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Abstract 
 
Amphibian skin secretion is one of the richest sources for antimicrobial peptides 

(AMPs) which have potent bioactivity and pharmaceutical value for new drug 

development. In this thesis, QUB-1452, an AMP, was isolated and characterised from 

the skin secretion of Rana amurensis. The peptide is composed of 13 amino acid 

residues, FLPVLISLIGRLL, and is C-terminally amidated. The structure and 

functions of QUB-1452 were identified via nucleotide/amino acid sequencing and 

bioactivity analyses. The results showed that QUB-1452 had relatively strong 

antimicrobial activity against S. aureus (Staphylococcus aureus) and C. albicans 

(Candida albicans) with minimal inhibitory concentrations of 8 µmol/L and 16 µmol/L 

respectively, while it had little effect on the growth of E. coli (Escherichia coli). In 

addition, QUB-1452 had high haemolytic activity at high concentrations, whereas the 

haemolytic activity was relatively low at the minimal inhibitory concentrations against 

S. aureus and C. albicans at 3.3% and 6.6%, respectively. Moreover, the peptide had 

no effect on cancer cells. These data demonstrate the potential of amphibian skin 

secretions to provide novel natural peptide templates for biological evaluation. 
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The history of human life is twined with the development of medicine. Plants are 

generally the source of most clinical medicinal applications and in the case of 

traditional Chinese medicine, typically, these plants are herbs. Many famous 

traditional Chinese doctors, like Li Shizhen and Sun Simiao, have made use of these 

plants to make a tremendous difference to human health around the world.  

Besides plants, medicines can also be derived from animals, which have played an 

important role in traditional Chinese pharmacy, a conspicuous difference between 

western and oriental treatments. On 8th and 9th December 1994, International Business 

Communications held a conference entitled ‘Discovering Drugs from Nature: Novel 

Approaches and New Sources’, which raised awareness of naturally existing 

substances with potential medical value [1]. In recent years, the significant advances 

in genetic technology have not only developed our understanding of the human but 

have also prompted research into animals with potential value for pharmaceutics. 

Compared with peptides and proteins in plants, those produced by animals have much 

more similarities with humans, indicating they are likely to have greater bioactivity.  

Of the peptides and proteins derived from animals, ‘chansu’, which is made from the 

dried skin of frogs or toads, is a good example of a traditional Chinese medicine. 

‘Chansu’ is typically used for strengthening the heart and constricting blood vessels, a 

treatment widely utilised in Chinese medicine. The secretions derived from the skin of 

these amphibians are the bioactive substances in ‘chansu’, and contain abundant 

peptides and proteins. Although most of them have been described, the chemical 

structures of many remain unknown but are likely to have some potential 

pharmaceutical significance [2]. 

Amphibians have a broad distribution, living on all the continents except Antarctica. 

They are ectothermic vertebrates, living in a variety of ecological environments, 
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generally in aquatic and terrestrial environments such as slow-flowing rivers, ponds, 

ditches, deep leaf-litter, the upper soil zones of the forest floor, underground burrows, 

and in rotting logs. 

These habitats are also host to numerous other organisms, including bacteria and fungi 

which can be life-threatening to amphibians if their skins are broken. Intact, amphibian 

skin offers a formidable barrier and its secretions are thus worthy of research for their 

potential medical value. 

 

 

1.1 Amphibian biology 

‘Amphibian’ is derived from the Greek ‘amphibios’, meaning ‘both kinds of life’ – an 

accurate description of their life history. About 400 million years ago, one group of 

fish came out of the aquatic environment and then evolved into amphibians.  The 

arrival of amphibians in evolutionary history is of vital importance because they are 

the bridge connecting aquatic and terrestrial systems. 

Amphibians typically start out as larvae living in water, but some species have 

developed behavioural adaptations to bypass this. The young generally undergo 

metamorphosis from larva with gills to an adult air-breathing form with lungs. 

Amphibians use their skin as a secondary respiratory surface and some small terrestrial 

salamanders and frogs lack lungs and rely entirely on their skin. 

 

1.1.1 Rana amurensis 

There are approximately 240 species within the genus Rana, which makes it the largest 

group within the ranids [3]. 
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Figure 1.3 Distribution of Rana amurensis 

(www.reptile-stamps.de/html/rana.html) 

(Available from: 11/2016) 

 

Rana amurensis (also called the Khabarovsk frog, Siberian wood frog, Heilongjiang 

brown frog or Amur brown frog) mainly inhabits western and eastern Siberia, the 

Russian Far East, north and central regions of Mongolia, northeast China, and the 

northern Korean Peninsula as well as on the island of Sakhalin. Rana coreana, native 

to South Korea, was once regarded as a subspecies of Rana amurensis [4]. 

 

Figure 1.4 Rana amurensis 

(http://olorotitan.deviantart.com/art/Rana-amurensis-306537537) 

(Available from: 11/2016) 

http://www.reptile-stamps.de/html/rana.html
http://olorotitan.deviantart.com/art/Rana-amurensis-306537537
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In terms of life characteristics, body size and age are both important for Rana 

amurensis, and they vary across its range. Altitude has a significant influence on 

amphibians [5]. Furthermore, environmental fluctuations also have effects on sexuality 

[6]. 

 

 

1.2 The peptides of frog skin secretion 

As the living environment is filled with enormous numbers of invisible, potentially 

life-threatening microbes, AMPs are of vital importance for protection against 

infection. AMPs are ubiquitous in Nature, and can be found in numerous plant and 

animal taxa, for example insects, amphibians, birds, fish and mammals, including 

human beings [7]. For frogs, AMPs are one of the most important groups of secretory 

peptides produced and are stored in granular glands. These glands release a variety of 

peptides with a range of bioactivities, an important one being antimicrobial [8].  

Some online databases have records for AMPs and proteins. The APD3 database of the 

University of Nebraska contains over 2500 peptides [9]. A database of AMPs 

published online recently (available from 11/2016) contains 17,360 sequences, 

including 4,582 general AMPs, 12,704 patented sequences, and 74 peptides in 

pharmaceutical research [10]. These databases provide users with detailed information 

of AMPs, such as their mechanisms of action and target organisms.  

 

1.2.1 Antimicrobial peptides (AMPs) 

AMPs are generally short peptide chains, usually twelve to fifty amino acids in length, 

and their molecular weights are usually less than 3000. They are mainly positively 
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charged (cationic) peptides because of arginine and lysine residues, and they also have 

abundant hydrophobic amino acids [11]. 

 

Figure 1.7 Four types of secondary structures for AMPs 

(https://commons.wikimedia.org/wiki/File:Various_AMPs.png) 

(Available from: 11/2016) 

The secondary structures of AMPs occur in four different types, which are: (I) α-helical, 

(II) β-stranded, resulting from the existence of two or more disulphide bridges, (III) β-

hairpin, also called loop because of the presence of a disulphide bond or the circle 

formed by the linear peptide chain and (IV) extended, resulting from the abundance of 

certain amino acids like glycine, proline, tryptophan, arginine and histidine [12]. 

 

1.2.1.1 Biosynthesis pathways of AMPs 

As AMPs are produced and stored in the granular glands and exert their functions on 

the surface of the skin, they have the similar biosynthesis pathways to other secretory 

peptides. 

Peptides or proteins need processing after translation from mRNA by the ribosome to 

have certain bioactivities. At the start of translation, the signal peptide is translated at 

https://commons.wikimedia.org/wiki/File:Various_AMPs.png
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first from the start codon. After several amino acids, signal peptides come out of 

ribosomal subunits and combine with signal recognition particle (SRP) in the cytosol, 

and translation is paused at that moment. SRP directs the newly synthesised peptide 

with mRNA and ribosome to the SRP receptor on the endoplasmic reticulum (ER) 

membrane and the paused translation is reinitiated at the same time. The ribosome 

receptors on the ER membrane exert their function to open a channel to make the 

peptide enter the ER lumen through the membrane. In the ER lumen, the signal peptide 

is cleaved by signal sequence peptidase and transported by vesicles to the Golgi 

apparatus and other places. 

 

1.2.1.2 Post-translational modification in the peptides 

Post-translational modification (PTM) is of vital importance to peptides and proteins 

to have normal bioactive functions. It can occur on the amino acid side chains or at the 

protein's C- or N- terminals. The type of post-translational modification varies across 

peptides, while methylation, demethylation, amidation, glycosylation, oxidation and 

phosphorylation and others are very common ways of PTM. For example, p53 tumour 

suppressor protein is regulated by phosphorylation – the most common method of post-

translational modification used to regulate the activity of enzymes [13].  

Another common structural modification is amidation. According to studies by 

Dennison and Phoenix, amidation increases the efficacy of modelin-5 by enhancing 

helix stability at the membrane interface and a higher level of helicity in modelin-5-

CONH2 can be observed compared with modelin-5-COOH [14]. 
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1.2.2 The mechanism of action of AMPs 

AMPs kill cells quickly, both in vivo and in vitro, yet the process is not well understood. 

