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Abstract 

Antimicrobial peptides from amphibian skin secretions are considered to play a 

significant role in the host defence mechanisms against bacterial infection. In this study, 

the identification and antimicrobial activity of a novel peptide named NGC-HLB 

(GLLSGILGAGKKIVCGLSGLC), is described. The peptide consists of 21 amino acid 

residues and was identified in the skin secretion of the Chinese broad-folded frog, 

Hylarana latouchii. The presence of the novel peptide in skin secretion was confirmed 

and its sequence was likewise confirmed through comparison between the masses of 

the peptide obtained from “shotgun” cloning and MALDI-TOF MS. NGC-HLB 

possessed broad-spectrum antimicrobial activity against Gram-positive Staphylococcus 

aureus (NCTC 10788), Gram-negative Escherichia coli (NCTC 10418) and the yeast 

Candida albicans (NCPF 1467) with minimal inhibitory concentrations of 32 µM, 64 

µM and 32 µM, respectively. However, NGC-HLB showed strong haemolytic activity 

at the MICs for these three microorganisms. Besides, NGC-HLB showed no evident 

inhibition of three human cancer cell line including MCF7, H157 and PC3. All the 

results suggested that NGC-HLB could not directly be used as a new candidate for 

antimicrobial use in clinic. Taking its remarkable and broad-spectrum antimicrobial 

activity into consideration, the peptide would certainly require significant modification 

to become less toxic.  

     



1 
 

CHAPTER 1 

Introduction 
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As Leonardo da Vinci once said, “Nothing is superfluous in Nature’s inventions”. 

During evolution, antimicrobial peptides (AMPs), which exist in a large variety of 

organisms, have played significant roles in host defence mechanisms (Jenssen et al., 

2006). As the first line of defence, an overwhelming majority of AMPs contain 

approximately 10-50 amino acids and they are cleaved into mature forms from their 

larger precursors by proteolytic enzymes (Yeaman and Yount, 2003). Amphibian skin 

is one of the richest sources of AMPs, and amphibian-derived peptides have wide-

spectrum antimicrobial activity, including bacteriostatic and bactericidal properties 

against a variety of invading pathogens like bacteria, fungi and protozoa. Due to their 

unique characteristics and great potential to be used as substitutes of antibiotics, AMPs 

have attracted much attention in the past few decades. However, AMPs are still 

overlooked compared with other aspects of immunology even though they have been 

considered as the first line of defence in organisms. It is believed that a large number 

of AMPs are present in almost all species, so an exhaustive analysis of AMPs is beyond 

review (Hancock and Rozek, 2002; Pasupuleti et al., 2012). Instead, this introduction 

aims not only to elaborate their classification and biological functions, but also to 

illuminate the key underlying mechanisms of action employed by AMPs.  

1.1 Classification of AMPs 

It is difficult for us to classify AMPs based simply on sequence similarity or some 

physical characteristics. It is reported that AMPs exist in all living organisms and their 

sequences vary considerably, so we can barely summarise the differences between them 
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by comparing the similarity or dissimilarity of their sequences (Epand et al., 1999; van 

't Hof et al., 2001). Besides, many AMPs share some similar physical characteristics 

such as amphipathicity and a positive net charge even if they differ from each other in 

many other ways (Pasupuleti et al., 2012). Hence, as an alternative, the secondary 

structure of AMPs can be a helpful basis for classification. The conformation adopted 

by AMPs including α-helices, β-sheets, a mixture of both and random coil structures 

are reported to be significantly related to the interaction with bacterial membranes, 

which are key targets of AMPs (Figure 1). 

 

Figure 1. Molecular models of secondary structures of AMPs. (A) The α-helical 

structure of magainin 2 (PDB code 2MAG); (B) The β-sheet structure of protegrin 1 

(PDB code 1PG1); (C) The β-turn loop structure of a cyclic indolicidin peptide 

derivative (PDB code 1QX9); (D) Random coil structure of indolicidin bound to 

dodecylphosphocholine micelles (PDB code 1G89). These models are all collected 

from the NMR structural database. 

1.1.1 Helical Peptides 

α-helical AMPs, as one of the most widely distributed groups of AMPs, have been well 
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studied and constitute approximately 27% of all AMPs with known secondary structure 

(Boman, 1995; Tossi et al., 2000). Helical peptides show unique amphiphilic 

characteristics with about 50% hydrophobic peptide residues and hydrophilic residues 

orientated on opposite sides of the helix when the peptide forms an α-helical structure. 

In consequence, the peptide appears with amphiphilicity which is dependent on its own 

conformation. The α-helical AMPs are enriched in the extracellular fluids of 

amphibians, and tend to express as extended or unstructured conformers in solution. In 

contrast, a helical conformation will be adopted by these kinds of peptides once they 

interact with phospholipid membranes (Gesell et al., 1997). With caps at both the C- 

and N-terminus, the helix structure becomes much more stabilised, so that these AMPs 

are less sensitive to electrolyte concentration (Park et al., 2004). In this group of AMPs, 

a cationic, amphipathic and α-helical peptide with 37 amino acids – LL-37 – is the best-

studied (Durr et al., 2006). After binding to the negatively charged membrane of a 

bacterial cell, LL-37 permeates into the cells and results in the disruption of the 

membrane, and finally exerts an antibacterial effect (Lee et al., 2011; Turner et al., 

1998). Moreover, this group not only contains cationic peptides, but also hydrophobic 

anionic peptides such as dermcidin (Harris et al., 2009). However, the poor solubility 

of the hydrophobic anionic peptides reduces their selectivity between bacteria and 

mammalian cells, so that they are not suitable for antimicrobial uses clinically 

(Kobayashi et al., 2004). 

1.1.2 β-sheet Peptides 

Intramolecular disulphide bonds restrain the molecules of β-sheet peptides, and they 
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frequently exist in the structured form, in contrast to α-helical peptides. Among them 

defensins and protegrins (PG) have been thoroughly studied. Defensins are 

characterised as cationic peptides with 6 conserved cysteines and 3 disulphide bridges. 

Furthermore, defensins are lacking in modifications on their side-chains, including 

glycosylation and acylation. It is reported that defensins have broad-spectrum 

antimicrobial activity, but most barely show their activity against bacteria and fungi 

when they are exposed to a certain concentration of Na+, Ca2+ and Mg2+ in the physical 

environment of a human body (Bals et al., 1998; Bals et al., 1999; Niyonsaba et al., 

2006; Singh et al., 1998; Singh et al., 2000). In contrast, the disulphide bond within 

protegrins is the key to their antimicrobial properties. To date, a large number of PG 

mutants have been studied and synthesised on the basis of the five naturally existing 

forms (Table 1). Removing the significant bridges decreases the activity dramatically 

or even abrogates it completely (Knyght et al., 2016; Tamamura et al., 1995; Usachev 

et al., 2015). However, the role of disulphide bonds in another β-sheet AMP, Ib-AMP1, 

is totally different from these. Wang et al. reported that linear conformation is more 

active than the other formation with disulphide bond, and it was only responsible for 

the intracellular activity (Wang et al., 2009). 
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1.1.3 Random Coil Structures 

Some AMPs display primarily neither α-helical nor β-sheet structures and instead their 

three-dimensional conformations are disordered random coil structures. As mentioned 

above, cationic amino acid residues such as lysine, arginine and histidine frequently 

exist in AMPs, while there are relatively rare anionic amino acids in these. Therefore, 

most AMPs are net positively charged. Cationicity is significant for the electrostatic 

attraction of AMPs to negatively charged membranes of bacteria. Besides, another 

critical characteristic of AMPs is amphiphilicity, and it provides sufficient adsorption 

capacity for AMPs to adsorb to and then disrupt membranes (Pasupuleti et al., 2012; 

Yeaman and Yount, 2003).  
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1.2 Parameters that Influence the Antimicrobial Selectivity and Activity of AMPs 

As is well known, many biophysical parameters of peptides influence their selectivity 

and biological activity. However, the impact of factors such as sequence length, charge, 

amino acid types involved and structural characteristics on the selectivity to interact 

with microbial cell membranes and antimicrobial activity of AMPs has not been well 

investigated. Therefore, a better understanding of the relationship between the factors 

and properties of AMPs is not only significant to elucidate their modes of action, but 

also critical for the design of novel peptides with potent activity and high selectivity as 

alternatives to antibiotics. 

1.2.1 Charge 

A net positive charge is one of the characteristics of AMPs and it ranges from +1 to +9. 

AMPs are attracted to the surface of bacterial cell membranes because of the 

electrostatic force formed by opposite charges (Bessalle et al., 1992; Bonucci et al., 

2014; Dathe et al., 1997; Fillion et al., 2015; Juba et al., 2015; Matsuzaki et al., 1997). 

