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Abstract 

Amphibian skin gradually formed a series of protective mechanisms in the long-term 

natural selection process in order to resist the effects of harmful environmental factors. 

The skin secretion contains a large number of active peptides, which can help the 

amphibian defence system to kill microorganisms and to deter predators.  

In this study, an antimicrobial peptide (AMP) named QUB3203 was isolated from the 

skin secretion of the frog, Pelophylax kl. esculentus, found in Europe. The peptide 

precursor encoding cDNA was successfully cloned from a cDNA library made from 

the stimulated skin secretion. Once the full-length open reading frame was obtained, 

the predicted mature peptide was subjected to chemical synthesis to acquire a large 

quantity of peptide replicate. The synthetic peptide was then subjected to several 

functional assays including antimicrobial assays, anticancer assays and haemolytic 

assays.  

In this research, QUB3203 shown significant effective antimicrobial bioactivity 

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

and the yeast, C. albicans, at minimum inhibitory concentrations (MICs) of 128, 64 

and 64 μM, respectively. The MBCs of QUB3203 against these three microorganisms 

were 256, 128 and 128 μM, respectively. Meanwhile, QUB3203 was able to inhibit 

the proliferation of the selected human cancer cell lines (MB435S, H157 and U251MG) 

at the concentration of 10 μM (65.40%, 31.91% and 82.55%) but insignificant effect 

against the PC-3 cells (117.03%). QUB3203 exhibited remarkable anticancer effects 

on the human lung cancer cell line, H157. However, QUB3203 also possessed 

moderate haemolytic activity with a HC50 of 101.2 μM. 
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1.1 The significance and exploration of secretions from amphibian skin 

1.1.1 The fundamental functions of skin secretions 

During the evolution of vertebrates, amphibians represent the transition from aquatic 

to terrestrial existence. In the process of natural selection, amphibian skin formed its 

own systems for defence against pathogenic microorganisms and predators. Therefore, 

amphibian skin secretions are thus important biological resources. Antimicrobial 

peptides (AMPs) in the skin secretion are a major component of this endogenous 

defence system (Mills and Prum, 1984). 

Amphibian skin is a very complex and vital organ that can provide comprehensive 

functionality for survival. The main functions of the skin include respiration, water 

management and defence. It is also suggested that all of these functions occur  

simultaneously and are compatible (Clarke, 1997). Amphibian skin glands play a key 

role in ensuring the appropriate operation regarding basic functions of skin secretion. 

Mucous glands and granular glands constitute the majority of amphibian skin glands. 

The mucous glands assist in maintaining the moisture of the skin’s surface and, thus, 

prevent damage from predatory attack or injuries; they also act to protect the skin 

against the detrimental influence of prolonged contact with water and conversely, they 

help retard evaporative water loss. Moreover, granular glands serve as sites for the 

synthesis of a wide range of chemical compounds, which provide protection against 

bacterial and fungal infections, and natural enemies. 

1.1.2 The importance of amphibian skin secretions 

Amphibians have a distinctive soft body and thin skin. However, they do not have 

protective claws or defensive armour. Thus, amphibians appear to be defenceless 
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creatures that are easy prey for a large variety of predators. Amphibians are archaic 

creatures with highly evolved immune defences and have evolved different forms and 

physical features to protect themselves from potential predators such as snakes and 

birds. For example, the first defence mechanism is found in the secretions of the skin 

mucous glands. Moreover, amphibian mucous glands are spread over their bodies such 

that their secretions can form a moist layer on the skin surface. This is absolutely 

essential to facilitate skin breathing. Some types of amphibian skin surfaces have 

varying degrees of keratinisation, which more effectively reduces the loss of water. 

Granular gland secretions will vary depending on the species, from mild to highly toxic 

(Gomes et al., 2007). 

Meanwhile, most amphibians are used to living and surviving in damp environments, 

which are full of pathogenic bacteria and fungi. Thus, the skin is the key component 

of amphibian survival, especially since the skin helps them acclimate to all types of 

habitats and climatic conditions. Moreover, amphibian skin produces secretions which 

defend against microbial infections. 

The innate and adaptive immune defence system also protect the amphibian skin. 

These adaptive defences include antibody and T lymphocyte-mediated responses, 

which develop following the detection of pathogens by antigen presenting cells. In 

addition to the adaptive immune system, the skin is also protected by innate 

mechanisms, which may include macrophage and neutrophil complement-mediated 

lysis of pathogen natural killer cells, along with secreted AMPs (Rollins-Smith et al., 

2005). 

Amphibian skin also participates in fluid balance, respiration and ion transport as well 

as protecting from microbial intruders(Rollins-Smith et al., 2005). 
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1.1.3 The medical applications of amphibian skin secretions 

Amphibian skin secretions are divided into 4 main categories of compounds: biogenic 

amines, bufodienolides, alkaloids, peptides and proteins (Daly et al., 1987). These 

compounds are also utilised in medical applications, such as anaesthetics, antibiosis, 

antifungal agents, and bioadhesives (Clarke, 1997). In the early 1970s, Erspamer 

discovered a pharmacologically diverse array of peptides which included bradykinin, 

thyrotropin-releasing hormones (TRH), caeruleins, tachykinins, and bombesins 

(Simmaco et al., 1998). 

In fact, the secretions of toads and frogs have been used in Chinese medicine to 

effectively treat a vast array of diseases. A kind of dried white skin secretion extracted 

from Chinese toad skin glands was developed into a traditional Chinese medicine, 

called Chan Su, to treat cardiopathy, odontalgia, nasosinusitis, gingival bleeding, and 

other systemic illnesses. Ancient Oriental doctors suggested drinking wine, which had 

been soaked with the skin of a toad, to treat leukaemia (Gomes et al., 2007). 

Numerous insulinotropic peptides have been isolated from a variety of toad and frog 

skins. The initial trials conducted for these agents include diabetic foot ulcer treatment 

and prevention of cancer chemotherapy-induced oral mucositis (Ganz and Lehrer, 

1999). Synthetic magainins display in vitro spermicidal activity by disrupting the outer 

plasma membrane of sperm cells and, thus, have the potential to be used as an effective 

contraceptive agent (Edelstein et al., 1991).  

Some compounds were found in secretions of amphibians which could effectively kill 

viruses (Yasin et al., 2000). Magainins are antibiotic peptides and have anticancer 

activity. Magainin 2, along with its synthetic analogues, could rapidly and irreversibly 
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lyse haematopoietic cancer cells and solid cancer cells though the concentrations used 

were relatively non-toxic to well-differentiated cells (Cruciani et al., 1991). 

These facts are attempts to acknowledge the fact that amphibian skin can provide a 

wide range of useful bioactive substances, which are thought meaningful to research 

and innovation on new drugs (Marr et al., 2006). 

1.2 The progress in antimicrobial peptide (AMP) research 

1.2.1 AMP classification 

Practically all AMPs have common characteristics of cationicity and amphipathicity. 

According to studies of mechanisms of action (Table 1.1), the simplest secondary 

structures within AMPs are alpha helices and β hairpins (Figure 1.1), both of which 

can form transmembrane channels (Jung et al., 1991). The length of diverse types of 

simple peptides per amino residue is diverse. The size of a simple α helix is ∼1.5 Å per 

amino acid residue, whereas that of a β hairpin is ∼3.5 Å per two residues. As the 

hydrocarbon core of the phospholipid membrane is ∼30 Å across, it requires 

approximately 20 amino acids to span the membrane, either by α-helical or β-hairpin 

peptides. Indeed, the simplest AMPs of these two classes are the frog skin peptide, 

magainin (23 amino acids), and the pig leukocyte peptide, protegrin (16–18 amino 

acids) (Ganz and Lehrer, 1999). Moreover, AMPs are widely distributed in plants and 

animals (Ouellette and Selsted, 1996). Amphibian skin secretions contain a rich array 

of biologically active compounds with different physiological and defensive functions.  

