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Abstract 
 

The skin secretions of amphibians consist of a variety of peptides with different 

bioactivities which have important roles in supporting amphibians to survive in 

complex environments and against predators. Many of these peptides possess 

anticancer, antiviral, trypsin inhibitory and antimicrobial properties, and therefore 

their potential therapeutic value has been focused on by increasing numbers of 

researchers. 

The main objectives of this study were to isolate, identify, chemically-synthesise and 

clone the precursor-encoding cDNA of a bioactive peptide from the skin secretion of 

the Heilongjiang brown frog (Rana amurensis). A “shotgun” cloning technique was 

employed to select the precursor sequence and a cDNA library was established for 

amplification of the target DNA portion. The peptide was isolated and identified using 

molecular cloning, online BLAST analysis, and MALDI-TOF mass spectrometry. 

The mature peptide, deduced from cDNA, was named QUB-2870, 

(SLLGLLKGAGKTLLSAGLNKIACKLTGKC-COOH), and consisted of 29 amino 

acid residues. It was synthesised by the method of solid phase peptide synthesis (SPPS) 

and further purified by rp-HPLC. Subsequently, QUB-2870 was found to have 

powerful activity against the Gram-positive bacterium, S. aureus, the Gram-negative 

bacterium E. coli and the yeast, C. albicans. Moreover, QUB-2870 was found to have 

significant growth inhibitory effects on PC-3, H157, MB435S, and U251 cancer cell 

lines. 
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Chapter 1. Introduction 

1.1 Properties and diversity of AMPs 

Many amphibians, such as frogs and toads can secrete high concentrations of bioactive 

discharges from their skin granular glands [1]. The secretions are abundant and varied, 

even in the same genus [2]. The main compounds are biogenic amines, bufogenines 

and bufotoxins (steroids), alkaloids and peptides [3]. It is not remarkable therefore, 

that frogs are suitable chemical prospecting subjects due to this high level of 

biochemical diversity. 

 

Antimicrobial peptides (AMP) are natural products which are produced as a first line 

of defence by all multi-cell creatures. AMPs have a wide range of effects in inhibiting 

bacteria, fungi, viruses and cancer cells and they can kill these directly. In advanced 

eukaryotes, AMPs can also be called ‘host defence peptides’, underlining their extra 

immunomodulatory activities. Their activities are multiple, depending on the type of 

AMPs and include a variety of cytokines and growth factors effecting normal immune 

balance. It is important to further understand these peptides and their complicated 

activities, because inappropriate expression of AMPs can cause autoimmune diseases 

in some cases.  

Skin granular glands, the source of these chemical cocktails, are surrounded by smooth 

muscle cells. When the frog is threatened or injured, the sympathetic nervous system 

is activated which then stimulates adrenergic receptors [4], thus causing the 

compounds from the glands to be secreted onto the surface of the skin [5]. AMPs are 

synthesised as larger inactive precursor proteins with signal sequences and their 

biologically active AMPs are produced as mature active peptides by proteolysis when 
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the granular gland secretes or just before [6]. The contents of the granular gland can 

be secreted by artificial induction, such as electrical stimulation or exposure to an 

adrenergic agent (epinephrine or norepinephrine) [4]. To some extent, the degree of 

stimulation and the total amount of secretions are positively correlated, which means 

that the stronger the stimulus, the greater the total amount of secretions. For example, 

an experiment using Xenopus laevis which were injected with norepinephrine, showed 

induction of secretion as shown in Figure 1.1. When the concentration of noradrenaline 

reached about 80 nmoles/g, the quantity of secreted peptide reached a maximum. 

 

Figure 1.1: Secretion induction by injecting norepinephrine into Xenopus laevis. 

 

AMPs have been found in almost all living creatures. Up to now, more than 2,500 

AMPs have been recorded in the AMP database. However, this data is likely to be only 

a small part of the products of naturally occurring genes that encode antibiotic proteins. 

Generally, AMPs have basic and hydrophobic amino acids which, in the three-

dimensional arrangement, occur on opposite faces, thereby forming an amphiphilic, 

positively charged hydrophobic structure. AMPs can be classified according to their 
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secondary structures: α-helical; β-sheet; and extended AMPs. α-helical AMPs are 

usually present as random configurations in aqueous solution, while they show 

amphiphilic alpha-helix structures when they enter a non-polar environment. β-sheet 

AMPs, comprising biologically active proteins and defensins, are characterised by the 

presence of two or more stable beta fragments. The extended AMPs are peptides which 

do not have any specific structural group but contain a large number of specific 

residues such as arginine, histidine and glycine.  

 

Table 1.1. The classification of AMPs from Rana frogs 

Peptide Families Main Source Antimicrobial ability 
Haemolytic 

activity 

Brevinin-1 peptides 

(Kumari et al. 

2001) 

R. brevipoda porsa, 

North American and 

Eurasian ranid species 

Gram-positive 

bacteria, Gram-

negative bacteria, 

and pathogenic fungi 

Very strong 

Brevinin-2 peptides 

(Simmaco 1994) 

R. brevipoda porsa, 

Asian, North American 

and European ranid 

species 

Gram-positive 

bacteria, Gram-

negative bacteria, 

and pathogenic fungi 

Much less 

than 

brevinin-1 

family 

Esculentin-1 

(Ponti et al. 1999; 

Simmaco et al. 

1994) 

R.esculenta, R. 

palustris and R. 

areolata 

E. coli, S.aureus, 

Pseudomonas 

aeruginosa and C. 

albicans 

Low 

Esculentin-2 
R. rugosa and R. 

esculenta 

E. coli and S. aureus 

(MIC < 10 AM) 
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(Simmaco et al., 

1994; Goraya et al. 

2000) 

;C. albicans (MIC in 

the range 30-50 uM) 

Ranalexin 

(Giacometti et al. 

2002) 

R. catesbeiana, R. 

grylio and R.clamitans 

Gram-positive 

bacteria but inactive 

against some 

clinically important 

Gram-negative 

bacteria such as P. 

aeruginosa and 

Proteus mirabilis 

 

Ranatuerin-1 

(Goraya et al. 2000; 

Conlon et al. 2004) 

R. catesbeiana, R. 

grylio and R. clamitans 
Human pathogens 

HC50 

between 

120 and 180 

μM 

Ranatuerin-2 

(Conlon et al.2004) 
R. catesbeiana  

in the range 

of 35 μM 

to > 200 μM 

Temporin 

(Rinaldi et al. 

2002) A.C. Rinaldi, 

M.L 

European frogs, North 

American and Eurasian 

frogs 

Gram-positive 

bacteria 
Strong 

Palustrin 
R. palustris, R. 

areolata 
  

Tigerinin R. tigerina   
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Japonicin-1 and 2 Ranid frogs E. coli and S. aureus  

Nigrocin-2 R. nigromaculata 

Gram-positive 

bacteria, Gram-

negative bacteria and 

C. albicans 

Appreciably 

Melittin-related 

peptides 

R. tagoi and R. 

temporaria 

Broad-spectrum 

antibacterial and 

candidacidal activity 

13-fold less 

haemolytic 

than 

melittin 

                       

1.2 Mechanisms of action of AMPs 

Organisms of the whole phylogenetic tree, consisting of animals, plants, viruses, 

bacteria and fungi, all generate substances for self-protection against extraneous 

microbes and many of these effective substances are peptides. In recent years, 

infections caused by multidrug-resistant bacterial pathogens have become a global 

issue to public healthcare systems, while efforts to produce new antibiotics have not 

been sufficient to deal with the emergence of these new antibiotic resistant strains. 