The biological activity of AMPs is strongly correlated with the cationic charge they 

carry and basically the more cationic residues, the stronger their activity. However, for 

some specific peptides, there is often an optimum charge for exerting the greatest 

activity; greater charges than the optimal results instead in decreased activity. For 

instance, the activity of magainin 2 analogues increases when the positive charge is 

increased, even when other parameters like structure and hydrophobicity, remain 

constant. However, adding cationic residues above this threshold, remarkably decreases 
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the selectivity for microbial cells and results in increased haemolysis (Dathe et al., 

2001). For melittin analogues, removing the cationic C-terminal causes decreased 

haemolytic activity and much weaker bacterial cell membranes binding properties. 

Overall, this charge dependence can be demonstrated in many AMPs (Hall et al., 2011; 

Wang et al., 2015). 

Membrane charge density is another key influential factor, and it can alter the binding 

property and selectivity of AMPs. Partition of cationic AMPs into zwitterionic lipids is 

generally weak with a high dissociation constant (Rahnamaeian, 2011). Lipids like 

phosphatidylglycerol (PG) are negatively charged, and the presence of these on 

membranes of bacteria generates an electronic interaction with cationic peptides. The 

electrostatic attraction between peptides and microbial membranes is generally strong 

enough to counteract the highly decreased dissociation rate. Nevertheless, the 

selectivity of peptide binding to the membranes of bacteria is basically contributed by 

the electrostatic attraction, but this cannot fully explain the reason for the peptide’s 

specific interaction with bacteria rather than mammalian cells. As mentioned above, 

charge threshold is generally one of the basic characteristics of every AMP. Once it is 

exceeded, the electrostatic interaction can result in cell toxicity, which is usually 

concentration related and non-linear. Additionally, there have been several cases 

reported where the relationship between activity and charge were totally different from 

the norm, which could be indirect or inverse. 

1.2.2 Secondary Structure 

Generally, the secondary structures of AMPs fall into four groups: helical peptides, β-
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strand/sheet peptides, mixed helical/sheet peptides and extended random coil peptides 

(Rahnamaeian, 2011). It is widely reported that the structure of AMPs could be 

dramatically transformed from randomly unstructured in solution into a specific 

conformation once encountering membranes. The specific rigid structure of AMPs 

plays a significant role in their antimicrobial activity. A representative case for helical 

peptides is that the substitution of proline in an antimicrobial CAP18 fragment could 

result in loss of activity because of the structure damage (Tossi et al., 1994). So, some 

amino acid substitutions in helical peptides can result in disruption of peptide structures, 

and cause a significant decrease of activity in consequence. On the other hand, the 

structure changes of peptides can favour selectivity or toxicity rather than leading to 

activity loss. To illustrate this, in the study of Oren and Shai (Oren and Shai, 1997), the 

haemolysis ratio of melittin dramatically decreased because substitutions of single-D 

amino acids altered its secondary structure, but there was little to no impact on 

antimicrobial activity. Studies focused on analogues of melittin and magainin showed 

that in the aspect of binding to bacterial membranes, linear peptides were more efficient 

than cyclic peptides, even though they showed similar permeability when the number 

of peptides finally bound to the membranes was similar. It is noteworthy that a cyclic 

magainin analogue showed an increased haemolysis ratio and decreased antibacterial 

activity while a cyclic melittin analogue has enhanced activity with significantly 

reduced haemolysis. Furthermore, the activity of a magainin analogue could be 

dramatically elevated by substituting the residues of high helical propensity with some 

amino acids of low helical tendency, according to the study of Chen et al (Chen et al., 
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1988). Bowie et al (Bowie et al., 2012) analysed the effect of net charge, number of 

constituent amino acids and especially the number of helical turns on the activity of a 

series of host-defence peptides derived from several species of Australian frogs. Among 

these, peptides such as aurein 1.2 and caerin 1.1 have been thoroughly studied, 

especially on their binding ability (Fernandez et al., 2013; Gehman et al., 2008). In 

conclusion, the specific conformation of AMPs upon coming into contact with 

membranes of bacteria plays a significant role not only in the ability of binding to the 

membrane, but also in subsequent antibacterial- or haemolysis-related actions. 

1.2.3 Hydrophobicity 

The percentage of hydrophobic residues in a peptide is defined as the peptide 

hydrophobicity, which is 50% or so for a majority of AMPs. Hydrophobicity is a 

significant characteristic for an AMP to be able to interact with bacterial membranes, 

because it determines the extent to which a peptide can partition into the lipid bilayer 

(Yeaman and Yount, 2003). Enhanced hydrophobicity is strongly related to weaker 

selectivity and stronger toxicity to mammalian cells, while hydrophobicity is essential 

for efficient membrane binding ability and permeability. Therefore, to optimise activity 

and reduce the toxicity of AMPs to mammalian cells, most have modest and “just the 

right” numbers of hydrophobic residues.  

In 1997, Wieprect et al (Wieprecht et al., 1997a; Wieprecht et al.,1997b; Wieprecht et 

al., 1997c) systematically examined the relationship between peptide hydrophobicity 

and membrane permeabilisation, using magainin analogues which shared similar net 

charge, helicity and hydrophobicity. In addition, the hydrophobicity of these peptides 
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was similar, yet they were still different from each other (Eisenberg, 1984). It was 

noteworthy that peptide hydrophobicity had absolutely no effect on membrane 

permeabilisation of vesicles constituted solely by PG. However, as to vesicles 

composed of phosphatidylcholine (PC) and PG at a 3:1 ratio, peptide hydrophobicity 

played a significant role in the binding ability and membrane permeabilisation. 

Furthermore, the effect of peptide hydrophobicity was much more impressive for 

vesicles composed entirely of PC, as the most hydrophobic peptide was approximately 

300-fold more active than the least hydrophobic one (Yeaman and Yount, 2003). These 

binding ability differences demonstrated the extent to which hydrophobicity affected 

membrane binding and permeabilisation. Additionally, the extent of hydrophobicity 

influence was negatively correlated with the composition of membranes, especially the 

ratio of PC.  

1.2.4 Amphipathicity and Hydrophobic Moment 

Amphipathicity, in a sense, is influenced by the combination of net charge, secondary 

structure and hydrophobicity. Thus, amphipathicity of a peptide is often of greater 

importance (Resende et al., 2014; Shai, 1999; Zhu et al., 2015). Upon interacting with 

bacterial membranes, almost all AMPs form specific structures which are amphipathic. 

Among these special structures formed by proteins, the amphipathic helix may be the 

simplest and most representative one. The specific periodicity of three to four residues 

within amphipathic α-helical peptides optimises the interaction with amphipathic 

bacterial membranes (Figure 2). Similar to hydrophobicity, the extent of amphipathic 

helicity of peptides is not only correlated with antimicrobial activity, but also influences 
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toxicity to zwitterionic or neutral membranes. Hence, if the helicity and amphipathicity 

of peptides are high enough to yield an isolated hydrophobic domain, they are much 

more likely to have strong toxicity to cells whose membranes are composed of neutral 

phospholipids (Wieprecht et al., 1997c). Peptide amphipathicity reflects the relative 

proportion and location of hydrophilic and hydrophobic domains within it. 

Hydrophobic moment (µH) is the quantitative measure of amphipathicity, and it is the 

sum of amino acid vectorial hydrophobicities (Lee et al., 2016).  

 

Figure 2. (A) A model of α-helical amphipathic structure. Red areas represent the 

charged residues and blue areas represent hydrophobic residues aligning down the other 

side of the helix; (B) Several AMPs with different structures. As in the above model, 

red areas are positively charged and blue are hydrophobic amino acids. Other residues 

are not shown.  

With a quantity of β-strands tending to form hydrophilic and hydrophobic surfaces, the 

AMPs with β-sheet conformation are also likely to be amphipathic. Most of the β-

strands are anti-parallel, and are stabilised by a series of disulphide bonds (Yeaman and 
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Yount, 2003). It has been reported that many β-sheet AMPs were conformationally rigid 

in aqueous solution, and this feature facilitated multimerisation, reducing exposure of 

the hydrophobic surface to aqueous environments. This kind of conformation makes β-

sheet AMPs different from α-helical AMPs in similar solutions.  

1.2.5 Polar Angle 

In an amphipathic helix, polar angle refers to the proportion of polar versus nonpolar 

facets within it. This parameter is closely correlated to amphipathicity and the 

hydrophobic moment. As shown in Figure 3A, the polar angle is 180° if half of the helix 

is hydrophobic and the other side hydrophilic. Correspondingly, if 1/3 of the helix is 

hydrophilic and the rest hydrophobic, then the polar angle would be 120° (Figure 3B) 

and so on.  

