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Abstract 

Currently, more attention than ever before is being paid to the skin secretions of 

amphibians. There is no doubt that the skin secretions of amphibians play an 

important role in their daily life as a method of chemical defence. In recent 

biomedical research studies, these secretions have been shown to contain 

biologically-active compounds, such as anti-microbial peptides (AMPs) and 

anticancer peptides (ACPs), which are used by biomedical researchers as a source of 

potential novel drug leads or pharmacological tools. 

In this thesis, an AMP was identified in the skin secretion of Odorrana schmackeri 

through "shotgun" cloning of biosynthetic precursor-encoding cDNA. Online 

BLAST sequence alignment analysis was used to identify the mature peptide 

domain, -FLPLFASLAANLLPKIICKIAKKC, and the peptide was named QUB-

2614. It’s computed molecular mass was confirmed by MALDI-TOF mass 

spectrometry, then QUB-2614 was chemically synthesised by the method of solid 

phase peptide synthesis (SPPS) and purified by reverse phase-HPLC. 

Functional studies showed that QUB-2614 displayed antimicrobial activity against 

the Gram-negative bacterium, Escherichia (E.) coli, the Gram-positive bacterium, 

Staphylococus (S.) aureus, and the yeast, Candida (C.) albicans. However, it 

possessed relatively high haemolytic activity. Furthermore, QUB-2614 was found to 

have significant growth inhibitory effects on MB435s, H157, U251MG and PC-3 

human cancer cell lines. 
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Chapter1: Introduction  

1.1 Background 

Drug discovery has become one of the most promising areas in the development of 

medicine during the past few decades. The application of molecular biology, 

particularly to the genomic area, has contributed much to this. Even the advent of 

combinatorial chemistry aroused great attention as a kind of supreme discovery 

process, natural products, nevertheless, still play an irreplaceable role in drug 

discovery (1). In 2007 (2), a review reported that 974 small molecule new chemical 

drugs had been developed during 1981-2006, 63% of these were natural products 

which included natural derivatives and semisynthetic derivatives. The amount could 

be higher for some specific therapeutic areas such as antineoplastics, antimicrobials 

and antihypertensive drugs. In fact, these natural products have been used and have 

even cured people for many years in a traditional medicine format. It is thus clear 

that many are efficacious due to their long track records in human trials. Natural 

products might be helpful for the development of antibacterial therapies, because 

they can be sources of novel chemical structures in the process of the development of 

modern medications (3). Although these kind of natural products have much 

potential, there remains only a small fraction of earth’s living species that have been 

tested for bioactivities. 

Currently, more attention than ever is being focused on the potential of peptides in 

drug development. Table 1(4) summarises the development of drugs since 1960, 

including aims and classification.  
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Table 1.1  Changing trends in drug design 

 

Due to the antibiotic resistance caused by the common use/misuse of antibiotics, 

peptide antibiotics are considered to be a potential solution. The peptides from 

amphibian skin secretions and their synthetic analogues might be among the most 

precious sources. Nonetheless, much research still needs to be done before the 

comprehensive clinical application of these molecules comes into reality. It must be 

emphasised that significant progress has been made in this direction. Researchers 

have found that novel peptides have the ability to act as leads that can be optimised 

for the design of analogues with enhanced attributes to fight infections.  

Increasing numbers of amphibian AMPs are being discovered to have therapeutic 

and biotechnological applications which are far more efficient than those previously 

speculated, but further research is still needed along these lines. As we can have 

many benefits from these amazing functions and properties, so we must try our best 

to study these natural polypeptides and other related substances. Today, scientists 

study amphibians more deeply in order to develop the potential therapeutic effects of 

their molecules. 



9 
 

1.2 Amphibian skin secretions  

When amphibians meet with misfortune, such as predator attack, they always 

produce harmful or toxic skin secretions as a method of chemical defence. 

Amphibian skin secretions contain biologically-active compounds, such as AMPs 

and trypsin inhibitors, which are used by biomedical researchers as a source of 

potential novel drug leads or pharmacological agents. 

Although many molecular classes exist in such skin secretions, in the majority of 

frogs, peptides are viewed as the primary class.  Among the variety of potential 

functions, the peptides with antimicrobial properties are the most attractive and 

widely studied group. Unlike other compounds such as alkaloids, which are mostly 

derived from dietary sources, the peptides are genetically encoded and differ from 

each other across species.  

Some research has shown that peptides which exhibit trypsin inhibitory properties 

are present in amphibian skin secretions. Several protease inhibitors have been found 

in many different kinds of frogs in recent years. For example, a Kazal-type inhibitor 

of post-proline specificity which can inhibit this type of protease, was identified in 

the skin secretions of the South American frog, Phyllomedusa sauvagei (5). 

Amphibian skin secretions are wealthy sources of many bioactive peptides which 

have distinct bioactive activities such as anti-bacterial, anti-fungal, lytic and 

anaesthetic. According to a body of research on the molecular cloning of skin 

secretion–derived cDNAs, the precursors of skin peptides belonging to Ranidae and 

Hylidae have highly-conserved domain architectures and signal peptides which are 

almost identical. The high degree of conservation of nucleotide sequence makes it 

easy to design primers which are complementary to these sites and are able to 
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facilitate the “shotgun” cloning of cDNA libraries from skin secretions of existing 

species. 

The skin secretion of anurans has been used as a rich source of pharmacologically 

active peptides for a long time (6).  The scientific interest in amphibian AMPs was 

first aroused by the purification of bombinin from Bombina variegata (1970) and 

was clearly enhanced by the isolation of magainins, from Xenopus laevis (1987) (7). 

The researchers are now encouraged by the fact that there are hundreds of AMPs 

derived from large numbers of amphibian species. Moreover, it is definitely possible 

to obtain enough material used sequencing and action spectrum determinations from 

a single animal, which has proven their importance and their potential development 

prospects. There is a high possibility that these peptides could be developed into 

medicine for clinical use due to several advantages. In the meanwhile, they still 

remain to be modified to overcome the inevitable drawbacks(4) (Table 1.2). 

 

Table 1.2   Advantages and disadvantages of peptides as drugs 
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1.3 Antimicrobial peptides (AMPs) 

AMPs, also referred to as host defence peptides (HDPs) are part of the inherent 

immunity found among all species of life.  

AMPs are oligopeptides with many amino acids ranging from 5 to 100 or more. 

There is a broad spectrum of targeted creatures for AMPs which extend from viruses 

to parasites. Considering the previous studies, AMPs have likewise been called 

cationic host defence peptides (8), anionic AMPs/proteins (9), cationic amphipathic 

peptides (10), cationic AMPs (11), host defence peptides (12), and α-helical AMPs 

(13). 

In 1939, AMPs were first found by Dubos (14) who extracted an antimicrobial agent 

from a soil Bacillus. It was indicated that this substance had a function to protect 

mice against the Diplococcus pneumoniae-caused infections. In subsequent years, 

Hotchkiss and Dubos did the experiment again to fractionate this extract, and they 

identified an AMP which they named gramicidin. Although some studies showed that 

it was toxic when used for intraperitoneal (15), gramicidin was found to have effects 

on the healing of wounds and ulcers (16). Back in 1941, another AMP was 

discovered to be active against both Gram-negative and Gram-positive bacteria and 



12 
 

was named tyrocidine (17). However, tyrocidine was lytic for human blood cells 

(18). Another AMP was extracted from a plant, Triticum aestivum, in the same year 

(19), and was named purothionin. This was found to work against fungi and some 

pathogenic bacteria subsequently (20). 

In 1956, the first animal-originating AMP, defensin, was separated from rabbit 

leukocytes (21). In the next few years, research reported the description of both 

bombinin from epithelia and lactoferrin from milk (22). Meanwhile, human 

leukocytes that had AMPs in their lysosomes were demonstrated (23). 

Currently, over 5000 AMPs have been found or synthesised to date (24). According 

to some former studies, natural AMPs may be discovered in both prokaryotes (such 

as bacteria) and eukaryotes (such as protozoan, fungi, plants, insects, and animals) 

(25-27). When it comes to animals, AMPs are mainly discovered in the tissues and 

organs, and are considered to be the foremost line of innate immune defence (28, 29) 

against viruses, bacteria, and fungi (26). Thus, it has been shown that AMPs can play 

a major role in preventing many infections earlier before they lead to symptoms (25, 

30). 

1.3.1 The classification and function of AMPs 

Technically, proteins with enzymatic mechanisms are not classified as similar to the 

antimicrobial activities of AMPs. For instance, lysozyme is not classified as an AMP 

because it is comparatively large (148 aa) and has an enzymatic bactericidal 

mechanism by breaking 1,4-β-linkages in peptidoglycan chains (31). In general, 

AMPs are classified according to their targets and modes of action. For natural 

AMPs, most current attention is focused on those from eukaryotes, especially 

mammals. 
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Antiviral AMPs act on either the viral envelope or the host cell membrane to 

neutralise viruses. Previous studies have shown that both enveloped RNA and DNA 

viruses can be destroyed by antiviral AMPs (32, 33). AMPs have ability to integrate 

into viral envelopes and induce membrane instability in order to make the viruses 

unable to affect host cells (34, 35). Importantly, AMPs can also reduce the binding of 

viruses to host cells (36). For instance, defensins can bind to the viral glycoproteins, 

ensuring that herpes simplex viruses (HSV) cannot bind to the surface of host cells 

(37). 

