid tryptophan. 

According to many reports, large numbers of peptides with biological activities have 

been separated from amphibian skin and these include many kinds of AMPs. Usually 

these AMPs have 10-46 amino acid residues (Rollins-Smith et al., 2005). These 

peptides share some similar structural features. For example, the existence of Lys 

and/or Arg residues bears a net cationic charge at physiological pH. However, there 

are still some differences in size and sequences (Rinaldi, 2002). The great majority of 

the AMPs are cationic and amphipathic which indicates that their frequent target may 

be the membranes of microorganisms. Large numbers of these AMPs have been 

considered as potential therapeutic agents (Conceicao et al., 2006).  

  1.2.3 The mechanisms of action of AMPs 

AMPs show an effective function against Gram-negative and Gram-positive bacteria, 

fungi, viruses, and protozoa. Different species produce different peptides which have 

the activity to prevent the growth of various microbes. The main families of AMPs 

are recognised as being linear helical peptides with amphipathicity. They are cationic 

and their structures include large amounts of residues carrying positive charges and 

hydrophobic regions. These features make it possible for them to combine with the 

molecules with negative charges and/or membrane lipids and destroy the membrane 

structure (Rollins-Smith et al., 2005). This may be the major mechanism of AMPs in 

killing microbes.  

Having a cationic character is the common feature of all AMPs which makes them 

interact perfectly with the target cell membranes which contain anionic phospholipids. 
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Many of the AMPs have been proved to kill cancer cells selectively due to the fact 

that they have phospholipids which provide negative charges while normal cells do 

not (Calderon and DeVries, 1997). Other AMPs have the ability to interact with 

erythrocytes which can result in a rapid haemolysis. The majority of the AMPs can 

disturb the phospholipid bilayer of the target membrane by adopting an amphipathic 

α- helix structure in hydrophobic environments, which finally can result in the death 

of cells or inhibition of growth (Mangoni et al., 2000).  

Carrying positive charges and forming the structure of amphipathicity leads to the 

mutual effect between AMPs and target cells mediated by a charge. Eukaryotic cell 

membranes carry no or little net charge due to the inner leaflet of the lipid bilayer 

mainly containing negatively charged phospholipids, while zwitterionic and 

uncharged lipids exist at the outer leaflet. However, a large number of acidic 

phospholipids on the surface of bacterial cell membranes confers a negative charge 

(Matsuzaki, 1999). Electrostatic attraction makes AMPs adsorb onto the bacterial cell 

membrane, then they aggregate and integrate into the lipid bilayer which causes the 

outer leaflet expansion, finally resulting in the thinning of local membranes (Wiesner 

and Vilcinskas, 2010). To show how AMPs insert into the target membrane and 

subsequently lead to the construction of ion channels, transmembrane pores or 

extensive rupture of cell membrane, many models have been proposed.  

One hypothesis is that hydrophobic regions of the AMP combine with the acyl chain 

of the membrane lipids. The inner surface of the pore channel formed by the 

hydrophilic regions of the peptide is the basement of the barrel-stave model (Figure 

1.3 (Wiesner and Vilcinskas, 2010, Brogden, 2005)). The barrel-stave model is only 

suitable for a very small number of examples although it is widely recognised as 

prototypic for peptide-included transmembrane pores (Wiesner and Vilcinskas, 2010). 
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The perforin produced by killer lymphocytes, the non-ribosomal synthesised peptide 

antibiotic alamethicin of the fungus Trichoderma viride and the homologous terminal 

complement component C9, act via this model.  

 

Figure 1.3: The barrel-stave model of AMP action. Highlighted in red are 

hydrophilic peptide regions and in blue, the hydrophobic peptide areas. This model 

shows that the attached peptides gather and insert into the  target membrane bilayer 

which result in  the hydrophobic regions of the  peptide binding  with the lipid core 

domain and the hydrophilic regions of the peptide constituting the interior area of the 

pore (Brogden, 2005). 

Differing from the barrel-stave model, the toroidal (or worm-hole) model shows the 

peptides associating over their full-length transmembrane stretch with the lipid head 

groups even when they are vertically inserted in the target membrane (Figure 1.4 

(Wiesner and Vilcinskas, 2010, Brogden, 2005)). This model seems to be more 

consistent with the mechanism of the majority of AMPs (Wiesner and Vilcinskas, 

2010). As a result, in the toroidal hole, the lipid monolayer bends through the pore 

gradually. Thus, the lipid head groups and the AMPs form the pore.  
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Figure 1.4: The toroidal pore model of AMP action. The red colour indicates the 

hydrophilic peptide regions and the blue, the hydrophobic peptide regions. This model 

indicates that the attached peptides aggregate and bend gradually through the pore 

inducing the lipid monolayers to bend, thus the water core is separated by both the 

lipid head groups and the inserted peptides (Brogden, 2005).  

The third model is called the carpet model with the feature that the AMPs keep in a 

parallel direction to the membrane surface and cover it like a carpet (Figure 1.5 

(Wiesner and Vilcinskas, 2010, Brogden, 2005)). At a certain concentration, the 

AMPs at last destroy the target cell membrane which results in the appearance of small 

peptide-lipid aggregates or micelles.  
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Figure 1.5: The carpet model of AMP action. The red colour indicates the 

hydrophilic peptide domains and the blue, the hydrophobic peptide domains. This 

model describes how the AMPs destroy the target cell membrane by keeping parallel 

to the surface of the lipid bilayer and constituting a wide layer or carpet (Brogden, 

2005).  

However, it is still unknown before inserting into the target cell membrane, how 

AMPs go through the cell wall of both Gram-positive and Gram-negative bacteria. 

Modifications of the bacterial envelope can lead to the reduction of charge which is a 

usual theory of bacterial resistance against cationic AMPs (Wiesner and Vilcinskas, 

2010), thus it is vital for their activity that they combine with anionic 

lipopolysaccharides and teichoic acids, respectively.  
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The mechanism of some other types of AMPs, without the structure of amphipathic 

helices, is still less known. The appearance of multimeric pores has been confirmed 

for small globular AMPs like defensins, which have many antiparallel β-sheets 

(Simmaco et al., 1998). Therefore, the mechanism as to how AMPs disrupt the 

bacterial membranes still needs more research.  

  1.2.4 The features of AMPs in human immunity 

AMPs have been found in almost all multicellular organisms. The large number of 

AMPs being studied currently are mainly from amphibian skin secretions which 

contain many kinds of bioactive peptides and other compounds. However, in the 

immune system of mammals, including humans, AMPs are gradually being 

considered to play a leading role. In the human body, AMPs are found at sites where 

it is easy for microbes to gain entry like the skin, mucosae and so on. Moreover, there 

are larger numbers of AMPs being discovered in the blood cell types such as 

neutrophils, eosinophils as well as platelets. After being infected and injured, the 

immune system can produce AMPs quickly. Different tissues in the human body can 

produce different kinds of AMPs which are mainly produced as a result of real 

physiological conditions. However, the majority of AMPs are not produced by 

specific tissues or cell types  (Wiesner and Vilcinskas, 2010).  

Moreover, most AMPs have more than one activity. Before being known as AMPs, 

some of the peptides were first isolated due to many other kinds of unrelated functions. 

Generally speaking, the actions of AMPs are consistent with the mechanisms of the 

innate and adaptive immune systems in the human body. In many situations, the 

activities of AMPs are decided by their common role in human immunity. For instance, 

it is known by many people that lysozyme has the ability to disrupt the cell walls of 
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bacteria and also belongs to the group of cationic AMPs. Sometimes, the relationships 

between different actions of the single peptide cannot be seen directly. For example, 

the histone protein H2A can work as a part of the nucleosome core particle as well as 

a precursor of an AMP. Equally, the fundamental ribosomal protein S30 was also 

discovered to be a cytoplasmic AMP. The majority of the AMPs are the products of 

the proteolytic processing of larger pro-peptides. A single pro-peptide can produce 

many closely related AMPs of different sizes  (Wiesner and Vilcinskas, 2010).  

The line between an AMP and a defence molecule is not very strict in some conditions. 

The pore-forming protein is a relatively large protein whose molecular mass is ca.60 

kDa, but it does not belong to the AMPs because it is only inserted into membranes 

by the regulated immune processes in physiological conditions. Compared with the 

pore-forming protein, although the size of lactoferrin up to ca.80 kDa, it can be found 

in many kinds of bodily fluids and shows quite nonspecific mode of activities, thus 

sharing some similar characteristics of classical AMPs. Moreover, lactoferrin is very 

similar to many α-helical cationic AMPs, so that it can be modified into smaller AMPs 

(Wiesner and Vilcinskas, 2010).  

  1.2.5 The development of AMPs 

The AMPs are interactive with the lipids found on the target cell membranes, but the 

sensitivity of cells to AMPs is still connected to their composition and secondary 

structures. However, it will soon become a reality to design and use AMPs against 

antibiotic-resistant bacterial pathogens by using computer-assisted design. Recently, 

it has been found that AMPs with D-amino acids have less sensitivity to protease 

activity, which means that D-amino acids can both reduce microbial resistance and 

increase the biological activity of AMPs. For example, tyrothricin, a mixture of linear 
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and cyclic D-amino acids, was the first AMP used in the clinic. It is really exciting 

that no microbial resistance to tyrothricin has ever been found after being used in the 

clinic continually for more than 60 years (Ageitos et al., 2016).  

To some degree, the majority of AMPs that have been reported are from frog and toad 

skin. The first AMP was found about 30 years ago in the skin of the European toad, 

Bombina variegata. This was followed by isolation of the potent magainins from 

African clawed frog, Xenopus laevis skin, which hailed a surge in research focus 

(Rinaldi, 2002). Amphibian skin AMPs, including those found recently, show a wide 

range of microbial functions against both Gram-negative and Gram-positive bacteria, 

fungi and yeast, protozoa and viruses. Working as broad-spectrum microbicides which 

act against many bacteria, fungi and protozoa, peptides from amphibians have become 

increasingly popular due to their special features and potential therapeutic functions.  

