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Abstract 

Due to the evolving drug resistance of pathogens, it is necessary to develop novel 

antibiotics. Through decades of investment, peptides have been proven to be one 

potential group of biologics that may contribute to the development of new 

antibiotics as they combine the advantages of both small molecule medicines and 

therapeutic proteins.  

Through molecular cloning, the cDNA sequence encoding a new antimicrobial 

peptide (AMP), named QUB-2593, has been identified in the skin secretion of 

Phyllomedusa sauvagii. The novel peptide was synthesised using Solid Phase 

Peptide Synthesis technology. After the identification/authentication of the synthetic 

replicate of QUB-2593 by High Performance Liquid Chromatography (HPLC) and 

Matrix-assisted, laser desorption, ionisation, time-of-flight (MALDI-TOF) mass 

spectrometry, QUB-2593 was subjected to functional tests and it was found to have 

potent antimicrobial effects against E. coli (MIC = 4 µM; MBC = 32 µM), S. aureus 

(MIC = 32 µM; MBC = 512 µM), and C. albicans (MIC = 32 µM; MBC = 256 µM). 

Meanwhile, its haemolytic activity on horse erythrocytes was rather low being only 

20.6% at 512 µM. The selective antimicrobial effects observed would indicate that 

QUB-2593 might deserve further exploration. 

It is expected that this study will contribute to the finding of novel AMPs and the 

design of novel antibiotics.  
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Chapter 1. Introduction 

1.1 The importance of peptide-based drugs—why should 

peptides be explored as new kinds of drugs? 

After decades of development, currently, drugs can be divided into three groups: 

Firstly, small molecule drugs are defined with molecular masses <500 Da; Secondly, 

much larger therapeutic proteins are typically >5000 Da; Thirdly, for peptide-based 

drugs, although there is no strict definition of their molecular mass range, in order to 

discriminate them from proteins, it is commonly accepted that they contain less than 

50 amino acids.  

In the 20th century, drugs were screened and designed by chemical approaches, 

almost all of which belong to the small molecule medicines. Most of these obey the 

Rule of Five, formulated by Christopher A. Lipinski in (Lipinski et al., 1997) to 

evaluate drug potential especially with respect to oral bioactivity. The Rule of Five 

requires drugs with no more than 5 hydrogen bond donors, no more than 10 

hydrogen bond acceptors, a molecular mass less than 500 Da and an octanol-water 

partition coefficient log P of less than 5 (Lipinski et al., 1997). Most of the small 

molecule medicines designed under this rule have oral bioactivity. In addition, a 

small molecule medicine also has advantages such as higher membrane permeability, 

metabolic stability and better compliance with patients due to their simplicity of 

structure and small size.  

However, simple structure and small size may raise problems at the same time, of 

which, toxicity is the main cause of the high attrition rate of chemical drugs (Waring 
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et al., 2015). The small size of these drugs causes lower selectivity of target, which 

potentially leads to severe and unknown side effects. The antipsychotic-induced 

adverse effect is one of the classic examples of a side effect caused by small 

molecule medicines. Typical antipsychotic drugs work as receptor antagonists of 

Dopamine. However, these receptors are widely distributed in human brain. 

Therefore, typical antipsychotics will cause severe extrapyramidal side effects and 

tardive dyskinesia is highly likely to occur during their long term use (Zádori et al., 

2015). A third generation of antipsychotics was developed recently and at great 

expense, but they also have adverse effects such as extrapyramidal signs and 

symptoms, especially akathisia, during therapy (Fountoulakis and Vieta, 2009). A 

high potential for adverse effects still exists, even though so much has been invested 

on the reforming of small molecule drugs. 

The isolation and production of insulin marked the start of the biological era and 

opened up new areas for medicine. At the end of 20th century, with the development 

of molecular biology, protein-based drugs began to develop fast and so far research 

on antibodies, enzymes, and cytokines has made great progress. An outstanding 

property of protein-based drugs is that they have highly-conserved and defined 

targets and thus high potency with fewer side effects. It is predicted that biologics 

will contribute up to 50% of the Top 100 product sales by 2022 (Shireen, 2016).  

However, there are still several disadvantages of protein-based drugs. They are less 

metabolically stable and proteins are very sensitive to changes in the chemical 

environment—they will easily lose bioactivity when the pH or temperature changes 

slightly and are very easily digested by proteases. This is the main reason why most 

therapeutic proteins cannot be taken orally, which leads to poor compliance in 
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patients. In addition, they have low membrane permeability due to their large size. 

Furthermore, due to their complex structures, false positive efficacy and false 

negative toxicity are highly likely to occur and harder to predict. For example, 

Cixutumumab was able to inhibit the growth of several cancer cells according to 

previous research (Shin et al., 2011). But during its phase II clinical trials, it was 

shown that Cixutumumab could not exhibit anticancer effects when used alone. 

Besides, several adverse events such as hyponatremia, fatigue, and skin rash 

occurred during the trial progress (Cao et al., 2016). The difficulty in predicting their 

efficacy and toxicity, together with their sensitivity to environment, accounts for the 

higher costs of exploration, production, storage and transport of protein-based drugs.  

Peptides, as one major type of biologic, can combine the advantages of small 

molecule medicines and therapeutic proteins. They exhibit the high potency of 

therapeutic proteins  and at the same time they are smaller, more accessible and 

cheaper to produce by chemical methods. There are several outstanding advantages 

of peptides: First, their small size allows for both extracellular and intracellular 

delivery while at the same time they are big enough to interface selectively with their 

targets; Secondly, simply by exchanging with non-natural amino acids and 

modification of residues, their serum half-lives can be prolonged; Thirdly, as natural 

products, they have low potential for immunogenicity (Dietrich et al., 2013). 

Although tending to have properties such as molecular mass, the number of polar 

atoms and polar surface area that are against the traditional Rule of Five, there are 

still several properties that might contribute to the oral bioactivity of peptides, which 

can be used to design new peptide drugs. These properties are the molecular mass, 

the calculated lipophilicity, the molecular flexibility (measured by the number of 
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freely rotatable bonds), the polar surface area and the fraction of sp3-hybridised 

carbon atoms of the peptide-based drugs (Santos et al., 2016). It was once thought 

that cyclisation might also be a characteristic that would contribute to improve the 

oral bioactivity as cyclic peptides have more metabolic stability and membrane 

permeability than linear peptides. However, among all peptide-based drugs, only 21% 

of the cyclic drugs are taken by the oral route, whereas 43% of the linear drugs are 

administered through the oral route (Santos et al., 2016). There is thus no trend that 

the cyclic drugs have more potential to be taken orally.  

Peptides serve many physiological functions in vivo—metabolism, digestion, 

respiration, reproduction, and many others acting as ligands. As peptide-based drugs 

have the potential of combining the advantages of the small molecule medicines and 

therapeutic proteins, they have received increased attention in the pharmaceutical 

industry. In Santos’s study (Santos et al., 2016), from all the 269 drugs approved by 

the United States Food and Drug Administration (USFDA) in the past five years 

(2012 to 2016), 131(49%) were small molecule drugs; 29(11%) were monoclonal 

antibodies; 24(9%) were proteins and 20(7%) were peptides. The percentage of  

approved proteins and peptides by USFDA were similar in the report by Albericio 

and Kruger in 2012  (Albericio and Kruger, 2012). Although there are fewer research 

groups devoted to peptide drugs than the other fields, peptide-based drug 

development has much more potential to succeed. 

However, there still exist several problems in the development of peptide-based 

drugs. More research is needed on the potential toxicity of peptide-based drugs and 

the stability of peptides in vivo is still one major problem. Also, the high cost is one 

concern that should be taken into account when it comes to large scale production. 
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This problem might be solved gradually. The selectivity of peptide-based drugs 

might be solved by the introduction of D-amino acids, cyclisation and PEGylation 

(Matsuzaki, 2009). Their instability in vivo could be solved by modifications which 

would make the peptide invisible to proteases and the expenditure might decrease 

with improvements in chemical synthesis technology which would make the 

production more effective (Reddy et al., 2004). 

In the future, peptides will not only be used as therapeutic agents, but will also be 

used to help targeting of other drugs. It can be expected that in the future, attention 

on peptide drug research will surely grow. 

1.2 Anuran background—why this research concentrates 

on anuran skin secretions? 

1.2.1 Anuran skin physiological functions 

Anuran skin is in direct interface with the environment. Therefore, the versatile 

functions of anuran skin are not strictly confined to thermoregulation, 

osmoregulation, respiration, but also to antimicrobial and anti-predator defence 

through secretions from the glands distributed in the skin. There are two major kinds 

of glands existing in the skin of anurans—mucous glands and granular glands. They 

are related to the different biological functions of anuran skin. The third kind of 

glands, tubulosaccular or alveolar glands, only exist in a small group of frogs and 

have specialised functions. 

Thermoregulation, osmoregulation and respiration are controlled by the mucous 

glands. Temperature and water balance are always linked to each other. As 

ectotherms, anurans need to rely on the temperature of the external environment to 
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regulate their own body temperature. Some of the anurans choose to bask in the sun 

in order to maintain body temperature, which will lead to the loss of water of skin. 

Thus, their skin often exhibits an improvement in skin resistance to evaporation 

(Lillywhite, 2006). Mucous produced by mucous glands will facilitate gas exchange 

and keep the skin moist (Talbot, 1992). The moist, slippery condition of the skin will 

help anurans to avoid abrasive harm and provide a physical barrier against fungi and 

bacteria (Clarke, 1997). 

The chemical components serving as antimicrobial and anti-predator barriers stored 

in the granular glands have received increasing attention during the past few years.  

For instance, antimicrobial peptides (AMPs) stored in the cutaneous glands, serve as 

the first line of defence against pathogens distributed widely in the environment 

(Simmaco et al., 1998). Neuroactive peptides secreted by the glands are also found to 

have noxious effects on the predators of anurans. There are also other types of 

chemical components present in the secretion of granular glands, such as the 

biogenic amines, alkaloids and steroids. Each kind of component is represented by 

large numbers of different compounds as some may be aimed at one specific predator. 

