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Abstract 
 

Frog skin acts as a first line barrier of defence in amphibians, is important in their daily 

lives and is having significant implications in current biomedical science research. 

According to this research, amphibian skin secretion is a rich source of bioactive 

materials, including antimicrobial peptides (AMPs) and anticancer peptides (ACPs). 

The potentially-great advantages and broad action spectra of these bioactive peptides 

have increased the level of research interest for scientists searching for novel drugs 

and clinical applications. Since some of these active peptides have broad-spectrum 

antibacterial activity and anticancer activity, they therefore have the potential to 

become new antibiotics or new anticancer drugs. 

In this study, through “shotgun” cloning of peptide biosynthetic precursor-encoding 

cDNA, a peptide named QUB2003, was successfully identified in the defensive skin 

secretion of the South American hylid frog, Phyllomedusa sauvagii. Subsequently, the 

predicted mature peptide had its structure confirmed by mass spectrometry and was 

then chemically-synthesised using solid phase peptide synthesis to provide adequate 

material for functional research. Functional tests employed included antimicrobial 

assays, haemolytic assays and anticancer cell assays. 

The synthetic replicate of the peptide QUB2003, exhibited antimicrobial activity with 

MIC values against the Gram-positive bacterium, Staphylococcus aureus, the Gram-

negative bacterium, Escherichia coli and the yeast, Candida albicans, of 32 µM, 256 

µM and 32 µM, respectively, EC50=214.3 µM which possessed relatively strong 

haemolytic activity. The MB435, PC3, H157, U251MG cells were thus unaffected in 

growth by QUB2003, cells proliferations were 125.24%, 102.87%, 135.70%, 78.48%, 

respectively. 
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1.1 The significance of biological evolution to skin structures and morphology of 

amphibians 

1.1.1 The importance of amphibian skin secretion  

Amphibians have a soft body and thin skin; they do not have claws, neither do they 

possess defensive armour, both of which produce the illusion that they do not have any 

defence mechanisms. However, they have indeed evolved defence systems to protect 

themselves. For instance, the first line of defence is derived from the skin secretions 

produced by amphibians. These also help to maintain a moist, slippery skin surface, 

making it very difficult for them to be grasped; it further protects them from being 

hunted by a wide assortment of invertebrate and vertebrate predatory species. In 

addition, mucus prevents mechanical damage to delicate skin and also protects the skin 

from the harmful effects brought about by prolonged contact with water and also 

retards evaporative water loss. The mucus also has an antimicrobial effect by 

mechanically and efficiently trapping and shedding potentially invasive bacteria and 

fungi (1). Moreover, the skin not only has a terrible smell, but the skin secretion is also 

quite toxic. Amphibian skin secretions contain a significant number of biologically 

active compounds, which are considered to play several important roles, including 

regulation of some physiological functions of the skin or as a defence mechanism 

against natural predators or micro-organisms. The haemolytic activity of each skin 

secretion has also been assessed, so as to evaluate their cytotoxicity effects. Biogenic 

amines, alkaloids, steroids, peptides and proteins make up the four major component 

groups in skin secretions. These compounds are thought to play discrete and distinctive 

roles in regulating the physiological functions of the skin, or in defence against natural 

enemies or microbes, because the AMPs are innate immune effector molecules and act 
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as the first line of defence against bacterial infections. This latter effect is produced by 

affecting the phospholipid bilayer of the microbial target cell membranes (1). 

 

1.1.2 The medical application of amphibian skin secretion 

As mentioned previously, the skin secretion components of amphibians can be divided 

into four specific categories: biogenic amines, bufodienolides, alkaloids, peptides and 

proteins (2). Certain drugs, antibiotics, antifungal agents, and biological adhesives 

have been found from amongst these compounds (3). In the 1970s, Erspamer 

discovered a variety of bioactive peptides, including bradykinins, thyrotropin releasing 

hormones (TRH), caeruleins, tachykinins and bombesins (4). Secretions and skin 

extracts of the toad contain many of compounds that are utilised as natural medicinal 

compounds, which could provide a unique resource for the innovative development of 

new drugs. In particular, the secretions from parotoid glands of the toad contain 80 

different types of active compounds, each of which has the potential to become an 

effective drug. Overall, the skin parotoid secretions of bufonid toads may serve as drug 

candidates for anticancer applications with little or no haemolytic effects (1). 

Moreover, the secretions of these toad skin glands have been used in traditional 

Chinese medicine (TCM), and by many countries in Southeast Asia for the treatment 

of infections and inflammation. "Chan Su" and "Cinobufacini" (Huachansu) have 

become important drugs in Chinese medicine, as well as in many Asian countries, and 

have been used to treat a variety of diseases, including sore throats, oedema, general 

pain, heart failure, skin problems and cancer. They have also been used as 

antimicrobial agents and local anaesthetics (1). 

 



10 
 

1.2 The progress in antimicrobial peptide (AMP) research 

1.2.1   AMP classification 

Based on their different chemical structures and the composition of the amino acid 

sequence. The AMP structures are usually classified into α-helical, β-sheet, and 

extended structures which into four families (5). α, β, αβ, and non-αβ based on the 

types of secondary structures, which having other known functional activities in 

addition to antimicrobial activity (6). 

According to source classification, these AMPs can be divided into 6 types including 

antibacterial peptides, which consist of: insect antibacterial peptides; mammal 

antibacterial peptides; fish antibacterial peptides; animal antimicrobial peptides, plant 

antibacterial peptides and bacterial antibacterial peptides (bacteriocins) (7). 

1.2.2 Structures of AMPs 

AMPs include a variety of structural motifs. For example, many peptides have alpha 

helical structures. Most of these peptides are cationic and hydrophilic, however, there 

are hydrophobic alpha helical peptides which have antibacterial activity. Moreover, 

many beta-fold peptides also have antimicrobial activity. In addition is the presence of 

a sulphur ether ring in an AMP which is a lipid peptide or cysteine ring. Despite the 

diversity of structures, the cationic AMPs have a common characteristic, whereby they 

all have two affinity structures (amphipathic), which enables them to bind to the 

membrane interface. In fact, most AMPs interact with the membrane and, as a result, 

the bacterial or outer membrane interference may lead to cell toxicity. The interaction 

of these peptides with the biological membrane is not the only function of the peptide, 

but it is greatly assisted by the lipid composition of the membrane(8) also can kill 

bacterial through intracellar targeting(Figure 1.2). Their amino acid composition, their 

amphipathicity and their degree of cationic charge, can facilitate a process by which 
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they insert into the cell membrane and form pores through "carpet", “barrel stave” or 

"toroidal pore” models. For some time, it has been hypothesised that the formation of 

the membrane pores was not the only mechanism related to the killing of bacteria. In 

fact, some observations suggest that the translocation of the AMPs can alter cell 

membrane formation, reduce cell walls, nucleic acid and protein synthesis, inhibition, 

and enzyme activity. AMPs have received particular attention as a possible alternative 

for the treatment of infections by antibiotic resistant bacterial strains (9). 

 

Figure 1.1 The major structures of different classes of AMPs. (a) α-helical peptides, (b) β-sheet 

peptides and (c) extended peptides. The β-sheet peptides were analysed in aqueous solution whereas 

the others were analysed by solution NMR spectroscopy in the presence of detergent micelles (10). 
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Figure 1.2 The mechanism of intracellular killing. In this figure, Escherichia coli is shown as the 

target microorganism.  

 

1.2.3 Operating principles of AMPs 

 

AMPs can be regarded as an ancient evolutionary weapon. Although their ancestry is 

old, they remain effective antimicrobial defence weapons to resist many kinds of 

microorganisms, including bacteria, fungi, viruses and protozoa. A model that explains 

most AMP activity is the Shai Matsuzaki Huang (SMH) model (11) (Figure 1.3). This 

model proposes an interaction between the peptide and membrane, followed by lipid 

displacement, membrane structure alteration, and in some cases, peptides can enter 

into the target cell. In the presence of cholesterol in the target membrane, in general, 

the activity of AMPs will be reduced, according to the stability of the lipid bilayer or 

the interaction between cholesterol and the peptide. 
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Also, increase in ionic strength reduces the antibacterial activity of peptides in general, 

therefore, the interaction between electrostatic charges can weaken the required initial 

part of the interaction. 

 

Figure 1.3 The Shai–Matsuzaki–Huang model of the mechanism of action of an 

AMP.(https://uk.pinterest.com/pin/537335799271908727/) 

accessed 28.11.2016 

In general, the SMH mechanism acts at micromolar concentrations of peptide. In 

contrast to this is the peptide nisin, which is produced by lactic acid bacteria and is an 

amphipathic molecule of 14 amino acids which acts at nanomolar concentrations. 

Nisin interacts with lipid II which is a high affinity protein/polysaccharide, containing 

fatty acyl anchors in the bacterial membrane, from which it subsequently diffuses into 

the surrounding membrane. 

In fact, there are many hypotheses that have been proposed for bacterial killing, 

including: the depolarisation of the bacterial cell membrane (12), which can create 

physical cavities or pits, leading to the leakage of cell contents  (13), such as when a 

hydrolase cell wall induced activation fails (14). Usually the alteration of the 
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distribution of the leaflets of the bilayer lipid causes membrane dysfunction (15), and 

the destruction of important target cells by the peptide (16).  

 

1.2.4 The advantages of AMPs 

In the past 40 years, there have been three kinds of antibiotics (lipopeptides, 

oxazolidinone, and streptogramins), introduced to treat Gram-positive bacterial 

infections (17). Cationic AMPs are highly efficient, thereby making them excellent 

candidates for effective antibacterial drugs. They also have broad antibacterial spectra. 

The small size of cationic AMPs makes them more cost-effective and efficient for the 

development of broad spectrum active synthetic peptides. Therefore, they have great 

potential to be developed as a new generation of antimicrobial agents, which could 

offer treatment for both local and systemic infections and offer a wide range of 

applications. 