 

Figure 3. Two hypothetical amphipathic peptides with different polar angles are shown 

in helical wheel diagrams. (A) Half of the helix are hydrophilic residues and the other 

half hydrophobic, making the polar angle 180°; (B) 2/3 of the helix is hydrophobic and 

the rest hydrophilic, making the polar angle 120°. In the wheel diagrams, red areas 

represent charged hydrophilic residues while hydrophobic residues are blue. 
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In conclusion, the selectivity and activity of AMPs could be influenced by several 

parameters, including charge, conformation, hydrophobicity, polar angle and 

amphipathicity. Thus, changes in composition, sequence, and intramolecular bonds 

may dramatically influence the selectivity and activity of AMPs. Moreover, a better 

understanding of these factors could help us transform some AMPs or even design some 

new peptides to optimise their antimicrobial activity and enhance their selectivity to 

overcome toxicity towards mammalian cells.  

1.3 Mechanism of Action of AMPs 

A variety of mechanism investigations have been conducted to date, in which an 

overwhelming majority of research is based on several membrane models. In contrast, 

there is much less research into the mechanism of AMPs on whole microbial cells using 

some advanced experimental tools like membrane sensitive dyes and fluorescently 

labelled peptides. These researchers have elucidated the initial interaction of AMPs 

with membranes and this can be divided into two types: membrane 

disruptive/permeabilising and non-membrane disruptive/permeabilising (Wang, 2015). 

There have been several hypothetical models to date for the mechanism of action 

including classical pore formation and membrane structural rearrangements. As an 

antibacterial peptide may be correlated with more than one model, it is important for us 

to clarify the complete mechanistic procedure that happens in sequence on the bacterial 

membrane leading to disruption and cell inhibition or even death in consequence (Lee 

et al., 2016).  
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1.3.1 Interaction 

In the first place, AMPs are generally unstructured in solution till they are attracted to 

bacterial membranes by the electrostatic attraction produced by positively charged 

residues and negatively charged lipids in the bacterial cell membrane (Bessalle et al., 

1992; Dathe et al., 2001; Matsuzaki et al., 1997; Melo et al., 2009). It has been reported 

that phosphate groups in bacterial lipid bilayers could be strongly attracted to certain 

types of amino acids like lysine and arginine (Mavri and Vogel, 1996). When they 

approach the target membrane, most unstructured peptides will have been transformed 

into coil-helix as shown in Figure 4. In contrast, β-sheet AMPs are generally structured 

in solution because of disulphide bonds or cyclisation of the backbone. β-sheet AMPs 

are likely to maintain their specific and solid structure both in solution and when they 

are attracted to the target membrane. With deeper research, it has been recognised that 

the activity of AMPs not only depends on their specific structure, but also on the 

composition of certain amino acids and their physicochemical properties. Furthermore, 

the activity at first is strongly related to the initial electrostatic interactions, and depends 

more on the hydrophobic attraction in later procedures. On the other hand, Brotz et al 

(Brotz et al., 1998) have reported that by directly targeting lipid II, the lantibiotic, 

mersacidin, could interfere with transglycosylation and peptidoglycan synthesis. Cases 

like this have demonstrated that the interactions between peptides and membranes could 

also be mediated by receptors.  

1.3.2 Threshold Concentration 

After initial contact, peptides continuously bind to the target membrane and when the 



16 
 

number of binding peptides reaches a specific point, which is generally referred to as 

the threshold concentration, peptides start to interact with target cell membranes at 

another level. In this situation, peptides traverse the lipid bilayer of the target cell 

membrane through several mechanisms and generate an antimicrobial action 

consequently. Understandably, the ability of AMPs to interact with bacterial 

membranes is highly correlated with their accumulation on the surface of the target.  

Rozek et al (Rozek et al., 2000; Yeaman and Yount, 2003) have reported that the 

threshold concentration of peptides may be influenced by a number of factors such as 

peptide concentration, phospholipid membrane composition, propensity to self-

assemble or multimerise, fluidity and head group size. Furthermore, it is noteworthy 

that interactions between some AMPs and membranes can be very different from each 

other because one peptide can show its action through several mechanisms, which is 

commonly correlated with their conformation change or target cell membrane 

remodeling.  

1.3.3 Conformational Phase Transition 

It has been thoroughly investigated that α-helical AMPs were likely to undergo changes 

of their structure and/or conformation, which is generally a key event occurring after 

AMPs bind to target membranes (Yeaman and Yount, 2003). It is widely reported that 

the structure of AMPs could be dramatically and rapidly transformed from random coil 

conformation and unstructured in aqueous solution into a specific and highly structured 

conformation once encountering phospholipid bilayers or a membrane analogue. This 

kind of transition of peptides requires some specific conditions, in which a 
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representative factor is a negatively charged phospholipid bilayer. To illustrate, PGLa, 

a peptide derived from frog skin, remains unstructured when in contact with PC or 

sphingomyelin (SM)-composed zwitterionic membranes. However, PGLa will rapidly 

acquire a helical conformation when exposed to PG- and PE-composed membranes 

(Matsuzaki et al., 1996). 

 

1.3.4 Self-Association and Multimerisation 

When the number of membrane binding AMPs reached the threshold concentration, 

some peptides were likely to self-associate or multimerise to exert their actions on 

disrupting bacterial membranes or inactivating bacteria as described in some classical 

models such as the barrel-stave/toroidal pore, aggregation and amyloid models (Lehrer 

et al., 1989; Yeaman et al., 1998). Specific conformations and structures were achieved 

by the AMPs via interactions between peptide and peptide, and additionally peptide and 

membrane. Consequently, these specific structures have been reported highly 

associated with their unique antibacterial mechanisms of action, and strongly correlated 

to the types and localisation of amino acids within, as well as conformation of the 

peptide. For example, cathelicidin LL-37, α-defensin-6 and kalata B2 could form 

oligomers, and this characteristic makes a difference in their activity (Lehrer et al., 1989; 

Suarez-Carmona et al., 2015; Yeaman et al., 1998). The activity of the formed complex 

is correlated to the capacity of peptides to combine hydrophobic and hydrophilic 

domains with adjacent peptide or the target bacterial membrane. As a complex, they are 

much more likely to penetrate deeper into the target membrane or even into the core of 
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them.  

1.3.5 Classical Models of Antimicrobial Action 

Table 2 lists several molecular models built to describe the mechanisms of action of 

AMPs on target membranes, including barrel-stave, toroidal and detergent-like carpet 

models, which are representative models for structurally defined mechanisms, and 

some mechanisms rarely related to structure such as the non-permeabilising sinking raft 

model. Thus, it is understandable that antimicrobial activity of a peptide can be a 

mixture of several modes of action happening concurrently, and the activity can be 

influenced by multiple factors such as concentration and conformation of peptides. 

Among these models, the most studied are the barrel-stave/toroidal pore models which 

have been extensively applied to the mechanisms of AMP action (Lee et al., 2016).  
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Table 2.  Molecular models for the membrane interactions of α-AMPs (Wang, 

2015). 

 

1.3.5.1 Pore Formation 

Several pore formation models can be induced by peptides, and among them the most 
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recognised are barrel-stave and toroidal wormhole mechanisms. As shown in Figure 4, 

in the barrel-stave model, electrostatic attractions facilitate AMP attraction towards 

target membranes, and its structure and conformation will be changed upon binding to 

the surface. The conformational change in this phase makes the peptide amphipathic. 

Subsequently, a variable number of independent peptides self-assemble and become a 

complex when it reaches the threshold concentration. The complex is much more likely 

to invade deeper into target membranes, and then form a “barrel” pore. In addition, the 

“stave” is the individual transmembrane spokes within the barrel, which are likely to 

be constituted by some independent peptides or peptide complexes (Lee et al., 2016). 

In this model, the hydrophobic surfaces face outward while the hydrophilic surfaces 

form the pore lining, and this specific structure makes the hydrophilic residues rarely 

exposed to the hydrophobic tails of lipids (Wang, 2015; Wang et al., 2016). Based on 

the studies of α-helical AMPs, another model called “toroidal wormhole” is proposed, 

and it is quite similar to the “barrel-stave” model. The main difference between them is 

that within the pore induced by toroidal complexes, the interaction between peptides 

and lipid head still exists and peptides are out of the hydrophobic core of membranes. 

