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Abstract 

So far, considerable numbers of antimicrobial peptides (AMPs) have been discovered in 

various amphibians, especially form the skin secretions of the frogs.  Furthermore, some 

studies have proven that many AMPs exhibit potent antimicrobial or anticancer activities, 

which has attracted increasing interest from researchers studying novel drug leads.  

In this study, experiments were conducted to determine the biological activities of a 

peptide derived from the skin secretion of Rana amurensis. The biological activities that 

have been evaluated include antimicrobial activity, anticancer activity and haemolytic 

activity. 

Using the technique of ‘shot gun’ cloning, the peptide (FVSLLTNLLGLL.NH2) was 

found encoded by cloned skin secretion-derived cDNA. The peptide was then 

synthesised by solid-phase peptide synthesis methodology and identified through HPLC 

and MALDI-TOF mass spectrometry, and named QUB1301. The peptide was finally 

subjected to smooth muscle, antimicrobial, anticancer cell and haemolysis assays to 

determine the spectrum of bioactivity.  

According to the results, QUB-1301 had no effect on contracting or relaxing the four 

kinds of rat smooth muscles including bladder, ileum, uterus and artery. Moreover, this 

peptide was eventually found to show activity against S.aureus with the MIC at 64µM 

and the MBC at 128µM, but it was failed to inhibit the growth of E.coli and C.albicans. 

Also, QUB1301 was found to have low haemolytic activity at the concentration up to 

512 µM. The growth of four cancer cell lines (U251MG, H157, PC3 and MB435S) was 

not inhibited by the peptide which means that QUB1301 possesses no obvious function 

as an anticancer agent.
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1.1 Bioactive peptides 

Bioactive peptides are naturally produced short amino acid chains that have positive 

effects on the biological functions of organisms. It has been reported that these peptides 

have promising potential according to their diverse properties, for human health and 

therapeutic possibilities and prevention of various diseases. Bioactive peptides can be 

applied in pharmaceuticals and nutraceuticals as antihypertensives, antioxidants, 

anticancer agents, analgesic opioids, antimicrobials and other physiologically 

functional components. 

 

1.1.1 Antihypertensive peptides 

Antihypertensive peptides exercise their function of preventing or treating hypertension 

by inhibiting the angiotensin I-converting enzyme (ACE, peptidyl di-peptide hydrolase, 

EC 3.4.15.1) (Hernandez-Ledesma et al., 2011). ACE, which plays an irreplaceable role 

in the renin-angiotensin system, can increase the blood pressure or even cause 

hypertension through transforming angiotensin I to the angiotensin II (Bhat et al., 2015). 

Therefore, antihypertensive peptides, which can contribute to the inhibition of the ACE, 

is one of the treatments for hypertension. Figure 1.1 is the mechanism of ACE inhibition 

by antihypertensive peptides. As shown in Figure 1.2, peptides with this activity have 

been isolated from a broad range of sources including milk, cereals, fish and bovine 

tissues and occupy a dominant proportion of 66% (with 27%, 14%, 13%, 12% 

respectively).  
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Figure 1.1 The mechanism for ACE inhibition by antihypertensive peptides 

(http://crdd.osdd.net/raghava/ahtpdb/) 

 

Figure 1.2 The main sources of antihypertensive peptides from Nature. 

(http://crdd.osdd.net/raghava/ahtpdb/) 
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It has been suggested that most peptides exhibiting ACE inhibitory activity are short 

sequences, with the number of amino acid residues ranging from 2 to 12. When peptides 

contain hydrophobic amino acids at the C-terminal position, they usually show potent 

inhibitory capacity. In the studies of the structure-function relationships for ACE 

inhibition peptides, it was found that the peptides with C-terminals containing 

hydrophobic amino acids like proline, or positively charged amino acids, like lysine 

and arginine were more effective (Garcia et al., 2013). 

 

1.1.2 Antioxidative peptides 

It has been widely recognised that oxidative metabolism is quite essential for the 

survival of cells. However, the process of aerobic metabolism inherently releases free 

radicals and other reactive oxygen species, both of which can lead to oxidative changes 

and human health consequences. Several bioactive peptides have been found to possess 

antioxidant capacity. Trp-Tyr- Ser-Leu, for instance, purified from whey protein has 

been found to display high radical scavenging and superoxide radical scavenging 

activities (Zhang et al., 2013). Although, the exact mechanism of the antioxidant 

activity of peptides has not been thoroughly identified, a variety of studies have 

demonstrated that they possess the character as inhibitors for lipid peroxidation (Qian 

et al., 2008), chelators of transition metal ions (Jemil et al., 2016) and scavengers of 

free radicals (Qian et al., 2008). Moreover, their antioxidant activities are more 

attributed to their structure, composition and hydrophobicity (Chen et al., 1998).  

 



5 

 

1.1.3 Anticancer peptides  

Causing millions of deaths every single year, cancer has become the most destructive 

disease, and is the most threatening disease to human health. Currently, the most 

common way to treat cancer in clinical practice is still conventional chemotherapy 

(Zhao et al., 2017). However, with the adverse effects of conventional chemotherapy 

on normal cells and the presence of multidrug resistance in cancer cells, this treatment 

cannot always achieve the expected effects. Anticancer peptides are considered to be a 

potential alternative treatment on account of their selective toxicity to cancer cells 

(Tyagi et al., 2015). 

In general, anticancer peptides are cationic peptides and have no more than 50 amino 

acids. In fact, there are two types of peptides that show anticancer activity. One kind of 

anticancer peptide has selective cytotoxicity and only has toxic effects on cancer cells 

and bacteria, however, the other is non-selective, and is toxic to all types of cells 

(Deslouches and Di, 2017). As for the mechanism of anticancer peptides, there are 

numerous hypothesis and theories, for instance, the electrostatic interaction between 

positively charged anticancer peptides and negatively charged membranes of the cancer 

cells accounts for their selective toxicity. To date, it is known that most anticancer 

peptides can form either α-helical or β-sheet secondary structures to target the cancer 

cells. When applying anticancer peptides into clinical anticancer practice, they could 

be used as anticancer drugs as well as cytotoxic drug carriers and radionuclide carriers 

(Thundimadathil, 2012). 

 

1.1.4 Opioid peptides 

Opioid peptides are short sequences which serve as neuromodulators to modify the 

actions of neurotransmitters in the central nervous system (Froehlich, 1997). Opioid 
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peptides exert affinity towards opiate receptors in the central nervous system as well as 

in many peripheral tissues. These peptides influence the release of various 

neurotransmitters by changing the electrical properties of the target neurons, thus 

making these neurons more difficult to activate (Froehlich, 1997). Consequently, opioid 

peptides realise their numerous physiological and pathophysiological functions, 

including analgesic action, social behaviour moderation, endocrine secretions 

stimulation and increasing GI transient time, and as a result, inhibiting intestinal 

peristalsis, motility, etc. (Perlikowska and Janecka, 2017). The first opioid peptide 

reported was from a casein hydrolysate, the bovine β-casomorphin-7 (YPFPGPI), in 

late 1970s (Bhat et al., 2015). 

 

1.1.5 Antimicrobial peptides 

Bioactive peptides having antimicrobial capacities are usually called antimicrobial 

peptides (AMPs) (also known as host defence peptides (HDPs)), forming part of the 

innate immune system in all living creatures from microorganisms to animals. Most 

antimicrobial peptides contain no more than 50 amino acids with approximately 50 % 

being hydrophobic amino acids. When these peptides fold into 3D structures, they 

usually show amphipathicity (Tseng et al., 2017). It has been proven that antimicrobial 

peptides exhibit inhibitory activities against various of pathogens including Gram-

negative and Gram-positive bacteria, fungi, enveloped viruses and they are even able 

to inhibit transformed or cancerous cells (Reddy et al., 2004). More details are given in 

the following content.  
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1.2 Antimicrobial peptides (AMPs) 

1.2.1 The discovery of AMPs  

AMPs, with the characteristic of evolutionary conservation, exist in almost all living 

creatures from prokaryotes to mammals. In the 1920s, Alexander Fleming identified 

lysozyme which was regarded as the first reported peptide with antimicrobial potential 

(Deslouches and Di, 2017). However, in 1928, Fleming found penicillin and, together 

with his partners, Fleming successfully made penicillin a drug in the treatment of 

infection in 1940s. This breakthrough became a hit and enabled the three men to be 

awarded the Nobel Prize for Medicine in 1945 (Brown, 2004). As a result, the ‘Golden 

Age of antibiotics’ began, which caused a rapid decline of interest in the medicinal 

potential of natural AMPs (Bentley, 2009, Zaffiri et al., 2012). 

In the 1960s, the emergence of multiple drug-resistant microbes awakened the 

enthusiasm of developing antimicrobial peptides as clinical drugs, and simultaneously 

"the golden age of antibiotics" was ended (Davies, 2006, Katz et al., 2006).  The first 

reported AMP was discovered in plants, and then the bombinin and the lactoferrin 

which were found from frogs and milk respectively were subsequently reported. An 

important advance took place in the 1980s when Hans Boman injected bacteria into the 

Cecropia moth and successfully induced effective AMPs which were named 

‘cecropins’(Boman, 1995). This peptide was the first ɑ-helical AMP reported. Another 

landmark in research by Zasloff and his team, reported the isolation and characterisation 

of cationic AMPs called ‘magainins’from frog skin (Zasloff, 1987).  