 

1.2.5 Factors affecting antimicrobial activity 

Cationic peptides are generally defined as peptides of less than 50 amino acid residues 

with an overall positive charge, imparted by the presence of multiple lysine and 

arginine residues, and a substantial portion (50% or more) of hydrophobic residues. 

These peptides can possess antimicrobial activity against Gram-positive and Gram-

negative bacteria, fungi, and protozoa and have demonstrated minimal inhibitory 

concentrations (MICs) as low as 0.25–4 μg/ml. Certain cationic peptides have been 

shown to inhibit the replication of enveloped viruses such as the influenza A virus, 

vesicular stomatitis virus (VSV) and human immunodeficiency virus (HIV-1). 

Cationic peptides may also possess anticancer activity or promote wound healing. 
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Recent studies have also indicated a role of cationic peptides as effectors of innate 

immune responses, hence, it is these properties that make cationic peptides exciting 

candidates as new therapeutic agents (18). 

The first essential factor is the net charge of AMPs. Peptides are sometimes anionic 

with a high content of aspartic and glutamic acid residues, while cationic peptides have 

abundant arginine and lysine residues. However, most of the AMPs have positive 

cationic charges and these are more active than neutral peptides to a large extent 

(Figure 1.4). 

Hydrophobicity can also be a crucial property, which contributes to the antimicrobial 

activity. AMPs are water-soluble, but have the ability to penetrate into the membrane 

lipid bilayer. Amphipathic peptides have hydrophilic amino acid residues on one side 

of the molecule and hydrophobic amino acid residues on the other side (19).  

 

Figure 1.4 The membrane target of AMPs of multicellular organisms and the basis of specificity. 

 



16 
 

1.2.6 The importance of studying AMPs 

Over the past few centuries, many primitive tribes have routinely used the skin of 

amphibians as a form of folk medicine. In particular, in many areas of medicine and 

biology, amphibian skin secretions have been shown to have "magical" effects (20). 

AMPs are believed to be the first line of defence in resisting the invasion of 

microorganisms and pathogenic microorganisms, and can enhance resistance to a 

variety of external aggressors (21). Although there are more than 500 kinds of AMPs 

that are produced from diverse natural sources, most of the known AMPs are derived 

from amphibian skin secretions (22). 

The emergence of a variety of new drug resistant pathogens has prompted a change 

and need for new and innovative development methods and new treatment protocols 

and weapons are urgently needed, necessary and of top priority. This situation is 

caused by the constant evolving of microorganisms being discovered in the world 

today, that have acquired antibiotic resistance (23). Moreover, there are a number of 

large biotech corporations that have shifted their focus to higher profit margin areas, 

rather than the discovery of new and more effective antibiotics, which require costly 

research and development protocols (24). 

Antibiotics inhibit the activity of microorganisms by the abatement of key enzymes 

for more than a few days, while the AMPs can quickly kill them within a few seconds 

by destroying and penetrating their membranes (25). 
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1.3 The validation of active peptides as anticancer drugs 

1.3.1 Analysis of the current situation of anticancer drugs  

Cancer is the world's second highest cause of death, which is characterised by the fact 

that cell proliferation is uncontrolled and cell death is not present, thus cancers produce 

abnormal cell masses or tumours except in leukaemia - cancer of the blood. The 

primary neoplasm has a rapid metastatic potential, due to new vascularisation, and 

spreads to other parts of the body, which eventually leads to death (26). 

The current therapeutic methodology for cancer treatments will have numerous 

adverse side effects which also can destroy normal cells. The toxicity of conventional 

chemotherapeutic agents and the development of multidrug resistance have led to the 

need to discover new and more effective targeted therapies, based on changes in the 

molecular biology of cancer cells (26). 

It is well-known that amphibians have their own specific methods to protect 

themselves in different environments so as not be threatened, and this has the potential 

to provide researchers with a new direction, and focus on their discoveries of new 

treatments for cancer agents. Thus far, scientists have discovered some peptides 

derived from amphibians, especially from frogs, which have the potential to kill cancer 

cells. Table 1.1 depicts peptides obtained from amphibians that have the potential to 

be used as anticancer agents. 
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Table 1.1: Anticancer peptides (ACPs) from amphibians. 
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1.4 Phyllomedusa species 

In comparison to other continents, the number of amphibian species in South America 

is by far the greatest (27). For example, there are 821 species of amphibians in Brazil, 

Columbia has 732, and 480 other species maintain their existence in other South 

American countries (28). In all of South America, there are 32 known species in the 

Phyllomedusa frog taxon (Table 1.2), which is particularly noteworthy.  Many of these 

species having been investigated for AMPs also and with a strong antibacterial effect, 

which show a high clinic potential. Phyllomedusinae is a subfamily of the tree/leaf 

frogs (Amphibia, Anura, Hylidae), and the distribution of the eastern species of 

neotropical frogs range from Mexico along the southern Andes (Agalychnis, 

Cruziohyla, Hylomantis, Phasmahyla, Phrynomedusa leaf frog genera, and 

Phyllomedusa). These species demonstrate several unique properties, which include a 

vertical slit pupil, a green and red back, a blue pattern that can contrast hidden areas, 

and they also have a yellow somewhere on their bodies. Egg deposition usually occurs 

on leaves overhanging water which the hatching tadpoles drop into (29). 
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Table 1.2 Up to date list of Phyllomedusa species distributed by group and number of peptides 

characterised (30). 
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1.4.1 The skin peptide of Phyllomedusa frogs 

 

Anurans show a strong diversity of form and function in reflection of species 

adaptations to diverse factors in their environments (27). 

Amphibian skin plays crucial roles in respiratory function, reproduction, defence, 

retaining moisture and inhibiting the proliferation of microorganisms (27). 

According to studies on the skins of Phyllomedusa species, the skin glands are of three 

specific types and vary in size relative to different locations, so as to carry out secretion 

activities. The lower areas of the skin and subcutaneous connective tissue contains 

lipid, mucus and serous glands (31). Respiration, reproduction, body temperature 

regulation, and defence are all skin functions that are supported by the mucus gland 

secretions (27). Among the glands located on the amphibian’s body surface these are 

the most numerous and have the most extensive distribution. The serous glands are 

less abundant but are larger which can produce the AMPS, and function as the main 

element of the passive defence system of the amphibians (27, 31). These glands can 

produce a wide variety of harmful or toxic pharmacological substances with effects 

against microbes, invertebrates, and vertebrates (27, 31). The serous glands of the 

amphibian of the genus Phyllomedusa have a significant polymorphism (4, 32). The 

Phyllomedusa type II glands demonstrate a well-developed smooth endoplasmic 

reticulum, which serves for the biosynthesis of peptides (31, 33). 

During the last four decades, Vittorio Erspamer conducted a preliminary study on 

Phyllomedusa skin secretion results from around the world, which illustrated that 

Phyllomedusa skin secretions are antibacterial, a complex mixture of bioactive peptide 

hormones and exhibit neural activity (34, 35). The secretion of peptides between 
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species in this genus is significantly different, leading to the diversity of interesting 

molecules; these differences exist between specific possible species’ niche in the 

environment and, for example, the interaction between predator species and the 

characterisation of the membrane evolution of pathogens. In analysis of Phyllomedusa 

peptides (Figure 1.5), they can be divided into three categories, and according to their 

“main” activities they can be classified and divided into: AMPs; smooth muscle active 

peptides and neuroactive peptides.  

 

Figure 1.5. Phyllomedusa peptides and prepropeptides amino acid sequences published in indexed 

scientific journals including the structures deposited in genomic and proteomic databases from 1965 

to 2009. Inset number of Phyllomedusa primary structures increment per year showing an exponential 

growth (30)              
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1.4.2 The dermaseptin AMPs and Kazal inhibitor peptides in Phyllomedusa 

sauvagii 

Dermaseptins are lysine-rich peptides which acts as a linear fungicide and have 

obvious effects towards Aspergillus flavus, Aspergillus fumigatus, and Fusarium 

oxysporum (36). 

The Kazal protease inhibitor isolated from Phyllomedusa sauvagii showed a slight 

antimicrobial activity against Gram negative Escherichia coli (37). 

In the search for biologically active peptides, an acid extract of Phyllomedusa 

sauvagii’s skin secretion was found to contain new proteins called PSKP-1 and PSKP-

2 of 6.7 and 6.6 k Da respectively; their sequence homology identified both as serine 

protease inhibitors, belonging to the Kazal family. These are structurally-similar to the 

pancreatic secretory trypsin inhibitor (PSTI) of mammals (37). 

1.5 Dermaseptins  
 

Dermaseptins are composed of 24-34 amino acids, are cationic and helical and can be 

folded into two helices when they are in direct contact with a hydrophobic medium. 

These peptides may also play a vital role in cell lysis within a variety of organisms, 

and are thought to be effective agents against viral diseases, drug resistant bacteria, 

fungi and yeasts but do not exhibit potent cell lysis of mammalian blood cells (38). 

Although many antibiotics or secondary metabolites can lose their effectiveness by 

inhibiting key enzymes and microorganisms which takes a few days, AMPs such as 

the dermaseptins can kill microorganisms virtually instantaneously. Thus as 

dermaseptin has a completely different action from traditional antibiotics, it may 

provide a new developmental perspective for hospital infections and other infections 

caused by a variety of drug resistant pathogens (39). 
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1.6 Aims and objectives of this thesis 

 

(1) To determine the nucleotide and the translated amino acid sequence of a cloned 

cDNA encoding a bioactive peptide from a skin secretion derived cDNA library of 

Phyllomedusa sauvagii and to predict the primary structure of its encoded mature 

peptide.  