In addition to blocking viral receptors, some antiviral AMPs can stop viral particles 

from entering host cells by occupying specific receptors on mammalian cells (38, 

39). For example, heparin sulphate can be used for the attachment of HSV viral 

particles to the host cell surface (40) and these molecules are negatively charged 

glycosaminoglycans (41). Thus, some α-helical cationic peptides, such as lactoferrin 

(42), can combine with heparin molecules to stop HSV infections by blocking virus-

receptor interactions (43). 

Up to now, antibacterial AMPs have been studied most among all AMPs. Most are 

cationic and target bacterial cell membranes, meaning they can induce the 

disintegration of lipid bilayers (44, 45). The majority of these AMPs are 

amphipathic, containing both hydrophilic and hydrophobic domains. These structures 

give AMPs good opportunities for binding to lipid membrane components 

(hydrophobic region) and phospholipid groups (hydrophilic region) (46). 

Intriguingly, scientists have indicated that bacteria can be killed by some AMPs at 

low concentrations and these AMPs do not appear to destroy their membranes. These 

AMPs do not interact directly with the membrane but by limiting DNA replication in 
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cells and protein synthesis, they exert bactericidal functions (47). For instance, 

buforin II does not need to destroy the cell membrane as it can penetrate cells and 

bind to DNA and RNA directly (48). There also are some other examples of AMPs 

which can do this such as drosocin, pyrrhocoricin, and apidaecins. These AMPs have 

approximately 18 to 20 amino acid residues and bind to the active site of their 

intracellular targets (49, 50). 

Under some circumstances, certain AMPs can readily kill antibiotic resistant 

bacteria. For example, both nisin (an AMP) and vancomycin (an antibiotic) have the 

ability to stop the formation of cell walls.  

Antifungal peptides can kill fungi by means of targeting either the cell wall (51, 52) 

or components within the cell (53).  However, as is well known, the components of 

bacterial and fungal cell membranes/cell walls are quite different. Chitin is one of the 

most abundant components of fungal cell walls and some antifungal peptides are 

competent in binding to this (54-56). Cell wall targeting-antifungal AMPs have many 

methods to kill the target cells, such as by rupturing fungal membranes (57, 58), by 

enhancing the permeabilisation of the plasma membrane (59), or by forming pores 

directly (60). 

While most antifungal AMPs have polar and neutral amino acids in their structures, 

(46) there appears to be no clear relationship between the structure of these AMPs 

and the formation of cells that they target. It has been reported that there are several 

structural classes in antifungal peptides such as α-helical (D-V13K (61) and P18 

(62)), extended (indolicin (63)), and β-sheet (defensins (64)). 

Compared to the three other types of AMPs, antiparasitic peptides are a smaller 

group. The first antiparasitic peptide reported was magainin.  Magainin has the 
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ability to kill Paramecium caudatum (65).  A synthetic analogue peptide was found 

to function against Leishmania subsequently (66). The next example of an 

antiparasitic peptide was cathelicidin. It is thought that cathelicidin can kill 

Caernohabditis elegans by shaping pores in the cell membranes (67). Parasitic 

microorganisms have the same membrane target for AMPs, although some parasitic 

microorganisms are multicellular (67). 

1.3.2 Mechanisms of action and resistance of AMPs 

1.3.2.1 Structural determinants of AMP activity 

AMPs have certain conserved structural features as normally their N-terminal 

regions are rich in hydrophilic amino acid residues with some that are cationic, such 

as Lys and Arg, while the C-terminal regions have more hydrophobic residues and 

are usually amidated. Although there is a big difference in various sources of AMPs 

or the same source which has different AMPs, based on their amino acid 

compositions and sequences, their secondary structures have many similar 

characteristics. Most AMPs have  amphipathic α-helix structures (13). Moreover, β-

sheet, pleated and cyclic structures are all common secondary structures (68). 

According to the net charge of AMPs, they can be divided into cationic AMPs 

(cAMPs), anionic AMPs (aAMPs) and neutral AMPs (nAMPs). The vast majority of 

AMPs are cAMPs. AMPs are usually composed of 12~50 amino acid residues, their 

molecular masses are relatively small, aroud 4~10kda, and AMPs they have good 

thermal stability. They are resistant to acid, alkali and high ionic strength. When 

AMPs are at a low pH in strong ionic strength conditions, they can still maintain 

activity. Several AMPs can resist hydrolysis by trypsin by inhibiting its active site 

(69). 
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Bacterial outer membranes contain many negatively charged molecules, such as 

lipopolysaccharide and teichoic acid etc. Cationic AMPs can interact with 

lipopolysaccharide or teichoic acid bivalent cation binding sites by electrostatic 

attraction, competitively replace Mg2+ and Ca2+ and thus combine with the 

membrane. Compared with prokaryotic cells, there is much difference in the 

structure and composition of eukaryotic cell membranes. For instance, the eukaryotic 

cell membrane phospholipids show asymmetric distribution. The phospholipid 

bilayer outer layer is composed of neutral phospholipids without charge, and 

negative phospholipids which attract cationic AMPs and the phospholipid head 

groups bend towards the side of the  cytoplasm. Regarding components, eukaryotic 

cell membranes are rich in cholesterol and unique membrane proteins. The presence 

of these can stabilise cell membranes and they can even prevent AMPs from 

penetrating into the eukaryotic cells. As a result, the difference between membrane 

structure and composition gives antibacterial peptides the specific ability to kill 

bacteria (70). 

1.3.2.2 Initial peptide interactions with membrane targets 

Electrostatic Interactions 

The initial stage of the mechanism of how AMPs target bacterial cells is widely 

accepted as based on electrostatic interaction. For instance, there is a common and 

energetic attraction between cationic AMPs and negatively charged lipid membranes 

of bacteria. This assumption has been proven by much research, which has shown a 

strong correlation between peptide charge and membrane binding activity (71-73). 

Regarding Gram-negative organisms, Hancock (74) has proposed a mechanism 

named “self-promoted uptake”, for peptide interaction with membranes.  

Although the cell envelopes of Gram-positive organisms are rich in negatively 
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charged teichoic and teichuronic acids, compared with Gram-negatives, Gram-

positive organisms don’t have an outer membrane or LPS. 

Table 1.3. Summary of the differences between Gram-positive bacteria and Gram-

negative bacteria. 
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(http://www.majordifferences.com/2013/10/difference-gram-positive-vs-gram_2.html#.WZb9-

D6GPcs) 

Receptor-Mediated Membrane Interactions. 

In previous research, scientists have found that AMPs with D- and L-isoforms of 

amino acids possess equal antimicrobial activities. Hence, for AMPs, a non-receptor 

type interaction with large numbers of membrane targets is supported by popular 

dogma (75, 76). 

After this, several pieces of research indicated that there might be significant 

exceptions to this universalisation and maybe the most distinctive case is that of 

nisin. This is a small cyclic peptide made non-ribosomally and has been used in the 

food industry for several decades. Nisin even has antimicrobial activity in the 

nanomolar range and it binds to bacterial lipid II specifically - a component of 

membranes performing peptidoglycan synthesis. After interacting with nisin, 

compared with vesicles devoid of lipid II, vesicles which contained lipid II showed a 

1000-fold increase in the outflow of fluorescein indicating membrane disruption (77). 
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1.3.2.3 Cell membrane permeability 

The vast majority of AMPs have cationic and amphiphilic structural characteristics, 

and they can combine with bacterial cell membranes through the function of 

electrostatic attraction (78). After AMPs interact with bacterial cell membranes, their 

hydrophobic parts combine with cell membrane phospholipids and insert into the cell 

membrane while their hydrophilic parts combine with cell membrane lipids and form 

the pore lining. This disrupts cell membrane integrity, permeability increases, 

causing cell contents to outflow which induces cell death accordingly.  

Due to the differences in the specificity of the microbial cell membrane ultrastructure 

and bilayer lipid membrane models used by researchers, the same kind of AMP may 

be effective on organisms  through different mechanisms. Different kinds of AMPs 

can also play a role in antisepsis through the same kind of mechanisms. During a 

long time of research, researchers have proposed several different models of cell 

membrane permeability, and the following are the main types: 

The barrel-stave model of AMP action proposes that peptides orientate onto the 

surface of the bacterial cell membrane phospholipid bilayer by using electrostatic 

effects. Polymerise, thus inducing conformational change in the cell membrane, the 

insert into the cell membrane phospholipid bilayer, perpendicularly to the cell 

membrane  in the form of a polymer. Peptide molecules have hydrophobic faces 

turned toward the acyl chains of membrane lipids while the hydrophilic faces are 

turned inwards to form pores or channels, thus disrupting membrane integrity.  

Ceratotoxin extracted from Ceratitis capitata venom, contains an α-helical cationic 

peptide, whose N-terminal can make AMPs anchored to the bacterial cell membrane, 

insert into this and form a spiral beam. It can then use the electrical potential gradient 

to make the cell membrane asymmetric and to bend and to form a voltage-dependent 
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membrane-spanning ion channel (79). The barrel-stave model acting AMPs play a 

role in cell membrane permeability and have the features of amphiphilic  α-helical 

and β-sheet structures (80).  

The carpet model of AMP action proposes that AMPs orient parallel to the cell 

membrane as a "blanket", to cover the bacterial cell membrane surface. When a 

certain density of peptides accumulates, phospholipid displacement changes occur 

changing membrane fluidity, which eventually leads to membrane structural damage 

and cell content leakage (81). 