The first evidence of AMPs in the immune system of insects was reported by Hoffman's 

team. They found that fruit flies were easily infected by fungi and the genetic ablation 

of AMP synthesis may be the reason for this. In 1994, AMPs found in mammals 

stimulated the interests of studying AMPs and reconsideration of their clinical value 
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(Vizioli and Salzet, 2002). AMPs are found to be widely distributed in almost all the 

multicellular organisms and over 1000 AMPs have been deposited in the Antimicrobial 

Peptide Database to date (http://aps.unmc. edu/AP/main.php).  

 

1.2.2 Classification and examples of AMPs 

Based on the structure and amino acid compositions of AMPs, they can be divided into 

five different subgroups (Table 1.1) (Gennaro and Zanetti, 2000).  

Anionic peptides constitute the first subgroup of the AMPs, with the feature of small 

size (usually the molecular weights range from 721.6- to 823.8-Da) as well as a demand 

for zinc as cofactor. These peptides show great potency against both Gram-positive and 

Gram-negative bacteria (Brogden et al., 1997; Brogden, 2005). 

The second subgroup is linear cationic α-helical peptides, with no more than 40 amino 

acid residues but no cysteine residues (Gennaro and Zanetti, 2000; Tossi et al., 2000). 

LL-37, one example of this subgroup, can inhibit the growth of both Gram-positive and 

Gram-negative bacteria based on the interaction between its ɑ-helix domain and the cell 

envelope of bacteria cells. Furthermore, the higher the proportion of ɑ-helical content 

the more potent the antibacterial activity (Park et al., 2000). 

The third subgroup contains cationic peptides with large quantities of certain amino 

acids, including the bactenecins (abundant in proline and arginine residues), prophenin 

(abundant in proline and phenylalanine residues) and indolicidin (abundant in 

tryptophan residues) (Gennaro and Zanetti, 2000, Otvos, 2002). Peptides in this 

subgroup lack cysteine residues, and form ɑ-helices and extended coils. 

The fourth subgroup contains the peptides with cysteine, which can form disulphide 

bonds and this characteristic usually make AMPs in this category form stable β-sheet 

structures, like protegrin and defensins (Brogden, 2005). 

http://aps.unmc/
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The fifth subgroup is constituted by the peptide fragments of proteins containing 

anionic or cationic amino acid domains. They usually have similar structures and amino 

acid compositions to AMPs, but they play an important role in innate immunity as well.   

 

Table 1.1 The classification of five subgroups of AMPs 

Classes Peptides Sources 

Anionic peptides 

Maximin H5 (Lai et al., 2002) Amphibians 

Dermcidin (Schittek et al., 2001) Humans 

Short anionic peptides with abundant 

glutamic and aspartic acids (Brogden et al., 

1996) 

Sheep 

cattle 

humans 

Linear cationic α-

helical peptides 

Cecropin P1 (Andersson et al., 2003) 
Ascaris 

nematodes 

buforin II amphibians 

LL37 humans 

Cationic peptides 

rich in certain amino 

acids 

Abaecin (rich in proline) (Boman, 1995) Honeybees 

Drosocin (rich in proline and arginine) 

(Boman, 1995) 
Drosophila 

Coleoptericin (rich in glycine and proline) 

(Boman, 1995) 

Beetles 

 

Cysteine containing 

anionic and cationic 

peptides with 

disulphide bonds 

Protegrin (Kokryakov et al., 1993) Pigs 

Tachyplesins (Kokryakov et al., 1993) horseshoe crabs 

α-defensins (HNP-1, HNP-2, cryptidins) Humans 

Anionic and cationic 

peptide fragments of 

larger proteins 

Lactoferricin Lactoferricin 

Casocidin I human casein 

 

 

1.2.3 Characteristics related to antimicrobial activity and specificity 

There are five characteristics of the AMPs related to antimicrobial activity and 

specificity. 

Secondary structure  
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Besides α-helices and β-sheets, an array of secondary structures are adopted by AMPs. 

It has been proven that amphipathic peptides with α-helical structures show more potent 

activity than those with disordered secondary structures (Brogden, 2005). 

 

Charge 

Neutral peptides or peptides with a lower charge usually present weaker activity than 

negatively-charged peptides complexed with zinc and highly positively-charged 

peptides (Brogden, 2005). Besides, charge also affects the selectivity of AMPs. As is 

known that the membrane of mammalian cells is zwitterionic, whereas bacterial cell 

surfaces are negatively-charged with various anionic constituents, including the 

lipopolysaccharide (LPS) and the lipids of Gram-negative bacteria, and  teichoic and 

teichuronic acids of Gram-positive bacteria (Yount et al., 2006). The fact is that most 

AMPs discovered so far process net positive charges ranging between +2 and +9 

(Giangaspero et al., 2001, Yeaman and Yount, 2003), which means the cationicity 

promotes AMPs to preferentially bind to the negatively-charged bacterial cytoplasmic 

membrane rather than the zwitterionic membrane of mammalian cells (Nguyen et al., 

2011). 

Amphipathicity 

AMPs contain both hydrophilic and hydrophobic amino acid residues. They distribute 

along the opposite sides of a helical structure to maintain the amphipathicity of AMPs. 

The amphipathic structural arrangement of the peptides contribute the ability of AMPs 

to insert into the membrane lipid bilayer, which is believed to play a crucial role in the 

bacterial killing mechanism.  
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Sequence 

AMPs typically consist of various amino acid residues including basic amino acid 

residues like histidine and lysine, hydrophobic residues like tryptophan and leucine, 

and other residues such as glycine and tyrosine. The proportion of different residues in 

the peptide chain may affect its characteristics (charge, hydrophobicity or structural 

conformations, for example).  

Size 

The size of AMPs varies widely. Some anionic AMPs are particularly short, containing 

only 6 amino acid residues. Even some dipeptides, tripeptides have also been reported 

to have antibacterial activity.  By contrast, other AMPs, such as Bac.7, have quite a 

long sequence containing 59 amino acid residues. (Brogden, 2005). 

 

1.2.4 Prevailing transmembrane hypotheses on antimicrobial mechanisms of 

AMPs 

1.2.4.1 Carpet model  

The carpet model was originally proposed to explain the mode of action of dermaseptin 

(Dagan et al., 2002). In the carpet model, peptides are attached to the anionic 

phospholipid head groups in the manner of electrostatic adsorption.  Since the peptides 

may bind to the phospholipid head group at many sites on the membrane surface, they 

cover the membrane surface in a carpet-like manner (Brogden, 2005), instead of 

inserting into the hydrophobic core of the membrane or being assembled with their 

hydrophilic surfaces pointing to each other. When the concentration of the peptide 

reaches a certain value, the surface-oriented peptides behave more like a detergent 
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breaking bilayer structure and as a result cause the formation of micelles  (Shai, 1999; 

Ladokhin and White, 2001).  

 

 

Figure 1.3 The carpet model of AMP-induced cell killing. 

 

1.2.4.2 Barrel stave model 

In a barrel stave pore, the specific structure formed by the lateral interaction between 

peptides is very similar to the structure of a membrane protein ion channel. A classic 
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example of this pore-forming action is melittin, a lytic peptide toxin isolated from 

honey bee venom (Choi et al., 2015). 

In this model, bundles of amphipathic α-helices form the transmembrane channel (or 

pores) by producing an aqueous pore with their hydrophobic region aligning with the 

lipid core of the membrane and their hydrophilic surfaces pointing inward (Matsuzaki 

et al., 1998). Several steps are included in the formation of the transmembrane pore: 

Peptide monomers attach to the membrane in the form of a helical structure and insert 

into the hydrophobic core of the membrane. Then, as a result of the increased pore size 

caused by progressive recruitment of additional monomers, cell contents leak and the 

cell dies (Faust et al., 2017).  

 

Figure 1.4 The barrel stave model of AMP induced cell killing. 
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1.2.4.3 Toroidal-pore model  

Instead of the interacting with each other, in the toroidal pore model, peptides influence 

the regional curvature of the bilayer in a collaborative way, leading to the formation of 

the toroid of high curvature. Different from the barrel stave model, pores reacting with 

the bilayer hydrocarbon core toroidal pores work against the hydrocarbon core. 

Toroidal pores provide the alternate surfaces with which the lipid hydrocarbon and head 

groups interact, so as to disrupt the normal segregation between polar and non-polar 

parts of the membrane (Vestergaard et al., 2017). 

 

 

Figure 1.5 The toroidal-pore model of AMP-induced cell killing. 
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1.3 Brief introduction to the components in frog skin secretions 

To date (14th, March, 2017), there are 6745 frogs and toads, 695 newts and salamanders 

and 205 caecilians, inhabiting almost all the continents except Antarctica, occupying a 

variety of habitats which includes deserts, rainforests, streams and rivers, and even 

alpine environments. Furthermore, new species are continually discovered every year, 

and the total number of species continues to grow (Amphibia Web, 2017). With a 

distribution across all continents except Antarctica, amphibians are active in a broad 

array of habitat types ranging from humid jungles to arid deserts. This means they can 

tolerate various types of climate, live in different environments and deal with threats 

from diverse predators and pathogens. They achieve these interactions with their living 

environment through the powerful functions of the skin (Clarke, 1997).  Besides the 

function of water regulation, respiration, anti-fungal and anti-microbial defence and 

other normal functions (Clarke, 1997), amphibian skin is also concerned with the 

function of secreting skin secretions which are used as weapons to protect themselves 

from being injured or infected.  