The diversity of constituents in the skin secretions of anurans may be the 

evolutionary stratagem for the anuran to defend itself against a wide range of 

predators. Under pressure or after injury, the anuran will release the components 

stored in the granular glands in order to defend itself. In the laboratory environment, 

through electric stimulation or acupuncture, the secretions of anuran skin can be 

collected without hurting the animal, which supports the principle of animal 

protection. The diversity of compounds in the skin secretions of anurans offers 

researchers inspiration for identification and design of novel drug leads.   
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1.2.2 Chemicals in anuran skin gland secretions 

1.2.2.1 Biogenic amines 

There exist a large number of biogenic amines in the cutaneous secretions of anurans, 

such as leptodactylin from leptodactylid frogs which performs a neuromuscular 

blocking function (Habermehl, 2012); epinephrine and its derivate norepinephrine 

found in Bufo spp (Clarke, 1997). Due to their abundance, variety and wide 

distribution, indolealkylamines (IAA) are considered to be the most important 

biogenic amines (Maciel et al., 2003). IAA drugs are analogues of 5-

hydroxytryptamine (5-HT). In the past years, 14 IAAs have been found in toad 

species, of which the Bufonidae family of toads is the main source (Zulfiker et al., 

2016). Most of the IAAs from toads are 5-substituted IAA derivatives, acting mainly 

on the central nervous system. This selective ability makes them possible therapeutic 

agents for various disorders such as schizophrenia, depression, anxiety, obsessive-

compulsive disorders and chronic pain conditions (Zulfiker et al., 2016). 

1.2.2.2 Alkaloids 

Alkaloids have always been associated with diseases of the nervous system. 

Bufotenine and indolizidines are two important alkaloids found in the secretions of 

frog skin. Bufotenine (5-hydroxy-N, N-dimethyltryptamine) is known to be widely 

distributed in the Leguminosae family (Smith, 1977) and Osteocephalus genus 

(Reddy et al., 2004). Given the similar characteristics to 5-hydroxytryptamine type 2 

(5-HT2), it acts as a potential hallucinogenic factor with psychotropic properties and 

is usually linked to temporary mental disorders and brain diseases such as 

schizophrenia and other psychotic symptoms (Takeda et al., 1995). Previous research 

showed that Bufotenine was distributed in different families of anurans. Not only 
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was the research consistent with the idea that different amphibian families share a 

common chemical spectrum, but also showed that closely related species living in 

segregated habitats can contain highly conserved patterns of bioactive compounds in 

their skin secretions (Costa et al., 2005). Bufotenine exhibits inhibition on rabies 

virus as it serves as the competitive agonist of the nicotinic acetylcholine receptor on 

baby hamster blast cells (Vigerelli et al., 2014)  N,N-Dimethylation of 5-HT to 

bufotenine resulted in several-fold increases in affinity; further methylation to its 

simplest quaternary amine counterpart results in the formation of 5-hydroxy-N,N,N-

trimethyltryptammonium (5-HTQ), which is called bufotenidine (Figure 1.1). This 

not only improves the selectivity for 5-HT3 receptors, but also has a 10-fold higher 

affinity for the 5-HT3 receptor. However, bufotenidine cannot penetrate the blood-

brain barrier and thus it is only of limited use for examining the peripheral actions of 

5-HT3 agonists (Roth, 2008). 

 

Figure 1.1 The structures of 5-HT, bufotenin and bufotenidine 

Many indolizidines were found in the cutaneous secretions of poisonous frogs. 

Research has shown that 5, 8-disubstituted indolizidine (-)-235B’ served as a 

potential antagonist of nicotinic acetylcholine receptors. Analogues of 5,8-

disubstituted indolizidine (-)-235B’ with different substituents are listed in Figure 1.2 

(Toyooka et al., 2007). Through the substitution on the side chains, the bioactivity 

and selectivity of 5, 8-disubstituted indolizidine (-)-235B', was improved. Based on 
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the natural products isolated from frogs and through exchange of groups on their side 

chains, new functional drugs may be discovered. 

 

Figure 1.2 Representative examples of 5, 8-Disubstituted Indolizidines with side 

chain substitution (Toyooka et al., 2007). 

1.2.2.3 Steroids 

Research on the steroids contained in the skin secretions of anurans has increased 

recently. Cytotoxity of the cutaneous secretion has a definite association with the 

presence of steroids. Steroids like analgesic bufadienolides are found in Rhinella jimi 

and Rhinella schneideri. It was found that natural bufadienolides and their 
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derivatives showed inhibition against a series of human cancer cell lines in vitro 

(Cunha-Filho et al., 2010). Steroids were also found to have an effect on nociception. 

It was found that bufadienolides had the ability to decrease nociception threshold 

(Cunha-Filho et al., 2010). Apart from that, from a pharmacological point of view, 

bufadienolides can also act as antagonists against the Na+/K+- ATPase enzyme, 

which leads to the regulation of cell membrane potentials and signal transduction. 

Thus bufadienolides might be explored for treating neurological diseases. The 

versatile functions of steroids found in skin secretions of anurans may contribute to 

the development of drugs against different diseases.  

1.2.2.4 Peptides 

Studies of the secretions of anuran skin have mostly focused on the peptides. 

According to different functions, the peptides are divided into several groups, such as 

neuroactive peptides, cytolytic peptides, protease inhibitors, and enzymes. Diversity 

of the functional peptides offers a gold mine of novel drug leads for researchers to 

study and explore. Most studies concentrate on the potential neuroactive, antiviral 

and anticancer effects of these peptides. 

Most of the neuroactive peptides tend to be distributed widely in anuran skins and 

exhibit different biological functions. Tachykinins have been isolated from several 

anuran families (Erspamer, 1994), and lead to fast contraction of intestinal smooth 

muscles. Bradykinin, isolated from the skin secretion of Rana temporaria, reduces 

the contraction or relaxation of smooth muscles. In addition, it affects inflammatory 

reactions and induces the release of hormones directly or indirectly (Couture et al., 

2001). Caerulein was first isolated from Litoria caerulea. It is involved in 

interactions with cholecystokinin receptors inducing pancreatitis, diarrhoea and 
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vomiting, and shows potential activity against hunger control (Bowie and Tyler, 

2006). Bombesin was isolated from Bombina bombina. It led to the discovery of two 

important new mammalian bombesin-like peptides, the neurotransmitter gastrin-

releasing peptide and neuromedin B. The main function of bombesin is the induction 

of gastrointestinal secretion (Erspamer, 1994). Tryptophyllins are the most recently 

discovered peptide family in anurans with myoactive effects. Unlike other 

neuroactive peptides mentioned before, opioids exist exclusively in South American 

Phyllomedusinae species, with efficacy in alleviating acute nociception (Siuda et al., 

2017). 

Cytolytic peptides are even more widely distributed than neuroactive peptides and 

they have been proven to exhibit anticancer, antimicrobial, anti-diabetic and 

immunomodulatory activities (Conlon et al., 2014). Most cytolytic peptides display 

their antimicrobial and anticancer functions by the destabilisation and disruption of 

cell membranes. Although cytolytic peptides also interact with the cell membranes of 

eukaryotic cells, they exhibit stronger effects on prokaryotic cell membranes as there 

are more negatively charged phospholipids on the outer layer of these membranes.  

There are some cytolytic peptides identified and isolated from anurans which directly 

show potential therapeutic effects. Dermaseptin L1 isolated from Agalychnis lemur 

selectively inhibits HepG2 cells (Conlon et al., 2007). Dermaseptin B2 and B3 from 

Phyllomedusa bicolor manifest both anticancer and angiostatic properties (van 

Zoggel et al., 2012). Magainin-1 and -2 from Xenopus laevis have antiviral effects on 

Herpes simplex virus type 1(HSV-1) (Egal et al., 1999). Caerin 1.1, caerin 1.9 and 

maculatin 1.1, from three different Australian tree frogs, inhibit virions and exhibit 

no cytotoxicity on T-cells (VanCompernolle et al., 2005). Temporin-1CEa from 
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Rana chensinensis, causes the rapid death of cancer cell lines. Brevinin-1 from 

Pelophylax porosus can help Vero cells to defend against infections by HSV-1 and 

HSV-2 (Yasin et al., 2000).  

Although some peptides do not exhibit potential therapeutic effects themselves or 

their bioactivity is not strong enough, through modification they could exhibit 

stronger potency and deserve to be studied. Thus hymenochirin-1B from 

Hymenochirus boettgeri shows cytotoxic effects on cancer cells with a slight degree 

of haemolysis but its analogues exhibit higher anticancer potencies and reduced 

haemolytic activities (Conlon et al., 2014). Esculentin-2CHa from Lithobates 

chiricahuensis exhibits high cytotoxic effects on lung adenocarcinoma A549 cells 

whilst showing low haemolytic activity. Through structural modification it can retain 

its anticancer effect but the haemolytic effect can be reduced further (Attoub et al., 

2013). Through structural modification, Alyteserin-2a from Alytes obstetricans, 

Magainin-2 from Xenopus laevis and peptide XT-7 from Silurana tropicalis, can 

selectively inhibit cancer cell proliferation in vitro. An acyclic analogue of brevinin-

1BYa from Rana boylii can retain anticancer effects and reduce haemolytic effects. 

Thus many different kinds of cytolytic peptides from skin secretions of anurans offer 

researchers new structures to study and explore. 

1.3. Background to Phyllomedusa sauvagii—why this 

research chose to identify a peptide? 

1.3.1 General introduction to Phyllomedusa sauvagii 

Phyllomedusa sauvagii belongs to the subfamily of South and Central American leaf 

frogs, Phyllomedusinae of the order Anura and the class Amphibia. It is also known 
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as the waxy monkey tree frog, the waxy monkey frog or the painted-bellied tree frog. 

It is found in Argentina, Bolivia, Brazil and Paraguay. It is an arboreal species, 

which has evolved to adapt to living in trees. The female will lay eggs in folded 

leaves on branches overhanging ponds. After hatching, the tadpoles will drop into the 

water.  