(2) To confirm the primary structure of the predicted peptide in skin secretion by using 

a variety of analytical techniques such as reverse phase HPLC and mass 

spectrometry. 

(3) To chemically synthesise the peptide using solid phase Fmoc chemistry and an 

automated synthesiser with subsequent purification using HPLC. 

(4) A perform a series of bioassays with the purified synthetic peptide to assess its 

microbial minimum inhibitory concentration (MIC) activities, haemolytic activity, 

and its anti-proliferation activity on selected human cancer cell lines. 
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2.1 Materials and Methods  
 

 

 

Figure 2.1 Genomic Strategy 
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2.1.1mRNA Isolation from Phyllomedusa sauvagii skin secretion 
 

5.4 mg of lyophilised Phyllomedusa sauvagii skin secretion were weighed and put into 

a 1.5 ml tube with 1ml lysis/binding buffer, then the mixture was centrifuged briefly. 

After this, the tube was vortexed for 1min then transferred to ice for 1 min. This was 

repeated 10 times, following which the tube was centrifuged for 5 min to ensure 

sample was totally dissolved. 

250 μl of Dynabeads were transferred to the tube which was put on the magnetic rack. 

The supernatant was then removed and 250 μl of lysis/binding buffer was added. 

The sample was then added to the Dynabeads and shaken gently for 1 min and then 

placed on ice for 30s. After repeating this step 12 times, the supernatant was discarded. 

The beads/mRNA complex was washed three times with 500 µl Washing Buffer A at 

room temperature and the magnet was used to separate the beads from the solution 

between each washing step. The supernatant was removed and 500μl Washing Buffer 

B was added into the tube and mixed gently to wash the beads/mRNA complex. The 

tube was placed on the magnetic rack and finally the supernatant was removed. This 

step was repeated twice. 18μL of Tris-HCl was subsequently added to the tube and 

mixed followed by incubation at 80℃on a heating block for 2 min. The tube was then 

transferred to the magnetic rack and the supernatant was removed to a new PCR tube. 

 

2.1.2 cDNA library construction 

First-strand synthesis was primed using a modified oligo (dT) primer. After reverse 

transcriptase reached the end of the mRNA template, it added several dC residues. The 

BD SMART II A Oligonucleotide anneals to the tail of the cDNA and serves as an 

extended template of BD Power Script RT. The reagents were prepared as shown in 
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Table 2.1 and added to 5 tubes which were centrifuged briefly. The tubes were put in 

the heating block at 70℃ for 2 min and transferred to ice for 2 min. 

 

Table 2.1 The components in the 5 tubes. 

 

 

The master mix was prepared as shown in Table 2. 2  

4μL master mix and 1 μL reverse transcriptase were added to each tube and centrifuged 

briefly. 

Table 2.2 The composition of master mix. 

 

 

mRNA 

(μL) 

3’CDS 

  (μL) 

5’CDS 

(μL) 

BD Smart ‖ 

(μL) 

1 4 1 / / 

2 4 1 / / 

3 4 1 / / 

4 3 / 1 1 

5 3 / 1 1 

Reagent  Quantity (μL) 

First-stand buffer  12 

DTT  6 

BMTP  6 



32 
 

The tubes were placed in the PCR machine for 1.5 h at 42℃. Then, 50 μL PCR water 

was added to the tubes and these were centrifuged briefly and then replaced in the PCR 

machine for 7 min at 72℃. 

2.1.3. Polymerase Chain Reaction 

The library was subjected to 3’-rapid amplification of cDNA ends (RACE) procedures 

using a BD SMARTTM RACE cDNA Amplification Kit (Clontech, UK). Several 

reagents were mixed: PCR Water (12.4 μL), 10 X Advantage PCR Buffer (6μL); NUP 

(5'–AAGCAGTGGTATCAACGCAGAGT–3') (2μL); dNTP (0.2μLx4=0.8μL); Taq 

Polymerase (0.2uLx4=0.8μL) and a sense primer  

(S1; 5'-ACTTTCYGAWTTRYAAGMCCAAABATG-3') (0.5uLx4=2uL) and were 

placed into a tube. The total volume was 24 μL. 

The 24μL mixture was divided into 2 groups. One was labelled as Group Sample, the 

other labelled as Group Control.  

To the Group Sample was added 10μL 3’ cDNA and the total volume was 22μL. The 

solution was equally divided into 11μL per tube (labelled ① and ③).  

To the Group Control was added 10 μL PCR Water and the total volume was 22μL. 

The solution was equally divided into 11uL per tube (labelled ② and ④).  

All the 4 tubes were placed in the PCR Machine, with the temperature set to 61.5℃ 

and a gradient to 8.5℃. (The annealing temperature of ① was 54℃, ② was 54℃, 

③ was 56℃, ④was 56℃). 
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Table 2.3 The settings of the RACE PCR programme 

Stage  Parameter 
Stage 1 initial denaturation at 96 ℃ for 1min 
Stage 2 40 cycles (denaturation at 96 ℃ for 20 s, primer annealing 

at 54 ℃ for 10 s, extension at 56 ℃ for 4 min) 
Stage 3 final extension at 72 ℃ for 10 min 

 

2.1.4. Gel analysis of PCR products 

In molecular cloning, agarose gel electrophoresis can be used to separate DNA and 

RNA fragments amplified by PCR from mixed solutions by their relative sizes. DNA 

fragments of a larger size move at a slower rate than those of a smaller size in an 

electrical field due to the pores in the gel matrix, which play a sieving or sorting role. 

The sizes of the DNA or RNA sequences can be estimated by comparing with standard 

DNA bands on the solid gel or the distances that DNA fragments have travelled in the 

agarose gel. The percentage of agarose in the gel decides the positions of DNA 

fragments of different sizes after separation. The more agarose in the gel, the slower 

the DNA fragments move in the electrical field. 0.48 g of agarose was dissolved in 35 

ml of 1 x Tris-borate-EDTA (TBE) buffer and ethidium bromide (EB), was added into 

this mixed solution as a fluorescent marker for DNA band visualisation in a UV trans 

illuminator. The mixed solution was poured into a casting tray and an 8-toothed comb 

was inserted. Solidified agarose gel with pores was formed in the casting tray after 30 

min. Then the solid gel was placed in the correct orientation and was soaked in 1 ×TBE 

buffer. Subsequently, 2.5 µL of DNA Ladder was loaded into one of the wells and 2.5 

µL of PCR products were mixed with 0.5 µL of loading dye for other wells 
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individually. A 90 V electrical current was applied and ran until the smallest sized dye 

band reached the border of the gel. 

2.1.5 PCR product purification  

The product generated from the PCR step contains some impurities, such as redundant 

dNTPs, enzymes, non-specific PCR products and inaccurate or unused primers. 

Purification of PCR product is essential for the following transcription step and one 

must avoid side reactions caused by impurities. A silica-based membrane was used to 

rapidly isolate target PCR product based on the size of DNA fragment. A brief 

description of this process is shown in Figure 2.2.  

 

Figure 2.2 The process of PCR product purification 

The samples in Tube 1 and Tube 2, were put together in a 1.5 ml tube (total 19μL). 

95μL CP Buffer was added (CP Buffer: Sample = 5:1(v/v)) All the liquid was removed 

to the purification column, centrifuged for 60 s and the flow-through was discarded. 

The samples were washed in the same way by 700 μL and 500 μL washing buffer 

respectively and after adding washing buffer, tubes were centrifuged for 1 min. The 

flow-through was discarded and the column was transferred to a new 1.5 ml tube. 30 

μL PCR water was added to the column, and the column was kept for 2 min, 
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centrifuged for 1 min, and the column was discarded finally. Those tubes were placed 

in the Eppendorf concentrator plus for 1 h to dry, then stored at -20℃. 

2.1.6 Ligation 

                   

 

Figure 2.3 pGEM®-T Easy Vector circle map 

 

Table 2.4 The composition of ligation mixture. 

 

Reagent Quantity(μL) 

2 x Rapid Ligation Buffer 2.5 

PGEM-T Easy Vector 0.5 

PCR product 1.5 

T4 DNA Ligase 0.5 
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This step employed a pGEM-T Easy vector system (Promega, USA) was used (Figure 

2.3). PCR product was removed from storage and 6μL H2O was added followed by 

vortexing and centrifugation then placed on ice. The reagents were added as shown in 

Table 2.4 and pipetted without bubbles. Tubes were kept for 1 h at room temperature 

and then stored in the fridge at 4℃ overnight.                             

2.1.7 Transformation 

LB Agar (3.2g/100ml) was weighed and put in a bottle which contained the appropriate 

volume of deionised water, then autoclaved. Ampicillin (225μL /100ml) was added to 

the LB Agar solution after autoclaving. Each Petri dish received 10 ml agar spread 

evenly, then dried and stored inverted in the fridge at 4℃. 

2.5μL of ligation products were transferred into a 1.5 mL tube and 50μL of competent 

E coli cells were added. The tube was placed on ice for 20 min then placed on a heating 

block at 42°C for 47s, afterwards. It was then placed on ice for at least 2 min. 95uL of 

culture medium was then added before putting the tube in a shaking incubator at 37°C 

for 2.5h. The sample was then stored at -20°C.  

2.1.8 Blue and white screening for recombinants 

2.1.8.1 Incubations 

To each LB agar dish, 110μL IPTG and 20μL X-Gal were added and evenly spread by 

using a spreader. Dishes were inversely incubated for 1 h at 37℃. 80μL, 90μL, 100μL, 

100μL and 110μL of transformation products were then added to 5 dishes and spread 

evenly. Dishes were put back in the incubator for approximately 16 h. 
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2.1.8.2 Blue and white screening  

The lines were drawn on the back of the plates as shown in Figure 2.4 and then the 

IPTG and X-Gal were spread and incubated for 20 min as in the previous step. The 

white colonies in dish A were sampled and these samples were incubated in dish B 

overnight. 