It is known that there are 4 steps in this: attraction, attachment, insertion and membrane 

permeabilization [15], some of which may take longer than others, but are still 

necessary. 

As the isoelectric point (pI) of a bacterial surface is generally 3 to 4, lower than the pH 

of environment in vivo or in vitro, deprotonation usually occurs on the surface of 

bacteria leading to the anionic structure of bacterial surfaces. As above, due to the 

presence of arginine and lysine residues and the existence of hydrophobic amino acids, 

the AMPs are usually cationic. Firstly, attraction and attachment occur for the 

electrostatic attraction between cationic peptides and anionic bacterial surfaces, and 

cationic AMPs are attracted by the teichoic acid on the outer membrane of Gram-

negative bacteria. Although bacteria cannot be killed in this procedure, it means that 

there are further interactions between the peptides and membranes in order to kill the 

bacteria. 

After the attraction or attachment between peptides and bacteria, the AMPs cannot 

interact with the outer membrane until the peptides go through the capsular 

polysaccharide which contains lipopolysaccharide in Gram-negative bacteria. 

Similarly, the peptides need to pass through the capsular polysaccharides, the teichoic 

acids and the lipoteichoic acids to interact with the cell membrane of Gram-positive 

bacteria. These procedures are affected by the concentration of peptide and the 

thickness of the membrane. 

At a low ratio of peptide: lipid, the peptides are parallel with the lipid bilayer and 

connected to them [16]. With the increase of that percentage, the direction that peptides 

combine with the lipid bilayer tends to be perpendicular. When the concentration of 
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peptides is high, peptides are connected to the bilayer perpendicularly and the 

transmembrane pores appear. Peptides can break through the bilayer due to the 

transmembrane pores. The procedure, including membrane permeabilization and 

peptide insertion, is described by certain models as below. 

 

Figure 1.8 Three typical models of AMP actions on membranes 

(a) Barrel-stave (b) toroidal pore and (c) carpet. 

(https://openi.nlm.nih.gov/detailedresult.php?img=PMC3189763_ijms-12-05971f1&req=4) 

(Available from: 12/2016) 

 

1.2.2.1 The barrel-stave model 

The activities of AMPs and other naturally produced peptides and toxins are performed 

by the induction of transmembrane pores in the lipid bilayers under certain conditions 

[17]. It is important to illuminate the process of pore formation by these peptides. The 

process is easier to explain through models and the first model of peptide-induced 

transmembrane pores was proposed by Baumann and Mueller in 1974 to make sense 

https://openi.nlm.nih.gov/detailedresult.php?img=PMC3189763_ijms-12-05971f1&req=4)
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of the single-channel conductance induced by alamethicin in black lipid membranes 

[18].  

As the type A in Figure 1.8, peptides are combined to form a bundle with a central 

lumen, like a barrel made of helical peptides as staves. This kind of barrel-stave model 

for the formation of transmembrane pores is regarded as a typical model to explain the 

process of pore formation. However, after many experiments and research, this model 

has been corrected as it can only be used to account for the pores induced by 

alamethicin [16]. 

 

1.2.2.2 The toroidal pore model 

As the barrel-stave model was proposed early, the pores induced by melittin were also 

described by the barrel-stave model at the very beginning [19]. 

The toroidal pore model is different to the barrel-stave model and here the peptides are 

always combined with the lipid head groups when they are vertical in the lipid bilayers. 

As many AMPs are cationic molecules and when they bind to each other, a high 

coulomb energy is generated, it is hard to form pores by the barrel-stave model [16].  

As shown in Figure 1.8 (B), the AMP helices pass through the membrane and the lipid 

layers and induce a continuous bending. And the water core is lined by peptides and 

lipid head groups and mask the cationic peptide charges [16].  

 

1.2.2.3 The carpet model 

There are some peptides which differ from others in that they exhibit much higher 

antibiotic activity at low pH than that at neutral pH. These peptides bind parallel to the 

membrane at low pH while they can form transmembrane alignment at neutral pH. 
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Thus a third type model was proposed and this model covers the membrane surface 

like the  carpet (Figure 1.8 (C)) [20].  

For peptides acting via the carpet model, the peptide monomers bind to the 

phospholipid head groups at first. With the increase in peptide concentration up to a 

certain threshold, a circular pore is formed by the peptides in the membrane, making 

other peptides pass through the membrane and the membrane is broken into pieces 

finally [21]. 

 

1.2.2.4 Intracellular model 

 

Figure 1.9 Intracellular killing mechanism of antimicrobial peptides 

(http://www.intechopen.com/books/concepts-compounds-and-the-alternatives-of-

antibacterials/antibacterial-drugs-from-basic-concepts-to-complex-therapeutic-mechanisms-of-

polymer-systems) 

(Available from: 12/2016) 

Besides the three models above, increasingly, research has found that AMPs also have 

intracellular targets to exert their functions. As shown in Figure 1.9, cationic AMPs 

bind to anionic nucleic acids, such as DNA and/or RNA, to stop the replication and 

transcription, and some can inhibit synthesis of certain proteins and enzymes in the 

http://www.intechopen.com/books/concepts-compounds-and-the-alternatives-of-antibacterials/antibacterial-drugs-from-basic-concepts-to-complex-therapeutic-mechanisms-of-polymer-systems)
http://www.intechopen.com/books/concepts-compounds-and-the-alternatives-of-antibacterials/antibacterial-drugs-from-basic-concepts-to-complex-therapeutic-mechanisms-of-polymer-systems)
http://www.intechopen.com/books/concepts-compounds-and-the-alternatives-of-antibacterials/antibacterial-drugs-from-basic-concepts-to-complex-therapeutic-mechanisms-of-polymer-systems)
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microorganisms. Also, cell walls and the cytoplasmic membranes can be effected by 

some AMPs [22]. Generally, the antimicrobial activities of these peptides are 

performed in a variety of ways. 

 

 

1.3 Differences between Gram-positive and Gram-negative bacteria 

By Gram staining, bacteria can be divided into two large groups: Gram-positive 

bacteria and Gram-negative bacteria, distinguished by the different components of the 

cell wall. 

As shown in Figure 1.10, cell walls of Gram-positive bacteria have thicker 

peptidoglycan than Gram-negative bacteria, and only have one layer of membrane, 

whereas Gram-negative bacteria, have an outer and inner membrane. This former 

difference causes these two groups to stain differently.  

Teichoic acid exists in Gram-positive bacteria specifically, and there are two types of 

teichoic acid: lipoteichoic acid (LTA) and wall teichoic acid (WTA). The lipoteichoic 

acid is anchored to the cytoplasmic membrane and extends from the phospholipid 

bilayers into the peptidoglycan layers, while the wall teichoic acids are covalently 

attached to peptidoglycan and extend through and beyond the cell wall [23, 24]. 

Teichoic acids form a dense network on the surface of Gram-positive bacteria and have 

negative charge, attracting some cations like magnesium which provides the cell wall 

with rigidity and provides some enzyme activities [25]. 
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Figure 1.10 Differences of cell walls between Gram-positive and -negative bacteria 

(http://hubpages.com/education/What-Are-Cells-Made-Of-Prokaryotic-Cell-Structure-Part-3-of-3) 

(Available from: 12/2016) 

Lipopolysaccharides (LPS), exclusive to Gram-negative bacteria cell walls, bind with 

the phospholipid bilayers of the outer membrane. LPS are of critical importance to 

bacteria, as they protect the cell from damage by toxic compounds such as antibiotics, 

regulate nutrient transport, and mediate the interaction between bacteria and host 

organism [26]. LPS is released from the outer membrane if bacteria die or lyse, and 

has been recognised as a potent bacterial toxin and termed endotoxin, leading to 

infections by Gram-negative bacteria [26].  

 

 

http://hubpages.com/education/What-Are-Cells-Made-Of-Prokaryotic-Cell-Structure-Part-3-of-3
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1.4 Features of temporin-like peptides 

The main purpose of this study was to identify and characterise a novel bioactive 

peptide from the defensive skin secretion of Rana amurensis. The amino acid sequence 

of this peptide was found to be: FLPVLISLIGRLL-NH2. According to the results of 

the query sequence from BLAST analysis, this peptide belongs to a group of AMPs 

known as temporins. 

Temporins were identified and characterised for the first time in the study of Simmaco 

et al. in the methanol extracts of skins of the Asian frog Rana erythraea and the 

European hybrid frog Rana esculenta [27]. 

 

1.4.1 Structural similarities among the temporins 

Temporins are the smallest among the known ranid frog AMPs consisting of ten to 

fourteen amino acids residues, while there are some temporin-like peptides with up to 

seventeen residues in their sequence. Due to the presence of only one or two basic 

residues in the sequence, temporins have a low net positive charge at neutral pH (0 to 

+3), which is a unique feature [28].  

