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Abstract 

As a result of decades of research on frog skin secretions, a great number of 

bioactive frog skin peptides have been isolated and structurally characterised. These 

bioactive frog skin peptides, which play a crucial role in protecting frogs from 

pathogenic microbes’ invasion and natural predators’ attack, are thought to be highly 

potential of being or providing lead compounds in the future drug development. 

Those frog skin antimicrobial peptides with potent activities against a broad range of 

microorganisms are of highest potential, due to the emergence of the multiple drug 

resistance issue of conventional antibiotics. 

In this research, a novel bioactive peptide, named QUB-1925, was identified and 

structurally-characterised from the lyophilised skin secretion of the frog, 

Phyllomedusa coelestis. The ‘shotgun’ cloning strategy was applied to obtain the 

peptide precursor sequence. According to the mature peptide sequence, a synthetic 

replicate of QUB-1925 was obtained using the solid-phase peptide synthesis (SPPS) 

method. Then the synthetic replicate of QUB-1925 was subjected to bioactivity and 

toxicity tests. Finally, QUB-1925 was found to have no potent antimicrobial activity 

against tested microorganisms but to have haemolytic activity at high concentrations. 

Thus, QUB-1925 was structurally modified to create an analogue named QUB-2067. 

This modified peptide QUB-2067 displayed potent activities against all tested 

microorganisms, namely S. aureus (MIC = 64 μM; MBC = 128 μM), E. coli (MIC = 

32 μM; MBC = 64 μM) and C. albicans (MIC = 16 μM; MBC = 16 μM) and the 

haemolytic activity of QUB-2067 was weaker than that of QUB-1925. 
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The novel peptide QUB-1925 and the modified peptide QUB-2067 studied in this 

thesis added to the information known about Phyllomedusa coelestis frog skin 

secretion and provided evidence that rational modification of peptide can enhance 

antimicrobial activity.
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Chapter 1. Introduction 

1.1 General introduction to frog skin 

 As one of the most important groups of amphibians, frogs have adapted to live in a 

large range of habitats, from arid deserts to deep freshwater lakes which are 

microorganism-rich environments. They typically have coexisted with a large 

diversity of different microorganisms such as bacteria, fungi, and protozoa for 

millions of years without causing harm to themselves. What’s more, they have 

developed an ability to exploit a wide range of habitats and living conditions. The 

frog skin is the first line of defence, and it is thin, flexible, and its highly vascular 

integument plays a key role in their survival (Clarke, 1997; Conceicao et al., 2006). 

Histologically, epidermis and dermis are the two main layers in the skin of frogs. The 

constituents of these two layers are slightly different depending on the species. 

Firstly, the epidermis layer is normally 6–8 mm thick, with two main different forms, 

either a mucous stratified squamous epithelium (non-keratinised) or stratified 

squamous epithelium (keratinised). Another layer, the dermis, contains many 

different and useful structures such as melanin pigment cells, glands, and collagen 

fibres (Moreno-Gomez et al., 2014).  Among these structures, the glands are of the 

greatest significance.  There are generally two types of glands in the dermis layer, 

mucous glands and poison (granular) glands. In Figure 1.1, a vertical section of the 

frog skin is illustrated. The mucous gland is normally responsible for producing 

mucus, while the poison (granular) glands are able to secrete various substances such 

as proteins, peptides, and steroids. These substances have diverse biological activities 

and are crucial for allowing the skin to have potent activity against predators. 
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All the skin secretions produced by different glands are released onto the surface of 

the skin by a mechanism called holocrine, and this is caused by the contraction of 

myocytes which are distributed around the glands (Marenah et al., 2006). 

 

 

 

 

 

 

 

 

         

   

Figure 1.1 Vertical section of the frog skin 

(Available at: http://zoologybk.com/exocrine.php, accessed on 5th March 2017) 

 
 

1.1.1 Normal functions of frog skin 

The frog skin is a complex tissue in morphological, biochemical and physiological 

aspects, and it has essential functions required for survival. Among these functions, 

four of them are crucial and well-known, and they are respiration, thermoregulation, 

water regulation, and defensive systems (Alves and Rosa, 2005).  

1.1.2 Important characteristics of frog skin 

The frog skin performance of normal functions heavily depends on three different 

characteristics: firstly, the diverse colour and pattern of the skin; secondly, the semi-

Epidermis 

Dermis 

mucous 

proteins 

peptides 

steroids  
alkaloids 

http://zoologybk.com/exocrine.php
https://en.wikipedia.org/wiki/Semi-permeable
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permeable characteristics of the skin; thirdly, the skin secretions produced by the 

skin glands. What’s more, each of these characteristics has multiple functions. 

1.1.2.1 The colour and pattern of frog skin 

Frogs are able to change their colour and pattern due to the melanin pigment cells in 

the dermis layer. They have a huge range of diverse colours and patterns since their 

colour and pattern can be hugely diverse depending on species.  

In general, the bright colour always tends to be a warning to predators that the frog is 

poisonous. This is an adaptive strategy known as aposematism. Camouflage is 

another well-known strategy utilised by frogs. The skin has a similar colour and 

pattern to the surrounding environment, which helps the frog to merge into its 

surroundings, thus allowing them to remain undetected by potential predators (Figure 

1.2). Aposematism and camouflage strategies allow the frog to have an effective 

first-line defensive system. 

 

Figure 1.2 Pouched frog (Assa darlingtoni) camouflaged against leaf litter 

(Available at: 

http://int.search.myway.com/search/AJimage.jhtml?&n=78392869&p2=%5ECAM%

https://en.wikipedia.org/wiki/Semi-permeable
https://en.wikipedia.org/wiki/Aposematism
https://en.wikipedia.org/wiki/Aposematism
https://en.wikipedia.org/wiki/Pouched_frog
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5Exdm107%5ETTAB02%5Egb&pg=AJimage&pn=1&ptb=A34FE16A-61EB-4118-

A9DE 

88630C12801C&qs=&searchfor=The+pouched+frog+%28Assa+darlingtoni%29+im

age&si=3250167724&ss=sub&st=tab&tpr=hpsb&trs=wtt&imgs=1p&filter=on&img

Detail=true, accessed on 10th March 2017) 

The skin colour of some toxic frog species, for instance, frogs in the family 

Dendrobatidae, is a combination of bright red, orange, or yellow with contrasting 

black markings (Figure 1.3). This allows them to exhibit their lethal toxicity via their 

skin colour to warn off natural predators. Other species, such as the European fire-

bellied toad (Bombina bombina), scare away predators by displaying the warning 

colour underneath their bellies when being preyed upon (Zhou et al., 2006). 

Interestingly, some nontoxic frog species, such as the Allobates zaparo frogs can also 

carry out this aposematism strategy by simulating the appearance of other toxic 

species to warn off predators.    

 

Figure 1.3 Dendrobates tinctorius (top) and Dendrobates leucomelas (bottom) 

https://en.wikipedia.org/wiki/Aposematism
https://en.wikipedia.org/wiki/European_Fire-bellied_Toad
https://en.wikipedia.org/wiki/European_Fire-bellied_Toad
https://en.wikipedia.org/wiki/Allobates_zaparo
https://en.wikipedia.org/wiki/Aposematism
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(Available at: https://en.wikipedia.org/wiki/Poison_dart_frog#/media/File:Blue 

poison.dart.frog.and.Yellowbanded.dart.frog.arp.jpg, accessed on 5th March 2017) 

Except for warning off predators, frog skin can also perform thermoregulation and 

water regulation functions by changing skin colour to adjust the rate of heat 

absorption under certain circumstances. For instance, if the weather is hot and dry, 

they will change their skin original colour to darker or lighter colour. The grey foam-

nest tree frog (Chiromantis xerampelina) uses such a tunic to avoid overheating and 

dehydration.  

1.1.2.2 The semi-permeable characteristic of frog skin 

Frog skin is protective and semi-permeable. This means that it can absorb water, 

therefore helping to control frog body temperature. Water can get in and out directly 

through the skin at the same time. This enables them to deal with dry living 

conditions and live in various types of habitats. 

There is a special area on the frog belly called the “seat pouch” which is for water 

absorption. When in a dry environment, they keep their body surface moist by 

absorbing water through capillary action from surrounding moist surfaces.  Certain 

frogs can even keep themselves in water by retaining their skin as a cocoon. 

1.1.2.3 Skin secretions  

There are two main types of glands in the frog skin, mucous glands and poison 

(granular) glands. As illustrated in Figure 1.1, these two glands are normally located 

all over the body and the secretions exuded by them are sticky.  These sticky 

secretions have multiple functions. Firstly, they help frogs to prevent skin desiccation 

by keeping the skin moist and reducing evaporation. Secondly, they stop moulds and 

https://en.wikipedia.org/wiki/Poison_dart_frog#/media/File:Blue poison.dart.frog.and.Yellow
https://en.wikipedia.org/wiki/Poison_dart_frog#/media/File:Blue poison.dart.frog.and.Yellow
https://en.wikipedia.org/wiki/Grey_Foam-nest_Treefrog
https://en.wikipedia.org/wiki/Grey_Foam-nest_Treefrog
https://en.wikipedia.org/wiki/Semi-permeable
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bacteria from entering the skin thus avoiding infections.  Thirdly, they make frogs 

slippery so that frogs can easily escape from the attack of predators. 

In addition, the poison glands either scattered throughout the skin or concentrated in 

specific areas, secrete a large range of distasteful poisons which helps the frog to 

repel predators. If the toxins become effective immediately, the predator will stop 

attacking, which allows the frog to escape. If the poisons do not come into effect 

immediately but instead after a certain period of time, the predator will be aware of 

danger and try to avoid encountering that species in the future.  

1.1.3 Traditional medical use of the frog skin-associated products 

In traditional medicine history, plants have always been the principal raw material 

while only a few animal-derived materials have been used for medicinal purposes. 

These animal-derived materials are usually skin, horn or secretions (Zhou et al., 2006; 

Bevins and Zasloff, 1990). Frogs and their skin secretions have also been widely 

used in different countries in the past.  

China, for instance, is a country in which frog-associated traditional medicines have 

long been used. An example is “lin wa pi”, the dried skin of the Heilongjiang brown 

frog, which has a long history of being employed as a general tonic and effective 

dressing to treat local tissue injury. Many diseases, such as depression, stroke and 

imbalance of inner functions, even dog bites are traditionally treated with the skin 

secretions of frogs or toads by Chinese healers (Bevins and Zasloff, 1990; Ganz and 

Lehrer, 1998; Sai et al., 1995). 

Frog skin is also used in some other countries such as India where it has been 

traditionally used to heal wounds (Bick et al., 2002). The toad venom, which is 
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known as chan’su in the Orient, has long been especially used as a cardiac stimulant 

in the border regions between Brazil and Peru (Daly et al., 1992). The dried skin of 

the hylid frog (Phyllomedusa bicolor), is believed to have sensory stimulating 

properties and is applied in a “hunting magic” ritual in some South American areas 

as well (Costa-Neto, 1999). 

Moreover, in Vietnam, during the Vietnam War which happened in the 1960s, 

surgeons shifted their interest to traditional Vietnamese remedies, looking for a new 

treatment for burns as there was not enough medical supplies to deal with napalm 

burns caused by the war. They carried out a comparative trial. Two groups of Wistar 

rats both with experimental wounds were treated differently, and one group was 

covered with the frog skin of the genus Rana, whilst another group was covered with 

cotton gauze. The results demonstrated that the rats in the former group healed much 

faster than those in the latter group (Costa-Neto, 1999; Sai et al., 1995). This 

comparative trial confirmed that the frog skin of the genus Rana was an effective 

treatment for burns. 