In past years, the abuse of antibiotics has led to the emergence of multi-resistant 

microorganisms. Thus there exists an urgent need to find and develop new kinds of 

antibiotics. The most important research on Phyllomedusa sauvagii reported a broad 

spectrum of antimicrobial peptides in its skin secretion. Each of these may differ 

slightly in their amino acid sequences but may have inhibition on different kinds of 

pathogens. Furthermore, the combination of these peptides may contribute to the 

highest potential of antimicrobial effects to different kinds of pathogens. The method 

of combination also gave researchers inspiration of new ways to deal with the 

accumulated resistance of pathogens and the structures and characteristics of these 

peptides might improve insights as to which parameter might account for the 

pharmaceutical activities of peptides. 
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Figure 1.3. The waxy monkey tree frog- Phyllomedusa sauvagii (Available at: 

https://commons.wikimedia.org/wiki/File%3AWaxy.tree.frog.arp.jpg, accessed on 

21st Mar. 2017) 

1.3.2 Skin gland secretion peptides of Phyllomedusa sauvagii 

There are many peptides with therapeutic potency found in the skin secretions of 

Phyllomedusa sauvagii, which may enlighten the design of new kinds of biologics 

and offer more therapeutic options for researchers. The largest and most researched 

families of antimicrobial peptides (AMPs) are the dermaseptins (sensu stricto) and 

the phylloseptins. Although other peptides belonging to other families have been 

isolated from Phyllomedusa sauvagii, there is still little cumulative research about 

these and as a consequence they will only be described briefly. 

https://commons.wikimedia.org/wiki/File%3AWaxy.tree.frog.arp.jpg
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1.3.2.1 Phylloseptins  

Six phylloseptins (PLS-S1 to S6) have been found in the skin secretion of 

Phyllomedusa sauvagii and their primary structures are shown in Table 1.1. 

Table 1.1 Primary structures and properties of phylloseptins from Phyllomedusa 

sauvagii.  H: Hydrophobicity; µH: Hydrophobic moment. Most members of the PLS 

family are aminated. 

Phylloseptin  Sequence Net charge <H> <µH> 

PLS-S1 FLSLIPHIVSGVASIAKHFa +2 0.81 0.55 

PLS-S2 FLSLIPHIVSGVASLAKHFa +2 0.80 0.55 

PLS-S3 FLSLIPHIVSGVASLAIHFa +1 0.95 0.43 

PLS-S4 FLSMIPHIVSGVAALAKHLa +2 0.79 0.52 

PLS-S5 LLGMIPVAISAISALSKLa +2 0.85 0.35 

PLS-S6 FLSLIPHIVSGVASIAKHLa +2 0.80 0.55 

Despite their paralogous relationships, these peptides show different properties such 

as degree of secondary structure formation, net charge and amphipathicity, and thus 

possess different antimicrobial spectra. Through the study of structure/activity 

relationships, the parameters which may influence the antimicrobial effects of 

peptides have become established. PLS-S1, -S2, and –S4 share the same 

physicochemical properties such as net charge (+2), amphipathicity, and all form α-

helical amphipathic structures in membrane environments, with aggregation of 

hydrophobic and hydrophilic residues located on opposing sides of the helix. They 

all exhibit inhibition of Gram-positive bacteria, including multi-drug resistant 

Staphylococcus aureus strains, and also have bactericidal effects on Leishmania 

infantum, Leishmania. braziliensis and Leishmania. major. Through their similarities, 
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it is presumed that the amphipathic α-helix is responsible for their antimicrobial 

properties (Raja et al., 2013).  

However, the α-helix is not the only parameter that will determine the antimicrobial 

effects of peptides. PLS-S3 whose amino acid sequence is 95% similar to PLS-S2 

and –S5 was found to be without antimicrobial activity. As mentioned before, the 

cationic charge carried by the peptide plays a key role in its antimicrobial activity as 

it has more potential to interact with the anionic membranes of the microorganisms. 

The net charge of PLS-S3 is only +1. Compared with PLS-S2, PLS-S3 has an 

isoleucine in position 17 instead of lysine. Although they both share the same 

characteristics of helix formation and amphipathicity, it does not show the same 

degree of antimicrobial effect as PLS-S2. The result is consistent with the view that a 

positive net charge of at least +2 is one important condition of antimicrobial activity 

(Raja et al., 2013).  

PLS-S5 also contains a net charge of +2 but it is not as strongly active against the 

microorganisms. Compared with the other three AMPs, it was shown that PLS-S5 is 

different from all the other three peptides in amphipathicity during the period of helix 

formation. Two basic amino acids (Lys17 and His18) exist at the C-terminal of PLS-

S1, S2 and S4 (Resende et al., 2008). The interference between the dipole of the 

helix and the cationic residue plays an important role in the stabilisation of the helix. 

The cation-π interaction between His18 and Phe19 also contributes to the stabilisation 

of the helix (Shi et al., 2001).  PLS-S5 only contains one Lysine residue in the C-

terminal region, thus has a less stable helix structure. On the other hand, the leucine, 

isoleucine and phenylalanine residues of PLS-S1, S2, and S4, form a strong 

hydrophobic patch all along their helical regions. Phenylalanine residues also act as 
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anchors to the membrane for its amphipathic property (Sapay et al., 2006). The 

hydrophobic surface of PLS-S5 is interrupted by polar serine residues. Additionally, 

the polar helical face of PLS-S5 is rather small, containing only a lysine, a glycine 

and a serine. Thus it has lower antimicrobial activity. The measure of the 

amphiphilicity of the helix—the helical hydrophobic moment<µH>—of PLS-S1, -S2 

and –S4, are 0.55, 0.55 and 0.52 respectively. The hydrophobic moment<µH> of 

PLS-S5 is rather low—only 0.35, showing a low capacity of amphiphilicity. These 

structural differences might cause the low antimicrobial effect of PLS-S5. Through 

the comparison of different structures, the parameters that determine the 

antimicrobial ability might be discovered and utilised for the design of novel 

antibiotics. 

The isolation of the phylloseptins from Phyllomedusa sauvagii and research of their 

antimicrobial characteristics have improved the understanding of the mechanisms of 

action of AMPs in general. The formation of helices, positive net charge and 

amphiphilicity, are three crucial parameters used to predict the antimicrobial activity 

of a peptide. However, there are still other factors which need to be considered. For 

example, the haemolysis activity and toxicity of an AMP are likely to increase when 

the peptide is designed with highly hydrophobic properties.  

1.3.2.2 Dermaseptins (sensu stricto) 

The first dermaseptin of the dermaseptin superfamily was isolated from 

Phyllomedusa sauvagii, and is now named dermaseptin S1. There are 13 kinds of 

dermaseptins isolated from Phyllomedusa sauvagii, together known as dermaseptins 

S (Table 1.2). These peptides are all linear and polycationic (lysine-rich), with 28-34 

amino acids and amphipathic-helices occurring in apolar solvents. They all have a 
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tryptophan at position 3, and they all share the similar sequence of -

AG(A)KAAL(V/G) G(N/K) AV(A)- in the middle of the peptide, which is one motif 

to identify a dermaseptin peptide (sensu stricto).  

Although the amino sequences of dermaseptins are highly diverse, they all exhibit 

cationic properties as they are all lysine-rich. Like phylloseptins, it is also believed 

that the formation of helix and the amphipathic properties with their polar and apolar 

amino acids on opposing faces of peptides, contribute to the antimicrobial 

characteristics of dermaseptins. 

Dermaseptins (sensu stricto) are the first family to show lethal effects on fungi and 

Navon-Venezia et al., 2002, have found that three derivatives of DSR S4 killed a 

broad spectrum of pathogens rapidly. Not only will they defend against bacteria 

(Gram-negative clinical isolates and Gram-positive strains), there are also in vitro 

and in vivo experiments proving that they can defend against fungal infections such 

as Candida (Krugliak et al., 2000), viruses such as human immunodeficiency virus, 

and protozoa such as Leishmania mexicana and Plasmodium falciparum (Efron et al., 

2002). A truncated derivative of DRS S3 was shown to have inhibitory activity on 

the yeast Saccharomyces cerevisiae (Coote et al., 1998). However, Lequin et al. 

(2006) found one kind of dermaseptin from Phyllomedusa sauvagii unique from 

other AMPs, in that unlike other amphipathic helical dermaseptins, DRS S9 does not 

contain the polar (charged) and apolar surfaces flanking the axis. It contains a highly 

hydrophobic core sequence comprising 10 bulky aliphatic and aromatic residues 

(mean hydrophobicity, +4.4), located on either side with polar amino acids 

aggregations (mean hydrophobicity, -1.90), which is similar to synthetic peptides 

designed as transmembrane segment mimics. Other amphipathic helical dermaseptins 
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tend to bind to the surface of phospholipid membranes but never insert deeply into 

the membrane as the lysine residues offer the opposite strength to drag it out. 

However, without amphipathic properties, it is possible for dermaseptin S9 to dig 

deep into the bilayer to cause disorder of the lipid packing. Lequin et al. found 

compared with amphipathic dermaseptin, dermaseptin S9 inserts 8-fold deeper into 

the membrane (Lequin et al., 2006). Thus the unique structure of dermaseptin S9 

makes it possible for it to perform the bactericidal effects without the common α-

helix flanked by hydrophobic and hydrophilic residues on each side. However, there 

still exists three histidines at the hydrophobic core in contrast to the preference of 

hydrophobic interior residues. Thus, further research efforts on the mechanism of 

bactericidal effects of dermaseptin 9 are needed. 

The bactericidal activity of dermaseptin S9 illustrates that the polar/ charged and 

apolar amino acids on opposing faces along the long axis of the helix cylinder 

structure do not seem to be essential for the antimicrobial activity of cationic helical 

peptides, albeit its other properties are still consistent with the other dermaseptins. 

Compared to membranes with zwitterionic phospholipids, it shows higher affinity to 

membranes with anionic phospholipids. This indicates that electrostatic interactions 

are one essential parameter accounting for the selectivity of cationic peptides. 