For other models of AMP action, peptides first bind to the membrane primarily by 

way of electrostatic interactions and carpet the phospholipid bilayer (82). When 

Lopez-Oyama et al. (83) described the AMP, bactenecin, which interacted with the 

DPPC lipid bilayer and DMPG, they found it could polymerise by itself, forming 

long filaments first, and then gradually form a carpet structure to cover the surface of 

DMPG. When the concentration of peptide reached a critical threshold, pore 

structures were generated. AMPs which act by the carpet model, always contain  β-

sheet structures and long filaments are the result of β-sheet interactions with cell 

membranes. 

The toroidal pore model of AMP action is well characterised among all peptide-

membrane interaction models. A major difference between the toroidal pore model 

and the barrel-stave model, is that in the transmembrane channel, the lipids of the 

first are intercalated with peptide and consequently form a supramolecular complex 

structure. This structure can also be regarded as a membrane-spanning pore, which is 

usually lined with polar peptide surfaces, as well as phospholipid head groups. After 

AMPs combine with the membrane surface, the shift of hydrophobic polar head 

groups can make the cell membranes hydrophobic centre form fissures which cause 
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bending and stretching of membranes in the positive way. The fissured stretch of the 

membrane further undermines the integrity of the cell membrane. 

Yoneyama etc (84) first reported that lacticin Q can kill bacteria by forming toroidal 

pores on the Gram-positive bacterial cell membrane. Lacticin Q can quickly be 

effective on the outer membrane of bacteria forming at least 4.6 nm channels leading 

to small protein  out-leakage. Sticholysin which comes from  sea anemones, is a kind 

of perforin which can slant lipid bilayers with an angle of 31 degrees through the α-

helix of its N-terminal and then form a 2 nm toroidal pore causing cell content out-

leakage and cell death (85). 

1.4 AMPs in drug discovery 

AMPs, as the new approaches in working out the antibiotic resistance problem, are 

hopeful. AMPs have many benefits from drug screening to mass production. 

1.4.1    The clinical application value of AMPs 

1.4.1.1   The diverse potential applications of AMPs 

AMPs are beneficial due to their broad spectrum activity and they can even have an 

effect on drug-resistant bacteria (86). They have functions in destroying multi-drug 

resistant bacteria and provide a possibility to settle the problems which are caused by 

antibiotic resistance through their rapid killing process and multiple cell action sites 

(47). In addition, AMPs can improve the efficiency of antibiotics in vivo, probably 

through accelerating admittance of antibiotics into target cells (28). Therefore, they 

have an effect as single antimicrobial agents and they can also become synergists of 

the usual antibiotics (87). Moreover, several studies have shown that some AMPs 

can inhibit the bacterial biofilm, so that hospital infections could be controlled easily. 

They can also function as immunomodulatory or as anti-endotoxin agents (88).  
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1.4.1.2   The relatively low probability of generating resistance to AMPs 

Due to the lack of unique structures, AMPs are not easily disrupted by bacteria via 

modifying their recognition sites, compared with traditional antibiotics (28). 

Moreover, various AMPs exist in natural organisms, and it would be a huge 

biological task to destroy or resist them all (87, 88). According to several 

mechanisms of AMP action, their targets range from phospholipid membranes to 

intracellular organelles which makes bacteria more vulnerable to AMPs (88).     

 

1.4.2 The strategies of AMP drug development 

Firstly, D-amino acids or terminal modifications such as acetylation, are very useful 

as they can make peptides more stable by protecting them from proteolytic 

degradation (89, 90). Beyond this, dosage form design plays an important role  in 

improving their efficacy and reducing their side effects. Liposome preparations also 

have an effect in improving stability and reducing potential toxicity (86). 
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1.5 Aims and objectives of this thesis 

1: To isolate a peptide from lyophilised skin secretion of Odorrana schmackeri 

following construction of a cDNA library and interrogation using a “shotgun” 

cloning strategy. 

2: To determine the nucleotide sequence and translated amino acid sequence of the 

cloned cDNA encoding the novel peptide and to predict its mature peptide primary 

structure. 

3: To identify the putative mature peptide through online BLAST sequence 

alignment analysis. 

4: To chemically-synthesise a sufficient quantity of the peptide replicate through 

solid phase synthesis for subsequent biological evaluation. 

5: To assess the novel peptide for bioactivity in antimicrobial, cell biological and 

haemolysis assays. 
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Chapter 2: The determination of QUB-2614 peptide 

sequence using molecular cloning  

2.1 Materials and methods 

2.1.1 Preparation of secretions of Odorrana schmackeri 

Odorrana schmackeri (n = 3) were captured during expeditions in the People's 

Republic of China. All frogs were adults and secretion harvesting was performed in 

the field after gentle transdermal electrical stimulation as described in previous 

studies. The stimulated secretions were washed from the skin using 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, after which, frogs were released. Sampling of 

skin secretion was performed by Mei Zhou under UK Animal (Scientific Procedures) 

Act 1986, project license PPL 2694, issued by the Department of Health, Social 

Services and Public Safety, Northern Ireland. Procedures had been vetted by the 

IACUC of Queen’s University Belfast, and approved on 1 March 2011. 

2.1.2 mRNA Isolation  

In this section, a Dynabeads® mRNA DirectTM Kit (Invitrogen, Lithuania) was used 

to isolate pure poly-A mRNA from frog skin secretion. This mechanism was based 

on A-T base pairing (Figure 2.1). 
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Figure 2.1: poly-A mRNA isolation using Dynabeads. The protocol can be used in all downstream 

applications. 

(https://www.thermofisher.com/uk/en/home/life-science/dna-rna-purification-analysis/napamisc/mrna-

isolation-dynabeads.html) 

 

(1) Preparation of sample solution 

Cell lysis/mRNA stabilisation solution containing skin secretion from Odorrana 

schmackeri, was placed into a 1.5ml tube and centrifuged briefly. The tube was 

vortexed for 1min and kept on ice for 1min, after which the tube was centrifuged at 

18,000 x g for 5min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany). 
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(2) Preparation of Dynabeads Oligo (dT)25 

As the last step above was being performed, the Dynabeads Oligo (dT)25 beads were 

prepared. The beads were resuspended by mixing gently and thoroughly before 

250µl of this suspension were transferred to an autoclaved tube. The tube was then 

placed on a Dynal MPC-S magnet device that was used to remove the magnetic 

Dynabeads Oligo (dT)25 from the suspension. The storage buffer was discarded as 

much as possible. 250µl Lysis/Binding Buffer was added into the tube to wash the 

beads, then shaken lightly to mix completely, after which, the tube was placed onto 

the magnetic rack again to remove the clear liquid as mentioned above. Through 

these operations, the beads were made ready for the assay. 

(3) Isolation of mRNA 

1ml of supernatant of the sample was transferred to the tube containing beads and the 

mixture was mixed with gentle shaking for 1min then kept it on ice for 30s in turn for 

a total of 18min. Then the tube was placed on the magnetic rack to remove the 

supernatant. The mRNA/beads complex was washed three times with 500µl Washing 

Buffer A and twice with 500µl Washing Buffer B at room temperature. The magnetic 

rack was used to separate the beads from solution between each washing step and 

every drop of solution was removed after the final washing step. After washing, 

mRNA was eluted from the Dynabeads with (8+5+5)18µl Tris-HCl (10mM) 

dropwise and heating at 80°C for 2min. The tube was then removed immediately into 

the magnetic rack in order to obtain the supernatant containing mRNA. Finally, the 

supernatant was pipetted into a PCR tube and the isolated mRNA was immediately 

placed on ice (Figure 2.2). 
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Figure 2.2: Poly-A mRNA binding to and elution from the Dynabeads. 

Note: All buffers/solutions were kept at room temperature before use, except the 

elution buffer which was kept on ice. 

2.1.3 cDNA library construction 

This was performed using a SMARTTM RACE cDNA Amplification Kit (BD 

Bioscience Clontech, UK) to construct the cDNA library of Odorrana schmackeri 

skin secretion.  

The principle of cDNA library construction is as follows: 

 

Figure 2.3: The principle of cDNA library construction 

In the processing of the 3’cDNA, the poly “T” binds the poly A tail first, then the 

“NV” locates to anneal to the template mRNA.  
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Figure 2.4: The process of 3’cDNA hybridisation 

In the processing of the 5’cDNA, the 5’-CDS is removed from the poly A tail. Before 

the “CCC” was linked to the 3’ terminal end, the BD Powerscript Reverse 

Transcriptase catalyses the complementary DNA chain to be synthesised. Finally, the 

BD SMART II A sequence was annealed to “CCC” as the result of its “GGG”, and 

then the remainder of sequence at the 3’ end of the new complementary DNA was 

completed. 

The steps of cDNA library construction were as follows: 

For the preparation of 3’-RACE-Ready cDNA and 5’-RACE-Ready cDNA, two 

different kinds of reagent mixtures were prepared in 5 PCR tubes, 3 of these tubes 

were labelled 3’CDNA library1`2`3`for 3’-RACE-Ready cDNA in triplicate, 2 of 

these tubes were labelled 5’CDNA library 1`2`for 5’-RACE-Ready cDNA in 

duplicate. Table 2.1.3a and Table 2.1.3b show the details of the primers used in these 

procedures.  
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After a brief centrifugation, all the five PCR tubes were placed into the heating block 

at 70°C for 2min then cooled on ice for another 2min immediately. The next step was 

the preparation of Master Mix. A total volume of 24µl Master Mix was prepared 

according to the instructions shown in Table 2.1.3c.  
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After being well mixed and briefly centrifuged, 4µl of Master Mix were added to 

each PCR tube. Then 1µl Reverse Transcriptase was added into each PCR tube to 

ensure the reaction completed. The details of the components in each PCR tube can 

be seen in Table 2.1.3d. 