Hence, the “toroidal wormhole” pore is more unstable compared to the “barrel stave” 

pore. A large amount of positively charged side chains could facilitate pores with much 

shorter half-life periods and even repulsion (Taubes, 2008). Some AMPs tend to 

relocate to the luminal side of the model once the pore complex collapses, which 

indicates that this might be the mechanism for these peptides to access intracellular 

targets and play a role.  
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1.3.5.2 Carpet-like Mechanism 

Besides the two pore-formation mechanisms, peptides may act without inserting into 

the membrane core. Once the number of membrane binding AMPs reaches the critical 

threshold concentration, they thoroughly cover the surface of the membrane, which 

resembles a “carpet” in appearance (Matsuzaki, 1998; Shai, 1999; Shai and Oren, 2001; 

Taubes, 2008). The peptides would not be formed into a quaternary structure, which 

changes the membrane energetics and fluidity and even causes membrane structure to 

become unstable and finally disrupted. Peptides saturate the membrane surface and 

exert a detergent-like action, so that the carpet-like mechanism is generally considered 

as the indispensable step before toroidal pore formation (Fernandez et al., 2012; Rozek 

et al., 2000).  
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Figure 4. Main models of mode of action of membrane binding AMPs. Upon binding 

to the surface of target membranes, unstructured peptides undergo a dramatic and rapid 

change to adopt a specific structured and conformational structure, which facilitates 

their binding to the surface of membrane. When it reaches the threshold concentration, 

peptides combine into a complex, making it much easier to insert into the deeper core 

of the membrane. Barrel stave model (Left), toroidal pore model (Centre) and carpet-

like model (Right) are three main molecular models for peptides to destabilise the 

membranes.  
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1.3.6 Downstream effects of AMPs correlated with cell death 

Although the modes of action of AMPs are complex and diverse, their downstream 

effects could inactivate or even kill bacteria. Microbes can survive because of the 

cellular environmental homeostasis, which is vitally related to the integrity and 

biological activity of cytoplasmic membrane. AMPs which induce pore formation on a 

membrane could not only lead to the disruption of integrity but also influence some 

biological functions of the membrane like loss of ion gradients, disordered distribution 

of lipids, or loss of respiration and so on. All the downstream influences could induce 

cell death (Matsuzaki et al., 1996; Melo et al., 2009; Rozek et al., 2000). The 

bactericidal function is often rapidly processed, in sharp contrast to traditional 

antibiotics which usually take several days to exert their actions. It has been reported 

that defensins could interfere with the electrostatic gradient of S. aureus. Furthermore, 

defensins could simultaneously inhibit the synthesis of RNA, DNA and protein of E.coli, 

as well as permeate its membrane (Yeaman et al., 1998). In summary, these studies 

demonstrated that disruption of membranes could induce many downstream cellular 

events, which are critical for AMPs to exert their functions (Lehrer et al., 1989; Suarez-

Carmona et al., 2015). The characteristic of AMPs having several and/or 

complementary modes to inhibit or kill a variety of microbes is quite essential for them 

to show their advantages over traditional antibiotics, including much stronger effects 

and lower possibility of resistance generation in bacteria.  

In summarize, a variety of AMPs exert their actions by disrupting bacteria 

membrane as described in molecule models previously, and they may be developed into 
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substitutions of conventional antibiotics, through which serious outbreak of antibiotic 

resistance could be relieved. This thesis isolated and identified a novel AMP from skin 

secretion of the oriental broad-folded frog, Hylarana latouchii.  
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CHAPTER 2 

Materials and Methods 
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2.1 Specimen biodata and secretion harvesting  

Specimens of the oriental broad-folded frog, H. latouchii, (sex undetermined; n=12; 

3.5-5.0 cm in snout-to-vent length) were captured in a mountainous region of Fujian 

Province, PR China. The dorsal skin surface was stimulated by gentle transdermal 

electrical stimulation (6V DC; 4 ms pulse-width; 50Hz) through platinum electrodes 

for two periods of 20s duration or the skin secretion was obtained via mild squeezing 

and massaging of the glands. The viscous white skin secretion was washed from the 

skin using deionised water, snap-frozen in liquid nitrogen, lyophilised and stored at -

20°C prior to analysis. All the procedures were subject to ethical approval and carried 

out under appropriate UK animal research personal and project licences.  

 

2.2 Molecular cloning 

2.2.1 mRNA isolation  

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

isolation. The poly A tail of poly A mRNA from the sample can hybridise to the bead-

bound oligo-dT and can be eluted from the Dynabeads afterwards.  

2.2.1.1 Preparation of skin secretion 

Five milligram of crude lyophilised skin secretion from Hylarana latouchii were 

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

the 1.5 ml tube was vortexed for 10 min in total and placed on cold ice for several 
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seconds at intervals of one min to obtain the undegraded mRNA. Finally, the lysate 

solution was centrifuged at 8000 x g for 5 min in the centrifuge 5424 (Eppendorf, UK) 

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

were ready. 

2.2.1.2 Preparation of Dynabeads® Oligo (dT)25 beads 

Two-hundred and fifty microliters of thoroughly resuspended Dynabeads® Oligo (dT)25 

beads (5 mg/ml) were transferred into a 1.5 ml RNase-free tube and put on the magnetic 

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

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

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

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

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

2.2.1.3 Hybridisation between the poly A tail of mRNA and bead-bound oligo-dT  

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

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

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

shaking for 15 min at room temperature, which made the poly-A tail of mRNA 

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

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

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

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

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

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

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

times. 

2.2.1.5 Elution 

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

into the 1.5 ml tube containing the well-washed beads and the 1.5 ml tube was flicked 

gently to make every droplet carry the beads down to the bottom until all the solution 

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

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

subsequently transferred into a 0.2 ml RNase-free PCR tube on the magnetic rack as 

soon as possible to avoid mRNA reabsorbing onto the beads. Finally, the 0.2 ml PCR 

tube was cooled on ice for 2 min and then the solution was allocated into five chilled-

prepared 0.2 ml PCR tubes which included 4 µl volume for three PCR tubes and 3 µl 

volume for two PCR tubes, respectively. 

 

2.2.2 cDNA library construction 

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

cDNA library construction and primary cDNA amplification. 5’ RACE Ready cDNA 
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was synthesised using a 5’-RACE CDs Primer and the BD SMART II™ A 

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

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

a reverse transcription reaction. 

2.2.2.1 Preparation of sample mixture 

2.2.2.1.1 Preparation of mixture for 3’ RACE Ready cDNA synthesis 

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

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

to ensure sufficient volume for the RT-PCR reaction.  

Table 2.1. The components of the 3’ RACE cDNA reaction. 

Component Final Volume Final Concentration 

RNA sample 4 µl 10-1000 ng 

3’-RACE CDS Primer 1 µl 12 µM 

dNTP Mix 1 µl 4 mM                                                                                                                    

DTT 1 µl 4 mM 

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

Reverse Transcriptase 1 µl 20 unit 

×The Master Mix includes dNTP Mix, DTT and 5X First-Strand Buffer for 5 

reactions. 

2.2.2.1.2 Preparation of mixture for 5’ RACE Ready cDNA synthesis 

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

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

sufficient volume for the RT-PCR reaction. 
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Table 2.2. The components of the 5’ RACE cDNA reaction. 

Component Final Volume Final Concentration 

RNA sample 3 µl 10-1000 ng 

5’-RACE CDS Primer 1 µl 12 µM 

BD SMART II™ A Oligonucleotide 1 µl 12 µM 

dNTP Mix 1 µl 4 mM 

DTT 1 µl 4 mM 

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

Reverse Transcriptase 1 µl 20 units 

×The Master Mix includes dNTP Mix, DTT and 5X First-Strand Buffer for 5 

reactions. 

2.2.2.2 Reverse transcription polymerase chain reaction (RT-PCR) 

Five PCR tubes, containing sample mixture, were micro-centrifuged and incubated in 

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

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

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

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

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

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

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

2.2.2.3 Concentration dilution and fault correcting 

Fifty microliters of deionised water were added into each PCR tube to lower the 

concentration. Then, five PCR tubes were incubated in the thermal cycler at 72°C for 7 
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min to correct the faults in the reaction and kill some enzymes such as Reverse 

Transcriptase. At this point, 3’- and 5’-RACE Ready cDNA templates were obtained 

and stored at -20°C in the freezer.  

 

2.2.3 Polymerase chain reaction (PCR) amplification of cDNA 

2.2.3.1 Preparation of mixture for RACE-PCR reaction 

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

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

reaction. 

Table 2.3. The components of one RACE-PCR reaction 

Component Final Volume Final Concentration 

PCR-Grade water 2.6 µl - 

10X BD Advantage 2 PCR Buffer 1 µl 1 X 

dNTP Mix 0.2 µl 0.2 mM 

NUP Primer 0.5 µl 20 µM 

Sense Primer 0.5 µl 20 µM 

BD Advantage 2 Polymerase Mix 0.2 µl 15 µM 

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

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

control. 