A variety of bioactive compounds have been found in the skin secretions of amphibians: 

steroids like bufotoxins with cardioacceloratory proprerties, can be used as cardiotonic 

agent; aromatic amines, divided into three groups including indolealkylamines, 

imidiazolealkylamines and related histamine and epinephrine and its derivative 

norepinephrine, some of which have hypertensive properties and can be applied in 

clinical treatments as vasoconstrictors; alkaloids, with a limited distribution in Nature, 

are mainly found in frogs from the family of Dendrobatidae; bioactive peptides and 

proteins. Among all the these bioactive compounds,  bioactive peptides are significant 

and valuable, as an enormous number of physiologically active peptides, AMPs and 

neurotransmitter like peptides have been found (Roseghini et al., 1988; Roseghini et al., 



16 

 

1989). In particular the AMPs, due to their unique modes of action and high potential 

for clinical application, have attracted great attention during recent decades. So far, 

1037 AMPs derived from amphibians (973 from frogs) have been mentioned in the 

Antimicrobial Peptides Database (Available online: http://aps.unmc.edu/AP/, accessed 

on 1st May, 2017). 

 

1.4 The genus Rana as an abundant resource for AMPs 

Frogs from genus Rana belong to the family Ranidae. There are over 250 species of 

frogs of the genus Rana distributed all over the world, except most areas of Australia 

and Polar Regions (Conlon et al., 2004). So far, a considerable number of AMPs have 

been discovered in the skin secretion of frogs which belong to the Ranidae family. In 

the genus Rana, an array of peptides have been found and divided into different peptide 

families according to their original structures, antimicrobial abilities and haemolytic 

activities. 

Brevinin-1 peptides (Kumari and Nagaraj, 2001), originally found in R. brevipoda 

porsa, North American and Eurasian ranid species, exhibits activity against Gram-

positive bacteria, Gram-negative bacteria, and pathogenic fungi, but they show very 

strong haemolytic activity. By contrast, Brevinin-2 peptides (Simmaco et al., 1994) 

which are originally from R. brevipoda porsa, Asian, North American and European 

ranid species, show relatively less potent haemolytic activity, but the same level of 

activity against the same microorganisms as Brevinin-1 peptides.  

Ranalexin peptides (Ghiselli et al., 2001), originally isolated from R. catesbeiana, R. 

grylio and R.clamitans, show activity against Gram-positive bacteria while showing no 

http://aps.unmc.edu/AP/
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activity against P. aeruginosa and Proteus mirabilis and some other clinically 

important Gram-negative bacteria.   

Esculentin-1 (Ponti et al., 1999, Simmaco et al., 1994) and Esculentin-2 (Simmaco et 

al., 1994, Goraya et al., 2000) are two families of peptides which were originally found 

in the frogs R. esculenta, R. palustris, R. areolata and R. rugosa, which are both 

effective against E. coli, S. aureus and C. albicans. 

Another peptide family that can be found in the genus Rana are the Temporins (Rinaldi 

et al., 2002). Peptides belonging to the temporin family usually exhibit specific activity 

against Gram-positive bacteria, whereas these peptides usually possess appreciably 

strong haemolytic activity.  

In addition to these families, other AMP families include the japonicins, nigrocins, 

tigerinins and others, which makes Rana the most abundant source of different AMPs. 

In this work, the peptide QUB-1301 – a temporin - was found in the skin secretion of 

Rana amurensis. 
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1.5 Aims and objectives of this thesis 

1. To discover and isolate a peptide from the lyophilised skin secretion of Rana 

amurensis and to construct a cDNA library and interrogate the library by applying a 

“shotgun” cloning strategy.  

 

2. Once such are identified, to use bioinformatics to translate DNA sequence to amino 

acid sequence and use these data to predict the primary structure of mature peptides. 

 

3. Once primary structure has been unequivocally confirmed, a replicate of the peptide 

can be synthesised chemically by solid phase synthesis methodology and if necessary, 

the peptide would be purified to a high degree of purity suitable for biological activity 

profiling. 

 

4. A range of biological assays will be performed to assess the antimicrobial, 

haemolytic and anticancer cell effects of the peptide. 

 

5. To become familiar with all the techniques used in this project in order to perform 

future research on peptides and proteins.  
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Chapter 2 Molecular Cloning 
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2.1 Specimen biodata and secretion harvesting  

Specimens of Heilongjiang brown frog, Rana amurensis were obtained from 

commercial sources in China and had been captive bred. They were conditioned for 4 

months before secretion harvesting. They were housed in a purpose-designed 

amphibian facility at 20-25°C under a 12h/12h light/dark cycle and fed with 

multivitamin-loaded crickets three times per week. The dorsal skin surface was 

stimulated by gentle transdermal electrical stimulation (6V DC; 4 ms pulse-width; 

50Hz) through platinum electrodes for two periods of 20s duration or the skin secretion 

was obtained via mild squeezing and massaging of the glands. The viscous white skin 

secretion was washed from the skin using deionised water, snap-frozen in liquid 

nitrogen, lyophilised and stored at -20°C prior to analysis. All the procedures were 

subject to ethical approval and carried out under appropriate UK animal research 

personal and project licenses.  

 

2.2 Molecular cloning 

2.2.1 mRNA isolation  

A Dynabeads® mRNA DIRECT™ Kit (Dynal Biotech Ltd, UK) was utilised in mRNA 

isolation.  

Five mg of crude lyophilised skin secretion from the Heilongjiang brown frog was 

transferred into a 1.5 ml RNase-free tube containing 1 ml Lysis/Binding Buffer. Then, 

the 1.5 ml tube was vortexed for 10 min in total and placed on cold ice for several 

seconds at intervals of one min to obtain the undegraded mRNA. Finally, the lysate 
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solution was centrifuged 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 transferred into a 1.5 ml RNase-free tube and put on the magnetic rack. 

Then, the supernatants were removed and discarded as cleanly as possible when the 

supernatants were clarified. After that, 250 μl Lysis/Binding Buffer was transferred into 

the 1.5 ml tube to wash the beads by gently shaking. Finally, the supernatants were 

removed and discarded completely from the 1.5 ml tube on the magnetic rack when the 

lysate was well prepared to avoid drying the beads and lowering beads capacity. 

The supernatants from the lysate solution were transferred into the 1.5 ml tube 

containing prepared beads which were combined with oligo-dT on the surface by 

covalent binding. The mixture of lysate and beads were blended by slowly and gently 

shaking for fifteen min at room temperature, which made the poly-A tail of mRNA 

hybridize to the bead-bound oligo-dT through A-T base pairing. Finally, the 

supernatants were discarded completely on the magnetic rack. The intact mRNA was 

isolated from the secretion and retained on the surface of the beads. 

The beads/mRNA complex was washed by slowly and gently using 500 μl Washing 

Buffer A three times. The beads were separated from the washing solution and the 

washing solution was discarded on the magnetic rack after each washing step. Similarly, 

the beads/mRNA complex was washed by slowly using 500 μl Washing Buffer B two 

times. 

A volume of 18 μl of cool elution solution (Tris-HCl, 10mM) was added drop by drop 

into the 1.5 ml tube containing the well-washed beads and the 1.5 ml tube was flicked 
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gently to make every droplet carry the beads down to the bottom until all the solution 

ran through. Then, the 1.5 ml tube was incubated in a heating block (Grant, Cambridge, 

UK) at 80°C for 2 min to remove the mRNA from the beads. All supernatants were 

subsequently transferred into a 0.2 ml RNase-free PCR tube on ice as soon as possible 

to avoid mRNA reabsorbing onto the beads.  

 

2.2.2 cDNA library construction 

A BD SMART™ RACE cDNA Amplification Kit (BD Biosciences, UK) was used in 

cDNA library construction and primary cDNA amplification. 5’ RACE Ready cDNA 

was synthesised using a 5’-RACE CDs Primer and the BD SMART II™ A 

Oligonucleotide which contained a terminal stretch of G residues to pair dC-rich cDNA 

tail at the end. 3’-RACE-Ready cDNA was synthesised using 3’-RACE CDs Primer by 

a reverse transcription reaction. 

The following components were combined and mixed completely by pipetting in three 

0.2 ml PCR tubes respectively. One extra volume of reagents was calculated and added 

to ensure sufficient volume for the RT-PCR reaction.  
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Table 2.1  The components of the 3’ RACE cDNA reaction 

Component Final Volume Final Concentration 

RNA sample 4 μl 10-1000 ng 

3’-RACE CDS Primer 1 μl 12 μM 

dNTP Mix 1 μl 4 mM                                                                                                                    

DTT 1 μl 4 mM 

5X First-Strand Buffer,30mM MgCl2 2 μl 1 X 

Reverse Transcriptase 1 μl 20 unit 

 

The following components were combined and mixed completely by pipetting in two 

0.2 ml PCR tubes. One extra volume of reagents was calculated and added to ensure 

sufficient volume for the RT-PCR reaction.  