1.3 Multi-drug resistance 

  1.3.1 The appearance of multi-drug resistance 

Until now, plants and micro-organisms are still the main sources of biologically-active 

substances which are used in medicine. Before being used in treatments, additional 

modifications are required in order to increase these compounds therapeutic effects or 

they should be used with other pharmacological substances (Calkosinski et al., 2009).  

One of the first successful groups of drugs are the antibiotics, which can cure many 

diseases and infections effectively. Most antibiotics that were produced in the “Golden 

Age” of antibiotics are still being used commonly today (Fernandes and Martens, 

2016). Now, they are cheap like many generic drugs because of loss of patent 

protection. Low prices and easy access are related to the overuse and misuse of 
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antibiotics, which have speeded up the rapid decline of the effectiveness of many such 

drugs. In the hospital, using too many antibiotics in the treatment and prophylaxis of 

human infections and unjustified use in curing farm animal illnesses speeded the 

appearance of large numbers of resistance mechanisms (Calkosinski et al., 2009). The 

infectious specialists, the World Health Organisation, and U.S. and European 

governments, pay a great deal of attention to the increase of multi-drug resistance 

which is becoming a global public health threat (Krom et al., 2015). It is necessary to 

find novel antibacterial methodologies due to the failure of conventional antibiotic 

drug discovery and it is difficult to catch up with the rising tide of multi-drug 

resistance.  

  1.3.2 The mechanisms of multi-drug resistance 

Antibiotics usually kill the bacteria effectively by inhibiting the synthesis of bacterial 

cell walls, proteins as well as DNA replication. However, bacteria can gradually 

develop resistance against antibiotics due to the mutation of the chromosome or 

genetic exchange by transformation, transduction or conjugation. Apart from the 

conjugative plasmids, bacteria maybe have transposons which are well-known as 

jumping genes containing the ability to enter transmissible plasmids or chromosomes 

(Chellat et al., 2016) (Neu, 1992).   

It is natural to see the appearance of resistant strains which occur due to the pressure 

on the microorganism population by antibiotics. Until now, there are five main targets 

found in bacteria for antibiotics. The resistances of antibiotics can be developed 

through four different mechanisms (Chellat et al., 2016) (Figure 1.6 (Andersen et al., 

2015)): (a) reduce the permeability of the cell membrane so that fewer antibiotics can 

enter the cells; (b) reduce the concentration of the antibiotics in the bacterial cells by 
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pumping them out; (c) degrade or modify the antibiotics by enzymes to prevent the 

combinations between antibiotics and targets; (d) change the structure of targets by 

the mutations of the bacterial DNA or the expression of alternative proteins. 

 

Figure 1.6: The four pathways resulting in resistance to antibiotics. Red represents 

the antibiotics and yellow represents the entry ports of the drugs (Andersen et al., 

2015). 

  1.3.3 The difficulties in finding novel antibiotics 

In the clinic, infections with drug-resistant bacteria are becoming more and more 

worrying. Using small-molecule antibiotics to kill bacterial cells is the most useful 

way in current treatments. However, many people now believe that the wide use of 

broad-spectrum antibiotics can change a patient’s normal microflora and permit 

resistant bacteria and fungal pathogens to grow (Krom et al., 2015). In the past few 

years, many pharmaceutical companies have been established to find novel antibiotics 

which can fight against specific pathogens, but no new products have been developed 

successfully. The reasons related to the failure of these programmes are as follows. 
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Firstly, in the therapy, small and simple molecules which directly fight against enzyme 

targets are more likely to induce resistance (Fernandes, 2006), while previous 

antibiotics are less likely to do this as they are complex natural products which can 

combine with many sites at the target. Secondly, many new targets are genus, species 

or strain specific, but clinical trials show that many infections contain more than one 

bacterial species rather than one pathogen. Moreover, the dosages of antibiotics are 

usually in the range of hundreds of milligrams each day. To prevent harmful effects 

on mammalian cells, antibiotics should have exquisite selectivity for bacteria while 

many molecules are not selective and are harmful to the host. Many novel antibiotics 

are used as the final tool to treat infections caused by multi-drug resistant pathogens 

which can’t be cured by current antibiotics (Fernandes and Martens, 2016). As the 

reasons above show, many large pharmaceutical companies have given up in this area. 

However, there are still many small pharmaceutical companies that believe they can 

find novel antibiotics successfully due to new methods like natural product screening 

methods, novel chemistries and so on (Fernandes and Martens, 2016). These methods 

can help small pharmaceutical companies discover novel antibiotics.  

  1.3.4 Different methods to solve multi-drug resistance 

The overuse of traditional drugs has speeded up the emergency of drug-resistant 

microorganisms which may result in a fearful problem for the future (Lai, 2010). 

Therefore, the development of new human therapeutics needs to be addressed urgently 

to solve the serious problem of microorganism resistance to traditional antibiotics.  

Replication-competent bacteriophages have been applied to treat infections caused by 

bacteria. However, this method has a serious side effect, it can produce unhealthy 

endotoxins during the treatment (Krom et al., 2015). Endogenous AMPs have been 
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known as a critical component to the natural mechanisms which can protect plants and 

animals from infections (Lai, 2010). Some new peptides have been discovered that 

can be modified to prevent or treat bacterial infections (Rinaldi, 2002). Many bacterial 

phagemids have been designed to produce AMPs and protein toxins which can destroy 

processes in the cells and result in the non-lytic death of bacteria (Krom et al., 2015). 

The gene-encoded AMPs play a critical role in natural immunity against harmful 

microorganisms (Lai, 2010). Gene-encoded peptide antibiotics play an important role 

in prokaryotic and eukaryotic organisms and can protect them from invading 

pathogens and the spread of commensals. Unlike traditional antibiotic medicines, the 

defensive gene-encoded peptides which are isolated from vertebrates may have a new 

mode in the treatment of nosocomial infections and infections caused by multidrug-

resistant pathogens. The majority of antimicrobial peptides destroy the microbial 

membrane and influence the anabolic processes which can kill microorganisms 

quickly, while normal antibiotics or secondary metabolites kill microorganisms by 

destroying key enzymes after several days (Charpentier et al., 1998).  

Antibiotics based on peptides are widely recognised as a possible solution to the 

serious issue of multi-drug resistance to traditional antibiotic medicines. During the 

research on AMPs as human therapeutics, it was proposed that the peptides gathered 

from amphibian skin have significant value. It has become more clear that the AMPs 

from amphibians have promising therapeutic applications, which has attracted more 

attention in this area (Rinaldi, 2002). Compared with normal antibiotics, AMPs 

produce less multi-drug resistance in microbes, so they are popular in the research of 

novel anti-infective medicines (Lai, 2010).   
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1.4 Aims and objectives of this thesis 

In this thesis, Phyllomedusa sauvagii, which is also widely known as the waxy 

monkey tree frog, was chosen as a subject for research. One characteristic of this 

species is having wax on the surface of the skin which acts as an insulator necessitating 

the collection of skin secretions by squeezing the skin rather than by mild transdermal 

electrical stimulation. Then, molecular cloning technology was applied to isolate and 

determine the sequence of the cDNA encoding peptide of interest from the skin 

secretion. After this was achieved and a suitable peptide was identified unequivocally, 

it chemically synthesised by a solid phase peptide synthesiser.  

After obtaining a suitable quantity of an authentic synthetic replicate of the natural 

peptide, several bioassays such as antimicrobial assays, a haemolysis assay, anti-

cancer assays as well as smooth muscle assays were employed in order to assess the 

biological functions of the peptide. 
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2.1 Materials and Methods 

  2.1.1 Frog Skin Secretion Acquisition 

The experimental amphibians, Phyllomedusa sauvagii (n=3), were housed in a 

purpose-designed amphibian facility at Medical Biology Centre, Queen’s University 

Belfast, under simulated natural conditions with an adaptive temperature of 20-25℃, 

a 12h/12h light/dark cycle and fed with vitamin/mineral-loaded crickets 2-3 days per 

week for 3 months before secretion harvesting. 

To obtain the frog skin secretions, the frog dorsal skin was massaged by gloved hands 

and the resultant skin secretions were washed from the skin surface into a chilled glass 

beaker by distilled deionised water (ddH2O). The secretions were then snap frozen in 

liquid nitrogen and stored in a -20℃ freezer. All the procedures were subject to ethical 

approval and carried out under appropriate UK animal research personal and project 

licenses. 

  2.1.2 mRNA Isolation from Lyophilised Skin Secretion 

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.  

Five mg of the lyophilised skin secretion from Phyllomedusa sauvagii were dissolved 

in a 1.5 ml RNase-free tube which contained 1ml Lysis/Binding Buffer. Then, the 1.5 

ml tube was vortexed for 10 min in total and placed on cold ice for several seconds at 

intervals of one min to obtain the undegraded mRNA. After the tube was centrifuged 

at 18000 × g for 5 min in an Eppendorf Centrifuge 5424 (Eppendorf, UK), the sample 

solution was ready and stored cold until the beads were ready. 
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Dynabeads Oligo (dT)25 beads were resuspended gently before 250 μl was transferred 

into a 1.5 ml RNase-free tube. A magnetic rack was used to remove the supernatants 

as clearly as possible. Then 250 μl Lysis/Binding Buffer were added into the1.5 ml 

tube to wash the beads by gently shaking. Finally, the tube was placed on the magnetic 

rack for several seconds and then the supernatants were removed and discarded 

completely when the lysate was well prepared to avoid drying the beads and lowering 

beads capacity. 