 

Figure 2.4 Each plate was divided into 18 regions and streaked with samples 

containing white colonies. 

These plates were incubated at 37℃ for 22 h. 

2.1.8.3 Collection 

20μL of deionised water were added to the 0.5 ml tube. The tips were used to pick out 

and transfer the white colonies to the tubes. The cells were broken by vortexing for 15 

s and 4.5 min in a 100℃heating block. The tube was then put on ice for an extra 5 min 

and vortexed for 20 s. Each tube was centrifuged at 8000 x g for 5 min and 

subsequently stored on ice. 
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2.1.9 Cloning PCR 

The reagents were added to a 1.5 ml tube as shown in Table 2.5, vortexed for 2 to 3 s 

and centrifuged briefly. 12 PCR tubes were prepared. 47.25μL master mix and 2.5μL 

supernatant of broken cells were added to each PCR tube, pipetted, and then 

centrifuged briefly to remove the bubbles. PCR tubes were put in the PCR machine for 

2.5 h. The cloning PCR products were stored in the fridge at 4℃. 

Table 2.5 The composition of master mix. 

Reagent Quantity (μL) Numbers(μL) Total (μL) 

PCR Water 31 15 465 

Cloning Buffer 10 15 150 

DNTP 1 15 15 

M13R 2.5 15 37.5 

M13F 2.5 15 37.5 

Tag polymerase 0.25 15 3.75 

 

Table 2.6 Cloning PCR programme 

 

 

2.1.10 Gel Analysis and Purification for Cloned PCR Products 

This procedure was performed as described in section 2.1.4. 
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2.1.11 Selected PCR product purification 

This procedure was performed as described in section 2.1.5. The only difference being 

that there was no need to concentrate the purified product.   

2.1.12 Sequencing reaction 

This procedure employed a Big Dye Terminator v3.1 cycle sequencing kit (Applied 

Bio systems, USA). The master mix was prepared as shown in Table 2.7. 18.4 μL 

master mix was placed in a PCR tube and 2.5 μl of sample was added. PCR tubes were 

put in the PCR machine for cloning PCR. 

Table 2.7 The composition of master mix for sequencing reactions. 

 

2.1.13 Ethanol purification 

This method used ethyl alcohol (ETOH) diluted in deionised water as a solvent to 

purify and concentrate the polar DNA from aqueous solutions. The polarity of ETOH 

(> 64%) is weaker than that of water and the stable and strong ionic bonds between 

phosphate groups on the backbone of DNA and positive ions at correct concentration, 

such as Na+ and NH4
+ in the solution, force DNA to be precipitated at room 

temperature. DNA should be precipitated from the solution by 95 % ETOH. The 

Reagent Quantity(μL) 

PCR H2O 12.4 

5 x Sequencing Reaction Buffer 3.57 

M13F 1.14 

R-R-100 

Purified cloned PCR products                   

2.86 

2.5 
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isolated DNA may contain some salts, but 70 % ETOH can purify crude DNA by their 

removal.  

 72 µl of 95 % ETOH were added into the tubes containing sequencing reaction product 

and the mixed liquid was transferred to other tubes containing 10 µl of deionised water. 

The tubes were placed at room temperature for 20 min. 

 The tubes were then centrifuged at the highest speed for 20 min and the supernatant 

was discarded quickly. 260 µl of 70 % ETOH were added into the tubes and the tubes 

were vortexed for 30 s, then centrifuged for another 10 min. The supernatant was 

discarded quickly and the redundant liquid in the pellet was evaporated in a 

concentrator for at least 3 h to generate the dried DNA fragments. 

 

2.1.14 Sequencing                                                                                                                                  

10µl of HIDI (highly-deionised formamide) were added into each of the tubes 

containing dried DNA fragments and these tubes were vortexed for 30 s. The tubes 

were heated for 4.5 min and then cooled on ice for 5 min. The tubes were then briefly 

centrifuged and the supernatants were transferred onto a sequencing plate one-by-one 

before analysis on an automated ABI 3100 DNA sequencer. The DNA sequences were 

then translated into their 6 different reading frames (peptide sequences). The target 

peptide sequences encoded in a 5’→3’ direction in the coding region were selected. 

The principle of “Sanger” sequencing is shown in figure 2.5. 
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Figure 2.5 The principle of Sanger sequencing. 

(http://www.info2.uqam.ca/~makarenkov_v/BIF7002/Rapport_NextGen_BF_JC.htm) 

The classical chain-termination method requires a single-stranded DNA template, a 

DNA primer, a DNA polymerase, normal deoxynucleoside triphosphates (dNTPs), 

modified di-deoxynucleoside triphosphates (ddNTPs), the latter of which terminate 

DNA strand elongation. These chain-terminating nucleotides lack a 3'-OH group 

required for the formation of a phosphodiester bond between two nucleotides, causing 

DNA polymerase to cease extension of DNA when a modified ddNTP is incorporated. 

The ddNTPs may be radioactively or fluorescently labelled for detection in automated 

sequencing machines. 
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2.2 Results：Identification of QUB 2003 biosynthetic precursor encoding cDNA 

A bioactive peptide precursor-encoding cDNA was discovered after the molecular 

cloning experiment. The length of the nucleotide sequence of the open-reading frame 

of the cDNA was 201bp which encoded a 67-amino acid sequence (Figure 2.6). 

According to these data, it could be deduced that 1. The putative signal peptide region 

contained 22 amino acid residues. 2. An acidic amino acid residue-rich region followed 

the putative signal peptide. 3. A typical di-basic amino acid residue convertase 

processing site, -KR-, was located between the acidic amino acid rich region and the 

putative mature peptide sequence. 4. The putative mature peptide sequence contained 

19 amino acid residues. Thus, the mature peptide was named systematically as 

QUB2003, reflecting its molecular mass of 2003 Da, and was classified as a 

phylloseptin peptide. 

The full length of the biosynthetic precursor was extracted from the skin secretion-

derived cDNA library, and a similar sequence from BLAST could be used to deduce 

that the mature peptide region (Figure 2.7). The mature peptide QUB2003, consisted 

of 19 amino acid residues, FLSMIPHIVSGVAALAKHL-NH2 and was considered to 

be an AMP of the phylloseptin family. 
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Figure 2.6 Nucleotide and translated open-reading frame amino acid sequence of a cloned cDNA 

encoding the biosynthetic precursor of QUB2003. The putative signal peptide is double-underlined, 

the mature peptide is single-underlined and the stop codon is indicated by an asterisk. 

 

Figure 2.7 Sequence alignment of several phylloseptin peptides with QUB-2003. The peptides PS-1, 

PS-2, PS-4, PS-7, PS-5, PS-12 were the peptides isolated from Phyllomedusa sauvagii, and belong to 

the peptide family phylloseptin. * shows the identical amino acids among all these 7 peptides, which 

indicate that QUB-2003 belongs to the phylloseptin peptide family. 
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Chapter 3. Synthesis and purification of 
peptide QUB2003 
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3.1 Materials and Methods  

 

 

 

 

 

Figure 3.1 Solid phase peptide synthesis procedure 
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3.1.1 Solid Phase Peptide Synthesis 

The peptide in this study was synthesised automatically using a Tribute Peptide 

Synthesiser (Protein Technologies, USA), based on the reverse sequence of 

 F L S M I P H I V S G V A A K H L- N H2. The brief procedure is described as 

follows (Figure 3.1) 

 

 

Figure 3.2 The Tribute automated solid phase synthesiser. 

 

3.1.1.2 Calculations and Weighings of Amino Acids, HBTU and MBHA Resin 

The desired quantity of peptide was 0.3mmol, so each amino acid should be at least 

1.2mmol (4-fold molar excess) to synthesise the sequence. Correspondingly, HBTU 

must be at the same ratio. The amino acids with different protecting groups were 

weighed based on the sequence, and loaded into the pre-cleaned vials containing 
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HBTU. According to its loading capacity, Rink Amide MBHA resin was calculated 

and weighed into a 30mL reaction vessel. 

Table 3.1 The quantities of amino acids and HBTU employed.  

 Amino Acid Protected amino 

acid 

Molecular 

weight  

Actual 

weight 

1 L Leu Leucine Fmoc-Leu-OH 0.42408 0.4276 

2 H His Histidine Fomc-His(Trt)-

OH 

0.74364 0.7413 

3 K Lys Lysine Fmoc-Lys(Boc)-

OH 

0.5622 0.5673 

4 A Ala Alanine Fmoc-Ala-OH 0.37356 0.3758 

5 L Leu Leucine Fmoc-Leu-OH 0.42408 0.4278 

6 A Ala Alanine Fmoc-Ala-OH 0.37356 0.3746 

7 A Ala Alanine Fmoc-Ala-OH 0.37356 0.3732 

8 V Val Valine Fmoc-Val-OH 0.40728 0.4085 

9 G Gly Glycine Fmoc-Gly-OH 0.35676 0.3524 

10 S Ser Serine Fomc-Ser(tBu)-

OH 

0.46008 0.4645 

11 V Val Valine Fmoc-Val-OH 0.40728 0.4067 

12 I Ile Isoleucine Fmoc-Ile-OH 0.42408 0.4275 

13 H His Histidine Fomc-His(Trt)-

OH 

0.74364 0.7431 

14 P Pro Proline Fomc-Pro-OH 0.40488 0.4051 

15 I Ile Isoleucine Fmoc-Ile-OH 0.42408 0.4223 
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16 M Met Methionine Fmoc-Met-OH 0.4458 0.4421 

17 S Ser Serine Fomc-Ser(tBu)-

OH 

0.46008 0.4668 

18 L Leu Leucine Fmoc-Leu-OH 0.42408 0.4252 

19 F Phe Phenylalanine Fmoc-Phe-OH 0.46488 0.4657 

 

 3.1.1.3 Synthesis Using the Tribute Synthesiser 

The synthesis of peptide was accomplished by the Tribute Peptide Synthesiser, the 

process of which was Bottle Prep and Systems Status, Edit Programme, Wash 

Operations, Loading Peptide Sequence, Run Synthesise, and at last Bubbling. Firstly, 

the reagent bottles were filled as the following table shows, and were checked together 

with the source of nitrogen before synthesis was initiated. 