Hence, there is a rising interest in AMPs to tackle this global problem. It imperative to 

make sure AMPs are toxic to microorganisms and are non-toxic to mammals. To 

explore the mechanism of action of these peptides and their specificity of microbial 

selectivity, a variety of techniques have been applied. However, the views of peptide 

action from each model are slightly different, and no single model is capable of 

sufficiently describing the mechanism of action of the peptides.  
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For many of these AMPs, there is evidence that the ability of resisting or killing 

bacteria usually depends on their capacity to interact with the lipid bilayer of the 

membrane. In general, AMPs can increase release of internal compounds from loaded 

liposomes. Moreover, most AMPs generally carry cationic charges and a large number 

of hydrophobic groups, providing an explanation for them to preferentially bind to 

anionic phospholipids of bacterial membranes. AMPs will then interfere with the 

integrity of the membrane. This specific selectivity is due to differences in the 

components of the membranes of different bacteria and cell types. The electrostatic 

interaction between AMPs’ cationic residues and the anionic lipid bilayer can produce 

pores in the bacterial membrane which destroy the membrane integrity, and promote 

the death of the microbes (Figure 1.2).  

 

                              Figure 1.2: Biological functional mechanisms of AMPs.  

AMPs affect intracellular stability through binding to bacterial membranes by 

electrostatic interactions either to destroy the cell membrane or to access the microbes.  

There are also some AMPs which act through activating the immune cells or influencing 
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Toll-like receptor (TLR) recognition of microbial products and nucleic acids released by 

tissue damage. However, it is uncertain how these peptides disrupt the membrane and 

whether the membrane disruption is associated with the antimicrobial activity of these 

peptides. AMPs may also affect the synthesis of proteins, DNA and RNA, or interact 

with other intracellular targets. It is currently known that there is not always a direct 

relationship between the capacity of peptides to bind membranes of bacteria and their 

antimicrobial activity. One possibility is that the membranes simplify the way by 

which they enter the bacterium to reach an intracellular target instead of by their 

cytotoxic action directly [7]. The most accepted mechanism of cell killing is that the 

peptide induces destruction of membrane lipid bilayers, which allows the release of 

cell contents [8].  

1.2.1 Hydrophobic and amphipathic helical peptides 

Most widely known AMPs are positively charged amphipathic helical peptides [9]. 

However, there are also some α- helical peptides which are hydrophobic or even 

slightly negatively charged but these non-cationic peptides are less selective for 

microorganisms. Most of the antimicrobial alpha helical peptides are positively 

charged and show selective toxicity to microorganisms. One of the most famous 

subjects of research on the importance of the positive charge in bacteriostatic and 

amphipathic helical peptides, is magainin. It has twenty-three amino acids and was 

isolated from the skin of the African clawed frog, Xenopus laevis [10]. From some 

reviews on the performance of this peptide [11], the notion of pore formation was 

developed. The pores differ in a number of ways from the type of pores formed by 

helical clusters such as chitin. In the case of magainin, the pores are large and these 

pores are unlike the conductive pores that have discrete open and closed states. 
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Meanwhile, the form of such holes does not lead to complete lysis of the membrane. 

For instance, magainin does not allow the 24kDa protein trypsin to pass through [12]. 

In addition, unlike the alamethicin pore which is lined with only peptide, the wall of 

the pores formed by magainin contain both lipid and peptide. Studies have shown that 

magainin can promote the transmembrane movement of peptides to lipids. 

The concept of a lytic pore has been developed and this pore differs in a number of 

respects from the type of pore formed by helical clusters of peptides, such as that of 

alamethicin. In the case of magainin, the pore is larger and it does not have discrete 

open and closed states as conducting pores do. At the same time, the formation of this 

kind of pore does not result in complete lysis of the membrane. For example, magainin 

does not allow the passage of trypsin, a protein of 24 kDa [13]. In addition, unlike the 

alamethicin pore which is lined with only peptide, the wall of the pores formed with 

magainin contains both lipid and peptide. Evidence for this comes from the fact that 

magainin stimulates the transbilayer movement of both peptide and lipid. 
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       Figure 1.3: Structure of the peptide gramicidin A determined by solid state NMR.  

Increasing the bending of the positive membrane double layer will help form the 

peptide and lipid lined pores, which were found in the magainin study [14]. However, 

it was also observed that some peptides have consensus sequences and the lytic peptide 

decreased curvature, such as the wasp venom peptide, mastoparan [15]. 

The significance of the amphipathic helical structure (Figure. 1.4) to the cytotoxic 

activity of magainin was demonstrated by the discovery that substitution of several 

amino acid residues in the peptide with their D-isomer resulted in loss of helicity and 

antimicrobial activity [16]. However, in a study of the peptide pardaxin, the 
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importance of this amphoteric helical structure to the cytotoxicity of peptides was 

queried. The amphiphilic helical peptide, pardaxin, exhibits lytic activity with 

microbial and mammalian cells. The incorporation of some D-amino acid residues into 

pardaxin allowed the structure of the peptide to change from an α-helix to a β-structure. 

The modified pardaxin with the β-structure still had antimicrobial activity but lost its 

haemolytic activity [17]. Hence, it can be shown that the conformational nature of the 

amphipathic α-helix is not necessary for antimicrobial activity. 

 

  Figure 1.4: Structure of the antimicrobial frog skin peptide, magainin.  

1.2.2 β-Sheet peptides and small proteins 

In order to form β-sheet peptides, the monomers must aggregate with or form a bend 

to allow for the formation of antiparallel β-sheets. Small peptides usually cannot form 

a bend because the loss of entropy is not compensated by the favourable binding 

interaction. Furthermore, a monomer that has only two interacting peptide β-sheets 

still has a hydrogen potential of half the amide group. The formation process of β-
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sheets has the characteristics of less entropy loss so that the formation of the β-sheet 

structure of many AMPs results in a cyclic peptide. The disulphide bond forms the 

cyclic structure of the peptide, and the other is formed by the cyclisation of the peptide 

backbone. The mechanism of membrane damage caused by these AMPs is poorly 

understood. Studies of integrin orientations in films using oriented circular dichroism 

have demonstrated that due to the different peptide concentrations, the peptide is 

inserted into the membrane and exhibits two different states of lipid properties, and 

degrees of hydration [18]. It can also penetrate into the lipid bilayer and this 

translocation is associated with the formation of transient pores [18], indicating that it 

acts on the cytoplasmic membrane in the same manner as the α-helical magainin. 

Maintaining a certain hydrophilic-hydrophobic balance appears to be the key to the 

bacteriostasis of the peptide [19].  

The substitution of D-amino acid residues in cyclic β-type structural peptides can be 

determined according to the known sequence of gramicidin S [20]. The β-structural 

conformation of the peptide in aqueous solution is destroyed by the substitution of the 

D-amino acid residue. Reversed-phase high performance liquid chromatography can 

assess the amphiphilic nature of peptide analogues. Highly amphiphilic peptides have 

low antimicrobial activity, but have a high haemolytic activity. Those low affinity 

peptides at more than a certain threshold, showed a high antibacterial activity. It is 

noteworthy that some of these treatment indicators improved the efficiency up to 

10,000 times [20]. In summary, the interaction of the peptide with the cell membrane 

may not always produce the most potent antimicrobial activity, but the interaction of 

the cation with the anion on the cell membrane is extremely important for 

antimicrobial activity [17].  
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Defensins consist of about 50 amino acids and exhibit strong antimicrobial activities. 