In general, temporins are amidated at the carboxyl group resulting from a post-

translational enzymatic reaction, which is different from other frogs’ AMPs containing 

a C-terminal heptapeptide ring and stabilised by a disulphide bridge [29]. 

 

1.4.2 Selectivity of temporins against microbes  

Although temporins have small sizes and low net positive charges, these AMPs are 

able to exert their function against Gram-positive bacteria with powerful efficacy [30]. 

Their minimal inhibitory concentrations (MICs) vary from 2.5 to 20µM [31, 32]. 

Besides Gram-positive bacteria, according to the studies of Rinaldi and Conlon et al., 
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some isoforms, for example, temporin-1 Tl and temporin-1 Dra, can act with 

formidable effect against Gram-negative bacteria, fungi and erythrocytes [33, 34].  

However, the molecular mechanism regulating the selectivity of temporins has not 

been clarified but recent research has shown that selectivity can be affected by the 

physical and chemical properties of temporins, the type of target cell membrane and 

metabolism [28]. 

 

 

1.5 Aims and objectives of this thesis 

This study has aims and objectives as follows: (I) To characterise the structure of QUB-

1452 by molecular cloning, HPLC and MALDI-TOF MS, (II) To test the bioactivity 

of QUB-1452 by multiple bioassays following its chemical synthesis (III) To become 

familiar with the approaches for the development of novel drugs in early stages. (IV) 

To become capable of operating experimental instruments and conducting procedures 

independently. 
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Chapter 2 

MATERIALS and METHODS 
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2.1 Specimen biodata and collection of skin secretion 

Specimens of Rana amurensis (n=3, both sexes, 6 cm snout-to-vent) were collected 

from the People`s Republic of China. All the specimens of frogs were adults and they 

were released after collection of skin secretion. The dorsal skin was stimulated by 

gentle electrical stimulation in order to obtain skin secretion as described by Tyler et 

al.[35]. The electrically-stimulated secretions were washed from the skin surface by 

deionised water and divided into either 0.2% (v/v) aqueous trifluoroacetic acid (for 

subsequent peptide detection), or into cell lysis/mRNA stabilisation buffer (Dynal) for 

subsequent cDNA library construction. 

 

 

2.2 Molecular cloning 

The mature mRNA has polyadenylated 3`-ends, which ensures that mRNA can be 

isolated from stabilisation buffer by magnetic oligo-dT beads as described by the 

manufacturer (Dynal Biotech, UK) and reverse-transcribed to construct a cDNA 

library. The cDNA was subjected to 3`-RACE procedures to obtain full-length peptide 

nucleic acid sequence data using a SMART-RACE kit (Clontech, UK) essentially as 

described by the manufacturer. The 3`-RACE reactions employed a nested universal 

primer (NUP), supplied with the kit, and a degenerate sense primer (5`-

GAYGTICCIAARWSIGAYCA-3`) that was designed to a highly conserved domain 

of the 5`-untranslated region of previously characterised antimicrobial peptide cDNAs 

from Rana species. The PCR cycling procedure was as follows- initial denaturation 

step: 60 s at 94 °C, 35 cycles: denaturation 30 s at 94 °C, primer annealing for 30 s at 

53 °C, extension for 180 s at 72 °C. PCR products were gel-purified, cloned using a 

pGEM-T Easy vector system (Promega Corporation) and sequenced using an ABI3100 
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automated sequencer. The general strategy of genomic study in this project is shown 

in Figure 2.1 and more details of each operational step are mentioned in the following 

sections. 

 

Figure 2.1 General strategy of the genomic study 
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2.2.1 Isolation of mRNA 

Polyadenylated mRNA was isolated from stabilisation buffer using magnetic 

Dynabeads® Oligo (dT)25 beads as described by the manufacturer (Dynal Biotech, 

UK). The procedures were strictly controlled by the manufacturer`s instructions. All 

the instruments were sterilised and gloves were worn to prevent contamination. At 

first, Dynabeads were re-suspended thoroughly before use and then 250 µL of 

suspension were transferred into an RNase-free 1.5 mL microcentrifuge tube. Then the 

tube was placed on a magnetic rack, the beads inside the tube were isolated from 

storage solution and the supernatant was replaced with an equivalent volume of 

Lysis/Binding buffer. The tube was placed on the magnetic rack again and this step 

was repeated for exchanging the Lysis/Binding buffer with the sample. 1 mL of 

Lysis/Binding buffer was added into the 1.5 mL centrifuge tube which already 

contained 5.0 mg of the skin secretion. The sample was dissolved by vortexing and the 

tube was then put into an ice bath from time-to-time for cooling and inhibiting the 

activity of RNase. Afterwards, the tube was centrifuged for 5 min at 14000 x g and in 

this way the sediments were at the bottom of the tube and the supernatant was 

transferred into the prepared Dynabeads. To mix the beads and the sample lysate, the 

tube was gently rotated upside down for at least 10 min. During the time at room 

temperature, the poly A tail of mRNA could anneal to the oligo-dT on the beads. When 

the step was finished, the mRNA free sample was removed by using the magnetic rack 

in the same procedure as described (Figure 2.2). The beads connected with mRNA 

were washed by Washing Buffer A three times and Washing Buffer B two times 

respectively. In the final washing, the buffer contained in the tube was totally removed 

carefully. Then the elution buffer, 18 µL of Tris-HCl, was added into the tube through 

the inside wall of the tube to ensure all the beads were dispersed into the fluid. The 
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tube was put in an 80 °C heating block for 2 min and was then rapidly put into the 

magnet rack. All the sample solution containing mRNA was transferred into a 200 µL 

PCR tube and placed immediately in the ice bath.  

 

Figure 2.2 Isolation of mRNA 
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2.2.2 Synthesis of the first-strand cDNA 

This was performed by using a SMART™ RACE cDNA Amplification Kit (BD 

Clontech, UK). Two tubes of 5`-RACE-Ready cDNA reaction samples were prepared 

by combining 3 µL mRNA sample, 1 µL 5`-CDS primer (10 mM) and 1 µL BD 

SMART II A oligo (10 mM) together, while three tubes of 3`-RACE-Ready cDNA 

reaction samples were mixed by 4 µL mRNA sample and 1 µL 3`CDS primer (10 mM). 

All the bottles of reaction mixes were incubated in a 70 °C heating block for 2 min and 

cooled on ice for 2 min. The master mix was prepared and consisted of 2 µL 5 × First-

strand buffer, 1 µL DTT (20 mM), 1 µL dNTP Mix (10 mM), 1 µL PowerScript 

Reverse Transcriptase, and 5 µL of reaction sample. The solution was mixed by gently 

pipetting and the tubes were briefly centrifuged to make the liquid gather at the bottom 

of the tubes. The tubes were then put into the 96 well Thermal Cycler (ThermoFisher 

Scientific, USA) to be amplified by PCR (Polymerase Chain Reaction) for 90 min at 

42 °C (the lid was set at 105 °C to prevent sample liquidation there). After that, 50 µL 

of PCR-grade water were added into each tube for dilution and they were mixed and 

briefly centrifuged. Finally, the tubes were placed into the Thermal Cycler again for 7 

min at 72 °C (the lid was 105 °C), and the 3`- and 5`-RACE-Ready cDNA samples 

were obtained. The products could be stored at -20 °C for up to 12 months. 

 

2.2.3 3`-RACE (Rapid Amplification of cDNA Ends) PCR 

The cDNA was subjected to RACE procedures to obtain open-reading frame-encoding 

nucleic acid sequence data using an Advantage™ 2 PCR Kit (BD Clontech UK). The 

3`-RACE reaction employed an NUP (Nested Universal Primer) primer (supplied with 

the kit) and a degenerate sense primer that was designed to a highly-conserved domain 

of the 5`-untranslated region of previously-characterised AMP-encoding cDNAs from 
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Rana species. For each 11 µL PCR reaction, the reagents of master mix were 3.1 µL 

PCR-Grade Water, 1.5 µL 10 × BD Advantage 2 PCR Buffer, 0.2 µL dNTP Mix (10 

mM), 0.5 µL NUP (20 µM), 0.5 µL Sense Primer (20 mM) and 0.2 µL 50 × BD 

Advantage™ 2 Polymerase Mix. For the two tubes of the sample group, 5 µL 3` cDNA 

were added into each tube, and for the two control group tubes, 5 µL of PCR-Grade 

Water were added into each tube. The solutions in the tubes were mixed well and 

concentrated by briefly centrifuging, after which all tubes were placed into the Thermal 

Cycler. The PCR cycling procedure was as follows (Figure 2.3): 

Figure 2.3 The PCR cycling procedure 
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2.2.4 Agarose Gel Electrophoresis 

After 3`-RACE, agarose gel electrophoresis was used to analyse the PCR products. 