Table 3.2 Reagents used in SPPS. 

Bottle No. Reagents Proportion (v/v) 

1 DMF  

2 DMF  

3 Piperdine : DMF 1:4 

4 NMM : DMF 11:89 

5 DCM  

 

After all amino acid vials were placed in correct positions, the peptide synthesiser was 

run with the programme shown below. 
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Table 3.3 Programme used for single coupling in SPPS. The synthesis loop is from 

step2-step8. 

 

3.1.1.4 Cleavage Reaction 

The dried resin/peptide was weighed and then placed into a 50mL round-bottomed 

flask. After adding the cleavage cocktail which was prepared at 25mL/g resin 

according to the recipe: 94% TFA + 2% EDT + 2% TIS + 2% H2O (volume), the 

cleavage and deprotection reaction was performed at the room temperature for at least 

No. Action Bottle Time Repeat Comments 

1 RV-Top 1 10 min 3 
DMF environment 

(first AA only) 

2 RV-Top 3 150 s 3 Deprotection 

3 Wash 1 30 s 1 Remove piperidine 

4 RV-Top 1 30 s 3 
Wash resin 

(remove piperidine and Fmoc) 

5 AA-Delivery 4   Activation 

6 Mix  25 min  Coupling 

7 Wash 1 30 s 1 Remove NMM 

8 RV-Top 1 30 s 3 DMF environment 

9 RV-Top 3 150 s 3 Final deprotection (last AA only) 

10 Wash 1 30 s 1 Wash vent (last AA only) 

11 RV-Top 1 30 s 3 Wash resin (last AA only) 

12 RV-Top 5 30 s 3 
Bubbling and remove DMF 

(last AA only) 

13 Drain-Dry  10 min  (last AA only) 
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4h with stirring. Next, a Buchner funnel was employed to filter the complex, after 

which, 45 mL of Et2O (stored in a refrigerator at -20ºC) was added to the flask and the 

mixture was transferred to a universal tube and kept in a refrigerator overnight to 

complete the peptide precipitation. 

 3.1.1.5 Peptide Washing 

The above tube was centrifuged at 2500 × g for 5 min to collect the precipitated peptide, 

followed by discarding the supernatant carefully and adding another 45 mL Et2O. The 

procedure was repeated 3 times. The peptide was then dried in a tinfoil-covered tube 

pierced by a needle, at room temperature. 

 3.1.1.6 Peptide Dissolving and Lyophilisation 

10 ml of Solution A (ddWater) were added to the dried peptide. If it was difficult to 

dissolve, another 5 mL Solution B (80% Acetonitrile + 20% H2O) was used to dissolve 

completely. The tube was then snap frozen in liquid nitrogen and lyophilised for 

around 60 h. The product was stored at -20ºC. 

Figure 3.3 The lyophiliser (freeze-dryer) employed. 
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3.1.2 Reversed-phase high performance liquid chromatography (HPLC) 

High performance liquid chromatography (HPLC) is widely used to separate, identify 

and quantify each component in a mixture though a stationary and a mobile phase. 

HPLC works through pumping a pressurised liquid mobile phase and a sample mixture 

through a column filled with a solid phase stationary phase. Depending on different 

adsorptive characteristics, the components of the sample mixture are separated from 

each through interaction with the solid support and elution at different concentrations 

of mobile phase.  

Reverse phase HPLC (RP-HPLC) was employed to purify peptide. The RP-HPLC 

contains a non-polar stationary phase and an aqueous, moderately polar mobile phase. 

The mechanism of RP-HPLC is hydrophobic interaction between sample components 

and stationary phase. 

A representative HPLC system consists of pumps, a sampler, column, detector, 

fraction collector and data analysis system. 

Five mg of lyophilised skin secretion of Phyllomedusa sauvagii were reconstituted in 

1 ml of Buffer A (trifluoroacetic acid (TFA) / water (0.05 / 99.95, v / v)) in a centrifuge 

tube (1.5 ml). The tube was put into the centrifuge at 17000 x g for 20 m to remove 

particulate matter and the supernatant was retained. 

Buffer B (TFA / water / Acetonitrile (0.05% / 29.95 / 70.00, v / v / v)) was used for 

washing and cleaning the HPLC column (Jupiter 00G4052 semi-preparative C-5 

column) for 40 m first, then the column was equilibrated with Buffer A for 1 h. 
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Under the control of Powerstream HPLC software, the sample was eluted at a flow 

rate of 1 ml/m for 240 min with the detector set at λ214 nm, then supernatant was 

injected into the HPLC analysis system (Cecil Adept CE4200, Cambridge, UK) by a 

1 ml injection loop which was washed by both Buffer B and Buffer A, each 3 times. 

The fractions from the sample were collected into 5 ml polypropylene tubes (Sarstedt, 

Germany).  

 

Figure 3.4 HPLC analysis system (Cecil Adept CE4200, Cambridge, UK). 

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

mass spectrometry 

The molecular masses of peptides were analysed by a MALDI-TOF mass spectrometer 

(Voyager DE, PerSeptive Biosystems, Framgham, MA, USA) equipped with a 

nitrogen laser (λ337nm, pulse duration 3 ns, pulse frequency 3 Hz). 1 μl of fractions 

collected from HPLC mixed with 1 μl of matrix solution (40 mM α-cyana-

4hydroxycinnamic acid (CHCA) in acetonitrile/water/TFA, 50/49.7/0.3, v/v/v) placed 

in each wells in a 100-well plate. 
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After air drying, the plate was inserted into the machine where the conditions were set 

at 120 ns, such as grid voltage (18.8 kV), delayed extraction and guide wire (10 V) 

and linear mode was used in recording the mass spectra. In order to ensure 100 laser 

scans and best mass spectra, diverse laser intensities were used. With the mass/charge 

ratio (m/z) against abundance recorded and by the comparison of the theoretical values 

through the software which is a computer package for peptide mass calculation, the 

masses could be determined. 

Figure 3.5 A MALDI-TOF mass spectrometer workstation. 
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3.2 Results:  

3.2.1 RP-HPLC chromatogram of synthetic peptide QUB2003 

Reverse phase high-performance liquid chromatography was used to analyse and 

purify the synthetic peptide QUB2003. The RP-HPLC chromatogram of synthesised 

peptide, QUB2003, is shown in Figure 3.6. The peak indicated by an arrow represents 

the purified authentic QUB2003, which was collected and lyophilised for further 

bioactivity assessment. 

 

Figure 3.6 Reverse phase HPLC chromatogram of Phyllomedusa sauvagii skin secretion with an 

arrow indicating the absorbance peak containing the predicted peptide QUB2003.  Absorbance 

wavelength was 214 nm. 

 

3.2.2 Result of Matrix-Assisted Laser Desorption/Ionisation Time-of-Flight 

(MALDI-TOF) Mass Spectrometry 

The peptide QUB2003 was chemically synthesised after confirming its sequence. The 

crude peptide was purified and then analysed by linear MALDI-TOF MS. The mass 
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spectrum indicated that the purity of the synthetic peptide was high and met the 

requirements for performing the biological assays in subsequent studies (Figure 3.7). 

 

 

Figure 3.7 MALDI-TOF mass spectrum of chemically-synthesised mature peptide, QUB-2003. The 

m/z of singly-charged QUB-2003 was 2006.08. The intensity of the spectrum of QUB-2003 was 

2.7e4. 
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4.1 Materials and Methods: 

4.1.1Antibacterial studies on QUB2003 

These were growth inhibition tests, to test whether the peptide has antibacterial effects 

at various concentrations.  The organisms used included the Gram-positive bacterium, 

S. aureus (NCTC 10788), the Gram-negative bacterium, E. coli (NCTC 10418), and 

the yeast, C. albicans (NCYC 1467). 

4.1.1.2 Minimal inhibitory concentration (MIC) assay 

Preparation 

1.4 mg of peptide were weighed and put into a 1.5 ml tube, dissolved in 14 µL of 

DMSO solution, then vortexed and centrifuged. The highest concentration of peptide 

employed was 512 µM and the volume (µL) of solution required was calculated as：

V=m//512 x100 x M 

Items used here were one autoclaved 100 ml MHB conical flask, autoclaved 2 x 20 ml 

MHB in a glass bottles, 3 Petri dishes, 1 x 10 ml MHA, microtubes, 100 ml sterile PBS 

solution and 1 x 96 well plate.  

4.1.1.3 Culture of microorganisms 

⑴ Cultures of Gram-positive, S. aureus, Gram-negative, E. coli and the yeast, C. 

albicans were stored at -20℃.  One bead of each microbial culture was transferred to 

a McCartney of 100 ml of Muellar Hinton Broth. 

⑵ These were placed in the shaking incubator for16h at 37℃. 



58 
 

⑶ McCartney bottles of 20 ml MHB were prepared for each microbe and placed in 

the incubator overnight to warm up at 37℃. 

 ⑷ 500 µL of microbial suspensions (shaking over 16h) were transferred into 20 ml 

sterile MHB and incubated until logarithmic phases of growth were reached. The 

following timescales showed the time required for each test organism to reach log 

phase growth and their optical densities (550 nm). Once the OD reached the standard 

required, the 20 ml bottles of MHB were taken from the incubator and used as soon as 

possible. 

 

4.1.1.4 Minimal inhibitory concentration （MIC） assay 

Nine 1.5 ml tubes were prepared and 7 µL of DMSO were added to each tube. 