Table 2.2  The components of the 5’ RACE cDNA reaction 

Component Final Volume Final Concentration 

RNA sample 3 μl 10-1000 ng 

5’-RACE CDS Primer 1 μl 12 μM 

BD SMART II™ A Oligonucleotide 1 μl 12 μM 

dNTP Mix 1 μl 4 mM 

DTT 1 μl 4 mM 

5X First-Strand Buffer,30mM MgCl2 2 μl 1 X 

Reverse Transcriptase 1 μl 20 units 
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Five PCR tubes, containing sample mixture, were micro-centrifuged and incubated in 

the heating block at 70°C for 2 min to combine the primer and templates. Then, five 

0.2 ml PCR tubes were cooled ice for 2 min. After that, 4 μl prepared Master Mix was 

divided into each 0.2 ml PCR tube and pipetted completely. Subsequently, 1 μl Reverse 

Transcriptase was added into each 0.2 ml PCR tube and pipetted completely. After 

adding all solutions, five 0.2 ml PCR tubes were micro-centrifuged to collect all 

contents at the bottom without bubbles and incubated in the thermal cycler (Applied 

Biosystems, UK) at 42°C for 1.5 h to complete the reverse transcription reaction. 

Fifty μl of deionised water was added into each PCR tube to lower the concentration. 

Then, five PCR tubes were incubated in the thermal cycler at 72°C for 7 min to correct 

the faults in the reaction and kill some enzymes such as Reverse Transcriptase. At this 

point, 3’- and 5’-RACE Ready cDNA templates were obtained and stored at -20°C in 

the freezer.  

 

2.2.3 Polymerase chain reaction (PCR) amplification of cDNA 

The following components were combined and mixed completely by pipetting and an 

extra volume was calculated and added to ensure sufficient volume for the RACE-PCR 

reaction. 

Table 2.3  The components of RACE-PCR reaction 

Component Final Volume Final Concentration 

PCR-Grade water 2.6 μl - 

10X BD Advantage 2 PCR Buffer 1 μl 1 X 

dNTP Mix 0.2 μl 0.2 mM 
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NUP Primer 0.5 μl 20 μM 

Sense Primer 0.5 μl 20 μM 

BD Advantage 2 Polymerase Mix 0.2 μl 15 μM 

3’ RACE-Ready cDNA templates 10 μl 10-1000 ng 

*The 3’ RACE-Ready cDNA templates were substituted with water in the negative 

control. 

*The Master Mix includes PCR-Grade water, 10X BD Advantage 2 PCR Buffer,   

dNTP Mix, NUP Primer, Sense Primer and BD Advantage 2 Polymerase Mix for 4 

reactions. 

Eleven μl Master Mix was allocated into four well-prepared PCR tubes and 10 μl of 3’ 

RACE-Ready cDNA templates were added into two PCR tubes. 10 μl of PCR-Grade 

water was added into another two PCR tubes as negative controls. 0.5 μl NUP primer 

(supplied with the kit) and 0.5 μl specific degenerate sense primer (S1; 5’- GAWYYA 

YYHRAGCCYAAADATG-3’) (Y=C+T, W=A+T, R=A+G, M=A+C, B=T+C+G) 

were added into each PCR tube. All of the reagents were pipetted completely and micro-

centrifuged to collect all contents at the bottom without bubbles. Finally, the RACE-

PCR programme with a gradient temperature was set and commenced in the thermal 

cycler. The appropriate annealing temperature was determined in the RACE-PCR 

reaction. Three steps of PCR reaction with different conditions were set up and each 

cycle included 94°C denaturation for 30 s to obtain single-stranded DNA templates, 

53°C or 55°C annealing for 30 s between primer and single-strand DNA templates and 

72°C extension for 3 min. All the procedures were repeated over 40 thermal cycles to 

obtain double-stranded DNA amplification. The annealing temperature in one group 

included one 3’ RACE-Ready cDNA template and one negative control at 53°C, 

whereas it was set at 55°C in another group. All of the four samples after RACE-PCR 

reaction were stored at -20°C in the freezer. 
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2.2.4 Agarose gel electrophoresis 

A weight of 0.45 g agarose (Invitrogen, UK) was transferred into a 200 ml flask with 

35 ml fresh working 1X TBE Buffer (Invitrogen, UK). The flask was heated in a 

microwave oven without foaming until all the agarose was dissolved completely, and 

then it was cooled for several minutes. 2.5 μl ethidium bromide (EtBr, 10 mg/mL) 

(Invitrogen, UK) was added into the flask. Then, the melted agarose was poured into 

the gel box with one straight-inserted comb and two well-placed blocks in the gel 

electrophoresis tank. After the solidification of the agarose gel at room temperature for 

40 min, the comb was vertically removed and the intact wells were obtained. Finally, 

the gel tank was filled with recycling 1X TBE Buffer within the maximum lines. 

Two and half μl of a standard DNA ladder (Invitrogen, UK) composed of several 

fragments of known molecular weight, was loaded carefully into the first lane of the 

agarose gel to measure the size of DNA fragments. 1.5 μl of samples and 0.5 μl of 

loading dye (0.25% bromophenol blue, 15% Ficoll 400 in TAE) were mixed well and 

loaded carefully in the other lanes in order. After that, the electrophoresis was at 90 v 

and the samples travelled through the gel from the negative electrode to the positive 

electrode for 30 min until the yellow colour indicator reached two-thirds of the gel. The 

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.  

 

2.2.5 PCR product purification 

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

purification.  
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The DNA amplification samples from the previous steps were mixed together and 

transferred into a 1.5 ml DNase-free tube. Then, 87 μl Buffer CP was added into the 

1.5 ml tube where five volumes Buffer CP corresponded with one volume PCR product 

according to the weight of DNA product. After pipetting evenly and completely, all the 

solutions were transferred drop by drop onto the centre of a filter cartridge with a 1.5 

ml collection tube. Afterwards, the filter cartridge was centrifuged at a speed of 8000 × 

g for 1 min to bind the DNA to the silica-based filter membranes and remove the 

impurities. Finally, the filtrate was discarded and the collection tube was placed back 

into the cartridge. 

Seven hundred μl of DNA Washing Buffer diluted in absolute ethanol was added into 

the cartridge and centrifuged at 8000 × g for 1 min for DNA washing. Subsequently, 

the filtrate was discarded and the collection tube was placed back in the bottom of the 

cartridge. Similarly, 500 μl DNA Washing Buffer with added ethanol was also added 

into the cartridge and centrifuged again at 8000 × g for 1 min. Then, the filtrate was 

discarded and the collection tube was placed back into the cartridge. Finally, the empty 

cartridge with collection tube was centrifuged at the maximum speed of 8,000 × g for 

2 min to dry the column matrix and remove ethanol completely as this could interfere 

with the downstream applications. 

A new 1.5 ml DNase-free tube was used instead of the holding tube before DNA 

collection. Then, 30 μl of deionised water was added directly into the centre of the 

cartridge for DNA elution. After 2 min at room temperature, the cartridge with the new 

1.5 ml collection tube was centrifuged at 8000 × g for 1 min to collect all DNA products. 

Then, the cartridge was discarded and the 1.5 ml collection tube with DNA purification 

products was retained. Finally, the DNA purification products were placed for 50 min 

in a concentrator (Eppendorf, Hamburg, Germany) to dry the DNA sample and drive 
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the ethanol away thoroughly. After evaporation, the DNA sample was sealed with 

parafilm and stored at -20°C in the freezer. 

 

2.2.6 Ligation 

A pGEM®-T and pGEM®-T Easy Vector (Promega, USA) kit was used for ligation, 

transformation, blue and white colony screening and isolation of recombinant DNA 

reactions. Ten μl of deionised water was added into the 1.5 ml tube containing 7 μl 

DNA purification products to dissolve the DNA and then tube was vortexed completely 

by tapping and micro-centrifuged briefly to collect all contents at the bottom and then 

placed on ice to cool. This step was repeated five times for DNA preparation.  

The following prepared reagents were combined and mixed without pipetting in a 

DNase-free PCR tube.  

Table 2.4  The components of the ligation reaction 

Component Volume Final Concentration 

2X Rapid Ligation Buffer,20mM MgCl2 2.5 μl 1 X 

pGEM®-T Easy Vectors 0.5 μl 50 ng/μl 

PCR Products 1.5 μl 10-1000 ng 

T4 DNA Ligase 0.5 μl 3 Weiss units 

 

A 0.2 ml PCR tube with ligation reaction product was incubated for 1 h at room 

temperature and then incubated at 4°C overnight (16-24 h) in the thermal cycler. The 

vectors with a 3’ single terminal thymidine (T) in the insertion site were re-cyclised 
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with a single guanosine (A)-ending DNA sequence derived from Taq DNA Polymerase 

through A-T base pairing. 

 

2.2.7 Transformation 

The recombinant vectors were transformed into the competent cell and selected by 

ampicillin, IPTG and X-Gal using the pGEM®-T and pGEM®-T Easy Vector kit 

(Promega, USA). 

Ligation reaction products were transferred into a 1.5 ml DNase-free tube without 

pipetting and the competent cells of E. coli were removed from -80°C storage and 

defrosted on ice for 4 min until all thawed and clarified. Then, 50 μl of E. coli was 

transferred quickly into the 1.5 ml tube containing ligation reaction products. Both were 

mixed by gently flicking and tapping at the bottom of the tube three times and then 

returned back to ice for 20 min. Next, the 1.5 ml tube was heat-shocked at exactly 42°C 

for 47 s and returned back to ice immediately for 2 min. Finally, 950 μl S.O.C medium 

was added into the 1.5 ml tube slowly and gently and the tube was incubated at 37°C 

for 2.5 h at a shaking rate of 150 rpm to grow bacteria. 