Frist of all, agarose powder (Invitrogen, UK) was mixed with appropriate volume of 

freshly prepared 1 × Tris/Borate/EDTA (TBE) buffer (Invitrogen, UK), and the mixture 

was heated to make the gel (Table 2.1). A volume of 10 mg/mL Ethidium Bromide 

(EB) (Sigma-Aldrich, USA) was added to the liquid gel and fully dissolved by gently 

shaking the flask. After that, the gel was poured into a prepared chamber and left to 

cool for 30 min until the mixture became solidified. After preparation of the gel, the 

combs were picked out of the gel to make the columns exposed. 1 × TBE buffer was 

added into the chamber up to the maximum level to submerge the gel. A volume of 

DNA ladder (BioLabs, UK) was dropped in the column of each row for evaluation of 

the size of the products and the products of 3`-RACE PCR were mixed with loading 

dye which was used to visualise the position of DNA bands (Table 2.2). A continuous 

current of 90 V was applied for about 30 min after which the gel was removed and 

placed under the UV light to display the bands and to take photographs (Figure 2.3). 

 

Gel Unit 1 × TBE Buffer (mL) Agarose (g) EB (µL) 

SCIE-PLAS HU6 35 0.45 2.5 

SVG-SYS 7 × 7 cm 45 0.58 3.5 

SVG-SYS 10 × 10 cm 85 1 7 

Table 2.1 Recipe for agarose gels for different sizes of chamber 
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Gel Unit PCR Product (µL) Loading Dye (µL) DNA Ladder (µL) 

SCIE-PLAS HU6 2.5 0.7 3.5 

SVG-SYS 7 × 7 cm 1.5 0.5 2.5 

SVG-SYS 10 × 10 cm 5 1.5 7 

Table 2.2 Volumes of sample loading for different sizes of chamber 

 

 

Figure 2.3 Schematic of agarose gel electrophoresis 

(http://classroom.sdmesa.edu/eschmid/Lab12%20-%20Biol210.htm) 

(Available from: 01/2017) 

 

2.2.5 Purification of PCR products 

A Cycle Pure Kit (Omega Bio-Tek, USA) was used to purify the RACE PCR products. 

Five volumes of Quintuple CP Buffer were added to one volume of the PCR products 

and the mixture was then transferred into a cartridge which was placed in a collection 

http://classroom.sdmesa.edu/eschmid/Lab12%20-%20Biol210.htm
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tube. The cartridge with the tube was centrifuged at 15,000 × g for 1 min in an 

Eppendorf Centrifuge 5424 (Eppendorf, Germany), and the solution in the collection 

tube was discarded. After that the cartridge was placed back into the collection tube 

and 700 µL of washing buffer was added to the cartridge. It was then centrifuged at 

15,000× g for 1 min and the solution in the collection tube was poured out. Then 

another 500 µL washing buffer was to the cartridge and it was centrifuged at 15,000× 

g for another 1 min and the liquid was discarded. After that an additional 2 min 

centrifugation at 18,000× g was performed to remove the remaining liquid completely 

and the collection tube was replaced by a new 1.5 mL tube outside the cartridge. 30 

µL of PCR grade water was added in the cartridge and then it was centrifuged at 

15,000× g for 1 min. The purified products were left in the 1.5 mL tube and a vacuum 

concentrator was used to dry the sample for 45 min. 

 

2.2.6 Ligation of purified DNA 

According to the brightness of the DNA bands after gel electrophoresis, an appropriate 

volume (2-8 µL) of PCR grade water was added to the purified products. The brighter 

the gel electrophoresis graphic, the more water was added to reconstitute the products. 

After that the solution was vortexed and centrifuged briefly. Then 2.5 µL of 2× Rapid 

Ligation Buffer was added into a 0.2 mL PCR tube after vortex and 0.5 µL of pGEM®-

T Easy Vector was also added into the tube. Next 1.5 µL of diluted PCR products 

mentioned above were added into the same tube and the mixture was gently pipetted. 

Finally, 0.5 µL of T4 Ligase was added into the tube. The tube was placed on a rack at 

room temperature and left for 1h. The tube was stored in a 4 ºC fridge overnight (16-

24 h) (Figure 2.4). 
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Figure 2.4 pGEM®-T Easy Vector 

(https://www.researchgate.net/figure/272482727_fig2_Fig-2-pGEMR-T-Easy-vector-circle-map-and-

sequence-reference-points) 

(Available from: 01/2017) 

 

2.2.7 Transformation 

A volume of 2.3 µL of ligation products was added to a 1.5 mL Eppendorf tube (sterile) 

on the ice, and the heating block was set to 42 ºC at the same time. JM 109 cells 

(Promega, USA), the competent E. coli cells, were taken from the -80 ºC freezer onto 

ice until thawed (about 4 min). Then 60 µL of cells were added into the tube containing 

the ligation products carefully. 

The contents of tubes were mixed by gently flicking then they were placed on ice for 

20 min. After that the cells were heated in heating block at 42 ºC for 47 s (accurate 

time and temperature is necessary and do not shake). The tubes were then immediately 

placed on ice for 2 min. 950 µL of room temperature S.O.C medium (Invitrogen, USA) 

https://www.researchgate.net/figure/272482727_fig2_Fig-2-pGEMR-T-Easy-vector-circle-map-and-sequence-reference-points
https://www.researchgate.net/figure/272482727_fig2_Fig-2-pGEMR-T-Easy-vector-circle-map-and-sequence-reference-points
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were added into the tubes containing cells transformed in the ligation products and 

incubated for 2.5 h at 37-38 ºC (the shaking rate was around 150 rpm). 

 

2.2.8 Plating the substrate 

It was required to prepare agar plates with LB/ampicillin/IPTG/X-Gal media. A bottle 

of 100 unit/mL LB agar (Invitrogen, UK) was autoclaved. It was cooled to 65 °C before 

50 mg/mL ampicillin (Roche, USA), an antibiotic, was added to give a final 

concentration of 100 µg/mL. 10 mL of medium was poured into 9 cm Petri dishes. The 

agar hardened in the laminar flow hood for a period at least 30 min and these could be 

stored at 4 °C for up to one month or at room temperature for up to one week. After 

solidification, 110 µL IPTG (0.1 M, Promega, USA) and 20 µL X-Gal (50 mg/mL, 

Promega, USA) were spread on the surface of LB-ampicillin and allowed to be 

absorbed for 30 min at 37 °C. After these, the plates were ready for plating the 

transformed E. coli cells. 110 µL of each transformation products were spread onto 

identical ampicillin/LB-Agar/IPTG/X-Gal plates and incubated overnight (18-22 h) at 

37 °C. 

 

2.2.9 Blue and white screening 

Three plates were made according to the method described above and incubated for 30 

min. Samples of the most independent and largest white colonies were added to each 

marked area of the three new plates and incubated for overnight (18-22 h). Blue 

colonies were not selected because they contained non-transformed cells (Figures 2.5-

2.7). 
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Figure 2.5 The plate after transformation 

 

 

 

Figure 2.6 Plate divided into 18 regions with marker pen 
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Figure 2.7 Streaked samples containing white colonies 

 

2.2.10 Isolation of recombinant plasmid cDNA 

It was necessary to identify the cells that contained the DNA of interest inserted at the 

appropriate orientation and to isolate these cells from those not successfully 

transformed. With the antibiotic resistance markers in the vector, it allows only cells 

in which the vector, but not necessarily the insert, had been transfected, to grow. 

Additionally, the cloning vectors also contain colour selection markers which provide 

blue and white screening via β-galactosidase on X-Gal medium. Nevertheless, these 

selection steps do not absolutely guarantee that the DNA insert is present in the cells. 

Further investigation of the resulting colonies is required. Therefore, after incubation, 

white colonies were picked up, streaked onto other ampicillin/LB-Agar/IPTG/X-Gal 

plates and incubated overnight at 37 °C. With this step, there would be a further 

selection to grow more cells for extraction of plasmid cDNA. 

After the second time of incubation, a sample from each white colony was placed in 

separate 1.5 mL RNase-free tubes containing 20 µL of PCR-grade water. The tubes 

were put into heating block (100 °C, 5 min), then placed into ice for 5 min and finally 
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centrifuged at 20,000 × g for 5 min in an Eppendorf Centrifuge 5424 (Eppendorf, 

Germany). The supernatant in the tube contained recombinant plasmid and would be 

used as a template for the cloning PCR. 

 

2.2.11 Cloning PCR 

This was performed by using a Taq DNA Polymerase. Master mix was prepared in a 

1.5 mL tube, which consisted of 10 µL 5 × Cloning PCR Buffer, 1 µL dNTP Mix (10 

mM), 2.5 µL M13 forward primer (20 µM), 2.5 µL reverse primer (20 µM) and 31 µL 

of PCR grade water. 2.5 µL DNA supernatant were added to mix with one unit of 

master mix. Finally, for each sample, 0.25 µL Taq DNA Polymerase was added. The 

contents of tube were mixed and centrifuged briefly to collect contents at the bottom. 

