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Abstract 

Frog skin secretions contain many compounds including biogenic amines, steroids, 

alkaloids and peptides which can protect frogs from bacterial and fungal infections as 

well as predators. In recent years, peptide research has rapidly blossomed. Increasing 

numbers of peptides with various pharmacological activities have been discovered 

from frog skin secretions. The antimicrobial peptides (AMPs), a significant group 

among these bioactive peptides, have great value for further novel drug development 

research for their use as clinical treatments. 

The novel peptide QUB-3165 was identified from the skin secretion of the frog 

Hylarana guentheri by a ‘shotgun’ cloning and bioinformatics study. After synthesis, 

the novel peptide QUB-3165 was isolated by reversed-phase high performance liquid 

chromatography (RP-HPLC) and its structure confirmed by matrix-assisted laser 

desorption/ionisation time-of-flight mass spectrometry (MALDI-TOF MS). Then the 

peptide was evaluated in several bioassays.  

QUB-3165 showed antimicrobial activity. The MIC values for S.aureus, E.coli and 

C.albicans were 32 μM, 16 μM and 32 μM respectively. QUB-3165 also expressed 

anticancer activity on human neuronal glioblastoma cells (U251MG). The IC50 value 

on U251MG cells was 3.709 μM. In addition, QUB-3165 also exhibited haemolytic 

activity with an HC50 value of 126.5 μM. 

Further studies can be carried out to improve the activity and decrease or remove the 

toxic effects of QUB-3165 and to make it more suitable for clinical application.
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Chapter 1. Introduction 

1.1 The research on peptides 

Peptides are composed of amino acids attached by peptide bonds. Some peptides 

have physiological and biological functions and they are called bioactive peptides or 

functional peptides (Bhat et al., 2015).  

1.1.1 The history and development of peptides 

The prehistory of peptide chemistry lies hidden in the early studies of proteins in 

physiological chemistry which focused on these as nutrients. For instance, the 

‘albuminoids’ which are now known as proteins, were recognised by F. Magendie in 

the early years of the last century. Lactotransferrin, which was isolated from milk in 

1965, is an iron-binding protein (Groves et al., 1965). Researchers had found the 

brain natriuretic peptide (BNP) in mammalian brain and it was first reported in 1988 

(Sudoh et al., 1988). 

In recent years, peptide research has undergone a rapid blossoming. Increasing 

numbers of peptides with various functions have been discovered from different 

sources. For example, many kinds of peptides such as antihypertensive peptides, 

gelatin peptides and antimicrobial peptides (AMPs) have been obtained from marine 

organisms (Kim and Wijesekara, 2010). Peptides can be acquired from their 

precursor proteins by using digestive enzymes, which is the most convenient method. 

After these peptides are acquired, it is necessary to study their activity and toxicity. 

In case the sequences and structures of bioactive peptides are known, it is also 

possible to interrogate databases on-line. Also, it is easy now to synthesise these 

peptides chemically (Bhat et al., 2015). 
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1.1.2 The classification of peptides 

There are many classification schemes which use different selective criteria. Peptides 

can be divided into endogenous peptides and exogenous peptides based on where 

they come from. Endogenous peptides are natural bioactive peptides in organisms 

and include peptide hormones such as growth hormone releasing hormone (GHRH), 

thyroid-stimulating hormone (TSH), insulin-like growth factor synthesised in liver, 

thymosin secreted by the thymus, insulin secreted by the pancreas and neuropeptides 

as neurotransmitters or neuromodulators. Others include opioid peptides, fibroblast 

growth factor (FGF), epidermal growth factor (EGF), platelet-derived growth factor 

(PDGF) and so on. Exogenous peptides include naturally occurring bioactive 

peptides present in microorganisms, plants and animals where the proteins and the 

peptides either directly or indirectly are derived from animal food proteins, animal 

feed protein raw materials and some peptides like flavouring peptides derived from 

artificial synthesis. 

Peptides can also be categorised as either marine bioactive peptides or terrestrial 

bioactive peptides by material points. The nonphosphorylated and 

monophosphorylated peptides are distinguished through analysing the mass-to-

charge ratios measured via Fourier transformation ion cyclotron resonance mass 

spectrometry (FTICR-MS) (Spengler and Hester, 2008). There remain many 

classification methods and at present, there is no consistent classification of peptides. 

There are two kinds of peptides classified by functions, namely physiologically 

active peptides and inactive peptides. Physiologically active peptides consist of 

antioxidative peptides, antihypertensive peptides and so on (Sharma et al., 2011).  
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1.1.3 Pharmacological peptides 

1.1.3.1 The antihypertensive (ACE inhibitory) activity 

Angiotensin I can be converted to angiotensin II by angiotensin I-converting enzyme 

(ACE). Angiotensin II is an effective vasoconstrictor which can lead to high blood 

pressure. Hence the hypotensive effect can be achieved by inhibiting ACE.  

The peptide which had a sequence of Tryptophan-Alanine-Leucine-Lysine-Glycine-

Tyrosine-Lysine (Trp-Ala-Leu-Lys-Gly-Tyr-Lys) was a non-competitive inhibitor of 

ACE (Geng et al., 2016). Two antihypertensive peptides were found in skate 

(Okamejei kenojei) skin gelatin. They were both ACE inhibitory and were potent 

(Ngo et al., 2015). In another study, a peptide which was purified from β-casein 

demonstrated potent antihypertensive activity (Maeno et al., 1996).  