One hundred μl of transformation suspensions were transferred and spread over the 

surface of LB/ampicillin/IPTG/X-Gal plates with three replications and all plates were 

incubated upside down at 37°C overnight (16-24 h) for bacterial culture and DNA 

amplification.  
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2.2.8 Blue and white colony screening 

Pure white colonies were selected and subcultured in the solid medium for further 

identification. The 1.5 cm length squares were divided by drawing lines at the bottom 

of the Petri dish, then the pure white colonies and white colonies with blue dots were 

picked up and transferred into three new LB/ampicillin/IPTG/X-Gal plates by streaking 

without touching the edge of the lines using an inoculating loop under a sterile 

environment. All of the three plates were incubated upside down at 37°C overnight (16-

24 h) for subculture and further selection. 

 

2.2.9 Isolation of recombinant DNA by cloning PCR 

A single DNA was isolated and amplified by the cloning PCR reaction, in which the 

M13 Forward Primer (5’-GTAACGCCAGGGTTTTCCCAG-3’) and M13 Reverse 

Primer (5’-TGTGAGCGGATAACAATTTCAC-3’) bound to the 5’ and 3’ ends of 

inserted DNA, respectively by use of an Advantage® 2 PCR Kit (Clontech Inc, USA). 

The bacteria in the white colonies were harvested from the plates and transferred into 

each 0.5 ml tube containing with 20 μl of deionised water for dispersion. Then, 14 

samples of bacteria were obtained for recombinant DNA isolation.  

Two temperature extremes were used from heating up to 100°C for 5 min then cooling 

down on ice for 5 min in order to make the cells fragile. Then, each tube was vortexed 

for 30 s and centrifuged at the maximum speed of 8000 × g for 5 min to break the cell 

walls and release the vectors. Finally, the supernatants which contained recombinant 

DNA were ready to use. 
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The following components were combined and mixed completely by pipetting. One 

extra volume of reagents was calculated and added.  

Table 2.5  The components in each cloning PCR reaction 

Component Final Volume Final Concentration 

dNTP Mix 1 μl 0.2mM 

PCR-Grade water 31 μl - 

Cloning PCR Buffer 10 μl 1 X 

M13 Forward Primer 2.5 μl 5 μM 

M13 Reverse Primer 2. 5 μl 5 μM 

Taq Polymerase enzyme 0.25 μl units 

DNA template  2.5 μl 10-1000 ng 

*The Master Mix includes PCR-Grade water, dNTP Mix, Cloning PCR Buffer, M13 

Forward Primer and M13 Reverse Primer for 14 reactions. 

Forty-seven μl Master Mix was aliquoted into each PCR tube respectively and pipetted 

completely. Then, 0.25 μl Taq Polymerase enzyme and 2.5 μl supernatants containing 

recombinant DNA were added into each 0.2 ml PCR tube in proper order and pipetted 

completely and evenly. All of the fourteen 0.2 ml PCR tubes were micro-centrifuged 

briefly to collect all contents at the bottom without bubbles. The isolation of target DNA 

from the vector and target DNA amplification relied on a cloning PCR reaction in which 

the M13 Forward Primer and M13 Reverse Primer could bind to the 5’ and 3’ ends of 

inserted DNA, respectively. Finally, the cloning PCR reaction was set and commenced 

using the following programme, and each cycle in the thermal cycler included: 94°C 

denaturation for 30 s, 55°C annealing for 30 s and 72°C extension for 3 min, repeated 

31 times over a total in 3 h 15 min. After this cloning PCR reaction, the 14 samples 

tubes were stored at -20°C in the freezer. 
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2.2.10 Agarose gel electrophoresis analysis  

Detailed information can be found in section 2.2.4. 

 

2.2.11 Selected PCR product purification 

Detailed information can be found in section 2.2.5. 

 

2.2.12 DNA sequencing reaction 

A BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, California, 

USA) was utilised in the DNA sequencing reaction in which the sequence was detected 

by fluorescence during DNA extension and termination process. 

Four optimal DNA samples were chosen for the sequencing reaction and 10 μl of M13 

Forward Primer was diluted in 52.5 μl PCR-Grade water. The following components 

were combined and mixed completely by pipetting, and an extra volume was calculated 

and added to ensure sufficient volume for the sequencing PCR reaction.  
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Table 2.6  The components of a sequencing PCR reaction 

Component Final Volume Final Concentration 

PCR-Grade water 12.4 μl - 

5X Sequencing Buffer 3.57 μl 1 X 

M13 Forward Primer 1.14 μl 0.8 μM 

Terminator Ready Reaction Mix  2.86 μl 13.68% 

DNA template  2.5 μl 10-1000 ng 

*The Master Mix includes PCR-Grade water, 5X Sequencing Buffer, M13 Forward 

Primer and Terminator Ready Reaction Mix for 4 reactions. 

 

Master Mix and 2.5 μl sample were aliquoted into 0.2 ml PCR tubes and the sequencing 

PCR reaction was set and commenced using the following programme. Each cycle in 

the thermal cycler consisted of: 96°C denaturation for 20 s, 55°C annealing for 10 s and 

60°C extension for 4 min. Cycles were repeated 26 times in total for 2h 15min. Finally, 

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

 

2.2.13 Extension product purification by ethanol  

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

products and pipetted vigorously. After that, all the solutions were transferred into a 1.5 

ml tube with 10 μl PCR-Grade water. Each of the 4 tubes was vortexed for 30 s and 

kept at room temperature for 20 min and then centrifuged at the maximum speed of 

10000 × g for 20 min. Immediately after this, the supernatants were discarded as cleanly 

as possible. Similarly, 260μl 70% ethanol was added into each 1.5 ml tube with 

sequencing reaction products and mixed, vortexed for 30 s and centrifuged again as 
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before. Then the supernatants were discarded quickly. Afterwards, a 1 min cooling step 

and a 1 min heating step at 95°C were repeated 3 times. Finally, the contents of the 

1.5ml tubes were concentrated for 3 h to dry the DNA and to drive the ethanol away. 

Finally, the 4 samples were stored at -20°C in the freezer. 

 

2.2.14 Sequencing 

Ten μl of highly-purified HiDi formamide was added to each DNA sample which had 

been concentrated for 1 h before use. Then, the 1.5ml tubes were vortexed and then 

centrifuged briefly as before. Afterwards, the tubes were heated to 95°C for 4 min in 

the heating block and cooled on ice for 3 min. Subsequently, 9 μl of well-prepared 

mixture sample was loaded into the 96-well plate in odd or even rows. Finally, the 

sequencing results were obtained using an ABI 3100 automated sequencer (Applied 

Biosystems, Foster City, CA, USA). The elongation of DNA strands in the solution was 

terminated by the modified ddNTPs randomly and detected by fluorescence.  

 

2.3   Results of molecular cloning 

As a result of the success of the ‘shot gun’ molecular cloning, a peptide precursor-

encoding cDNA was cloned from the cDNA library of the skin secretion. The amino 

acid and nucleotide sequences are shown in Figure 2.1. There were 60 amino acid 

residues in the open-reading frame (ORF) which included three domains which are in 

sequence, the putative signal peptide domain encoded by 22 N-terminal amino acid 

residues, the acidic spacer peptide domain made of 23 amino acids and the mature 

peptide domain located at C-terminus containing 14 amino acid residues. Between the 
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spacer peptide domain and the mature peptide domain is a basic -KR- propeptide 

convertase cleavage site. Then the analysis of sequence information of QUB-1301 was 

obtained through the programme of BLASTP 2.6.1+ (Figure 2.2), and it was shown that 

the mature peptide shared 100% sequence similarity to temporin-AM from the same 

species. (BLASTP 2.6.1+ is a programme available online through the National Centre 

for Biotechnological Information (NCBI) database.) However, there are no data of 

biological activity of temporin-AM reported in the database. Therefore, the subsequent 

evaluation of biological activity of QUB-1301 was essential. 

 

Figure 2.1  Nucleotide and translated open-reading frame (ORF) amino acid sequences 

of the cDNA encoding the biosynthetic precursor of QUB-1301. (The putative signal 

peptide sequence is double-underlined, the mature peptide sequence is single-

underlined and the stop codon is indicated by an asterisk.) 
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Figure 2.2 The sequence with the highest score from BLAST supported by NCBI. 
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Chapter 3 Chemical synthesis of peptide 

QUB-1301 
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3.1 Solid phase peptide synthesis 

3.1.1 Peptide synthesis 

The catalyst 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluoro-

phosphate (HBTU) and dry amino acids in equal proportion and in four-fold molar 

excess, were calculated and weighed into acetone-cleaned amino acid vials. Then, 0.3 

mmol rink amide resin which contained an amide group for the C-terminus was also 

weighed into the reaction vessel. During the peptide synthesis reaction, the reaction 

vessel and pipeline were washed by dimethylformamide (DMF) first, and then the Fmoc 

protecting groups were deprotected using 20% (v/v) piperidine in DMF. Each amino 

acid residue was activated and coupled using 11% (v/v) N-Methylmorpholine (NMM) 

in 89% (v/v) DMF combined with activator HBTU. After that, the peptide was 

synthesised from the C-terminal to the N-terminal by the Tribute synthesiser. Finally, 

degassed dichloromethane (DCM) was employed for washing the peptide/resin 

complex after the synthesis reaction. The peptide/resin was dried in a vacuum 

desiccator overnight. 