Table 1.1 Summary of peptide antibiotics 
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Structure Representative 

peptides 

Species and 

tissue 

Antimicrobial 

activity 

(reported) 

Development 

for industrial 

use 

4-disulfide Plant defensins Plants Fungi Genetic 

introduction 

into plants to 

increase 

antifungal 

resistance 

α helix + β 

sheet 

   

 
Drosomycin Arthropod 

hemolymph 

  

3-disulfide α-defensins Vertebrate 

neutrophils 

and 

mammalian 

epithelia 

Bacteria, 

fungi, 

enveloped 

viruses 

 

β-sheet-rich β-defensins 
 

3-disulfide Insect 

defensins 

Arthropod 

hemolymph, 

molluscs 

Gram-positive 

bacteria 

 

α helix + β 

sheet 

   

3- or 4-

disulfide 

Some thionins 

(crambin) 

Plants Bacteria, 

fungi, 

mammalian 

cells 

 

2 α helices + β 

sheet 

   

2-disulfide β 

sheet 

Protegrins Pig 

neutrophils 

Bacteria, 

fungi, 

enveloped 

viruses 

Topical 

antimicrobials 

 
Tachyplesins, 

polyphemusins 

Horseshoe 

crab 

hemocytes 

  

1-disulfide 

cyclic or 

partly cyclic 

Cyclic 

dodecapeptide 

(bactenecin-1) 

Ruminant 

leukocytes 

Bacteria 
 

 
Ranalexin, 

brevinin 

Amphibian 

skin 

  

α helix Cecropins Insect 

hemolymph 

Bacteria Topical 

antimicrobials  
Magainin, 

PGLa 

Amphibian 

skin 

Bacteria 
 

 
LL-37 Mammalian 

leukocytes 

  

Linear with 

repeating 

motifs or 

predominant 

amino acids 

Bactenecins 5 

and 7, PR-39, 

prophenin, 

indolicidin 

Mammalian 

leukocytes 

Bacteria 
 

 
Diptericin, 

Apidaecin 

Insect 

hemolymph 

Bacteria 
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Figure 1.1 The two classical AMPs, protegrin and magainin, and their respective 

interactive models of antimicrobial killing mechanisms. 

 

On the basis of their different compositions and amino acid sequences, AMPs can be 

divided into five specific categories (Gennaro and Zanetti, 2000). Therefore, AMPs 

can be classified into various types according to their structures. 
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The first subgroup are single free cysteine residues of the alpha helix, or are, by random 

coils, connected to the two sections of the alpha-helix peptide (Vizioli and Salzet, 

2002). The second subgroup are antibacterial peptides rich in certain amino acid 

residues, which do not contain cysteine residues. The third subgroup are antibacterial 

peptides containing two disulphide bonds. The fourth subgroup has 2 or more 

disulphide bonds with a beta folding structure. The fifth subgroup contains large 

polypeptides from other known functional derivative peptides with antimicrobial 

activity (Park et al., 2005).  

Source classification can be divided into 6 categories: insect AMPs; mammalian 

AMPs; amphibian AMPs; AMPs of fish and plants; and bacterial AMPs, also called 

bacteriocins, that include cationic and neutral peptides of both Gram positive and 

Gram negative bacteria (Wang et al., 2008). 

1.2.2 Modes of action of AMPs 

AMPs are viewed as ancient weapons of evolution. Despite their ancient lineage, they 

are still effective as a line of defence. They can kill bacteria, fungi, viruses and 

protozoa and the other microbial invaders. Hundreds of natural AMPs have been found 

to have potential as antibiotics, not only to kill broad-spectrum Gram-positive and 

Gram-negative bacteria, but also a variety of protozoa and fungi (Hancock, 2000). 

The antimicrobial mechanisms of AMPs is not yet clear, but there are two main 

assumptions (Shai, 1999). First, the cumulative effect of energy consumption may lead 

to inactivation of microorganisms, mainly due to the energy consumption when the 

ion gradient passes through the broken membrane. Second, the AMPs may pass 

through the pores of the broken membrane into the target cells, thereby binding to 

intracellular molecules and interfering with their metabolic function. In either case, 
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these injuries can be restricted or reversed during the repair process. However, when 

the peptide concentration is high or the target is exposed for a long time, the repair 

capacity of the microorganism is weakened and the damage cannot be repaired 

(Subbalakshmi and Sitaram, 1998). 

The Shai-Matsuzaki-Huang (SMH) model can more visually describe most AMPs 

mode of action. The model assumes the interaction of the peptide with the membrane, 

the replacement of the lipid, the change in membrane structure, and the process by 

which the peptide enters the interior of the target cell. In general, the cholesterol in the 

target membrane can reduce the activity of the AMP, which may be due to the stability 

of the lipid bilayer, or because of the interaction between cholesterol and the peptide 

(Bocchinfuso et al., 2009). Similarly, increased ionic strength, which generally reduces 

the activity of most AMPs, is theoretically achieved in part by attenuating the 

electrostatic interaction required for the initial interaction (Kragol et al., 2001). 

 

Figure 1.2 AMP diffusion from membrane to intracellular targets (Kragol et al., 2001). 
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Generally speaking, peptides which operate under the mode of action of SMH, kill 

microorganisms at micromolar concentrations. By contrast, the amphipathic peptide 

nisin, produced by lactococci, works at nanomolar concentrations. This is because 

nisin attaches to the lipid II (the fatty acyl proteoglycan anchor within the bacterial 

membrane) with high binding affinity, and then immediately starts to diffuse into the 

surrounding membrane (Bierbaum and Sahl, 1987). 

The antimicrobial modes of action for certain peptides have been studied. A wide range 

of functions of the peptides, including membrane permeabilisation, actions related to 

a variety intracellular target molecules and even immunomodulatory activities, have 

been discovered (Matsuzaki, 1999). Some of these peptides are capable of disrupting 

the membrane leading to cell lysis, while others can interact with the membrane 

causing the formation of transient pores, simultaneously resulting in the transport of 

peptides inside the cell, so as to enable the peptide to act on intracellular targets directly 

(Westerhoff et al., 1989). 

Regarding the actual principle or mode of action by which AMPs inhibit the growth 

of microbes or even kill them, numerous hypotheses have been proposed, including 

fatal depolarisation of the normally energised bacterial membrane and the creation of 

physical holes leading to cellular content leakage (Yang et al., 2000). The induction of 

hydrolases which degrade or destroy the cell wall or the activation of other deadly 

processes. The interference of membrane functions caused by disturbing the normal 

distribution of lipids in the bilayer and the destruction of crucial intracellular targets 

after the peptides are transported into the cells (Kragol et al., 2001). 
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1.2.3 The advantages of AMPs 

In the last 40 years, only three kinds of novel antibiotics have made it to the clinic and 

these are the lipopeptides, oxazolidinones and streptogramins, all of which are aimed 

at infections by Gram-positive bacteria. Antibiotic resistance has been regarded as a 

severe problem in antibacterial chemotherapy, and due to their wide spectrum of 

activity, easy acquisition and novel mechanisms of action, cationic AMPs might be 

one of the promising alternative therapeutics for the future. Nevertheless, the use of 

AMPs may be associated with several possible disadvantages, such as limited stability 

when composed of L-amino acids, as well as unclear toxicology and pharmacokinetics. 

The consistent colonisation by Pseudomonas aeruginosa and various other bacteria of 

the airway epithelia, can cause problems in individuals with the genetic disorder, cystic 

fibrosis. These bacteria may cause an exuberant but ineffective inflammatory response 

and harm the lungs eventually, even though they do not spread to or influence other 

organs. What is also worth mention here, is that the genetic defect in cystic fibrosis is 

associated with the lack or malfunction of an epithelial Cl− channel, the cystic fibrosis 

transmembrane regulator. Recently, a theory has been proposed that the invalid Cl− 

channel elevates the salt concentration on the epithelial surface, which may indicate 

that the high concentrations of salt cause the inactivation of AMPs. If confirmed, the 

protocol can help explain the link between genetic defects and the clinical 

manifestations of cystic fibrosis. More importantly, the new model may lead to the 

design and development of novel treatments for this terrible and devastating disease 

(Goldman et al., 1997). 