 

Organism 

 

 

Subculture 

incubation time 

 

Concertation 

 

Absorbance 

(O.D) 

 

UV 

spectrophotometer 

 

S. aureus 

 

1.5h 

 

108 

 

0.23 

 

 

 

550nm 

 

C. albicans 

 

 

1h 

 

5 x 106 

 

0.15 

 

 

E.coli 

 

1h 

 

108 

 

0.41 
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7 µL of 512 (µM) peptide was double-diluted in series to produce a range of 

concentrations of peptide solutions as follows: 256(µM), 128 (µM), 64 (µM), 32 (µM), 

16 (µM), 8 (µM), 4 (µM), 2 (µM), and 1 (µM). 

The 96 well plate was prepared and marked as shown in Figure.4.1. Different 

concentrations of peptide were added as 1µL in the corresponding wells with 99 µL 

microbial subcultures from Petri dishes (diluted with MHB) then added to the 96 well 

plate. 

The blank control received 100 µL MHB. The growth control received 100 µL 

subculture from the Petri dish (diluted with MHB). The DMSO control received 1 µL 

of microbial subculture from the Petri dish (diluted with MHB) and 99 µL DMSO. 

After these steps, the 96 well plate was placed in the shaking incubator for 10 min and 

then transferred to the incubator overnight (16h) at 37℃. 

 

Figure 4.1 The 96 well plate was prepared with different concentrations of peptide added in 1µL to 

the corresponding wells with 99 µL microbial subcultures from the Petri dishes (diluted with MHB). S 
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for negative control group, 5 of the wells had received 100µL new MHB; G for positive control group, 

5 of the wells had received 100µL growth culture; V for vehicle control group, 5 of the wells had 

received 1µL PBS and 99µL growth culture; 512, 256, 128… 1 for sample group, 5 of the wells had 

received 1µL peptide solutions at corresponding concentrations and 99µL growth culture. 

4.1.1.5. Viable cell counting 

Six micro tubes were prepared by adding 900 µL PBS to each tube, followed by adding 

100 µL cultures into the micro tubes labelled -1(µM). After that, the 10-fold dilution 

in series of a range of concentrations of microbial suspensions were labelled -2(µM), 

-3(µM), -4(µM), -5(µM), -6(µM), as shown in Figure 4.2 

Figure 4.2 Dilution of the tests 

After the dilutions of the microbial suspensions were prepared, they were then added 

onto the corresponding areas of the MHA Petri dish in a volume of 20 µL 3 times as 

shown Figure.4.3. Following this, the Petri dish was dried beside the Bunsen burner, 

and then transferred to the incubator overnight at 37℃. 
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Figure 4.3 The distributios of the samples on the MHA plates 

4.1.1.6 Result confirmation 

The 96-well-plate was taken out and put in the absorbance detector. 

 

4.1.1.7 Minimum bactericidal concentration assay (MBC)  

After the 96 well plate was read by the plate reader and the MIC was determined, the 

same concentration of solution was added in the same row on the Petri dish with MHA 

and this was transferred to the incubator at 37℃ overnight and then the MBC values 

could be determined as shown in Figure.4.4. 
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Figure 4.4   The distribution of the culture spots on MHA plates. Each drop was 20 µL from each 

well of the 96 well plate. These assays were performed in triplicate. 

 

 

4.1.2 Haemolysis assay 

4.1.2.1 Red cell suspension and peptide solution preparation 

Two ml of fresh horse blood were transferred into a 30mL centrifuge tube and 30 mL 

of sterilised PBS were added into this tube. The tube was set up on a shaker to mix the 

solution and then centrifuged at 930 x g for 5 m. This procedure was repeated until the 

supernatant after centrifugation became completely clear. 50 ml of sterilised PBS was 

added into the tube and mixed with the red blood cell pellet to form a red cell 

suspension. 

Peptide was dissolved in sterilised PBS to make peptide solutions at different 

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

and 1 µM. 200μL of peptide solution at different concentrations were added into 1.5 
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ml tubes and for each concentration there were 5 tubes. Then 200μL of red cell 

suspension were added into each tube. 

The blank controls were prepared with 4 ml of red cell suspension. 4μL of Triton X-

100 were added into 1996μL of PBS and then 2000μL of red cell suspension was also 

mixed with the solution as the positive controls. 

4.1.2.2 Incubation and detection 

All the tubes were incubated at 37℃ for 2 h and then centrifuged at 1000 x g for 5 min. 

Supernatants were added into wells of a 96-well-plate (Thermo Fisher Scientific) as 

shown in Figure 4.5 below and the absorbance was detected λ550 nm with an 

ELx808TM Absorbance Microplate Reader (BioTek, USA). 

 

 

Figure 4.5 High-speed 8-channel filter-based absorbance reader. 

4.1.3 Anticancer cell assays 

4.1.3.1 Preparation 

To culture different kinds of cells, media may vary for each and in the following table, 

the different media used for the different kinds of cancer cells, are indicated. 
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Table 4.1. Cancer cells used and their respective culture media. 

 

Cells Media Company  

H-157 RPMI (Roswell Park Memorial Institute) 1640 

medium 

Life Technology 

PC-3 RPMI (Roswell Park Memorial Institute) 1640 

medium 

Life Technology 

MB-435S DMEC (Dulbecco’s Modified Eagle Medium) Life Technology 

 

4.1.3.2. Resuscitation and media changing 

 
10% of FBS (Foetal Bovine Serum, Sigma-Aldrich) and 1% PS (Penicillin 

Streptomycin, Sigma-Aldrich) were added to media. These media, corresponding to 

the different types of cancer cells, were preheated at 37℃. 15 ml of the media were 

then added into medium-sized culture flasks (175cm2: 25 ml of media; 80cm2: 15 ml 

of media; 25cm2: 5 ml of media, Sigma-Aldrich). 

The cells stored in the freezer at -80℃ were quickly but gently stirred in the water bath 

at 37℃ until thawed. Once thawed, they were transferred into the flask with media. 

After gently mixing, the flask was placed in the incubator at 37℃ under 5% CO2. 

Media in the flasks were changed every two days. All the old media inside the flasks 

were removed and 10 ml of PBS (Sigma-Aldrich) were added. After gently shaking, 

the flask was washed with the PBS and then it was removed as well. Fresh media with 
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FBS and PS were then added into the flask and well mixed. After this, the flask was 

put back into the incubator to culture the cells.   

4.1.3.3 MTT (3-(4, 5-dimethylithiazol-2-yl)-2, 5-dipheyltetrazolim bromide) assay 
and passage 

 
The liquid in the flask of cells was poured out and the flask was washed out by 10 ml 

of PBS and gently shaken in a horizontal way. After removing the PBS, 1000μL of 

trypsin (Life Technology) was quickly added to cleave the protein which made the 

cells grow on the wall of the flask. After being well shaken and incubated for about 5 

min, 10 ml of serum free media were added into the flask and all the liquid inside the 

flask was transferred into a centrifuge tube (15 ml). This centrifuge tube was put into 

a centrifuge at 20℃, centrifuged at 500 x g for 5 min and then the supernatant was 

removed. 5 ml media was added into the centrifuge tube and the cells was mixed to be 

evenly distributed in the media.   

Fifteen ml of media were added into a new flask and 3 ml of the liquid inside the 

centrifuge tube was transferred into this new flask. This flask was put into the 

incubator and the cells were cultured for repeating experiments. 

After gently pipetting, 50μL of cells suspension in the centrifuge tube were transferred 

into one of the wells of the 96-well plate and then 50μL of trypan blue (Life 

Technology) were added into the well and evenly mixed. 
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Figure 4.6 A haemocytometer 

10μL of the liquid was transferred onto the haemocytometer with a coverslip on. The 

number of the cells was counted under the microscope. Only the cells on the 4 stations 

as the figure shows were counted and calculated with the formula below and each 

station’s volume was 0.1μL. 

Number of the viable cells / flask (cells/ml) = T / 4 x 104 x 2 x10 

Where T = the total number counted              4 = the number of the stations 

            2 = the dilution in trypan blue           10 = the volume of the suspension 

 

Figure 4.7 A diagrammatic sketch of a haemocytometer under microscope 

Cells were then diluted with media to place about 5 x 103 cells per well. 100μL of the 

diluted cell suspension were placed into every well of the 96-well plate with a multi-

pipette and the 96-well plate was placed into the incubator for 24 h.  
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The media inside each well was removed and replaced by 100μL of serum free media 

for 6-12 h’ starvation. 

Peptide stock solution was made at a concentration of 10-2 mmol/μL with DMSO 

(dimethlsulphoxide, Sigma-Aldrich). 7μL of the peptide solution was added into the 

tube marked as “10-4” with 693μL of serum free media inside, which made up a tube 

of peptide solution at 10-4 mmol/ μL. Then 70μL of the peptide solution in the tube 10-

4 was transferred into a tube marked as “-5” with 630μL of serum free media. This 

procedure was repeated to make up the remainder of the peptide solutions with 

concentrations of 10-6, 10-7, 10-8 and 10-9 mmol/ μL, respectively. 

Seven μL of DMSO were added into 693μL of serum free media as the vehicle control 

and 700μL l serum free media was prepared as control group. 

The prepared solutions were added into the 96-well plate as below and this was put 

into the incubator for 12 h. 

 

Figure 4.8 The solutions in each well of the 96-well-plate. 

“x” means there was only 100μL of media in the well with nothing else. 

 
Twelve hours later, 20μL of MTT solution (Thermo Fisher Scientifics) were added 

into each well of the plate and the plate was incubated for 4 h at 37℃, 5% CO2. The 
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mixture of MTT and peptide solution was removed by a 21-gauge needle and a 10mL 

syringe, and then 100μL of DMSO were added into each well of the plate. This plate 

was set up in the shaking incubator for 10 minute. 