 

3.1.2 Peptide cleavage and rotary evaporation 

The resin linked with synthesised peptide was weighed and transferred into a 50 ml 

round-bottomed flask with a magnetic rotor. Then, the appropriate volume of cleavage 

cocktail was chosen and calculated according to the weight. Subsequently, 33.5 ml 94% 

(v/v) trifluoroacetic acid (TFA), 1.85 ml ,0.925 ml 2% (v/v) EDT, 0.925 ml 2% (v/v) 

water and 0.925 ml 2% (v/v) TIS were added into the 50 ml round-bottomed flask to 

deprotect the protecting groups. The cleavage reaction was performed by stirring at 

room temperature for 8 h. After that, the mixture was suction filtered using the Buchner 
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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. 

 

3.1.3 Peptide washing 

The 50 ml universal tube was centrifuged at the speed of 5,000 × g for 5 min to collect 

the peptide precipitate at the bottom and then the supernatants were discarded as 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.  

 

3.1.4 Peptide lyophilisation  

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. 

 

3.1.5 Peptide yield calculation 

The molecular mass of the peptide was calculated by an online tool called Peptide 

Property Calculator. The yield of the peptide was then calculated to assess the success 

of the peptide synthesis.  
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3.2 Reverse-phase high performance liquid chromatography (HPLC) 

Ten mg of crude lyophilised peptide were weighed and dissolved in a 15 ml universal 

tube with 5 ml Solution A and 5 ml Solution 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 Solution 

B for 30 min and equilibrated in Solution 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% Solution A mixed with 25% Solution B to 100% Solution 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.  

 

3.3 Peptide analysis by matrix-assisted laser desorption ionisation 

time-of-flight (MALDI-TOF) mass spectrometry  

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-hydroxycinnamic 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. 

 

3.4 Results 

QUB-1301 was successfully synthesised and subjected to purification and analysis by 

RP-HPLC and MALDI-TOF MS. The RP-HPLC chromatogram of synthetic QUB-

1301 is shown in Figure 3.1, which presents a high degree of impurity. Therefore, the 

synthetic QUB-1301 was purified by reverse-phase HPLC with a gradient from 

0.05/99.95 (V/V) TFA/water to 0.05/19.95/80.0 (V/V/V) TFA/water/acetronitrile in 80 

min at a flow speed of 1ml/min. QUB-1301 is indicated by the arrow in the 

chromatogram and was collected with a retention time of 52 min. The fraction was 

further examined by MALDI-TOF MS, the m/z value of singly-charged QUB-1301 was 

1301.30 and the other peak, which showed a value of m/z 1323.59, was is the sodium 

adduct ion, [M+Na]+ (Figure 3.2). Therefore, it could be concluded that QUB-1301 in 

the fraction was pure for the evaluation of the biological activities afterwards.   

According to the sequence of QUB-1301, the structural predictions in Figure 3.3 and 

Figure 3.4, in the form of a ball and stick model and a 3D model of peptide backbone, 

respectively, revealed that QUB-1301 can form an ɑ-helix structure. 
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Figure 3.1 The RP-HPLC chromatogram of synthetic peptide QUB-1301. The 

retention time of QUB-1301 is indicated by an arrow. 

 

 

Figure 3.2 MALDI-TOF mass spectrum of synthetic peptide QUB-1301. The observed 

mass of QUB-1301 is 1301.30 Da.  
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Figure 3.3  The ball & stick model of the predicted structure for QUB-1301  (from two 

different perspectives). 

 

Figure 3.4 The 3D model of peptide backbone structure of QUB-1301. 
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Chapter 4 Evaluation of biological 

activities 
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4.1 Smooth muscle bioassay 

The temperature of the organ bath was set to 37 °C and filled with Krebs solution 

(118mM NaCl, 4.7mM KCl, 25mM NaHCO3, 1.15mM NaH2PO4, 2.5Mm CaCl2, 

1.1mM MgCl2 and 5.6mM glucose). Female Wistar rats were used as the source of 

smooth muscle and these were obtained from the Animal House of Queens University 

Belfast. The smooth muscle of Wistar rats is included in five major organs: trachea, 

ileum, uterus, bladder and artery, but trachea was not used in these experiments. All 

tissues were stored in Krebs solution. 12 week-old Wistar rats (200-250g) were killed 

by asphyxiation with CO2 followed by cervical dislocation in keeping with standard 

U.K. Animal Licence guidelines. Then the tissues were prepared by dissection and 

mounting of the preparations on transducers in organ baths.  

Table 4.1 Ingredients of Krebs Solution 

 5×5L(Stock concentration) 5×1L(Working solution) 

MgCl2                       8.56g                         1.72g 

NaCl                   172.39g                         34.5g 

KCl                       8.76g                         1.75g 

NaHCO3                       52.5g                         10.5g 

NaH2PO4                       3.96g                         0.79g 

 

In order to avoid calcium phosphate coming out of solution, the salt was dissolved prior 

to addition to Krebs in warm water. 

Table 4.2 Preparation of CaCl2 and Glucose in Krebs Solution 

 1 Litre 2 Litre 5 Litre 

CaCl2 0.367g 0.734g 1.838g 

Glucose 1.009g 2.018g 5.045g 
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Different smooth muscle tissues were removed from the rat and stored in Krebs 

solution. Then these tissues were cut and mounted in organ baths. The tension on each 

tissue was set at around 0.50 g (he stress on the tail artery was a little bit lower). An 

equilibration period was required and lasted for 1 h. Next, 60 mmol postassium chloride 

(KCl) was added into the bath to verify the viability of tissues. Then, 37℃ Kreb’s 

solution was pumped through the isometric contractile apparatus bath at 2 mL/min for 

20 min in order to wash out the KCl. After washing, the tissues were left to equilibrate 

for 1 h and the spontaneous contraction was observed. (When the tissue was the tail 

artery, 20 µL of phenylephrine was added to the channel and 10 min waiting was 

needed.) When the equlibration was finished, 20µl of peptide solution was added into 

bath and changes in contraction were recorded. The effects of peptide could be analysed 

by comparing this data with the blank control during equilibration. After 5 min, 37℃ 

Kreb’s solution was pumped through the isometric contractile apparatus bath at 2 

ml/min for 15 min to wash the tissue for the next test. 

 

4.2. Antimicrobial assays 

Three kinds of standard microorganisms were used in these assays including the Gram-

positive bacterium Staphylococcus aureus (S. aureus, NCTC 10788), the Gram-

negative bacterium Escherichia coli (E.coli, NCTC 10418) and the pathogenic yeast 

Candida albicans (C. albicans, NCPF 1467) to assess the peptide antimicrobial and 

bactericidal activity. 
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4.2.1 Microorganism inoculation 

One bead covered with bacteria on the surface was transferred from frozen stock into a 

100 ml flask containing with Mueller Hinton Broth (MHB) medium, and then the 

labelled flask was incubated in the orbital incubator (Stuart, UK) at a speed of 150 rpm 

at 37°C overnight (16-20 h). 

 

4.2.2 Peptide preparation 

Lyophilised peptide was weighed and dissolved in dimethyl sulphoxide (DMSO) to 

make the stock solution at a concentration of 512×102 µM. Then 10 μl stock solution 

was double-diluted in the ratio of 1:1 in DMSO to prepare a range of gradient 

concentrations from 512 to 1×102 µM.  

 

4.2.3 Subculture 

Five hundred μl of bacterial suspension was transferred and grown in a pre-warmed 

McCartney bottle with 20 ml MHB medium. Then, the McCartney bottle was incubated 

in the orbital incubator (Stuart, UK) at 37°C for several hours until the subcultured 

bacteria reached their respective logarithmic growth phases. The optical density (OD) 

value of the subcultured bacteria was measured at 550 nm wavelength by a UV 

spectrophotometer. In the following table, the appropriate OD values of the three kinds 

of microorganism cultures and their corresponding concentrations are given. 100 μl of 

subculture suspensions of S. aureus or E.coli were transferred into 19.9 ml of pre-

warmed MHB medium and dispersed completely in the Petri dish. In terms of C. 
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albicans, 2 ml subculture suspension was transferred into 18 ml of pre-warmed MHB 

medium and mixed evenly to achieve the acquired concentration of 5×105 cfu/ml. 

Table 4.3 The appropriate OD values for the three microorganisms used. 

Organism    Subculture incubation time OD Concentration (cfu/ml) 

S. aureus 1.5 h 0.2 5×105 

E. coli 1.0 h 0.4 5×105 

C. albicans 0.5 h 0.15 5×105 

 

4.2.4 Minimum inhibitory concentration (MIC) measurements  

One μl of peptide dilution in 7 replicates at each concentration were arranged in the 

wells of a 96-well plate and 99 μl adjusted bacterial suspension was also added into the 

wells. 100 μl of adjusted bacterial suspension in 7 replicates were added as positive 

controls which tested the growth of the organisms and 100 μl of pre-warmed MHB 

medium in 7 replicates were added as negative controls (blank control). In addition, 1 

μl DMSO and 99 μl adjusted bacterial suspension in 7 replicates were added as vehicle 

controls to observe the impact of 1% DMSO on the growth of bacteria in the 96-well 

plate. Subsequently, the 96-well plate was incubated in the orbital incubator (Stuart, 

UK) for 5 min and then transferred into the incubator (Genlab Limited, UK) to culture 

at 37°C overnight (16-20 h). Afterwards, the absorbance in each well was measured by 

the Synergy HT plate reader (BioTek, USA) at 550 nm wavelength. Finally, the graph 

was drawn using the calculated average and the minimum inhibitory concentration 

(MIC) value was obtained as the wells in which no growth of organism was detectable. 
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4.2.5 Viable cell counts 

One hundred μl adjusted bacterial suspension was transferred into the microtube with 

900 μl phosphate-buffered saline (PBS) and mixed completely. Then, 10-fold dilutions 

of this were prepared including 10-1, 10-2, 10-3, 10-4, 10-5 10-6. Next, 20 μl of culture in 

3 replicates at each concentration were transferred and spotted onto the dried Mueller 

Hinton Agar (MHA) plate and incubated in the incubator (Genlab Limited, UK) at 37°C 

overnight (16-20 h). Then the numbers of the bacteria in each drop was counted. Finally, 

the exact concentrations of bacteria were calculated using the following formula: C= 

N/3 × 50 ×10n, where N represented the total quantity of the bacteria at each 

concentration while n was the ratio of dilution.  