Consistent with the same phenomena of other dermaseptins S, the aggregation of 

dermaseptin S9 indicates that aggregation probably is one essential parameter to 

cause the disorder of membranes. The aggregation of dermaseptin S9 was detected in 

water and might have a relationship with the antimicrobial effects, but the specific 

mechanism is still not clear (Caillon et al., 2013). As a potential antimicrobial drug 

with a mechanism different to the typical dermaseptins S, more studies on 
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dermaseptin S9 are needed, which may lead to the finding of a different 

antimicrobial mechanism. 

Table 1.2 Amino acid sequences of dermaseptins from Phyllomedusa sauvagii 

  Dermaseptins Sequence 

DRS S1 ALWKTMLKKLGTMALH-AGKAALGAA-AKTISQGTQa 

DRS S2 ALWFTMLKKLGTMALH-AGKAALGAA-ANTISQGTQa 

DRS S3 ALWKNMLKGIGKL-AGKAALGAVKKL-VGAESa 

DRS S4 ALWMTLLKKVLKAAAKALNAVLVGANAa 

DRS S5 GLWSKIKTAGKSVKAAAKAAVKAVTNAVa 

DRS S6 GLWSKIKTAGKEAAKAAAKAAGKAALNAVSEAIa 

DRS S7 GLWKSLLKNVGKAAGKAALNAVTDMVNQa 

DRS S8 ALWKTMLKKLGTVALHAGKAALGAAADTISQa 

DRS S9 GLRSKIWLWVLLMIWQESNKFKKMa 

DRS S10 GLVSDLLSTVTGLLGNLGGGGLKKIa 

DRS S11 ALWKTLLKGAGKVFGHVAKQFLGSQGQPESa 

DRS S12 GLWSKIKEAAKTAGKMAMGFVNDMVa 

DRS S13 GLRSKIKEAAKTAGKMALGFVNDMAa 

  

1.3.2.3 Sauvagine  

Sauvagine is a peptide originally isolated from Phyllomedusa sauvagii, with the 

amino acid sequence: XGPPISIDLSLELLRKMIEIEKQEKEKQQAANNRLLLDTI-

NH2. When first isolated from Phyllomedusa sauvagii, sauvagine was thought to 

have the potential of inducing long-lasting hypotensive effects (Erspamer et al., 

1980). According to later research, however, it was classified into the corticotropin-
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releasing factor (CRF) family and it was the first member of the CRF family from 

amphibians. It shows pharmacological properties through interfering on the 

corticotropin release factor 2 receptors (CRF2R), which are much more effective 

than other kinds of CRF2R receptors. However, as it will also activate the 

corticotropin release factor 1 receptor (CRF1R), some side effects may occur during 

therapy. Through the modification at the 12th and 13th positions, the anti-atrophy 

effect of sauvagine was improved. Thus, the selectivity of sauvagine could be 

improved by the modification at positions 12 and 13 (Isfort et al., 2005). In addition 

to this, radioiodinated analogues of PS-Svg, such as [Tyr0-Glu1, Nle17]-PS-Svg and 

[Tyr0]-PS-Svg, which bind both CRF receptors with relatively high affinity, have 

come to be most widely used in pharmacological and functional studies (Perrin et al., 

2015). Unlike most other peptides found in Phyllomedusa sauvagii, it is not an AMP, 

but it still offers researchers inspiration for drug structure design. 

1.3.2.4 Other peptides from Phyllomedusa sauvagii 

There are other peptides in Phyllomedusa sauvagii skin secretions which belong to 

other peptide families. However, as these peptides are not as abundant as the former 

peptides, there is relatively little research that has been focused on these peptides. 

 A novel kind of phylloxin identified from Phyllomedusa sauvagii was PLX-S 

(GWMSKIASGIGTFLSGVQQ-NH2). It is only one amino acid different from the 

phylloxin from P. bicolor (Valine for Methionine at position 17). So it is likely that 

there exists high potential that they will exhibit antimicrobial activity (Chen et al., 

2005). Dermatoxin has also been isolated from Phyllomedusa sauvagii but no 

bioactivity tests have been conducted. Although not invested thoroughly, there still 

exists the potential for these peptides to be developed as drug leads in the future.  
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1.4. Aims and objectives of this thesis 

 (1) To clone a novel peptide precursor cDNA from a cDNA library of Phyllomedusa 

sauvagii and to perform bioinformatic analysis with the Expert Protein Analysis 

System (ExpaSy) translate tool and the Basic Local Alignment Search Tool 

(BLAST). 

(2) To predict the structure of the novel peptide from translated cloned cDNA and 

confirm its presence in skin secretion by use of reverse phase HPLC and mass 

spectrometry. 

(3) To utilise a solid-phase peptide synthetic chemistry method to obtain a replicate 

of the novel peptide. 

(4) To identify, isolate and authenticate the synthetic peptide using HPLC and mass 

spectrometry. 

(5) To screen for biological/pharmacological activity using a battery of bioassays, 

including antimicrobial assays and a haemolysis assay. 

(6) To learn and master the techniques involved in the discovery of drug leads and 

develop the ability to perform appropriate experiments independently.  
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Chapter 2. Materials and methods 

2.1 The preparation of skin secretion from Phyllomedusa 

sauvagii 

Specimens of adult Phyllomedusa sauvagii (n=30) were maintained in a simulated 

natural environment. After they adapted to their new surroundings for at least three 

months, their skin secretions were collected from dorsal skin by 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. The product was stored at -20oC prior to use. 

2.2 “Shotgun” cloning 

2.2.1 The isolation of messenger ribonucleic acid (mRNA) from the 

skin secretion of Phyllomedusa sauvagii 

A Dynabeads® mRNA DIRECTTM Kit was used for the isolation and purification of 

mRNA from the crude lyophilised skin secretion of Phyllomedusa sauvagii. The 

design and function of Dynabeads® mRNA DIRECTTM Kit is based on the poly-A 

tail existing at the 3’ terminal of mRNA. The whole procedure is based on the A-T 

base pairing. Short sequences of oligo-dT are covalently bonded to the surface of the 

Dynabeads Oligo (dT) 25. Under certain conditions, the oligo-dT on the beads will 

hybridise with the poly-A tail of mRNA. Through hybridisation with the oligo-dT on 

the beads which were fixed on the tube by use of a magnet, the mRNA can be 

separated from the solution of the crude skin secretion. DNA, proteins, rRNA and 

small RNAs such as tRNA, will be discarded with the lysate solution.  
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2.2.1.1 Preparation of Dynabeads Oligo (dT)25 

Before use, the Dynabeads Oligo (dT)25 in storage buffer should be resuspended. 

Dynabeads Oligo (dT)25 (250µl) were transferred to an RNase-free 1.5 ml 

microcentrifuge tube placed on a magnet, followed by the removal of the storage 

buffer. Next, the beads were washed in 250µl fresh Lysis/Binding Buffer.  

2.2.1.2 Preparation of sample containing mRNA 

Lyophilised skin secretion (5mg) of Phyllomedusa sauvagii was added to 1 ml 

Lysis/Binding buffer to extract mRNA. After centrifugation for 5min at 14, 000 x g 

in an Eppendorf Centrifuge 5424 (Eppendorf, Germany) to remove debris, the lysate 

was transferred to the tube containing the prepared Dynabeads Oligo (dT)25. 

2.2.1.3 The isolation of mRNA 

The sample lysate and the beads were mixed by gently shaking for 30 s and then 

placed on ice for 30 s. The whole procedure of mixing and cooling was repeated and 

lasted for 15 min, which allowed the polyA-tail of the mRNA to bind to the oligo-dT 

on the beads. After binding, the vial was placed on the magnet for 2 min until the 

supernatant was clear. Then the supernatant was discarded. The beads/mRNA 

complex was washed with 500 µl Washing Buffer A three times and Washing Buffer 

B twice, respectively, at room temperature. The magnet rack was used to separate the 

beads from the solution between each washing step. After the washing step, 18µl of 

10mM Tris-HCl (Elution Solution) was added to the vial and incubated at 80oC for 2 

min precisely. The tube was placed immediately on the magnet rack and the 

supernatant containing the mRNA was transferred to a PCR tube. Then the tube was 

placed on ice immediately.  
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2.2.2 The construction of complementary DNA (cDNA) library 

A BD SMARTTM RACE cDNA Amplification Kit (BD CLONTECH, UK) was 

employed to construct the first-strand cDNA library. For synthesising 3’ terminal 

RACE-Ready cDNA, 3’ terminal CDS primer could combine with mRNA by 

covalent bonds and amplify a complementary chain. For synthesising 5’ terminal 

RACE-Ready cDNA, apart from 5’ terminal CDS primer, a modified oligo dT 

primer named BD SMART II™ A Oligonucleotide (BD SMART II) was used to 

produce first-strand cDNA by binding with the poly-A tail of mRNA. The primers 

used for cDNA library construction are listed in Table 2.1.  

The products of isolation mRNA were separated into 5 PCR tubes labelled 3’-1, 3’-2, 

3’-3, 5’-1, 5’-2 respectively. The reagents added to each group are shown in Table 

2.2. Then the tubes were heated at 70˚C for 2min, and cooled down on ice for 2min. 

Then reagents needed for RACE reactions were added to each tube. The components 

added in each 3’ terminal RACE and 5’ terminal RACE group are shown in Table 

2.3 and Table 2.4, respectively. After the addition of all the reagents, the whole 

reaction system was heated to 42˚C for 90min in a PCR machine (ThermoFisher 

Scientific, USA). Then 50µl PCR water was added to each tube to dilute. Next the 

whole reaction system was heated at 72oC for 7 min. Finally, the solution was stored 

at 4˚C.   
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Table 2.1 Sequences of primers for cDNA library construction 

Primer Sequence 

BD SMART II 

3'-CDS Primer A 

 

5'-CDS Primer 

5'–AAGCAGTGGTATCAACGCAGAGTACGCGGG–3' 

5'–AAGCAGTGGTATCAACGCAGAGTAC(T)30V N–3' 

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

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

 

 

 

Table 2.2 Reagents for Rapid amplification of cDNA ends. There were three groups 

of 3’ terminal RACE, labelled as 3’-1, 3’-2 and 3’-3; two groups of 5’ terminal 

RACE, labelled as 5’-1 and 5’-2.   