Initial barriers to AMP success are being increasingly overcome with the development 

of stable, more cost-effective and highly potent broad-spectrum synthetic peptides. 



12 

 

Thus, there is hope that they will spawn a new generation of antimicrobials with a 

broad range of positive therapeutic applications. 

Currently, AMPs from diverse origins play an increasingly key role in our lives, in 

terms of topical and systemic applications against infections. AMPs are gaining wide-

spread attention as antimicrobial alternatives to chemical food preservatives and 

commonly used antibiotics. They have a very promising future for development, 

particularly within the pharmaceutical industry and in the area of food additives. In 

addition to direct antimicrobial activity, these peptides participate in many cellular 

functions, including chemotaxis, wound healing and even the determination of canine 

coat colour. They can also be used to kill bacteria, fungi, parasites, viruses, and even 

cancer cells. On the other hand, AMPs can coat medical devices as a nonaggressive 

bio-disinfectant, so as to prevent adherence and biofilm formation of micro-organisms 

in immuno-compromised patients. Furthermore, AMPs can be utilised not only for 

human disease, but also for plant disease control. Nowadays, since chemical fungicides 

may cause irreparable harm to the ecological environment and human health, due to 

their long-lasting effects and ability to accumulate in the human body, AMPs of low 

toxicity could well become a viable candidate for plant disease control. Meanwhile, 

owing to the potential toxicity of “chemical” food additives, AMPs have the potential 

to be employed as effective food preservatives. Therefore, there is an increased 

demand for food preservatives derived from natural sources. 

Eventually, AMPs may become useful therapeutic tools, especially since they have 

been shown to fight or abate not only bacterial, but viral and fungal infections. 

Additionally, their antimicrobial activity is exerted in several ways, due, in part, to 

their multifunctional properties; this characteristic makes them more impervious to the 

development of resistance by microorganisms. In conclusion, further research will 
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advance our knowledge within this field and further highlight the potential of AMPs 

as highly effective therapeutic agents, with limited side effects. 

 

1.3 Research progress and the current situation of anticancer drugs 

1.3.1 The importance of anticancer drugs 

Cancer is a group of diseases involving abnormal cell growth, with the devastating 

potential to invade or spread to other parts of the body (Bravi et al., 2017). Moreover, 

cancer is a major public health concern throughout the world. According to the WHO’s 

estimates for 2011, cancer caused more deaths than coronary heart disease or strokes. 

The data from GLOBOCAN 2012 has assessed that 14.1 million new cancer cases, 

and 8.2 million cancer deaths occurred worldwide in 2012 (Ferlay et al., 2013). Cancer 

cells are highly resistant to conventional treatment, as they provide their own growth 

signals, ignore growth inhibitory signals, avoid cell death, replicate without limit, 

sustain angiogenesis, and invade tissues through basement membranes and capillary 

walls. Furthermore, worldwide statistics reveal that the most commonly diagnosed 

cancers are lung, breast and colorectal (Yang et al., 2005). In the last decades, much 

effort has been devoted towards creating new therapies that are, at the same time, more 

selective and less harmful to patients (Harris et al., 2013). Despite this, the methods 

available today such as surgery and chemotherapy have a relatively low success rate, 

as well as presenting a high risk of recurrence (Harris et al., 2011). The present 

therapeutic arsenal includes natural products, DNA-alkylating agents, hormone 

agonists/antagonists and antimetabolites, yet all of these treatment protocols present 

insufficient selectivity and, consequently, a nonspecific targeting of healthy 

mammalian cells with numerous deleterious effects (Kalyanaraman et al., 2002). In 
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fact, as chemical agents which are designed to attack the rapidly dividing cancer cells, 

they are expected to induce side-effects on normal cells that divide at the same rate 

(Riedl et al., 2011). 

Anticancer drugs are also called antineoplastic drugs and refers to any drug that is 

effective in the treatment of malignant or cancerous disease. There are several major 

classes of anticancer drugs which include, among others, alkylating agents, 

antimetabolites, natural products, and hormones. Additionally, there are a number of 

drugs that do not fall within those classes, but that demonstrate anticancer activity and, 

thus, are utilised in the treatment of malignant disease. 

1.3.2 Anticancer peptides  

In a time where the number of people suffering from a cancer-related disease increases 

each day and where conventional therapies garner a worrying number of deficits, 

failure and drawbacks, new and innovative treatments are demanded for relieving 

symptoms and ultimately the eradication of disease. In this context, anticancer peptides 

have been proven to be an emerging strategy for the molecularly targeted cancer drug 

discovery and development process. As human cancer remains a cause of high 

morbidity and mortality, AMPs represent a significant part of the innate immune 

defence mechanism of many organisms. Although AMPs have been essentially studied 

and developed as potential alternatives for fighting infectious diseases, their use as 

anticancer peptides (ACPs) in cancer therapy, either alone or in combination with other 

conventional drugs, has been regarded as a viable therapeutic strategy to explore. 

Worldwide, the urgent need for new, selective, efficient, and more effective drugs is 

quite evident and urgent. Even though ACPs are expected to be selective toward cancer 
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cells without impairing the normal body’s physiological functions, the development of 

a selective ACP has proven to be a significant challenge. 

In recent years, increasingly more people have focused a phenomenal amount of 

attention towards the discovery of novel anti-cancer drugs derived from natural 

organisms. Anticancer peptides have attracted much interest recently, primarily due to 

their multi-functional, high-sensitivity, and stable characteristics as pertaining to their 

attributes. 

Several natural AMPs including cecropins, magainins and melittins have been found 

to kill cancer cells (Wu et al., 2009). 

Many reports have illustrated that peptides may interact with lipid bilayers of the cell 

membrane and, consequently, lead to cell death by membranous pore perforation, or 

by way of a carpet-like effect (Oren and Shai, 1998). 

The use of peptides in clinical treatments has numerous advantages, as well as having 

its drawbacks. The challenge in ACP design lies in the area of improving the low 

selectivity of some of the ACP molecules, the high cost of large scale production, and 

their low resistance to proteolytic cleavage. These are just some of the main reasons 

why peptides have been retained in the drug development pipelines. Another 

consideration is that of their delivery to the site of the cancers, while maintaining a 

low profile of toxic effects (Hu et al., 2011). Currently, detailed and scientific 

validating descriptions of the mechanisms utilised by ACPAO and ACPT peptides to 

kill cancer cells are still lacking, although it is generally accepted that, in most cases, 

these mechanisms involve the ability of these peptides to induce necrosis and/or 

apoptosis via invasion of mitochondrial and/or plasma membranes (Table 1.2) (Fischer 

et al., 2003). 
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Table 1.2 Representative ACPs and Their Anticancer Action 

(http://onlinelibrary.wiley.com/doi/10.1002/med.20252/full) 

http://onlinelibrary.wiley.com/doi/10.1002/med.20252/full
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Selectivity Peptide 
Major anticancer 