Sample lysate was added into the 1.5 ml tube containing the pre-washed Dynabeads 

which were bonded 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. Then all supernatant was discarded with the assistance 

of the magnetic rack. The remaining beads/mRNA complex was washed slowly and 

gently using 500 μl Washing Buffer A 3 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 2 times. 

The tube containing the well-washed beads received 18 μl of cool elution solution 

(Tris-HCl, 10 mM) drop by drop and was flicked gently to ensure each 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 supernatant containing the desired eluted mRNA was 

transferred to a 0.2 ml RNase-free tube on the magnetic rack as soon as possible to 

avoid mRNA reabsorbing onto the beads and put on ice immediately for 2 min. Finally, 
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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. 

  2.1.3 cDNA Library Construction 

A BD SMARTTM RACE cDNA Amplification Kit (BD Bioscience Clontech, UK) 

was applied to construct the cDNA library of Phyllomedusa sauvagii skin secretion at 

this stage. 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 cDNA tail at the end. 3’-RACE-Ready cDNA was synthesised 

using 3’-RACE CDs Primer by a reverse transcription reaction. 

For the preparation of both 5’-RACE ready cDNA and 3’-RACE ready cDNA, the 

mRNA sample (18 μl) was divided into 5 PCR tubes. Five PCR tubes were 

centrifuged and incubated in the heating block at 70°C for 2 min to combine the 

primer and templates and cooled down on ice for another 2 min. Then 4 μl prepared 

Master Mix was transferred to each 0.2 ml PCR tube and mixed thoroughly. 

Additionally, 1 μl Reverse Transcriptase was pipetted into each 0.2 ml PCR tube for 

ensuring the complete reaction. The components of each tube for 3’/5’- RACE 

Ready cDNA are shown in Table 2.1. 

Table 2.1: Components of each tube for 3’/5’-RACE-Ready cDNA  

Reagent Volume Final concentration 

mRNA sample  4 µl  

3’-CDS primer (10 µM) 1 µl 1 µM 

5’-CDS primer (10 µM) 1 µl 1 µM 

SMART II (10 µM) 1 µl 1 µM 
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5X First-Strand Buffer 2 µl 1X  

DTT (20 mM) 1 µl 2 mM 

dNTP Mix (10 mM) 1 µl 1 mM 

BD RTase (100Unit/µl) 1 µl 10 Unit/μl 

 

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. 50μl 

PCR water was added to each tube to lower the concentration. The mixture was kept 

at 72℃ for 7 min to correct the faults in the reaction and kill some enzymes such as 

Reverse Transcriptase. Then the reaction products in all tubes were stored at -20℃ in 

the freezer. 

  2.1.4 3’Rapid Amplification of cDNA Ends (RACE) PCR 

For carrying out this procedure, a BD SMARTTM RACE cDNA Amplification Kit 

(BD Bioscience Clontech, UK) was used by following the given protocol. Sufficient 

PCR Master Mix was prepared for all RACE PCR reactions by mixing 12.4 μl PCR-

Grade Water, 6 μl 10 × BD Advantage 2 PCR Buffer, 0.8 μl dNTP, 2 μl Specific 

primer, 2 μl NUP and 0.8 μl 50 × BD Advantage 2 Polymerase mix.  

A master mix was prepared and aliquoted into two 0.2 ml DNase-free PCR tubes 

which were labelled as tube 1 and tube 2. Afterwards, 10 μl of 3’-RACE ready cDNA 

library was added into tube 1, then 11 μl was transferred into tube 3. Similarly, 10 μl 

of PCR-grade water was added into tube 2, then 11 μl was transferred into tube 4. 

Finally, the components in each tube of sample group in RACE PCR are shown in the 

Table 2.2. 
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Table 2.2: Components in each tube of sample group in RACE PCR 

Reagent Volume Final concentration 

PCR-Grade Water 3.1 µl  

10X BD Advantage 2 PCR Buffer 1.5 µl 1.5X 

dNTP Mix (10 mM) 0.2 µl 0.2 mM 

NUP (20 µM) 0.5 µl 1 µM 

Sense Primer (20 µM)/Anti-sense primer 0.5 µl 1 µM 

50 X BD Advantage™ 2 Polymerase Mix 0.2 µl 1 X 

cDNA library  5 µl  

 

After being centrifuged briefly, all tubes were put into the PCR machine set with the 

following programme: 

Stage  Parameter 

Stage 1 initial denaturation at 96°C for 1min 

Stage 2 40 cycles (denaturation at 96°C for 20 s, primer annealing at 55°C for 

10 s, extension at 60°C for 4 min) 

Stage 3 final extension at 72°C for 10 min 

  

All of the four samples after RACE-PCR reaction were stored at -20°C in the freezer. 

  2.1.5 Gel Analysis 

The PCR products were analysed using a TBE/agarose electrophoresis technique.  

Agarose powder (0.45 g) (Invitrogen, UK) and 35 ml of freshly prepared 1 × 

Tris/Borate/EDTA (TBE) buffer (Invitrogen, UK) were mixed in a 200 ml flask and 
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microwaved until all powder was dissolved in TBE buffer, 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. All dissolved contents were 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. 

Afterwards, 2.5 μl of 100 bp DNA ladder (Invitrogen, UK) composed of several 

fragments of known molecular weight was added in the first lane (0.5 µg/lane) of the 

agarose gel to measure the size of DNA fragments. 1.5 μl of DNA samples mixed well 

with 0.5 μl of loading dye (0.25% bromophenol blue, 15% Ficoll 400 in TAE) were 

added carefully in the following lanes. Electrophoresis was performed 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 gel. The result 

was analysed on a UV trans-illuminator BioDoc-It® Imaging System (NVP, 

Cambridge, UK) and a digital image was recorded as a result. The DNA bands of the 

samples were compared with those of the ladder to determine whether the DNA 

amplification was successful or not. The 1X TBE Buffer was recycled and the samples 

were stored at -20°C in the freezer. 

  2.1.6 3’RACE PCR Products Purification 

The 3’- RACE PCR products were purified using an E.Z.N.A.® Tissue DNA Kit 

(Omega, Norcross, UK), in which DNA was bound to silica-based filter membranes 

during washing steps and eluted for collection. 
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All DNA samples were mixed with 95 μl of CP Buffer and loaded on the membrane 

of a cartridge with a 1.5 ml collection tube. The cartridge was centrifuged at 15000 × 

g for 1 min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany) to bind the DNA 

to the silica-based filter membranes and remove the impurities. The liquid in the outer 

tube of the column was removed, after which 700μl DNA Washing Buffer was 

perfused into the cartridge to wash the membrane following the centrifugation step. 

This washing step was carried out again by using 500 μl DNA Washing Buffer. The 

column was centrifuged at 18000 × g for 2 min to remove residual washing buffer. 

The cartridge was placed into a 1.5 ml collection tube, and 30 μl PCR water was 

injected on 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 

18,000 × 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 sample and drive the ethanol away thoroughly. 

After evaporation, the DNA sample was sealed with parafilm and stored at -20°C in 

the freezer. 

  2.1.7 Ligation 

A pGEM® - T Easy Vector kit (Promega, USA) was used for ligation. 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. PCR grade water (2-8 μl) 

was added into the tube containing 3’-RACE PCR Purification product and was 

vortexed and briefly centrifuged to collect all contents at the bottom and then placed 

on ice to cool. Then, the following prepared reagents were combined and mixed 

without pipetting in a DNase-free PCR tube. At last, the tube was incubated for 1 h at 
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room temperature and stored at 4°C overnight. 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. 

  

 2.1.8 Transformation 

Transformation was performed using the JM109 High Efficiency Competent E coli 

cells (>108 CFU/µg) (Promega, USA). 50 μl E coli cells were taken out of the -80℃ 

freezer and thawed on ice for 5 min until all thawed and clarified. 2.3 μl ligation 

product was transferred into a 1.5 ml DNase-free tube. All defrosted cells were quickly 

transferred into the same tube on ice and mixed with ligation product by gently 

flicking and tapping at the bottom of the tube three times. The reaction was incubated 

on ice for 20 min and then heat-shocked at 42℃ for 47 s.  After that, it was put on ice 

for 2 min. Then, 950 μl of S.O.C medium (Invitrogen, USA) was gently added into 

the tube. The tube was incubated at 37℃ for 2.5 h with a shaking rate of 150 rpm to 

grow bacteria. 

 

 

Reagent Volume Final concentration 

2X Rapid Ligation Buffer 2.5 µl 1X 

pGEM®-T Easy Vector (50 

ng/µl)  

0.5 µl 5 ng/µl 

Diluted PCR products 1.5 µl  

T4 DNA Ligase (3 Unit/µl)  0.5 µl 0.3 Unit/µl 
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  2.1.9 White and Blue Screening & Isolation of Recombinant Plasmid DNA 

Blue-white screening was performed using an ampicillin/IPTG/X-gal/LB agar plate. 

200 ml deionized water and 6.4 g LB (Invitrogen, UK) agar were mixed (100 Unit/ml) 

and autoclaved for sterilisation. 550 μl amp (ampicillin, 100 µg/ml, Roche, USA) was 

then added to the bottle and mixed thoroughly. This was to select the bacteria with the 

specific antibiotic resistance gene.  10ml liquid-formed LB agar was poured into a 

standard Petri dish. The LB agar plates were stored upside down in the fridge after 

solidification.  