All sample tubes were placed in the 96 well Thermal Cycler (ThermoFisher Scientific, 

USA) and the cloning PCR programme consisted of the following steps: Stage 1, initial 

denaturation at 94 °C for 1 min. Stage 2, perform 31 cycles of PCR as follows: 

denaturation at 94 °C for 30 s, annealing at 55 °C for 30 s and extension at 72 °C for 

3 min. Stage 3, final extension at 72 °C for 3 min and storage at 4 °C prior to use.  

 

2.2.12 Selected PCR products purification 

PCR plasmid DNA was purified as described in Section 2.2.5 

 

2.2.13 DNA Sequencing 

This was performed using BigDye® Terminator v 3.1 Cycle Sequencing Kits. For each 

reaction, the following reagents were added to separate tubes: 12.4 µL PCR-Grade 

water, 1.14 µL M13 forward/reverse primer, 2.86 µL 2.5 × Ready reaction mix, 3.57 

µL 5 × BigDye Sequencing Buffer and 2.5 µL purified cloned PCR products. The 
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contents of tubes were mixed and centrifuged briefly. The tubes were placed in the 96 

well Thermal Cycler (ThermoFisher Scientific, USA) and the sequencing reaction 

PCR programme was as follows: Stage 1, initial denaturation at 96 °C for 1 min. Stage 

2, 26 cycles of thermal reactions: denaturation at 96 °C for 20 s, annealing at 55 °C for 

10 s, extension at 60 °C for 4 min. Stage 3, preservation at 4 °C for 7 min. 

 

2.2.14 Ethanol purification 

10 µL of PCR grade water were added to 1.5 mL microcentrifuge tubes. For each 

sample, 72 µL of non-denatured 95% ethanol (Sigma-Aldrich, USA) were transferred 

into the 1.5 mL microcentrifuge tube prepared previously. The tubes were vortexed for 

30 s. Then the samples were kept at room temperature for 20 min to precipitate the 

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

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

Germany). The supernatants were carefully aspirated with separate pipette tips for each 

sample and discarded pellets may or may not be visible. The supernatants must be 

removed completely, as unincorporated dye terminators are dissolved in them. The 

more residual supernatant left in the tubes, the more unincorporated dye terminators 

will remain in the samples. 260 µL of 70% ethanol (Sigma-Aldrich, USA) were added 

to the tubes. After added in 70% ethanol and vortexed for 30 s, tubes were centrifuged 

at 20,000 × g for 10 min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany). The 

supernatants were aspirated carefully as described above. The samples were put in a 

concentrator to dry for at least 3 h. 
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2.2.15 Sequencing 

Each sample was re-suspended in 10.3 µL of HiDi (highly deionised-formamide). The 

samples were vortexed for 37 s and centrifuged briefly. Then all samples were heated 

to 95 °C for 4.5 min to denature, then chilled on ice for 3 min. The samples were briefly 

centrifuged again and transferred to a 96 well plate. DNA was sequenced by an ABI 

3730 automated sequencer (Applied Biosystems, USA).  

 

 

2.3 Solid phase peptide synthesis (SPPS) 

For this aspect of the research, a PS4 solid phase peptide synthesiser was used to 

synthesise the peptide (Protein Technologies, Tucson, Az, USA). 

Solid phase peptide synthesis is a quick and easy approach to synthesising peptides 

and small proteins. Solid phase peptide synthesis begins with the C-terminal amino 

acid covalently attached via its carboxyl group to an insoluble particle such as a 

polystyrene resin. This resin is insoluble in the solvents used for synthesis, making it 

relatively simple and fast to wash away excess reagents and by-products. The 

synthesiser then extends the peptide chain one amino acid at a time. The N-terminus 

is protected with the Fmoc group, which is stable in acid but removable in base. Any 

side chain functional groups are protected with groups which are stable in base but 

labile in acid. The process involves the coupling of carboxyl-activated amino-

protected amino acids at the N-terminal end of the resin-bound peptide chain. Each 

step involves a coupling reaction and a deprotection reaction. When the peptide was 

completed, it was removed by chemical cleavage from the resin (Figure 2.8). 
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Figure 2.8 Mechanism of solid phase peptide synthesis 

(http://www.sigmaaldrich.com/technical-documents/articles/biology/solid-phase-synthesis.html) 

(Available from: 01/2017) 

http://www.sigmaaldrich.com/technical-documents/articles/biology/solid-phase-synthesis.html
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2.3.1 Calculations and weighings 

Calculation: For a 0.3 mmol peptide synthesis, each amino acid should be used in a 4-

fold molar excess (1.2 mmol). For catalysing each coupling, an activator, HBTU [2-

(1H-benzotriazol)-1,1,3,3-tetramethyluronium] is used in the same molar excess. 

Finally, the resin employed should only be sufficient for the synthesis of 0.3 mmol. 

Preparation: Each amino acid vial consists of five parts - a vial, a cap, a crimp cap, a 

diaphragm and an O-ring. Each part of the amino acid vial should be washed 

extensively before use and a clean 30 mL reaction vessel to contain the resin, should 

also be prepared. 

The molecular weights of the 13 amino acids used for synthesis and HBTU are shown 

in Table 2.3. The resin was weighed and carefully poured into a clean reaction vessel 

just before use: the resin weight (g) = 0.3 mmol / loading capacity (mmol/g). 

The formula is shown below: 

Rink Amide MBHA resin (g) = peptide (mmol)
loading capacity(mmol/g)

 

The resin was loaded into the clean reaction vessel before the peptide synthesis. 

Amino acid Protected amino acid Molecular weight (g/mol) 

L Fmoc-Leu-OH 353.4 

L Fmoc-Leu-OH 353.4 

R Fmoc-Arg(Pmc)-OH 662.8 

G Fmoc-Gly-OH 297.3 

I Fmoc-Ile-OH 353.4 

L Fmoc-Leu-OH 353.4 

S Fmoc-Ser(tBu)-OH 383.4 

I Fmoc-Ile-OH 353.4 
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L Fmoc-Leu-OH 353.4 

V Fmoc-Val-OH 339.4 

P Fmoc-Pro-OH 337.4 

L Fmoc-Leu-OH 353.4 

F Fmoc-Phe-OH 387.4 

HBTU 379.3 

Table 2.3 The molecular weights of the 13 amino acids used. 

Error: The deviation between the weights and calculations should be ±0.0005g. 

Caution: The resin must be weighed out in to reaction vessel just before using the PS4 

machine is used.  

The machine was checked to ensure the two solution bottles were filled with 

Dimethylformamide (DMF) (Sigma Aldrich, UK), the deprotection (DEP) bottle 

contained the piperidine (Sigma Aldrich, UK)/DMF solution (1:4, v/v) and the 

activator (ACT) bottle contained N-Methylmorpholine (NMM) (Sigma Aldrich, 

UK)/DMF solution (11:89, v/v). 

 

2.3.2 Synthesis using the PS4 

As a synthetic mechanism, amino acids are coupled to the solid resin support from the 

C-terminal to the N-terminal end, so the amino acid vials should be placed on the 

synthesiser in the correct order. Additionally, the reaction vessel containing the resin 

should be tightly connected to the PS4 machine and pre-washed with DMF three times 

to ensure the resin is flushed to the bottom of the vessel. The synthesiser was then 

started after setting the programme according to the number of amino acids in the 

peptide. The synthesiser would repeat programme for single coupling below in order 

to couple the amino acids until the last one. Finally, the programme for deprotection 
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of the final Fmoc group was performed to cleave the Fmoc protecting group at the N-

terminus. 

Programme for single coupling 

STEP REAGENT TIME REPEAT COMMENTS 

1 SOLV 5 min 3 Wash resin 

2 DEP 10 min 3 Deprotects N-terminus 

3 SOLV 5 min 5 Wash resin 

4 ACT 1 min 1 Dissolves amino acid/Activation 

5 AA 1 hr 1 Coupling 

6 SOLV 5 min 3 Wash resin 

 

Programme for deprotection of the final Fmoc group 

STEP REAGENT TIME REPEAT COMMENTS 

1 SOLV 5 min 3 Wash resin 

2 DEP 10 min 3 Deprotects N-terminus 

3 SOLV 5 min 6 Wash resin 

 

2.3.3 Resin washing 

When all programmes had finished, the resin was washed with dichloromethane 

(DCM) (Sigma Aldrich, UK) to remove residual DMF. The work took place in a fume 

cupboard for safety reasons and to prevent inhalation of toxic volatile matter. The resin 

was re-suspended in DCM and transferred to a funnel. 12-15 mL of DCM were added 

to the funnel by a plastic pipette and the appropriate amount of nitrogen was bubbled 

for 5 min to mix the resin and DCM thoroughly. When the time had expired, the 

nitrogen tap was closed and DCM was taken out by a vacuum. The procedure was 
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repeated six times and the resin was left inside the funnel to dry in a vacuum desiccator 

over 12 h. 