Table 2.1.3d: Components of each tube for 3’/5’-RACE-Ready cDNA 

Reagent Volume Final concentration 

mRNA sample  4µl/3µl  40%/30% (v/v) 

3’-CDS primer (10µM) 1µl 1µM 

5’-CDS primer (10µM) 1µl 1µM 

SMART II (10µM) 1µl 1µM 

5X First-Strand Buffer 2µl 1X  

DTT (20mM) 1µl 2mM 

dNTP Mix (10mM) 1µl 1mM 

BD RTase  (100Unit/µl) 1µl 10Unit/µl 



32 
 

All 5 PCR tubes were placed into the PCR machine for 1.5h at 42°C. When the 

programme was finished, 50µl sterile water were added into each tube, and then 

briefly centrifuged. The tubes were heated at 72°C for 7min. Finally, the reaction 

products were stored at -20°C. 

2.1.4 3’-RACE Polymerase Chain Reaction 

This procedure was performed using the BD SMARTTM RACE cDNA Amplification 

Kit (BD Bioscience Clontech, UK) as well. First was preparation of a Master Mix, 

containing 12.4µl PCR water, 6µl 10X BD Advantage 2 PCR Buffer, 0.8µl dNTP 

Mix (10mM), 2µl NUP (20µM), 2µl designed 3’-primer and 0.8µl 50X BD 

Advantage™ 2 Polymerase Mix. Then, the mixture was divided equally into two 

PCR tubes. Then, 10µl of 3’-RACE-Ready cDNA library were added into one tube 

as sample groups and 10µl PCR water were added into the other one (negative 

control groups). Both of the tubes were divided equally into two tubes. The 

difference between the sample group and the negative control group was the 

existence of a CDNA library sample. The volume and final concentration of the 

components in the RACE PCR reactions are shown in Table 2.1.4a.  
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Table 2.1.4a: Components in each tube of sample group in RACE PCR 

Reagent Volume Final concentration 

PCR-Grade Water 3.1µl  

10X BD Advantage 2 PCR Buffer 1.5µl 1.5X 

dNTP Mix (10mM) 0.2µl 0.2mM 

NUP (20µM ) 0.5µl 1µM 

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

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

cDNA library  5µl  

 

After brief centrifugation, the tubes were placed in a PCR machine for 3.5h set with 

the following procedure (Table 2.1.4b). The final PCR products were stored at 4°C. 

Table 2.1.4b: 3’/5’-RACE PCR Programme  

Stage  Parameter 

Stage 1 initial denaturation at 96°C for 60s 

Stage 2 40 cycles (denaturation at 96°C for 20s, primer annealing at 

55°C for 10s, extension at 60°C for 4min ) 

Stage 3 extension at 72°C for 10min 
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Figure 2.5: The scheme of 3’ RACE PCR 

2.1.5 Agarose gel analysis of 3’-RACE PCR products 

The PCR products were analysed using a conventional gel electrophoresis which 

could separate different sized DNA fragments as well as detect whether the primer 

had annealed to cDNA template or not. Agarose is a commonly-used gel matrix in 

separating DNA. The DNA dyed by Ethidium Bromide (EB) could fluoresce under 

UV light. 

At first, an agarose gel (≥ 1% w/v) was made by mixing 0.45g agarose powder 

(Invitrogen, UK) with 35 ml of freshly prepared 1X Tris/Borate/EDTA (TBE) buffer 

(Invitrogen, UK) in a flask. The mixture was rotated and heated in a microwave oven 

until the agarose powder had dissolved in TBE buffer completely. After being cooled 

down, 2.5µl of 10 mg/ml Ethidium Bromide (EB) (Sigma-Aldrich, USA) was added 

into the mixture. This was then gently rotated to mix. Then the mixture was poured 



35 
 

into a dry gel electrophoresis tank with combs inserted, all the bubbles in the mixture 

were removed and then the clear liquid was allowed to gel for about 30min. After 

solidification, sufficient running buffer (1X TBE buffer) was added to submerge the 

solid gel. Afterwards, 2µl 100bp DNA ladder (BioLabs, UK) was added into the 

outside well of a lane as a comparison, while other wells received 1.5µl sample 

evenly mixed with 0.5µl 6X Loading Dye (Promega, USA). The gel electrophoresis 

tank was run at 90V for about 30min, and the process was finished when the 

indicator reached the top of the gel. The DNA bands on the gel were observed under 

an electronic UV Transilluminator (Ultra-Lum Inc, USA). The size of the DNA 

fragments could be estimated through comparing with the ladder band. 

2.1.6 Purification of 3’-RACE PCR products 

The 3’-RACE PCR products were purified using a Cycle Pure Kit (Omega Bio-Tek, 

USA) to eliminate impurities such as buffer, polymerase and unreacted primers. 

The 3’-RACE PCR products were mixed with 95µl CP Buffer (quintuple CP buffer). 

After mixing, the mixture was added onto the filter of an RNase-free cartridge with a 

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

Centrifuge 5424 (Eppendorf, Germany) and then the liquid in the sleeve was 

discarded. After that, the cartridge was placed back into the sleeve, 700µl of 

Washing Buffer were added to wash the filter. Then centrifugation (15,000 x g, 

1min) was performed and the liquid in the sleeve was again discarded. Then the 

washing process was carried out again with 500µl DNA Washing Buffer before the 

cartridge was centrifuged at 18,000 x g for 2min to discard the remaining liquid 

completely. After the washing step, the cartridge was transferred into a 1.5ml tube 

and the previous sleeve was discarded. 30µl of PCR water were added into the 
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cartridge and the tube was stood for 2min at room temperature before being 

centrifuged at 18,000 x g for 1min. Finally, the 1.5ml tube with products was placed 

into a concentrator (45min, 30°C) for drying before being sealed and stored at -20ºC. 

 

Figure 2.6: The process of PCR product purification. 

(http://www.stratec.com/en/molecular/Products_Molecular/DNA_fragments/invisorb_fragment_clean

up/invisorb_fragment_cleanup.php) 

 

2.1.7 Ligation of DNA products with pGEM-T Easy vector 

The ligation step was performed using a pGEM®-T Easy Vector system (Promega, 

USA). 8 µl of PCR water were added into the tube with 3’-RACE PCR purification 

products from section 2.1.5. The tube was vortexed for 1min and then put on ice for 
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30s. This preparation step was repeated 5 times. After the complete redissolving, the 

tube was centrifuged briefly and kept on ice for the next step. Then the reaction 

reagents were transferred into a new tube in the following order as well as with the 

reagent volumes shown in Table 2.1.7. During preparation of the mixture, the 

reagents were added and mixed without producing bubbles. The reaction was 

incubated for 1 h at room temperature and kept overnight at 4°C to obtain the 

maximum number of transformants. 

 

2.1.8 Transformation 

The transformation was performed using JM109 High Efficiency Competent E. coli 

cells (>108 CFU/µg) (Promega, USA).  

The E. coli cells were taken out of the freezer and keep on ice (defrosted) for 4min. 

2.3µl ligation product and 55µl E. coli cells were transferred into a 1.5ml tube and 

mixed with each other by tapping the tube gently. The tube was kept on ice for 

20min and then put it in the heating block at 42°C for 47s exactly, after which, it was 

returned to ice for 2min immediately. 950µl of S.O.C medium (Invitrogen, USA) 

were added to the tube and the tube was put in the shaking incubator at 37°C for 2.5h 
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with a shaking rate of 150rpm. The transformation products were obtained after this 

2.5h incubation. 

During this time, five LB plates with ampicillin/ITPG/X-Gal were prepared: 5 ready-

to-use LB-ampicillin plates were taken out to prepare LB Agar plates with 

ampicillin/IPTG/X-Gal. 110µl of 0.1M IPTG (Promega, USA) were added into each 

dish and left to dry, after which, another 20µl X-Gal (50mg/ml) (Promega, USA) was 

spread over each plate as well. Then the 5 plates were incubated at 37°C for around 

45min. One hundred ul of transformation product were pipetted into each plate 

respectively and spread symmetrically and gently with a spreader. Finally, these 

plates were incubated overnight (14~15 h) at 37°C. 

2.1.9 Blue-white screening 

Three LB plates with ampicillin/ITPG/X-Gal were prepared as described above after 

their bottoms were lined and divided into eighteen plots, as shown in Figure 2.7. The 

white colonies were chosen for inoculating and labelled obviously. The upper air of 

the operation table was disinfected with a moving Bunsen burner, also the table 

surface was cleaned by the use of an alcohol bottle and tissues before inoculating. 

The inoculating loop was fired for sterilising and cooled down by shaking softly 

(temperature of the inoculating loop can be tested using the 18th plot). The white 

colonies (recombinants) differentiated from the blue colonies (non-recombinants) in 

appropriate areas, were chosen and transferred to the newly activated plate through 

drawing a continuous line resembling  a ‘Z’ with a sterilised inoculating loop, as 

shown in Figure 2.7. This step was repeated until all white colonies were inoculated. 

After inoculation, Petri dishes were kept in the incubator for 14~15 h at 37°C. 
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Figure 2.7: The LB plate was divided into 18 plots and then a continuous line resembling ‘Z’ was 

drawn on each plot. 

2.1.10 Isolation of recombinant DNA from JM109 cells 

Only pure white colonies were selected for the next cloning PCR step. Each white 

colony was removed into the 1.5ml tube respectively which containing 20µl PCR 

water.  