1.1.3.2 The antioxidative activity 

Some research has shown that reactive oxygen species (ROS) such as hydroxyl 

radical (•OH) and the superoxide radical (O2•−), are formed in vivo and cause 

physiological oxidative damage to many biomolecules (proteins or DNA). Failure to 

repair damaged biomolecules will cause physiological overproduction of free 

radicals and lead to fatigue and illnesses, such as cancer, Alzheimer’s disease and 

diabetes (Halliwell, 2013). Some peptides have antioxidant capacities and their  

mechanisms of action include the deactivation of ROS, the chelation of the pro-

oxidative transition metal ions, the removal of free radicals and the decrease of 

hydroperoxide formation (Elias et al., 2008). 

Three new antioxidant peptides were successfully purified from oil palm kernel 

protein hydrolysate produced by using pepsin-pancreatin hydrolysis. The amino acid 

sequences were Val-Val-Gly-Gly-Asp-Gly-Asp-Val, Val-Pro-Val-Thr-Ser-Thr and 
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Leu-Thr-Thr-Leu-Asp-Ser-Glu (Chang et al., 2015). In another study, three peptide 

sequences which were isolated from bluefin leatherjacket (Navodon septentrionalis) 

were shown to have effective antioxidant activities in different ways (Chi et al., 

2015b). 

1.1.3.3 The antithrombotic activity 

Antithrombotic peptides can inhibit not only the aggregation of blood platelets but 

also the binding of fibrinogens to platelet surface receptors. There are many similar 

molecular substances involved in blood coagulation and the milk clotting process. 

Casein platelet factor is a class of antithrombotic peptide which is found in the 

soluble C-terminal fragment of bovine κ-casein. It can reduce ADP (adenosine 

diphosphate)-activated platelet aggregation and inhibit the combination between 

fibrinogen γ-chain and platelet specific sites on its surface. The main sequence is 

Met-Ala-Ile-Pro-Pro-Lys-Lys-Asn-Gln-Asp-Lys, corresponding to the residues 106 

to 116 of κ-casein cleaved by rennins (Erdmann et al., 2008). 

1.1.3.4 The hypocholesterolemic activity 

The hypocholesterolemic peptides are expected to prevent atherosclerosis. The 

mechanism by which peptides induce hypocholesterolaemia is still unclear. The most 

supported hypothesis is that the peptide with potent bile-acid-binding ability can 

efficiently suppress the reabsorption of bile acids in the ileum and lower the 

cholesterol level in the blood (Nagaoka et al., 2001). Cholesterols are degraded in the 

liver and metabolise to bile acids which provide an important excretion pathway for 

cholesterol metabolism. Reabsorption of bile acids can have a negative feedback 

regulation of cholesterol decomposition. In other words, preventing the reabsorption 

of bile acids can decrease the blood cholesterol level. This hypothesis may give 
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positive confirmation in an instance. It was investigated that the rats fed LTH (a 

tryptic hydrolysate of β-lactoglobulin) had higher levels of faecal steroid excretion 

than rats fed casein tryptic hydrolysate (Hartmann and Meisel, 2007). This may be 

because of the decreased reabsorption of bile acids induced by LTH and a higher 

taurocholate (a kind of bile acid) binding capacity. 

A novel hypocholesterolemic peptide, Trp-Gly-Ala-Pro-Ser-Leu, was identified from 

Alcalase hydrolysates of soy protein and researchers also attempted to find out the 

relationship between the structures and the activities of the peptides (Zhong et al., 

2007). 

1.1.3.5 The opioid activity 

The opioid active peptides can directly affect the nervous system to play a 

physiological function through binding to opioid receptors in the brain. They mainly 

have analgesic and sedative effects, which mimic the effect of opiates and opioids.  

Opioid peptides can be divided into endogenous opioid peptides and exogenous 

opioid peptides. Endogenous opioid peptides which are synthesised in vivo are 

characterised by the sequence, Tyr-Gly-Gly-Phe-Met/Leu, in the N-terminal, such as 

enkephalins, β-endorphin and dynorphin (Artemova et al., 2010). They can bind to 

receptors (μ, κ, and δ) in the body as hormones or neurotransmitters to express opioid 

agonist activity or antagonist activity. Endogenous opioid peptides can modulate 

endocrine, cardiovascular, respiratory, gastrointestinal, immune functions and drug 

addiction, cognition and emotion (Hebb et al., 2005). Exogenous opioid peptides 

come from exogenous substances. The earliest opioid peptide found in this class was 

β-Casomorphin-7 containing the amino acid residues 60 to 66 of β-casein (Brantl et 

al., 1979). 
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1.1.3.6 The mineral binding property 

Mineral binding peptides have a unique capacity of carrying different minerals 

through the formation of soluble organic phosphates at the correct pH (potential of 

hydrogen). They contain the phosphorylated serine and glutamyl residues which are 

the most prominent features at the centre. The sites of binding to mineral elements 

are present on the negatively charged side chains.  