They are part of the innate immune system and are produced and stored in granules of 

neutrophils. They are found in mammals and insects. In plants, they are often called 

thionines. A large number of disulphide bonds help to maintain the integrity of their 

structures. The structure of these small proteins has been confirmed to have a β-shaped 

sheet structure. In addition, plant and insect defensins also contain additional α-helix 

structural motifs. The amphiphilic structure allows the effect of defensins on the 

bacterial membrane in a manner similar to that of the shorter amphiphilic peptides [21]. 

1.2.3 Peptides with irregular amino acid composition 

There are some peptides which are rich in certain specific amino acids. For instance， 

some peptides produced by porcine neutrophils, contain large amounts of proline and 

arginine or proline and phenylalanine [22].  

Tryptophan is a rare amino acid in peptides/proteins as it tend to be placed in the 

vicinity of the membrane or water interface, which is usually present on the cell 

membrane [23]. Indolicidin seems to allow bacterial permeability to change without 

destroying bacteria [24], and this peptide can form a conductive channel [25]. The 

formation of the conductance channel indicates that the indomethacin is auto-

correlated and that the haemolytic activity of the peptide is related to the concentration 

required for its association [26]. 

1.2.4 Peptides with thioether rings  

Some peptides made by bacteria have a small ring structure surrounded by thioether 

bonds. This peptides called sheep sulphur antibiotics, have structures and properties 

which have been recently studied [27]. At present, one of these antibiotics, nisin, is 



20 
 

being used as a food preservative [28]. The mechanism of action is that nisin can 

rapidly induce the release of ions and bacterial metabolites and open conductive 

channels in lipid membranes [29, 30]. The molecular details of the mechanism of nisin 

damage to the membrane permeation barrier are unclear [27]. However, many studies 

have shown that it is important to insert the peptide into the membrane for the 

antimicrobial action of the peptide. Unlike most AMPs that differ in most of the lipid-

based interactions based on the interaction of the charge, certain lantibiotic antibiotics 

(e.g., cinnamomycin) are specific for phosphatidylethanolamine [31]. However, 

electrostatic interactions are important for the initial binding of nisin and an anionic 

lipid-containing membrane [32]. The positive C-terminal domain of the peptide is an 

important factor in binding. The fluorescence of Trp in this region replaces the 

fluorescence properties of the experiment to support this conclusion [33]. Other 

regions of the peptide are also inserted into the membrane, indicating that the peptide 

is parallel to the membrane surface initially [34]. This has also been supported by 

NMR evidence, indicating that the peptide remains on the surface of dodecylphosphate 

choline micelles [35]. However, experimental results obtained from trypsin in vesicles 

indicate transient insertion of the C-terminal region of the peptide [36]. It has been 

found that the pH dependence of the insert is parallel to the permeation of the 

membrane, indicating the formation of membrane pores due to the insertion of the 

region into the membrane. Conductivity studies have shown that peptides are inserted 

into the membrane following surface association [37]. In addition, higher pH results 

in higher leaching rates for liposomal content because of the need for a small amount 

of Streptococcus lactis molecules to induce release [38]. The possible mechanism is 

that the peptide is less charged at high pH, resulting in more self-association. In this 
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case, the position of the peptide in the film in its most stable form of the insert may be 

different from that of the membrane responsible for its membrane activity. 

1.2.5. Peptaibol peptides 

Peptaibol peptides are a class of peptides having a large number of α-amino-isobutyric 

acid (Aib) residues. These residues contribute to the formation of α-helix [39]. 

Moreover, these lipopeptides are acylated at the N-terminus, facilitating their 

incorporation into membranes. These peptides were named "peptaibols" because of 

their fact that they had a 2-amino alcohol at the C-terminus. Many studies have shown 

that these peptides form a transmembrane annulus to create a membrane channel. 

1.2.6. Macrocyclic cystine knot peptides  

As stated before, some bacteriostatic peptides have circular structures. Generally, there 

are less than 15 amino acids in a circle. However, four macrocyclic 30 amino acid 

residue cyclic peptides were found from plants, which belong to the Rubiacease family 

and have strong antimicrobial activity [40]. These four peptides (kalata, circulin A and 

B and cyclopsychotride) also have a cystine knot pattern, in which the knotted pattern 

appears because one disulphide bond pierced through the other two. This structural 

pattern is also found in protease inhibitors and toxins and, together with the cyclic 

backbone, confers a high rigidity to the structure. Structures for two of these proteins 

have been reported [41]. Circulin A and B have been shown to have antiviral activity 

[42]. Moreover, they may have some effects as anti-HIV drugs.  
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1.3Aims and objectives of this dissertation 

1. To construct a cDNA library from the skin secretion of Rana amurensis and isolate 

novel peptide precursor encoding transcripts, through use of molecular cloning. 

2. To use bioinformatics to translate DNA sequence to amino acid sequence and use 

these data to predict the primary structure of mature peptide. 

3. To synthesise the sequence of mature peptide by a solid-phase peptide synthesis 

(SPPS) methodology, then purify the product to a suitable degree for biological 

activity profiling. 

4. To analyse the activities of the peptide through a series of biological assays such as 

antimicrobial assays, haemolysis assays and anticancer cell assays. 

5. To learn the techniques used in the early phases of novel drug development. 

6. To use experimental instruments independently. 
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Chapter 2 Materials and methods 

2.1 Molecular Cloning 

2.1.1 Designing of the primers and their synthesis  

 

Primer design has been a major focus in the development of molecular cloning in 

recent years and diverse methods have been developed for optimising primer design 

for PCR applications [43]. To guarantee the reliability of primers, amplification and 

annealing are of crucial importance in this technique even though additional primers 

may have to be made if the originally-designed primers do not work. The following 

recommendations for primer design are standard for those embarking on the practice 

of the art. 

(1) Ensure that the primer is designed with a proper AT content otherwise inefficiency 

of annealing will occur because of the low Tm and likewise, an extreme GC content 

will cause annealing at unexpected sites. Keep in mind that the best primers have a Tm 

of between 50-56℃ and contain 18-25 bases. 

(2) In order to decrease mis-priming due to stronger GC binding, it is necessary for the 

last 3-4 bases at the 3'end of the primer to be AT-rich. 

(3) Both primers in the primer pair should have similar melting temperatures. 

(4) Ensure that neither complementarity at the 3' end or palindromic sequences are 

included in each of the two primers since they may give rise to the formation of primer 

dimers which can also be avoided by preventing any long stretches of complementarity.  

(5) Repetitive sequences in dimers should be avoided. 

The Tm of the primer can be calculated using the formula: 
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Tm=2 × (An + Tn) +4 × (Cn+ Gn) 

Where the "n" is the total number of a given base in an oligonucleotide.  

All primers were custom-synthesised by Invitrogen Life Technologies (UK). 

2.1.2 Isolation of poly A mRNA from skin secretion 

 

This was performed by using a Dynabeads® mRNA DirectTM Kit (Dynal Biotech, UK) 

which was designed for use on cell lysates and tissue homogenates. Short sequences 

of oligo- dT are covalently bound to the surface of the magnetic Dynabeads® and these 

use the A-T base paring to attract and bind the poly-A tails of mRNA that will 

hybridise to the bead bound oligo- dT, thus permitting a simple and rapid extraction. 