Human beings have relied mostly upon traditional and ethnic medicines in history, 

when the newly emerged mainstream drugs were not available (aspirin, quinine, 

artemisinin) (Cheng, 2000; Gray, 1996; Normile, 2003; Zhu and Lin, 2002). As a 

consequence of the limitations of the contemporary scientific methods, a majority of 

natural medicines remain unstudied. Therefore, there is a great need to focus more 

interest in the study of traditional and ethnic medicines (Cheng, 2000; Lazarus and 

Attila, 1993; Lazarus et al., 1999; Conceicao et al., 2006). 
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1.2. A new class of products derived from frog skin secretions -peptides 

In order to survive in microorganism-rich environments and in the presence of 

ubiquitous predators, frogs synthesise and exude numerous biologically active 

compounds from their defensive skin glands (Doyle et al., 2002; Seon et al., 2000). 

Among these biologically active compounds, a new class of small molecules (2000-

3000 Da) which are naturally synthesised polypeptides 20-30 amino acids in length, 

have been the subject of intense research due to their broad-spectrum of biological 

activities. 

Over the last few decades, this class of small molecules which are also called frog 

skin active peptides (FSAPs), has received a great amount of interest from both 

academic and pharmaceutical groups. Moreover, the number of isolated and studied 

FSAPs is consistently growing at the moment. 

After years of scientific research, FSAPs have been proven to play an important role 

in protecting the naked frog skin from the invasions by various hostile 

microorganisms and also in wound repair (Zasloff, 2002). They are also believed to 

be potential candidates as lead components in future drug development. 

To summarise, the biochemical studies to date have revealed that FSAPs are the most 

abundant and structurally diverse class of molecules in frog defensive skin secretions 

(Lazarus and Attila, 1993). Therefore, they are a treasure chest as they possess 

various kinds of natural biologically active substances which are high in efficiency 

but low in toxicity (Clarke, 1997; Costa-Neto, 1999; Lazarus and Attila, 1993; 

Lazarus et al., 1999; Doyle et al., 2002). 



 
 

9 

1.2.1 History of peptides extracted from frog skin secretions 

The presence of bioactive peptides in frog skin secretions was not revealed until five 

decades ago when Vittorio Erspamer and H. Michl published three seminal papers in 

1962. Just after the first frog skin bioactive peptide was isolated, the significant 

biological activity of FSAPs became of great interest to researchers.  

In the 1980s, after the magainins from Xenopus laevis were isolated by Michael 

Zasloff (Zasloff, 1987), scientists began to study FSAPs from different species in 

detail. Then, ten years later, in the 1990s, systematic research on FSAPs was started.  

 In general, antimicrobial activity appears to be the most important feature of FSAPs. 

Together with some other advantages, FSAPs are often spoken of as “natural 

antibiotics” (Gilev and Bontchev, 2009). Moreover, FSAPs are now the most 

numerous and the best studied class of peptide antibiotics.  

 So far, a large number (more than 200) of the isolated FSAPs have been identified 

and characterised after biochemical analysis. It is therefore no surprise that Erspamer 

et al described them as “huge storehouses of bioactive peptides” (Erspamer et al., 

1986).  

As a large number of FSAPs have emerged, scientists have been trying to classify 

them into different categories. However, because of the disparate structures between 

different frog skin active peptides and the incomplete knowledge of their 

mechanisms of action, the precise classification of the various FSAPs has been a 

difficult task. Although, FSAPs which have been identified so far can still be 

categorised into different peptide families based on limited structural similarities. 

Eleven well-studied AMP families have been listed, and they are Brevinins, 
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Esculentins, Ranalexins, Temporins, Rugosins, Ranatuerins, Palustrins, Nigrocins, 

Japonicins, Ranacyclins, and Pipinins (Gilev and Bontchev, 2009). 

1.2.2 History of peptides isolated from Phyllomedusa frogs  

There are 59 species within the Phyllomedusinae subfamily, but only 16 of them 

have been studied so far (Almaaytah et al., 2012). Phyllomedusa is the best known 

genus within this subfamily and contains 30 species. However, only a few of these 

have been studied in detail as well. 

The first peptide, a bradykinyl-isoleucyltyrosine O-sulphate, from this genus was 

isolated from Phyllomedusa rohdei and published by Anastasi in 1966 (1966). Three 

years later, in 1969, phyllocaerulein from Phyllomedusa sauvagii was discovered and 

it was a caerulein-like nonapeptide isolated by Erspamer’s research group (Calderon 

et al., 2011). 

 In another Erspamer paper, more than 200 South American amphibian species were 

studied, including frogs of the Phyllomedusinae subfamily. They found that the 

Phyllomedusinae family occupied a special position, as the FSAPs obtained from 

them were the most abundant and structurally diverse. Moreover, the number of 

FSAPs from this subfamily is destined to increase as there still remain a large 

number of other peptide molecules to be isolated and identified (Erspamer et al., 

1986). 

1.2.3 Different types of peptides isolated from frog skin secretions 

Frog skin contains an extraordinarily rich collection of bioactive peptides. According 

to their different biological activities, all these bioactive peptides that are expelled 

from frog skin can be classified into different categories, including neuropeptide 
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analogues, antimicrobial peptides, anticancer peptides, antifungal peptides, anti-

protozoan peptides etc. The three most studied types of peptides are antimicrobial 

peptides, anticancer peptides and antifungal peptides (Yeung et al., 2011; Conlon et 

al., 2014). 

1.2.3.1 Antimicrobial peptides (AMPs)            

For years, the antibiotic-resistance problem has been risking public health all over 

the world. Thus, AMPs obtained from various organisms, which show potent 

activities against a broad range of microorganisms at low micromolar concentrations, 

have received a great amount of interest.  

There is a general agreement that AMPs are among the candidates with highest 

potential for the development of new antibiotics due to their unique characteristics. 

Firstly, they can rapidly destroy the microbial membranes. Secondly, they have a 

broad-spectrum activity against various pathogens and even against resistant strains. 

Thirdly, they are unlikely to evoke drug-resistance due to their complex mechanism 

of action.   

AMPs are generally small, typically comprising of 10 to 50 amino acids. They 

usually differ in length, sequence, and structure, but there are two properties that they 

all share in common which are cationicity and amphipathicity (Giuliani et al., 2007). 

1.2.3.1.1 The classification of AMPs 

On the basis of the limited sequence similarities of individual peptides, amphibian 

AMPs have been classified into different families which include the Brevinins, 

Esculentins, Temporins, Dermaseptins, Phylloseptins and Bombinins. Furthermore, 
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the large number of various molecular structures makes it possible to divide 

individual peptides into structural-related families, most of which are taxon-specific. 

For example, in the genus Rana, Brevinins, Esculentins and Temporins are found, 

while Dermaseptins and Phylloseptins are found in Phyllomedusinae leaf frogs and 

Bombinins in Bombinid toads (Conlon et al., 2004; Simmaco et al., 2009; Calderon 

et al., 2011).  

1.2.3.1.2 The mechanism of AMPs 

Unlike the clear mechanism of anti-bacterial action of conventional antibiotics, the 

precise mode of action of AMPs remains unclear with only a few hypotheses 

postulated. Those assumed mechanisms are slightly different from one another, but 

they all share one thing in common, and that is the target of anti-bacterial action. 

Instead of disrupting the intracellular and cellular processes such as DNA replication, 

protein or cell wall synthesis, the AMPs specifically target the cell membrane. It is 

believed they disrupt the phospholipid composition of the membrane lipid bilayer. 

The AMPs thus disrupt the membrane of bacteria, which inhibits cell growth or 

causes cell death (Fernandez et al., 2009). This mechanism of action of AMPs makes 

it unlikely that bacteria will develop resistance to them, therefore making them 

potential excellent candidates for novel antimicrobial therapies.  

1.2.3.1.3 The future of AMPs 

Since conventional antibiotics were first employed in treating infections, antibiotic 

resistance has been reported in strains of pathogenic microorganisms. Antibiotic 

resistance seriously threatens public health all over the world. In order to deal with 

antibiotic resistance developed by pathogenic microorganisms, scientists have been 
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making great efforts to look for alternatives to conventional antibiotics from both 

chemical and natural product libraries.  

The outcome of numerous studies over the last four decades is the discovery of 

AMPs produced by frogs, which are potential novel antibiotics. Due to their special 

mode of action, AMPs are highly active against a vast range of microorganisms. 

Meanwhile, they are unlikely to develop drug resistance compared to conventional 

antibiotics (Epand and Vogel, 1999; Hancock, 2001). 

Based on the fact that there is evidence showing that AMPs can greatly inhibit the 

growth of bacteria (Chen et al., 2016a), further movements such as using AMPs in 

clinical practice have been addressed by scientific workers. However, the clinical 

development of therapeutics based on AMPs has been hindered due to their toxicity 

to healthy host cells which has been problematic requiring further solutions through 

research (Capparelli et al., 2012; Hilpert et al., 2008). 

Even though AMPs sometimes show toxicity to healthy host cells, there is still a 

possibility to find effective AMPs which have no or less toxicity to healthy host cells, 

this is due to two key facts.  

Firstly, frog secretions are a huge source of AMPs, the AMPs obtained from frogs 

that belong to different or even the same species, can be hugely diverse in size, 

sequence, or mode of action.  

Secondly, the biological activities of AMPs can be improved by modifying their 

sequences. Several or even one amino acid difference in a sequence can result in 

different sizes, net charges and hydrophobicity, thus the bioactivities of AMPs can be 

artificially modified. For instance, Esculentin-2b and Brevinin-2Tb are two AMPs 
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isolated from the European edible frog, Pelophylax kl esculentus. In esculentins, a 

few amino acids in the sequences were both artificially changed, resulting in two 

similar novel peptides, Esculentin-2c and Brevinin-2Tbe. These two modified 

peptides displayed a higher potency compared to the originals (Pal et al., 2006; Chen 

et al., 2016a). Therefore, AMPs are still potential candidates for new drug 

development and worthy of further investigation. 

1.2.3.2 Anticancer peptides 

A significant body of research has come to the conclusion that AMPs are also 

promising candidates as anticancer peptides (ACPs) based on the fact that they show 

cytotoxicity not only against various kinds of bacteria, fungi, enveloped viruses and 

protozoa, but also against many types of human cancer cells (Pal et al., 2006; Chen et 

al., 2016a; Gatti and Zunino, 2005; Arpornsuwan et al., 2014; Neuburger and 

Maschmeyer, 2006).  

1.2.3.2.1 The mechanism of ACPs 

As with the AMPs, the precise mode of action of ACPs remains unknown, with only 

a few proposed mechanisms for their anticancer activity. One convincing proposed 

mechanism is that the net negative charge present on the cell surface of the cancer 

cell membrane can electrostatically interact with the positively charged amino acids 

of AMPs, hence these can insert into the cell membrane. Consequently, the cancer 

cell membrane is disrupted and potentially destroyed (Pal et al., 2006; Chen et al., 

2016a; Riedl et al., 2011; Wang et al., 2012). 

On the contrary, the normal human cell membrane contains neutral zwitterionic 

phospholipids and sterols that are unlikely to interact with ACPs (Hoskin and 
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Ramamoorthy, 2008; Chen et al., 2003), which could enable ACPs to have a higher 

specificity to cancer cells. 

In conclusion, there is probably a similar mechanism of action for both bacterial and 

cancer cells that enables certain AMPs to possess additional anticancer properties. 

They destroy the integrity of the cell membrane to kill cancer cells. 

1.2.3.2.2 The future of ACPs 

It is also reported that cancer cells have developed drug resistance to conventionally 

used chemotherapeutic agents by multiple mechanisms (Gatti and Zunino, 2005). In 

addition, traditional anti-cancer drugs usually have multiple and serious side effects. 

Whilst they damage cancer cells, they also destroy normal human cells due to their 

non-specificity. The process of disrupting cell division can pose serious problems to 

human health and quality of life.  

The discovery of new alternative anti-cancer agents that have no or limited 

cytotoxicity to normal human cells has been an intensively researched subject 

(Arpornsuwan et al., 2014). Based on this background, AMPs which show additive 

anticancer activity have received a lot of attention and are now considered to be new 

promising candidates for treating cancer as they are more selectively cytotoxic to 

cancer cells (Neuburger and Maschmeyer, 2006; Schweizer, 2009; Riedl et al., 2011). 