Mineral binding peptides can be used as inorganic ionophores in neutral and alkaline 

conditions through the active centre of phosphorylated serine and glutamyl residues 

clusters that combine calcium, iron or zinc ions to form soluble complexes. After 

being absorbed by the small intestinal wall cells, the ions are released. The mineral 

binding peptides can effectively prevent the ions from becoming an insoluble 

substance in the acidic environment of small intestines thus making these ions 

bioavailable. Casein phosphopeptides, which are a kind of mineral binding peptides, 

also have anticariogenic properties (Rose, 2000). Charoenphun and colleagues 

reported that tilapia (Oreochromis niloticus) protein had ion-binding properties and 

exhibited the highest calcium-binding capacity of 65 mg/g at the DH (degree of 

hydrolysis) of 27.7% (Charoenphun et al., 2013). 

1.1.3.7 The appetite stimulating and inhibiting activities 

The appetite stimulating activity refers to the ability of regulating gastrointestinal 

motility and increasing gastric acid secretion. They can promote the full digestion 

and enhance the absorption of food. While appetite inhibiting peptides can restrain 

the appetite resulting in weight loss and can be used to treat obesity (Park and Nam, 

2015).  
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1.1.3.8 The cytomodulatory activity 

Cytomodulatory active peptides regulate viability in various cell culture models 

proven by increasing evidence in cytochemical studies. The viability is mainly 

regulated through effects on proliferation, differentiation and apoptosis (Hartmann 

and Meisel, 2007). Cytomodulatory peptides can suppress the growth of cancer cells 

while activating immune cells (Meisel and FitzGerald, 2003).  

For example, peptides from Gouda cheese were found to influence the growth of 

leukaemia cells (Meisel and Gunther, 1998). It is imperative to discover why cancer 

cells were more susceptible to cytomodulatory peptides than normal cells (Meisel, 

2004). The finding may provide a new approach for future anticancer research. The 

purified peptide, corresponding to bioactive sequence 79-93 of bovine lactoferrin 

(LF), revealed the modulation of cell viability (Hagiwara et al., 1995).  

1.1.3.9 The immunomodulatory activity 

The immunomodulatory activity can modulate the interaction between immune cells 

and immune molecules in the immune system, as well as interactions with other 

systems and allow the immune response to be maintained at the most efficient level 

in an appropriate form. Immunomodulatory peptides exerted the ability to increase 

the vascular permeability and alter cellular surface markers and functions at the same 

time (Janusz and Lisowski, 1993). 

Graham and colleagues isolated a peptide from dusky gopher frogs and the peptide 

expressed potent immunomodulatory activity (Graham et al., 2005). RDP58 was a 

synthesised immunomodulatory peptide through rational design. It was demonstrated 

that RDP58 could disrupt the cellular responses signals and it was topically applied 
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as an effective anti-inflammatory treatment (De Vry et al., 2005). More information 

is shown in Table 1.1. 

Table 1.1 The different pharmacological functions of peptides  

Body 

system 

Bioactivity Peptide/protein Reference 

Cardio 

vascular 

system 

Antihyperten

sive 

Tyr-Asn-Lys-Leu (Undaria 

pinnatifida) 

(Suetsuna 

and Nakano, 

2000) 

Pro-Phe-Pro-Glu-Val-Phe-Gly-

Lys (bovine αS1-casein) 

(Paul et al., 

2016) 

Ile-Pro-Ile-Lys (Euphausia 

superba) 

(Park et al., 

2016) 

Antioxidative Phe-Val-Asn-Gln-Pro-Tyr-

Leu-Leu-Tyr-Ser-Val-His-Met-

Lys (Pangasius sutchi) 

(Najafian and 

Babji, 2015) 

Trp-Pro-Pro (Tegillarca 

granosa) 

(Chi et al., 

2015a) 

Antithrombot

ic 

Ser-His-Ile-His-Gly-Asp-Tyr-

Ser-Ser-Pro-Ser-Gly-Ala-Pro 

(Agkistrodon acutus Venom) 

(Ye et al., 

2015) 

Phe-Gly-Asn (Scomber 

scombrus skin) 

(Khiari et al., 

2014) 

Hypocholeste

rolemic 

Val-Ala-Trp-Trp-Met-Tyr 

(designated soystatin) 

(Nagaoka et 

al., 2010) 

Ile-Ala-Val-Pro (11S globulin 

of soy protein) 

(Pak V V et 

al., 2004) 

Nervous 

system 

Opioid 

agonist 

Tyr-Leu-Gly-Tyr-Leu-Glu (α-

casein) 

(Loukas et 

al., 1983) 

Tyr-Gly-Gly-Phe-Met 

(Enkephalin) 

(Hughes et 

al., 1975) 

Opioid Tyr-Pro-Ser-Tyr-Gly-Leu-Asn 

(bovine κ -casein) 

(Chiba et al., 

1989) 
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antagonist Tyr-Tic-Phe-Phe-Leu-Arg-

Arg-Ile-Arg-Pro-Lys-NH2 

(dynorphin A(1-11)-NH2) 

(Schiller et 

al., 1999) 