 

2.3.4 Cleavage reaction of peptides 

The cleavage reaction removes the side chain protecting groups of the amino acids and 

cleaves the peptide from the resin. The dry resin was weighed and the volume of the 

cleavage cocktail (25 mL/g) required, was calculated. According to the type of the side 

chains and the presence of certain specific amino acids in the peptide sequence, three 

types of cleavage cocktails were required: 

A: 95% TFA + 5% H2O 

(For peptides not containing problematic amino acids) 

B: 95% TFA + 2.5% H2O + 2.5% TIPS (Triisopropylsilane) 

(For peptides containing tBU, OtBU, Trt, Boc side chain protecting groups or Met) 

C: 90.5% TFA + 5% Phenol + 2.5% H2O + 2% TIPS 

(For peptides containing Arg or Trp) 

The peptide linked resin and the cleavage cocktail were mixed in a round-bottom flask, 

which was then placed on a magnetic stirring device and left stirring for 6-8 h at room 

temperature. Then the resin was removed by a filter and the peptide solvent was 

isolated by evaporation on a rotary evaporator (Buchi, Switzerland). Finally, the 

peptide solution was mixed with diethyl ether (Sigma Aldrich, UK) and stored at -20 

°C. 

 

2.3.5 Washing the peptide with diethyl ether 

To purify the peptide, diethyl ether was applied as a washing solvent because 

impurities could be solvated by diethyl ether but not the peptide. At first, the peptide 
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was removed from -20 °C storage and centrifuged at 300 × g for 5 min. The supernatant 

was discarded and the precipitated peptide was re-suspended in fresh diethyl ether. 

This step was repeated three times. After this, the peptide was placed in a fume 

cupboard to evaporate diethyl ether. The dried peptide was stored at -20 °C before 

lyophilisation. 

 

2.3.6 Lyophilisation of peptide and purity identification 

To improve the stability, lyophilisation provided the possibility of long-term storage 

for the synthetic peptide. The dried peptide was dissolved in 5 mL Buffer A (described 

in Section 2.4) completely, then the tube was vortexed briefly prior to addition of 10 

mL Buffer B (described in Section 2.4). 

After this step, the lid of the tube was removed and covered by foil paper containing 

several needle holes. The tube was then placed in liquid nitrogen. After this was frozen, 

the vacuum pump (RZ 2.5, Vacuubrand) was warmed for 20 min. After completion of 

the warm up programme, the tube was placed in a beaker that was placed in an Alpha 

1-2 freeze-drying system (Martinchrist, Germany) for lyophilisation. The peptide was 

dried within 24 to 48 h as assessed by the temperature of the ice condenser temperature 

dropping to approximately -55 °C. After this process, the peptide was stored at -20 °C 

in a sealed vial in a freezer until required. 

 

 

2.4 Mass Spectrometer Analysis 

MALDI-TOF MS is a type of fast and easily operated mass spectrometry analytical 

instrument used to identify the molecular masses of analytes in a sample solution. 2 

µL of sample were loaded onto the tailor-made metal sample plate. After the samples 
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dried, 1 µL of matrix solution (α-cyano-4-hydroxycinnamic acid) was loaded to cover 

the sample exactly. The matrix solution was 10 mg/mL solution of α-cyano-4-

hydroxycinnamic acid in acetonitrile/TFA/double-distilled water (50/0.05/49.95, 

v/v/v). This works as a transmitter to transfer the high energy of the laser to bombard 

the sample molecule in order to achieve the ionised molecules that can easily fly in the 

flight tube. According to the time that different-sized ionised molecules arrive at the 

detector, the computer deduces a mass/charge (m/z) ratio value. The mass spectrum is 

provided after summation of 50 laser shots. 

 

 

2.5 Reverse Phase High Performance Liquid Chromatography (RP-HPLC) 

High performance liquid chromatography (HPLC), also known as high pressure liquid 

chromatography, is a basic technology now applied in almost all biological and 

analytical chemistry. In this study, a Cecil CE 4200 Adept gradient HPLC system was 

used to purify the products of solid phase peptides synthesis. 

The HPLC system consisted of six parts: Pump B and Pump A, UV Detector, Degasser, 

System manager, Mixer. After the detector self-examination, the detector was adjusted 

to wavelength of 214 nm automatically. At the beginning, the column was washed with 

Buffer B for 30 min, then with Buffer A for 30 min, both at a flow rate of 1 mL/min. 

The appropriate programme had been set up on the computer with a run time of 80 

min, at a flow rate of 1 mL/min. 1 mg of lyophilised synthesised peptide was dissolved 

in 700 µL Buffer A and 300 µL Buffer B in a tube, then vortexed to completely dissolve 

and centrifuged at 5000 × g for 15 min. After that, the supernatant was clarified and 

slowly injected into the reverse phase HPLC column and then components were eluted 

by a gradient formed from 0.05/99.5 (v/v) TFA/double-distilled water to 
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0.05/19.95/80.00 (v/v/v) TFA/double-distilled water/acetonitrile (Buffer B) in 80 min 

at flow rate of 1 mL/min. The effluent from the chromatographic column was flow-

split (90:10) directly towards a fraction collector. When the programme was completed 

and the samples had been collected, the column was thoroughly washed with 

0.05/19.95/80.00 (v/v/v) TFA/double-distilled water/acetonitrile. The system was 

finally switched off.  

 

 

2.6 Functional testing 

2.6.1 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’s antimicrobial and 

bactericidal activity. 

 

2.6.1.1 Microorganism inoculation 

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

a 100-mL flask containing 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). 

 

2.6.1.2 Peptide preparation 

Lyophilised peptide was weighed and dissolved in 309 μL dimethyl sulphoxide 

(DMSO) to make a stock solution at a final concentration of 512 × 102 µmol/L. Then 
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10 μL stock solution was double-diluted in the ratio of 1:1 in DMSO to prepare a range 

of gradient concentrations from 512, 256, 128, 64, 32, 16, 8, 4, 2, 1 × 102 µmol/L.  

 

2.6.1.3 Subculture 

Five hundred μL of bacterial suspension were 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. 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. 

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 

Table 2.4 The appropriate OD values for the three microorganisms used. 

 

2.6.1.4 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 were also added into 
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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 suspensions 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. 

 

2.6.1.5 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 were 

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.  
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2.6.1.6 Minimum bactericidal concentration (MBC) measurement 

The clear solution at the MIC value 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 were repeated at least three times and 

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

the variability and repeatability. 

 

 

2.6.2 Haemolysis assay 

2.6.2.1 Peptide and control preparation 

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

2.2 mL stock solution with the final concentration of 1024 µmol/L. Then, 1.1 mL stock 

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 µmol/L. 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.  

 

2.6.2.2 Horse blood preparation 

Two mL of fresh defibrinated horse blood (TCS Biosciences Ltd, Buckingham, UK) 
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were transferred into a 50 mL universal tube and centrifuged at 930 x g for 5 min to 

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

completely and 30 mL of PBS solution were 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.  

 

2.6.2.3 Haemolysis assay 

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 

rcf 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 were 

calculated to show the variability and repeatability.  

Haemolysis% = 𝐴𝐴−𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴−𝐴𝐴𝐴𝐴

× 100% 

Where a represents the OD (λ = 550) of peptide/erythrocyte mixture, AX the OD (λ = 

550) of the positive control and AO the OD (λ = 550) of the negative control.  

 

2.6.3 MTT cell viability assay 

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

 

2.6.3.1 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 a 75 cm2 culture flask (Nunc, Denmark) with pre-warmed 

15 mL medium drop by drop and swayed gently and slowly to dilute the cryoprotectant 

DMSO. Finally, the culture flask was incubated in a 37°C atmosphere containing 5% 

CO2 after cell examination by an inverted microscope. 

 

2.6.3.2 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 1 × 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 detach 

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 
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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 were 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.  

 

2.6.3.3 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 were added into a 15-mL 

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 = average number of the cells per 0.1 mm2 square × 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. 
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2.6.3.4 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. 

 

2.6.3.5 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 to starve the cells which can eliminate the impact of FBS in the parallel assay.  

 

2.6.3.6 Peptide preparation 

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

make a stock solution at 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 10-3, 10-4, 10-5, 10-6, 10-7, 10-8, 10-9 M. 

 

2.6.3.7 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% DMSO on cell growth. Lastly, the 96-well plate was incubated at 37°C in a 
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humidified environment containing 5% CO2 for 24 h. 

 

2.6.3.8 MTT assay 

Ten μL of yellow-coloured MTT solution (5 mg/mL) (Sigma, UK) were 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 were added into each well 

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

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 

significant.  
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CHAPTER 3 

RESULTS 
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3.1 Analysis of nucleotides and translated amino acid sequence 

The cDNA encoding QUB-1453 peptide precursor was cloned and sequenced by the 

molecular cloning method described previously. The nucleotide sequence of the 

characterised clone and corresponding amino acid translation, are shown in Figure 3.1. 