There are many examples of these kind of AMPs. For instance, temporin-1CEa from 

Rana chensinensis (Wang et al., 2012), Pseudhymenochirin-1Pb (Ps-1Pb) and 

Pseudhymenochirin-2Pa (Ps-2Pa) from Pseudhymenochirus merlini (Mechkarska et 

al., 2014), are three frog skin peptides. They displayed satisfactory antimicrobial 

activity, as well as exhibiting potent cytotoxicity to many human cancer cell lines. 
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These peptides are considered to be possible representatives of novel anticancer 

agents. 

It is possible to find more novel anticancer peptides in amphibian skin secretions.  

1.2.3.3 Antifungal peptides 

1.2.3.3.1 A brief development history of antifungal peptides 

For decades, “frontline” antifungal therapies which are commonly used, such as 

amphotericin B and azole, are slowly becoming less effective as fungi develop 

resistance to antifungal treatments. This poses a greater challenge to patients 

particularly those immunocompromised patients who are suffering from some 

serious diseases such as AIDS and cancer.  

About four decades ago, scientists started to investigate the antifungal properties of 

peptides. Subsequently, the interest in antifungal activity of peptides has expanded in 

the past twenty years due to the emergence of resistant organisms (Matejuk et al., 

2010; Munoz et al., 2013). As a result, a large number of antifungal peptides (AFPs) 

were discovered from plant, microorganism, and animal kingdoms (Hoffmann et al., 

1999; Zasloff, 2002; Broekaert et al., 1995; Bulet et al., 2004), but those isolated 

from frogs are limited.  

1.2.3.3.2 AFPs isolated from frogs 

The AFPs isolated from frogs usually do not specifically target fungi, but instead 

have various effects. For example, peptides isolated from the genus Rana, 

Phyllomedusa, and Odorrana demonstrated not only antifungal but broad-spectrum 

antibacterial properties as well (Chen et al., 2016b; Ohnuma et al., 2007; Isaacson et 
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al., 2002; Conlon, 2004; Conlon et al., 2003; Che et al., 2008; Vouldoukis et al., 

1996).  

1.3 A brief review of the starry leaf frog, Phyllomedusa coelestis 

Phyllomedusa coelestis (P. coelestis) is a hylid frog which belongs to the subfamily 

of the tree frogs, Phyllomedusinae. There are six genera within this subfamily, with 

Phyllomedusa being the most well-known and containing the most species. 

Compared with its relatives, such as Phyllomedusa hypochondrialis, P. coelestis is 

not well-studied and the literature data about it is limited. 

On the IUCN Red list, P. coelestis was listed as of Least Concerned status. Even 

though the precise population status is not exactly known, they are presumed to exist 

in a large population.  

As shown in Figure 1.4, the dorsal skin of P. coelestis frogs is typically smooth and 

green, while their bellies and four limbs are brown with irregular orange spots. 

 

Figure 1.4 Phyllomedusa coelestis  

https://en.wikipedia.org/wiki/Frog
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(Available at: http://zoologia.puce.edu.ec/gallery/main.php?g2_itemId=20828, 

accessed on 20th March 2017)                    

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

1.3.1 Habitat and distribution of Phyllomedusa coelestis  

Like other species, P. coelestis frogs naturally live in subtropical or tropical moist 

lowland forests and rivers but because of the global habitat loss, their living 

conditions have been threatened.  

P. coelestis can be found in three main areas, including Colombia, Ecuador and Peru.  

Records state that P. coelestis were found in a primary forest at Loreto, Perú, two 

localities in Colombia and also in Ecuadorian Amazonia. This species probably 

exists in many other places than current records state, especially those areas between 

the known sites. 

 

Figure 1.5 Distribution map of Phyllomedusa coelestis  

http://zoologia.puce.edu.ec/gallery/main.php?g2_itemId=20828
https://en.wikipedia.org/wiki/Forest
https://en.wikipedia.org/wiki/River
https://en.wikipedia.org/wiki/Habitat_loss
https://en.wikipedia.org/wiki/Colombia
https://en.wikipedia.org/wiki/Ecuador
https://en.wikipedia.org/wiki/Peru
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(Available at: http://maps.iucnredlist.org/map.html?id=55847, accessed on 21st 

March 2017) 

 

1.3.2 The role bioactive skin peptides play in the immune system of 

Phyllomedusa coelestis  

The continuing loss of frog populations on a global scale has been a widely discussed 

topic for decades. This declining phenomenon is caused by many reasons, such as 

climate change, pesticides, and the invasion of other foreign species. In addition to 

these reasons, a chytrid fungus, Batrachochytrium dendrobatidis, which causes 

infections on the skins of amphibians, has also been linked to the loss of frog 

populations (Yeung et al., 2011).  

As it is known that frogs are important members of the amphibian taxon, they have a 

wide range of living habitats which are usually rich in various pathogenic agents, and 

thus they have to constantly protect themselves from numerous microorganisms. 

These microorganisms include pathogenic and beneficial microorganisms, though 

beneficial microorganisms such as commensals or saprophytes living in their internal 

cavities can sometimes protect the host from other pathogenic organisms. Their 

growth still requires control, or they will cause infections and diseases. 

 The frog immune defence system has highly evolved for self-protection. It consists 

of a non-specific chemical defence system that includes bioactive peptides (Rollins-

Smith, 2009). These bioactive peptides secreted from frog skin, particularly the gene-

encoded AMPs, are believed to be important in providing particular protection 

against microorganisms. When the frog skin is infected by microbes, endogenous 

AMPs are mobilised and act immediately (Selsted and Ouellette, 2005), thus they 

http://maps.iucnredlist.org/map.html?id=55847
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can provide immediate and effective protection against occasional pathogens and 

play a crucial role in the frog immune system. 

In a published paper by Rollins-Smith (Rollins-Smith et al., 2005), the skin 

secretions of a number of species of frogs were tested and the experimental results 

indicated that both purified AMPs and natural peptide mixtures had potent activity 

against the chytrid fungus. This study confirmed that AMPs produced in the skin 

were a crucial defence against pathogens and affected survival of frog populations.  

1.3.3 Research on Phyllomedusa coelestis frog skin secretion  

Phyllomedusinae leaf frogs are one of the most studied and well-known subfamilies 

of frogs in which a large number of biologically active peptides have been 

discovered. These peptides include phylloseptins, dermaseptins, medusins and 

phyllokinins which have allowed greater understanding of frog skin peptides 

(Amiche et al., 2008; Erspamer et al., 1985; Xi et al., 2013). Therefore, further 

investigations in these species to identify even more novel bioactive peptides seems 

logical (Almaaytah et al., 2012). 

In this study, instead of choosing the widely studied species to be the research target, 

the relatively less studied species P. coelestis with limited related literature reference 

was chosen. The aim was to discover novel peptides from this species and produce 

groundwork for further study of these novel peptides.  

The phylloseptins, found in the Phyllomedusinae subfamily, are a family of AMPs 

described by Leite et al (2005).  They usually demonstrate a potent antimicrobial 

activity (Conceicao et al., 2006). According to a recent paper (Yang et al., 2016), a 

novel phylloseptin was discovered and isolated for the first time from P. coelestis. 
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This novel peptide was named PS-Co which was discovered to inhibit the growth of 

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

pathogenic yeast, C. albicans. 

This study has the possibility of discovering additional peptides from P. coelestis, 

which could potentially be very valuable to human health, thus more research on this 

species is needed.  

1.4 Aims and objectives of this thesis 

This research aims to learn and master the methods of early drug development and to 

develop skills in the independent operation of lab equipment by diversifying the 

study of P. coelestis frogs and trying to find novel peptides from their skin secretions. 

In order to achieve this goal, several experimental objectives were decided upon, 

including: 

1) Firstly, to obtain the skin secretion from P. coelestis followed by the construction 

of a cDNA library from this. 

2) Secondly, to acquire the nucleotide sequences of cDNAs encoding novel 

prepropeptides using a ‘shotgun’ cloning method. 

3) Thirdly, to deduce mature peptide sequence from novel cloned precursor-encoding 

cDNA and to confirm the presence in skin secretion by bioinformatic analysis.  

4) Fourthly, to synthesise this novel mature peptide by solid phase peptide synthesis 

and establish the identity of the purified synthetic replicate by Reversed-phase high-

performance liquid chromatography (RP-HPLC) and matrix-assisted laser 

desorption/ionisation, time-of-flight mass spectrometry (MALDI-TOF MS). 
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5) Finally, to evaluate the bioactivity and toxicity of the synthetic replicate of the 

novel peptide by use of antimicrobial and haemolysis assays.  
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Chapter 2. Materials and methods 

2.1 The acquisition of skin secretions from Phyllomedusa coelestis 

All procedures were carried out without the need to sacrifice the specimens. 

Specimens of adult P. coelestis (n=30) were maintained in a simulated living 

environment and fed crickets three times per week. After adapting to their new 

surroundings for at least three months, skin secretions were obtained from the dorsal 

skin using mild transdermal electrical stimulation (5 V; 3 ms pulses) for 30 s. Then 

the skin secretions were washed from the skin with deionised water, snap-frozen in 

liquid nitrogen and lyophilised. After that, the product was stored at –20 oC prior to 

use. 

2.2 ‘Shotgun’ cloning of a cDNA library from Phyllomedusa coelestis skin 

secretion for discovering possible novel peptides 

2.2.1 mRNA isolation from Phyllomedusa coelestis skin secretion 

In this section, a Dynabeads® mRNA DIRECT™ Kit (BIOTECH, UK) was 

employed to isolate pure poly-A mRNA which contains no introns, from lyophilised 

skin secretion of P. coelestis.   

This mechanism was based on A-T base pairing through short sequences of oligo 

(dT)25 bonded to the surface of magnetic Dynabeads by covalent bonds. The poly (A) 

tails of mRNAs could combine with Dynabeads and form Dynabead/mRNA hybrids. 

With the help of magnetism, mRNAs could be isolated rapidly from sample lysates. 

The hydrogen bond between oligo (dT)25 and mRNA could be damaged by high 

temperature in mRNA elution so that mRNA could be isolated from Dynabeads. 
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Firstly, 5 mg of lyophilised P. coelestis skin secretion was dissolved in 1 ml of 

lysis/binding buffer in a tube labelled A. Then, tube A was vortexed for 1 min and 

cooled on ice for 1 min to protect mRNA from enzymolysis. Next, this step was 

repeated for 20 min totally. Finally, the tube was centrifuged at 18,000 x g for 5 min 

in an Eppendorf Centrifuge 5424 (Eppendorf, Germany).   

Dynabeads (5 mg/ml) were suspended in the storage vial and 250 µl of suspension 

was added to another tube labelled B. Tube B was then placed on a magnetic rack 

and the supernatant was removed when the suspension became clear. Afterwards, 

250 µl of lysis/binding buffer was added to tube B after it was taken out of the 

magnetic rack, and the tube was put on the rack again. When the suspension became 

clear, the supernatant was discarded.  

After centrifugation, the supernatant (sample lysate) in tube A was removed to tube 

B. Tube B was gently shaken and rotated for 1 min then placed on ice for 30 s. This 

step was repeated for 18 min. After that, tube B was placed on the magnetic rack 

again and the supernatant was removed to obtain the beads which were bound to 

mRNAs. 

To wash the Dynabeads/mRNA hybrids, a volume of 500 µl of washing buffer A 

was added to tube B and the supernatant was discarded. This step was repeated 3 

times and 500 µl of washing buffer B was used as per the steps with washing buffer 

A 2 times. Washing buffer A was removed completely before changing to washing 

buffer B. The reagents in the Dynabeads® mRNA DIRECT™ Kit are shown in Table 

2.1. 
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Table 2.1 The reagents and their components in the Dynabeads® mRNA DIRECT™ 

Kit. 