Gastrointe

stinal 

system 

Mineral-

binding 

β-CN (1–25) (β-casein) 

 

(Park et al., 

1998) 

  αs1-casein (59-79) (Meisel and 

FitzGerald, 

2003) 

Appetizing Tyr-Pro-Phe-Pro-Gly-Pro-Ile 

(β-casomorphin-7) 

(Noni, 2008) 

Anti-

appetizing 

GLP-1 (Flint et al., 

2001) 

Immune 

system 

Cytomodulat

ory 

His-Ile-Gln-Lys-Glu-Asp-(Val) 

(α-Casomorphin)  

(Kampa et 

al., 1997) 

Immunomod

ulatory 

Leu-Val-Arg-Gly-Cys-Trp-

Thr-Lys-Ser-Tyr-Pro-Pro-Lys-

Pro-Cys-Phe-Val-Arg (Rana 

pipiens) 

(Salmon et 

al., 2001) 

Gly-Thr-Leu-Gly-Asn-Leu-

Pro-Ala-Pro-Phe-Pro-Gly 

(Discoglossus sardus) 

(Conlon et 

al., 2013) 

 

1.1.4 Antimicrobial peptides (AMPs)  

Antimicrobial peptides (AMPs) are generally considered as a significant part of the 

innate immune systems in living organisms and are used to prevent invasion by 

pathogens. AMPs can kill bacteria, fungi, viruses and so on. They are regarded as 

ancient weapons widely distributed in animal and plant kingdoms (Reddy et al., 

2004).  
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Many scholars have shown that the analysis of AMP structure can clarify their 

functions. Currently, no definite classification of results has been identified. Based 

on the nuclear magnetic resonance (NMR) structures of these peptides along with 

sequence analysis, three most common structures can be identified: (a) peptides that 

form linear α-helical structures, such as Cecropins and Magainins. (b) peptides that 

form β-sheet structures, such as Tachyplesin I and Heliomicin. (c) peptides which are 

rich in cysteine residues that form disulphide bonds, such as Brevinins and 

Drosomycin. Other kinds of AMPs may have irregular structures such as thio-ether 

rings (Epand and Vogel, 1999). 

1.1.4.1 The mechanisms of antimicrobial action 

AMPs show different mechanisms of action: (a) Interfering with protein or DNA 

synthesis. It was illustrated that some peptides have targets located in the cytoplasm. 

For instance, PR-39 killed bacteria by reaching intracellular targets to suppress 

protein and DNA synthesis without disrupting membranes, which resulted in the 

degradation of these components (Boman et al., 1993). (b) Repressing cellular 

processes, including protein folding, cell wall synthesis and metabolic turnover. (c) 

Disrupting cell membranes and leading to cellular disintegration (Nizet, 2006). It can 

be easy to differentiate disruptive and non-disruptive mechanisms by determining 

whether the reorientation led to the compromise of the integrity of the membrane or 

peptide translocation into the cytoplasm (Powers and Hancock, 2003). 

Most AMPs act by lysing and killing cells. The action is mainly related to the unique 

structure and charge characteristics of AMPs. AMPs are usually positively charged 

with two to seven positive charges because they are rich in Arginine, Histidine and 

Lysine which are basic amino acids. AMPs generally have amphipathic structures. 
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The hydrophobic regions of AMPs are associated with lipids on the membrane 

bilayer while the hydrophilic areas bind to negatively charged residues. These 

characteristics are the reasons why AMPs can so readily combine with bacterial cell 

membranes which are especially negatively charged and composed of amphipathic 

molecules. This is the structural basis of the binding and interaction of AMPs and 

bacterial cell membranes. 

The AMPs can combine on the membrane bilayer and form pores to disrupt 

membranes. There are three different AMP-induced mechanistic models, the “barrel 

stave”, the “toroidal-pore” and the “carpet” models (Brogden, 2005). In the “barrel 

stave” model shown in Figure 1.1 A, peptide helices insert into the membrane bilayer 

vertically aligned with the hydrophobic regions bounding to the phospholipid bilayer. 

The hydrophilic portions form a central void cavity. In the “toroidal-pore” model 

shown in Figure 1.1 B, peptide helices insert into the membrane and wrap the 

membrane bilayer in a parallel fashion. The hydrophobic regions combine with the 

phospholipid bilayer. The hydrophilic portions are outward facing and the membrane 

bilayer is curved forming a blunt oval. This is the formation of the pore. In the 

“carpet” model shown in Figure 1.1 C, peptide helices insert into the membrane and 

wrap the membrane bilayer like a carpet. The hydrophobic regions are combined 

with the phospholipid bilayer. As soon as the AMPs reach a certain concentration, 

the membrane disintegrates (Gabernet et al., 2016).  

Then the cell membrane will be disturbed and destroyed. Large cracks will appear 

and the substances inside the cell will flow out. (Brogden, 2005; Powers and 

Hancock, 2003). 
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Figure 1.1 The models of mechanisms of AMP membrane disruption. In the 

“barrel stave” model shown in Figure 1.1 A, peptide helices insert into the membrane 

bilayer vertically aligned with the hydrophobic regions bounding to the phospholipid 

bilayer. The hydrophilic portions form a central void cavity. In the “toroidal-pore” 

model shown in Figure 1.1 B, peptide helices insert into the membrane and wrap the 

membrane bilayer in a parallel fashion. The hydrophobic regions are combined with 

the phospholipid bilayer. The hydrophilic portions are outward and the membrane 

bilayer is curved forming a blunt oval. In the “carpet” model shown in Figure 1.1 C, 

peptide helices insert into the membrane and wrap the membrane bilayer like a carpet. 