mechanisms 

Nature of major 

anticancer studies 

α-ACPAO 
Cecropin A, 

Cecropin B 

These peptides 

utilize multiple 

anticancer 

mechanisms that 

vary with cancer 

cell type, and 

include apoptosis 

and necrosis via 

membrane lysis or 

pore formation 

These peptides have 

been assayed both in 

vitro and in vivo, 

using murine models 

when intracellularly 

expressed in 

tumours of 

xenografted human 

bladder carcinoma 

cells 

 
Magainin 

and 

analogues 

These peptides 

utilize multiple 

anticancer 

mechanisms that 

vary with cancer 

cell type, and 

include apoptosis 

and necrosis via 

membrane lysis or 

pore formation 

These peptides have 

been assayed both in 

vitro and in vivo, 

using murine models 

when injected 

intratumorally into 

xenografted human 

melanoma cells 

 Epinecidin-

1 

This peptide 

utilizes multiple 

anticancer 

mechanisms that 

vary with cancer 

cell type, and 

include apoptosis 

and necrosis via 

membrane lysis or 

pore formation 

Currently, this 

peptide only appears 

to have been assayed 

in vitro 

 Polybia-

MP1 

For cancers 

reported, this 

peptide kills cancer 

cells through 

necrosis induced 

by membrane lysis 

or pore formation 

Currently, this 

peptide only appears 

to have been assayed 

in vitro 
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α-

ACPT 
Melittin 

This peptide utilizes 

multiple anticancer 

mechanisms that vary 

with cancer cell type, 

and include apoptosis 

and necrosis via 

membrane pore 

formation and 

membrane lysis, either 

mediated directly by 

melittin or indirectly 

via the activation of 

cancer cell 

phospholipases 

This peptide has been 

assayed both in vitro and 

in vivo, using murine 

models and a variety of 

melittin constructs. For 

example, when injected 

intratumorally both as a 

melittin–avidin conjugate 

into murine melanoma 

cells and as a melittin–

adenovirus construct into 

xenografted human 

hepatocarcinoma cells 

 LL-37 

This peptide can not 

only promote cancers, 

but also shows 

anticancer effects 

specific for gastric 

tissue, which appears 

to be an antimitogenic 

effect mediated 

through proteasome 

inhibition and the 

induction of tumour 

suppressor proteins 

This peptide has been 

assayed both in vitro and 

in vivo, using murine 

models when injected 

intratumorally into 

xenografted human 

gastric adenocarcinoma 

cells 

 

BMAP-

27, 

BMAP 

28 

These peptides utilize 

multiple anticancer 

mechanisms that vary 

with cancer cell type, 

and include apoptosis 

and necrosis via 

membrane lysis or 

pore formation 

Currently, these peptides 

only appear to have been 

assayed in vitro 
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β-

ACPAO 

Lactoferricin 

B 

This peptide shows 

multiple anticancer 

mechanisms that vary 

with cancer cell type, 

and include 

antiangiogenesis, 

apoptosis and 

necrosis via 

membrane lysis or 

pore formation 

This peptide has 

been assayed both 

in vitro and in vivo, 

using murine 

models when 

administered 

systemically or 

injected 

intratumorally to 

treat various 

xenografted 

cancers, such as 

human 

neuroblastoma and 

murine melanoma 

 Cylotides 

For cancers reported, 

these peptides kill 

cancer cells through 

necrosis induced by 

membrane lysis or 

pore formation 

These peptides have 

been assayed in 

vitro and 

cycloviolacin O2 

has been assayed in 

vivo, using murine 

models when 

injected 

intravenously to 

treat tumours of 

xenografted human 

colon cancer cells. 

The peptide showed 

no significant 

ability to kill these 

colon cancer cells 

β-

ACPT 

HNP-1, 

HNP-2, 

HNP-3 

These peptides can 

not only promote 

cancers, but also 

show multiple 

anticancer 

mechanisms that vary 

with cancer cell type, 

and include 

antiangiogenesis, 

apoptosis and 

necrosis via 

membrane lysis or 

pore formation 

These peptides have 

been assayed in 

vitro and HNP-1 in 

vivo, using murine 

models when 

intracellularly 

expressed in 

tumours of 

xenografted human 

lung cancer cells 
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 Tachyplesin 

1 

Tachyplesin I 

promotes the lysis of 

cancer cell 

membranes and 

possibly 

antiangiogenic effects 

via activation of the 

classic complement 

pathway. The peptide 

also appears to utilize 

non-cytolytic 

anticancer 

mechanisms. RGD-

tachyplesin I appears 

to kill cancer cells via 

apoptosis 

This peptide has 

been assayed in 

vitro and in vivo as 

RGD-tachyplesin I 

when injected 

intraperitoneally 

into murine models 

with xenografted 

murine melanoma 

 Gomesin 

The peptide appears to 

kill cancer cells 

through membrane 

permeabilisation via 

pore formation 

This peptide has 

been assayed in 

vitro and in vivo by 

the treatment of 

subcutaneous 

murine melanoma, 

using topical 

application 

ACPAO Lactoferrin 

Multiple anticancer 

mechanisms have 

been proposed for the 

protein, including 

antiangiogenesis, 

apoptosis, iron-

dependent activities, 

and lactoferrin-

modulated cytolysis 

of tumour cells by 

natural killer (NK) 

cells. However, the 

anticancer 

mechanisms of the 

protein are still 

unclear 

This peptide has 

been assayed both in 

vitro and in vivo 

where oral 

administration of 

lactoferrin reduced 

human colon 

carcinogenesis in 

clinical trials. 

Currently, the 

protein is in human 

clinical trials for 

non-small lung cell 

cancer 
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1.4 Aims and objectives of this thesis 

1. To isolate a novel bioactive peptide from lyophilised defensive skin secretion 

of Pelophylax kl. esculentus following construction of a cDNA library and 

interrogation applying a “shotgun” cloning method.  

2. To determine the nucleotide and translated amino acid sequence of the cloned 

cDNA, as well as encoding the novel peptide and to adequately predict the 

primary structure of the mature peptide.  

3. To identify the putative mature peptide of the skin secretion by using reverse-

phase high performance liquid chromatography, and to confirm its structure by 

MALDI-TOF and electrospray mass spectrometer sequencing.  

4. To chemically-synthesise sufficient amounts of the peptide replicate through a 

solid phase synthesis for subsequent biological evaluation.  

5. To adequately assess this novel peptide in antimicrobial, cell biological and 

haemolysis assays.  
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Chapter Two: Identification of QUB3203 

biosynthetic precursor encoding cDNA 
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2.1 Molecular Cloning 

2.1.1 mRNA isolation 

Five mg of Pelophylax kl. esculentus lyophilised skin secretion were transferred into 

a 1.5ml RNase-free tube containing 1ml Lysis/binding buffer. The tube was vortexed 

for 1 min and put on ice for 1min. This step was repeated 10 times. Finally, the lysate 

solution was centrifuged at 18000 × g for 5 min in the centrifuge 5424 (Eppendorf, 

UK) to remove the debris. The supernatants were prepared and stored cold until the 

beads were ready.  

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

(5 mg/ml) were added to a 1.5ml RNase-free tube which was placed on the magnetic 

rack until the beads separated from liquid. The supernatant was removed and 250μl 

Lysis/ Binding buffer were added to the tube to wash beads by gently shaking. After 

washing, the tube was put on the magnetic rack again, Lysis/Binding buffer was 

removed after gently shaking. The supernatant of sample was added to the Dynabeads, 

the tube was shaken gently for 1 min, then was put on the ice for 30s, the procedure 

was repeated 12 times. The beads/mRNA complex was washed 3 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. After that, 500 µl Washing Buffer B 

were added into the tube to wash the complex 2 times, then the supernatant was 

discarded by using the magnet rack. 18 µl Tris-HCL (10mM) were subsequently added 

into the tube to make sure all the beads went to the bottom of the tube. The tube was 

heated at 80℃ on a heating block for 2 min, then the tube was put on the ice. 
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2.1.2 cDNA library construction 

The isolated mRNA was mixed with CDS primers according to the manual described. 

The sequence of each primer is shown in Table 2.1 below. 4 µl master mix and 1 µl 

reserve transcriptase were added to 5 tubes respectively and centrifuged briefly. All 

the samples were placed into the PCR machine at 42℃ for 1.5h. Then 50 µl PCR water 

were added and the tube was centrifuged briefly again. All of PCR tubes were put in 

the PCR machine at 72℃ for 7 min, then were stored at -20℃. 