 

In order to elute mRNA from Dynabeads, a volume of 18 µl of Tris-HCl (10 mM) 

was added to tube B dropwise and the external tube wall was touched gently. Next, 

tube B was heated in a heating block at 80oC for 2 min precisely, then it was placed 

on the magnetic rack immediately. The supernatant containing mRNA was 

subsequently transferred to a PCR tube as quickly as possible.  

2.2.2 Synthesis of first-strand cDNA 

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

was employed in this part. A cDNA library could be constructed from the isolated 

mRNAs by reverse transcription. In the construction of a cDNA library, mRNAs 

acted as templates to synthesise first-strand cDNAs. For synthesising 3’-RACE-

Ready cDNA, a 3’-CDS primer was used and it combined with mRNA by covalent 

bonds to amplify a complementary chain. For the synthesis of 5’-RACE-Ready 

cDNA, apart from 5’-CDS primer, a modified oligo dT primer named BD SMART 

II™ A Oligonucleotide (BD SMART II) was also used to produce first-strand cDNA 

by binding with the poly-A tail of the mRNA. The primers used for cDNA library 

construction are listed in Table 2.2 and the mechanism of BD SMART™ cDNA 

synthesis is shown in Figure 2.1. 
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Table 2.2 Sequences of primers for cDNA library construction 

Primer Sequence 

BD SMART II 

 

5'–AAGCAGTGGTATCAACGCAGAGTACGCGGG–3' 

 

3'-CDS Primer A 5'–AAGCAGTGGTATCAACGCAGAGTAC(T)30V N–3' 

(N = A, C, G, or T; V = A, G, or C) 

 

5'-CDS Primer 5'–(T)25V N–3' (N = A, C, G, or T; V = A, G, or C) 

 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

Figure 2.1 Mechanism of BD SMART™ cDNA synthesis. First-strand synthesis is 

primed using a modified oligo (dT) primer. After reverse transcriptase reaches the 

end of the mRNA template, it adds several dC residues. The BD SMART II A 

Oligonucleotide anneals to the tail of the cDNA and serves as an extended template 

for BD PowerScript RT. 
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All reagents were placed on ice to defrost and briefly centrifuged prior to use. Five 

PCR tubes were required for the cDNA construction, and three of them were for the 

3’-RACE-Ready cDNA construction while the other two were for the 5’-RACE-

Ready cDNA construction. Each PCR tube was loaded with reagents showing in 

Table 2.3.  

Table 2.3 Components of each tube for 5’ and 3’-RACE-Ready cDNA 

5’-RACE-Ready cDNA 3’-RACE-Ready cDNA 

Reagent              Volume Reagent                Volume 

mRNA sample         3.0 µl mRNA sample           4.0 µl 

5’-CDS primer         1.0 µl 3’-CDS primer A         1.0 µl 

BD SMART II         1.0 µl  

 

After mixing thoroughly, these 5 tubes were briefly centrifuged and then incubated in 

a heating block at 70oC for 2 min. After that, they were cooled on ice for 2 min. Then, 

a master mix enough for the 5 PCR tubes containing different reagents (as shown in 

Table 2.4) was prepared and briefly centrifuged.  

Table 2.4 Reagents for the master mix 

Reagent Volume 

5X First-Strand Buffer 10 µl 

DTT (20 mM) 5 µl 

dNTP (10 mM) 5 µl 

Total volume 20 µl 
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Afterwards, 4 µl of the master mix was transferred to each PCR tube. Meanwhile, 1 

µl of the BD RTase (100 Unit/µl) was added to each tube too. Final components in 

each reaction tube are shown in Table 2.5 and Table 2.6. 

Table 2.5 Components of each tube for 3’-RACE-Ready cDNA 

Reagent Volume Final concentration 

mRNA sample 4 µl 40% 

3’-CDS primer 1 µl 1 µM 

5X First-Strand Buffer 2 µl 1 X 

DTT 1 µl 2 mM 

dNTP Mix 1 µl 1 mM 

BD RTase 1 µl 10 Unit/μl 

Total volume 10 µl  

 

Table 2.6 Components of each tube for 5’-RACE-Ready cDNA 

Reagent Volume Final concentration 

mRNA sample 3 µl 30% 

5’-CDS primer 1 µl 1 µM 

BD SMART II 1 µl 1 µM 

5X First-Strand Buffer 2 µl 1 X 

DTT 1 µl 2 mM 

dNTP Mix 1 µl 1 mM 

BD RTase 1 µl 10 Unit/μl 

Total volume 10 µl  
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The contents of each tube were mixed by pipetting and were briefly centrifuged to 

collect contents at the bottom followed by incubation at 42oC for 1.5 h in a PCR 

machine (ThermoFisher Scientific, USA). After 1.5 h, the first-strand reaction 

products were diluted with 50 µl PCR-Grade water and incubated at 72oC for 7 min 

in the PCR machine. Finally, the 5 PCR tubes containing the cDNA library were 

stored at -20oC.      

2.2.3 Rapid-amplification of 3’-cDNA ends (3’-RACE) by polymerase chain 

reaction (PCR) 

A BD SMART™ RACE cDNA Amplification Kit was used in this section as well. 

Rapid-amplification of 3’-cDNA ends (3’-RACE) could be used to obtain double-

stranded 3’-RACE fragments. In this section, only 3’-RACE PCR was performed and 

3’-RACE-Ready cDNA served as a template. Meanwhile, two primers were 

employed in this section, and they were the NUP primer (supplied with the 

SMARTTM RACE cDNA Amplification kit) with sequence of 5’-

AAGCAGTGGTATCAACGCAGAGT-3’ and a degenerate sense primer pool S1 

with sequence of 5′-TCTGAATTRYAAGMSCARACATG-3′ that was designed to a 

highly conserved domain of the 5′-untranslated region of previously characterised 

homologous peptide cDNAs from Phyllomedusa bicolor. 

All reagents were taken out of -20oC storage and placed on ice in advance to thaw 

thoroughly. They were centrifuged briefly before use. At this stage, four PCR tubes 

were prepared. Two of them were used to amplify certain DNA fragments with 

appropriate annealing temperatures, while the other two were used as negative 

controls. The difference between the sample group and the negative control group 

http://topics.sciencedirect.com/topics/page/Five_prime_untranslated_region
http://topics.sciencedirect.com/topics/page/Peptides


 
 

30 

was the existence of a cDNA library sample. The master mix was prepared in tube 1 

in the order listed in Table 2.7.  

Table 2.7 The reagents used to prepare master mix. 

Reagents Volume Final concentration 

PCR-Grade water 12.4 µl  

10 X BD Advantage 2 PCR Buffer 6 µl 1.5X 

dNTP Mix (10 mM) 0.8 µl 0.2 mM 

NUP primer (20 μM) 2 µl 1 µM 

Degenerate Sense Primer S1 (20 μM) 2 µl 1 µM 

50 X BD AdvantageTM 2 Polymerase 

Mix 

0.8 µl 1X 

Total 24 µl  

Once the master mix was prepared, it was equally divided into tube 1 and tube 2. 

Subsequently, 10 μl of the 3’-RACE-Ready cDNA product was added to tube 1, 

while 10 μl of the PCR-Grade water was added to tube 2 as a negative control. Then, 

the mixture in these two tubes was equally divided to a final volume of 11 μl in each 

tube. Tube 1 and 3 were the 3’-cDNA library, while tube 2 and tube 4 were negative 

controls. Bubbles in these four tubes were removed and then these four tubes were 

briefly centrifuged to collect contents at the bottom. Afterwards, these four tubes 

were put in the PCR machine to start the PCR cycling process. The PCR cycling 

process was as described in Table 2.8. After the whole programme was finished, 3’-

RACE PCR products were stored at 4oC prior to use.  
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Table 2.8 The programme for 3’-RACE PCR cycling process. 

Stage Parameter 

Stage 1 Initial denaturation at 94oC for 1 min 

Stage 2 35 cycles (denaturation at 94oC for 30s, primer anealing at 54oC for 

30s, extension at 72oC for 3 min) 

Stage 3 Final extension at 72oC for 10 min 

 

2.2.4 Gel electrophoresis for analysing 3’-RACE PCR products 

Here, agarose gel electrophoresis was applied to separate and analyse DNA 

molecules by their different sizes and charges. As DNA molecules are negatively 

charged, the direction of movement in the gel was from anode to cathode and the 

larger molecules travel more slowly through the gel than the smaller ones. In 

addition, DNA molecules were dyed by Ethidium Bromide (EB), so that they could 

fluoresce under UV light. 

In order to prepare the gel, 0.45g of agarose powder (Invitrogen, UK) was weighed 

into a 200 ml conical flask and dissolved with 35 ml freshly prepared 1X 

Tris/Borate/EDTA (TBE) buffer (Invitrogen, UK). The flask was then heated in a 

microwave oven until the agarose was completely melted and was allowed to cool 

down to around 65oC. A volume of 2.5 µl of 10mg/ml Ethidium Bromide (EB) 

(Sigma-Aldrich, USA) was added into the flask and mixed by shaking. Then, the 

molten gel was poured into the reaction tank which contained two black gates and a 

comb was set into the gel solution. After the gel solidified, the comb was taken out 

and 1X TBE buffer was poured into the reaction tank to just immerse the surface of 

the gel. 
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The first well was loaded with 2.5 µl of 100 bp DNA ladder (BioLabs, UK) while 

other wells were loaded with a mixture of 0.5 µl loading dye (Promega, USA) and 

1.5 µl of 3’-RACE PCR products. After all PCR products, including negative control 

groups and sample groups were added to different wells in turn, the gel 

electrophoresis tank was covered and charged to 90 V for about 30 min. Afterwards, 

the gel was transferred to a Benchtop UV Transilluminator (UVP, UK) for detection. 

By comparing with DNA ladder, the size of PCR products could be estimated. The 

selected samples were applied to the following experiments. 

2.2.5 Purification of RACE products          

A Cycle Pure Kit (Omega Bio-Tek, USA) was used to purify the selected 3’-RACE 

PCR products.  

The Quintuple CP buffer containing chaotropic salt was added at five times the 

volume of the 3’-cDNA library to the selected 3’-RACE PCR products with pipetting 

to protect DNA molecules. Then the well-mixed solution was transferred to the 

cartridge. The cartridge was centrifuged at 15,000 x g for 1 min in an Eppendorf 

Centrifuge 5424 (Eppendorf, Germany).  

After the liquid under the membrane was removed, 700 µl of washing buffer was 

added and centrifuged at 15,000 x g for 1min. The liquid was discarded after 

centrifugation and 500 µl of washing buffer was added again. The cartridge was then 

centrifuged at 15,000 x g for 1min. The lower liquid was then removed. The 

cartridge was centrifuged at 18,000 x g for 2 min without any washing buffer and 

then the tube containing liquid was discarded and a new tube was put under the 

cartridge to collect eluted products.  
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A volume of 30 µl of PCR-Grade water was added directly into the centre of the 

cartridge to elute the DNA fragments from the cartridge. Then the cartridge was 

centrifuged at 15,000 x g for 1 min after incubating at room temperature for 2 min. 

Afterwards, the cartridge was discarded and the 1.5 ml tube was placed in a 

concentrator (Eppendorf, Germany) to evaporate the PCR-Grade water for at least 50 

min. Finally, the tube containing the purified DNA was sealed with parafilm and 

stored at -20oC until use. 

2.2.6 Ligation of purified RACE PCR products into pGEM-T Easy Vectors 

A pGEM®-T Easy Vector System (Promega, USA) was used in this section. The 

pGEM®-T Easy Vectors (Figure 2.2) were designed to have a 3’-T sticky end gap 

between Spe I to EcoR I in both strands. The Taq polymerase was able to add a 

single deoxyadenosine (A) at 3’-terminus in RACE PCR. This additional A annealed 

to the 3’-T sticky end in plasmid so that DNAs could bind with vectors at the 

insertion site. Each vector could only carry one DNA, thus isolating one from the 

other.   
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Figure 2.2 pGEM-T Easy Vector containing sticky ends and lac Z gene, which 

allows DNA to insert, and the recombinant products can be used for further 

screening. 