The hydrophobic regions are combined with the phospholipid bilayer. As soon as the 

AMPs reach a certain concentration, the membrane will be disintegrated. (Available at: 

http://pubs.rsc.org/services/images/RSCpubs.ePlatform.Service.FreeContent.ImageService.svc/Image

Service/Articleimage/2016/MD/c6md00376a/c6md00376a-f1_hi-res.gif, accessed on: 15th April, 2017)  

http://pubs.rsc.org/services/images/RSCpubs.ePlatform.Service.FreeContent.ImageService.svc/ImageService/Articleimage/2016/MD/c6md00376a/c6md00376a-f1_hi-res.gif
http://pubs.rsc.org/services/images/RSCpubs.ePlatform.Service.FreeContent.ImageService.svc/ImageService/Articleimage/2016/MD/c6md00376a/c6md00376a-f1_hi-res.gif
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1.1.4.2 AMPs of the Brevinin-2 family 

Brevinin-2 family peptides have been generally isolated from ranid frogs. Usually, 

their limited structural similarity is due to the invariant residue Lys7 and a disulphide 

bond (Conlon et al., 2007). Brevinin-2 family peptides show broad-spectrum 

antimicrobial activity against Gram-positive and Gram-negative bacteria but limited 

activity against pathogenic fungi (Conlon et al., 2004).  

1.1.4.3 The advantages and limits of AMPs 

The advantages of AMPs include: (a) broad-spectrum activity (killing bacteria, 

viruses, fungi and even transformed or cancerous cells); (b) rapid and effective 

bactericidal activity; (c) difficulty to produce antimicrobial resistance (Gordon et al., 

2005); and (d) presenting varied clinical value. Nevertheless, there are still some 

limits of AMPs: (a) toxicity; (b) short half-life due to proteolysis (Falciani et al., 

2005); and (c) high expense to develop and manufacture drugs (Parisien et al., 2008).  

Due to the widespread presence of antibiotic-resistant bacteria, human health is 

highly threatened. AMPs are likely to become antibiotic substitutes in the future 

(Onaizi and Leong, 2011).  

1.1.5 The anticancer peptides 

Some peptides have the potential to suppress or kill a variety of cancer cells and they 

are called the anticancer peptides (ACPs). ACPs usually have α-helical or β-sheet 

conformations. There are also irregular structures such as linear, hybrid and synthetic 

anticancer peptides. The anticancer peptides come from similar sources to the AMPs. 

1.1.5.1 The mechanisms of anticancer action 

The mechanisms of action of anticancer peptides remain to be clarified.  The most 

recognised mechanisms involve damage to cytoplasmic membranes and the 
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induction of apoptosis (Papo and Shai, 2005). In addition, some other anticancer 

peptides also display their activity through different mechanisms (Huang et al., 2011).  

Anticancer peptides (ACPs) may kill cancer cells by lysing cell membranes. ACPs 

are usually positively charged. Cancer cells generally have more negative charge 

than normal cells due to the overexpression of phosphatidylserine and O-

glycosylated mucin. So ACPs are more selective for cancer cells. ACPs bind to the 

cell membrane, forming pores to destroy it and lead to the death of cancer cells 

(Hoskin and Ramamoorthy, 2008, Dennison et al., 2006). The membrane fluidity of 

cancer cells is higher than that of untransformed cells (Kozlowska et al., 1999; Sok et 

al., 1999). Therefore, the ability to attack membranes and variability in killing 

efficacy are generally governed by cell membrane composition and fluidity 

(Leuschner and Hansel, 2004; Mader et al., 2005).  

The threshold response of the cancer cells to the apoptotic signals is higher than that 

of the normal cells so cancer cells can escape apoptosis in most occasions. Some 

ACPs can induce apoptosis through the mitochondria-dependent pathway followed 

by uptake into the cytoplasm (Lee et al., 2008). Some ACPs induced apoptosis of 

cancer cells through signals responsible for cell survival and proliferation (Alam, 

2003; Liberio et al., 2013).  

1.1.5.2 The advantages and limits of anticancer peptides 

The anticancer peptides have the beneficial traits of improving cancer cell selectivity, 

reducing toxicity to normal cells and avoiding resistance (Riedl et al., 2011). It is 

also advantageous that they have an excellent and wide range of activity in killing 

cancer cells. They are able to reach not only primary cells but also metastatic tumour 
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sites (Papo and Shai, 2005). However, most ACPs still need improvements in their 

cancer cell selectivity. 

1.1.6 The peptide sources 

1.1.6.1 The peptides from microorganisms 

Many peptides have been found in microorganisms, such as bacteria, fungi and so on. 