2.1.3 Preparation of lysate from Rana amurensis skin secretion  

 

(1) Five milligrams of lyophilised skin secretion were placed into an RNase- free tube 

containing 1mL Lysis/ binding buffer and dissolved on ice for around 30 min, after 

which tubes were centrifuged for the purpose of the removal of insoluble materials. 

                                                                                                                                                                                                                                                    

(2) The magnetic Dynabeads Oligo (dT)25 beads were removed by placing the 1.5mL 

tube containing the suspension of the beads onto a Dynal MPC-S magnetic device 

instead of using centrifugation. 

(3) After removing the supernatant from the suspension, the beads were washed by 

resuspending in an equivalent volume of fresh lysis/ binding buffer for the preparation 

of sample lysate combined with the beads. 
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(4) The tube was then placed on the Dynal MPC-S magnet for 30 s in order to remove 

the supernatant. 

(5) One ml of sample lysate was incubated at room temperature for around 20 min 

with the pre-washed Dynabeads Oligo (dT) 25 by continuous mixing which made the 

beads anneal to the poly- A tail of mRNA. 

(6) The beads/mRNA complex was washed by both 500 μL buffer B and buffer A two 

times and three times, respectively. The elution of mRNA from the beads was then 

achieved by incubation at 65-80 ℃ for 2 min in 10 mM Tris- HCl (10-20 μL). Finally, 

the supernatant was placed into a new 1.5 mL RNase-free tube. 
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                          Figure 2.1 Isolation of mRNA using Dynabeads Oligo (dT). 

 http://www.thermofisher.com/uk/en/home/life-science/dna-rna-purification-

analysis/napamisc/mrna-isolation-dynabeads.htm（09.03.17） 

http://www.thermofisher.com/uk/en/home/life-science/dna-rna-purification-analysis/napamisc/mrna-isolation-dynabeads.htm
http://www.thermofisher.com/uk/en/home/life-science/dna-rna-purification-analysis/napamisc/mrna-isolation-dynabeads.htm
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2.1.4 First-strand DNA synthesis 

 

First strand cDNA was formed using a SMARTTMRACE cDNA Amplification Kit 

(BD Clontech, UK). 

(1) 3'-RACE Ready cDNA and 5'-RACE Ready cDNA were both prepared by adding 

the various reagents shown below into two 0.2 mL micro centrifuge tubes. The 

total volume of each was 5 μL. 

 

                               Table 2.1 The composition of the 5 tubes. 

(2) The 5 μL of reaction contents were mixed by a brief vortexing. 

(3) The tubes were cooled down on ice following an incubation at 70℃ for 2 min.  

(4) The contents were collected at the bottoms of the tubes by a brief centrifugation.  

(5) Twelve μL of 5 X First-Strand Buffer, 6 μL of 20 mM DTT, 6 μL of dNTP mix 

and 1 μL of reverse transcriptase were placed in each tube. 

(6) The sample was again centrifuged briefly to collect the contents at the bottom.             

(7) Both tubes were incubated at 42℃ for 1.5 h in a thermal cycler. 

(8) Fifty μL of PCR water was used to dilute the first-strand reaction mixture and then 

the tubes were incubated for 7 min at 72℃ in the thermal cycler.  

Number mRNA 3’CDS primer  5’CDS primer  Smart II A oligo 

1 4 μL 1 μL / / 

2 4 μL 1 μL / / 

3 4 μL 1 μL / / 

4 3 μL / 1 μL 1 μL 

5 3 μL / 1 μL 1 μL 
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(9) The samples were finally stored at 20℃ for up to 12 months. 

 

Figure 2.2 The principles of the RACE reaction. 

http://www.takara.co.kr/web01/product/productList.asp?lcode=634923-1（ 09.03.17） 

2.1.5 Polymerase chain reaction (PCR) 

 

PCR is one of the most revolutionary experimental and technological means to easily 

complete the amplification of particular small pieces of DNA sequence to many copies. 

There are two crucial components that need to be employed in this single reaction 

which are the enzyme, Taq polymerase, which plays an important role in adding 

nucleotides to the 3'end of the primer in order to synthesise the complementary DNA 

strands, and the specific designed primers themselves that initiate this reaction. Three 

steps are included in each cycle which are common to all PCR reactions (Figure 2.3). 

http://www.takara.co.kr/web01/product/productList.asp?lcode=634923-1
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(1) DNA denaturation was achieved by heating to 92-96℃in the first thermal step to 

permit strand separation to occur. 

(2) In the second step, a temperature of 45-72℃ was used to anneal the primers to their 

complementary sites. 

(3) In the third stage, deoxynucleotides are added to the 3’ OH of the primer to cause 

extension of the DNA strand at a temperature of 72℃. 

                  

                  Figure 2.3 A schematic showing the three steps of a PCR cycle. 

http://www.openwetware.org/wiki/Image:JCATutorial_PCRDiagram.jpg（ 10.03.17） 

http://www.openwetware.org/wiki/Image:JCATutorial_PCRDiagram.jpg
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2.1.6 Rapid Amplification of cDNA End (RACE) 

This reaction was performed using an AdvantageTM 2 PCR Kit (BD Clontech, UK). 

The following reagents were mixed in a tube:  

PCR Water (12.4 μL), 

10X Advantage PCR Buffer (6 μL);  

NUP (5'–AAGCAGTGGTATCAACGCAGAGT–3') (2 μL);  

dNTP (0.2 μL× 4=0.8 μL);  

Taq Polymerase (0.2 μL ×4=0.8 μL); 

A sense primer (S1; 5'-ACTTTCYGAWTTRYAAGMCCAAABATG-3') (0.5 μL× 

4=2 μL); 

The total volume was 24 μL. The 24 μL mixture was divided into 2 groups. One was 

labelled as Group Sample, the other labelled as Group Control.  

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

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

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

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

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

and a gradient to 8.5℃. (The annealing temperature of 1 was 61℃, 2 was 61℃, 3 was 

63℃ and 4 was 63℃).  

2.1.7 Gel Electrophoresis 

The PCR products were analysed using the conventional gel electrophoresis method. 

(1) Thirty-five mL of 1×TBE Buffer and 0.45 g Agarose were measured and both were 

placed into a 220 mL conical flask for the preparation of agarose gel.  
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(2) The flask was heated using a microwave (750 watt) oven for around 1 min in order 

to dissolve the agarose completely and then cooled down to 65℃. 

(3) Two point five μL of 10 mg/mL ethidium bromide was added to the 30 mL of the 

molten gel which was swirled gently in order not to generate bubbles. 

(4) The gel was poured into the assembled gel electrophoresis tank with the specific 

comb inside and left for 20 min to solidify. 

(5) The gel was ready to use after the gel-forming blocks were removed and 1*TBE 

buffer was poured into the tank to just above the surface of the gel.  

(6) Two point five μL of products were mixed with 0.7 μL loading dye in the well of 

the gel by pipetting several times, 3.5 μL of DNA ladder was put in the first well.  

(7) Agarose gels were developed at 97 ℃for 30 min and the results were recoded using 

a digital image capture system. 

2.1.8 PCR product purification 

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

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

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

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

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

The samples in Tube 1 and Tube 2, were put together in a 1.5 mL tube (total19μL). 

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

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

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

respectively, after added washing buffer centrifuge each for 1 min, the flow-through 

was discarded and the column was transferred to a new 1.5mL tube. 30 μL PCR water 
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was added to the column, and the column was kept for 2 min, centrifuged for 1 min, 

and the column was discarded finally. Those tubes were placed in the Eppendorf 

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

2.1.9 PCR product ligation  

 

                  Table 2.2 The composition of ligation mixture. 