(Available at: 

https://www.promega.com/~/media/files/resources/protocols/technical%20manuals/0

/pgem-t%20and%20pgem-t%20easy%20vector%20systems%20protocol.pdf, 

accessed on 10th December 2016) 

 

Before the ligation, the pGEM®-T Easy Vector was briefly centrifuged to collect 

contents at the bottom of the tube and 2X Rapid Ligation Buffer was vortexed before 

use. The purified PCR products were resuspended by adding 8 µl of PCR-Grade 

water. Then, reagents were added to a 0.2 ml PCR tube and mixed well as shown in 

Table 2.9. 

 

 

https://www.promega.com/~/media/files/resources/protocols/technical%20manuals/0/pgem-t%20and%20pgem-t%20easy%20vector%20systems%20protocol.pdf
https://www.promega.com/~/media/files/resources/protocols/technical%20manuals/0/pgem-t%20and%20pgem-t%20easy%20vector%20systems%20protocol.pdf
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Table 2.9 Reagents for ligation. 

Reagent Volume Final concentration 

2X Rapid Ligation Buffer 2.5 µl 1X 

pGEM®-T Easy Vector 0.5 µl 5 ng 

PCR products 1.5 µl  

T4 DNA ligase (Weiss units) 0.5 µl  0.3 Unit/µl 

Total volume 5.0 µl  

The contents were mixed by gently pipetting and the tube was briefly centrifuged to 

collect contents at the bottom. Afterwards, the tube was incubated at room 

temperature for 1 h and then stored at 4oC overnight. During this process, the cDNAs 

were inserted into the pGEM®-T Easy Vectors which were termed as recombinant 

vectors. 

2.2.7 Transformation of recombinant DNA into competent JM109 cells 

The pGEM®-T Easy Vector System was used in transformation as well. In 

transformation, both recombinant and unligated plasmids were transferred into 

JM109 cells and cultured on prepared Luria-Bertani (LB) agar Petri dishes. This was 

carried out using JM109 High Efficiency Component Cells (Promega, USA). 

2.2.7.1 The preparation of LB agar plates with ampicillin, IPTG and X-Gal 

Before the transformation, 8 LB agar plates with ampicillin, IPTG, X-Gal were 

prepared in advance. First of all, 6.4 g of LB Agar powder (Invitrogen, UK) was 

weighed and dissolved in 200 ml of deionised water in a 500 ml glass bottle. After 

that, the bottle was autoclaved, the autoclaved LB agar was allowed to cool down 

before adding 550 μl of ampicillin. Next, 10-11 ml of the mixture was poured in a 
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Petri dish. The Petri dish was moved in a circular motion to make sure the agar was 

equally distributed.  

A volume of 100 µl of Isopropyl β-D-1-thiogalactopyranoside (IPTG) (100 mM, 

Promega, USA) was added to each Petri dish and spread completely using a spreader. 

When the IPTG was absorbed by the agar completely, 20 μl of 5-bromo-4-chloro-3-

indolyl-β-D-gal actopyranoside (X-Gal) (50 mg/ml, Promega, USA) was added and 

spread over the IPTG on the dish using a spreader. When the X-Gal was absorbed 

completely, LB agar plates then incubated in an incubator at 37℃ for 1 h. 

2.2.7.2 Transformation of JM109 cells 

The tube containing the ligation products was taken out from the 4oC fridge and 2.3 

µl of it was transferred into a sterile 1.5 ml microcentrifuge tube labelled 1. 

Meanwhile, a tube of frozen JM109 cells (>108 CFU/µg) (Promega, USA) was 

removed from the -80oC freezer and placed on ice immediately. Then, all the JM109 

cells were immediately transferred to tube 1 dropwise (to protect the cells from 

dying) after about 3.5-min thawing. Then the tube was gently tapped 2 times and 

replaced on ice for at least 20 min. Next, the tube was moved to 42oC for 47 s 

precisely. The time and temperature should be accurate to heat-shock the competent 

cells to obtain more ligation products. After heating, the tube was replaced on ice 

immediately for at least 2 min. Then, 950 µl of room temperature SOC medium was 

added to the tube and the tube was then put in an orbital shaking incubator at 37oC 

for 2.5 h. Next, a series of different volumes of the sample solutions (90 µl, 90 µl, 

100 µl, 100 µl, 110 µl) were added and spread onto 5 prepared Petri dishes 

respectively. Finally, all the Petri dishes were incubated at 37oC overnight (16-20 h) 

in an incubator, upside down. 
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2.2.8 Screening of blue and white colonies 

Blue and white screening was employed here to select positive transformants. As the 

pGEM®-T Easy Vector has an ampicillin resistance gene, transformed competent 

cells could survive in the presence of ampicillin.  

The β-galactosidase is encoded by the lacZ gene region. IPTG, a lactose metabolite 

that triggers transcription of the lacZ operon, was used to induce the expression of β-

galactosidase. X-Gal, a colourless analogue of lactose, could produce an intense blue 

and insoluble product in the presence of β-galactosidase. However, the lac Z gene 

would be disrupted by the insert of the target DNA, thus forming white colonies on 

the prepared Petri dish. Therefore, positive recombinants could be selected. 

First of all, Petri dishes prepared in section 2.2.7.1, were taken out of the fridge and 

labelled with squares (mostly 17 squares) on the bottom and marked with numbers 

and primer name. Then, the Petri dishes containing JM109 cells were taken out of the 

incubator and selected pure white colonies were numbered in accordance with the 

numbers of new Petri dishes. Next, white colonies were transferred to separate 

squares of new Petri dishes using sterilised inoculating loops by gently dipping and 

drawing lines. Finally, new Petri dishes were put upside down and incubated at 37℃ 

overnight to let the bacteria continue growing. 

2.2.9 Isolation of recombinant DNA from JM109 cells  

The next day, when the incubation was finished, each pure individual white colony 

was selected using a sterile tip and transferred into a sterile 1.5 ml microcentrifuge 

tubes already containing 20 µl of PCR-Grade water. After all the pure white colonies 

were selected in 1.5 ml tubes, these tubes were put in a heating block for exactly 5 
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min. Then they were taken out of the heating block and replaced on ice for 5 min 

immediately. After that, they were vortexed for 30 s and centrifuged at 15,000 x g 

for 5 min. Finally, the supernatant of each tube was used as the sample for following 

experiments. 

2.2.10 Cloning PCR 

To carry out cloning PCR, reagents (as shown in Table 2.10) were added to each 

PCR tube. Except for Taq polymerase and DNA supernatant, other reagents were 

placed on ice to thaw and centrifuged briefly prior to use. The Taq polymerase was 

finally taken out of the freezer and added to each tube. Then, all PCR tubes were 

centrifuged and put into the PCR machine and the PCR cycling process was as 

described in Table 2.11.  

Table 2.10 Components of each tube in cloning PCR 

Reagent Volume Final concentration 

5X Cloning Buffer 10 µl 1X 

dNTP Mix 1 µl 0.2 mM 

M13F 2.5 µl 1 µM 

M13R 2.5 µl 1 µM 

PCR-Grade water 31 µl  

Taq polymerase 0.25 µl 0.025 Unit/µl 

DNA supernatant 2.5 µl  

Total volume 49.75 µl  
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Table 2.11 Programme for cloning PCR  

 

Finally, the cloned PCR products were stored at 4°C for subsequent processing. 

2.2.11 Gel analysis of cloned PCR products 

The gel electrophoresis process here was the same as described in section 2.2.4 

except that no loading dye was added to the samples. The samples appearing at the 

proper position were selected for following experiments. 

2.2.12 Purification of cloned PCR products  

The selected cloned PCR products were purified in a series of procedures as 

described in section 2.2.5 except for two differences. First, the volume of CP buffer 

added to each selected PCR product tube was 210 µl. Second, at the end of 

purification, it was 20 µl of PCR-Grade water rather than 30 µl added to dissolve 

DNAs and followed with no evaporation. 

2.2.13 Sequencing reaction 

The aim of the sequencing reaction was to amplify the purified cloned PCR products 

connected with M13F/M13R. Different from other PCR reactions, the application of 

ddNTPs which lacked an extra oxygen atom in deoxyribose, could stop the extension 

of the new DNA chain. The Sanger method was most commonly used in DNA 

sequencing based on fluorescent-labelled ddNTPs. 
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This step used a Big Dye® Terminator v 3.1 Cycle Sequencing Kit supplied by 

Applied Biosystems, which contained 5X Sequencing buffer, 2.5X Ready mix (RR-

100) (containing dNTP, ddNTP and DNA polymerase), and M13F primer.  

The initial concentration of the M13F primer was 20 µM, 10 µl of it was diluted with 

52.5 µl of PCR-Grade water to achieve a lower concentration of 3.2 µM before use. 

The components in each reaction tube are shown in Table 2.12. 

Table 2.12 Components in each sequencing reaction tube 

Reagents Volume Initial concentration 

PCR-Grade water 12.4 µl  

Diluted M13F 1.14 µl 3.2 µM 

2.5X Ready reaction mix 2.86 µl 2.5X 

5X BigDye Sequencing Buffer 3.57 µl 5X 

Purified cloned PCR products 2.5 µl  

Total volume 22.47 µl  

 

After all reagents were added and mixed by pipetting, all PCR tubes were briefly 

centrifuged to collect contents at the bottom. Finally, they were put in a PCR 

machine to carry out the sequencing reaction. The programme for the sequencing 

reaction is as shown in Table 2.13.  

 

 

 

 



 
 

41 

Table 2.13 Programme for sequencing reaction 

 

After the whole reaction process finished, the sequencing reaction products were 

stored at 4℃ before use. 

2.2.14 Purification of extended products 

In this section, 1.5 ml microcentrifuge tubes containing 10 µl of PCR-Grade water 

were prepared. Meanwhile, 72 µl of 95% ethanol was added to each sample tube 

containing the extended products. After pipetting, the sample tubes were centrifuged 

at 18,000 x g for a few seconds. Then, the content in each sample tube was 

transferred to corresponding prepared 1.5 ml microcentrifuge tubes. Next, these tubes 

were vortexed for more than 30 s and incubated at room temperature for 20 min.  

After incubation, these tubes were centrifuged at 20,000 x g for 20 min, the 

supernatants were then discarded as soon as possible. Next, a volume of 260 µl of 70% 

ethanol was added to each tube, these tubes were vortexed for more than 30 s, 

followed by a 10-min centrifugation at 20,000 x g. After centrifugation, the 

supernatants were discarded. Finally, these tubes were put in a concentrator to 

evaporate the remaining liquid for 2-3 h. 
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2.2.15 DNA sequencing 

Highly deionised formamide (HiDi) (Applied Biosystems) was used in this process 

to resuspend the DNA samples. A volume of 10.3 µl of HiDi solution was added to 

each sample tube, all the sample tubes were then vortexed for more than 30 s and 

centrifuged at 18,000 x g for a few seconds. After centrifugation, the sample tubes 

were placed in a heating block at 95℃ for 4.5 min precisely. Then, they were 

replaced on ice for 3 min. Next, they were briefly centrifuged to collect contents at 

the bottom of the tube. Finally, they were loaded to a 96-well sequencing plate to 

carry out the DNA sequencing process. 

2.2.16 Bioinformatic analysis 

After DNA sequencing, the base sequence was obtained and a translate tool called 

Expert Protein Analysis System (ExPASy) (Available at: 

http://web.expasy.org/translate/, accessed on 10th April 2017) was applied to translate 

the base sequence into amino acid sequence. When the amino acid sequence was 

obtained, it was put through another tool called the Basic Local Alignment Search 

Tool (BLAST) (Available at: https://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on 

10th April 2017) to search for similar amino acid sequences in the database of the 

National Centre for Biotechnology Information (NCBI) (Available at: 

https://www.ncbi.nlm.nih.gov/, accessed on 10th April 2017). By comparing the 

newly sequenced amino acid sequence to other similar known sequences, the novelty 

of the newly sequenced peptide sequence was determined. 

http://web.expasy.org/translate/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.ncbi.nlm.nih.gov/
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2.3 Solid-phase peptide synthesis of the novel peptide QUB-1925 

Solid-phase peptide synthesis is a commonly used method to synthesise peptides. 