 

4.2.6 Minimum bactericidal concentration (MBC) measurement 

The clear solution at the MIC value at the concentration was chosen for the assessment 

of minimum bactericidal concentration (MBC). 20 μl clear solution in 7 replicates were 

transferred, spotted onto a new MHA plate and then incubated at 37°C overnight (16-

20 h). Finally, the MBC value was obtained as that in which no colonies grew at the 

lower concentration. The antimicrobial assays should be repeated at least three times 

and the standard error of the mean (SEM) of three experiments was calculated to show 

the variability and repeatability. 

 

4.3 Haemolysis assay 

The pure lyophilised peptide was weighed and dissolved in DMSO solution to make 

2.2 ml stock solution with the final concentration of 1024 µM. Then, 1.1 ml stock 
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solution was 2-fold diluted in the ratio of 1:1 in the PBS solution to achieve a range of 

gradient concentrations including 1024, 512, 256, 128, 64, 32, 16, 8, 4, 2 µM. Also, 22 

μl Triton X-100 (Sigma Aldrich, St. Louis, MO, USA) was diluted in 1078 μl PBS 

solution as a positive control in which 1% (v/v) non-ionic detergent Triton X-100 

(Sigma-Aldrich) can produce a 70% haemolytic effect. Meanwhile, PBS solution was 

regarded as a negative control (blank control) for the comparison of non-haemolytic 

effects. 22 μl DMSO was diluted in 1078 μl PBS solution as a vehicle control to assess 

the influence of 1% (v/v) DMSO solution on the erythrocytes.  

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

were transferred into a 50 ml 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 50 ml 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 
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least three times and the datapoint 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.  

 

4.4 MTT cell viability assay 

The human prostate cancer cell line (PC3) and the human non-small cell lung cancer 

cell line (NCI-H157) were cultured in RPMI-1640 medium (Invitrogen, Paisley, UK), 

whereas the human melanoma cell line (MDA-MB-435s) and the human neuronal 

glioblastoma cell line (U251MG) were cultured in Dulbecco’s Modified Eagle’s 

Medium (DMEM) with high glucose (25 mM) (Sigma, St. Louis, MO, USA) in a 

humidified environment containing 5% CO2 at 37°C. Importantly, both the 10% foetal 

bovine serum (FBS) (Sigma, UK) which provided nutrition for cells growing and 1% 

penicillin streptomycin solution (Sigma, UK) which inhibited the growth of bacteria 

were also added into the medium.  

 

4.4.1 Resuscitation of frozen cell lines 

The frozen cancer cells were removed immediately from -80°C freezer storage and 

thawed in a 37°C water bath (Grant JB Aqua 12, UK) by gently shaking. Then, all the 

cells were transferred into an 75 cm2 culture flask (Nunc, Denmark) with pre-warmed 

15 ml medium drop by drop and swayed gently and slowly to dilute the cryoprotectant 
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DMSO. Finally, the culture flask was incubated at 37°C in an atmosphere containing 

5% CO2 after the cell examination by an inverted microscope. 

 

4.4.2 Cell subculture and passage 

Initially, the spent culture medium was discarded after the cell confluence examination 

and then 10 ml pre-warmed PBS solution was added into the culture flask followed by 

gentle swaying to wash the cells. Afterwards, 1000 μl 1X Trypsin/EDTA (Invitrogen, 

UK) was added into the culture flask containing 10% FBS without Ca2+ and Mg2+, and 

then the culture flask was incubated for 2-5 min to digest and detached the monolayer 

cells. Subsequently, 10 ml pre-warmed medium was added into the culture flask to 

cease the digestion, followed by cell aspiration. After that, all the solution from the 

culture flask was transferred into a 15 ml universal tube and centrifuged gently for 5 

min. The supernatants were then discarded and 5 ml pre-warmed medium was added 

into the 15 ml universal tube. The cells in the tube were mixed thoroughly. Finally, 2 

ml of cell suspension was transferred into a new 75 cm2 culture flask with 15 ml pre-

warmed medium and then incubated at 37°C in a humidified environment containing 

5% CO2 after cell examination. Additionally, the cells could be employed in cell line 

cryopreservation, MTT viability assay or continuous passage after the first passaging.  

 

4.4.3 Cell quantification 

The MTT cell viability assay can be performed when the secondary passaged cells 

covered 90% of the surface of the culture flask. The previous procedures including cell 

washing, digestion, transfer, centrifugation and discarding of media were used with all 

subsequent cell passages. Five ml of pre-warmed medium was added into a 15 ml 
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universal tube with cells and then the tube contents were mixed evenly by vortexing. 

After that, 50 μl of cell suspension and an equivalent volume of 0.4% (w/v) trypan blue 

(Invitrogen, UK) were mixed in the tube. Afterwards, the mixture was added to the pre-

cleaned counting area between the haemocytometer chamber and the coverslip by 

capillary action. Nine large squares were on each side and each square was 0.1 mm2. 

Six random 0.1 mm2 squares were counted using a hand-held counter under the inverted 

microscope. The cell concentration was determined by use of the following formula: 

Cells per ml = N × 104 × 2 

2 represented the dilution factor. Finally, the volume of cells and medium were 

calculated to achieve the desired concentration of 5×104 cells per ml. 

 

4.4.4 Cell seeding 

An appropriate volume of cell suspension and pre-warmed medium were mixed and 

diluted to the final concentration of 5000 cells/100μl in the tray. Then, 100 μl samples 

of cell suspension were seeded in each well of the 96-well plate for cell attachment. 

After that, the 96-well plate was incubated at 37°C under 5% CO2 in a humidified 

atmosphere for 24 h. 

 

4.4.5 Cell starvation 

All media from the wells was removed and discarded as cleanly as possible and 100 μl 

of pre-warmed FBS-free medium was added into each well. Subsequently, the 96-well 

plate was incubated at 37°C under 5% CO2 in humidified surroundings for 6-12 h in 

order to starve the cells which can eliminate the impact of FBS in the parallel assay.  
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4.4.6 Peptide preparation 

Five mg of pure lyophilised peptide was weighed and dissolved in 198 μl DMSO to 

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

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

range of concentrations of 10-4 to 10-9 M. 

 

4.4.7 Peptide loading 

All media from the wells was removed, discarded and 100 μl of peptide dilutions at 

each concentration were loaded in 5 replicates in the 96-well plate. Then, 100 μl of pre-

warmed FBS-free medium was used as a positive control and an equal volume of 1% 

DMSO solution was also added as a vehicle control which reflected the impact of 1% 

DMOS on the cell growth. Lastly, the 96-well plate was incubated at 37°C in a 

humidified environment containing 5% CO2 for 24 h. 

 

4.4.8 MTT assay 

Ten μl of yellow-coloured MTT solution (5 mg/ml) (Sigma, UK) was added into each 

well in a dark environment and incubated for 4-6 h. When the supernatants were 

discarded completely by use of a syringe, 100 μl of DMSO was added into each well 

quickly followed by gentle agitation in the orbital incubator (Stuart, UK) for 10 min in 

order to dissolve the insoluble purple formazan crystals. Finally, the absorbance of the 

coloured solution was measured at 570 nm using the Synergy HT plate reader (BioTek, 

Winooski, VT, USA). The statistical results were analysed by Student’s t-test through 

GraphPad Prism 6.0 software. A p value of < 0.05 was considered statistically 

significance.  
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4.5 Results 

In the smooth muscles experiments, the peptide was separately applied in the channels 

of the four kinds of tissues so as to screen their effects on smooth muscle at the 

concentration of 10-5 M. The data that were recorded by the tension transducer showed 

that peptide QUB-1301 exhibited no property of activating or inhibiting the activity of 

bladder, ileum, uterus and tail artery. (Figure 4.1).  