This step employed a pGEM-T Easy vector (Figure 2.4) system (Promega, USA). PCR 

product was removed from storage and 6 μLH2O was added followed by vortex and 

centrifugation then placed on ice. The reagents were added as shown in Table 2.2 and 

pipetted without bubbles. Tubes were kept for 1 h at the room temperature and then 

stored in the fridge at 4℃ overnight. 

 

Reagent Quantity/μL 

2*Rapid Ligation Buffer 2.5 

PGEM-T Easy Vector 0.5 

PCR product 1.5 

T4 DNA Ligase 0.5 
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            Figure 2.4 The pGEM-T Easy vector circle map 

http://www.biocompare.com/Product-Reviews/40766-pGEM-T-Easy-Vector-

Systems-From-Promega/（01.03.17） 

2.1.10 Transformation 

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

appropriate volume of deionised water, then autoclaved. Ampicillin (225μL/100mL) 

was added to the LB Agar solution after autoclaving. Each Petri dish received 10mL 

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

2.3 μL of ligation product was taken from the 1.5mL tube and the remainder was stored 

at -20℃. 50 μL of JM109 E. coli cells were added and the tube left on ice for 20 min. 

This was followed by placing in a heating block at 42℃ for 47 s and then 2 min on ice. 

950 μL of SOC medium was added to the tube and it was placed in the shaking 

incubator for 2.5 h overnight at 37℃. 

http://www.biocompare.com/Product-Reviews/40766-pGEM-T-Easy-Vector-Systems-From-Promega/
http://www.biocompare.com/Product-Reviews/40766-pGEM-T-Easy-Vector-Systems-From-Promega/
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2.1.11 Blue and white screening 

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

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

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

spread evenly. Dishes were put back in the incubator for approximately 16 h. 

Twenty uL DD water were added to 0.5 mL tubes. 20uL pipette tips were used to pick 

up samples of the desired white colonies which were added to the water tubes and 

gently stirred using the pipette tips. 

The tubes were vortexed for about 30s and centrifuged at maximum speed for 5 min. 

Finally, they were placed on ice.  

  

Figure 2.5 The graded lines on the blue/white colony selection Petri dishes. 
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2.1.12 PCR of plasmid cDNA 

The reagents were added to a 1.5 mL tube as shown in Table 2.3, vortexed for 2 to 3 s 

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

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

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

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

                                         Table 2.3 The composition of master mix. 

2.1.13 Gel analysis 

This procedure was performed as described in Section 2.1.7. 

2.1.14 PCR product purification and washing 

PCR plasmid DNA was purified and washed by the same protocol as described in 

Section 2.1.8. 

 

 

Reagent Quantity /μL Numbers/μL Total /μL 

PCR Water 31 15 465 

Cloning Buffer 10 15 150 

DNTP 1 15 15 

M13R 2.5 15 37.5 

M13F 2.5 15 37.5 

Tag polymerase 0.25 15 3.75 
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2.1.15 Sequencing reaction 

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

Bio systems, USA). The master mix was prepared as shown in Table 2.4. Eighteen 

point four μL master mix were placed in a PCR tube and 2.5 μL of sample was added. 

PCR tubes were put in the PCR machine for cloning PCR. 

Table 2.4 The composition of master mix for sequencing reactions. 

2.1.16 Extension product purification and sequencing  

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

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

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

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

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

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

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

removal.  

Seventy-two µL of 95 % ETOH were added into the tubes containing sequencing 

reaction product and the mixed liquid was transferred to other tubes containing 10 µL 

of deionised water. The tubes were placed at room temperature for 20 min. 

Reagent Quantity/ μL 

PCR water 12.4 

5*Sequencing Reaction Buffer 3.57 

M13F primer 1.14 

Terminator Sequencing R-R-100 2.86 



38 
 

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

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

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

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

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

Ten µL of HIDI (highly-deionised) were added into each of the tubes containing dried 

DNA fragments and these tubes were vortexed for 30 s. The tubes were heated for 4.5 

min and then cooled on ice for 5 min. The tubes were then briefly centrifuged and the 

supernatants were transferred onto a sequencing plate one-by-one before analysis on 

an automated ABI 3100 DNA sequencer. The DNA sequences were then translated 

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

encoded in a 5’→3’ direction in the coding region were selected. The principle of 

“Sanger” sequencing is shown in Figure 2.6. 
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Figure 2.6 The principle of Sanger sequencing. 

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

DNA primer, a DNA polymerase, normal deoxy nucleoside triphosphates (dNTPs), 

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

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

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

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

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

sequencing machines. 
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2.2 Solid-phase peptide synthesis（SPPS） 

The peptides were synthesised rapidly and efficiently by use of a PS4 automated solid 

phase peptide synthesiser (Protein Technologies. Tucson, AZ, USA) and amino acids 

were protected by standard Fmoc (9-fluorenylmethoxycarbonyl) chemistry. The 

methods were based on the principle through which the C-terminal amino acid is 

attached to a polystyrene resin followed by the extension of the peptide chain by the 

addition of subsequent amino acids in the sequence one-by-one. 

There are two main reactions used: coupling is performed by use of 2- (1 H-

benzotriazol-l-y1)-1, 1, 3, 3-tetramethyluronium and deprotection was used in each 

step，until the peptide was complete then it was removed from the resin. 

Each cycle of amino acid addition involves 3 steps (Figure 2.7): 

(1) Deprotection: 20% piperidine was used in this step to remove the protecting group 

from the resin bound amino acid in each cycle.  

(2) Coupling: This is the second step in the cycle in which the next amino acid was 

coupled to the deprotected resin bound peptide chain using HBTU. 

(3) Deprotection and cleavage: After coupling of the following amino acid in the 

sequence is achieved, the peptide resin bound chain either undergoes another 

deprotection step for another coupling reaction, or, if the desired peptide is complete 

cleavage of the peptide from the resin is achieved in the presence of 95% TFA. This 

catalyses the breakage of the covalent bond between the peptide and the resin and 

allows the release the peptide. 
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Figure 2.7 The basic steps in the (Fmoc) solid-phase peptide synthesis method. 

http://www.sigmaaldrich.com/technical-documents/articles/biology/solid-phase-

synthesis.html（07.03.17） 

http://www.sigmaaldrich.com/technical-documents/articles/biology/solid-phase-synthesis.html
http://www.sigmaaldrich.com/technical-documents/articles/biology/solid-phase-synthesis.html
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2.2.1 PS4 automated peptide synthesis 

The peptide in this study was synthesised automatically by using a PS4 automated 

solid phase peptide synthesiser (Applied Biosystems, UK). 

(1) All of the amino acids except the last one in the sequence, were weighed and mixed 

with the HBTU (N, N, N, N-Tetramethyl-O-(1H-benzotriazol-1-yl) uronium 

hexafluorophosphate) activator and added to the vials. 

(2) The vials were sealed with a cap and spanner. 

(3) The resin with the last amino acid in the sequence was weighed and transferred to 

the reaction vessel. 

(4) The bottles were filled as follows: DMF (Dimethylformamide) in bottle 1 and 

bottle 2; piperidine: DMF=1: 4 in bottle 3; DCM (Dichloromethane) in bottle 5. 

(5) The PS4 system was checked, pressurised and primed. 

(6) The reaction vessel, with the resin and amino acid vials, was loaded into the system, 

set up and the programme initiated. 