The synthesis process begins from the C-terminus to the N-terminus of the peptide 

chain. In the synthesis reaction, a protecting group called Fmoc is presenting in every 

amino acid and resin acting as a peptide chain supporter is used. After the first amino 

acid is attached to the resin by a covalent bond, the Fmoc is de-protected to provide a 

free amino group, thus the second activated amino acid can bind to the first amino 

acid by forming a peptide bond, the remaining amino acids are bound to the peptide 

chain in the same way until the last amino acid is added on the chain, then the last 

Fmoc is de-blocked and all side-chain protection groups will be removed in a 

cleavage step.  

If the peptide has an amidation at the C-terminus, MBHA resin will be used as a 

support and the HBTU activator is also used to activate the formation of a peptide 

bond between two amino acids. 

2.3.1 The preparation of amino acids 

According to the amino acid sequence of the novel peptide, 19 amino acid vials and a 

reaction vessel were needed and they were all cleaned and dried before use.  Amino 

acid vials were used to contain amino acids and HBTU activators and the reaction 

vessel was used to contain the MBHA resin. To synthesise 0.3 mmol peptide, the 

protected amino acid and the HBTU in each vial should be 4 times more (1.2 mmol) 

than 0.3 mmol and the MBHA resin utilised was also calculated by the equation 

shown below: 0.3 mmol resin = (0.3 mmol peptide) / (loading substitution mmol/g)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

After weighing, all the amino acid vials were sealed tightly with a cap and a septum. 
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2.3.2 Synthesis 

A PS4 Tribute peptide synthesiser (Protein Technologies, USA) was employed to 

synthesise the novel peptide QUB-1925 (GLMSKIASGIGTFLSGMQQ-NH2). The 

chemical reagents involved in the synthesis process and their functions are shown in 

Table 2.14.  

Table 2.14 The reagents used in the synthesis and their functions 

Bottle Reagent Function 

1 DMF Wash resin and reaction system 

2 DMF Wash resin 

3 Piperidine : DMF = 1:4 Deprotect the Fmoc 

4 NMM : DMF = 11:89 Dissolve and activate amino acid 

5 DCM Wash the synthesised peptide and remove DMF 

 

2.3.3 Cleavage and washing 

When the synthesis was finished, the dried peptide was removed from the reaction 

vessel and weighed, then transferred to a round-bottom flask. The cleavage cocktail 

was used to remove the MBHA resin and the protecting group in each amino acid in 

the peptide. It contained different reagents, and these reagents and their percentages 

are shown in Table 2.15. All the reagents were added to the flask in order. Then, the 

cleavage reaction started at room temperature for at least 4 h with continuous stirring. 
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Table 2.15 Reagents for cleavage cocktail and their percentages 

Reagent Percentage 

Trifluoroacetic acid (TFA) (Sigma-Aldrich, USA) 94% 

1,2-Ethanedithiol (EDT) (Sigma-Aldrich, USA) 2% 

Thioanisole (TIS) (Sigma-Aldrich, USA) 2% 

H2O 2% 

 

When the cleavage step was finished, the cleavage mixture was filtered into another 

round-bottom flask, and then the filtrate containing the synthetic peptide was 

transferred to two 50 ml universal tubes. Next, these two tubes were placed in a fume 

cupboard to concentrate. Afterwards, about 45 ml of ice-cold diethyl ether was added 

to each tube. These tubes were stored at -20oC overnight.  

Next day, these tubes were vortexed and centrifuged at 2900 x g in an Eppendorf 

Centrifuge 5430 (Eppendorf, Germany) for 5 min. After centrifugation, the 

supernatant was poured out quickly and around 45 ml of ice-cold diethyl ether was 

added again. These washing steps were repeated three times. 

2.3.4 Lyophilisation 

A volume of 5 ml of solution A (TFA/H2O; 0.05/99.95; v/v) and 15 ml of solution B 

(TFA/H2O/acetonitrile; 0.05/19.95/80; v/v/v) were used to dissolve the washed 

peptide. Then the peptide was lyophilised for at least 60 h. Finally, the synthesised 

peptide was stored at 20oC. 
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2.4 Identification of the synthesised peptide  

2.4.1 Fractionation of synthesised peptide by reversed-phase high performance 

liquid chromatography (RP-HPLC) 

Reversed-phase high performance liquid chromatography (RP-HPLC) with a non-

polar stationary phase and an aqueous, moderately polar mobile phase was used to 

separate and identify the components in the synthesised peptide. The components 

travelled through the system at different speeds depending on their different affinities 

to the stationary and mobile phase. 

2.4.1.1 Preparation of synthesised peptide sample 

To prepare the synthesised peptide sample, 1 mg of lyophilised peptide was weighed 

and dissolved in a mixture of 500 µl solution A (TFA/H2O; 0.05/99.95; v/v) and 500 

µl solution B (TFA/H2O/acetonitrile; 0.05/19.95/80; v/v/v). Then, the sample was 

centrifuged at 20,000 x g for 15 min in an Eppendorf Centrifuge 5424 (Eppendorf, 

Germany). After centrifugation, the supernatant was transferred to a new 1.5 ml tube 

as injecting sample.  

2.4.1.2 Injection and fractionation 

The HPLC column (LUNA C-5 preparative column, 250 x 10 mm, Phenomenex, 

U.K) was washed with solution B for at least 30 min to remove any impurities and 

equilibrated with solution A for at least 30 min before use. The syringe was also 

washed with solution B and solution A for 3 times each. 
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After the HPLC was prepared, 1 ml of the peptide sample was injected using the 

syringe. The supernatant was then subjected to RP-HPLC using a Cecil Adept 

CE4200 HPLC system (Amersham Biosciences) and Powerstream HPLC software. 

After injection, a gradient elution from 100 % solution A to 100 % solution B over a 

period of 80 min at a flow rate of 1 ml/min was used, and the detector wavelength 

was set at λ = 214 nm to detect the presence of peptide bonds. All fractions were 

collected and stored at 4oC.  

2.4.2 The analysis of fractions of synthesised peptide by matrix-assisted laser 

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

A MALDI-TOF consists of a MALDI ion source and a TOF mass analyser. Each 

fraction was mixed thoroughly with matrix which can facilitate intact desorption and 

ionisation process. The laser flash ionises matrix molecules, and protons are 

transferred to analytes. Analytes are ionised usually with a positive charge owing to 

the proton transfer from matrix. Before these molecular ions access the flight tube, 

they are allowed to spread away from the plate during delay time without electric 

field and then gradient voltage is applied to accelerate slow ions to catch up with 

those faster ones that share the same m/z value. Then they move to the flight tube and 

reach the detector. The lighter ions move faster than heavier ones so that ions with 

different masses can be separated and detected.  

A Voyager DE (PerSeptive Biosystems, USA) MALDI-TOF mass spectrometer was 

used in this project for mass determination. The matrix, α-cyano-4-hydroxycinnamic 

acid (CHCA) (Sigma-Aldrich, USA), was prepared as a 10 mg/ml solution of CHCA 

in acetonitrile/TFA/H2O (50/0.05/49.95, v/v/v). The volume of sample solution 
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spotted onto the MALDI sample plate was 2 µl, while that of matrix was 1 µl. The 

sample plate was put into the mass spectrometer and a method was selected to 

determine the peptide masses. 

2.5 Antimicrobial activity assays of the novel peptide QUB-1925 

In this experiment, three representative microorganisms were used to detect the 

minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations 

(MBCs) of the novel peptide QUB-1925. They were Staphylococcus aureus (S. 

aureus) (NCTC 10788), Escherichia coli (E. coli) (NCTC 10418) and Candida 

albicans (C. albicans) (NCPF 1467).  

The MIC value is defined as the minimal concentration causing the visible growth 

inhibition of a microorganism. The MBC value is defined as the minimum 

concentration killing a microorganism. In these assays, the minimum peptide 

concentration leading to a significant absorbance decrease and the transparent 

concentration was the MIC and the minimum peptide concentration without 

microbial growth on an Mueller-Hinton agar (MHA) plate was the MBC. 

2.5.1 Inoculation of microorganisms 

One bead of each microbial culture was placed into a flask of 100 ml Mueller-Hinton 

broth (MHB) and incubated in an orbital incubator at 37oC, 150-200 rpm for 16-20 h. 

Bottles of 20 ml MHB were incubated at 37oC overnight to pre-warm. 
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2.5.2 Dissolving of QUB-1925 

QUB-1925 was weighed and dissolved in dimethyl sulphoxide (DMSO) (Fisher 

Chemical, UK). The final tested concentrations were 512, 256, 128, 64, 32, 16, 8, 4, 

2, 1 µM. 

2.5.3 Subculture of microorganisms 

To begin with, 500 µl of microbial culture in flask was transferred to a bottle of pre-

warmed 20 ml MHB. Then the bottle was incubated at 37oC, 150-200 rpm to allow 

microbes to continue growing to the required optical density (OD).  

2.5.4 Preparation of Mueller-Hinton agar (MHA) Petri dishes 

After the subculture step, MHA Petri dishes were prepared. All MHA Petri dishes 

were allowed to solidify and then stored at 4oC before use. 

2.5.5 Dilution of subcultured microbial suspensions 

The OD was measured in a colorimeter by using cuvettes. MHB worked as blank 

while microbial suspension worked as sample. When the OD met requirement, a 

certain volume of microbial suspension in bottle was transferred to a sterile petri dish 

and diluted with MHB to make a proper dilution (Table 2.16). For subcultured S. 

aureus or E. coli solution, 100 µl was mixed with 19.9 ml MHB. For subcultured C. 

albicans solution, 2 ml were added to 18 ml MHB. Then the Petri dish was shaken 

gently to mix thoroughly. 

 

 



 
 

50 

Table 2.16 The required OD (λ = 550 nm) and dilution rate of the three 

microorganisms 

Microorganism OD Dilution 

S. aureus 0.2 200 

E. coli 0.4 200 

C. albicans 0.15 10 

 

2.5.6 Determining minimum inhibitory concentrations (MICs) of QUB-1925 

The 96-well plate used in the MIC assay was divided into four parts, negative control 

group, growth control group, vehicle control group and sample group. The 

components in each group are shown in Table 2.17. The plate was incubated at 37oC, 

150-200 rpm for 5-10 min and incubated at 37oC for 16-20 h. After incubation, the 

96-well plate was examined in a Synergy HT plate reader (BioTek, USA) at a 

wavelength of 550 nm.  

Table 2.17 The components of each group in 96-well plate in MIC assay. Negative 

control was used to eliminate the influence of solvent. Positive control was used to 

detect the normal growth of microorganisms. Vehicle control was used to detect the 

influence of 1% DMSO towards microorganisms. 

Group name Components/well 

Negative control 100 μl of MHB 

Growth control 100 μl of diluted microbial suspension 

Vehicle control 1 μl of DMSO and 99 μl of diluted microbial suspension 

Sample 1 μl of peptide solution and 99 μl of diluted microbial suspension 
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2.5.7 Viable cell counts 

A volume of 900 μl of phosphate buffered saline (PBS) was added to six micro tubes. 

Then 900 μl of PBS solution in the first micro tube was mixed with 100 μl of diluted 

subculture microbial suspension to make a 10-fold dilution. Subsequently a 100-μl 

suspension from the first tube was transferred to the second one to make a 102-fold 

dilution and so on until a 106-fold dilution was reached. After that, 20 μl of diluted 

suspensions were dropped onto the pre-prepared MHA plate with three replicates for 

each concentration. The MHA Petri dish was then incubated at 37oC for 16-20 h. A 

countable grid was chosen in the MHA Petri dish after incubation to count numbers 

of colonies. Then the original colony-forming units (CFUs) were calculated 

according to the following formula:              

CFU = Average number of colonies in one concentration x dilution ratio x 50 

2.5.8 Determining minimal bactericidal concentrations (MBCs) of QUB-1925 

The MBC value of a peptide sample should be determined to confirm whether the 

antimicrobial mechanism of this peptide is killing organisms or only inhibiting their 

growth.  