Table 2.1 The sequences of CDS primers 

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) 

 

2.1.3 3’ RACE PCR 

Each race PCR reaction contained the reagents shown in Table 2.2. 10 µl of PCR water 

was used as a control. All reactions were placed in the PCR machine with the settings 

shown in Table 2.3. 
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Table 2.2 The reagents in the RACE PCR reaction 

Reagent Volume Final 

concentration 

PCR-Grade Water 3.1 µl  

10X BD Advantage 2 PCR Buffer 1.5 µl 1.5X 

dNTP Mix (10 mM) 0.2 µl 0.2 mM 

NUP (20 µM) 0.5 µl 1 µM 

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

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

cDNA library  5 µl  

 

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 55 ℃ for 10 s, extension at 60 ℃ for 4 min) 

Stage 3 final extension at 72 ℃ for 10 min 

 

2.1.4 Gel Analysis 

0.45g agarose powder (Invitrogen, UK) was dissolved in 35 ml of freshly prepared 1× 

Tris/Borate/EDTA (TBE) buffer (Invitrogen, UK) and 2.5 µl of 10 mg/ml Ethidium 

Bromide (EB) (Sigma-Aldrich, USA) in a conical flask. 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. 0.5 µl Loading Dye 

(Promega, USA) was mixed with 1.5 µl PCR products sample and placed into wells of 
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the tank. 3.5 µl of DNA Ladder was loaded into one of the wells. The gel was charged 

to 90 V for about 30 min. Afterwards, the electrophoresis gel was placed under the UV 

trans-illuminator BioDoc-It® Imaging System (NVP, Cambridge, UK) and a 

photographic image was recorded as the result.  

 

2.1.5 Purification for RACE PCR products 

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

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

washing steps and eluted for collection. 

The products from RACE PCR steps were mixed with 5 times Quintuple CP buffer in 

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

Centrifuge 5424 (Eppendorf, Germany). After all the flow through was removed, the 

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

respectively, each time centrifuged for 1 min and the flow through was discarded. The 

cartridge was centrifuged at 18,000 × g for 2 min to remove the remaining liquid 

completely, the outer part of the column was replaced by a new 1.5mL tube. The 

sample was then dissolved in 30 µL of PCR water added and stood for 2 min. The 

tubes were centrifuged for 2 min and then placed in the concentrator to dry (Eppendorf, 

UK) for 1 h with caps open. They were then stored at -20℃. 
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2.1.6 Ligation 

The sample after purification was mixed with 6 µl PCR water. After that, 2.5 µl 2X 

Rapid Ligation Buffer were added into a PCR tube with 0.5uL of pGEM-T Easy 

Vector (50ng/µl). After pipetting, 1.5 µl sample and 0.5 µl T4 DNA Ligase (3 Unit/µl) 

were added into this tube. The tube was keep at room temperature for 1 h, then stored 

at 4℃. 

 

2.1.7 Transformation 

LB Agar (3.2g/100ml) was prepared in a glass bottle. 550 µl Ampicillin (Roche, USA) 

(100 µg/ml) mixed with 10ml LB Agar solution was added to Petri dishes, then these 

Petri dishes were dried and stored at 4℃. 

To each LB agar plate, 110 µl 0.1M IPTG (Promega, USA) and 20 µl X-Gal (Promega, 

USA) (50mg/ml) were added and spread by a spreader. Before using, dishes were 

incubated for 1h at 37℃. 2.3 µl ligation products were put in a 1.5ml tube, 50 µl JM109 

cells (>108 CFU/µg) (Promega, USA) were added into the tube, then the tube was put 

on ice for about 20min, after which, the tube was heated for 47s at 42℃. After this, 900 

µl of S.O.C medium (Invitrogen, USA) were added. The tube was placed in a shaker 

to incubate for 2.5h at 37℃ and 150rpm. The sample was put on the Petri dish which 

have been previously prepared and was incubated overnight at 37℃. 
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2.1.8 Blue and White screening 

Squares (at least 1.5 cm2) were drawn on 3 prepared plates and after the inoculating 

loop was cleaned on the Bunsen Burner, every single white colony was picked out 

with the inoculating loop and drawn onto one of the squares with vertical lines (this 

procedure was repeated until all the white colonies been transferred). These three 

plates were incubated at 37℃ overnight. 

 

2.1.9 Isolation of recombinant DNA from JM109 cells 

Cells on the plate were collected to a tube containing 20 µl of PCR water. All the 

samples were heated in the heating block at 100℃ for about 5 min and then taken into 

the ice box for about 5 min. After vortexing, they were centrifuged at 20,000 × g for 5 

min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany). 

 

2.1.10 Cloning PCR 

Supernatant of isolated recombinant DNA was ready for cloning PCR. Master mix was 

prepared as shown in Table 2.4. 47.25 µl master mix was mixed with 2.5 µl supernatant 

in a PCR tube. The PCR programme used was as shown in Table 2.5. The PCR 

products were stored at 4℃. 

Table 2.4 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 
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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  

 

 

Table 2.5 Cloning PCR programme 

Stage Parameter 

Stage 1 initial denaturation at 94 ℃ for 1 min 

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

s, extension at 72 ℃ for 3 min ) 

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

 

2.1.11 Gel Analysis 

The details were the same as those described in section 2.1.4.  

 

2.1.12 Cloning PCR products purification 

The details were the same as those described in section 2.1.5.  

 

2.1.13 Sequencing reaction   

A BigDye® Termator v3.1 cycle sequencing kit (Applied Biosystems, USA) was 

applied for Sanger sequencing which is a method based on the selective incorporation 

of chain-terminating dideoxynucleotides by DNA polymerase during in vitro DNA 

replication. Enough Master Mix was made as shown in Table 2.6. In each reaction tube, 
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18.4μl of master mix and 2.5μl of template were added and placed into the PCR 

machine for the sequencing reaction (Table 2.7). 

 

Table 2.6: Components in each sequencing reaction tube 

Reagents Volume 

PCR-Grade water 12.4 µl 

Diluted M13F or M13R 1.14 µl 

2.5X Ready reaction mix 2.86 µl 

5X BigDye Sequencing 

Buffer 
3.57 µl 

Purified cloned PCR products 2.5 µl 

 

Table 2.7: Sequencing reaction PCR programme 

Stage Parameter 

Stage 1 initial denaturation at 96 ℃ for 1 min 

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

s, extension at 60 ℃ for 4 min) 

Stage 3 preservation at 4 ℃ for 7min 

 

2.1.14 Ethanol purification 

Seventeen x five µl of 95 % Ethanol (Sigma-Aldrich, USA) were added into the tubes 

containing sequencing reaction products and the mixed liquids were transferred to 

other tubes containing 10 µl of deionised water. The tubes were placed at room 

temperature for 20 min. After incubation at room temperature for 20min, all tubes 

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

(Eppendorf, Germany). The supernatant was discarded quickly. After addition of 70% 



31 

 

ethanol and vortexing for 30s, tubes were centrifuged at 20,000 × g for 10 min in an 

Eppendorf Centrifuge 5424 (Eppendorf, Germany). 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. 

 

2.1.15 Sequencing  

Ten µl 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. Subsequently, 9 μl of well-

prepared mixture sample was loaded into the 96-well plate in odd or even rows. 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 (Applied Biosystems, USA). 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. 

 

2.2 Results 

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

cloning experiment. The length of the nucleotide sequence was 320 bp, which encoded 

a 60-amino acid sequence (Figure 2.1). Based on the topological structure, the open 

reading frame could be divided into 4 regions. 1. The putative signal peptide region 

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

following the putative signal peptide. 3. A typical di-basic amino acid residue 
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convertase processing site, -KR-, located between the acidic amino acid rich region 

and the putative mature peptide sequence. 4. The putative mature peptide sequence 

containing 30 amino acid residues: GIFLDKLKDLAKNAAQILLNKASCKLSGQC, 

named QUB3203, reflecting its computed molecular mass of 3203 Da. 

The mature peptide sequence was further compared using NCBI database and the most 

similar sequence is shown in Figure 2.2, which is an AMP from the brevinin-2 family. 

QUB3203 shares 90% identical amino acid sequence to brevinin-2 with only three 

amino acid differences at the 3rd 6th and 9th positions. Thus, QUB3203 was considered 

as a brevinin-2 related peptide that might have similar antimicrobial potency.  