Before use, 110 μl of IPTG (Isopropyl β-D-thiogalactoside, 0.1 M, Promega, USA) 

was added to every plate and spread symmetrically and lightly which induced the 

expression of lacZ gene. Subsequently, 20 μl X-Gal (5-Bromo-4-chloro-3-indolyl-β-

D-galactopyranoside, 50 mg/ml, Promega, USA) as a chromogenic substrate was 

added to each plate when IPTG had dried which reacted with β-galactosidase and was 

detected by a colour change. These plates were pre-warmed at 37℃ for 1h. Then 110 

μl of the transformation culture was spread onto the surface of five prepared plates 

separately. All plates were placed upside down to incubate at 37℃ for 16 ~20 h for 

bacterial culture and DNA amplification. 

The desired pure white colonies were picked up carefully from the surface of agar and 

scraped into each 0.5 ml tubes containing 20 μl PCR water. All tubes were placed at 

100℃ for 5 min and then transferred to ice immediately for another 5 min in order to 

make the cells fragile. Finally, the tubes were vortexed for 30 s and then centrifuged 

at maximum speed (13,000 × g) for 5 min in an Eppendorf Centrifuge 5424 

(Eppendorf, Germany) to release the vectors. The supernatant was transferred into 

new PCR tubes for cloning PCR. 
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  2.1.10 Cloning PCR of Plasmid cDNA 

The cloning PCR reaction was carried out using a GoTaq® cloning Enzyme System 

(Clontech).  

The following components were combined and mixed completely by pipetting. 

Reagent Volume Final concentration 

5X Cloning Buffer 10 µl 1X 

dNTP Mix (10 mM) 1 µl 0.2 mM 

M13F (20 µM) 2.5 µl 1 µM 

M13R (20 µM) 2.5 µl 1 µM 

PCR-Grade water 31 µl  

Taq polymerase (5 Unit/µl) 0.25 µl 0.025 Unit/µl 

DNA supernatant 2.5 µl  

 

The master mix was added into each PCR tube and mixed with the supernatant. Then 

these tubes were centrifuged briefly.  

The prepared tubes were placed into the PCR machine and a suitable programme 

which can be seen below was selected to run the system for Cloning PCR. The Cloning 

PCR products were stored at -20°C in the freezer. 

Stage  Parameter 

Stage 1 initial denaturation at 94°C for 1 min 

Stage 2 31 cycles (denaturation at 94°C for 30 s, annealing at 55°C for 

30 s, extension at 72°C for 3 min) 

Stage 3 final extension at 72°C for 3 min  
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  2.1.11 Gel Analysis & Selected PCR Products Purification 

The products of Cloning PCR were subjected to gel electrophoresis as described in 

the former section 2.2.4. The selected PCR products were then purified and washed 

out according to the same procedure as described for 3’-RACE PCR products 

purification in section 2.2.5.  

  2.1.12 Sequencing Reaction 

A Big Dye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, USA) was 

used to perform the sequence reaction in which the sequence was detected by 

fluorescence during DNA extension and termination process.  

The reagents which were required to prepare the Master Mix and the sample of the 

purification products were pipetted into 0.2 ml tubes and mixed.  

Table 2.3: Components in each sequencing reaction tube 

Reagents Volume 

PCR-Grade water 12.4 µl 

Diluted M13F or M13R  1.14 µl 

2.5 × Ready reaction mix 2.86 µl 

5 × BigDye Sequencing Buffer 3.57 µl 

Purified cloned PCR products 2.5 µl 

 

All tubes were centrifuged briefly and incubated in the thermal cycler following the 

programme below. The products were stored at -20°C in the freezer. 

 



42 
 

Stage  Parameter 

Stage 1 initial denaturation at 96°C for 1 min 

Stage 2 26 cycles (denaturation at 96°C for 20 s, annealing at 55°C for 

10 s, extension at 60°C for 4 min) 

Stage 3 preservation at 4°C for 7min 

 

   

2.1.13 Extension Products Purification  

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

products and pipetted vigorously. Then all contents were transferred into 1.5 ml tubes 

containing 10 μl PCR-grade water. All samples were vortexed for 30 s and incubated 

at room temperature for 20 min. When the incubation was finished, all tubes were 

centrifuged at 20,000 × g for 20 min in an Eppendorf Centrifuge 5424 (Eppendorf, 

Germany). After that, all supernatants were removed as soon as possible. Then an 

additional 260 μl of 70% ethanol was added to each tube and vortexed for 30 s. All 

tubes were centrifuged at 13,000 × g for 10 min in an Eppendorf Centrifuge 5424 

(Eppendorf, Germany) and the supernatant was removed quickly.  

All tubes were held in the 95℃ heating block for 1 min and on ice for another 1 min 

with the lid of each tube open. This thermal cycle was repeated again then the products 

were dried in the concentrator for 3 h. Finally, the 4 samples were stored at -20°C in 

the freezer. 
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  2.1.14 Sequencing 

All samples were dried in a concentrator for 1h to remove ethanol thoroughly before 

use. 10.3 μl HiDi (highly deionized formamide) was added to each tube and mixed by 

vortexing 30 s and centrifugation. Afterwards, the tubes were heated to 95°C for 4 

min in the heating block and cooled on ice for 3 min. 

All liquid of each sample tube was transferred into each well of a 96-well sequencing 

plate avoiding any air bubbles. This sample plate was delivered to be sequenced by 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.  
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2.2 Results 

A novel peptide precursor-encoding cDNA was cloned from the skin secretion cDNA 

library of Phyllomedusa sauvagii by using a designed primer. The nucleotide and 

translated open-reading frame (ORF) amino acid sequence of this precursor-encoding 

cDNA are illustrated in Figure 2.1. This ORF is constituted by 74 amino acid residues, 

and it can be divided into several domains compared with other reported peptide 

precursors from amphibian skin secretion.  The first domain starts from the N-

terminus and is known as the signal peptide which consists of 22 amino acid residues. 

The following 23 amino acids form the second domain called the acidic spacer. The 

next domain which is double-underlined is a mature peptide containing 29 amino acid 

residues.  

 

Figure 2.1: The nucleotide and ORF amino acid sequence of the novel peptide (QUB-

2909), precursor-encoding cDNA cloned from the skin secretion cDNA library of 

Phyllomedusa sauvagii. The single-underlined amino acid sequence represents the 
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signal peptide. The double-underlined amino acid sequence represents the mature 

peptide. The asterisk indicates the stop codon. 

NCBI-BLAST was used to analyse the mRNA and the amino acid sequence of the 

precursor cDNA ORF. The results show that the nucleotide sequence of QUB2909 

precursor is highly-conserved with several dermaspetin precursors from the skin 

secretion of frogs in the Phyllomedusinae subfamily. The alignment of amino acids 

sequences demonstrates that these precursors share high degrees of similarity in the 

signal peptide domain and the acidic spacer and the same motif of dermaspetin 

peptides in the mature peptide region (Figure 2.2 a-b). The results of the NCBI protein 

BLAST search indicates that the amino acid sequence of the novel peptide QUB-2909 

(ALWKNMLKGIGKLAGQAALGAVKTLVGAE) is related to Dermadistinctin-Q1 

and dermaseptin discovered from several species of Phyllomedusa frogs (Figure 2.2 

c). The amino acid sequence of QUB-2909 is almost same as Dermadistinctin-Q1 

isolated from Phyllomedusa distincta with one amino acid substitution at position 16, 

from Gln to Lys. 
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(a) 

 

(b) 

 

(c) 

Figure 2.2: The alignments of (a) the full-length nucleotide sequences of dermaseptin 

precursor encoding cDNAs, (b) the translated open reading frame amino 

acidsequences of selected cDNAs of dermaseptin precursors, (c) the amino acid 

sequence of the mature peptides of selected dermaseptin precursors. 

 



48 
 

 

 

 

 

 

Chapter 3 

Solid-Phase Peptide 

Synthesis of QUB-2909             

                 

 

 

 



49 
 

3.1 Materials and Methods 

  3.1.1 Synthesis using the automated solid-phase synthesiser 

The novel peptide, ALWKNMLKGIGKLAGQAALGAVKTLVGAE, was 

synthesised by solid phase Fluorenylmethoxycarbonyl (Fomc) chemistry in a PS4 

automated solid-phase synthesiser (Protein Technologies, Inc, Tucson, AZ, USA).  

In order to synthesise 0.3 mmol peptide, 1.2 mmol of each amino acid was required 

in the sequence. Thus all amino acids were weighed separately and mixed with 1.2 

mmol of HBTU [2-(1H-benzotriazol-1-yl)-1, 1, 3, 3-tetramethyluronium 

hexafluorophosphate] in vials which contain crimps, O-rings, caps and septums.  

Before the synthesis, the required 0.3 mmol rink amide resin which contained an 

amide group for the C-terminus was weighed, and loaded into the reaction vessel.  

During the peptide synthesis reaction, firstly, the reaction vessel and pipeline were 

washed by dimethylformamide (DMF), 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. 

  3.1.2 Cleavage Reaction 

When the synthesis was completed, the dried resin-peptide was weighed to calculate 

the volume of cleavage cocktail (25 ml/g resin-peptide). The cocktail was prepared as 

94% TFA (Trifluoroacetic Acid) + 2% TIS (Triisopropylsilane) + 2% EDT (1,2-
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ethanedithiol) + 2% H2O (v/v/v/v) and added to the resin-peptide which had been 

transferred into a 50 ml round-bottomed flask with a magnetic rotor. The cleavage 

reaction took at least 6 h with magnetic rotor stirring at room temperature. Then the 

cleavage mixture was filtered using the Buchner funnel to remove the resin in the 

upper layer. The mixture in the round-bottomed flask was transferred to two 50 ml 

tubes with enough ether. The products were labelled and placed into a -20℃ freezer 

overnight to complete the precipitation of the peptide. 