Reagent 3’-1 3’-2 3’-3 5’-1 5’-2 

mRNA sample 4 µl 4 µl 4 µl 3 µl 3 µl 

3’ terminal CDS 

primer 

1 µl 1 µl 1 µl - - 

5’ terminal CDS 

primer 

- - - 1 µl 1 µl 

BD SMART II - - - 1 µl 1 µl 

Total volume 5 µl 5 µl 5 µl 5 µl 5 µl 
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Table 2.3 Components of each tube for 3’ terminal RACE-Ready cDNA  

Reagent Volume Final concentration 

mRNA sample  4 µl 40% 

3’ terminal CDS primer 

(10 µM) 

1 µl 1 µM 

5X First-Strand Buffer 2 µl 1X  

DTT (20 mM) 1 µl 2 mM 

dNTP Mix (10 mM) 1 µl 1 mM 

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

Total volume 10 µl  

 

 

 

Table 2.4 Components of each tube for 5’ terminal RACE-Ready cDNA  

Reagent Volume Final concentration 

mRNA sample  3 µl 30% 

5’ terminal CDS primer 

(10 µM) 

1 µl 1 µM 

SMART II (10 µM) 1 µl 1 µM 

5X First-Strand Buffer 2 µl 1X  

DTT (20 mM) 1 µl 2 mM 

dNTP Mix (10 mM) 1 µl 1 mM 

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

Total volume 10 µl  
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2.2.3 Polymerase chain reaction (PCR) 

To amplify the products of RACE, polymerase chain reaction (PCR) was used. PCR 

is a technology used to generate thousands to millions of copies of a particular DNA 

sequence. The whole reaction relies on thermal cycling. In this section, only 3’ 

terminal RACE PCR was performed and 3’ terminal RACE-Ready cDNA served as 

a template. A degenerate primer pool served as the sense primer (5′-

GGCTTYCCTGAAGAAATCTC-3′) and a nested universal primer (NUP), supplied 

with the SMART RACE kit, served as antisense primer annealing to the single-

stranded DNA as template to amplify in PCR cycles.  

All reagents were placed on ice in advance to thaw thoroughly and centrifuged 

briefly before use. The difference between the sample group and the negative control 

group was the addition of cDNA library sample. The components in each reaction 

tube are shown in Tables 2.5 and the temperature for each period of RACE PCR is 

shown in Table 2.6. Finally, the products of RACE PCR were stored at 4oC. 
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Table 2.5 Components in each tube of sample group/negative control group in 

RACE PCR  

Reagent Volume Final concentration 

PCR-Grade Water 2.6 µl  

10X BD Advantage 2 PCR Buffer  1 µl 1.5X 

dNTP Mix (10 mM) 0.2 µl 0.2 mM 

NUP  (20 µM ) 0.5 µl 1 µM 

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

50 X BD Advantage™ 2 Polymerase 

Mix 

0.2 µl 1 X 

cDNA library/PCR-Grade Water  5 µl  

Total volume  10 µl  

 

 

Table 2.6 3’/5’ terminal RACE PCR programme  

Stage  Parameter 

Stage 1 initial denaturation at 94 oC for 60s 

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

at 56 oC  for 30 s, extension at 72 oC for 180s) 

Stage 3 final extension at 72 oC for 10 min 

 

2.2.4 Agarose gel electrophoresis and gel analysis 

Gel electrophoresis is a method to separate and analyse macromolecules and their 

fragments based on their size and charge. 0.45g of agarose (Invitrogen, UK) was 

dissolved in freshly prepared 1 X Tris/Borate/EDTA (TBE) buffer (Invitrogen, 

UK) in a microwave oven. After cooling to room temperature, 2.5µl of 10 mg/ml 
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Ethidium Bromide (EB) (Sigma-Aldrich, USA) were added to the gel solution for 

subsequent visualisation of the DNA molecules under UV light. Then the solution 

was poured into the electrophoresis tank with a comb placed in position. After gel 

solidification, the comb was pulled out gently and recycled 1 x TBE Buffer was 

added into the electrophoresis tank. 0.5 µl Loading Dye (Promega, USA), 1.5 µl 

sample or negative control were added to each well. As a standard measure, 2.5 µl 

100bp DNA ladder (BioLabs, UK, 0.5 µg/lane) were added to one well of each gel. 

The voltage was set to 90 V and run for 30 min. After the electrophoresis was 

completed, the gel was placed under UV light for visualisation. 

2.2.5 Purification of RACE PCR products 

A Cycle Pure Kit (Omega Bio-Tek, USA) was used in this study to purify the RACE 

PCR products. Solution of PCR product and quintuple CP buffer (v/v) were moved 

to cartridge, centrifuged at 13,000 x g for 1min in an Eppendorf Centrifuge 5424 

(Eppendorf, Germany). After flow-through was discarded, 700 µl of Washing Buffer 

(containing ethanol) were added to each cartridge. Cartridges were also centrifuged 

at 13,000 x g for 1min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany). 

After flow-through was discarded, 500 µl of Washing Buffer were added to each 

cartridge. The cartridges were centrifuged at 14,000 x g for 2min in an Eppendorf 

Centrifuge 5424 (Eppendorf, Germany). After the bottom tube of cartridge was 

replaced by a 1.5ml recovery tube, 30µl PCR water were added to each cartridge and 

placed at room temperature for 2 min, then the cartridges with 1.5 ml recovery tubes 

were centrifuged at 13,000 x g for 1 min in an Eppendorf Centrifuge 5424 

(Eppendorf, Germany). The water was removed in a concentrator (Eppendorf, 

Germany). 
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2.2.6 Cloning—ligation of purified RACE PCR products into 

pGEM-T Easy Vectors 

A pGEM Easy Vector System II (Promega, USA) which contained pGEM-T Easy 

Vector (Figure 2.1) and single-use JM 109 competent cells (>108 CFU/µl), were used 

to ligate the purified cDNA and transfer the recombinant DNA to competent cells. 

According to the amount of RACE PCR product shown by gel analysis, 6 µl of PCR 

water was added to resuspend DNA. Then the reagents for ligation were added to a 

PCR tube as shown in Table 2.7. The ligation system was placed at room 

temperature for 1 h. Then the ligation system was stored at 4°C for 16-20 h. 

 

Figure 2.1 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: http://www.labnet.fi/doc/a1360_80_3600_3610.pdf, 

accessed on 28th Mar 2017) 
 

 

 

http://www.labnet.fi/doc/a1360_80_3600_3610.pdf
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Table 2.7 Reagents for ligation reaction 

Reagent Volume Final concentration 

2X Rapid Ligation Buffer 2.5 µl 1X 

pGEM®-T Easy Vector 

(50ng/µl)  

0.5 µl 5 ng/µl 

Diluted PCR products 1.5 µl  

T4 DNA Ligase 

(3 Unit/µl)  

0.5 µl 0.3 Unit/µl 

Total volume 5 µl  

 

2.2.7 Cloning—transformation of ligation products to competent 

cells 

2.2.7.1 Preparation of nutrient LB agar plates with ampicillin, IPTG, X-Gal 

After 6.4 g Luria-Bertani (LB) Agar (Invitrogen, UK) was dissolved in 200 ml of 

deionised water, the mixture was autoclaved. Then ampicillin (550 μl) was added to 

LB agar solution. The LB agar solution was then poured into Petri dishes (11 ml per 

Petri dish). After the solidification of LB agar solution, 100 µl IPTG (Promega, USA, 

0.1 M) were spread evenly with a spreader on each plate. Then 20 µl X-Gal 

(Promega, USA, 50mg/ml) were spread evenly on each plate. The 

ampicillin/IPTG/X-Gal LB agar Petri dishes were incubated at 37 oC for 45-60 min, 

upside down. 

2.2.7.2 Transformation of ligation products into competent JM109 cells 

JM109 cells (>108 CFU/µg) (Promega, USA) were utilised in this experiment to 

express the exogenous DNA. JM 109 cells were defrosted on ice.  Ligation product 

(2.3 µl) and JM 109 cell suspension (50 µl) were put into a 1.5 ml microcentrifuge 
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tube and placed on ice for 20 min. Then the tube was heated at 42°C for 47 s 

precisely and placed on ice for 2 min. Finally, 950 µl S.O.C medium (Invitrogen, 

USA) were added to the tube to incubate JM 109 cells at 150 rpm, 27°C for 2.5 

h.  After shaking to evenly distribute components, the transformation products (100 

μl) were spread on each prepared plate as in section 2.2.7.1 with a spreader. Finally, 

these plates were put into an unsealed bag and incubated at 37oC, overnight (over 22 

h), upside down. 

 

2.2.8 Cloning—blue and white screening 

The blue and white screening is a technology used to screen out the successfully 

transformed JM 109 cells.  As the vector had an ampicillin resistance gene, only the 

transformed competent cells could survive in the presence of ampicillin. In addition, 

inserted DNA could disrupt the lac Z gene and inhibit β-galactosidase, while only the 

cells containing a DNA-inserted vector could produce white colonies.  

To begin with, several Petri dishes were prepared as per procedures in section 2.2.7.1 

and these were labelled with squares (mostly 22 squares) on the bottom and marked 

with numbers and primer name. Then the dishes containing JM109 cells were taken 

out of the incubator and white colonies were numbered in accordance with the 

numbers of new dishes. White colonies were transferred to separate squares of the 

new culture dishes using sterilised inoculating loops by gently dipping and drawing 

lines. The new dishes were put upside down and incubated at 37oC overnight to let 

the bacteria continue growing. 

2.2.9 Cloning—isolation of recombinant plasmid DNA 

Each re-growing white colony was selected and numbered at the bottom of plates 

while PCR tubes were labelled with the corresponding numbers. Then 20 µl PCR 
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water were added to each PCR tube. Next each white colony was scratched gently by 

an autoclaved tip from the surface of ampicillin/IPTG/X-Gal LB agar Petri dishes 

and put into the corresponding PCR tube. Then the tubes were heated at 100°C for 5 

min, placed on ice for 5 min and vortexed for 30 s. Then all tubes were centrifuged at 

20,000 x g for 5 min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany).  