(7) After the reaction was completed, the reaction vessel was sealed with parafilm and 

placed in the desiccator overnight. 

2.2.2 Cleavage and deprotection of peptides 

(1) The product from the reaction vessel was weighed and transferred to a 50 mL 

round-bottomed flask with a magnetic stirrer inside. 
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(2) The cleavage cocktail was prepared (25 mL/g resin): TFA: TIPS 

(Triisopropylsilane): H2O=95:2.5:2.5, v/v/v. 

(3) The cocktail was added to the flask. 

(4) The cleavage and deprotection reaction was allowed to proceed at room 

temperature for 6-8 h, with continuous stirring. 

(5) The cleavage mixture was filtered into a 100mL round-bottomed flask, using a 

Buchner funnel and resin was washed with 9-12 mL DCM. 

(6) The filtrate was concentrated using a rotary evaporator to a final volume of 3-4 mL. 

During this process, the temperature of the water bath was kept below 30℃. 

(7) Step 6 was aimed to remove TFA, DCM and TIPS. 

(8) The concentrated product was transferred to a 50 mL centrifuge tube and 

approximately 40 mL of Et2O (diethyl ether) were added. 

(9) The tube was exposed to the air for 3 days and shaken three times a day with enough 

Et2O to form the disulphide bond in the synthetic QUB-2870. 

2.2.3 Washing 

(1) The 50mL tube with peptide and Et2O was vortexed for about 2 min. 

(2) The tube was centrifuged at 200×g for 5 min to collect the peptide at the bottom. 

(3) The supernatant was discarded carefully and about 45 mL Et2O were added to the 

tube again. 
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(4) The previous process was repeated 3 times. 

(5) After the last step of discarding the supernatant, the sample was dried at room 

temperature. 

2.2.4 Lyophilisation 

(1) Twenty mL of TFA/water/Acetonitrle (0.05/29.95/70.0, v/v/v) were added to the 

tube with peptide. 

(2) The tube was vortexed until the contents dissolved completely. 

(3) The tube was covered with aluminium foil and frozen in liquid nitrogen. 

(4) Finally the peptide was lyophilised in a freeze-dryer (ACPH11-2LD PLUS) for 72 

h. 

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

mass spectrometry  

During this study, the molecular masses of peptides were obtained, in the first instance, 

by use of a Voyager Biospectrometry Workstation MALDI-TOF mass spectrometer 

containing a nitrogen laser. 

(1) One µL samples of HPLC fractions were placed on a 100-well- plate and mixed 

with l µL of matrix solution (40 mM a-cyano-4-hydroxycinnamic acid (CHCA) in 

acetonitrile/ water/ TFA, 50/ 49.7/0.3, v/v/v), and air-dried.  

(2) Conditions were set at 120ns, such as grid voltage (18.8 kV), delayed extraction 

and guide wire (10 V) and linear mode was used in recording the mass spectra. 100 

laser scans and best mass spectra were ensured by diverse laser intensities.  
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(3) A mass/ charge ratio was used to illustrate the masses against abundance and in the 

comparison of the theoretical values through the software which is a computer package 

for peptide mass calculations. 

 

2.4 Reversed-phase High performance liquid chromatography (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 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 
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water/acetonitrile. The system was finally switched off.

 

Figure 2.8 HPLC analysis system. http://upendrats.blogspot.co.uk/2013/06/high-

performance-liquid-chromatography.html（05.02.17） 

 

2.5 Antimicrobial assay 

These were employed to study the antimicrobial effects of the synthetic peptide from 

Rana amurensis. They are inhibition tests to determine whether the peptide has 

antibacterial effects at various concentrations.  The microbes used included the Gram-

positive bacterium, S. aureus, the Gram-negative bacterium, E. coli, and the yeast, C. 

albicans. 

2.5.1Minimal inhibitory concentration (MIC) assay 

Preparation 

One point four mg peptide was weighed and put in a 1.5 mL tube, dissolved in the 

14µL DMSO solution, then vortexed and centrifuged. The highest concentration of 

http://upendrats.blogspot.co.uk/2013/06/high-performance-liquid-chromatography.html
http://upendrats.blogspot.co.uk/2013/06/high-performance-liquid-chromatography.html
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peptide was 512µM.and the volume (µL) of solution was calculated as ：

V=m//512×100×M 

Autoclaved 1×100mL MHB in a conical flask, autoclaved 2×20ml MHB in glass 

bottles, 3 Petri dishes, 1×10mL MHA in a micro tube, and 100mL sterilised PBS 

solution and a 96- well- plate.  

Culture of microorganisms 

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

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

a McCartney of 100ml of Muellar Hinton Broth. 

(2) These were placed in the shaking incubator over 16h at 37℃. 

(3) McCartney bottles of 20mL MHB were prepared for each microbe and placed in 

the incubator overnight to warm up at 37℃. 

(4) Five hundred µL of culture (shaking over 16h) were transferred into a 20 mL bottle 

of sterile MHB and incubated to achieved their logarithmic phases of growth. The 

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

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

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

as possible (Table 2.5). 

 

Organism 

 

 

Subculture 

incubation time 

 

Concertation 

 

Absorbance 

(O.D) 

 

UV 

spectrophotometer 

 

S. aureus 

 

1.5h 

 

108 µM 

 

0.23 
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Table 2.5 Timescales showing the time required for each test organism to reach log 

phase growth and their optical densities. 

 MIC assay 

7 µL of DMSO were added to each 1.5mL tube. 

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

peptide as follows: 128 (µM), 64 (µM), 32 (µM), 16 (µM), 8 (µM), 4 (µM), 2 (µM), 

and 1 (µM). 

The 96 well plate was prepared and marked as in Figure 2.9, with different 

concentrations of peptide which were added 1µL in the corresponding wells. 99µL of 

subculture from the Petri dish (diluted with MHB) were then added to the 96- well- 

plate. 

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

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

subculture from Petri dish (diluted with MHB) with 99 µL DMSO. After these steps 

the 96 well plate was put in the shaking incubator for about 10 min and then transferred 

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

 

  

 

 

C. albicans 

 

 

1h 

 

5×106 µM 

 

0.15 

 

 

 

550nm 

 

550nm 

 

E.coli 

 

1h 

 

108 µM 

 

0.41                          
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                                         Figure. 2.9 The format of the 96-well plate. 

Viable cell counting 

Six micro tubes were prepared by adding 900 µL PBS to each tube, followed by 100 

µL of culture into the micro tubes labelled -1(µM). After that, 10-fold dilution to a 

range of concentrations of culture were labelled -2(µM), -3(µM), -4(µM), -5(µM), -

6(µM) as shown on Figure 2.10. 

 

 

 

 

 

 

 

S        512   256    128    64      32      16      8       4        2         1       G 
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100 µL          100 µL             100 µL             100 µL             100 µL 

 

 

    (-1)                (-2)                   (-3)                  (-4)                (-5)                （-6） 

                                               Figure 2.10 Dilution of the tests. 

 

                Figure 2.11 The distributions of the samples on the MHA plates  

After the dilutions of the cultures were prepared, they were added onto the 

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

in Figure 2.11. Following this, the Petri dish was dried beside the Bunsen burner and 

was then transferred to the incubator overnight at 37℃. 

 

Result confirmation 

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

     



51 
 

2.5.2Minimum bactericidal concentration assay (MBC)  

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

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

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

could be determined as shown in Figure.2.12. 