 

Figure 2.1. The nucleotide and translated open reading frame amino acid sequences 

of QUB3203 precursor peptide encoding cDNA discovered in the skin secretion cDNA 

library of Pelophylax kl. esculentus. 
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Figure 2.2. The alignment of QUB3203 using NCBI-BLAST. The most similar 

candidate peptide, brevinin-2, shows three amino acid differences from QUB3203. 
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Chapter Three: Synthesis and purification of 

peptide QUB3203 
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3.1 Materials and Methods 

3.1.1 Solid Phase Peptide Synthesis 

If the desired quantity of peptide was 0.3mmol, then 1.2mmol of every amino acid in 

the sequence should be weighed out to synthesise. Also, in order to catalyse each 

coupling, 1.2mmol of HBTU was weighed for every amino acid and put into the amino 

acid vials correspondingly. The resin was weighed directly into the reaction vessel. 

The peptide was then synthesised by a PS3 automated solid phase peptide synthesiser. 

After the inline solvent filters and the source of Nitrogen was checked out, the 4 

reagent bottles were replenished with enough reagents for synthesis. After the reaction 

vessel with resin was put in place, all the vials were loaded in a reverse sequence of 

the peptide. The coupling programme was set up and the PS3 was to run as shown in 

Tables 3.2 and 3.3. 

Once the synthesis was finished, the dried mixture of peptide and resin was weighed 

and then placed into a 50ml round-bottomed flask. 94% TFA, 2% EDT, 2% water and 

2% TIS were added into the flask. The mixture was kept at room temperature for 4h 

with stirring. After that, the mixture was suction filtered using the Buchner funnel to 

remove the resin in the upper layer. The solution in the lower layer was transferred and 

evaporated to remove the remaining TFA using the rotary evaporator (VWR, 

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

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

in the freezer overnight. 

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

the peptide precipitate at the bottom and then the supernatants were discarded as 
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cleanly as possible. Then, 45 ml ether was refilled and the washing step was repeated 

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

at room temperature. The dry peptide was diluted in 15 ml TFA/water/acetonitrile 

(0.5/19.95/80, v/v) (Buffer B) and 15 ml TFA/water (0.5/99.95, v/v) (Buffer A). Then, 

the peptide solution was lyophilised using the Alpha 1-2 freeze-drying system 

(Martinchrist, Germany). Finally, the lyophilised peptide was weighed and stored at -

20°C in the freezer.  

Table 3.1: The sequence and quantities of amino acids employed in the synthesis 

procedure. 

 Amino acid Weight (mg/1.2mmol) 

1 Q Glutamine 732.84 

2 G Glycine 356.76 

3 S Serine 460.08 

4 L Leucine 424.08 

5 K Lysine 562.2 

6 C Cysteine 702.84 

7 S Serine 460.08 

8 A Alanine 373.56 

9 K Lysine 562.2 

10 N Asparagine 716.04 

11 L Leucine 424.08 

12 L Leucine 424.08 

13 I Isoleucine 424.08 

14 Q Glutamine 732.84 

15 A Alanine 373.56 

16 A Alanine 373.56 

17 N Asparagine 716.04 

18 K Lysine 562.2 
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19 A Alanine 373.56 

20 L Leucine 424.08 

21 D Aspartic acid 493.8 

22 K Lysine 562.2 

23 L Leucine 424.08 

24 K Lysine 562.2 

25 D Aspartic acid 493.8 

26 L Leucine 424.08 

27 F Phenylalanine 464.88 

28 I Isoleucine 424.08 

29 G Glycine 356.76 

 

Table 3.2: Programme for single coupling 

Step Reagent Time Repeat Comments 

1 SOLV 5 m 3 Wash resin 

2 DEP 10 m 3 Deprotects N-termus 

3 SOLV 5 m 5 Wash resin 

4 ACT 1 m 1 Dissolves amo acid/Activation 

5 AA 1 hr 1 Coupling 

6 SOLV 5 m 3 Wash resin 

 

Table 3.3: Program for deprotect the final Fomc 

Step Reagent Time Repeat Comments 

1 SOLV 5 m 3 Wash resin 

2 DEP 10 m 3 Deprotects N-termus 

3 SOLV 5 m 6 Wash resin 
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3.1.2 Reverse-phase high performance liquid chromatography (HPLC)  

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

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

and centrifuged at the maximum speed for 15 min. The clear supernatants were 

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

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

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

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

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

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

from 75% Buffer A mixed with 25% Buffer B to 100% Buffer B over 80 min at a flow 

rate of 1 ml/min. The fractions were collected in polypropylene tubes (Starstedt, 

Germany) at every peak using an Amersham Biosciences Frac-920 fraction collector 

and utilised for identification.  

 

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

(MALDI-TOF) 

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

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

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

verified using the standard peptides corresponding with standard molecular masses to 

ensure high accuracy of ±0.1%. 2 μl of HPLC fractions were loaded and spotted onto 

the MALDI ground-steel target plate, and 1 μl excess matrix solution (10 mg/ml) 

which contained alpha-cyano-4-hydroxycinnarmic acid (CHCA) diluted in 
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acetonitrile/TFA/water (70/0.02/30, v/v) was also loaded and spotted after drying the 

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

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

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

obtained and subjected to lyophilisation and biological activity assay. 

 

3.2 Results 

QUB3203 was successfully synthesised and analysed by HPLC and MALDI-TOF MS. 

The chromatogram of synthetic QUB3203 showed a single peak at the retention time 

of 60 min, which indicates the purity of QUB3203 (Figure 3.1). MALDI-TOF MS also 

confirmed the purity and molecular mass of QUB3203 (data not shown). The observed 

mass was 2 Da less than the theoretical molecular mass indicating the successful 

formation of the disulphide bond. 

The secondary structure of QUB3203 was analysed using Predict Protein Open online 

tool (https://ppopen.informatik.tu-muenchen.de/) and the 3D modelling was 

performed by the I-TASSER server (Yang et al, 2015; Roy et al, 2010; Zhang et al, 

2008). These showed that QUB3203 could form a large region of α-helical domain 

and a loop at the C-terminus (Figure 3.2). The 3D modelling also confirmed the 

substantial proportion of α-helical structure and the loop at the C-terminus (Figure 3.3).  

https://ppopen.informatik.tu-muenchen.de/
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Figure 3.1 The full HPLC chromatogram of synthetic QUB3203. The peptide was 

eluted at 60 min. 

 

 

Figure 3.2 The secondary structure prediction of QUB3203 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.  
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Figure 3.2 The 3D modelling of QUB3203 using the I-TASSER server. The red and 

blue regions represent the C-terminus and N-terminus, respectively.   
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Chapter Four: Assessing bioactivities of 

QUB3203 
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4.1 Methods and Materials 

4.1.1 Antimicrobial assay  

Three types of model microorganisms were employed in this thesis: the Gram-positive, 

Staphylococcus aureus (NCTC 10788); the Gram-negative, Escherichia coli (NCTC 

10418); the yeast, Candida albicans (NCYC 1467). One bead of each microorganism 

culture from frozen stock was added to the flask with 100 ml MHB (Muellar Hinton 

Broth) and placed in the shaking incubator (150-200 rpm) at 37 ºC overnight (16-20 

h). Three McCartney bottles with 20 ml of MHB in each were put into the incubator 

at 37℃ overnight. 500μl of prepared culture was transferred into a McCartney bottle 

with 20 ml of MHB. This bottle was settled in the shaking incubator at 37°C and 150 

rpm until the absorbance of the liquid reached the respective standards as shown in the 

Table 4.1 below. 100 μl of the subculture (S.aureus or E.coli) was diluted by 19.9 ml 

of fresh MHB and for C.albicans, 2 ml of the subculture was diluted by 18 ml of fresh 

MHB. 

Table 4.1: The OD standard of log growth for each microbe. 