2.2.10 Cloning PCR 

All the reagents listed in Table 2.8 except the Taq DNA polymerase, were added to 

each PCR tube. The sequences of M13 Forward primer (M13F) and M13 Reverse 

primer (M13R) were 5'-GTAACGCCAGGGTTTTCCCAG-3' and 5'-

TGTGACCGGATAACAATTTCAC-3', respectively. Taq DNA polymerase (0.25 μl) 

was added to each PCR tube before the addition of the DNA product. The isolated 

DNA products were centrifuged at 20,000 x g for 5 min in an Eppendorf Centrifuge 

5424 (Eppendorf, Germany). After centrifugation, 2.5 µl of supernatant were added 

to the corresponding PCR tube. After all components were prepared, these PCR tubes 

were centrifuged briefly before putting into the PCR machine. The cloning PCR 

programme was performed as shown in Table 2.9.  
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Table 2.8 Components of each tube in cloning PCR  

Reagent Volume Final concentration 

5X Cloning Buffer 10 µl 1X 

dNTP Mix  (10mM) 1 µl 0.2 mM 

M13F (20µM) 2.5 µl 1 µM 

M13R (20µM) 2.5 µl 1 µM 

PCR-Grade water 31 µl  

Taq polymerase  

(5 Unit/µl) 

0.25 µl 0.025 Unit/µl 

DNA supernatant 2.5 µl  

Total volume 49.75 µl  

 

 

Table 2.9 Cloning PCR programme  

 

Stage  Parameter 

Stage 1 initial denaturation at 94 oC for 1 min 

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

extension at 72 oC for 3 min) 

Stage 3 final extension at 72 oC for 3 min and storage at 4 oC prior to use 

 

  

  

    

2.2.11 Gel analysis of cloned PCR products  

The steps here were the same as for gel analysis of RACE PCR products described in 

section 2.2.4 except that no additional loading dye was added to the sample.  
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2.2.12 Purification of cloned PCR products  

The steps here were the same as for purification of RACE PCR products described in 

section 2.2.5.  

2.2.13 The sequencing reaction 

The aim of the sequencing reaction was to amplify DNA fragments connected with 

M13F/M13R. In this process, di-deoxynucleotidetriphosphates (ddNTPs) were used. 

The lack of an extra oxygen atom in deoxyribose makes the new DNA chain 

elongation terminate at the site where the ddNTP combines. The Sanger method was 

most commonly used in DNA sequencing based on fluorescently-labelled ddNTPs. 

A Big Dye® Terminator v 3.1 Cycle Sequencing Kit was utilised to perform the 

sequencing reaction. M13F (10 μl) and PCR-Grade water (52.5 μl) were added to a 

1.5ml tube and pipetted to prepare a lower concentration of M13F in advance. The 

reagents for the sequencing reaction are shown in Table 2.10 and were added to each 

tube. All the sample tubes were put into the PCR machine and the PCR cycling 

process was as described in Table 2.11. 

Table 2.10 Components in each sequencing reaction tube  

Reagents Volume Initial concentration 

PCR-Grade water 12.4 µl  

Diluted M13F or M13R  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  

 



37 

 

 

 

Table 2.11 Sequencing reaction PCR programme 

Stage  Parameter 

Stage 1 initial denaturation at 96 oC for 1 min 

Stage 2 26 cycles (denaturation at 96 oC for 20 s, annealing at 55 oC for 10 

s, extension at 60 oC for 4 min ) 

Stage 3 preservation at 4 oC for 7min 

 

2.2.14 Purification of extension products 

To precipitate DNA, initially, 72 µl 95% Ethanol were added to the PCR tubes 

containing cloned PCR products. After completely mixing, the PCR products 

solution was removed to 1.5 ml microcentrifuge tubes containing 10 µl PCR water in 

each. Then the tubes were vortexed for 30 s, placed at room temperature for 20 min, 

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

(Eppendorf, Germany), after which the supernatant was removed immediately. In the 

next step, 260 µl 70% Ethanol were added to the product of the first precipitation 

product, vortexed for 30 s and centrifuged at 20,000 x g for 10 min in an Eppendorf 

Centrifuge 5424 (Eppendorf, Germany), then the supernatant was removed. The 

residual ethanol was removed in a concentrator over 2h.  

2.2.15 DNA Sequencing 

In each tube containing the purified extension DNA products, 10 µl of highly 

deionised-formamide (HiDi) (Applied Biosystems, USA) were added and all tubes 

were mixed for 1 min. Then they were centrifuged briefly at 18,000 x g in an 
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Eppendorf Centrifuge 5424 (Eppendorf, Germany) and heated at 95 oC precisely for 

4.5 min. Next they were placed on ice for 3 min and 10 µl of liquid from each tube 

were added to the corresponding well in a 96-well sequencing plate without any 

bubbles. Finally, the DNA was sequenced by an ABI 3730 automated sequencer 

(Applied Biosystems, USA). 

2.2.16 Bioinformatic analysis 

The Expert Protein Analysis System (ExpaSy) translate tool was used to translate the 

DNA sequence into the amino acid sequence. Then a Basic Local Alignment Search 

Tool (BLAST) was used to compare the sequence with other related peptides in the 

database of the National Centre for Biotechnology Information (NCBI). 

2.3 Peptide synthesis 

Solid phase peptide synthesis (SPPS) was first reported by Robert Bruce Merrifield 

in 1963 in the Journal of the American Chemical Society.  

The novel peptide QUB-2593 (ALWKDILKNAGKAALNEINQRVQ-NH2) was 

chemically-synthesised by using a PS4 Tribute peptide synthesiser (Protein 

Technologies, USA). 

2.3.1 Preparation 

Reaction vessels and amino acid vials were cleaned and dried in a drying oven. To 

synthesise 0.3 mmol of peptide, 1.2 mmol of each protected amino acid and 1.2 

mmol HBTU were weighed and added to each vial. All vials were sealed tightly with 

a cap and a septum. The resin used in the study was Rink amide MBHA resin. The 

weight of resin was calculated by the formula: Resin weight = (peptide 0.3mmol) / 
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(loading capacity mmol/g) = 0.3/0.6=0.5g. The resin was weight out into the vessel 

just before synthesis. 

2.3.2 Synthesis 

The reagents for synthesis contained N, N-Dimethylformamide (DMF) (Fisher 

Chemical, UK), piperidine (Sigma-Aldrich, USA), 4-Methylmorpholine (NMM) 

(Sigma-Aldrich, USA) and Dichloromethane (DCM) (Sigma-Aldrich, USA). The 

functions of these reagents are shown in Table 2.12.  

 

 

Table 2.12 Reagents and corresponding functions in synthesis 

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 

Before synthesis, the inline solvent filters and the source of nitrogen were checked, 

sufficient reagents for synthesis should be added to the vented reagent bottles and 

then the reagent bottles were pressurised and primed. Next, the reaction vessel with 

resin was fixed. The loading sequence of vials containing amino acid was from C-

terminus to N-terminus of the peptide sequence. Then the peptide synthesiser was set 

to run. After the completion of synthesis, all amino acid vials and reaction vessels 
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were removed from the PS4. The resin- peptide powder was removed from the 

reaction vessels and transferred to a 50 ml round-bottom flask.   

  

2.3.3 Cleavage  

The cleavage cocktail (25ml/g resin) was prepared as the proportion: 94% TFA, 2% 

TIS, 2% EDT and 2% H2O. The cocktail was added to the flask containing the 

synthesis products. Then the cleavage and deprotection reaction was performed at 

room temperature for 4 h, with stirring. The cleavage mixture was filtered by a 

Buchner funnel. 

2.3.4 Peptide washing  

 After the cleavage mixture was filtered, and the filtrate was concentrated by rotary 

evaporation, iced diethyl ether was added to the 50 ml round-bottom flask containing 

the filtrate to precipitate peptide and stored at -20 oC overnight. The next day, the 

mixture was centrifuged at 5,000 x g for 5 min in an Eppendorf Centrifuge 5424 

(Eppendorf, Germany). Then the supernatant was discarded. The washing steps were 

repeated 3 times. At the last time, after the discarding of supernatant, diethyl ether 

was volatilised at room temperature.   

2.3.5 Lyophilisation  

After the peptide washing, 15ml of solution A (TFA/H2O; 0.05/99.95; v/v) were 

added to dissolve the peptide. Then the mixture was snap-frozen in liquid nitrogen 

and lyophilised using an Alpha 1-2 freeze-drying system (Hetosicc, Martinchrist, 

Germany). 
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2.4 Identification of synthetic peptide 

2.4.1 Reversed-phase high performance liquid chromatography (RP-

HPLC) 

High performance liquid chromatography (HPLC) is a computer controlled 

technology to separate different components in a mixture. Components in the mobile 

phase have different polarity and after being pumped into the column, due to 

different affinities with stationary phase, they will be separated and eluted by the 

stationary phase and will be detected by the detector. Reversed-phase high 

performance liquid chromatography (RP-HPLC) is the most common HPLC system 

nowadays with the polar mobile phase and non-polar stationary phase. It is suitable 

for the separation of non-polar, polar and ionic compounds, especially suitable for 

separation of organics which are soluble in polar or weak polar solvents. 

The mobile phase in this study consisted of a gradient of solution A and solution B. 

Solution A and Buffer B were prepared as follows: Solution A: 0.5 ml trifluoroacetic 

acid (TFA)/1000 ml deionised water (0.05/99.95, v/v); Solution B: 0.5 ml 

trifluoroacetic acid (TFA)/200 ml deionised water/800 ml Acetonitrile 

(0.05/29.95/70.00, v/v/v). Before use, Solution B was degassed with sonication for at 

least 15 min.  

The lyophilised synthetic peptide (1mg) was dissolved in 500 µl solution A and 500 

µl solution B and centrifuged at 12,000 x g for 20 min in an Eppendorf Centrifuge 

5424 (Eppendorf, Germany). The supernatant was removed and used for the later 

separation.  
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Before the injection of sample, the HPLC column was washed with Solution B for 

30-60 min to clean the column of any impurities, and then it was equilibrated with 

solution A for 1 h. A Jupiter C-5 semi preparative column (250 x 10mm, 

Phenomenex, U.K) was used in this study. 