QUB-1301 exhibits mild antimicrobial activity against the three tested microorganisms 

(Figure 4.2(A)). QUB-1301 demonstrated antimicrobial activity against 

Staphylococcus aureus with an MIC of 64 µM and an MBC of 128 µM. In Figure 4.2(B) 

and Figure 4.2(C), QUB-1301 shows no significant activity against the Gram-negative 

bacterium, Escherichia coli and the yeast, Candida albicans. Also, QUB-1301 induced 

an extremely low degree of haemolytic activity on mammalian erythrocytes (Figure 

4.3), which means there was no haemolysis at the concentrations of 64 and 128 µM that 

were used in the treatment of S. aureus. As was expected, QUB-1301 exhibited no 

significant effect on the proliferation of four cancer cell lines, U251MG, PC-3, 

MB435S and H157 (Figure 4.4.). Student’s t-test was performed to examine the 

significance of acquired data and the results showed that all the peptide treated groups 

had no significant differences compared to the controls. 
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(D) 

Figure 4.1 The recorded tensions of the prepared rat smooth muscles, bladder (A), 

ileum (B), uterus (C) and tail artery (D) in the presence of QUB-1301 at 10-5 M. 
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(C) 

Figure 4.2 Antimicrobial activity of QUB-1301 against the growth of (A) S. aureus, 

(B) E. coli and (C) C. albicans at a series of concentrations. 

 

Figure 4.3 Haemolytic activity of QUB-1301. The x-axis is the concentration of the 

peptide, and the y-axis represents the percentage of haemolysis observed. The positive 

control group is marked ‘P ’and the negative control group as ‘N’. 
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Figure 4.4 The anti-proliferation activity of QUB-1301 against four types of cancer 

cells. ‘ns’: there is no significant difference between two groups that have been 

compared by Student’s t-test; B: grow control; V: vehicle control, 1% DMSO) 
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Chapter 5 Discussion 
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5.1 General discussion and conclusions 

5.1.1 AMPs: alternative candidates for future therapeutics 

Since the discovery of antibiotics, they have been widely used in agriculture, the 

medical industry, the veterinary industry and animal husbandry, and have become an 

indispensable therapeutic agent for controlling microbial infections (Mandal et al., 

2014). However, abuse of antibiotics by some patients, farmers and health care workers 

has led to microbial resistance. In particular, the emergence of super bacteria has caused 

a global public health crisis in recent decades (Vellinga, 2014). Therefore, the task of 

developing a new generation of drugs for the prevention and treatment of microbial 

infections is urgent (Mandal et al., 2014, Vellinga, 2014). 

AMPs, as the basic components of the host defence system and an important element 

of the immune system, can effectively prevent the invasion and infection of pathogenic 

microorganisms. In addition, AMPs also have a broad-spectrum antibacterial effect, 

killing the microorganisms quickly without inducing microbial resistance. Thus, these 

molecules are expected to become potential and powerful drugs for future treatment of 

diseases caused by microbial infections (Bastos et al., 2017). 

 

 5.1.2 Advantages and disadvantages of AMPs 

The widespread potential use of AMPs should be attributed to their various advantages. 

First, most AMPs are small in size, which means they can be easily synthesised and 

optimised, and can be injected into the human circulatory system in a complete form 

(Haney and Hancock, 2013). 
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Second, AMPs have fewer side effects than traditional antimicrobial agents (Seo et al., 

2012). On the one hand, due to the unique mechanism of action of AMPs, they rarely 

cause microbial resistance (Yeaman and Yount, 2003); while on the other hand, AMPs 

do not accumulate in the target organ but can be quickly eliminated from the human 

body (Malmsten, 2014). 

Besides, AMPs are very effective and potent, such as polymyxin B (Kwa et al., 2007) 

in the treatment of Gram-negative bacterial infections and Enfuvirtide (Joly et al., 2010) 

for anti-AIDS treatment for adults and children over 6 years of age. In addition, another 

remarkable advantage of AMPs is their safety as they rarely have side interactions with 

other drugs (Lakshmaiah Narayana and Chen, 2015). 

Regarding disadvantages, first of all, the majority of AMPs have to be delivered by 

injection because of their low oral bioavailability. Compared to traditional oral 

medicines, the injections bring much pain to patients. As a result, poor compliance of 

patients becomes one of the shortcomings of AMPs. 

Moreover, as previously mentioned in the lists of advantages, AMPs can be rapidly 

eliminated from the body, which makes for short half-lives of peptide derived drugs. 

The reason is that this may lead to in vivo degradation of some peptides before they 

reach the target area resulting in the failure of the applied treatment. 

However, these problems are not impossible to overcome and can be dealt with by 

further research and development, such as structural modification and optimisation and 

dosage formula improvement. Structural modification and optimisation can alter the 

physical and chemical characteristics of the peptide, while the change of dosage 

formula can prolong the residence time of the complete form of peptide in the body. 

Both means can improve and enhance the therapeutic effects of the peptide. 
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5.1.3 Brief information about temporin peptides 

QUB-1301, which was discovered in this work, was found to be a peptide from the 

temporin family. Temporin peptides were originally discovered in the skin secretion of 

Rana temporaria. In fact, some studies have shown that the temporin peptides are 

found in most frogs inhabiting North America, Europe and Asia, but also they exist in 

smaller amounts in other related frogs. Generally speaking, the sequence of temporins 

contains 10 to 17 amino acids with post-translational modification of the C-terminal by 

amidation. Most temporins are short peptides with hydrophobic properties, adopting α-

helical structures in amphipathic environments (Conlon et al., 2009).  

The term ‘temporin’ was first used by Simmaco and his team to describe this family of 

short hydrophobic peptides that have antimicrobial activities. They found 10 

structurally related peptides by the electrical stimulation of the skin secretion from 

Rana temporaria. All of the 10 peptides contain 10-13 amino acids and show 

antibacterial and antifungal activity (Simmaco et al., 1996).  

It has been reported that both natural and synthetic temporin peptides exhibit 

antimicrobial activity against Gram-positive bacteria, while they do not show any 

haemolytic activities (Mangoni et al., 2016). This feature enables high specificity and 

high safety to become the advantages of temporin peptides. The ability of temporin to 

destroy cell membrane integrity explains why they are predominantly potent against 

Gram-positive bacteria. Due to the membranolytic effects of temporin peptides, it is 

difficult for them to induce resistance in bacteria. Besides, the membranolytic effects 

are not easily influenced by the composition of the membrane (Mangoni et al., 2007). 
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All of these are regarded as findings that can contribute to develop new types of 

antimicrobial drugs, so as to avoid the risks brought by the overuse of antibiotics. 

 

5.1.4 Discussion of the activities of QUB-1301 

The results of the anticancer cell assays and smooth muscle assays were both negative. 

In other words, QUB-1301, as a temporin, possess little capacity in inhibiting the 

growth of the four cancer cell lines, and can hardly affect smooth muscles. The results 

of the antimicrobial assay of QUB-1301 shows activity against S. aureus (Gram-

positive bacterium), with the value of 64 µM for MIC. However, it shows scarcely any 

capacity of inhibiting the growth of E.coli (Gram-negative bacterium) and C.albicans 

(yeast). Meanwhile, at such concentrations, the haemolytic effects were slight, which 

means QUB-1301 is only active against Gram-positive bacteria and would induce little 

and even no haemolysis of human cells. All of these properties of QUB-1301 are 

consistent with the characteristics of the temporin peptide family. Moreover, these 

characteristics make it possible for QUB-1301 to become an antimicrobial drug 

clinically in the future through more experiments.  

Above all, it can be concluded that QUB-1301 is able to kill S.aureus, while it shows 

little activity against E.coli or C.albicans. Therefore, it can be inferred that QUB-1301 

exhibits high selectivity for Gram-positive bacteria with little haemolysis. This 

phenomenon may be associated with the structure of these two kinds of bacteria. The 

cell wall of Gram-positive bacteria is a thick and dense layer consisting of 

peptidoglycan and teichoic acids, while the cell wall of Gram-negative bacteria is a 

multilayer structure containing a thin peptidoglycan layer, the lipoprotein layer, the 

phospholipids and lipopolysaccharide layer. The multilayer structure can protect Gram-
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negative bacteria from damage by detergents, dyes and AMPs. Additionally, the nature 

of AMPs also affects their antibacterial activity. Their net cationic charge affects 

selectivity, which helps to target negatively charged microbial membranes instead of 

acting on zwitterionic mammalian membranes. Besides, the hydrophobicity of AMPs 

also has an effect on their antimicrobial capacity. Hydrophobicity can promote peptide 

interactions with fatty acyl chains. In summary, although QUB-1301 has a strong 

hydrophobicity, the net charge is only +1. The low positive charge of QUB-1301 may 

lead to its weak interaction with the bacterial membrane, which may be one of the 

reasons for its mild antimicrobial effects. 

 

5.2 Future work 

The effects of QUB-1301 on smooth muscle, antibacterial activity, haemolytic activity 

and anticancer activity were investigated in this study. As a result, QUB-1301 was 

found to be active against Gram-positive bacteria. In following studies, it is necessary 

to find out the secondary structure of this peptide by applying techniques like circular 

dichroism. In addition, the antibacterial mechanism of QUB-1301 remains to be studied. 

The clarity of the mechanism of antibacterial activity for QUB-1301 is conducive to 

the understanding of the principle of its biological action and the toxic and side effects. 

Moreover, QUB-1301 can be modified by the substitution of amino acids by positively-

charged amino acid residues like K (lysine) and R (arginine) to add to the net cationic 

charge of the peptide, so that the antimicrobial capacity can be improved. In this study, 

only the relevant in vitro experiments have been carried out. In order to find out the 

exact efficacy and safety of QUB-1301, in vivo experiments using special animal 

models would also be essential. 
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In summary, QUB-1301 is a promising lead to be developed into a new generation of 

specific and potent drugs with powerful antimicrobial activity. However, before that, 

much research and experimentation are still needed to study and optimise the drug 

properties. 
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