MHA Petri dishes were prepared in advance and 20 μl from every well from the MIC 

assay plate up to 512 μM was transferred and dropped onto the corresponding grid on 

an MHA Petri dish. Samples at the same peptide concentration were added to the 

same grid. After the drops were dried, the Petri dishes were incubated at 37oC for 16-

20 h and then examined.  
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2.6 Structural modification of QUB-1925 

The structural modification of QUB-1925 was made with the acknowledgement of 

the secondary structure. The secondary structure of QUB-1925 was predicted using 

the SWISS-MODEL workspace online portal (Available at: 

http://swissmodel.expasy.org/workspace/index.php?func=workspace_templateidentif

ication&userid=swissmodel@unibas.ch&token=TOKEN&key=d4b6256710b9c769f

4d7c653e71222e0&prjid=P012885, accessed on 24th January 2017) (Arnold et al., 

2006). As the secondary structure of QUB-1925 was predicted to adopt an α-helix, 

the amino acids of QUB-1925 were displayed on the helical wheel plots (Available at: 

http://rzlab.ucr.edu/scripts/wheel/wheel.cgi, accessed on 24th January 2017) in order 

to recognise the hydrophilic and the hydrophobic regions.  

The 9th Gly and the 16th Gly on the hydrophobic region were substituted by L-

Lysines, respectively, to create the net positive charge/cationicity-enhanced modified 

analogue, QUB-2067, which was also illustrated on the helical wheel plots 

(Available at: http://rzlab.ucr.edu/scripts/wheel/wheel.cgi, accessed on 24th January 

2017). The modified peptide, QUB-2067, was subsequently chemically synthesised. 

2.7 Solid-phase peptide synthesis of the modified peptide QUB-2067 

The modified peptide, whose amino acid sequence was similar to the novel peptide 

QUB-1925, was synthesised in this section. The difference between the novel peptide 

QUB-1925 with sequence of GLMSKIASGIGTFLSGMQQ-NH2 and the modified 

peptide with sequence of GLMSKIASKIGTFLSKMQQ-NH2 are two amino acids at 

positions 9th and 16th. 

http://swissmodel.expasy.org/workspace/index.php?func=workspace_templateidentification&userid=swissmodel@unibas.ch&token=TOKEN&key=d4b6256710b9c769f4d7c653e71222e0&prjid=P012885
http://swissmodel.expasy.org/workspace/index.php?func=workspace_templateidentification&userid=swissmodel@unibas.ch&token=TOKEN&key=d4b6256710b9c769f4d7c653e71222e0&prjid=P012885
http://swissmodel.expasy.org/workspace/index.php?func=workspace_templateidentification&userid=swissmodel@unibas.ch&token=TOKEN&key=d4b6256710b9c769f4d7c653e71222e0&prjid=P012885
http://rzlab.ucr.edu/scripts/wheel/wheel.cgi
http://rzlab.ucr.edu/scripts/wheel/wheel.cgi
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The synthesis process of the modified peptide was the same as the synthesis of the 

novel peptide QUB-1925.  

2.8 Identification of the modified peptide QUB-2067  

The modified peptide was identified through a series of procedures as described in 

section 2.4. 

2.9 Antimicrobial activity assays of the modified peptide QUB-2067 

The antimicrobial activity of the modified peptide QUB-2067 was evaluated in a 

series of procedures as described in section 2.5. 

2.10 Haemolysis assays of the putative novel peptide QUB-1925 and the 

modified peptide QUB-2067 

The haemolysis assay was used to evaluate the haemolytic activity of the peptide and 

a high haemolytic activity would mean that the peptide was potent in the cytolysis of 

red blood cells. Thus, this peptide would not be suitably administered by intravenous 

injection.  

2.10.1 Preparation of erythrocytes 

2 ml of whole horse blood were added to a 50 ml universal tube and was mixed 

thoroughly by a rotating mixer. The tube was then centrifuged at 930 x g for 5 min in 

an Eppendorf Centrifuge 5430 (Eppendorf, Germany). After centrifugation, the 

supernatant was removed slowly and 30 ml of PBS was added slowly in order to 

avoid breaking erythrocytes. Then the tube was centrifuged at 930 x g for 5 min after 

mixing thoroughly. The PBS washing and centrifugation steps were repeated until 

the supernatant became colourless and transparent. Finally, the colourless 
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supernatant was removed slowly and enough PBS was added to reach a volume of 50 

ml.  

2.10.2 Preparation of QUB-1925 peptide solutions 

A suitable weight of peptide was dissolved in PBS to achieve a concentration of 

1024 µM. Then, the 1024 µM peptide solution was half-diluted to get a series of 

concentrations: 512, 256, 128, 64, 32, 16, 8, 4, 2 µM. 

2.10.3 Preparation of control groups 

PBS and 2% Triton X-100 were prepared for negative controls and positive controls, 

respectively. 

2.10.4 Loading erythrocytes and peptide solutions 

In this step, a volume of 200 μl of peptide solutions at different concentrations was 

added to each 1.5 ml tube. Each concentration had 5 replicates. Control groups were 

prepared in the same way. 

A volume of 200 μl of erythrocyte suspension was added to each tube dropwise and 

gently. The components in each group are shown in Table 2.18. 

Table 2.18 Components in each tube for haemolysis assay 

Group Components Final concentration 

Negative control 200 μl PBS + 200 μl erythrocytes  

Positive control 200 μl 2% TritonX-100 + 200 μl erythrocytes 1% TritonX-100 

Sample 200 μl peptide solution + 200 μl erythrocytes  
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2.10.5 Incubation and detection  

After erythrocytes were loaded, all the tubes were incubated at 37oC for 2 h. Then the 

tubes were centrifuged at 900 x g for 5 min in an Eppendorf Centrifuge 5424 

(Eppendorf, Germany). After that, 100 μl of supernatant from each tube was 

transferred to the corresponding wells in a 96-well plate. Subsequently, the 96-well 

plate was examined at a wavelength of 570 nm. The haemolysis rate was calculated 

by an equation shown below:                                 

Haemolysis (%) = (A - A0) / (A1 - A0) x 100% 

A represents the average absorbance of sample groups. A0 represents the average 

absorbance of supernatants in the negative control group, while A1 represents the 

average absorbance of supernatants in the positive control group. 
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Chapter 3. Results 

3.1 ‘Shotgun’ cloning of cDNA encoding a peptide precursor from the skin 

secretion cDNA library of Phyllomedusa coelestis 

After carrying out the ‘shotgun’ cloning, the nucleotide sequence of a peptide 

precursor-encoding cDNA from the skin secretion library of P. coelestis was 

obtained. With the aid of a translate tool called Expert Protein Analysis System 

(ExPASy), the nucleotide sequence of the cDNA was translated into the 

corresponding amino acid sequence.  

As shown in Figure 3.1, there were three domains in the open-reading frame which 

contained 64 amino acids. At the beginning of the frame, there was a 22 amino acids 

signal peptide region, followed by a spacer peptide encoded by 24 amino acids, 

which was rich in acidic amino acid residues. At the end of the spacer peptide region, 

there was a typical propeptide convertase cleavage site - Lys-Arg (KR), indicating 

the beginning of the mature peptide region which consisted of 20 amino acids. The 

termination codon marked by an asterisk represented the end of the mature peptide 

region. 
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Figure 3.1 Nucleotide sequence and corresponding translated open-reading frame of 

precursor-encoding cDNA cloned from the skin secretion library of P. coelestis. The 

putative signal peptide sequence is double-underlined, mature peptide sequence is 

single- underlined and the termination codon is marked by an asterisk. 

As shown in Figure 3.1, the C-terminal residue of the putative novel peptide was a 

Gly (G) residue, and it is quite common in many AMP precursors that a Gly (G) 

residue at the C-terminus is an amide donor for the post-translational amide 

modification. The amidation at the C-terminus is thought to enhance the net positive 

charge and alpha-helicity of a peptide, which would attribute to higher antimicrobial 

activity to the peptide. Thus, the primary structure of the putative novel peptide is 

presumed to be GLMSKIASGIGTFLSGMQQ-NH2. 

With the aid of the Basic Local Alignment Search Tool (BLAST) and the National 

Centre for Biotechnology Information (NCBI) database, the putative novel peptide 

was found to be highly similar to the peptides in a newly described peptide family 

called the phylloxins, which is a family of cationic and amphipathic peptides. 

Phylloxin, PLX-B1 found in Phyllomedusa bicolor, has a primary structure of 



 
 

58 

GWMSKIASGIGTFLSGMQQ-NH2 and was found to be most similar to the putative 

novel peptide, QUB-1925, exhibiting only one amino acid substitution at position 2. 

The identity between PLX-B1 and the putative novel peptide QUB-1925, is 94.7%. 

In addition, PLX-B1 was reported to have a narrow spectrum of antimicrobial 

activity. 

3.2 Identification of the putative novel peptide QUB-1925 

The molecular mass of the putative novel peptide was calculated as 1925.28 Da (av.) 

according to its amino acid sequence, using the Peptide Mass Calculator (Available 

at: http://www.peptidesynthetics.co.uk/tools/, accessed on 5th April 2017). Thus, this 

putative novel peptide was named QUB-1925. 

The components in the synthetic replicate of the putative novel peptide were 

fractionated by RP-HPLC system and all fractions corresponding to chromatographic 

peaks were collected and subsequently analysed by MALDI-TOF MS. The fraction 

containing a peptide with a molecular mass of 1925 Da, was finally confirmed to be 

QUB-1925. 

 

 

http://www.peptidesynthetics.co.uk/tools/
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Figure 3.2 RP-HPLC chromatogram of the synthetic replicate of QUB-1925. The 

peak indicated by an arrow indicated the position of QUB-1925.             
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3.3 Antimicrobial activity assays of QUB-1925 

The antimicrobial activity of QUB-1925 was tested by the MIC and MBC assays on 

three representative microorganisms, the Gram-positive bacterium S. aureus, the 

Gram-negative bacterium E. coli, and the yeast C. albicans.  Each microorganism 

was tested three times in a peptide concentration range 1-512 μM. The MIC and 

MBC values of the synthetic replicate of QUB-1925 were analysed together and are 

summarised in Table 3.2.  

From the data shown in Table 3.1, QUB-1925 was found to have no potent growth 

inhibitory activity against all three tested microorganisms with an MIC and MBC 

value of 512 μM. 

Table 3.1 The MICs and MBCs of QUB-1925 against three tested microorganisms 

Microorganism MIC (μM) MBC (μM) 

S. aureus 512 512 

E. coli 512 512 

C. albicans 512 512 

 

3.4 Structural modification of QUB-1925 

The secondary structure of QUB-1925 was predicted to adopt an α-helix by the 

SWISS-MODEL workspace online portal shown in Figure 3.4 (Available at: 

http://swissmodel.expasy.org/workspace/index.php?func=workspace_templateidentif

ication&userid=swissmodel@unibas.ch&token=TOKEN&key=d4b6256710b9c769f

4d7c653e71222e0&prjid=P012885, accessed on 24th January 2017) (Arnold et al., 

2006). The amino acids of QUB-1925 were placed on the helical wheel (Available at: 

http://swissmodel.expasy.org/workspace/index.php?func=workspace_templateidentification&userid=swissmodel@unibas.ch&token=TOKEN&key=d4b6256710b9c769f4d7c653e71222e0&prjid=P012885
http://swissmodel.expasy.org/workspace/index.php?func=workspace_templateidentification&userid=swissmodel@unibas.ch&token=TOKEN&key=d4b6256710b9c769f4d7c653e71222e0&prjid=P012885
http://swissmodel.expasy.org/workspace/index.php?func=workspace_templateidentification&userid=swissmodel@unibas.ch&token=TOKEN&key=d4b6256710b9c769f4d7c653e71222e0&prjid=P012885
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http://rzlab.ucr.edu/scripts/wheel/wheel.cgi, accessed on 24th January 2017) shown in 

Figure 3.5 (A). The modified peptide, QUB-2067 (GLMSKIASKIGTFLSKMQQ-

NH2), shown on the helical wheel in Figure 3.5 (B), was created through the 

introduction of L-Lysines to the 9th and the 16th amino acid positions of the natural 

peptide, QUB-1925 (GLMSKIASGIGTFLSGMQQ-NH2).  