Bacteriocins were the first bacterial AMPs found and the most thoroughly researched 

Bacteriocin was produced by lactic acid bacteria (LAB). Bacteriocins from LAB 

were used as starter cultures in traditional food fermentations and served as natural 

agents for food preservation. Bacteriocins with expanded antimicrobial activities 

have been developed. A bacteriocin produced by L. helveticus LP27 and designated 

lactocin 27, exhibited a narrow spectrum of inhibition, only against strains of L. 

acidophilus (Klaenhammer, 1988). Most bacteriocins have a characteristic property 

in that they display a narrow range of inhibitory activity that affects only closely 

related species. Three peptides, efrapeptins, zervamicins and antiamoebin, were 

isolated from fungi, Emericellopsis poonensis, Tolypocladium niveum and 

Emericellopsis salmosynnemata (Nagaraj et al., 2001). The fruiting body of 

Tricholoma giganteum, a kind of edible mushroom, possessed an angiotensin I-

converting enzyme (ACE) inhibitory activity (Hyoung Lee et al., 2004). 

1.1.6.2 The peptides from plants 

Many peptides have been characterised in plants, for instance Thionins, Hevein-like 

peptides, Knottin-like peptides, Snakins and so on. For instance, Dehydrins were 

derived from a wide range of plants which covered two families of monocots and 

five families of dicots. Dehydrins were characterised by the consensus Lys-Ile-Lys-

Glu-Lys-Leu-Pro-Gly sequence found near the carboxy terminus (Close et al., 1993). 
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1.1.6.3 The peptides from invertebrates 

Familiar examples of invertebrates include insects, other arthropods, molluscs, 

crustaceans, corals, arachnids, horseshoe crabs and so on. In fact, the major animal 

sources of peptides are invertebrate species.  

Cecropins have a variety of types. Cecropins A and B were purified from Bombyx 

mori and Hyalophora cecropia (Morishima et al., 1990). Cecropins D to G came 

from H.cecropia. Insect defensins were initially separated from Sarcophaga 

peregrina. They have six cysteines in common and form three intra-molecular 

disulphide bonds with an antiparallel β-sheet structure. Insect defensins usually act 

through membrane permeabilisation and they have activity restricted to Gram-

positive bacteria (Ownby et al., 1997). Melittin came from the venom of Apis 

mellifera, a kind of honeybee.  

1.1.6.4 The peptides from vertebrates 

Vertebrates include mammals, reptiles, birds and amphibians, from which many 

peptides have been derived. Defensins are AMPs which contain three disulphide 

bonds within the molecules. A kind of α-defensin was found in Rhesus macaque. 

Cathelicidins were discovered from the neutrophils of cows, pigs, sheep, rabbits, 

mice and humans (Ganz and Lehrer, 1998). Cathelicidins contain no cysteines or 

intra-molecular disulphide bonds, but their secondary structures are always different, 

approximately half of which have α-helical structures. Cathelicidins, rich in arginines, 

prolines or tryptophans, possess a β-hairpin structure. Hepcidins are liver-expressed 

AMPs containing eight cysteines (four disulphide bonds) that are broadly 

antimicrobial, binding iron and are involved in ferroportin binding. They are found in 

many reptiles, including Pelodiscus sinensis, Chrysemys picta bellii, Alligator 
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sinensis and Anolis carolinensis (van Hoek, 2014). Gallinacin was isolated from the 

stomach of Aptenodytes patagonicus (Landon et al., 2004).  

1.2 The significant source of peptides: Frogs 

Frogs are widely distributed from the Equator to Arctic regions and the most diverse 

species are in tropical rainforests. Frogs constitute nearly 90% of the existing 

amphibian species. Frogs are diverse in type and high in abundance, are distributed 

globally and thus represent a rich source of peptides for drug discovery. 

1.2.1 The frog skin glands and secretions 

Frog skin is responsible for crucial physiological functions including respiration, 

water-regulation, temperature-control, excretion, predator defence, anti-microbial, 

anti-fungal, etc. Secretions containing antimicrobial and antifungal compounds 

constitute the immune defence system of frogs. 

It has been popular to study frog bioactive skin secretions in recent years. The most 

extensively used procedure for isolating frog skin secretions began with the 

extraction of dried skins with an organic solvent, such as methanol. After tissue 

extraction, skin peptides were typically recovered by adsorption and purification. 

Alternatively, to reduce the damage to the frogs, frog skin secretions which contain 

the peptides, could be collected from the surface of their skin and studied following 

the stimulation of their release by a pharmacological mediator (such as adrenaline) or 

by mild electrical shock (Bevins and Zasloff, 1990).  

There are basically two kinds of glands in frog skin, the granular (poison) glands and 

the mucous glands shown in Figure 1.2. The granular (poison) glands produce a lot 

of chemical compounds which fight against bacterial and fungal infections as well as 

predators. The main compounds in secretions include biogenic amines, steroids, 
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alkaloids, peptides and proteins and some uncharacterised chemicals (Clarke, 1997). 

The secretory mode of these glands is holocrine. 

The mucous glands are easily identifiable. They are arranged in a semilunar 

configuration. Mucous glands produce mucus to keep skin moist and reduce 

evaporative water loss. The maintenance of a normally hydrated integument is 

undoubtedly the key to the temperature regulation and the cutaneous gas exchange 

(Lillywhite and Licht, 1975). The mucous can also prevent the mechanical damage to 

the skin.  