 

 

 

 

 

 

 

 

Figure 2.12 The distribution of the culture spots on MHA plates. Each drop was 20 

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

2.6 Anticancer assay: 

Preparation 

To culture the different kinds of cells, the media varied and as shown in Table 2.6, 

different kinds of media were used for different kinds of cells. 

 

 

512                         256 
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Table 2.6 Cells and their respective culture media. 

Resuscitation and media changing 

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

Streptomycin, Sigma-Aldrich) added, media corresponding to the specific types of 

cells were preheated at 37℃ and 15ml of the media were added into a medium-sized 

culture flask (175cm2: 25mL of media; 80cm2: 15mL of media; 25cm2: 5mL of media, 

Sigma-Aldrich). 

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

37℃ to thaw. When the cells were thawed, they were transferred into the flask with 

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

CO2. 

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

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

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

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

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

Cells Media Company  

H-157 RPMI (Roswell Park Memorial Institute) 1640 

medium 

Life Technology 

PC-3 RPMI (Roswell Park Memorial Institute) 1640 

medium 

Life Technology 

MB-435S DMEC (Dulbecco’s Modified Eagle Medium) Life Technology 
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2.6.1. MTT (3-(4, 5-dimethylithiazol-2-yl)-2, 5-dipheyltetrazolim bromide) assay 

and passage 

Preheating and preparation 

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

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

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

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

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

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

a centrifuge at 20℃, 200×g for 5 min and then the supernatant was removed. 5 mL 

media was added into the centrifuge tube and the cells were mixed to be evenly 

distributed in the media.   

Fifteen mL of media was added into a new flask and 3 mL of the liquid inside the 

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

incubator and the cells were cultured for repeating experiments. 

Resuspension and 96-well-plate seeding 

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

of the well of the 96-well-plate. Then 50 μL of trypan blue (Life Technology) was 

added into the well and evenly mixed (Figure 2.13). 
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                                   Figure 2.13 A haemocytometer 

http://www.graymed.com.au/haemocytometer-haemocytometers (11.03.17) 

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

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

were counted and calculated with the formula below and each station’s volume was 

0.1 μL. 

Number of the viable cells / flask (cells/mL) = T / 4×104×2×10 

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

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

2.7 Haemolysis assay  

 

(1) A range of peptide solutions of 2 × (1,2,4,8,16,32,64,128,256,512 mg/L) were 

prepared in PBS.  

(2) The volumes of reagents used were as follows (Table 2.7): 

Groups Volume 

Sample 200 µL peptide solution+200 µL 

4%RBC 

http://www.graymed.com.au/haemocytometer-haemocytometers
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Negative Control 200 µL PBS+200 µL 4% RBC 

Positive Control 200 µL Triton X-100 (in PBS)+200 µL 

4% RBC 

                                                      

                               Table 2.7 Volumes of reagents for the haemolysis assay. 

The positive control was 200 µL 4% RBC suspension plus 195 µL PBS with 5 µL 

Triton X-100. 

Five replications were made for each group with 1.5 mL tubes. 

(3) All the samples and controls were incubated for 120 min at 37℃.  

(4) After 120 min, all the tubes were centrifuged at 100 × g for 5 min. 

(5)200 µL of the supernatants were removed from each reaction and transferred to 

wells in a 96 well plate. 

(6) The optical density (OD) values were measured at 570nm by using a Synergy HT 

plate reader (Bio Tek, USA). 

(7) The percentage of haemolysis was calculated using the following equation. 

Haemolysis = (A-A0)/ (Ax-A0) × 100%. 

(Where A is the OD of the peptide solution, A0 is the negative control reading and Ax 

the positive control reading.) 
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Chapter 3. Results 

3.1 Molecular cloning 

The molecular cloning method was successfully employed to identify a bio-synthetic 

precursor peptide sequence from a cDNA encoding library from the skin secretion of 

Rana amurensis, which was named QUB2870. The nucleotides and translated open-

reading frame amino acid sequence are shown in Figure 3.1. The open-reading frame 

consisted of 72 amino acid residues, which included a 22-residue putative signal 

peptide at the N-terminus, and the predicted mature peptide QUB2870 of 29 residues 

at the C-terminus. A BLAST search revealed that the peptide exhibited a similar 

primary structure to amurin-6. 
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Figure 3.1 Nucleotide and translated open reading frame amino acid sequence of 

peptide QUB2870 precursor-encoding cDNA cloned from a skin secretion library of 

Rana amurensis. The putative signal peptide sequence is double underlined, the mature 

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

The BLAST analysis indicated that the mature peptide QUB2870, consisted of 29 

amino acid residues, and was found to share a similar primary structure identity with 

previously identified amurin peptides (Figure 3.2). 

 

Figure 3.2 Alignment of QUB-2870 compared with partial protein Amurin-6AM and 

preproranatuerin-2Ob from Rana amurensis. 
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3.2 MALDI-TOF identification and HPLC purification 

The solid peptide synthesis of QUB-2870 was successfully accomplished using the 

PS4 automated synthesiser. More than 300 mg dry weight of peptide was obtained on 

a single synthesis and a sample was subjected to MALDI-TOF mass spectrometry 

analysis (Figure 3.3). This peptide mixture was further purified using HPLC. The 

retention time following HPLC that resolved the purified peak of QUB2870 is shown 

in Figure 3.4. 
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Figure 3.3 MALDI-TOF mass spectrum of chemically–synthesised mature peptide, 

QUB 2870. The m/z of singly-charged QUB 2870 was 2872.09. The intensity of the 

spectrum of QUB 2870 was 9.5e+. 
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Figure 3.4 HPLC spectrum of crude synthetic peptide QUB 2870. The arrow indicate the 

elution position /retention time of the fraction containing QUB 2870. 

 

3.3 Minimum inhibitory concentration assay 

From the data of the MIC assays, synthetic QUB-2870 was found to have a broad-

spectrum of antimicrobial activity. 

Synthetic QUB-2870 showed antimicrobial activity against the Gram-positive 

bacterium, S. aureus, the Gram-negative bacterium, E. coli and the yeast, C. albicans, 

with MICs of 4 μmol／L, 8 μmol／L and 4 μmol／L, respectively (Figures 3.5-3.7). 
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Figure 3.5 Antimicrobial activity of QUB-2870 against Gram-positive bacterium 
S.aureus. The viability was significantly decreased at the concentration of 4 μmol／

L. Hence, the MIC of QUB-2870 against S.aureus was 4 mg/L. The “Growth” 
indicates growth control which contains 100 µL bacterial culture medium. 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) 
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Figure 3.6 Antimicrobial activity of QUB-2870 against Gram-negative bacteria E. 
coli. The viability was significantly decreased at the concentration of 8 μmol／L. 
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Hence, the MIC of QUB-2870 against E. coli was 8 μmol／L. The “Growth” 
indicates growth control which contains 100 µL bacterial culture medium. 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) 
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Figure 3.7 Antimicrobial activity of QUB-2870 against the yeast C.albicans. The 
viability was significantly decreased at the concentration of 4 μmol／L. Hence, the 

MIC of QUB-2870 against C.albicans was 4 μmol／L. The “Growth” indicates 
growth control which contains 100 µL bacterial culture medium. 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) 
 

 

3.4 Haemolysis activity assay 

The haemolytic activity of synthetic QUB-2870 is shown in Figure 3.8. The X-axis of 

the bar chat shows the concentrations of peptide and the Y-axis shows the absorbance. 