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

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

reactions. 
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2.2.3.2 3’ RACE-Ready cDNA amplification  

Eleven microliters Master Mix was allocated into four well-prepared PCR tubes and 10 

µl of 3’ RACE-Ready cDNA templates were added into two PCR tubes. 10 µl of PCR-

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

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

GAWYYAYYHRAGCCYAAADATGTTCA-3′) (Y=C+T, W=A+T, H=A+C+T, 

R=A+G, D=A+G+T) were added into each PCR tube. All of the reagents were pipetted 

completely and micro-centrifuged to collect all contents at the bottom without bubbles. 

Finally, the RACE-PCR programme with a gradient temperature was set and 

commenced in the thermal cycler. The appropriate annealing temperature was 

determined in the RACE-PCR reaction. Three steps of PCR reaction with different 

conditions were set up and each cycle included 94°C denaturation for 30 s to obtain 

single-stranded DNA templates, 60°C or 62°C annealing for 30 s between primer and 

single-strand DNA templates and 72°C extension for 3 min. All the procedures were 

repeated over 40 thermal cycles to obtain double-stranded DNA amplification. The 

annealing temperature in one group included one 3’ RACE-Ready cDNA template and 

one negative control at 60°C, whereas it was set at 62°C	in another group. All of the 

four samples after RACE-PCR reaction were stored at -20°C in the freezer. 

 

2.2.4 Agarose gel electrophoresis 
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2.2.4.1 Preparation of 1.5% agarose gel 

0.45 g agarose (Invitrogen, UK) was transferred into a 200 ml flask with 35 ml fresh 

working 1X TBE Buffer (Invitrogen, UK). The flask was heated in a microwave oven 

without foaming until all the agarose was dissolved completely, and then it was cooled 

for several minutes. 2.5 µl ethidium bromide (EtBr, 10 mg/mL) (Invitrogen, UK) was 

added into the flask to bind to the DNA and make the DNA visible under ultraviolet 

light. Then, the melted agarose was poured into the gel box with one straight-inserted 

comb and two well-placed blocks in the gel electrophoresis tank. After the solidification 

of the agarose gel at room temperature for 40 min, the comb was vertically removed 

and the intact wells were obtained. Finally, the gel tank was filled with recycling 1X 

TBE Buffer within the maximum lines. 

2.2.4.2 Sample loading and electrophoresis 

Two point five microliters of a standard DNA ladder (Invitrogen, UK) composed of 

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

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

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

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

90 v and the samples travelled through the gel from the negative electrode to the 

positive electrode for 30 min until the yellow colour indicator reached two-thirds of the 

gel. Finally, the power was stopped and the gel was transferred into a large weigh boat 

for later detection of bands. 
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2.2.4.3 Detection of bands and gel analysis 

The electrophoresis gel was placed under the UV trans-illuminator BioDoc-It® Imaging 

System (NVP, Cambridge, UK) and a photographic image was recorded as the result. 

The DNA bands of the samples were compared with those of the ladder to determine 

whether the DNA amplification was successful or not. The 1X TBE Buffer was 

recycled and the samples were stored at -20°C in the freezer. 

 

2.2.5 PCR product purification 

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

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

steps and eluted for collection. 

2.2.5.1 DNA binding with the filter membranes 

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

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

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

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

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

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

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

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

into the cartridge. 
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2.2.5.2 DNA Washing  

Seven-hundred microliters of DNA Washing Buffer diluted in absolute ethanol was 

added into the cartridge and centrifuged at 8000 x g for 1 min for DNA washing. 

Subsequently, the filtrate was discarded and the collection tube was placed back in the 

bottom of the cartridge. Similarly, 500 µl DNA Washing Buffer with added ethanol was 

also added into the cartridge and centrifuged again at 8000 x g for 1 min. Then, the 

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

the empty cartridge with collection tube was centrifuged at the maximum speed of 8000 

x g for 2 min to dry the column matrix and remove ethanol completely as this could 

interfere with the downstream applications. 

2.2.5.3 DNA elution 

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

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

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

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

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

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

in a concentrator (Eppendorf, Hamburg, Germany) to dry the DNA sample and drive 

the ethanol away thoroughly. After evaporation, the DNA sample was sealed with 

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

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

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

reactions. The DNA with A at both ends of the strand could bind to and insert into the 

site of the pGEM®-T Easy Vector (50 ng/µl) with T through A-T based pairing.  

2.2.6.1 Reagent preparation  

Ten microliters of deionised water were added into the 1.5 ml tube containing 7 µl DNA 

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

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

placed on ice to cool. This step was repeated five times for DNA preparation. 2X Rapid 

Ligation Buffer was vortexed vigorously without centrifuging as the Buffer was so 

heavy. Also, the pGEM®-T Easy Vectors were micro-centrifuged briefly without 

pipetting to avoid damaging the fragile vectors. The T4 DNA Ligase was also micro-

centrifuged briefly without pipetting as the enzyme was susceptible to inactivation 

under the changes of environment. 

2.2.6.2 Ligation between DNA and vector 

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

DNase-free PCR tube.  

Table 2.4. The components of the ligation reaction 

Component Volume Final Concentration 

2X Rapid Ligation Buffer,20mM MgCl2 2.5 µl 1 X 
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pGEM®-T Easy Vectors 0.5 µl 50 ng/µl 

PCR Products 1.5 µl 10-1000 ng 

T4 DNA Ligase 0.5 µl 3 Weiss units 

 

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

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

vectors with a 3’ single terminal thymidine (T) in the insertion site were re-cyclised 

with a single guanosine (A)-ending DNA sequence derived from Taq DNA Polymerase 

through A-T base pairing. 

 

2.2.7 Transformation 

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

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

(Promega, USA). 

2.2.7.1 Preparation of LB/ampicillin/IPTG/X-Gal plates 

LB agar (Invitrogen, UK) was weighed and dissolved in 200 ml double deionised water 

in a 400 ml glass bottle. Then, the bottle was autoclaved for sterilisation. 550 µl 

ampicillin was added into the heated agar solution and mixed completely. This was to 

select the bacteria with the specific antibiotic resistance gene. Then, 11 ml of melted 

agar solution was aliquoted and poured into each Petri dish. After the solidification of 

agar, 100 µl IPTG as an inducer was added and spread over the surface evenly which 

induced the expression of lacZ gene. Subsequently, 20 µl X-Gal as a chromogenic 
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substrate, was added and spread over the surface completely in a dark environment and 

this reacted with β-galactosidase and was detected by a colour change. Finally, all the 

plates were incubated upside down keeping the water inside the agar for 45 min at room 

temperature, and then the plates were ready for cell or bacterial culture. In addition, the 

LB agar plates could be stored at 4°C for up to one month. 

2.2.7.2 Transformation  

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

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

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

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

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

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

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

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

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

2.2.7.3 Plating and culture for amplification  

One-hundred liters of transformation suspensions were transferred and spread over the 

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

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

amplification.  
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2.2.8 Blue and white colony screening 

There were three kinds of colonies found growing on the LB/ampicillin/IPTG/X-Gal 

plates from the previous procedures including white colonies, blue colonies and white 

colonies with a blue dot. Pure white colonies, in which the vectors were inside the 

competent cells and contained the recombinant DNA, were selected and subcultured in 

the solid medium for further identification. The 1.5 cm length squares were divided by 

drawing lines at the bottom of the Petri dish, then the pure white colonies and white 

colonies with blue dots were picked up and transferred into three new 

LB/ampicillin/IPTG/X-Gal plates by streaking without touching the edge of the lines 

using an inoculating loop under a sterile environment. All of the three plates were 

incubated upside down at 37°C overnight (16-24 h) for subculture and further selection. 

 

2.2.9 Isolation of recombinant DNA by cloning PCR 

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

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

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

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

2.2.9.1 Bacterial harvesting 

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

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

of bacteria were obtained for recombinant DNA isolation.  



40 
 

2.2.9.2 Vector release 

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

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

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

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

DNA were ready to use. 

2.2.9.3 Preparation of reagent mixture for cloning PCR 

The following components were combined and mixed completely by pipetting. One 

extra volume of reagents was calculated and added.  

Table 2.5. The components in each cloning PCR reaction  

Component Final Volume Final Concentration 

dNTP Mix 1 µl 0.2mM 

PCR-Grade water 31 µl - 

Cloning PCR Buffer 10 µl 1 X 

M13 Forward Primer 2.5 µl 5 µM 

M13 Reverse Primer 2. 5 µl 5 µM 

Taq Polymerase enzyme 0.25 µl units 

DNA template  2.5 µl 10-1000 ng 

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

Forward Primer and M13 Reverse Primer for 14 reactions. 