 

Figure 2.8: Selection of white colonies. 

 

After mixing, all tubes were incubated in a heating block at 100°C for 5min, and then 

these tubes were transferred onto ice immediately for another 5min. Each tube was 

vortexed for 30s and centrifuged at 20,000 x g for 5 min in an Eppendorf Centrifuge 
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5424 (Eppendorf, Germany) for 5min. The supernatant transferred into clean tubes 

was ready for cloning PCR. 

 

2.1.11 Cloning PCR reaction 

All reagents were placed on ice to thaw prior to use. First of all, a Master Mix was 

prepared in a 1.5ml tube and 47.25µl of the master mix were aliquoted into each 

PCR tube. 2.5µl of recombinant DNA products from section 2.1.9 were transferred 

into the corresponding PCR tube. The components of each PCR tube are shown in 

Table 2.1.11a. Before using these reagents, they should be centrifuged briefly except 

the Taq polymerase and PCR water. Then the PCR tubes were centrifuged briefly 

before starting the PCR programme. All the PCR tubes were incubated in a PCR 

machine using the cloning PCR programme shown in Table 2.1.11b. Finally, the 

cloning PCR products were stored at 4°C.  
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2.1.12 Gel analysis & purification of cloning PCR products 

Gel analysis and purification for cloned PCR products was performed as described in 

section 2.1.5. 
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2.1.13 Sequencing PCR reaction 

The Sanger Sequencing method was used in this step. The reaction employed a Big 

Dye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, USA). 

For the sequencing reaction, the sequencing Master Mix was prepared in advance as 

follows.  

Table 2.1.12a: Components in each sequencing reaction tube 

Reagents Volume Initial concentration 

PCR-Grade water 12.4µl  

Diluted M13F or M13R  1.14µl 3.2µM 

2.5X Ready reaction mix 2.86µl 2.5X 

5X BigDye Sequencing Buffer 3.57µl 5X 

Purified cloned PCR products 2.5µl  

 

18.4 ul of the mixture were mixed with 2.5µl of each purified DNA product. The 

tubes were centrifuged briefly (no bubbles) and then put into the PCR machine and 

incubated under the programme named ‘Sequencing’ (shown in Table 2.1.12b). After 

the programme was finished, all the PCR tubes containing the extension products 

were taken out and stored at 4°C. 

Table 2.1.12b: Sequencing reaction PCR programme 

Stage  Parameter 

Stage 1 initial denaturation at 96°C for 1min 

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

extension at 60°C for 4min ) 

Stage 3 Incubation at 4°C for 7min 
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2.1.14 Purification of extension products 

10 ul of PCR water were added to each 1.5ml tube first, and 72µl of 95% ethanol 

(Sigma-Aldrich, USA) were added to each sequence reaction tube with mixing, 

followed by being transferred together with extension products to the 1.5mL tubes. 

Then all samples were vortexed briefly and incubated at room temperature for 20 

min, after which all tubes were centrifuged at 20,000 x g for 20 min in an Eppendorf 

Centrifuge 5424 (Eppendorf, Germany), and then the supernatants were immediately 

discarded. Next, 260µl of 70% ethanol were added to each tube, and the tubes were 

vortexed for 30 s and centrifuged at 20,000 × g for 10 min in an Eppendorf 

Centrifuge 5424 (Eppendorf, Germany). The supernatant was discarded completely 

and the redundant liquid in the tubes was evaporated in a concentrator for at least 3 h. 

2.1.15 Sequencing  

Firstly, 10µl of HiDi (highly deionised-formamide) were added into each tube 

containing dried DNA fragments and each tube was vortexed for 30s. The tubes were 

centrifuged briefly before being heated to 95°C for 4.5min. After heating accurately, 

the samples were immediately transferred onto ice and kept for 3min. 

All liquid in each tube was pipetted into corresponding wells of a 96-well sequencing 

plate without any bubbles. Finally, DNA was sequenced by an ABI 3730 automated 

sequencer (Applied Biosystems, USA). 
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2.2 Results 

The 3’-RACE reactions employed an NUP primer (supplied with the kit) and a 

degenerate sense primer (S1: 5’-GAWYYAYYHRAGCCYAAADATG-3’) that was 

designed to a highly-conserved domain of the 5’-untranslated regions of previously-

characterised antimicrobial peptide- encoding cDNAs from Rana (Odorrana) 

species. The nucleotide sequence of the open-reading frame of a biosynthetic peptide 

precursor-encoding cDNA was obtained (Figure 2.9). The primary structure of these 

precursors was likewise very similar consisting of: 1.A putative signal peptide region 

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

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

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

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

containing 24 amino acid residues. The mature peptide was named systematically as 

QUB 2614, reflecting its molecular mass of 2614Da.  

An NCBI-BLAST search and a sequence alignment performed by CLUSTAL 

OMEGA showed that the open-reading frame amino acid sequence of the cDNA 

encoding QUB-2614, exhibited high sequence identity with the corresponding open-

reading frames of the cDNAs encoding members of the brevinin-1 antimicrobial 

peptide family: Brevinin-1V, Brevinin-1E-SHa, Brevinin-1LF2, Brevinin-1LF1, and 

Brevinin-1E-OG6 (Figure 2.10). 
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         M  F  T   L  K  K  S   L  L  L   L  F  F   L  G  T  I  
       1ATGTTCACCT TGAAGAAATC CCTGTTACTT CTTTTTTTCC TTGGGACCAT 
 TACAAGTGGA ACTTCTTTAG GGACAATGAA GAAAAAAAGG AACCCTGGTA 
 · N  L  S   L  C  E   Q  E  R  D   A  E  E   E  R  R   
      51CAACTTATCT CTCTGTGAGC AAGAGAGAGA TGCCGAAGAA GAAAGAAGAG 
 GTTGAATAGA GAGACACTCG TTCTCTCTCT ACGGCTTCTT CTTTCTTCTC 
 D  D  P  E   E  R  D   V  E  V   E  K  R  F   L  P  L 
     101ATGATCCAGA GGAAAGGGAT GTTGAAGTGG AAAAACGATT TCTGCCACTT 
 TACTAGGTCT CCTTTCCCTA CAACTTCACC TTTTTGCTAA AGACGGTGAA 
  F  A  S   L  A  A  N   L  L  P   K  I  I   C  K  I  A  
     151TTTGCAAGTC TGGCAGCTAA TTTGTTGCCG AAAATAATCT GTAAGATAGC 
 AAACGTTCAG ACCGTCGATT AAACAACGGC TTTTATTAGA CATTCTATCG 
   K  K  C * 
     201CAAAAAGTGT TGAAACTTTG GCAATGGAAT TGGAAATCAT CTGATGTGGA 
 GTTTTTCACA ACTTTGAAAC CGTTACCTTA ACCTTTAGTA GACTACACCT 
     251ATATCATTTA GCTAAATGCA CAACAGATGT CTTATAAAAA AATAAACGTG 
 TATAGTAAAT CGATTTACGT GTTGTCTACA GAATATTTTT TTATTTGCAC 
     301TCGCATATCT GCGAAAAAAA AAAAAAAAAA AAAAA 
 AGCGTATAGA CGCTTTTTTT TTTTTTTTTT TTTTT 

 
Figure 2.9: Nucleotide and translated open-reading frame amino acid sequences of a cloned cDNA 

encoding the biosynthetic precursor of QUB2614. The putative signal peptide is double-underlined, 

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

 
 
Peptides  Sequences      Identities    Species 
QUB2614              FLPLFASLAANLLPKIICKIAKKC    Odorrana schmackeri 
Brevinin-1V          FLPLIASVAANLVPKIFCKITKKC 79%                   unknown 

brevinin-1E-SHa      FLPLFASLAANLLPKIICKIAKKC 100%        Odorrana schmackeri 

brevinin-1LF2        FLPIVASLAANFLPKIICKITKKC 83%          Amolops lifanensis 

brevinin-1LF1        FLPMLAGLAANFLPKIICKITKKC 79%          Amolops lifanensis 
brevinin-1E-OG6      FLPLLAGLAANFLPKIFCKITKKC 79%           Odorrana grahami 
                     ***:.*.:***::***:***:*** 

 
Figure 2.10: The alignment of QUB2614 and the top 5 hits from BLAST analysis using the Uniprot 

database. The accession numbers are displayed in the front of each sequence. The asterisks indicate 

identical amino acid residues in each sequence. The “:”and “.” represent high similarity and low 

similarity, respectively. 
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Chapter 3: Synthesis and purification of peptide QUB-2614 

3.1 Materials and methods 

3.1.1 Solid Phase Peptide Synthesis of the Odorrana schmackeri QUB-2614 

Solid-phase peptide synthesis was used to chemically synthesise the novel peptide 

(FLPLFASLAANLLPKIICKIAKKC) derived from Odorrana schmackeri skin 

secretion.  

Preparation of synthesis 

3.1.1.1 Calculations and weighings 

The desired quantity of peptide was 0.3mmol and for this, each amino acid should be 

employed in at least 1.2mmol (4-fold molar excess) to synthesise the sequence. 

Correspondingly, 2-(1H-Benzotriazol-1-YL)-1,1,3,3-Tetramethyluronium 

Hexafluorophosphate (HBTU) must be used in the same ratio in order to catalyse 

each coupling. Each amino acid vial consists of a vial, a cap, a crimp cap, a septum 

and an O-ring. Before weighing, all the amino acid vials were washed and dried 

sufficiently. The weight deviation between weighed and calculated quantities should 

be less than ±0.0005g. 