The supernatant of synthetic peptide was then subjected to RP-HPLC using a Cecil 

Adept CE4200 HPLC system (Amersham Biosciences) and Powerstream HPLC 

software. The whole process ran a gradient changing mobile phase from 100% 

solution A to 100% solution B. The fractionation of the sample occurred over 80 min 

at a flow rate of 1 ml/min and the wavelength of the detector was set at 214nm. 

2.4.2 Matrix-assisted laser desorption/ionisation time-of-flight mass 

spectrometry (MALDI-TOF MS) 

Matrix-assisted laser desorption/ionisation time-of-flight mass spectrometry 

(MALDI-TOF MS) is a biological soft ionisation mass spectrometry. MALDI-TOF 

MS is suitable for the analysis of biomolecules and large organic molecules, with 

high sensitivity, high accuracy and high resolution.  

A MALDI-TOF MS (Voyager DE, PerSeptive Biosystems, Framingham, MA, USA) 

was used in this study to analyse the masses of components separated by the HPLC. 

Alpha-cyano-4-hydroxycinnamic acid (CHCA) was utilised as matrix for peptides. 

The concentration of CHCA matrix solution was 10mg/ml in TFA/H2O/acetonitrile 

(0.05/49.95/50, v/v/v).  

The theoretical mass value of peptide was calculated according to the sequence 

acquired by the molecular cloning experiment. A sample of each fraction from HPLC 

(2µl) was spotted onto the MALDI sample plate and left to dry. Then 1 µl CHCA 
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was spotted onto the same places and left to dry. The MALDI sample plate was 

placed in the instrument and masses of the peptides were recorded as mass/charge 

ratios (m/z). The masses obtained were compared with the theoretical masses. 

2.5 Antimicrobial assays 

Staphylococcus aureus (S. aureus), Escherichia coli (E. coli) and Candida albicans 

(C. albicans), were the three microorganisms used in the study. These three typical 

microorganisms are widely used to test the antimicrobial ability of antibiotics in vitro. 

This experiment was for the detection of minimum inhibitory concentrations (MICs) 

and minimum bactericidal concentrations (MBCs) of the peptide towards the three 

different microorganisms E. coli (NCTC 10418), S. aureus (NCTC 10788) and C. 

albicans (NCPF 1467). 

2.5.1 Inoculation of microorganisms  

The three microorganisms were all stored at -20°C. One bead (for S. aureus or C. 

albicans) or one drop of glycerol (for E. coli) was taken from frozen stock into a 

flask of 100ml MHB and incubated overnight (16-20 h) in an orbital incubator at 

37°C and 150-200 rpm.  

2.5.2 Subculture of the overnight growth culture 

McCartney bottles of 20ml MHB were placed at 37°C overnight in advance to check 

whether they had been contaminated. The overnight bacterial cultures (500 µl) were 

added to the McCartney bottles and incubated at 37°C, 150-200 rpm until log phase 

growth was achieved. The optical densities (OD) at 550 nm of each microorganism 

after establishment of log phase growth, are shown in Table 2.13. All the cultures 

were diluted to 5×105 colony-forming unit (CFU)/ml before use. 



44 

 

Table 2.13 Optical density (OD) of each microorganism at log phase. The OD was 

measured by ultraviolet spectrophotometer at λ=550nm. 

Bacterium OD 

Concentration 

(CFU/ml) 

S.aureus 0.2 108 

E.coli 0.4 108 

C.albicans 0.15 5×106 

2.5.3 Dissolving of QUB-1932 

The peptide was dissolved in dimethyl sulphoxide (DMSO) (Fisher Chemical, UK) 

to make a concentration of 512 × 102 µM. The peptide solution was then double-

diluted in DMSO to achieve a series of concentrations—(256, 128, 64, 32, 16, 8, 4, 2, 

1) × 102 µM, which were then diluted 100 fold by the microbial subculture in the 96-

well plate later. The final tested concentrations of peptide in the 96-well plate were 

512, 256, 128, 64, 32, 16, 8, 4, 2, 1 µM. 

2.5.4 Evaluation of minimal inhibitory concentrations (MICs) of 

QUB-2593 by incubating peptide and microorganisms 

All the samples and controls were arranged in the 96-well plate with 5 replications. 

For each well, 1 µl peptide solution and 99 µl culture were added. 100 µl sterile 

MHB were added into each well as the sterile control; 1µl DMSO and 99 µl of 

culture solution were added as the vehicle control; 100 µl culture were added as the 

growth control. Plates were incubated for 18 h at 37 oC in a humid atmosphere. The 

layout of 96-well plate for this experiment is shown as Figure 2.2. The plate was 

incubated at 37 oC, 150-200 rpm for 5-10 min and incubated at 37 oC for 16-20 h. A 
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Synergy HT plate reader (BioTek, USA) was used to detect the absorbance of each 

well at 550nm. The minimal concentration with no bacterial growth was the MIC of 

the peptide.  

 

 

Figure 2.2 The distribution of sample groups and control groups in the microdilution 

antimicrobial susceptibility assay. The numbers from 512 to 1 means the 

concentration of peptide are from 512 µM to 1 µM. G: Growth control group 

(microorganism culture medium). V: vehicle control group (microorganism culture 

medium with 1% DMSO). S: sterile control group (sterile MHB). 

2.5.5 Viable cell counts 

This experiment was carried out on a Mueller-Hinton Agar (MHA) plate. The 

adjusted subculture (theoretical 5×105 CFU/ml) was diluted in 10-fold dilutions 

(from 10-1 to 10-6 fold). 20ul of each dilution were dropped onto the MHA plate in 

three replications. The MHA plate was incubated at 37 oC overnight. The colony 

numbers in each drop were then counted. Then the original CFUs in the subcultures 

were calculated to see whether sufficient microorganisms were prepared for the 

experiment. 
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2.5.6 Determining minimal bactericidal concentrations (MBCs) of 

QUB-2593 

From MIC to the highest concentration, 20 µl of each culture were dropped onto the 

MHA Petri dish in 5 replications. Samples at the same peptide concentrations were 

added to the same grid. After the drops were dried, the Petri dishes were incubated at 

37 oC for 16-20 h and then examined. The minimal concentration with no bacterial 

colonies was the MBC of the peptide.  

2.6 Haemolysis assay 

2.6.1 Horse erythrocyte suspension preparation 

Two ml of horse blood were transferred to a 50 ml universal tube and then 

centrifuged at 930 x g for 5 min in an Eppendorf Centrifuge 5430 (Eppendorf, 

Germany). After discarding of supernatant, 30 ml of PBS solution were added to the 

tube and shaken gently to mix. Again, the suspension was centrifuged at 930 x g for 

5 min in an Eppendorf Centrifuge 5430 (Eppendorf, Germany). These steps were 

repeated until the supernatant was clear. Finally, 50 ml PBS were added to make a 4% 

erythrocyte suspension.  

2.6.2 Peptide stock solution preparation 

Peptide QUB-2593 was dissolved to make a series of concentrations from 512 µM to 

1 µM by 2-fold dilutions in PBS.  

2.6.3 Control group preparation 

As a positive control in the haemolysis assay, 110 µl 20% Triton X-100 were mixed 

with 990 µl PBS. PBS solution alone was used as a negative control. 
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2.6.4 Loading erythrocytes and peptide solutions 

At first, 200 µl of 4% erythrocyte suspension were added to each 1.5 ml 

microcentrifuge tube. 200 µl peptide solutions at different concentrations were added 

to each tube respectively as the experimental group. 200 µl of the prepared positive 

and negative controls were added as the control groups. All the tubes were incubated 

at 37˚C for 2 h subsequently. After incubation, tubes were centrifuged at 930 x g for 

5 min in an Eppendorf Centrifuge 5430 (Eppendorf, Germany). Next, 100 µl of 

supernatant from each tube were transferred into a 96-well plate. A Synergy HT plate 

reader (BioTek, USA) was used to detect the absorbance at 550 nm. The haemolysis 

was calculated by the formula: haemolysis (%) = (experimental absorbance – 

negative control absorbance) / (positive control absorbance – negative control 

absorbance) × 100. 
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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 sauvagii 

After the “shotgun” cloning, the cDNA encoding the precursor of a novel peptide 

was obtained from the cDNA library constructed from the skin secretion of 

Phyllomedusa sauvagii. The nucleotide and translated open-reading frame amino 

acid sequences of the cDNA are shown in Figure 3.1. The open-reading frame of the 

novel cloned cDNA consisted of 70 amino acid residues. 

 The predicted amino acid sequence of the novel peptide from the Expert Protein 

Analysis System (ExpaSy) translate tool was ALWKDILKNAGKAALNEINQRVQ-

NH2, which consisted of 23 amino acids and a C-terminal amide group. The similar 

peptide amino acid sequences found with BLAST were dermaseptin-4 

(ALWKDILKNAGKAALNEINQRVQ) with 96% identity found in Phyllomedusa 

tarsius and dermaseptin-B6 (ALWKDILKNAGKAALNEINQRV) with 95% identity 

found in Phyllomedusa bicolor. The theoretical molecular mass of the novel peptide 

was 2593.007 (av.). Thus this novel peptide from Phyllomedusa sauvagii was named 

QUB-2593.  
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Figure 3.1 The nucleotide sequence of the cDNA-encoding the novel peptide 

precursor and translated amino acid sequence of the open-reading frame. The 

putative signal peptide sequence is double underlined, mature peptide sequence is 

single underlined and the termination codon is marked by an asterisk. 

3.2 Identification of synthetic peptide 

3.2.1 RP-HPLC chromatogram of synthetic peptide 

The RP-HPLC chromatogram of the synthetic peptide QUB-2593 is shown in Figure 

3.2. 
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Figure 3.2 The RP-HPLC chromatogram of the synthetic peptide QUB-2593. The 

peak indicated by an arrow shows the position of QUB-2593. 