2.2.9.4 Isolation of recombinant DNA by cloning PCR 

Forty-seven microliters of Master Mix were aliquoted into each PCR tube respectively 

and pipetted completely. Then, 0.25 µl Taq Polymerase enzyme and 2.5 µl supernatants 
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containing recombinant DNA were added into each 0.2 ml PCR tube in proper order 

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

centrifuged briefly to collect all contents at the bottom without bubbles. The isolation 

of target DNA from the vector and target DNA amplification relied on a cloning PCR 

reaction in which the M13 Forward Primer and M13 Reverse Primer could bind to the 

5’ and 3’ ends of inserted DNA, respectively. Finally, the cloning PCR reaction was set 

and commenced using the following programme, and each cycle in the thermal cycler 

included: 94°C denaturation for 30 s, 55°C annealing for 30 s and 72°C extension for 3 

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

14 samples tubes were stored at -20°C in the freezer. 

 

2.2.10 Agarose gel electrophoresis analysis 

2.2.10.1 Preparation of 1.5% agarose gel 

Four-hundred and fifty micrograms of agarose was weighed and transferred into a 200 

ml flask containing 35 ml of fresh working 1X TBE Buffer. The flask was heated in a 

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

then cooled for several minutes. After this, 2.5 µl of EtBr was mixed into the flask. 

Subsequently, the melted agarose was poured into the gel box with one straight-inserted 

comb and two well-placed blocks in the gel electrophoresis tank. After the solidification 

of the agarose gel at room temperature for 40 min, the comb was vertically removed 

and the intact wells were obtained. Finally, the gel tank was filled with recycling TBE 

Buffer within the maximum level lines. 
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2.2.10.2 Sample loading and agarose electrophoresis performance 

The DNA ladder consisted of several fragments of DNA of known molecular weight 

and this was loaded carefully into the first lane of the agarose gel to measure the size 

of DNA fragments. Then, 1.5 µl coloured-samples from fourteen tubes were loaded 

carefully in the other lanes in order. Afterwards, the electrophoresis was run at 90 v for 

30 min until the indicator colour reached two-thirds of the way along the gel. Finally, 

the power was cut and the gel was transferred into a large weigh boat carefully for later 

detection of bands. 

2.2.10.3 Detection and gel analysis 

The electrophoresis gel was removed to a UV trans-illuminator BioDoc-It® Imaging 

System (NVP, Cambridge, UK) and the a image was recorded as a result. According to 

the principle that the molecular weight was 200 bp higher than the RACE-PCR result, 

the DNA band of the samples was compared with the ladder to determine whether the 

target DNA was of expected size or not. In addition, the TBE Buffer was recycled and 

all samples were stored at -20°C in the freezer. 

 

2.2.11 Selected PCR product purification 

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

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

steps and eluted for collection. 
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2.2.11.1 DNA binding to the filter membranes 

Two-hundred and ten microliters of Buffer CP were added into the 1.5 ml tube, which 

depended on the weight of DNA product, to make nearly five volumes of Buffer CP 

correspond with one volume of PCR product. After pipetting evenly and completely, 

all of the solution was transferred slowly into the centre of a filter cartridge with a 1.5 

ml collection tube dropwise. Then, the filter cartridge was centrifuged at 8000 x g for 

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

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

in the cartridge. 

2.2.11.2 DNA washing 

Seven-hundred microliters of DNA Washing Buffer diluted in absolute ethanol was 

added into the cartridge and centrifuged at 8000 x g for 1 min for DNA washing. 

Subsequently, the filtrate was discarded and the collection tube was placed back in the 

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

transferred into the cartridge and centrifuged as above. Then, the filtrate was discarded 

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

with collection tube was centrifuged as before to dry the column matrix and remove 

ethanol completely which could interfere with the downstream applications. 

2.2.11.3 DNA elution 

A new 1.5 ml DNase-free tube was used for DNA products collection and 20 µl of 

deionised water was added directly into the centre of the cartridge for DNA elution. 
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After 2 min, the cartridge with a new 1.5 ml collection tube was centrifuged at 8000 x 

g for 1 min to collect the DNA products. Then, the cartridge was discarded and a 1.5 

ml collection tube with DNA purification products was retained. Finally, the fourteen 

DNA samples were stored at -20°C in the freezer. 

 

2.2.12 DNA sequencing reaction 

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

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

by fluorescence during DNA extension and termination process. 

2.2.12.1 Preparation of mixture for sequencing PCR reaction 

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

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

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

and added to ensure sufficient volume for the sequencing PCR reaction.  

Table 2.6. The components of a sequencing PCR reaction 

Component Final Volume Final Concentration 

PCR-Grade water 12.4 µl - 

5X Sequencing Buffer 3.57 µl 1 X 

M13 Forward Primer 1.14 µl 0.8 µM 

Terminator Ready Reaction Mix  2.86 µl 13.68% 

DNA template  2.5 µl 10-1000 ng 

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

Primer and Terminator Ready Reaction Mix for 4 reactions. 
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2.2.12.2 DNA sequencing reaction 

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

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

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

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

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

 

2.2.13 Extension product purification by ethanol  

2.2.13.1 Reagent preparation 

One milliliter of PCR-Grade water and 19 ml ethanol were mixed completely to 

produce a 95% ethanol preparation and 6 ml PCR-Grade water and 14ml ethanol were 

mixed for the 70% ethanol preparation. 

2.2.13.2 Ethanol purification 

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

reaction products and pipetted vigorously. After that, all the solutions were transferred 

into a 1.5 ml tube with 10 µl PCR-Grade water. Each of the 4 tubes was vortexed for 

30 s and kept at room temperature for 20 min and then centrifuged at the maximum 

speed of 10000 x g for 20 min. Immediately after this, the supernatants were discarded 

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

with sequencing reaction products and mixed, vortexed for 30 s and centrifuged again 

as before. Then the supernatants were discarded quickly. Afterwards, a 1 min cooling 
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step and a 1 min heating step at 95°C were repeated 3 times. Finally, the contents of the 

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

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

 

2.2.14 Sequencing 

Ten microliters highly-purified HiDi formamide was added to each DNA sample which 

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

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

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

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

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

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

terminated by the modified ddNTPs randomly and detected by fluorescence.  

2.2.14.1 Sequence analysis  

The exact recognition site with the sequence AATTCGATT from the pGEM®-T Easy 

Vectors and a series of guanosine endings were recognised in the results. The middle 

sequences were regarded as targeted sequence and translated into amino acid sequence 

on the website Expasy (https://www.expasy.org). Besides, some useful bioinformatics 

websites (https://zhanglab.ccmb.med.umich.edu and http://mobyle.rpbs.univ-paris-

diderot.fr/cgi-bin/portal.py#forms::PEP-FOLD) were utilised in prediction and 

analysis of the signal peptide, mature peptide and secondary structure. At this point, the 
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putative nucleotide and translated open reading frame amino acid sequences of cloned 

cDNA encoding precursor were obtained and subjected to further analyses. 

 

2.3 Solid phase peptide synthesis 

The novel mature peptide was chemically-synthesised by solid phase 

Fluorenylmethoxycarbonyl (Fomc) chemistry in a PS4 automated solid-phase 

synthesiser (Protein Technologies, Inc, Tucson, AZ, USA). The unequivocal primary 

structure of the novel peptide was as follows: GLLSGILGAGKKIVCGLSGLC.  

2.3.1 Peptide synthesis 

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

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

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

During the peptide synthesis reaction, the reaction vessel and pipeline were washed by 

dimethylformamide (DMF) first, and then the Fmoc protecting groups were deprotected 

using 20% (v/v) piperidine in DMF. Each amino acid residue was activated and coupled 

using 11% (v/v) N-Methylmorpholine (NMM) in 89% (v/v) DMF combined with 

activator HBTU. After that, the peptide was synthesised from C-terminal to N-terminal 

by the PS4 synthesiser. Finally, degassed dichloromethane (DCM) was employed for 

washing the peptide/resin complex after the synthesis reaction. The peptide/resin was 

dried in a vacuum desiccator overnight. 
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2.3.2 Peptide cleavage and rotary evaporation 

The resin linked to synthesised peptide was weighed and transferred into a 50 ml round-

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

was chosen and calculated according to the weight. Subsequently, 33.5 ml 90.5% (v/v) 

trifluoroacetic acid (TFA), 1.85 ml 5% (v/v) phenol, 0.925 ml 2.5% (v/v) water and 

0.74 ml 2% (v/v) TIPS were added into the 50 ml round-bottomed flask to deprotect 

the protecting groups of side chains including Trp (W). The cleavage reaction was 

performed by stirring at room temperature for 8 h. After that, the mixture was suction 

filtered using the Buchner funnel to remove the resin in the upper layer. The solution in 

the lower layer was transferred and evaporated to remove the remained TFA and TIPS 

using the rotary evaporator (VWR, Pennsylvania, USA). Finally, the remaining solution 

was transferred into a 50 ml universal tube and the ether was supplemented up to 50 ml 

for the peptide precipitation in the freezer overnight. 