Different resins can be chosen as solid-phase supports according to the existence or 

not of C-terminal amidation. Here, Wang resin combined with cysteine was utilised 

at 0.3mmol (0.5263g) [weight (g) = 0.3mmol / loading capacity (0.57mmol/g)] into a 

clean 40ml reaction vessel before the synthesis. 
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Reagents used in the synthesis 

All the reagent bottles were refilled with required reagents as shown in Table 3.1, 

and the source of nitrogen was checked before synthesis was initiated.  

 

 

3.1.1.2 Solid phase peptide synthesis 

Chemical synthesis of the peptide was performed using a TributeTM Peptide 

Synthesiser (Protein Technologies, USA). When all amino acid vials had been placed 

in correct positions, the peptide synthesiser was started to run with the programme as 

shown below in Table 3.2. Each cycle of amino acid addition involved from step1 to 

step7. After the automatic synthesis, the chemically synthesised peptide still 

remained combined with resin and the amino acid side chain protecting groups 

remained as well. Thus the following cleavage step was essential to obtain the target 

peptide.  
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3.1.1.3 Cleavage and deprotection of peptide 

The amino acid vials and the reaction vessel were removed from the TributeTM 

Peptide Synthesiser when the synthesis was finished. The dried peptide’-resin was 

weighed to calculate the total volume of cleavage cocktail (25ml/g peptide’-resin) 

required before transferring the peptide’-resin to a 50ml round-bottomed flask. The 

cleavage cocktail was prepared according to the recipe: 94%TFA, 2% H2O, 

2%EDTm, 2%TIS (v/v/v/v) and added to the round-bottomed flask. This step was 

operated at room temperature for at least 4 h with constant stirring. Next, a Buchner 

funnel was employed to filter the complex, after which, 45mL of Et2O (stored in a 

freezer at -20ºC) were added to the flask and the mixture was transferred to a 50ml 

centrifuge tube, then labelled and kept in a freezer overnight  to complete the peptide 

precipitation. 

3.1.1.4 Washing and oxidation of peptide 

To wash the synthesised peptide, the tube was centrifuged at 2500 x g for 5min. The 

supernatant was discarded carefully in order to avoid the loss of peptide pellet at the 

bottom. Then these steps were repeated ---another 45ml Et2O was added to wash the 

peptide and the tube was centrifuged under the same parameters again. Before the 

next addition, the supernatant was discarded completely. In all, Et2O was employed 

to wash the peptide a total of 3 times. After washing, the tube was covered using 

tinfoil with holes in it and was placed in a fume cabinet at room temperature 

overnight for Et2O volatilisation.  

The following step was used to oxidise the two cysteines in the synthesised peptide 

to form an intramolecular disulphide bond. When the peptide was dry, HPLC Buffer 

B (10-20ml) was added to dissolve the peptide. Then the mixture was transferred to a 

round-bottomed flask. The oxidation process was accelerated with the presence of 
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40µl H2O2 and operated at room temperature with stirring on a magnetic stirrer. 

3.1.1.5 Lyophilisation of peptide 

After the oxidation of peptide, the peptide solution was frozen in liquid nitrogen 

immediately and then lyophilised using an Alpha 1-2 freeze-dryer (SciQuip, UK) for 

about 62 h. 

3.1.2 Reverse-phase HPLC purification of peptide QUB-2614 

Isolation of QUB-2614 by reverse phase HPLC 

Before the sample injection, the column was washed with Buffer B (TFA/ ddWater/ 

Acetonitrile, 0.05/19.95/80.00, v/v/v) for 30min and then it was equilibrated with 

Buffer A (TFA/ddWater, 0.05/99.95, v/v) for another 30min. 1mg of lyophilised 

synthesised peptide was dissolved in a solution containing 500µl HPLC Buffer A and 

500µl Buffer B. Buffer A consisted of trifluoroacetic acid (TFA) and distilled 

deionised water (0.05/99.95, v/v) while Buffer B was comprised of 80%ACN, 

19.95%H2O and 0.05%TFA. The sample was vortexed for 5min and then was 

centrifuged at the maximum speed for 15min. After the equilibration, the clear 

supernatant of the sample was directly injected into the RP-HPLC using a Cecil 

Adept Binary HPLC system (Cambridge, UK) fitted with a 1cm×25cm Jupiter 

00G4025 semi-preparative C-5 reverse phase column (Phenomenex, UK). The 

column was eluted with a linear gradient formed from 100%BufferA: 0%BufferB to 

0%BufferA: 100%BufferB in 80min at a flow rate of 1ml/min. The wavelength of 

the detector was set at 214nm to detect the peptide bonds. The fractions were 

collected respectively once the peaks were shown and the tubes were labelled with 

corresponding times. Finally, when all the operations had finished, Buffer B was 

used to wash the column for 30min. 
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3.1.3 MALDI-TOF MS analysis 

2 ul of each RP-HPLC fraction were loaded into a well of the MALDI-TOF plate and 

left to dry. A matrix solution, α-cyano-4-hydroxycinnamic acid (CHCA), was 

prepared in acetonitrile/water/TFA (50/49.95/0.05, v/v/v) to obtain a 10mg/ml 

solution of CHCA. 1µl matrix solution was added to each well and left to dry once 

again. Then the target plate was placed into the instrument. 

A MALDI-TOF Mass Spectrometer (Voyager DE, PerSeptive Biosystems, 

Framingham, MA, USA) was used for the mass analysis of the fractions. The 

parameters of the system involving acceleration voltage (20kV), grid voltage 

(18.8kV), guide wire voltage (10V) were optimised before analysis. Masses of 

samples in fractions were determined according to their mass-to-charge ratios, and 

then compared with calculated theoretical values.  
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3.2 Results  

Solid phase peptide synthesis of QUB-2614 was successfully accomplished using the 

Tribute automated synthesiser. The product was subjected to HPLC and MALDI-

TOF analysis and purification, and it showed that the crude synthesised peptide had 

achieved a relatively high degree of purity (>70%) (Figure 3.1). 

 

Figure 3.1: Reverse phase HPLC chromatogram of crude synthetic QUB2614, the arrow indicates the 

retention time of authentic QUB2614. 

 

The synthesised peptide product was analysed by MALDI-TOF and the presence of 

impurities was found. Reverse phase HPLC was employed to purify the synthesised 

product. Figure 3.2 illustrates the mass spectrum before purification of QUB2614. 
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Figure 3.2: MALDI-TOF mass spectrum of chemically-synthesised mature peptide, QUB2614. The 

m/z of singly-charged QUB2614 was 2616.78. The intensity of the spectrum of QUB2614 was 

1.1E+4. 
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Chapter 4: Cell biological and antibacterial studies on 

QUB-2614 

4.1 Materials and methods 

4.1.1 Antimicrobial sensitivity assay 

To test the antimicrobial properties of the peptide, QUB-2614, on different types of 

microorganisms, three typical microbial strains were employed in this thesis: (i) the 

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

Gram-negative bacterium, Escherichia coli (E. coli, NCTC 10418) and (iii) the yeast, 

Candida albicans (C. albicans, NCTC 1467). According to the lab protocol, these 

three microbes should be incubated and assayed separately to avoid cross 

contamination. However, the general testing methods used were the same.  

4.1.1.1 Preparation for assays 

(1) Seeding microbes and culturing. The three microbes were stored at -20°C and 

one bead of each microorganism from frozen stock, was placed into a flask of 100ml 

Muellar Hinton Broth (MHB). The organism name, operator name and the operating 

date were all marked on the bottles. The microbes were incubated overnight (16-20h) 

in a shaking incubator at 37°C. Also, for each microbe, at least two McCartney 

bottles of 20ml MHB were placed in the 37°C incubator to warm up overnight.   

(2) Subculture.  The following day, 500µl cultured bacteria/yeast were transferred 

into McCartney bottles with 20ml pre-warmed MHB. Then the sub-cultured medium 

was placed in the shaking incubator at 37°C to continue growing until reaching the 

logarithmic phase of growth. This could be monitored through testing the optical 

density (OD). OD was measured by a UV spectrophotometer at 550nm wavelength. 
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The concentrations, corresponding culture times and OD values of the three 

microorganisms are shown in Table 4.1. 

Table 4.1: The concentrations of microbes, corresponding culture times and OD 

values of the three microorganisms used. 

Organism 
Subculture  

incubation time 

OD 
Concentration 

(cfu/ml) 

S. aureus 1.5 h 0.23 1×108 

E. coli 1.0 h 0.41 1×108 

C. albicans 45min 0.15 5×106 

*cfu/ml: colony forming units per ml. 

(3) Dilution.  After reaching pertinent OD values, the organisms were diluted with 

MHB to 5×105cfu/ml as dilution stock. In detail, 100µl S. aureus and E. coli were 

diluted by 19.9ml MHB, while 2ml C. albicans was mixed with 18ml MHB. 

4.1.1.2 Viable cell counts 

Viable cell counts were used to double confirm the concentration of microorganisms 

seeded onto plates. In this assay, Mueller-Hinton Agar (MHA) was sterilised by 

autoclaving and then pre-warmed to the liquid state in a water bath. The MHA liquid 

was poured into a Petri dish labelled with six divided areas for solidification before 

using. Meanwhile, 100µl diluted subcultured organism suspension was mixed with 

900µl PBS in the first tube to make a 10 times dilution. Then 100µl from the first 

tube were transferred to the second one to make 102 times dilution. The rest were 

diluted in the same manner to 106 times dilution. 20µl of suspension from each tube 

were then dropped onto the MHA dish and three replications were set for each 
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concentration. Figure 4.1 shows the divided squares and distribution of inoculum 

spots. The inoculum spots were dried at room temperature near a Bunsen burner 

flame before inverting the Petri dish and incubating at 37°C overnight. 