3.2.2 MALDI-TOF MS results of synthetic peptide 

The MALDI-TOF spectrum of the synthetic peptide is shown in Figure 3.3. The 

major peptide ion observed at m/z was 2594.52, which was consistent with the 

theoretical mass value of the singly charged peptide of interest. Thus, the 

identification of synthetic peptide was confirmed and was the major product which 

was utilised for the following functional tests.  
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3.3 Antimicrobial activities 

The result of MIC and MBC assays of the novel peptide against the Gram-positive 

bacterium Staphylococcus aureus (S. aureus), the Gram-negative bacterium 

Escherichia coli (E. coli) and the yeast Candida albicans (C. albicans) are shown in 

Table 3. 1. The MIC values against tested microorganisms are shown in Figure 3.4. 

Each microorganism was tested three times by a series of QUB-2593 solutions of 

different concentrations ranging from 512 µM to 1 µM.   

Table 3.1 The MICs and MBCs of QUB-1932 against tested microorganisms 

Microorganism MIC (µM) MBC (μM) 

S. aureus 32  512 

E.coli 4 32 

C. albicans 32 256 
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[C] 

Figure 3.4 Three experiments determining minimal inhibitory concentrations (MICs) 

of QUB-2593 against S. aureus [A], E. coli [B] and C. albicans [C]. S: sterile control 

(sterile MHB); V: vehicle control (microorganism culture medium with 1% DMSO); 

G: growth control (microorganism culture medium). The data represent means ± 

SEM (standard error of mean) of three independent experiments 5 replicates in each. 

3.4 Haemolytic activity 

The bar chart shows the haemolytic activity of the novel peptide (Figure 3.5). The 

positive control group was 1% Triton X-100 and the negative control group was PBS. 

As shown in Figure 3.5, at the concentration of 32 μM, the peptide began to show 

haemolytic activity but the haemolytic activity was rather low, even at 512 μM, 

where it was just 20.6%.  
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Figure 3.5 Haemolysis activity of peptide QUB-2593 P: positive control (1% Triton 

X-100); N: negative control (PBS solution). Data represent means ± SEM of 5 

replicates. 
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Chapter 4. Discussion 

Over the past three decades, there has been an increase in the rise of multi-drug 

resistant pathogens (Coates et al., 2002, Furuya and Lowy, 2006). Therefore, it is 

necessary to find new kinds of antibiotics. Directly contacting the environment, the 

epidermis of anurans serves as the first line of defence against the microorganisms 

existing in the warm and moist environments. Therefore, there is a high potential to 

find new kinds of antibiotics in the skin secretion of anurans. Due to the combination 

of benefits from both small molecule medicines and therapeutic proteins, 

antimicrobial peptides (AMPs) found in anuran skin secretions have received 

increasing attention during the past decades. Through the study of these AMPs, new 

mechanisms of antibiotic action might be found and aid in establishing new drugs. 

From previous research, there are several main steps in AMP function. The first one 

is attraction. The anionic composition of the cell membranes of microorganisms will 

assist in ionic binding with the cationic peptides. The second step is attachment. The 

secondary structures like α-helices and β-sheets, help AMPs to be adsorbed and 

embedded into the lipid head group region of membranes. The third step is peptide 

insertion and membrane permeability (Brogden, 2005). There are several proposed 

models for this step (Table 4.1). Besides the disruption of cell membranes, there are 

several intracellular targets for AMPs.  
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Table 4.1 Membrane models of AMP killing and lysis 

Models of transmembrane pore-

forming mechanisms 

Examples of peptides 

Toroidal pore Magainin 2 (Yang et al., 1998), protegrin-1 

(Yamaguchi et al., 2002), melittin (Lee et al., 

2004) 

Carpet Dermaseptin S (Pouny et al., 1992), cecropin 

(Gazit et al., 1995), melittin (Naito et al., 

2000) 

Barrel stave Alamethicin (Baumann and Mueller, 1974) 

 

In this study, a novel peptide QUB-2593 was found in the skin secretion of 

Phyllomedusa sauvagii. A strong antimicrobial effect and a low level of haemolysis 

activity indicated that QUB-2593 is a molecule deserving of study as an antibiotic 

with high selectivity. 

The minimum inhibitory concentrations (MICs) of QUB-2593 against the three 

microorganisms (S. aureus, E. coli and C. albicans) are 32 µM, 4 µM and 32 µM 

respectively. The parameters contributing to the strong antimicrobial activity of the 

novel peptide might come from the positive charge, the amphipathicity and the 

formation of α-helix.  Lysine and arginine provide the positive charge for the peptide. 

Through the electrostatic attraction with the negative charge on the cell membrane 

and cell wall of microorganisms, the peptides can be attracted to the surface of the 

pathogens and then perform their antimicrobial effects. Valine, tryptophan, leucine 

and isoleucine together form the hydrophobic part of peptide. The amphipathicity 
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might lead to the formation of α-helix, a key secondary structure for antimicrobial 

effects. 

Meanwhile, QUB-2593 exhibited rather low haemolysis activity, only 20.6% at 512 

µM. A possible explanation for the low haemolysis activity might be the disruption 

of the perfect amphipathicity. Perfect amphipathicity contributes to the insertion of 

the AMP into eukaryotic cells (Splith and Neundorf, 2011; Blondelle and Houghten, 

1991). Hawrani et al (2008) found that the 5-arginine residue of a strong anti-Gram-

negative peptide RTA 3 played an important part for its low haemolysis activity. By 

substituting the 5-arginine residue with leucine, the haemolysis activity of RTA 3 

was greatly increased. This study is consistent with the research that by substituting 

different positions in the centre of the hydrophobic face with one or two lysine 

residue(s) on two AMPs, Piscidin 1 and Dermaseptin S4, not only the strong anti-

Gram-negative activity was maintained, but also the haemolysis activity was 

decreased dramatically (Jiang et al., 2014). The 21-arginine might contribute to the 

low haemolysis activity of QUB-2593. As a highly positive charged amino acid, the 

arginine residue contributes to the combination with negatively charged prokaryotic 

cells. Not only will it interrupt the hydrophobic part constituted by the leucine, 

isoleucine, tryptophan and alanine, but also shield the tryptophan (Figure 4.1).  

 

 

 



59 

 

 

Figure 4.1 Helical wheel projection of QUB-2593. The figure presents the polar 

basic residues as circles, polar acid residues as squares, polar uncharged residues as 

triangles and nonpolar residues as hexagons. 

The composition of the outer membrane of E. coli is 91.4% 

phosphatidylethanolamine (PE), 3.0% phosphatidylglycerol (PG) and 5.6% 

diphosphatidylglycerol (DPG). While at the same time, the composition of the 

cytoplasmic membrane is 81.7% PE, 6.5% PG and 11.8% DPG (Lugtenberg and 

Peters, 1976). The anionic composition of the cell membranes of E.coli will assist in 

ionic binding with the cationic peptide QUB-2593. However, a unique structure of 

E.coli is the outer membrane besides the inner, cytoplasmic membrane (Decad and 

Nikaido, 1976). The outer membrane is believed to be the major reason why some 

AMPs do not have anti-Gram-negative activity (Papo and Shai, 2005).  
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The percentage of each component of S. aureus cell membrane was 36% PG, 7% 

cardiolipin (CL), and 57% lysylphosphatidylglycerol (Haest et al., 1972). These 

compositions together contribute to the negative charge of the cell membrane. The 

anionic composition of the cell membranes of S. aureus will assist in ionic binding 

with the cationic peptide QUB-2593. At the same time, the interaction of 

antimicrobial peptides with the main composition of the cell wall of Gram-positive 

bacteria, peptidoglycan, might facilitate penetration.  

The cell membrane of C. albicans does not contain the strongly negatively charged 

components like PG and CL and the main phospholipid components of C. albicans 

are the phosphatidylcholine (PC), PE and sphingomyelin (SM) (Mago and Khuller, 

1990), which form the negative charged cell wall, though not as strong as E. coli and 

S. aureus. The outer leaflet of the membranes of erythrocytes is composed 

predominantly of zwitterionic phosphatidylcholine and sphingomyelin (Schmidtchen 

et al., 2014). The difference in membrane interaction in the presence and absence of 

cholesterol, together with the charge difference between the anionic and zwitterionic 

membranes, contributes to the selectivity between C.albicans and mammalian cells. 

Furthermore, an unanticipated finding was that the antimicrobial activity of QUB-

2593 against E. coli is obviously stronger than the other two kinds of 

microorganisms. The interface of the tryptophan at certain sites with the interface 

zones of phospholipids in the inner target membrane and the outer 

lipopolysaccharide layer is tentative to contribute to the antimicrobial activity 

(Schmidtchen et al., 2014). Shang et al (2016) found that the peptides with 

tryptophan residues at certain sites would exhibit strong inhibition of Gram-negative 

bacteria. With tryptophan on the first and the fourth site, the peptides showed strong 

antimicrobial effects against Gram-negative bacteria such as E. coli, P. aeruginosa, E. 
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cloacae, K. pneumoniae and P. mirabilis, causing the dissociation of larger 

aggregates of LPS into smaller-sized aggregates. The whole process is through “self-

promoted” uptake which is used to describe the way AMPs are first attracted to 

Gram-negative bacteria by electrostatic forces and then to disrupt the outer 

membrane (Srivastava and Ghosh, 2013). The first step of the process is through the 

electrostatic connection with LPS on the outer membrane. Then the peptide will 

dissociate the LPS aggregates, which leads to the peptide inserting into the 

cytoplasmic membrane (Shang et al., 2016). The strong anti-Gram-negative activity 

of QUB-2593 might also come from the 3-tryptophan residue but the specific 

mechanism is still not clear. Further research is still needed to identify the function of 

the tryptophan residue. 

In this study, QUB-2593 was found to have a high antimicrobial potency. However, 

further studies are still needed for the analysis of the specific mechanism of QUB-

2593. For example, Circular Dichroism (CD) and Nuclear Magnetic Resonance 

spectroscopy (NMR) could be used for the identification of the secondary structure 

such as the formation of α-helix of the novel peptide and through the modification 

with fluorescent groups, the function of certain residues such as the tryptophan and 

arginine could be detected. The interaction of QUB-2593 with LPS on the outer 

membrane of Gram-negative pathogens such as P. aeruginosa, E. cloacae and K. 

pneumoniae might be identified by photo labelling experiments (van der Meijden and 

Robinson, 2015). 
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