 

2.3.3 Peptide washing 

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

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

as possible. Then, 45 ml ether was refilled and the washing step was repeated three 

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

room temperature. 

 

2.3.4 Peptide lyophilisation  
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The dry peptide was diluted in 15 ml TFA/water/acetonitrile (0.5/19.95/80, v/v) (Buffer 

B) and 15 ml TFA/water (0.5/99.95, v/v) (Buffer A). Then, the peptide solution was 

lyophilised using the Alpha 1-2 freeze-drying system (Martinchrist, Germany). Finally, 

the lyophilised peptide was weighed and stored at -20°C	in	the	freezer.  

 

2.3.5 Peptide yield calculation 

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

Property Calculator (http://pepcalc.com). The yield of the peptide was then calculated 

to assess the success of the peptide synthesis.  

 

2.4 Reversed-phase high performance liquid chromatography (HPLC) 

Ten milligram of crude lyophilised peptide were weighed and diluted in a 15 ml 

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

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

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

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

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

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

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

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

from 75% Buffer A mixed with 25% Buffer B to 100% Buffer B over 80 min at a flow 
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rate of 1 ml/min. The fractions were collected in polypropylene tubes (Sarstedt, 

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

and utilised for identification.  

 

2.5 Peptide analysis by matrix-assisted laser desorption ionisation time-of-flight 

mass spectrometry (MALDI-TOF MS) 

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

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

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

verified using the standard peptides corresponding with standard molecular masses to 

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

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

contained alpha-cyano-4-hydroxycinnamic acid (CHCA) diluted in 

acetonitrile/TFA/water (70/0.02/30, v/v) was also loaded and spotted after drying the 

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

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

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

obtained and subjected to lyophilisation and biological activity assay. 

 

2.6 Antimicrobial assays 

Three kinds of standard microorganisms were used in these assays including the Gram-
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positive bacterium Staphylococcus aureus (S. aureus, NCTC 10788), the Gram-

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

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

bactericidal activity. 

2.6.1 Microorganism inoculation 

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

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

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

at 37°C	overnight (16-20 h). 

 

2.6.2 Peptide preparation 

The stock solution of lyophilised peptide was dissolved in dimethyl sulphoxide (DMSO) 

to make the stock solution at a series concentration from 512×102 to 100 µM in two 

times dilution, which the final concentrations of the peptide in the 96-well plate were 

512, 256, 128, 64, 32, 16, 8, 4, 2, and 1 µM, respectively.  

 

2.6.3 Subculture 

Five hundred microliter of culture were transferred and grown in a pre-warmed 

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

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

bacteria reached their respective logarithmic growth phases. The optical density (OD) 
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value of the subcultured bacteria was measured at 550 nm wavelength by a UV 

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

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

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

warmed MHB medium and dispersed completely in the Petri dish. In terms of C. 

albicans, 2 ml subculture suspension was transferred into 18 ml of pre-warmed MHB 

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

Table 2.7. The appropriate OD values for the three microorganisms used. 

Organism 
   Subculture incubation 

time 
OD Concentration (cfu/ml) 

S. aureus 1.5 h 0.23 5×105 

E. coli 1.0 h 0.41 5×105 

C. albicans 0.5 h 0.15 5×105 

 

2.6.4 Minimum inhibitory concentration (MIC) measurements  

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

in the wells of a 96-well plate and 99 µl adjusted cultures were also added into the wells. 

100 µl of adjusted cultures in 7 replicates were added as positive controls which tested 

the growth of the organisms and 100 µl of pre-warmed MHB medium in 7 replicates 

were added as negative controls (blank control). In addition, 1 µl DMSO and 99 µl 

adjusted cultures in 7 replicates were added as vehicle controls to observe the impact 

of 1% DMSO on the growth of bacteria in the 96-well plate. Subsequently, the 96-well 

plate was incubated in the orbital incubator (Stuart, UK) for 5 min and then transferred 
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into the incubator (Genlab Limited, UK) to culture at 37°C overnight (16-20 h). 

Afterwards, the absorbance in each well was measured by the Synergy HT plate reader 

(BioTek, USA) at 550 nm wavelength. Finally, the graph was drawn using the 

calculated average and the minimum inhibitory concentration (MIC) value was 

obtained as the wells in which no growth of organism was detectable. 

 

2.7 Haemolysis assay 

2.7.1 Peptide and control preparation 

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

2.2 ml stock solution with the final concentration of 1024 µM. Then, 1.1 ml stock 

solution was 2-fold diluted in the ratio of 1:1 in the PBS solution to achieve a range of 

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

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

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

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

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

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

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

 

2.7.2 Horse blood preparation 

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

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

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

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

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

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

 

2.7.3 Haemolysis assay 

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

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

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

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

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

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

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

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

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

times and the datapoint SEMs of three experiments were calculated to show the 

variability and repeatability.  

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

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

of the positive control and AO the OD (λ550) of the negative control.  
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2.8 MTT cell viability assay 

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

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

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

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

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

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

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

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

were also added into the medium.  

2.8.1 Resuscitation of frozen cell lines 

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

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

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

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

DMSO. Finally, the culture flask was incubated at 37°C in an atmosphere containing 

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

 

2.8.2 Cell subculture and passage 

Initially, the spent culture medium was discarded after the cell confluence examination 
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and then 10 ml pre-warmed PBS solution was added into the culture flask followed by 

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

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

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

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

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

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

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

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

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

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

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

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

 

2.8.3 Cell quantification 

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

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

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

subsequent cell passages. Five ml of pre-warmed medium were added into a 15 ml 

universal tube with cells and then the tube contents were mixed evenly by vortexing. 

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

(Invitrogen, UK) were mixed in the tube. Afterwards, the mixture was added to the pre-
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cleaned counting area between the haemocytometer chamber and the coverslip by 

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

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

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

Cells ml-1 = average number of the cells/ 0.1 mm2  × 104 × 2 

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

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

2.8.4 Cell seeding 

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

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

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

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

atmosphere for 24 h. 

 

2.8.5 Cell starvation 

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

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

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

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

 

2.8.6 Peptide preparation 
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5 mg of pure lyophilised peptide were weighed and dissolved in 198 µl DMSO to make 

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

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

concentrations of 10-3, 10-4, 10-5, 10-6, 10-7, 10-8, 10-9 M. 

 

2.8.7 Peptide loading 

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

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

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

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

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

humidified environment containing 5% CO2 for 24 h. 

 

2.8.8 MTT assay 

10 µl of MTT solution (5 mg/ml) (Sigma, UK) were added into each well in a dark 

environment and incubated for 4-6 h. When the supernatants were discarded completely 

by use of a syringe, 100 µl of DMSO were added into each well quickly followed by 

gentle agitation in the orbital incubator (Stuart, UK) for 10 min in order to dissolve the 

insoluble purple formazan crystals. Finally, the absorbance of the coloured solution was 

measured at 570 nm using the Synergy HT plate reader (BioTek, Winooski, VT, USA). 

The statistical results were analysed by oneway-ANOVA through GraphPad Prism 6.0 
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software. A p value of < 0.05 was considered statistically significance. 
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CHAPTER 3 

Results 
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3.1 “Shotgun” cloning of novel peptide biosynthetic precursor-encoding cDNA 

Using a “shotgun” cloning method as described in Chapter 2, a full-length nigrocin-OG 

biosynthetic precursor-encoding cDNAs were successfully cloned from the skin 

secretion-derived cDNA library of the broad-folded frog, Hylarana latouchii. 

According to the BLASTp (peptide-peptide) analysis performed through the National 

Centre for Biotechnological Information (NCBI) online portal, the mature peptide 

domain shared 95% sequence identity with the nigrocin-OG precursor from the skin 

secretion of Odorrana grahami and then it was named as NGC-HLB subsequently(Li 

et al., 2007) (Figure 3.1). 

 

Figure 3.1 Nucleotide and translated open-reading frame amino acid sequence of 

cloned cDNA encoding the biosynthetic precursor of NGC-HLB. The putative signal 

peptide and mature peptide sequences are single- underlined and the stop codon is 

indicated by an asterisk. 
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3.2 Chemical synthesis of the mature peptide NGC-HLB 

NGC-HLB was successfully synthesised by solid-phase Fmoc chemistry and was 

purified using reverse-phase HPLC. The degree of purity was over 90%, indicated by 

MALDI-TOF mass spectrometry, as shown in Figure 3.2. 

 
Figure 3.2 MALDI-TOF mass spectrum of synthesised NGC-HLB.  
 