 

Figure 4.1: The MHA dish format in viable cell counting 

After the incubation, countable grids were chosen and the colony quantity of each 

drop was counted. The original concentration of the diluted subcultured organism 

suspension could be calculated as per the following equation: (total number of 

colonies/3) × 10dilution times × 50. If the result was the same magnitude as the OD value 

indicated concentration of the diluted subcultured organism suspension 

(5×105cfu/ml), the MIC result was acceptable and reliable. Otherwise, the MIC assay 

should be performed again with this in mind. 

4.1.1.3 Minimum inhibitory concentration (MIC) assays 

(1) Preparation of peptide solutions.  Peptide was dissolved in dimethyl sulphoxide 

(DMSO) to make a concentration of 512 × 102µM. This peptide solution was then 

double-diluted to achieve a series of concentrations of 512, 256, 128, 64, 32, 16, 8, 4, 

2, 1 × 102µM.  

(2) Sample loading. A sterile 96-well plate was labelled and divided into sterile 

control, vehicle control, growth control and experimental groups as shown in Figure 
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4.2. All samples and controls were arranged in the 96-well plate with 5 replications 

according to the scheme shown in Figure 4.2. 

 

Figure 4.2: View of the 96-well plate format used in the assay 

The plate was transferred onto the shaker at 37°C for 10min to mix contents and was 

then incubated at 37°C overnight.  

(3) MIC detection.  A Synergy HT plate reader (BioTeK, USA) was used to detect 

the absorbance of each well at 550nm and the data were analysed using Gen5TM 

software (BioTeK, USA). The minimal concentration with no bacterial growth is the 

MIC. 

The MIC assays were carried out in triplicate for each tested microbe by the same 

methods. 

4.1.1.4 Minimum bactericidal concentration (MBC) assays 

The MBC assay should be performed when the peptide showed antimicrobial activity 

in the MIC assays. MBC was defined as the lowest lethal concentration of peptide to 
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the organism, which is generally close to or higher than the MIC value. To be 

specific, 20µl of bacterial suspension from 5 replicates of MIC were dropped onto a 

pre-solidified MHA dish and dried before being incubated at 37 for 16-20h. For 

example, if the MIC was 8µM, then 20µl suspension in each of 5 replicates from 32, 

16, 8 and 4µM were dropped onto the MHA dish as shown in Figure 4.3. After 

incubation, the MHA dish was analysed. The lowest concentration without visible 

growth of microorganism was regarded as the MBC. Likewise, the MBC assay was 

repeated 3 times for each microbe. 

 

Figure 4.3 MBC assay format. 

4.1.2 Haemolysis assay of peptide 

The haemolysis assay was employed to test the cytotoxicity of the peptide. 

4.1.2.1 Preparation of horse red blood cells 

A volume of 2ml of horse blood was transferred to a 50ml centrifuge tube and 

centrifuged at 500 x g for 5min. The supernatant was discarded carefully. A volume 

of 40ml PBS was added into the tube to wash red cells by gentle shaking then 

centrifugation as above. The supernatant was discarded carefully. This washing step 

was repeated several times until the supernatant was clear. A volume of 50ml of PBS 

was added into tube and shaken gently to mix well. 
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4.1.2.2 Haemolysis assay 

Several graded concentrations of the peptide solutions were prepared: 512, 256, 128, 

64, 32, 16, 8, 4, 2, 1 (µmol/L). A volume of 200 µl of each peptide concentration and 

200µl of red blood cell suspension were added to a 1.5ml microcentrifuge tube. The 

positive control was 200µl red blood cell suspension mixed with 200µl 4% Triton X-

100 and the negative control was 200µl red blood cell suspension mixed with 200µl 

PBS. All suspensions were incubated at 37 oC for 2h. The tubes were centrifuged at 

500 x g for 5min. Then 100µl of supernatant from each tube was transferred to a 96-

well-plate. The plate was read at 550nm using a Synergy HT plate reader (BioTek, 

USA). 

4.1.3 Anticancer cell assays 

4.1.3.1 Resuscitation of cell lines 

Frozen cell lines at -80 ºC were thawed rapidly to ensure their viability. Four cancer 

cell lines were used in this experiment. Table 4.2 shows the cell lines and 

corresponding basic media. 

Table 4.2: Cancer cell lines and appropriate culture media. 

Cell line  Cancer type Basic media 

PC-3 Human prostate carcinoma(GIV) RPMI-1640 

H157 Non-small cell lung cancer RPMI-1640 

MB435s Melanoma  DMEM(High glucose) 

U251MG Human neuronal 

glioblastoma(Astrocytoma) 

DMEM(High glucose) 
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4.1.3.2 Subculture of adherent cell lines 

Firstly, all liquid in the flask should be discarded by using an electric pipette. Then 

10ml PBS was added into the flask and shaken gently to wash out dead cells and 

metabolites. After all waste liquid in the flask was discarded, 1 ml of 0.5% trypsin 

solution (Life Technology, USA) was added into flask in order to digest cells from 

surfaces with gentle shaking. Next, the flask was placed into the incubator at 37 ºC 

for 3-5 min.  When the liquid became turbid, 10 ml of medium containing FBS and 

P-S was added into the flask, then washed 3 times. All liquid (11ml) in the flask was 

then transferred into a 15 ml tube and centrifuged for 5 min at 30x g in an Eppendorf 

Centrifuge 5430R (Eppendorf, Germany), while at the same time, 10 ml PBS was 

added into the culture flask to wash cells and then 10-15ml of medium were added. 

After that, the supernatant of the 15ml tube was discarded and 5-6 ml of medium 

were added to the tube and mixed thoroughly before 1 ml of mixture liquid was 

transferred into the cleaned flask to continue growing. Finally, the flask was placed 

into the incubator. 

 

4.1.3.3 Media changing 

The flask was moved from the incubator to the cabinet and all liquid in the flask was 

discarded by use of an electric pipette. Then 10ml of PBS were added into the flask 

and shaken gently to wash out dead cells and metabolites. After all waste liquid in 

the flask had been discarded, about 10-15 ml of medium with FBS and P-S were 

added into the flask, then gently shaken. Finally, the flask was placed back into the 

incubator. 
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4.1.3.4 Cell Quantification 

Firstly, all liquid in the flask was discarded by using an electric pipette. Then 10ml 

PBS were added into the flask and shaken gently wash out dead cells and 

metabolites. After all waste liquid in the flask was discarded, 1 ml of 0.5% trypsin 

solution (Life Technology, USA) was added into flask in order to digest cells from 

surfaces with gentle shaking. Next, the flask was placed into the incubator at 37 ºC 

for 3-5 min.  When the liquid became turbid, 10 ml of medium containing FBS and 

P-S were added into the flask, then washed 3 times. All liquid (11ml) in the flask was 

then transferred into a 15 ml tube and centrifuged for 5 min at 200x g in an 

Eppendorf Centrifuge 5430R (Eppendorf, Germany). The supernatant of the 15ml 

tube was then discarded. After 5 ml of medium containing FBS and P-S were added 

and mixed well in the 15 ml tube, 50µl of cell suspension and 50µl of trypan blue 

(0.5%) were mixed by pipetting. After that, 50µl of mixture were added to two 

chambers of a haemocytometer and the stained cells in a specific chamber were 

counted with assistance of a microscope and counter [cell density (cells/mL) = the 

number of counted cells ÷ the number of counted  chambers × dilution factor × 104]. 

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

concentration of 5 × 104 cells/mL, followed by being plated (100µL) into each slot of 

a 96-well-plate and incubated for 24 h. 

4.1.3.5 Starvation & Dosing 

The old medium in every well was discarded and 10 ml of medium without FBS 

were added to the pipette reservoir and 100 ul of this were added to every well by a 

multi-channel pipette.  Finally, the plate was put back into incubator for 6-12h. For 

the step of dosing, the stock QUB-2614 solution was made to 10-2M and it was 

diluted by 10-fold dilutions to a concentration gradient from 10-4 to 10-9 M by using 
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media containing FBS. The previous media were discarded and 100µl of peptide 

solution were added into the wells of the 96-well plate as one row, one concentration 

in five wells. The Blank control consisted of 100µl medium (without FBS) in five 

wells in one row, and the Vehicle control consisted of 100µl of 1% DMSO in FBS 

medium, arranged as in Figure 4.4. Then, the 96-well plate was incubated at 37 ºC 

for 24 h.  

 

 Figure 4.4: The solution in every well of the 96-well-plate, “×” means there was only 100µL of 

medium in the well. 

4.1.3.6 MTT cell viability assay 

The MTT solution (5mg/ml, Thermofisher Scientific, USA) was taken out from the 4 

ºC fridge and all operations in this step were performed in a dark place. 10µl MTT 

solution were added into each well of the 96-well cell-seeded plate by a multi-

channel pipette, then, it was placed back into the incubator for about 4-6 h. Next, the 

mixed liquid in the MTT-containing wells was discarded and 100µlDMSO was 

supplemented. Then, the 96-well plate was placed in the shaking incubator for 

10min. Finally, the results were assessed by use of an ELx808TM Absorbance 

Microplate Reader (Bio Tek, USA) set to λ=570nm. 
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4.2 Results 

The synthetic peptide QUB-2614 displayed significant antimicrobial activity against 

the three types of microorganisms employed: Staphylococcus aureus, Escherichia                        

albicans were 8µM, 16 µM, and 4 µM, respectively, as shown in Figures 4.5 – 4.7. 