With the solution evenly mixed, the plate was placed on an ELx808TM Absorbance 

Microplate Reader at λ570nm. 

 

4.2 Results:  

4.2.1 Antimicrobial results of QUB-2003   

As shown in Figure 4.9, the synthetic peptide QUB2003 demonstrated significant 

antimicrobial activity against the Gram-positive bacterium, Staphylococcus aureus, 

the Gram-negative bacterium, Escherichia coli and the yeast, Candida albicans, with 

MICs of 32 µM, 256µM and 32µM, respectively. Also, the MBCs against 

Staphylococcus aureus, Escherichia coli and Candida albicans, were 64 µM, 256 µM 

and 64 µM, respectively.  
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(A) 

 

 

 (B) 
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(C) 

 

Figure 4.9 MICs of QUB2003 against (A) the Gram-positive bacterium Staphylococcus aureus, (B) 

the Gram-negative bacterium Escherichia coli, (C) and the yeast Candida albicans.  The G is the 

growth control which contained 100 µL cell culture. According to the student T-test, the results of 

QUB-2003 against the Gram-positive bacterium Staphylococcus aureus have significant differences. 

4.2.1 Haemolysis assays of QUB-2003 

The haemolytic activity of QUB2003 was conducted three times in this assay. The 

level of QUB2003 induced haemolysis of horse erythrocytes was lower than 20% of 

the haemolytic activity of Triton X-100 at the concentration of 64 µM (Figure 4.10). 

EC50=214.3 µM  
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Figure 4.10 The haemolytic activity of QUB2003 on horse erythrocytes. The percentages of 

haemolysis were compared to the positive control, which was the haemolytic activity caused by Triton 

X-100. Five replicates at each point were  

recorded. （the sample size ≥3） 

 

 

 

 

 

 

 

4.2.2 Cancer cell anti-proliferation assays of QUB-2003 

The selected human cancer cell lines (MB435, H157, U251MG and PC3) were treated 

with 10 µM of QUB2003 and the cells proliferations were 125.24%, 102.87%, 

135.70%, 78.48%, respectively (Figure 4.11). The MB435, PC3, H157, U251MG cells 

were thus unaffected in growth by QUB2003. 
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Figure 4.11 Proliferation of selected cancer cells after treatment with QUB2003 at the concentration 

of 10 µM. The percentage of cell viability was calculated using the non-treatment controls. MTT 

assay for each cell line was performed in 5 replicates. The percentage of cell viability was calculated 

using the V (vehicle) controls. According to the student T-test, the results of QUB-2003 against PC3 

have no significant differences. 

 

 

 

 

 

 

 

 

 

 

 

 

 



73 
 

 

 

 

 

Chapter 5. Conclusion and Discussion 
                                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.1 The significance of the study of amphibian skin peptides 

Amphibians have a pronounced survival capacity, which has aided them in obtaining 

an extended range in many regions of the world and an ability to live in distinct habitat 

types from deserts to deep lakes. Amphibian skins have played the most vital role in 

this as they serve to protect and defend against external threats to life from 
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microorganisms and predators. Also, their skins are effectively an additional 

secondary respiratory surface in many species. As a result, the skin has developed 

many useful functions including a chemically-complex defensive skin secretion.  

The medicinal value of amphibians has been understood for many millennia by our 

ancestors. For centuries, amphibian skin was used to treat certain diseases in ancient 

societies. In modern society, many peoples around the world continue to utilise 

amphibian skins or their secretions as medicines. In China, for instance, amphibian 

skin is one of the Chinese medicines which possesses remarkable and obvious 

therapeutic effects in some diseases. The dried venom of the toad, Bufo bufo 

gargarizans, is not only used for fluid drainage and detoxification, but for stomach 

and skin cancers as well (40). In summary, amphibian skins or their skin secretions, 

are a potential abundant and diverse natural resource for the discovery of new drug 

leads and are extremely useful for researchers in many fields including medicine, 

biochemistry and pharmacy.  

5.2 Conclusion  

With the increasing popularity of biomedical drug discovery, researchers are exploring 

many potential materials from Nature originating from plants and animals. Peptides 

from these sources may have a great potential for development as biomedicines. In this 

study, an AMP belonging to the phylloseptin family that was first named in 1994 (41), 

was identified in and isolated from the skin secretions of the waxy monkey tree frog, 

Phyllomedusa sauvagii, as alluded to by Chen in 2003 (42). The mature peptide 

QUB2003, consisted of 19 amino acid residues, F L S M I P H I V S G V A A K H L- 

N H₂ belongs to phylloseptin family and the result of bioactive screening can be 

identified as an AMP.  
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In terms of the antimicrobial assays, QUB 2003 demonstrated potent effects against 

Gram-positive bacteria, Gram-negative bacteria and yeast. Dermaseptins, another 

group of peptides from phyllomedusine frogs, were the first vertebrate gene-encoded 

peptides with lethal effects against filamentous fungi which are responsible for 

opportunistic infections in immunodeficiency syndrome or immunosuppressed 

individuals (43). The minimal inhibitory concentrations of this phylloseptin peptide 

against S.aureus, E.coli and C.albicans, were respectively, 32 μ M, 256 μ M and 32 μ 

M. Also, the MBC values against S. aureus, E. coli and C. albicans were respectively 

64 μ M ，256 μ M and 64 μ M. QUB2003 contained several cationic Lys residues and 

its sequence adopted an α-helical structure. With the peptide displaying an 

amphipathic character, it was deemed to act in a manner involving cell membrane 

interaction, integration and subsequent lysis with an EC50 of 214.3 μ M. One metric 

for defining haemolytic activity is EC50, the concentration of antimicrobial that kills 

50% red blood cells.  Also, peptide design and modification could be employed to 

lower its haemolytic effects while maintaining its effects on microbes. These features 

are promising for QUB2003 to be considered as a potential alternative medicine to 

treat some antimicrobial-related diseases. 

In the anticancer cell assay, it had no effect on MB435s, PC3, U251MG and H157 

cancer cells.  

5.3 Discussion  

Based on the Gram stain retention of bacteria, they are divided into two main groups - 

Gram-positive and Gram negative. In general, Gram-positive bacteria contain a thick 

peptidoglycan layer (20-80) which could retain the Gram stain. Whereas Gram-

negative bacteria have no capability to retain the Gram stain due to they have a 

relatively thinner peptidoglycan layer and an additional outer membrane, which could 
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be easily degraded by ethanol. The outer membrane is composed of a complex 

lipopolysaccharide (LPS) and protein which can protect the bacteria from several dyes, 

detergents and antibiotics. Under normal circumstances, two general physical features 

are possessed by an AMP: one of which is a large proportion of a net cationic charge 

and the other is the content of hydrophobic residue(s). The former characteristic has 

the selective effect of promoting the negative microbial cytoplasmic membrane as a 

target rather than the zwitterionic mammalian membrane, while the other is vital for 

the promotion of interaction with the fatty acyl chain (45). QUB2003 is a peptide with 

a predicted alpha-helix structure (Figure 5.1), which has a broad hydrophobic surface 

composing of the sequence-VLAPL-. The QUB-2003 can cross the membrane bilayer, 

the mismatch between the helical hydrophobic portion and the lipid acylate core. This 

might be the reason that QUB2003 has a good antibacterial effect against Gram-

positive bacteria. The peptide must have sufficient positive charge to have a good 

inhibitory effect on Gram negative bacteria, because Gram negative bacteria have thin 

layers. Therefore, QUB2003 has a weak inhibitory effect on Gram negative bacteria. 

As it also has a cationic Lys amino acid, it is bound to the same anionic surface of the 

Gram-positive bacteria containing acidic polymers such as the wall associated 

phosphate and LPS positive Gram positive bacteria. The Lys residue, however, is 

surrounded and separated by other hydrophobic amino acids, and this may weaken the 

positive charge cloud partially, but the peptide still can bind to bacteria. This may 

explain why QUB2003 can affect Gram-positive bacteria and Gram-negative bacteria.  



77 
 

 

(A) 

 

(B) 

Figure 5.1 (A) The secondary structure prediction of QUB2003 using Predict Protein Open online 

tool. The red highlighted “H” represents the region of α-helical domain and the green highlighted “L” 

represents the loop structure. The 3D modelling of QUB2003 using the I-TASSER server. The yellow 

and blue regions represent the C-terminus and N-terminus, respectively.  (B)The predicted secondary 

structure of QUB2003 displayed as a helicity plot. 

 

5.4 Future work 

In this study, the peptide was extracted directly from the skin secretion of the tropical 

tree frog, Phyllomedusa sauvagii, and was found to have positive effects on some 
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microorganisms but not cancer cells. It was thus regarded to be an AMP. These 

peptides have a great potential to be new antibiotics because of their advantages over 

traditional antibiotics. Amphibian skin secretions can provide valuable information for 

at least five clinically relevant drug classes: antibiotics, analgesics, antivirals, 

antineoplastics and cardiovascular-related drugs, so it is considered a source of 

potentially valuable drug candidates. 

In the future, in terms of this study, determination of the secondary structure of peptide 

QUB2003 is necessary and imperative and circular dichroism can be used to identify 

its secondary structure. Furthermore, more research is required on the biological 

activity of QUB2003 and related mechanisms. It can help us to understand the 

principles of biological activity better, so as to determine a new possible drug design 

approach. To some extent, it would be meaningful to alter the surface activity of the 

peptide, embellish it or use some drug delivery system, such as cyclodextrin 

complexation techniques. This validated data can help the drug development process 

and provide a new direction for new drug discovery.  

Finally, if QUB2003 became a feasible candidate as a treatment, more experiments 

would be required to analyse and optimise its pharmaceutical properties.  