 

Figure 1.2 The vertical section of frog skin glands. There are basically two types 

of glands in the frog skin, the granular (poison) glands and the mucous glands. 

(Available at: http://zoologybk.com/exocrine.php, accessed on: 15th April, 2017)  

1.3 Hylarana guentheri  

1.3.1 The background information on Hylarana guentheri  

Hylarana guentheri is a species of frog in the Ranidae family. They are distributed in 

eastern and southern parts of the Chinese mainland, Hong Kong, Macau, Taiwan, 

and most of the Southeast Asian area. The global distribution map is shown in Figure 

1.3. Their natural habitats are open swampy habitats, from moist lowland forests, 

http://zoologybk.com/exocrine.php
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shrub lands, grasslands, to rivers, marshes, ponds and arable lands. They are not 

considered as a threatened species and they have a commensal relationship with 

humans. 

 

Figure 1.3 Global distribution of Hylarana guentheri (the yellow points). 

Hylarana guentheri is distributed in and native to eastern and southern parts of the 

Chinese mainland, Hong Kong, Macau, Taiwan and most of the Southeast Asia area.  

Populations of escapees exist in parts of Australia, North America and Northern 

Europe. 

Hylarana guentheri is typically about 80 mm in length. They have relatively smooth 

skin, prominent dorsolateral folds, pale brown dorsum and dark brown sides. There 

are three or four dark-brown bars over each leg, and strong dark-brown marbling on 

the inner thighs and lower sides of the torso. Its tympanum is large, with a white 

margin shown in Figure 1.4 (Leong et al., 2011). 
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Figure 1.4 Hylarana guentheri. Hylarana guentheri is a relatively smooth-skinned 

ranid, with prominent dorsolateral folds, pale brown dorsum and dark brown sides. 

There are three or four dark-brown bars over each leg, and strong dark-brown 

marbling on the inner thighs and lower sides of the torso. Its tympanum is large, with 

a white margin. (Available at: http://www.taisong.org/public/photos/1322144482-l.jpg, accessed 

on: 15th April, 2017)  

1.3.2 The peptides from Hylarana guentheri and their functions  

In a previous study, researchers isolated Brevinins, Temporins and Guentherins from 

H.guentheri skin secretions. They all possessed antimicrobial activity (Zhou et al., 

2006). Multiple Bradykinin-related peptides were identified from the defensive skin 

secretion of Hylarana guentheri and these peptides showed smooth muscle activities 

(Zhou et al., 2007). Antioxidative peptides, which have radical scavenging activity, 

have also been isolated from Hylarana guentheri (Gu et al., 2014). 

1.3.3 The homologous frogs 

The AMPs, such as the Brevinin-1, Brevinin-2, and Temporin families, and the 

antioxidative peptides, such as Taipehensin-1 and Taipehensin-2 and other peptides, 

have been isolated and characterised from the skin secretion of Hylarana latouchii, 

http://www.taisong.org/public/photos/1322144482-l.jpg
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Hylarana erythraea, Hylarana taipehensis and other Hylarana species (Wang et al., 

2009; Al-Ghaferi et al., 2010; Guo et al., 2014). Different peptides exhibited various 

activities because of their various primary structures (Yang et al., 2013). 

1.4 The future directions for peptide therapeutics 

The conventional antibiotics have been used for a long time for disease control but 

they have several drawbacks. The bioactive peptides have good potency, good 

selectivity, good chemical and biological diversity and low toxicity so they can be 

possible substitutes (Agyei and Danquah, 2012; Craik et al., 2013).  

There are still some challenges to be overcome with AMPs and difficulties in 

satisfying the growing demands of the drug market. The future development of 

peptide drugs will continue to be based on the strength of naturally occurring 

peptides, which are rationally designed to improve their vulnerabilities and 

pharmacological properties, such as structural stability and resistance to protease 

degradation (Kaspar and Reichert, 2013). It is also expected that multifunctional 

peptides will help broaden the applicability of peptides as therapeutics (Fosgerau and 

Hoffmann, 2015). When the peptides are employed in treatments, clinical tests must 

be performed to determine their safety, their delivery mode and dosages (Agyei and 

Danquah, 2012; Craik et al., 2013).  

1.5 Aims and objectives of the thesis 

1) To construct a cDNA (complementary deoxyribonucleic acid) library of Hylarana 

guentheri skin secretion and obtain the nucleotide sequence of novel peptide 

precursor encoding cDNAs by molecular cloning. 
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2) To then translate this cDNA sequence into amino acids and predict the sequence 

of the putative encoded mature peptide, followed by establishment of its presence in 

skin secretion.  

3) To then chemically synthesise a replicate of the novel peptide by using solid-phase 

peptide synthesis (SPPS) on a PS4 automated solid phase synthesiser and to establish 

the authenticity of the synthetic peptide by high-performance liquid chromatography 

(HPLC) and mass spectrometry (MS). 

4) To perform bioactivity and toxicity evaluation (in vitro) through antimicrobial, 

anticancer and haemolysis assays. 