MBCs of QUB-2614 against S. aureus, E. coli, and C. albicans were 16 µM ,32 µM 

and 16 µM, respectively. 

 

 

Figure 4.5: Minimum inhibitory concentration (MIC) of QUB-2614 against the Gram-positive 

bacterium: S. aureus. V: growth control, B: sterile control. 
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Figure 4.6: Minimum inhibitory concentration (MIC) of QUB-2614 against the Gram-negative 

bacterium: E coli. V: growth control, B: sterile control. 

 

Figure 4.7: Minimum inhibitory concentration (MIC) of QUB-2614 against the yeast: C.albicans. V: 

growth control, B: sterile control. 
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Haemolytic activity of QUB-2614 on horse erythrocytes was lower than 20% at the 

concentration of 4 µM, as is shown in Figure 4.8. QUB-2614 displayed significant 

haemolytic effects at higher concentrations than 4 µM.    

 
Figure 4.8: Haemolytic activity of QUB-2614 on horse erythrocytes. The percentages at different 

concentrations were compared to the positive group using 1% Triton-X-100. P: positive control, N: 

negative control (PBS). 

 

 

 

The anticancer activities of QUB-2614 against selected cancer cell lines, PC-3, 

U251MG, MB435s and H157, are shown in were described in Figures 4.9 – 4.12. All 

cell lines were treated with 100 µL of QUB-2614 of different concentrations. The 

cell viabilities of U251MG, MB435s, and H157, were lower than 50% at a 

concentration of 10-4 and 10-5 µM. QUB-2614 did not show any inhibitory effect on 

PC-3 cells. 
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Figure 4.9: The anticancer cell activity of QUB-2614 against the human prostate cancer cell line PC-

3. B: non-treatment control, V: vehicle control.  

 

Figure 4.10: The anticancer cell activity of QUB-2614 against the human neuronal glioblastoma 

(Astrocytoma) U251MG. B: non-treatment control, V: vehicle control. 
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Figure 4.11: The anticancer cell activity of QUB-2614 against the melanoma MB435s. B: non-

treatment control, V: vehicle control. 

Figure 4.12: The anticancer cell activity of QUB-2614 against the non-small cell lung cancer H157. 

B: non-treatment control, V: vehicle control. 
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Chapter 5: Discussion 

5.1: General discussion  

Brevinin-1 is an AMP family derived from Odorrana schmackeri, and Odorrana 

schmackeri is a species of frog in the Ranidae family that is endemic to China. 

Through previous experiments and research on the brevinin family, it can be certain 

that QUB2614 belongs to this AMP family. Brevinin-1 was first isolated from	 an 

extract of the skin of the Japanese pond frog, R. brevipoda porsa (91). According to 

the results of former studies, this AMP has many functions: antibacterial activity, 

anticancer, antiviral, antifungal effects and immune regulation, etc. Research has 

shown that the number of positive charges, water lipid amphiphilic structure and 

conservative sequence (α-helix, disulphide bridge and amino acid configuration) of 

this AMP are critical for its biological activity.  

As shown in Figure 5.1, there are only four invariable residues (Ala9, Cys18, Lys23, 

and Cys24) in the amino acid sequence of brevinin-1 across species. NMR 

spectroscopy has shown that Pro14 produces a stable structure in the molecule (92). 

This feature may have influence on producing transmembrane pores and these can 

lead to bacterial cell lysis. 

  

Figure 5.1: The primary structures of the known peptides which belong to the Brevinin-1 family. (*) 

denotes deletion of a residue (93).  
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Some experiments about the structure–activity of brevinin-1 revealed that the 

disulphide bridge is not needed for high antimicrobial potency, but the linear 

acetamido methyl cysteinyl analogue showed less haemolytic activity that the native 

peptide (94). In fact, after carboxyl amine methylation, the antiviral activity of 

brevinin-1 was also retained (95). Likewise, replacing the C-terminal cyclic 

heptapeptide region to the central area of the peptide can reduce haemolytic 

activity but has no effect on its antibacterial properties (96). 

Most of the common AMPs carry positive charges and the outer membranes of 

bacteria have negative charges. The amphipathic α-helical AMPs combine with 

bacterial surfaces by electrostatic attraction.  It is noticeable that the characteristics of 

cationicity are necessary for the vast majority of AMPs with antibacterial activity, 

and that positive charges can help low concentrations of AMPs to enrich on 

membranes to achieve effective bactericidal concentrations on their surfaces. The 

degree of positive charge carried by AMPs has a direct impact on their antimicrobial 

properties bit is not defined clearly. However, there is no absolute positive 

correlation between the number of positive charges of AMPs and their antimicrobial 

activities. Research has shown that when the number of positive charge reaches a 

certain quantity, continuing to increase the number of positive charges leads to no 

further increases in antibacterial activity (97). 

Water lipid amphiphilic structures are one of the basic characteristics of AMPs. 

Scientists have found that the general structure of the N-terminals is rich in basic 

amino acids and other hydrophilic amino acids by analysing the structures of 12 

different AMPs. This amphiphilic structure is thus of great significance for the 

activity of AMPs. 
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In the following, the activity of the AMP described in this thesis is discussed.  

In this study, a bioactive peptide QUB2614 was isolated from the skin secretion of 

Odorrana schmackeri through "shotgun" cloning of its biosynthetic precursor-

encoding cDNA. The results of MIC experiments suggested that QUB-2614 

exhibited strong antimicrobial activity against S.aureus, E. coli and C.albicans. The 

peptide showed MIC values of 8mg/L, 16mg/L and mg/L, respectively. Meanwhile, 

the haemolytic potency was 39.5% at 8mg/L and 66.64% at 16mg/L, which 

suggested that QUB-2614 might have serious risks for application in vivo, despite its 

good broad-spectrum antimicrobial potency.  

In addition, QUB-2614 showed strong effects against MB435s, H157, and U251MG 

cancer cells in vitro, especially U251MG. In the MTT assay of U251MG, the cell 

viability rate was only 21.6% at a concentration of 10-4 mol/L and when the 

concentration was decreased to 10-5 mol/L, the cell viability rate was almost the same 

(23.45%). 

QUB-2614Sequence 

                  20 
                   |     
FLPLFASLAANLLPKIICKIAKKC 

                  Prediction CCHHHHHHHHHHHHHHHHHHHHCC 

  

H:Helix; S:Strand; C:Coil 

  
The predict secondary structure of QUB-2614 including two kinds of structures, and 

the middle part is built by helix, the most lateral part of each side are coil. 

(A) (https://zhanglab.ccmb.med.umich.edu/I-TASSER/) 
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(B) (http://heliquest.ipmc.cnrs.fr/cgi-bin/ComputParamsV3.py) 

Figure 5.2: The predicted secondary structure of QUB-2614. (A) helicity plot and (B) helical wheel. 

 

Through analysing the data in Table 5.3, QUB-2614 was found to have many 

nonpolar residues that can lead to stronger hydrophobicity. There are four positive 

charges which can enhance the ability to bind to bacterial membranes because of the 

electrostatic attraction. The results also showed that the peptide QUB2614 have a 

high hydrophobicity, so if it was developed into market in the future, we still need to 

do some modifications on this peptide to reduce its toxicity. 
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Figure 5.3: 3-D model of QUB-2614 (http://zhanglab.ccmb.med.umich.edu/I-
TASSER/output/S325644/) 

 

Adjusting the hydrophobic torque of AMPs is one of the effective methods to 

improve their biological activity. Through changing the number of Leu, Ile and Val 

residues in a reasonable way in order to transform hydrophobicity, can also affect 

their biological activity. Hydrophobic groups can make peptides form hydrophobic 

polymers by hydrophobic interaction in solution, thus increasing the affinity for 

eukaryotic cell membranes, and also increasing the capability of forming 

amphipathic α-helices. The increase of α-helix can improve the stability of AMPs. 

However, high hydrophobicity might reduce the activity of AMPs by causing them to 

aggregate and precipitate and will also increase haemolytic effects. Experiments have 

shown that changing some of the amino acid residues on the hydrophobic surface of 

AMPs into poor lipophilic amino acid residues, can reduce haemolytic activity, 

meanwhile impacting little on antibacterial activity.  

It seems that there is a more direct relationship between haemolytic activity and 

hydrophobicity. There however is still a big concern on the correlation between 

hydrophobicity and the ability to induce haemolysis (98). Blondelle and Houghten 

(99) reported that  replacing lysine with leucine in the hydrophobic area of an 

amphipathic model peptide can greatly reduce its haemolytic activity and 
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accordingly, lead to the reduction of hydrophobicity. In other words, substitution of 

lysine for leucine in the hydrophilic helix region can improve the hydrophobicity, but 

also enhancing the haemolytic activity. Thus, hydrophobicity is crucial for analogues 

of the frog peptides which belong to the brevinin-1 family (94). 

5.2: Future work 

The structure of this peptide needs to be studied by using other methods, such as X-

ray crystallography or Nuclear Magnetic Resonance, due to the fact that the 2D 

model and 3D models built by software, cannot ensure the actual structure of QUB-

2614. As a consequence, such data would serve to explain the relationship between 

biological activity and the structure with more certainty. 
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