There were 310 base pairs in the entire cDNA nucleotide sequence and the peptide 

precursor open reading frame consisted of 61 amino acid residues. The biosynthetic 

precursor contained a putative signal of 22 amino acids, a spacer peptide rich in acidic 

amino acids (12/24) which included a typical base pair residue (-KR-) as a propeptide 

convertase processing site, and finally, a deduced mature peptide domain, consisting 

of 13 amino acid residues. The C-terminal glycyl (G) donates an amide for the actual 

terminal residue lysyl (K). According to the combination of results from molecular 

cloning and MS, the conclusion was that the amino acid sequence was: 

FLPVLISLIGRLL-amide.  

 

Figure 3.1 Nucleotide and translated amino acid sequence of cDNA encoding QUB-1452. The mature 

peptide is single-underlined, the putative signal peptide is double-underlined and the stop codon is 

indicated by an asterisk. 
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According to the results of a BLAST search on the structure of this peptide via the 

National Center for Biotechnological Information (NCBI) online portal, the peptides 

which had the highest degree of primary structural similarity were Temporin-HB2, 

HB3 and MT1. These sequences were submitted to Clustal Omega 

(http://www.ebi.ac.uk/Tools/msa/clustalo/) for alignment. As shown in Figure 3.2, the 

precursor of QUB-1452 exhibited 71% and 69% identities of primary structure with 

the precursors of Temporin-HB2 and HB3, respectively, from the Asian species, 

Pelophylax hubeiensis, and 74% identity with Temporin-MT1 from Amolops 

granulosus. According to previous studies, the mature peptides of temporin-HB2, HB3 

and MT1 were located after a propeptide convertase processing site, thus the mature 

peptide of QUB-1452 was deduced to be the M region in Figure 3.2 (from F to L, 13 

amino acids). 

 

Figure 3.2 Alignment of primary structures of QUB-1452, Temporin-HB2, HB3 and MT1. 

 

3.2 Characterisation via reverse phase HPLC and MALDI-TOF mass 

spectrometry 

Many components of the skin secretion were resolved under the chromatographic 

conditions employed (Figure 3.3). It was obvious that the product of solid phase 

peptide synthesis was composed of many compounds as well with different absorbance 

M 

http://www.ebi.ac.uk/Tools/msa/clustalo/
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peaks of varying intensity. According to the molecular masses of the novel AMP 

deduced from the cDNA of its cloned precursor, the peptide was identified in a single 

HPLC fraction (Figure 3.4) from the results of MALDI-TOF mass spectrometry. 

Based on its molecular mass (1452), the singly-charged ions were QUB-1452 (m/z) 

(+H+), 1474 (+Na+) and 1490 (+K+), respectively. The peptide was then purified by 

reverse phase high performance liquid chromatography (HPLC). 
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Figure 3.3 Reverse phase HPLC chromatogram of the skin secretion from the Rana amurensis. The arrow indicates the elution position/retention time of the fraction 

containing QUB-1452. Y-axis is calculated in absorbance units at λ=214 nm. 
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Figure 3.4 MALDI-TOF mass spectrum of the synthesised  peptide. The most stable ions were QUB-1452, while the singly charged ions with sodium (Na+) and potassium 

(K+) were more stable than others.
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3.3 Secondary structure and physicochemical properties of QUB-1452 

The sequence of QUB-1452 was submitted to the I-TASSER server 

(http://zhanglab.ccmb.med.umich.edu/I-TASSER/). Many structural conformations 

were generated by simulations, and in order to choose the final model, a C-score was 

provided by I-TASSER used to measure the confidence of each model. C-score ranges 

from -5 to 2, and the model with more confidence has a higher value of C-score and 

vice versa. According to the prediction of the peptide secondary structure, it was 

conspicuous that QUB-1452 was mainly composed of α-helix just as is shown in the 

three-dimensional images (Figures 3.5 and 3.6). Besides this, some amino acid 

residues compose the coils on the flanks of the helix.  

 

Figure 3.5 The prediction of peptide secondary structure 
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Figure 3.6 Homology model predicted for QUB-1452 using I-TASSER  

 

 

Figure 3.7 The helical wheel of QUB-1452. Wheels presents the hydrophilic residues as circles, 

hydrophobic residues as diamonds, potentially negatively charged as triangles, and potentially 

positively charged as pentagons. The most hydrophobic residue is coded green, while the amino acid 

residue with no hydrophobicity is yellow. The hydrophobicity of one residue decrease as the green 

turns to yellow. 
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The helical wheel is a two-dimensional diagram used to analyse the hydrophobicity of 

the peptide. The projections of the amino acid side chains onto a plane perpendicular 

to the axis of the helix compose the helical wheel. In Figure 3.7, QUB-1452 showed 

an amphipathic structure with a hydrophobic stabilisation arc. The helical wheel also 

suggested that QUB-1452 was rich in hydrophobic residues (8/13) and high in 

hydrophobicity.  

To further study this structure, the peptide sequence was submitted to HeliQuest 

(http://heliquest.ipmc.cnrs.fr/cgi-bin/ComputParamsV2.py), a website used to 

calculate physicochemical properties of AMPs, such as amino acid compositions and 

α-helix content (Figure 3.8, Table 3.1). As shown in Table 3.1, QUB-1452 has a low 

net positive charge for it possesses the only one charged arginine residue. <H> means 

hydrophobicity value and it ranges from -1.01 to 2.25, which is calculated by 

octanol/water partition of each amino acid. It is obvious that QUB-1452 is a 

hydrophobic peptide with low net positive charge and α-helix. 
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Figure 3.8 The amino acid composition of the QUB-1452 α-helix. The hydrophobic residues are 

coded as yellow, while the polar residues are in purple. 

 

Physicochemical properties Polar residues + GLY Nonpolar residues 

Hydrophobicity <H> 

1.137 

Polar residues + GLY (n / %) 

3 / 23.08 

Nonpolar residues (n / %) 

10 / 76.92 

Hydrophobic moment <µH> 

0.608 

Uncharged residues + GLY 

SER 1, GLY 1 

Aromatic residues 

PHE 1, 

Net charge <z> 

1 

Charged residues 

ARG 1 

Special residues 

CYS 0, PRO 1 

Table 3.1 Results of HeliQuest showing the physicochemical properties of QUB-1452 and specific 

amino acids in the α-helix. 
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3.4 Antimicrobial activity of QUB-1452  

According to the results of the antimicrobial susceptibility assay, the synthesised AMP, 

QUB-1452, was able to inhibit the growth of the Gram-positive bacterium, S. aureus, 

and the yeast, C. albicans, but did not inhibit the Gram-negative bacterium, E. coli. 

For evaluating the minimal inhibitory concentration (MIC), the MIC assay was carried 

out and results showed that the peptide had an MIC against S. aureus of 8 µmol/L and 

against C. albicans of 16 µmol/L, while the peptide did not inhibit the growth of the 

Gram-negative bacterium, E. coli. Curves were constructed to illustrate the viability 

of three kinds of microbes under gradient concentrations of the peptide from 512 

µmol/L to 1 µmol/L, and the viability of microbes was calculated by the optical density 

(OD) using a colorimetric detector set at 550 nm (Figure 3.9). In conclusion, the data 

presented here showed that the peptide, QUB-1452, had potent and selective 

antimicrobial activity.  
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Figure 3.9 The viability of three strains of microbes at different peptide QUB-1452 concentrations. 

The synthesised peptide had strong inhibitory activity against S. aureus (MIC: 8 µmol/L) and C. 

albicans (MIC: 16 µmol/L), while the peptide did not inhibit the growth of E. coli. 

 

3.5 Cytotoxicity of QUB-1452 tested by haemolysis assay 

The haemolysis assay was carried out to evaluate the cytotoxicity of the synthesised 

peptide on mammalian erythrocytes. The results of this assay showed that this peptide 

has strong haemolytic activity at a high concentration of 512 µmol/L, while at lower 

the concentrations of peptide, the haemolytic activity was weaker, with only 3.3% and 

6.6% of the horse erythrocytes lysed at concentrations of 8 µmol/L and 16 µmol/L, 

respectively.   
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Figure 3.10 Haemolytic activities of the synthesised peptide for horse erythrocytes. Each column 

represents the mean ±SEM of 3 replicates. Student t-test of peptide groups compared to positive 

controls. (The p value is indicated as *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001) 

Hemolysis% = 𝐴𝐴−𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴−𝐴𝐴𝐴𝐴

 × 100 

(Where A represents the absorbance of the peptide treatments, AO represents the 

absorbance of the negative control and AX represents the absorbance of the positive 

control) 
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3.6 Anticancer activity of QUB-1452 analysed by MTT assay 

To determine the anticancer activity of QUB-1452, four types of cancer cells, the 

human prostate cancer cell line (PC-3), human non-small cell lung cancer cell line 

(NCI-H157), human melanoma cell line (MDA-MB-435s) and the human neuronal 

glioblastoma cell line (U251MG), were incubated with a gradient of concentrations of 

QUB-1452. The cell viability was measured by MTT assay. 