  3.1.3 Washing and lyophilisation 

The above universal tubes were centrifuged at 2500 × g for 5 min to collect the 

precipitated peptide at the bottom. After discarding the supernatant carefully, 45 ml 

Et2O was added to the tubes. The washing step should be repeated 3 times. Then the 

peptide was dried and the remaining ether was evaporated at room temperature. 

Ten ml solution B (800 ml CAN, 199.5 ml H2O, 0.5 ml TFA) was added to each tube 

to dissolve the dried peptide. The tubes were then snap frozen in liquid nitrogen and 

lyophilised using an Alpha 1-2 freeze-dryer system (Martinchrist, Germany). The 

lyophilised peptide was then stored at -20℃ prior to use. 

  3.1.4 Identification and Purification of the peptide 

The synthetic peptide was purified by RP-HPLC (reversed-phase high performance 

liquid chromatography) and identified by MALDI-TOF mass spectrometry.  

One mg synthetic peptide was weighed and dissolved in 500 μl Solvent A (TFA/water, 

0.05/99.95, v/v) and 500 μl Solvent B (TFA/water/Acetonitrile, 0.1/19.9/80.0, v/v/v). 

Then the tube containing the sample was centrifuged at maximum speed for 15 min. 

The clear supernatants were transferred into another 1.5 ml tube. Before the sample 
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injection, Solvent B was pumped to wash the column of contaminants for 30 min and 

then equilibrated for 30 min with Solvent A. The clear supernatant was directly 

injected onto a 1 cm × 25 cm Jupiter 00G4025 semi-preparative C-5 reverse phase 

column (Phenomenex, UK), which was attached to a Cecil Adept Binary HPLC 

system (Cambridge, UK) for peptide elution and purification with 214nm wavelength 

detection. Then the column was eluted with a linear gradient from 100% A: 0% B to 

0% A: 100% B in 80 min at a flow rate of 1 ml/min. The column effluent was 

continuously monitored at a wavelength of 214 nm. The fractions of each peak were 

collected and analysed by MALDI-TOF mass spectrometry to determine the purity of 

the QUB-2909 peak. The HPLC column was washed with 100% solvent B for 30 min 

to clean the impurities of column after use. 

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. 2 μl of each RP-HPLC fraction 

were placed onto the MALDI ground-steel target plate and then air-dried. A suitable 

matrix, α-cyano-4-hydroxycinnamic acid (CHCA) solution, was prepared in 

acetonitrile/water/TFA, 50/49.7/0.3, v/v/v. Then 1 μl of matrix solution was added to 

the surface of samples and dried at room temperature once again.  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. 

 

 



52 
 

3.2 Results 

The novel peptide QUB-2909 was synthesised successfully and identified by reverse 

phase HPLC (Figure 3.1) and MALDI-TOF MS. 

 

Figure 3.1: Reverse phase HPLC chromatogram of the synthetic peptide QUB-2909. 

The arrow indicates the retention time of QUB-2909. 

In order to know more potential characteristics of the novel peptide QUB-2909, the 

online I-TASSER serve was applied to predict the secondary structure. The peptide 

contains a large α-helical domain from the 2nd amino acid to the 26th amino acid 

(Figure 3.2) and the 3D structure prediction confirms the α-helix conformation of 

QUB-2909 (Figure 3.3). Furthermore, QUB2909 was subjected to the analysis of 

helical wheel by Heliquest server (Figure 3.4), which shows the distribution of 
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hydrophilic and hydrophobic residues. Although most hydrophobic residues are 

assembled on one side of the wheel, the hydrophilic residues are mixed with several 

hydrophobic residues on the other side. The values of the hydrophobicity and 

hydrophobic moment parameter were predicted to be 0.449 and 0.317, respectively, 

with a +3 net positive charge.  

 

Figure 3.2: The predicted secondary structure of the novel peptide QUB-2909 using 

the I-TASSER, an online protein secondary prediction tool. 

(http://zhanglab.ccmb.med.umich.edu/I-TASSER/output/S318801/) 

 

Figure 3.3: The most probable 3D model of the novel peptide QUB-2909 predicted 

by I-TASSER server with a 0.67 C-score (confidence score). The estimated TM-score 

is 0.63±0.14 and the estimated RMSD = 2.9±2.1Å. 

(http://zhanglab.ccmb.med.umich.edu/I-TASSER/output/S318801/) 

https://owa.qub.ac.uk/owa/redir.aspx?C=u9AKbMxL9gr9XAOkq2wppp5LFLkv01Q9LZ0lcmMNqUyyiArQHObUCA..&URL=http%3a%2f%2fzhanglab.ccmb.med.umich.edu%2fI-TASSER%2foutput%2fS318801%2f
https://owa.qub.ac.uk/owa/redir.aspx?C=u9AKbMxL9gr9XAOkq2wppp5LFLkv01Q9LZ0lcmMNqUyyiArQHObUCA..&URL=http%3a%2f%2fzhanglab.ccmb.med.umich.edu%2fI-TASSER%2foutput%2fS318801%2f
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Figure 3.4: The predicted helical wheel model of the novel peptide QUB-2909 made 

by the online Heliquest server. Yellow and grey represent non-polar amino acid 

residues, pink and purple represent polar amino acid residues, red represents acidic 

amino acid residues and blue represents basic amino acid residues. 

(http://heliquest.ipmc.cnrs.fr/cgi-bin/ComputParamsV2.py) 
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4.1 Materials and Methods 

  4.1.1 Antimicrobial Assays 

Antimicrobial assays were performed to assess the minimum inhibitory 

concentrations (MICs) and minimum bactericidal concentrations (MBCs) of the novel 

peptide. In order to test the effect of the purified peptide on different types of 

microorganism, three typical microbial strains were employed: Gram-positive 

bacterium — Staphylococcus aureus (S. aureus, NCTC 10788), Gram-negative 

bacterium — Escherichia coli (E. coli, NCTC 10418), Yeast — Candida albicans (C. 

albicans, NCPF 1467). According to the protocol, these three microbial strains should 

be incubated and assayed separately to avoid cross contamination, but the methods 

used are the same. 

Inoculation of microorganisms 

A bead of each microorganism stock culture was taken from the frozen storage and 

placed into separate marked flasks containing 100 ml MHB (Mueller Hinton Broth). 

Then, the microorganism cultures were incubated overnight (16~20 h) in the 37℃ 

orbital incubator (Stuart, UK). 

Minimum Inhibitory Concentration (MIC) Assay  

Five hundred μl initial growth cultures were transferred into new pre-warmed 200 ml 

MHB McCartney bottles then put in a shaker at 37℃ for several hours until the growth 

of the microorganisms reached their respective logarithmic growth phases by testing 

the optical density (O.D.) which can be obtained at 550 nm wavelength by a UV 

spectrophotometer. The time for this and the OD values are summarised below: (cfu 

represent colony-forming units) 
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Microorganism Time for reaching Log Phase OD （λ=550 nm） 

S. aureus 1—1.5 h 0.23 = 1 × 108 cfu/ml 

E. coli 1 h 0.41 = 1 × 108 cfu/ml 

C. albicans 45 min 0.15 = 5 × 108 cfu/ml 

 

The novel peptide (QUB-2909) was dissolved in an appropriate volume of the reagent 

DMSO (dimethyl sulphoxide) to make the stock solution at a 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, which were diluted 100 fold when added to the required plate to 

reach the final concentration from 512, 256, 128, 64, 32, 16, 8, 4, 2, 1 μM. 

 After the microorganisms reached their Log Phase, the cultures were diluted to 5 × 

105 cfu/ml by adding enough fresh MHB (S. aureus and E. coli: 100 μl culture + 19.9 

ml MHB; C. albicans: 2 ml culture + 18 ml MHB) in the Petri dishes. Then 100 μl of 

above diluted cultures were added into tubes separately which contained 900μl PBS 

(Phosphate Buffered Saline) as the replicate for the next viable count assay. 

The prepared peptide solutions and microorganism cultures were loaded into each well 

of the 96-well plate following the scheme below: 
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 Negative control groups (A1-E1): 100 μl new MHB (each well) 

 Reagent control groups (F1-F5): 1 μl DMSO + 99 μl diluted subculture products 

(each well) 

 Positive control groups (A12-E12): 100 μl diluted subculture products (each well) 

 Sample group (A2-G11): 1 μl prepared peptide + 99 μl diluted subculture products 

(each well) 

The plate was incubated at 37℃ overnight (16~20h), after mixing in the shaking 

incubator for 5 ~ 7 min. After that, the plate was observed directly that the wells 

containing clean liquid represented no bacterial growth. 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. 

The MIC assays were carried out in triplicate for each tested microbial strain in the 

same way. 

A 

B 

C 

D 

E 

F 

G
H 

1       2       3        4       5        6       7        8       9      10     11     12 
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Parallel assay: viable Cell Counts 

Viable cell counting can be used to ensure the number of bacteria is suitable. Before 

the seeding of the plate in the MIC assay, 100 μl of diluted cultures were added into a 

900 μl PBS containing tube and mixed completely. Then, 10-fold dilutions of this 

were prepared including 10-1, 10-2, 10-3, 10-4, 10-5 10-6.  

Sufficient preheated MHA (Mueller Hinton Agar) was poured into a Petri dish and let 

solidify. There were three drops of diluted contents dropped separately onto each 

labelled region by pipetting 20 μl of each cell dilution (Figure 4.1). All liquid drops 

were air-dried naturally near the gas burner. 

 

Figure 4.1: The plate format in the viable cell counting. 

Then the MHA plate was turned upside down and placed in a 37℃ incubator for 16~20 

h. Finally, the organism colonies were counted in each drop and their mean value was 

calculated by the formula: C = (Spots number / Drops number) × Dilution Times × 50. 