3.3 Antimicrobial activities of NGC-HLB 

As shown in Figure 3.3, synthetic NGC-HLB significantly inhibited the growth of 

S.aureus (Gram-positive bacterium) (A), E.coli (Gram-negative bacterium) （B）and 

C.albicans (yeast) （C）with minimal inhibitory concentrations of 32 µM, 64 µM and 

32 µM, respectively. The minimal bactericidal concentrations were 64 µM for S.aureus, 

256 µM for E.coli and 64 µM for C.albicans. 
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(A) 

 
(B) 

 
(C) 

Figure 3.3 Minimal inhibitory concentrations of NGC-HLB against S.aureus (A), 

E.coli (B) and C.albicans (C). (mean, n=7) 
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3.4 Haemolytic activity of NGC-HLB 

The absorbance decreased gradually from a concentration of 512 µM to 8µM, and 

became similar to the negative control, from a concentration of 4 µM to 1 µM. NGC-

HLB was determined to be devoid of haemolytic activity up to 4 µM (as shown in 

Figure 3.4), while it was determined as active to inhibit the growth of S.aureus and 

C.albicans (C) with a minimal inhibitory concentration of 32 µM.  

 

Figure 3.4 Haemolytic activity of NGC-HLB. (mean, n=15) 

 

3.5 Anticancer activity of NGC-HLB 

As shown in Figure 3.5, NGC-HLB displayed no significant inhibition of human breast 

cancer cell line MCF-7, human lung carcinoma cell line H157 and human prostate 

cancer cell line PC3.  
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Figure 3.5 MTT assay of NGC-HLB on human cancer cell lines. (A) MCF-7; (B) 

H157; (C) PC3. (mean±SD, n=5) 
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CHAPTER 4 

Discussion 
  



68 
 

As important components of the innate immune system, an overwhelming number of 

AMPs have been isolated and identified from Nature in recent years. Abundant peptides 

with biological activities are contained in the skin of amphibians, especially those of 

the frog family Ranidae. These AMPs constitute the first-line of defence to protect the 

frogs against a variety of pathogenic microbe infections in their complex wild 

environments. By forming an amphipathic α-helical conformation once they interact 

with phospholipid membranes of a microbial cell, these AMPs are reported to be able 

to permeate and damage the membranes. In contrast with the pharmacological 

mechanism of antibiotics that kill microbes by interfering with essential biological 

processes like DNA synthesis, the physical membrane-disrupting activity of AMPs 

makes it difficult for microbes to develop resistance, since it is quite costly or even 

impossible for them to alter membrane composition or construction. Besides, some 

AMPs possess broad-spectrum antibacterial and antifungal activities, in contrast with 

relatively low cytotoxicity against mammalian cells. All these specific characteristics 

make them a great potential resource for further research on novel antimicrobial 

therapeutic approaches with less or even no resistance.  

In this study, a novel antimicrobial peptide named NGC-HLB was isolated and 

sequenced from the skin secretion of Hylarana latouchii. First of all, by “shotgun” 

cloning, the sequence of the cDNA encoding the peptide precursor was obtained. Then, 

the amino acid sequence was translated from the cDNA sequence, and the mass of the 

putative mature peptide was deduced. Secondly, the lyophilised skin secretion was 

injected to reverse phase HPLC to separate the components to attempt localisation of 
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the novel peptide. Then the masses of peptides in a variety of fractions were obtained 

by MALDI-TOF MS. Thus, the presence of the novel peptide in skin secretion was 

confirmed as was its sequence through comparison between the masses of the peptide 

obtained from “shotgun” cloning and MALDI-TOF MS of the peptide in skin secretion.  

The amino acid sequence of the novel peptide, NGC-HLB, was determined as: 

GLLSGILGAGKKIVCGLSGLC. According to its primary structure which was 

deduced by MS/MS sequencing, NGC-HLB contains one cationic residue K (Lys), in 

contrast with no anionic residues. In addition, it also includes some hydrophobic 

residues like A (Ala), L (Leu), I (Ile) and V (Val) and some hydrophilic residues such 

as G (Gly) and S (Ser). These data suggested that NGC-HLB was an amphiphilic 

cationic peptide. NGC-HLB has been reported to be highly similar to the nigrocin 

family and actually its sequence is the same as nigrocin-RE1 obtained in skin secretion 

of R. exilispinosa (Li et al., 2007; Wang et al., 2016) (Table 4.1). 

Table 4.1 The nigrocin AMP family. 

Genus, species Nigrocin Abbreviation Sequence 

O. grahami OG1 NGC-OG1 GLLSGILGAGKHVVCGLSGLC 

 OG5 NGC-OG5 GLLSGILGAGKQKVCGLSGLC 

 OG6 NGC-OG6 GLLSGILGTGKHIVCGLSGLC 

 OG7 NGC-OG7 GLLSGILGAGKHIVCGLSWLC 

 OG8 NGC-OG8 GLLSGILGAGKHIVCGLSRLC 

 OG13 NGC-OG13 GLLSGILGAGKHIVCGLSGLR 

 OG20 NGC-OG20 GLLSGILGAGKHIVCGLSGLC 
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 OG21 NGC-OG21 GLLSGILGAGKKVLCGLSGLC 

R. nigromaculata 2 NGC-2 GLLSKVLGVGKKVLCGVSGLC 

R. exilispinosa RE1 NGC-RE1 GLLSGILGAGKKIVCGLSGLC 

A. afghanus AA1 NGC-AA1 GLLSGILGAGKRIVCGLSGLC 

H. latouchii HLB NGC-HLB GLLSGILGAGKKIVCGLSGLC 

Different residues in previously described nigrocins from nigrocin-OG1 are framed. 

According to the results of Chapter 3, NGC-HLB showed significant antimicrobial 

activity with MICs obtained of 32 µM for S.aureus, 64 µM for E.coli and 32 µM for 

C.albicans. The MBCs obtained were 64 µM for S.aureus, 256 µM for E.coli and 64 

µM for C.albicans. Unfortunately, NGC-HLB did not show significant inhibitory 

activities on several human cancer cell lines.  

As listed in Table 4.2, it has been reported that similar peptides isolated and sequenced 

from O.grahami showed remarkable antimicrobial activities (Li et al., 2007) . Nigrocin-

OG13 could significantly inhibit the Gram-positive bacteria S.aureus and B.subtilis, the 

Gram-negative bacterium E.coli and the yeast C.albicans with MICs obtained as 4.68 

µM for E.coli, 9.37 µM for S.aureus, 18.75 µM for B.subtilis and 1.10 µM for 

C.albicans, respectively.  

Table 4.2 Antimicrobial activities of nigrocin family peptides 

Antimicrobial activity (MIC) （µM） 

 E.coli S.aureus B.subtilis C.albicans 

Nigrocin-OG4 ＞100 ＞100 ＞100 1.10 

Nigrocin-OG5 9.37 18.75 37.50 4.68 
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Nigrocin-OG13 4.68 9.37 18.75 1.10 

Nigrocin-OG20 ＞100 75.00 9.37 9.37 

Nigrocin-OG21 4.68 9.37 18.75 4.68 

 

Based on the results of antimicrobial and haemolysis assays on NGC-HLB, it was found 

that the minimal antimicrobial concentrations were similar to the concentrations which 

showed relatively strong haemolysis activity. As a consequence, this novel peptide 

needs to be modified to show stronger antimicrobial function with less or even no 

interference on mammalian cells.  

Many biophysical parameters of peptides, such as charge, amino acid types involved 

and secondary structure characteristics influence the selectivity to interact with microbe 

membranes and activity of AMPs. Taking secondary structure as an example, it is 

reported that the structural transformation caused by amino acid substitutions could 

induce a remarkable increase of activity in consequence. Hence, modification of NGC-

HLB requires systematic consideration and multiple simulations.  

Antibacterial drugs were considered as one of the greatest discoveries of the 20th 

century as due to their excellent bactericidal activities, they saved a lot of people who 

suffered from infectious diseases. However, the indiscriminate use of antibiotics has 

induced the rise of drug-resistant bacteria and even caused the emergence of superbugs. 

Consequently, it is urged that people develop new therapeutic approaches to reduce the 

risk of infection nowadays. Specific characteristics like broad-spectrum activity, 
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selectivity and prominent activity of AMPs, makes them an abundant potential source 

for clinical applications (Pasupuleti et al., 2012).  

NGC-HLB showed remarkable broad-spectrum antimicrobial activities, indicated by 

the data obtained in this study. However, it also possessed strong haemolysis activity, 

which suggested that NGC-HLB could not be used as a new candidate for antimicrobial 

use clinically. So, it certainly needs modifications to become less cytotoxic with 

stronger antimicrobial activities. In addition, new formulations or new applications of 

this peptide may be considered.  
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