The results are shown in Figure 3.11. It was conspicuous that the peptide had little 

potency to inhibit the growth of cancer cells, thus the peptide showed poor anticancer 

activity. 

 

 

Figure 3.11 The viability of four cancer cells treated with peptide. The viability was measured by 

MTT assay. Each column represents the mean ±SEM of 3 replicates. Student t-test of peptide groups 

compared to controls.  
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Dried frog skins or extracts, have been used for centuries in China and are known as 

Chan Su, which suggests that some compounds with pharmaceutical and bioactive 

properties are produced by frog skin [36]. The habitats of frogs are dark and wet with 

many pathogenic microbes and parasites but in spite of their vulnerable and permeable 

skins and complicated life cycles in both aquatic and terrestrial environments, frogs 

rarely develop infections which indicates the presence of certain compounds with 

antimicrobial activities playing critical roles in their immune systems [37]. There have 

been many components isolated from skin secretions of frogs such as alkaloids, sterols, 

peptides and proteins [38]. Among these components, many studies have been made 

to identify and characterise AMPs in frog skin secretions [39]. In terms of AMPs, 

temporins are one of the smallest in molecular mass found in Nature and they have 

some similarities such as low net positive charge (0 to +3) and efficient and rapid 

actions against Gram positive bacteria [31]. In this study, QUB-1452, one of the 

temporin-like AMPs, was the subject and was isolated, sequenced, synthesised and 

tested for several biological functions.   

 

 

4.1 Influence of amino acids on the bioactivities 

According to this study, QUB-1452 is an α-helical temporin-like AMP with relatively 

strong hydrophobicity and low net positive charge. Certain physicochemical features 

may influence the bioactivity of peptides.  
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4.1.1 Selectivity and haemolytic activity affected by charge 

AMPs exert their functions after attraction and attachment to bacteria. As the majority 

of AMPs are positively charged, they accumulate at the membrane surface of bacteria, 

which is negatively charged, and their amphipathic structure allows insertion into the 

lipid bilayer, with pore formation resulting in cell death [40]. Although there is no 

direct correlation between peptide charge and antimicrobial activity, increase of 

cationic charge might improve the electrostatic attraction between peptides and 

bacteria, and then the selectivity of AMPs against microbes may have some alterations 

[41].  

According to the results of the antimicrobial susceptibility assay in this study, QUB-

1452 showed relatively strong inhibition on the growth of Gram-positive bacteria and 

yeast, represented by S. aureus and C. albicans, respectively. QUB-1452 can act 

efficiently and quickly against Gram-positive bacteria in spite of their low net positive 

charge because temporins are highly active against this kind of bacteria [30]. For 

Gram-negative bacteria, lipopolysaccharide (LPS) is an exclusive component in the 

cell wall, and peptides recognise the bacteria through the LPS [40]. According to 

previous study, temporin B and TB_KKG6A were the subjects for binding studies 

between peptides and E. coli. Temporin B had the same selectivity as QUB-1452, 

while TB_KKG6A, an analogue of temporin B, showed activity against both Gram 

positive and negative bacteria. The conclusion suggested that both temporin B and its 

analogue can bind to the LPS of Gram negative bacteria in spite of different affinities, 
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but only TB_KKG6A binds to cells, which accounts for the different selectivity of the 

two peptides [42]. Thus, increase of cationic amino acids in the sequence of QUB-

1452 may not change its selectivity. Although more modified peptides may bind to 

LPS, they cannot bind to cells. 

On the other hand, the cationic residues also have influence on the haemolytic activity 

of peptides [43]. Haemolytic activity is a cytotoxic indicator of AMPs [44]. Results of 

the haemolysis assay in this study, indicated that QUB-1452 had low haemolytic 

activity at the minimal inhibitory concentration against S. aureus and C. albicans, 8 

µmol/L with 3.3% haemolysis and 16 µmol/L with 6.6%, respectively. Results of 

Bessalle, R., et al.`s research indicated that the antimicrobial activity of magainin 2 

was increased by adding positive charged residues without enhancement of haemolytic 

activity [45], while according to the study carried out by Matsuzaki, K., et al., decrease 

of cationic residues had little effect on the haemolytic activity [46]. These phenomena 

may suggest that the charge of a peptide is not the only factor in its haemolytic activity.  

 

4.1.2 Influencing factors on helicity 

Helical conformation is of vital importance for AMPs to exert their functions against 

microbes. In the structure of an α-helix, residues with polarity align along one side and 

the hydrophobic side chains are on the opposite side, which makes the peptides insert 

into the biological membrane with the amphiphilic structure in an optimal way. Some 

factors having effects on the peptides structure are as follows: (1) existence of helix-
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stabilising or -destabilising residues, (2) capping effects, (3) proper interaction of 

charged residues with the dipole of an α-helix, (4) salt-bridging, electrostatic attraction 

between opposite charged residues, (5) mutual effect between residues in hydrophobic 

arcs and the acyl chain of phospholipids bilayers [47]. The propensities for forming α-

helices vary from one amino acid to another. Leucine, alanine and lysine have high 

helix-forming propensities, while proline does not [48]. Five of thirteen amino acids 

in QUB-1452 are leucine with a tendency to form α-helix, whereas only one proline 

residue in the sequence has a poor capability to form a helix. Besides that, C-terminal 

amidation contributes to the stabilisation of the secondary structures of peptides, and 

the helical conformations account for a huge proportion of these [49]. Actually, the 

majority of peptides are unstructured in solution, and the interaction with an 

anisotropic environment on the surface of cell membranes, is critical for helix 

formation [47]. 

 

4.1.3 The effects of hydrophobicity on transmembrane processes 

Hydrophobicity is a critical feature of AMPs. In other words, the interaction between 

peptides and microbial cell membranes is effected by the hydrophobicity of peptides.  

Certain research has demonstrated the relationship between hydrophobicity and 

antimicrobial activity. After accumulation on the cell membrane, the peptides with 

high hydrophobicity can easily bind to the lipid head groups of the phospholipid 

bilayer, which is important for peptides to permeate the cell membrane [41].  
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Although hydrophobicity is elemental for antimicrobial activity, it is also considered 

as a two-blade sword for the decreased selectivity caused by increasing hydrophobicity 

[50]. On one hand, it is necessary for peptides to have a low hydrophobicity in order 

to be soluble in aquatic environments; On the other hand, the more hydrophobic 

peptides find it easier to permeate the cell membranes than others. However, the 

excessive hydrophobicity would lead to insufficient concentration of peptides or even 

self-association and precipitation in aquatic environments, but a very low 

hydrophobicity would prevent the peptides going through the membrane [41].  

Moreover, the relationship between hydrophobicity and haemolytic activity seems to 

exist, and high hydrophobicity comes with a high haemolysis property at the same time 

[51]. As a high hydrophobicity would decrease the selectivity of AMPs against bacteria 

or cells like erythrocytes, the hydrophobicity of peptides needs to be kept below a 

certain threshold level to ensure antimicrobial activity with little erythrocyte lysis [50]. 

 

 

4.2 Multi-drug resistant bacterial strains and future work 

In recent years, antimicrobial resistance has threatened public health all over the world 

[52].  The long-term inappropriate use of antibiotics should shoulder the major 

responsibility for the emergence of multidrug resistant bacterial strains [53]. Although 

antimicrobial resistance has aroused public attention, the lack of new compounds to 

eliminate multidrug resistant bacterial strains may become the biggest problem to 
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solve.  

The functions of AMPs cannot be underestimated in the immune system [54]. Some 

AMPs have been tested and the results show that they are effective against certain 

pathogens in vitro and have a broad spectrum against microbes at the same time [55]. 

It is remarkable that several AMPs have low propensity for development of drug 

resistance in spite of their cytotoxicity such as haemolytic activity [56]. Thus, AMPs 

provide promising ways to solve the multidrug resistance for the future. 

The practice of sourcing drugs from Nature is drawing more attention than before, 

because the multidrug resistant bacterial strains are threatening the health of all human 

beings. AMPs have a promising future to solve this phenomenon as they act with 

pathogens rapidly and effectively with low tendency for drug resistance, while the 

cytotoxicity and selectivity of the peptides are worthy of notice. For example, in this 

study, the inhibitory effects of QUB-1452 on the growth of S. aureus and C. albicans 

comes with haemolytic activity to some extent.  The physicochemical properties vary 

from one amino acid to another and the bioactivity of AMPs is based on their structure 

and conformation as mentioned above. The ideal design and modification for these 

peptides can weaken or even eliminate their cytotoxicity but maintain their efficacy 

against microbes.  
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