Low absorbance signifies low haemolytic activity. A low level of haemolytic activity 



64 
 

was found below the concentration of 16 μmol／L of QUB-2870. In addition, at the 

MIC assay concentrations, the value of haemolysis was S. aureus (6%), E. coli (10%) 

and C. albicans (6%), respectively (Figure 3.8).  
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Figure 3.8 Haemolytic activity of QUB-2870 on horse erythrocytes. All percentages 
of haemolysis were compared to positive control, which was the haemolytic activity 
caused by 1% Triton X-100. The negative control was the haemolytic activity caused 

by PBS. 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 

 

3.5 Anticancer activity assay 

The synthetic peptide QUB-2870 was found to show significant growth inhibitory 

effects on PC-3 cells, H157 cells, U251MG cells and MB435S cells at concentrations 

of 10-4 and 10-5 μmol／L. The Growth control which was the cells cultured under the 

same conditions but treated with nothing, was marked “Blank” in the figures. The 
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concentrations of peptide used in these assays were between 10-4 to 10-9 μmol／L. The 

Y-axis was the percentage of the viability (Figure 3.9-3.12). 
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 Figure 3.9 The anti-proliferative effect of peptide QUB-2870 against PC-3 cells. 
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) 
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Figure 3.10 The anti-proliferative effect of peptide QUB-2870 against H157 cells. 
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Figure 3.11 The anti-proliferative effect of peptide QUB-2870 against U251MG 
cells. 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) 

 

M B 4 3 5 S

L o g [P e p tid e  c o n c e n tra t io n ](µ m o l/L )

c
e

ll
 v

ia
b

il
it

y
 r

a
te

(%
)

B la
n k -4 -5 -6 -7 -8 -9

0

5 0

1 0 0

1 5 0

** **

ns nsns
ns

 

Figure 3.12 The anti-proliferative effect of peptide QUB-2870 against MB435S 
cells. 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) 
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68 
 

 

 

Chapter 4. Discussion and future work 

4.1 General discussion 

In this study, the peptide QUB-2870 was isolated and structurally characterised by 

molecular cloning from the skin secretion of the frog Rana amurensis. The peptide 

was synthesised by Solid Phase Peptide Synthesis and then purified by reverse phase 

HPLC and MALDI-TOF. Subsequently, a series of biological functions tests were 

performed, for instance, antimicrobial assays, haemolysis assays and anticancer assays. 

The peptide QUB-2870 showed strong effects in the minimum inhibitory 

concentration assay against all microbes tested, no matter against the Gram-positive 

bacterium, S. aureus, the Gram-negative bacterium, E. coli or the yeast, C. albicans. 

The MIC values respectively were 4 μmol／L, 8 μmol／ L and 4 μmol／L, 

respectively. Meanwhile, the haemolytic effects were 6% at 4 μmol／L and 10% at 8 

μmol／L, which suggests that QUB 2870 might have a low potential risk for 

application in vivo.  

In addition, the peptide displayed significant growth inhibitory effects against PC-3 

cells, H157 cells, U251MG cells and MB435S cells. In the MTT assay, the peptide 

showed different degrees of anticancer abilities on all 4 types of cancer cells at 

concentrations of 10-4 and 10-5 μmol／L. There were no significant differences of 

QUB-2870 against H157 cell line at 10-4 and 10-5 μmol／L, the cell viability rates were 

15.5% and 14%. The same effect occurred in MB435S cells, the cell viability rates 
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were 38.5% and 40.5%. The other two results both displayed an increasing trend when 

the concentration of peptide QUB-2870 was diluted from the concentration of 10-4 

μmol／L to 10-5 μmol／L. The percentage of the result of MTT assay against PC-3 

cells were 7.5% at 10-4 μmol／L and 24% at 10-5 μmol／L. The value of peptide 

against U251MG cells were 16% at 10-4 μmol／L and 42.5% at 10-5 μmol／L.  Thus, 

it is remarkable that QUB-2870 may have potential for clinical use to kill cancer cells 

in vivo. 

4.2 The importance of antimicrobial peptides 

The discovery and development of different classes of antibiotics led to a new era of 

treatment of microbial infectious diseases over the last 60 years. Within this time, we 

have eradicated many potentially deadly bacterial infections due to advances made in 

bacterial research and medicine. These advances include antibiotic treatments and 

widespread antibacterial vaccination together with a better understanding of the 

pathophysiology and epidemiology of these diseases and their quick diagnosis. As a 

result, in the last 60 years, an extraordinary reduction in the mortality and morbidity 

caused by these illnesses was achieved worldwide and particularly in the countries 

with good working public healthcare systems. These healthcare achievements made 

many physicians to believe that the problems caused by many life-threatening bacterial 

infectious agents were solved. Unfortunately, this assumption was proven wrong due 

to the emergence of many new antibiotic-resistant strains of human pathogens and 

their global spread. 

Many older antibiotics have become cheaper to produce and ease to access for the 

general public in many countries around the world. They have been regarded as a 

‘panacea’ of modern medicine and have unfortunately been overused to treat any type 
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of infections, including many diseases caused by non-bacterial agents. The usage of 

antibiotics is the most important factor leading to antibacterial resistance (AR). 

It is obvious that the conventional pipelines for antibacterial drug discovery have dried 

up. As a result, new resistance mechanisms emerge and spread globally threatening 

the well-being of many people worldwide. This results in death and disability of 

individuals who until recently could have continued a normal course of life. Therefore, 

new drugs from other sources, such as antimicrobial peptides (AMPs) are urgently 

needed.  

4.3 Resistance to antimicrobial peptides  

Constitutive resistance and inducible resistance are two major AMP resistance 

mechanisms [44]. The constitutive resistance mechanisms includes electrostatic 

shielding [45], changes in membrane potential during different stages of cell growth 

[46], and biofilm formation [44]. The inducible resistance mechanisms include 

substitution [47], modification [48], and acylation [49] of the membrane molecules, 

activation of some proteolytic enzymes [50] and efflux pumps [51], and modifications 

of intracellular targets [52].   

Some AMPs are sensitive to adhesion molecules on the surface of Staphylococcus 

aureus and the activity can be inhibited by bacterial cells. As these adhesion molecules 

are polymeric sticky substances, the cells can be attached to the cell surface after the 

secretion [53] and as the adhesin is positively charged, it can form a barrier to repress 

the positively charged AMPs. Salmonella typhimurium also has a similar lipid 

protection system to protect itself from host AMPs [54]. In this mechanism, PhoP is 

an intracellular response modulator, and PhoQ is a kind of combination of sensor 

kinases. When there is a large amount of positive charge outside the battery, PhoQ will 
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be activated. Phosphorylation of PhoP then causes some genetic changes, including 

genes associated with AMP resistance and when the extracellular charge level is low, 

the system performance is not active, because the divalent cation interaction with 

PhoQ will change its activity [55].  

Although there are many mechanisms for the anti-AMP function of bacteria, the lipid 

bilayer structure of the bacterial membrane makes it difficult for the bacteria to exert 

complete resistance to AMPs. In addition, the current observed results show that the 

resistance of bacteria to AMPs is far less resistant than antibiotics, and only occurs for 

a limited number of AMPs. 

4.4 Future work 

As mentioned above, the peptide QUB-2870 showed antibacterial and anticancer 

activities. Although both of these activities have been characterised, the mechanisms 

of actions are still undefined. Thus, it is necessary to explore the mechanisms of QUB-

2870 against bacteria and cancer cells. Moreover, building a 3-D model of QUB-2870 

is helpful to further study, as tertiary structures might affect the way peptides bind to 

cell membranes. 
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