Parallel assay: Minimum Bactericidal Concentration (MBC) Assay 

MBC assays can be done to test the minimum concentration of the peptide required to 

kill the microorganisms. After reading the MIC plate, 20 μl bacterium suspension from 
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5 replicates of MIC and each higher concentration were added onto the surface of a 

pre-solidified MHA plate and incubated at 37℃ for 4 h to obtain the minimum 

bactericidal concentration which was defined as the concentration in which no 

colonies were observed. Likewise, the MBC experiment was repeated 3 times for each 

organism. 

  4.1.2 Haemolysis Assay 

Two ml of fresh defibrinated horse blood (TCS Bioscience ltd, UK) were washed with 

30 ml of autoclaved PBS by mixing gently and then centrifuged at 930 x g for 5 min 

to separate the serum and erythrocytes. Then, the cloudy supernatants were discarded 

completely and 30 ml PBS solution was added. This washing step was repeated about 

4 times until the supernatant was totally clear. Finally, 50 ml of PBS was added to the 

clean horse blood cells to make a 4% (v/v) red blood cell (RBC) suspension. 

A series of concentrations of the peptide solution were made by dissolving QUB-2909 

in sterilised PBS 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 100% haemolytic effect. 

Meanwhile, PBS solution was regarded as a negative control (blank control) for the 

comparison of non-haemolytic effects.  

Two hundred μl of prepared peptide dilutions at each concentration, 1% Triton X-100 

dilution and PBS solution were transferred to each tube containing 200 μl of RBC 
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suspension. For every concentration of peptide, 5 tube replicates were needed. All 

tubes were incubated at 37℃ for 2 h.  

After incubation, all the tubes were centrifuged at 930 x g for 5 min. 100 μl supernatant 

from each tube was added into each well of a 96-well microtiter plate. The OD values 

were measured by the absorbance plate reader and then the percentage of haemolysis 

was calculated according the formula (ODQUB-2909 – ODNegative) / (ODPositive – ODNegative) 

× 100%. 

  4.1.3 Anti-Cancer Cell Assays 

According to the protocol in the laboratory, the assay was performed to test the 

anticancer cell activities of the novel peptide obtained from Phyllomedusa sauvagii. 

Resuscitation of cells 

Table 4.1 shows the cell lines and media used in this project. Dulbecco’s Modified 

Eagle’s Medium (DMEM) with high glucose (25 mM) (Sigma, St. Louis, MO, USA) 

was used in this project. Additionally, 10% (v/v) foetal bovine serum (FBS) (Sigma, 

UK) and penicillin – streptomycin solution (PS) were added to prepare the complete 

growth medium. 
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Table 4.1: The cancer cell lines and media used in this project. 

Cell Line Cancer Type Basic Media 

PC-3 Human Prostate Carcinoma (GIV) cell line RPMI-1640 

NCI-H157 Non-small cell lung cancer RPMI-1640 

MDA-MB-435S Melanoma DMEM medium 

(high glucose) 

U251MG Human neuronal glioblastoma 

(Asrocytoma) 

DMEM medium 

(high glucose) 

 

The ampoules of cells stored in a -80℃ freezer were thawed in a 37℃ (2~3 min) water 

bath (Grant JB Aqua 12, UK) by gently shaking. All cell suspensions were added into 

a 75 cm2 culture flask (Nunc, Denmark) containing 15 ml of pre-warmed culture 

medium drop by drop and swayed gently and slowly to dilute the cryoprotectant 

DMSO. The distribution and status of cells were observed by using a microscope. 

Then the flask was incubated at the appropriate temperature (37℃) and in the right 

atmosphere containing 5% CO2. The cell lines were observed and the media were 

changed constantly to promote the growth. 

Cell culture 

It is necessary for cell growth to have sufficient nutrients so the depleted medium in 

previous flasks was removed and replaced with fresh medium. Before that, the 

adherent cells were washed by 10 ml PBS gently. 
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Fifteen ml new culture medium were added into the flask and mixed gently. The 

confluency condition of cells was checked by a microscope. Then the flask was 

incubated in a 37℃, 5 % CO2 incubator. 

Passage 

When cells reached 90% confluency or more, the spent medium was removed and 

discarded. The adherent cells were washed with 10 ml PBS. Then 1 ml 1X 

Trypsin/EDTA (Invitrogen, UK) was added to digest and release the cells from the 

flask wall by light rotation and short-term incubation (2-5 min) in the incubator. In 

order to avoid damaging the cells, they should be observed closely and incubated for 

no longer than 5 min. 

Subsequently, 10 ml pre-warmed medium were added into the flask and pipetted to 

stop the digestion. Then all of the cell suspension was transferred into a 15 ml 

centrifuge tube and centrifuged (18~25℃, 200 × g) for 5 min. The cells of the tube 

bottom could then be collected for subsequent use, for sub-culture or for 

cryopreservation for future use. 

MTT Cell Proliferation Assay 

(1) 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. 5 ml of pre-warmed medium 

were added into a 15 ml universal tube with cells and then the tube contents were 

mixed evenly by vortexing. After that, 50 μl of the cell suspension and an equal 

volume of Trypan Blue (Invitrogen, UK) were mixed and 50 μl of this coloured 
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mixture was loaded to the pre-cleaned counting area between the haemocytometer 

chamber and the coverslip by capillary action. The distribution of cells was observed 

under a microscope. 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. All cells 

existing in the culture can be quantified according to the formula: the number of cells 

= n / number of squares × D × 104. [n = the number of counted cells; D = 2 (Trypan 

blue: cell = 1:1, v/v)] 

(2) Inoculation   The cell suspension was diluted in medium to achieve 5 × 104 

cells/ml calculated by counting the cells. Then 100 μl of the diluted cell culture was 

added into each well of a 96–well plate. The plate was labelled with relevant 

information and placed in a 37℃ incubator under 5% CO2
 for 24 h. 

(3) Starvation   The nutrient medium in the incubated plate was removed and replaced 

by 100 μl serum-free medium for each well of the plate. The cultured cells were 

starved for 6~12 h in the CO2 incubator at 37°C. 

(4) Loading Peptide   After starvation, 10-5 M of novel peptide was used to screen 

whether it could inhibit cancer cell growth. If the peptide was found to strongly inhibit 

the growth of cancer cell, a dose-dependent assay was required. 

Enough novel peptide was dissolved in DMSO to achieve a concentration of 10 mM. 

Then a 10-5 M solution of novel peptide was prepared in serum-free medium. The 

former plate was removed from the incubator and all liquid in it was discarded. Then 

100 μl in 5 replicates for each concentration was added to corresponding wells. The 

medium control group was added an equal volume of serum-free medium. The vehicle 

control group was 1% DMSO which was diluted in serum-free medium. The status of 
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cancer cells in the 96-well plate was observed by a microscope. Then the plate was 

placed in a 37℃ incubator under 5% CO2 for 24 h. 

(5) Addition of MTT   Sufficient MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide] was poured into a plastic tank and 10 μl were added to 

each well under low lighting. After that, the plate with MTT was incubated at 37℃ 

incubator under 5% CO2 for 4~6 h. 

(6) Detection   A vacuum needle was used to remove all liquid from the 96-well plate. 

100 μl DMSO was added to each well line-by-line. The plate was kept in a 37℃ 

shaking incubator for 10 min to lyse cells and dissolve the formazan crystals. 

Then the visual colour of wells could be observed directly and the absorbance of 

each well was detected at 570 nm using the Synergy HT plate reader (BioTek, 

Winooski, VT, USA). The statistical results were analyzed by Student’s t-test through 

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

significance.  

  4.1.4 Smooth Muscle Assays 

Preparations for this bioassay 

Adult Wistar rats (200 - 250 g) were used in this assay and were kept in the Animal 

House of Queen’s University for 12 weeks approximately. The Kreb’s solution was 

used to create the internal environment and to protect dissected tissues. The novel 

peptide QUB-2909 was dissolved in the Kreb’s solution. Moreover, an isometric 

contractile apparatus was used for detecting, monitoring and recording responses in 

the smooth muscles, 
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(1) Kreb’s solution   The following materials MgCl2 1.712 g, KCl 1.75 g, NaHCO3 

10.5 g, NaH2PO4 0.79 g, NaCl 34.5 g, CaCl2 1.838 g and glucose 5.045 g were 

weighed into a proper container which can contain 5 L Kreb’s solution. The solution 

was prepared by using a magnetic stirrer. Before using, a gas mixture containing 95% 

O2 and 5% CO2 was vented to this solution for at least 10 min. 

(2) Dissolving and diluting peptides   The peptide (1 mg) was dissolved in the Kreb’s 

solution to make the concentration of 10-3 M. For the screening assay, the stock 

solution should be diluted to the concentration of 10-4 M. 

(3) Configurating the isometric contractile apparatus   In these pharmacological 

experiments, an isometric contractile apparatus which consists of an organ bath, a 

peristaltic pump, a control personal computer and a tension-change detection system 

was used. Prepared tissues were mounted in the 2 ml organ bath, which was perfused 

with 37℃ Kreb’ solution. A gas mixture containing 95% O2 and 5% CO2 was bubbled 

into the solution in the organ bath constantly. Tissues were placed by the force 

transducer under a proper basic tension (1.5-1 g) and this was changed after 

equilibration (20-30 min). The pressure transducer detected the changes in tissue 

tension, amplified the responses and was connected to a PowerLab System (AD 

Instruments Pty Ltd.). Digitised signals were stored and analysed after this study. 

(4) Preparation of smooth muscle-containing tissues   All rats were euthanised by 

CO2 asphyxiation followed by cervical dislocation. The animal was laid on its dorsal 

surface. Then, its fur was trimmed and the abdominal muscle was exposed. After that, 

the abdominal muscle was cut from the bottom of the mid ventral line like the letter 

‘U’. The whole bladder, ileum and intact uterus were cut carefully and divided into 

proper sizes for mounting subsequently. 
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The preparation of the rat tail artery was more complicated. This process included 

cutting the entire rat tail, opening the proximal surface skin of the tail, identifying the 

artery vascular bed and wetting it with Kreb’s solution, so that some membrane and 

connective tissues were removed. A suitable length of the rat tail artery was cut off. 