Microbe OD 
Concentration 

(cfu/ml) 

S.aureus 0.25 108 

E.coli 0.41 108 

C.albicans 0.15 5×106 

 

To detect the minimum inhibitory peptide concentration on the three kinds of microbe, 

all the samples and controls were loaded onto the 96-well-plate in 5 replicates. One 

microliter of peptide dilution in 5 replicates at each concentration were arranged in the 

wells of a 96-well plate and 99 μl of adjusted cultures (5 × 105 CFU/ml) were also 
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added into these wells. 100 μl of adjusted cultures in 5 replicates were added as 

positive controls which tested the growth of the microorganisms, and 100 μl of sterile 

MHB in 5 replicates were added as negative controls. In addition, 1 μl DMSO and 99 

μl adjusted cultures in 5 replicates were added as vehicle controls to observe the impact 

of 1% DMSO on the growth of microorganisms. Subsequently, the 96-well plate was 

incubated in the orbital incubator (Stuart, UK) for 5 min and then transferred to the 

incubator (Genlab Limited, UK) to culture at 37 °C overnight (16-20 h). The 96-well 

plate was then taken out of the incubator and a Synergy HT plate reader (BioTek, USA) 

was used to detect the absorbance of each well at λ550nm for more information. 

After determining the MIC of the peptide against each microbe, 20 µl of mixture from 

the clean wells were dropped onto the Petri dish with MHA, followed by drying. The 

Petri dish was placed in the 37 ºC incubator overnight and then observed. The point 

with no growth has microbicidal activity. If there was no growth under a concentration 

of the peptide, the minimum concentration was the value for the MBC for this kind of 

microbe. 

 

4.1.2 Cell Proliferation Assay 

The cell lines, PC-3 (human prostate carcinoma), NCI-H157 (non-small cell lung 

cancer), MDA-MB-435s (melanoma), U251MG (human neuronal glioblastoma) were 

retrieved from the -80 ºC freezer and thawed rapidly in the 37 ºC water bath with 

continuous stirring, after which the cells were added into the flask with specific pre-

warmed growth medium, and incubated at 37 ºC with 5% CO2. 
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The cells stored in the freezer at -80℃ were quickly but gently stirred in the water bath 

to thaw and when the cells were resuscitated, they were transferred into the flask with 

media. After gently mixing, the flask was placed in the incubator at 37℃ with 5% of 

CO2. Media inside the flasks were changed every two days. All the old media inside 

the flask were removed and 10 ml of PBS (Sigma-Aldrich) was added into the flask. 

After gently shaking, the flask was washed out by the PBS and the PBS was removed 

as well. Fresh media with FBS and PS were then added into the flask and well mixed. 

Then the flask was put back into the incubator to culture the cells continuously. After 

pipetting out the spent medium and washing with PBS, adherent cells were detached 

in the presence of trypsin for 2-5 min. The serum (FBS) in growth medium was 

employed to inactivate trypsin. The trypsinised cells were then centrifuged, 

resuspended in fresh growth medium and counted as below. 

Fifty ul of 0.4% (w/v) trypan blue (Invitrogen, UK) were mixed with the same volume 

of cell suspension. After being added to the pre-cleaned counting area between the 

haemocytometer chamber and the coverslip by capillary action, the stained cells in a 

specific chamber were counted with the assistance of an inverted microscope and 

counter. The cell density was calculated using the formula below (where N represented 

the total quantity of counted cells, while n was the number of counted chambers): 

Cell Density (cells/ml) = N/n × 2 × 104 

Subsequently, the cell suspension was diluted with growth medium to achieve a 

concentration of 5 × 104 cells/ml, followed by being plated (100 µl) into each slot of a 

96-well plate and incubated for 24 h. The nutrient medium was removed from each 

well and replaced by fresh medium without FBS, after which the cells were incubated 

for 6-12 h in order to starve the cells which can eliminate the impact of FBS in the 
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parallel assay. 5 mg of pure lyophilised peptide were dissolved in DMSO to make a 

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

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

concentrations: 10-3 to 10-9 M. 

All media from the wells were discarded and 100 μl of peptide dilutions in 5 replicates 

at each concentration were loaded onto the 96-well plate. Then, 100 μl of the pre-

warmed FBS-free medium in 5 replicates were used as positive controls, and an equal 

volume of 1% DMSO solution were also added as vehicle controls which reflected the 

impact of 1% DMSO on the cell growth. Lastly, the 96-well plate was incubated at 37 

ºC with 5% CO2. 10 µl of MTT solution (5 mg/ml) (Sigma, UK) were added to each 

well in a dark environment and incubated for 4-6 h later. After removing all the 

solution, 100 µl of DMSO were added to each well, and then the plate was placed in a 

shaking incubator for 10 min before their detection in an ELX808TM Absorbance 

Microplate Reader (Bio Tek, USA) at λ=570 nm. 

 

4.1.3 Haemolysis assay 

The pure lyophilised peptide was dissolved in PBS to make 2.2 ml stock solution with 

a final concentration at 1024 µM. This was then double-diluted to produce a series of 

concentrations of peptide as follows: 512, 256, 128, 64, 32, 16, 8, 4, 2 µM. Moreover, 

22 μl Triton X-100 (Sigma Aldrich, St. Louis, MO, USA) were diluted with 1078 μl 

PBS to make a stock concentration of 2% as a positive control, because 1% (v/v) non-

ionic detergent Triton X-100 can produce a 70% haemolytic effect. Meanwhile, PBS 

solution was regarded as a negative control for the comparison of nonhaemolytic 

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

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

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

completely and 30 ml PBS solution was added. Several washing steps were repeated 

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

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

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

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

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

replicates of each. Then, an equal volume of erythrocyte suspension was added slowly 

into each 1.5 ml tube and incubated in the incubator (Genlab Limited, UK) at 37°C for 

2 h. Afterwards, all the 1.5 ml tubes were centrifuged at the speed of 500 × g for 5 min 

and 100 μl of supernatants were transferred into the wells of a 96-well plate. Finally, 

the absorbance of the supernatants was detected at 550 nm wavelength using a Synergy 

HT plate reader (BioTek, USA). The percentage of haemolysis was calculated using 

the following formula and a graph was drawn. The haemolysis assay was repeated at 

least three times and the data point SEMs of three experiments was calculated to show 

the variability and repeatability.  

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

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

of the positive control and AO the OD (λ550) of the negative control. 
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4.2 Results 

4.2.1 Antimicrobial assay results for QUB3203 

As shown in Figure 4.1, the synthetic peptide QUB3203 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 128, 64 and 64 μM, respectively. Also, the MBCs against these three 

microorganisms were 256, 128 and 128 μM, respectively. 

 
A 
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B 

 
C 

 

Figure 4.1. Antimicrobial activities of QUB3203 against (A) the Gram-positive 

bacterium Staphylococcus aureus, (B) the Gram-negative bacterium Escherichia coli, 

(C) and the yeast Candida albicans at various concentrations. The “G” represents 

growth control which contained cell culture only. 



50 

 

4.2.2 Anti-proliferation assay results for QUB3203  

QUB3203 also demonstrated anticancer activity against human cancer cell lines. The 

selected human cancer cell lines (MB435s, H157, U251MG and PC3) were treated 

with 10 µM of QUB3203 and their proliferation inhibiting rates were 65.40%, 31.91%, 

82.55% and 117.03%, respectively (Figure 4.2). QUB3203 showed the most potent 

activity against the non-small cell lung cancer cell line, H157, in the screening assay. 

QUB3203 was subsequently subjected to anti-proliferation assay at various 

concentrations (Figure 4.3).  

 

Figure 4.2 The anticancer cell screening of QUB3203 against the selected human 

cancer cell lines MB435s, H157, U251MG and PC3. The “V” represents vehicle 

control. “**” ：P ≤ 0.01, “***” ：P ≤ 0.001, “****” ：P ≤ 0.0001. 
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Figure 4.3 The dose-dependent anti-proliferation activity of QUB3203 against the 

non-small cell lung cancer cell line, H157, in the concentration range from 10-4 to 10-

9 M. “ns”: P > 0.05, “*”: P ≤ 0.05, “**” ：P ≤ 0.01, “***” ：P ≤ 0.001, “****” ：P 

≤ 0.0001. 

 

4.2.3 Haemolysis assay results for QUB3203  

The haemolytic activity of QUB3203 was conducted three times in this assay. 