 

Figure 3.4 The secondary structure of QUB-1925 predicted by the Swiss-Model 

workspace online portal. The α-helical conformation of QUB-1925 (H) was 

predicted from the 2nd amino acid to the 18th amino acid. 

 

http://rzlab.ucr.edu/scripts/wheel/wheel.cgi
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Figure 3.5 Amino acids displayed on helical wheel projections. (A) Amino acids of 

the natural peptide, QUB-1925, drawn on the helical wheel projection. (B) Amino 

acids of the modified peptide, QUB-2067, shown on the helical wheel projection. 

The output presents the hydrophilic residues as circles, hydrophobic residues as 

diamonds, and potentially positively charged as pentagons. The arrow points out the 

hydrophobic region. Hydrophobicity is colour coded as well: the most hydrophobic 

residue is green, and the amount of green is decreasing proportionally to the 

hydrophobicity, with zero hydrophobicity coded as yellow. Hydrophilic residues are 

coded red with pure red being the most hydrophilic (uncharged) residue, and the 

amount of red decreasing proportionally to the hydrophilicity. The potentially 

charged residues are light blue. 
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3.5 Identification of the modified peptide QUB-2067  

The molecular mass of the modified peptide was calculated as 2067.524 Da (av) 

according to its amino acid sequence, using the Peptide Mass Calculator (Available 

at: http://www.peptidesynthetics.co.uk/tools/, accessed on 5th April 2017). Thus, the 

modified peptide was named QUB-2067. 

The components in the synthetic replicate of QUB-2067 were fractionated by RP-

HPLC system, all fractions corresponding to chromatographic peaks were collected 

and subsequently analysed by MALDI-TOF MS. The fraction with a molecular mass 

of 2067 Da was finally confirmed to be the QUB-2067. 

 

Figure 3.6 RP-HPLC chromatogram of the synthetic replicate of QUB-2067. The 

peak indicated by an arrow showed the position of QUB-2067. 

 

http://www.peptidesynthetics.co.uk/tools/
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3.6 Antimicrobial activity assays of the modified peptide QUB-2067 

The antimicrobial activity of QUB-2067 was tested in the same way as described in 

section 3.3. The MIC and MBC values of the QUB-2067 were analysed together and 

are summarised in Table 3.2 and the MIC values against the three tested 

microorganisms are shown in Figure 3.8. 

From the data shown in Table 3.2, QUB-2067 was found to be different from QUB-

1925 in activity profile. QUB-2067 showed not only potent antimicrobial activity 

against the yeast C. albicans with MIC and MBC values of 16 μM, but also potent 

ability in inhibiting the growth of the Gram-negative bacterium E. coli, with MIC 

and MBC values of 32 μM and 64 μM, respectively. However, the growth inhibitory 

activity of QUB-2067 against the Gram-positive bacterium S. aureus was weaker 

with relatively higher MIC and MBC values at 64 μM and 128 μM, respectively.  

Table 3.2 The MICs and MBCs of QUB-2067 against three tested microorganisms 

Microorganism MIC (μM) MBC (μM) 

S. aureus 64 128 

E. coli 32 64 

C. albicans 16 16 
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(C) 

Figure 3.8 Three duplicate experiments determining minimal inhibitory 

concentrations (MICs) of QUB-2067 against S. aureus (A), E. coli (B) and C. 

albicans (C). The sterile, growth, and vehicle controls were 100 μl sterile MHB, 100 

μl bacteria solution, (1 μl DMSO + 99 μl bacteria solution), respectively. The data 

represent means ± SEM (standard error of mean) of three independent experiments 5 

replicates in each. 

3.7 Haemolysis activity assays of the putative novel peptide QUB-1925 and the 

modified peptide QUB-2067 

The haemolytic activities of QUB-1925 and QUB-2067 were tested on horse 

erythrocytes. As shown in Figure 3.9, both QUB-1925 and QUB-2067 were found to 

display haemolysis activity at high concentrations. 

At MIC values against S. aureus (64 μM), E. coli (32 μM), and C. albicans (16 μM), 

the corresponding haemolytic rates of QUB-2067 were found to be 12.75%, 9.59%, 

and 6.96%, respectively.  
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Figure 3.9 Haemolytic activities of QUB-1925 and QUB-2067. X-axis indicates the 

concentration of peptide solution. Positive and negative control values are indicated. 

The positive and negative controls were 1 % Triton X-100 and PBS respectively. The 

data represent means ± SEM of five replicates.  
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Chapter 4. Discussion 

As a great number of AMPs have been isolated and characterised in the last few 

decades, researchers have been trying to classify them into different families. To date, 

no precise classification system has ever been achieved. Although, AMPs can still be 

roughly grouped into four main categories based on their similarities in secondary 

structure and amino acid composition (Sato and Feix, 2006): (1) amphipathic α-

helical peptides containing no cysteines, such as cecropins first discovered in insects, 

magainins and dermaseptins obtained from frog skin secretions; (2) linear peptides 

which mainly consist of one or two specific amino acids (mostly proline and/or 

arginine) such as PR39, indolicidin; (3) linear peptides containing one disulphide 

bond; (4) peptides containing 2-6 disulphide bonds which usually form a β-sheet 

structure, such as defensins and protegrins. 

Among these types of AMPs, α-helical peptides are relatively abundant and well-

studied. Mostly, but not all α-helical peptides are cationic and amphipathic. The 

understanding of the mechanism of action of α-helical peptides remains incomplete, 

but it is a consensus that they demonstrate their antimicrobial activity by interacting 

with the microbial membrane (Hancock and Rozek, 2002). Two models, “barrel-

stave” and “carpet-like”, are much more used mechanisms to explain how α-helical 

peptides interact with the microbial membrane and finally cause cell death. In the 

“barrel-stave” mechanism, the amphipathic α-helical peptides bind with the 

membrane mainly due to the hydrophobic effect. After the hydrophobic face of the α-

helical peptide binds to the surface of the bacterial membrane due to hydrophobic 

effects, peptides gather together and form a polymer. Subsequently, the polymer 

inserts into the bacterial membrane, causing leakage of bacteria cell contents and 
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finally achieving cell death. 

In the “carpet-like” mechanism, the electrostatic interaction between positively 

charged α-helical peptides and negatively charged bacterial membranes is the 

determinant of α-helical peptides binding to bacterial membranes. Peptide 

individuals bind to the bacterial membrane with their α-helix axes parallel to the 

membrane surface and once the bound peptides achieve a certain concentration, this 

will lead to the solubilisation of bacterial membranes. 

To summarise, in both “barrel-stave” and “carpet-like” mechanisms, hydrophobicity,  

cationicity, and net of positive charge play an important role in enabling α-helical 

peptides to possess bactericidal activity.  

After antimicrobial activity assays, the putative novel peptide QUB-1925 showed 

similar antimicrobial potency to its highly identical peptide PLX-B1 in the same 

peptide family phylloxins. PLX-B1 was reported to have a narrow spectrum of 

antimicrobial activity, while QUB-1925 showed weak antimicrobial activity with 

MIC and MBC values of 512 µM against all the tested microorganisms.  

However, since QUB-1925 was assumed to be α-helical by online Swiss Model 

software, and in the view of three facts that: (a) a large number of α-helical peptides 

have been proven to have potent antimicrobial activity; (b) naturally-occurring 

AMPs have been successfully proven to be good templates for engineering analogues 

with higher potencies and broader antimicrobial activity spectra; (c) several 

modification strategies which have been successfully utilised in previous studies are 

now available for use, it seemed quite feasible to carry out rational modification to 

obtain an activity-enhanced analogue, using the putative novel peptide QUB-1925 as 

a template.  
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There are three mainstream strategies to modify a peptide: (1) substitution of amino 

acids (Du et al., 2015); (2) truncation of the effective part of a peptide (Park and 

Hahm, 2012); (3) construction of a peptide hybrid by binding truncations of two 

bioactive peptides (Zhang et al., 2012). 

The first strategy, substitution of amino acids, has been proven to be the simplest and 

the most effective strategy. For instance, in a previous study (Hou et al., 2015), a 

peptide named feleucin-BO1, isolated from the skin secretion of Bombina orientalis, 

was modified to an analogue named feleucin-K3 (F-K3) by simply substituting three 

neutral hydrophilic amino acids with positively charged Lys (K) residues. It turned 

out that the potency and the antimicrobial spectrum of the cationicity-enhanced 

peptide F-K3 was significantly improved compared to the parental peptide feleucin-

BO1. 

For α-helical peptides, the main descriptors of their antibacterial activity are 

hydrophobicity, amphipathicity, cationicity, and net positive charge as described by 

many studies (Matsuzaki et al., 1997; Oren and Shai, 1998). Based on a basic helicity 

and amphipathicity, higher cationicity and net positive charge usually correlate with 

higher potency and broader spectrum of antimicrobial activity. Moreover, in a 

previous study (Zhang et al., 2016), the relationship between cationicity and 

bactericidal activity of a peptide was studied and the results suggested that it was the 

position, not the number of positively charged residues, which determined the 

biophysical properties and selectivity of the peptide. Substitutions on the non-polar 

face with positively charged Lys (K) residues could dramatically change the α -

helical amphipathic structure of the peptide AR-23, resulting in decreased haemolytic 

activity and similar antimicrobial activities, while those on the polar face only 

slightly affected the bioactivity of the peptide. 
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Based on the analysis described above, the amino acids of QUB-1925 were displayed 

on the helical wheel plots which is a type of visual representation used to recognise 

the hydrophilic and the hydrophobic regions of QUB-1925.  Then, two Gly (G) 

residues at the 9th and the 16th positions on the non-polar face of the helix were 

substituted by positively charged L-Lys (K) residues, to create a highly positively 

charged region of the peptide so that the peptide can bind to the microbial membrane 

more easily due to electrostatic interaction. After the structural modification, the 

modified analogue of QUB-1925 was obtained and named as QUB-2067. 

The synthetic replicate of the modified peptide QUB-2067 was subjected to activity 

and toxicity tests and the results indicated that QUB-2067 showed potent growth 

inhibitory activity against the three tested microorganisms. Compared with QUB-

1925, the MIC values of QUB-2067 against the yeast C. albicans (16 μM) and E. 

coli (32 μM) were dramatically improved, and that against S. aureus was 64 μM, 

which was relatively less improved but still notable. Moreover, while the overall 

antimicrobial activity of QUB-2067 increased, its haemolytic activity even slightly 

decreased compared with QUB-1925. 

QUB-1925, a putative novel peptide obtained from the skin secretion of P. coelestis, 

was found to have no potent action against the tested microorganisms. After 

modification, a cationicity-/net positive charge-enhanced analogue QUB-2067 was 

obtained. Different from QUB-1925, the synthetic analogue QUB-2067 showed 

potent activity against the tested Gram-positive bacterium S. aureus, Gram-negative 

bacterium E. coli, and the yeast C. albicans, while retaining a similar haemolytic 

activity. This finding strongly suggests that cationicity, amphipathicity, and net 

positive charge are important determinants of enabling α-helical peptides to have 

antimicrobial activities and that a higher cationicity usually correlates with a higher 



 
 

74 

potency and a broader spectrum of antimicrobial activity. The study of QUB-1925 

and its analogue QUB-2067, also provides proof-of-concept evidence that rational 

design and optimisation of a naturally occurring peptide template, can render it 

useful to further study the mechanism of action of α-helical peptides and potentially 

useful in the development of new antibiotic leads. 
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