All removed tissues were maintained in ice-cold Kreb’ solution immediately before 

being mounted on the transducer. 

Functional Screening Assays 

All dissected tissues were put on the tension transducer and stretched under a basic 

tension of around 0.5 g. All tissues needed a 5~15 min equilibration after being 

washed by 37℃ Kreb’ solution at a flow of 2 ml/min for about 10 min. 

For the functional screening of the bladder, ileum and uterus, 20 μl 10-4 M peptide 

were added directly into the organ bath. While for the rat tail artery, 20 μl 10-3 M 

phenylephrine was added into the organ bath first which can induce the contraction of 

the smooth muscle. After 10~20 min, 20 μl 10-4 M peptide were added. 

The influence of these agents should be observed for at least 5 min. Then the peristaltic 

pump was opened to preparations for 15 min. The results of the peptide on different 

tissues was digitised and captured by the PowerLab system. 
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4.2 Results 

  4.2.1 Antimicrobial assays 

The novel peptide QUB-2909 from Phyllomedusa sauvagii was tested for 

antimicrobial function against the Gram-negative bacterium E. coli, the Gram-positive 

bacterium S. aureus and the yeast C. albicans. QUB-2909 was able to inhibit the 

growth of these three microorganisms slightly (Figure 4.2 and Table 4.2). The MICs 

of QUB-2909 against E. coli, S. aureus and C. albicans were all the same at 128 μM 

and the MBCs were at 512 μM.   

  

Figure 4.2: The antimicrobial activity of QUB-2909 against E. coli, S. aureus and C. 

albicans. Error bars indicate the means ± SEM. (n=5) 
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Table 4.2: The summary of the results of the antimicrobial assays.  

Microorganism MIC (μM) MBC (μM) 

E. coli 128 512 

S. aureus 128 512 

C. albicans 128 512 

 

  4.2.2 Haemolysis assay 

The haemolytic effect of this novel peptide was also tested by using horse red blood 

cells. Compared with the negative group which was carried out by using PBS, the 

novel peptide QUB-2909 showed little haemolytic activity up to the highest 

concentration of 512 μM (Figure 4.3). Thus, 128 μM QUB-2909 can inhibit the 

growth of these microorganisms without haemolytic effect on horse erythrocytes. 

 

Figure 4.3: Haemolysis assay of the novel peptide QUB-2909 on horse red blood cells. 

Error bars indicate the means ± SEM. (n=5) 
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  4.2.3 Anti-cancer cell assays 

The screening results of the novel peptide QUB-2909 (10-5M) are shown below 

(Figure 4.4). After being treated with QUB-2909, the cell lines PC-3, NCI-H157, 

MDA-MB-435S and U251MG exhibited viabilities of 84.87%, 136.61%, 137.80% 

and 100.46%, respectively. These results indicated that the peptide QUB-2909 did not 

have the ability to prevent the growth of these human cancer cell lines. 

 

Figure 4.4: Cell viability of different cancer cells treated with 10-5M QUB-2909 in 

MTT screening assay. Error bars indicate the means ± SEM. (n=3) (* student t-test of 

each individual concentration contrast with blank control group, ns p ≥ 0.05, ** p ≤ 

0.01) 

  4.2.4 Smooth muscle assays 

According to the smooth muscle assays, the novel peptide QUB-2909 (10-4M) did not 

show the ability to induce the contraction or relaxation of the smooth muscle. These 
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assays were performed on the ileum, uterus, bladder and artery of the rats. The results 

can be seen in Figure 4.5. Compared with the tissue tension in the equilibration time, 

the novel peptide showed no effect on the smooth muscle in the rat ileum, uterus and 

bladder. In the rat artery, the phenylephrine increased the contraction of the smooth 

muscle, while QUB-2909 did not change the tissue tension. 

 

                              (a)                                                            (b)  

                              (c)                                                            (d) 

Figure 4.5: (a) the tension of the smooth muscle in the ileum; (b) the tension of the 

smooth muscle in the uterus; (c) the tension of the smooth muscle in the bladder; (d) 

the tension of the smooth muscle in the tail artery. 
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  Chapter 5 

    Discussion 
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5.1 The structure of the novel peptide QUB-2909 

In recent years, many precursors of AMPs which share special characteristics have 

been identified in frog skin (Amiche et al., 1999). The N-terminal sequence which 

contains about 50 amino acid residues of the precursor is highly conserved whether 

inter- or intra-species while the C-terminal sequence related to AMPs is obviously 

different.  The conserved domain is formed by a signal peptide including 22 residues 

and an acidic sequence with Lys-Arg as the termination.  Moreover, the 5’- 

untranslated regions in the mRNA are highly similar while the 3’-untranslated regions 

are not similar. The conserved 5’-regions are useful for the amplification of the cDNA 

of novel peptides (Wechselberger, 1998). This finding can be used to design the 

certain primer which is crucial for the discovery of a novel peptide. During this 

research, the novel peptide QUB-2909 

(ALWKNMLKGIGKLAGQAALGAVKTLVGAE) was found successfully by using 

a designed primer in the molecular cloning assay.  

The ORF contains two exon coding structures. The first domain includes the signal 

peptide which is conserved and the following three glutamic amino acid residues. The 

remaining conserved acidic sequence, the processing signal Lys-Arg along with the 

progenitor sequence are identified as the second exon coding structure (Vouille et al., 

1997). Between these two exons, there is a small intron showing high conservation of 

sequence among the dermaseptin genes, which indicates that, to make sure the 

conservation of the whole sequence, the expansion of the gene family or the 

conversion events of specific genes may have happened in the past (Amiche et al., 

1999). The BLAST search of the sequence of the precursor cDNA ORF shows the 

apparent similarity among preproregions of precursors discovered from distantly 

related frog species, although they produce different end products. During evolution, 
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the genes form a conserved ‘secretory cassette’ exon followed by exon(s) which can 

encode various end products showing completely different sequences and biological 

functions (Fleury et al., 1998). This result indicates that the related genes evolved from 

the same ancestor (Vouille et al., 1997). The duplication and recombination events 

possibly happened during the evolution in various amphibian species (Fleury et al., 

1998). 

The NCBI BLAST search indicated that the novel peptide QUB-2909 is highly similar 

to dermaseptin. Peptides belonging to the dermaseptin superfamily are firstly 

produced by the cells in the granular glands, containing the signal peptide. After the 

signal peptide is removed, they are stored in the glands. The peptides can be released 

to the skin surface after stimulation. The process which is called holocrine secretion 

includes two steps, breakage of the plasma membrane and exocytosis of the granules. 

Each precursor is produced by the transcription of a single genetic locus which can 

encode a mature peptide. This is the method that the vertebrates used to form 

neuropeptide families (Nicolas and El Amri, 2009). 

Dermaseptins are usually released by frogs which belong to the Phyllomedusa genus. 

The dermaseptins share some structural features (Silva et al., 2008). Dermaseptins are 

linear peptides formed by 28-34 amino acid residues with a tryptophan residue in 

position 3. The presence of the large number of lysine residues can make them carry 

positive charges and form an alternating hydrophilic and hydrophobic sequence 

(Charpentier et al., 1998, Silva et al., 2008). Moreover, they are amphipathic 

molecules and can form α-helices in polar solvents which can interact with lipid 

bilayers of target microorganisms to lethal cell permeation (Auvynet et al., 2009, Zairi 

et al., 2005). To membrane permeating peptides, an amphipathic α-helix structure is 

considered as a significant characteristic. The ideal helices show hydrophobic residues 
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on one side of the helix while charges or polar residues on the opposite side (Lequin 

et al., 2003). 

Helical conformation is important for the biological functions of many antimicrobial 

peptides including dermaseptins, because it can make the amphipathic organisation 

stable (Rotem et al., 2006). A α-helical wheel shows that dermaseptins can shape into 

amphipathic helical structures with most of the polar and basic residues aligning on 

one face of the helical cylinder and the lipophilic side chains on the remaining surface. 

The results of research show that, at membrane interfaces, the formation of helical 

structures is related to the antimicrobial and cytolytic activities of these AMPs 

(Charpentier et al., 1998). 

The online I-TASSER server was used to predict the secondary structure of the novel 

peptide QUB-2909. The novel peptide shows a propensity to form α-helices from the 

2nd to the 26th amino acid residues. The helical wheel model of the novel peptide made 

by the online Heliquest server describes a helical structure with polar residues on one 

surface and the hydrophobic residues on the opposite surface. Nowadays, amphipathic 

helices are of great importance, because they are considered to play a leading role in 

the interaction between cationic peptides and the outer leaflet of bacterial bilayers with 

negative charges. Usually, the hydrophobic residues can bind with the cell membrane, 

and the polar side includes several non-polar amino acids can improve the 

hydrophobicity to help the peptide interact with bacterial cells. After binding to each 

other, the peptide can be permitted to inset into the membrane interior with the help 

of the hydrophobic structure of the amphipathic peptide. Then, the fusion of the 

membrane leaflets, formation of pore and disruption of membrane happen. Instead of 

working on the membrane receptors, AMPs with positive charges are able to 

accumulate and accommodate many mutations without losing efficacy by forming an 
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amphipathic α-helix (Lequin et al., 2006). Moreover, on the helical wheel, a sequential 

domain of five hydrophobic amino acid residues can result in a good antimicrobial 

function with less haemolysis (Auvynet et al., 2009). Thus, the secondary structure 

suggests that the novel peptide QUB-2909 is likely to have an antimicrobial activity. 