QUB3203 had moderate haemolytic activity on horse erythrocytes at the concentration 

up to 512 μM. At the concentration of 64 μM, which is the MIC for C. albicans and E. 

coli, QUB3203 induced nearly 50% haemolysis. The calculated HC50 (the half 

maximal haemolytic concentration) of QUB3203 was 101.2 μM. 
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Figure 4.7 The haemolysis activity of QUB3203 on horse erythrocytes in 

concentrations from 1 to 512 μM. The “P” and “N” represents positive control and 

negative control, respectively. 
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Chapter Five: Discussion 
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5.1 The significance of the study of amphibian skin peptides 

AMPs are a class of bio-active peptides, which widely exist in the biosphere. AMPs 

not only have broad spectra of antimicrobial activity including inhibition of Gram-

positive bacteria, Gram-negative bacteria and fungi, but also reveal remarkable anti-

proliferation activity on several cancer cells and animal tumours, without destroying 

normal cells (Isaacson et al., 2002). AMPs from amphibian skin secretion share 

some common features like low molecular masses, good water solubility, low 

antigenicity and diverse biological activities (Lai et al., 2002b). 

AMPs are expected to become a new generation of antibacterial, antiviral and anti-

cancer drugs, therefore, investigations of applications for AMPs have become hot 

spots of bio-pharmaceutical and pharmacological research. Most amphibian skin 

derived AMPs tend to form an α-helix that is essential to interact with membrane 

bimolecular layers and their cationicity plays an important role in the initial 

electrostatic attachment between peptides and microbes. These structural features of 

AMPs make it easy to process a transmembrane channel and mediate a series of 

biological effects (Giffard et al., 1996).  

At present, bacterial infections and bacterial diseases are becoming more and more 

serious and antibiotic resistance is a key issue that make these diseases more 

complicated. The abuse of antibiotics is the main reason for developing drug-resistant 

bacteria, such as Mycobacterium tuberculosis, Escherichia coli and known "super 

bacteria" such as methicillin-resistant Staphylococcus aureus (MRSA). The 

emergence of antibiotic-resistant bacteria makes conventional antibiotics ineffective 

in combating bacterial infections, which severely harms the health of humans and 

animals. Therefore, discovery of novel antibiotic agents to overcome the drug resistant 
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bacteria is a significantly important research field and the direction of lead drug 

discovery. 

5.2 Discussion and Conclusion   

In this study, an AMP belonging to the brevinin-2 family, which was first named in 

1992, was identified and isolated from the skin secretions of the edible frog, 

Pelophylax kl. esculentus, and was named QUB3203 based on the molecular mass of 

the mature peptide sequence. QUB3203 consists of 30 amino acid residues and 

exhibits moderate antimicrobial activity as other brevinin-2 peptides that also inhibit 

the growth of Gram-positive bacteria, Gram-negative bacteria and yeasts (Savelyeva 

et al., 2014). In this study, QUB3203 was able to inhibit the growth of S.aureus, E.coli 

and C.albicans at 128, 64 and 64 μM, respectively. Also, the MBC values against S. 

aureus, E. coli and C. albicans were 256, 128 and 128 μM, respectively. It is generally 

believed that there are two mechanisms of killing action for AMPs: 1. The barrel-stave 

model: AMP actions rely on the structural characteristic of amphipathic alpha helix to 

form ion channels on the membrane, such that microbes cannot form a transmembrane 

potential difference (Oren and Shai, 1998). 2. The carpet-like model: peptide 

molecules gather outside the membrane, then interacting with membrane lipids, 

change its curvature, and gradually wrap the membrane, so that the membrane 

fragments, eventually leading to membrane disintegration (Lai et al., 2002a). No 

matter what kind of mechanism, positive charge is very important for the antimicrobial 

effect of frog skin AMPs (Papagianni, 2003). 

It has been shown that QUB3203 contains 5 cationic Lys residues and its sequence 

adopts an α-helical structure with a loop at the C-terminus (Figure 3.2 and 3.3), which 

has a broad hydrophobic surface composed of the sequence-VLAPL-. The length of 
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the alpha-helix is adequate to cross the thickness of the membrane bilayer, the 

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

might be the reason that QUB3203 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, QUB3203 has a good inhibitory effect on Gram negative bacteria. 

With the peptide displaying an amphipathic character, it was deemed to act in a manner 

involving cell membrane interaction, integration and subsequent lysis.  

In the meantime, QUB3203 exhibit anticancer effects on H157 cells. Cancer cells are 

more sensitive to AMPs than normal cells, which may be associated with higher levels 

of negatively-charged glycoproteins in their membranes and their cytoskeletons are 

often imperfect and may be susceptible to effects of AMPs (Mai et al., 2001). Another 

possible mechanism of the anti-cancer effect of AMPs is to induce apoptosis. Some 

studies have found that the antibacterial peptide DP1 injected into the tumors of mice, 

can quickly induce tumor cell apoptosis, therefore inducing apoptosis might be another 

mechanism of AMPs action on cancer cells (Mi et al., 2003). It is speculated that QUB 

3203 could induce apoptosis in H157 cells, which might induce the development and 

metastasis of H157 cells. Additionally, AMPs can also adjust the immune function in 

the body, enhancing the body's immunity to kill cancer cells.  

Meanwhile, QUB3203 processes moderate haemolytic activity with an HC50 of 101.2 

μM that demonstrates low therapeutic efficacy. Therefore, peptide design and 

modification could be employed to decrease the haemolytic effects while maintaining 

its activity against microbes, which might make QUB3203 a potential alternative 

medicine to treat bacterial infectious diseases.  
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5.3 Future work 

AMPs are a potential new source of antimicrobial drugs and are still a growing field. 

With the deepening of research, there will be a large number of new AMPs found, 

which are expected to become new antibacterial and anticancer drugs in clinical 

practice. Moreover, AMPs with broad-spectrum antibacterial ability and unique 

antibacterial mechanisms are obviously superior in overcoming bacterial resistance. 

At present, more than ten kinds of AMPs have entered preclinical or clinical research. 

With the deepening study on the relationship between the structure and activity of 

AMPs, it is becoming possible to design an efficient and beneficial AMP as a human 

antibiotic substitute (Yeaman et al., 1998). 

As the AMP preservatives are safe and non-toxic, and even have certain nutritional 

health effects on the human body, their research and development is undoubtedly an 

important topic. In the future, a series of experiments could be performed to verify the 

potential of QUB3203 as a food preservative and comparing the sterilisation 

temperature and heat treatment time with ordinary preservatives, hoping to improve 

the nutritional value, flavour, structure, colour and other properties of food. 

However, there is no data to show the toxicity of AMPs in the human body and they 

may cause allergic reactions, so it is suggested that these AMPs may only be used for 

topical treatment and indeed, many AMPs are haemolytic. 

AMPs are easily hydrolysed by trypsin because they contain a plurality of basic amino 

acid residues (e.g., lysine, arginine), thereby limiting their use as anti-infective drugs 

in vivo. The development of a bifunctional polypeptide that has both antibacterial 

activity and trypsin inhibitor activity provides a new approach to the proteolytic 

hydrolysis problem encountered in solving the use of AMPs as drugs in the human 

body (Vuong et al., 2004). 



58 

 

Based on the above disadvantages of AMPs, with the discovery of each new peptide, 

amino acid sequence modification will be carried out in order to find the key parts of 

the molecule which impact on antibacterial activity and make further molecular 

designs to maximise their activity. This involves the addition, deletion, or substitution 

of one or more residues, cutting the N-terminal or C-terminal sequence of the peptides 

chain to combine the fragments from different natural sources to become hybrid 

peptides (Jenssen et al., 2008, Jenssen et al., 2007). 

It is time-consuming to find effective antibiotics and develop a new antibiotic. Today, 

as antibiotic resistance is becoming increasingly serious, and many viral diseases and 

cancers have not yet been overcome, the emergence of AMPs is undoubtedly a 

direction in which to seek new drugs for solving these problems. 
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