 

 

 

 

 

 

 

 



79 
 

 

 

 

 

 

 

 

 

References 
 

 

 

 

 

 

 

 

 

 

 

 

1. Nalbantsoy A, Karis M, Yalcin HT, Gocmen B. Biological activities of skin and 
parotoid gland secretions of bufonid toads (Bufo bufo, Bufo verrucosissimus and Bufotes 
variabilis) from Turkey. Biomed Pharmacother. 2016;80:298-303. 
2. Daly JW, Myers CW, Whittaker N. Further classification of skin alkaloids from 
neotropical poison frogs (Dendrobatidae), with a general survey of toxic/noxious substances 
in the amphibia. Toxicon. 1987;25(10):1023-95. 
3. Clarke BT. The natural history of amphibian skin secretions, their normal functioning 
and potential medical applications. Biol Rev Camb Philos Soc. 1997;72(3):365-79. 



80 
 

4. Simmaco M, Mignogna G, Barra D. Antimicrobial peptides from amphibian skin: 
what do they tell us? Biopolymers. 1998;47(6):435-50. 
5. Wang G. Improved methods for classification, prediction, and design of antimicrobial 
peptides. Methods Mol Biol. 2015;1268:43-66. 
6. Han HM, Gopal R, Park Y. Design and membrane-disruption mechanism of charge-
enriched AMPs exhibiting cell selectivity, high-salt resistance, and anti-biofilm properties. 
Amino Acids. 2016;48(2):505-22. 
7. Cheng G, Hao H, Xie S, Wang X, Dai M, Huang L, et al. Antibiotic alternatives: the 
substitution of antibiotics in animal husbandry? Front Microbiol. 2014;5:217. 
8. Epand RM, Vogel HJ. Diversity of antimicrobial peptides and their mechanisms of 
action. Biochim Biophys Acta. 1999;1462(1-2):11-28. 
9. Park Y, Hahm KS. Antimicrobial peptides (AMPs): peptide structure and mode of 
action. J Biochem Mol Biol. 2005;38(5):507-16. 
10. Holt A, Killian JA. Orientation and dynamics of transmembrane peptides: the power 
of simple models. Eur Biophys J. 2010;39(4):609-21. 
11. Shai Y. Mechanism of the binding, insertion and destabilization of phospholipid 
bilayer membranes by alpha-helical antimicrobial and cell non-selective membrane-lytic 
peptides. Biochim Biophys Acta. 1999;1462(1-2):55-70. 
12. Westerhoff HV, Juretic D, Hendler RW, Zasloff M. Magainins and the disruption of 
membrane-linked free-energy transduction. Proc Natl Acad Sci U S A. 1989;86(17):6597-601. 
13. Yang L, Weiss TM, Lehrer RI, Huang HW. Crystallization of antimicrobial pores in 
membranes: magainin and protegrin. Biophys J. 2000;79(4):2002-9. 
14. Bierbaum G, Sahl HG. Autolytic system of Staphylococcus simulans 22: influence of 
cationic peptides on activity of N-acetylmuramoyl-L-alanine amidase. J Bacteriol. 
1987;169(12):5452-8. 
15. Matsuzaki K. Why and how are peptide-lipid interactions utilized for self-defense? 
Magainins and tachyplesins as archetypes. Biochim Biophys Acta. 1999;1462(1-2):1-10. 
16. Kragol G, Lovas S, Varadi G, Condie BA, Hoffmann R, Otvos L, Jr. The antibacterial 
peptide pyrrhocoricin inhibits the ATPase actions of DnaK and prevents chaperone-assisted 
protein folding. Biochemistry. 2001;40(10):3016-26. 
17. Kamysz W, Silvestri C, Cirioni O, Giacometti A, Licci A, Della Vittoria A, et al. In 
vitro activities of the lipopeptides palmitoyl (Pal)-Lys-Lys-NH(2) and Pal-Lys-Lys alone and 
in combination with antimicrobial agents against multiresistant gram-positive cocci. 
Antimicrob Agents Chemother. 2007;51(1):354-8. 
18. Sorensen OE, Borregaard N, Cole AM. Antimicrobial peptides in innate immune 
responses. Contrib Microbiol. 2008;15:61-77. 
19. Rozek A, Powers JP, Friedrich CL, Hancock RE. Structure-based design of an 
indolicidin peptide analogue with increased protease stability. Biochemistry. 
2003;42(48):14130-8. 
20. Lazarus LH, Attila M. The toad, ugly and venomous, wears yet a precious jewel in his 
skin. Prog Neurobiol. 1993;41(4):473-507. 
21. Yoshio H, Lagercrantz H, Gudmundsson GH, Agerberth B. First line of defense in 
early human life. Semin Perinatol. 2004;28(4):304-11. 
22. Wang Z, Wang G. APD: the Antimicrobial Peptide Database. Nucleic Acids Res. 
2004;32(Database issue):D590-2. 
23. Afacan NJ, Yeung AT, Pena OM, Hancock RE. Therapeutic potential of host defense 
peptides in antibiotic-resistant infections. Curr Pharm Des. 2012;18(6):807-19. 
24. Marr AK, Gooderham WJ, Hancock RE. Antibacterial peptides for therapeutic use: 
obstacles and realistic outlook. Curr Opin Pharmacol. 2006;6(5):468-72. 
25. Boman HG. Peptide antibiotics and their role in innate immunity. Annual review of 
immunology. 1995;13:61-92. 
26. Perez-Herrero E, Fernandez-Medarde A. Advanced targeted therapies in cancer: Drug 
nanocarriers, the future of chemotherapy. Eur J Pharm Biopharm. 2015;93:52-79. 
27. Toledo RC, Jared C. Cutaneous Granular Glands and Amphibian Venoms. Comp 
Biochem Phys A. 1995;111(1):1-29. 



81 
 

28. Frost DR. Amphibian Species of the World: an Online Reference. Version 6.0. 
Electronic Database accessible at http://researchamnhorg/herpetology/amphibia/indexhtml. 
2017;American Museum of Natural History(New York, USA). 
29. Faivovich J, Haddad CFB, Garcia PCA, Frost DR, Campbell JA, Wheeler WC. 
Systematic Review of the Frog Family Hylidae, with Special Reference to Hylinae: 
Phylogenetic Analysis and Taxonomic Revision. Bulletin of the American Museum of Natural 
History. 2005;294(1):1. 
30. Azevedo Calderon L, Silva Ade A, Ciancaglini P, Stabeli RG. Antimicrobial peptides 
from Phyllomedusa frogs: from biomolecular diversity to potential nanotechnologic medical 
applications. Amino Acids. 2011;40(1):29-49. 
31. Lacombe C, Cifuentes-Diaz C, Dunia I, Auber-Thomay M, Nicolas P, Amiche M. 
Peptide secretion in the cutaneous glands of South American tree frog Phyllomedusa bicolor: 
an ultrastructural study. Eur J Cell Biol. 2000;79(9):631-41. 
32. Delfino RJ, Zeiger RS, Seltzer JM, Street DH. Symptoms in pediatric asthmatics and 
air pollution: differences in effects by symptom severity, anti-inflammatory medication use 
and particulate averaging time. Environ Health Perspect. 1998;106(11):751-61. 
33. Hui F, Hirsh E, Crofford M, Blaiklock R, Smith AA. Inhibition of Nucleic-Acid 
Synthesis by Methadone or Narcotic-Antagonists in Regenerating Amphibian Limb. Fed Proc. 
1976;35(3):545-. 
34. Amiche M, Ducancel F, Mor A, Boulain JC, Menez A, Nicolas P. Precursors of 
vertebrate peptide antibiotics dermaseptin b and adenoregulin have extensive sequence 
identities with precursors of opioid peptides dermorphin, dermenkephalin, and deltorphins. J 
Biol Chem. 1994;269(27):17847-52. 
35. Bevins CL, Zasloff M. Peptides from frog skin. Annu Rev Biochem. 1990;59:395-
414. 
36. Mor A, Hani K, Nicolas P. The vertebrate peptide antibiotics dermaseptins have 
overlapping structural features but target specific microorganisms. J Biol Chem. 
1994;269(50):31635-41. 
37. Gebhard LG, Carrizo FU, Stern AL, Burgardt NI, Faivovich J, Lavilla E, et al. A Kazal 
prolyl endopeptidase inhibitor isolated from the skin of Phyllomedusa sauvagii. Eur J Biochem. 
2004;271(11):2117-26. 
38. Brand GD. Dermaseptins from Phyllomedusa oreades and Phyllomedusa distincta. 
ANTI-TRYPANOSOMA CRUZI ACTIVITY WITHOUT CYTOTOXICITY TO 
MAMMALIAN CELLS. J Biol Chem. 2002;277(51):49332-40. 
39. Fleury Y, Vouille V, Beven L, Amiche M, Wroblewski H, Delfour A, et al. Synthesis, 
antimicrobial activity and gene structure of a novel member of the dermaseptin B family. 
Biochimica et biophysica acta. 1998;1396(2):228-36. 
40. Igawa T, Kurabayashi A, Nishioka M, Sumida M. Molecular phylogenetic 
relationship of toads distributed in the Far East and Europe inferred from the nucleotide 
sequences of mitochondrial DNA genes. Mol Phylogenet Evol. 2006;38(1):250-60. 
41. Mor A, Nicolas P. Isolation and structure of novel defensive peptides from frog skin. 
Eur J Biochem. 1994;219(1-2):145-54. 
42. Chen T, Tang L, Shaw C. Identification of three novel Phyllomedusa sauvagei 
dermaseptins (sVI-sVIII) by cloning from a skin secretion-derived cDNA library. Regul Pept. 
2003;116(1-3):139-46. 
43. Nicolas P, El Amri C. The dermaseptin superfamily: a gene-based combinatorial 
library of antimicrobial peptides. Biochimica et biophysica acta. 2009;1788(8):1537-50. 

 