 

 

5.2 The biological functions of the novel peptide QUB-2909 

Being a dermaseptin, the novel peptide should show an antimicrobial activity against 

many kinds of microorganisms, like both Gram-negative and Gram-positive bacteria, 

yeasts, fungi as well as protozoa (Lequin et al., 2003). Cationic peptides like 

dermaseptins usually break cell membranes of microorganisms by interacting with 

phospholipids. Dermaseptins disrupt the membrane bilayer by forming a barrel-stave 

pore (Leite et al., 2008). On the cell membrane, after reaching a threshold 

concentration, peptides are able to contribute to the fragmentation of the pathogen 

membrane (carpet-like model) finally (Leite et al., 2008). Moreover, the  domain of 

these peptides is really important for their membrane effects (Savoia et al., 2008). 

Thus, dermaseptins are considered to protect the naked skin of frogs from the invasion 

of microorganisms (Ammar et al., 1998). 

The results of antimicrobial assays showed that the novel peptide QUB-2909 can 

inhibit the growth of the Gram-negative bacterium E. coli, the Gram-positive 

bacterium S. aureus and the yeast C. albicans slightly. The MIC for each 

microorganism is 128 μM. Although the novel peptide has a similar antimicrobial 

activity to dermaseptins, the potency in killing microorganisms is different and can be 
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affected by many factors. The main factors are the physicochemical properties of the 

peptide like charge and hydrophobicity. In spite of the differences in primary and 

secondary structures, all AMPs have a net positive charge. They can form good 

amphipathic structures. Moreover, they also show strong lipophilic properties and the 

ability to kill many types of microorganisms (Kustanovich et al., 2002). The 

concentration is another factor to influence the antimicrobial activity of these peptides. 

The peptides do not show strong antimicrobial activities until reaching a threshold 

concentration, which means the active peptide becomes an oligomer (Shai, 1999). As 

these peptides can dissipate ion conductance across lipid bilayers and the electric 

potential across energy-transducing membranes, some of them are considered to have 

the ability to form ion channels or pores (Kustanovich et al., 2002). The potency is 

also likely to be associated with the ability of the AMPs to access the cell membrane. 

For example, compared with the completely ‘naked’ membrane of protozoan cells, it 

can be more difficult for peptides to access a microbial membrane covered with a cell 

wall. This is why some potent antiprotozoal peptides show weak antimicrobial 

function (Feder et al., 2000). The insertion of the hydrophobic section of the peptide 

helix into the cell membrane is associated with the secondary structure. The depth of 

the hydrophobic face can affect the significant interaction and perturbation of lipid 

bilayers (Zelezetsky and Tossi, 2006). Peptides with a polar helical face may be able 

to insert into cell membranes sufficiently, and kill microorganisms finally (Galanth et 

al., 2009). In addition, there are some studies which show that amidation can increase 

antimicrobial activity. The reason may be that this modification can increase total 

positive charges of the peptide and reduce the possibility of being degraded by 

carboxypeptidases (Shalev et al., 2002). 
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Although dermaseprins have the ability to inhibit the growth of microorganisms, the 

irrelevant haemolytic activities of these peptides to mammalian cells have been 

discovered in vitro (Helmerhorst et al., 1999). The mechanism is likely that peptides 

disturb the osmotic balance of cells by binding to the acidic components and destroy 

cell membranes by forming unstable transient pores (Shai, 2002). The haemolytic 

effect of the novel peptide QUB-2909 was tested on horse red blood cells. The results 

show that the haemolytic activity of the novel peptide QUB-2909 is weak up to the 

highest concentration of 512 μM.  

Moreover, the results of the screening assays show that the novel peptide QUB-2909 

does not have the ability to against cancer cells and induce the contraction or 

relaxation of the smooth muscle. 

Apart from the antimicrobial activity, most peptides from the dermaseptin superfamily 

have been considered to have additional biological activities which may be related to 

the clearance of pathogens. For example, adenoregulin, being part of the dermaseptin 

B2 family, was considered to have the ability to help agonists bind to receptors and 

promote the binding potency of many GPCR agonists (Auvynet et al., 2009). Other 

members like frog skin insulintropic peptide (FSIP), can stimulate the release of 

insulin, dermaseptin S1 can induce polymorphonuclear (PMN) leukocytes to show 

microbicidal activity (Auvynet et al., 2009) and dermaseptin S9 is chemotactic for 

PMN leukocytes (Auvynet et al., 2008). 

Thus, the results of biological assays indicate that further study should focus on the 

modification of the novel peptide to improve its antimicrobial activity. Moreover, 

other experiments should be done to test whether the novel peptide has other 

biological functions. 
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5.3 Future work 

Although many AMPs are undergoing laboratory testing now, few have reached 

clinical trials until now due to a number of problems associated with their utility. First 

of all, the available data on the in vivo/in vitro toxicities of the AMPs is insufficient 

(Zairi et al., 2009).  For future use of these peptides, the first step in a clinical trial is 

to check their toxicity towards mammalian cells (Leite et al., 2008). It is known to all 

that AMPs lack adequate specificity, so that they can work on many kinds of cell types 

including bacteria, viruses, cancer cells and so on. The systemic use of AMPs is 

limited by their relative toxicity to red blood cells (Zairi et al., 2009). Thus, increasing 

the selective activities of AMPs against specific target cells is the major challenge in 

research (Rotem et al., 2006). Secondly, the details about the stability of the 

peptide/peptide formulations should be studied more. AMPs are sensitive to changes 

of pH, proteases and plasma components. Their activity can be reduced by divalent 

cations and salts (Rotem and Mor, 2009). Moreover, their relatively high cost due to 

the fact that AMPs are produced by chemical synthesis is an important issue as well. 

According to the mechanisms like forming pores and destabilising membranes, large 

amounts of AMPs are needed for each bacterial cell. So high concentrations of AMPs 

are required which can result in high costs and unknown effects on patients (Haney et 

al., 2009).  

To solve these drawbacks, several alternative strategies are needed to be developed as 

soon as possible. A lot of research has shown that the antimicrobial activity of peptides 

is related to a balance between many factors. These include length, size, net charge, 

hydrophobicity, amphipathicity, propensity of secondary structure, depth of the 

helical polar/apolar sectors and resistance to degradation. After modifying the 

parameter, one peptide can be changed into another one (Conlon et al., 2007, 
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Zelezetsky and Tossi, 2006). Some researchers tried to improve the activity of AMPs 

by changing structures as they considered the secondary structure to have an important 

role. The dermaseptin family has been used as model antimicrobial peptides to study 

the relationship between structures and antimicrobial activities. Finally, the results 

show that more helical content indeed can improve the antimicrobial function, while 

it also can make peptides less selective to target cells (Rotem and Mor, 2009). Then, 

the studies were focused on finding other alternatives like short (truncated) analogs of 

dermaseptins with improved selectivity. Unfortunately, this method was still 

disappointing because removing flexible peptide regions resulted in the improvement 

of selectivity but with reduced hydrophobicity caused by short α-helical derivatives 

(Kustanovich et al., 2002). From the synthetic point of view, a convenient way is to 

produce N-terminus acylations that can modulate the loss of hydrophobicity which is 

highly related to the amphipathic organisation and functions of AMPs. So that, 

acylated short derivatives show high selectivity by keeping α-helical structures 

(Radzishevsky et al., 2005, Shalev et al., 2006). In other words, lengthy N-terminal 

sequences can be replaced by N-terminal acyl groups which can maintain helical 

conformation and narrow the spectrum of antimicrobial activity. These studies show 

that acyl moieties can take the place of extensive sequences which can bring some 

advantages in terms of improving selectivity especially (Rotem and Mor, 2009), 

because amidation of AMPs can increase positive charges, induce formation of helices 

at the C-terminus and make helical structures stable (Shalev et al., 2002). 

The cytotoxicity of the AMPs is influenced by size, amphipathy and distribution of 

positive charges. Moreover, peptide organisation in solution is considered as another 

factor by analysing the aggregation state of the AMPs in antimicrobial and haemolytic 

assays. The aggregation profile of AMPs is highly related to their activities. Compared 
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with less aggregated peptides, well aggregated AMPs inhibit the growth of Gram-

negative organisms weakly. Due to believing peptide aggregation influences the 

cytotoxicity in solution, it timely to design potent and selective AMPs. In solution, 

aggregation of these peptides is caused by hydrophobic interactions at the N-terminal 

sequences. Peptides with less hydrophobic N terminals show reduced haemolytic 

activity while those with highly hydrophobic N terminals are haemolytic. Thus, the 

hydrophobicity is the significant parameter for selectivity (Feder et al., 2000). 

In research of AMPs, the concept of synergy between AMPs and conventional 

antibiotics is appearing. Research of synergy among AMPs is important as it can 

reduce the concentrations of AMPs needed for antimicrobial activity, which would 

cut down costs of production and lower host toxicity. Different AMPs may have 

special activities working on different bacterial species, so using large amounts of 

AMPs can inhibit the growth of many kinds of pathogens completely. Besides, if 

AMPs have the ability to kill bacteria and pathogens synergistically at a low 

concentration, there is no need to produce large quantities biosynthetically. Synergy 

between AMPs was first studied using the dermaseptin family. Five dermaseptins 

showing similar antifungal activities and markedly different antibacterial and 

haemolytic activities were used. Finally, the results show that, compared with the sum 

of the individual dermaseptins, the combined actions were better (Haney et al., 2009). 

The strategies mentioned above can be used to improve the potency and selectivity of 

the novel peptide QUB-2909. Further study should focus on tailoring the peptide to 

specifically adapt to target cells and reduce undesirable toxicity. 
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