5) To study and master the early stages of drug development research and to develop 

the ability to operate experimental equipment independently. 
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Chapter 2. Materials and methods 

2.1 The acquisition of skin secretions from Hylarana guentheri 

All procedures were carried out without the need to sacrifice the specimens. 

Specimens of adult Hylarana guentheri (n=30) were maintained in a simulated living 

environment and fed crickets three times per week. After adapting to their new 

surroundings for at least three months, skin secretions were collected from dorsal 

skin using mild transdermal electrical stimulation (3 ms pulses width, 50 Hz, 5 V) for 

30 s. Then the skin secretions were rinsed from the skin with deionised water, snap-

frozen in liquid nitrogen and lyophilised (Christ-ALPHA 1-2 LD plus freeze dryer). 

The product was stored at -20 °C prior to analysis. 

2.2 ‘Shotgun’ cloning of a cDNA library from Hylarana guentheri skin secretion 

for discovering possible novel peptides 

2.2.1 Isolation of mRNA from Hylarana guentheri skin secretion 

This was performed using the Dynabeads® mRNA DIRECT™ Kit (Invitrogen, 

Lithuania) for the isolation of pure mRNA directly from crude samples. 

2.2.1.1 Dynabeads® mRNA DIRECT™ Kit 

The Dynabeads® mRNA DIRECT™ Kit was designed for simple and rapid isolation 

of pure, intact poly A+ (polyadenylic acid) mRNA directly from the crude lysates of 

animal and plant cells and tissues. The procedure relies on A-T base pairing. Short 

sequences of oligo-dT are covalently bound to the surface of the Dynabeads Oligo 

(dT) 25.  
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2.2.1.2 Preparation of the sample 

The skin secretion was taken from -20 °C and centrifuged briefly. Then 5 mg of 

lyophilized skin secretion were dissolved in 1 ml of lysis/binding buffer in a 1.5 ml 

tube. Then the tube was vortexed for 1 minute and placed on ice for 1 minute. The 

procedure was repeated 10 times in a total of 20 min to ensure complete lysis of the 

skin secretion and improve mRNA binding activity. After extraction, the tube was 

centrifuged at 18,000 x g for 5 min in an Eppendorf Centrifuge 5424 (Eppendorf, 

Germany). 

2.2.1.3 Preparation of the magnetic oligo (dT) 25 Dynabeads 

The Dynabeads oligo (dT) 25 were mixed thoroughly by shaking lightly and 250 μl of 

mixture was transferred into a new 1.5 ml tube and the tube was placed on a 

magnetic rack which can magnetise the Dynabeads due to its magnetic properties. 

The Dynabeads were arranged in a line clinging to the wall of the tube and the 

storage buffer could be removed easily.  After that, the tube was removed from the 

magnetic rack and 250 μl of lysis/binding buffer was added into the tube to wash the 

Dynabeads. Supernatant was discarded again after placing the tube on the magnetic 

rack. 

2.2.1.4 Isolation of mRNA 

The centrifuged sample lysate was added to the tube which contained washed 

Dynabeads. Then the tube was gently shaken up and down for 1 min and placed on 

ice for 30 s. The procedure was repeated 10 to 12 times in a total of 15 to 18 min in 

order to make the poly A tail of the mRNA thoroughly bind to the oligo-dT of the 

Dynabeads. The tube was placed on the magnetic rack again to remove the 

supernatant. After that the beads and the mRNA were washed by 500 μl of washing 
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buffer A 3 times and 500 μl of washing buffer B 2 times to get rid of the enzyme 

inhibitors in the lysis/binding buffer. The tube was placed on the magnetic rack and 

the supernatant was removed completely.  

Finally mRNA was eluted from the Dynabeads with 18 µl of Tris-HCl (10 mM) 

followed by heating in the heating block for 2 min to destroy the hydrogen bonds. 

Supernatant containing mRNA was collected using the magnetic rack and 

immediately transferred into a 0.2 ml PCR (Polymerase Chain Reaction) tube which 

should be placed on ice for 2 min.  

2.2.2 Construction of the first-strand c-DNA library 

Construction of cDNA library was performed by a BD SMARTTM RACE (Rapid 

amplification of cDNA ends) cDNA Amplification Kit (BD Bioscience Clontech, 

UK). 

2.2.2.1 BD SMARTTM RACE cDNA Amplification Kit 

The BD SMART™ RACE cDNA Amplification Kit provides a novel method for 

performing both 5’- and 3’-rapid amplification of cDNA ends (RACE). The cDNA 

for 5’-RACE is synthesised using a modified lock-docking oligo (dT) primer and the 

BD SMART II A oligo. The 3’-RACE cDNA is synthesised using a traditional 

reverse transcription procedure, but with a special oligo (dT) primer. This 3’-RACE 

CDS Primer A (3’-CDS) primer includes the lock-docking nucleotide positions as in 

the 5’-CDS primer and also has a portion of the BD SMART sequence at its 5’ end. 

By incorporating the BD SMART sequence into both the 5’- and 3’-RACE Ready 

cDNA populations, we can prime both RACE PCR reactions. The primers are listed 

in Table 2.1. 
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Table 2.1 The primers involved in the SMART RACE technology and the 

corresponding sequences supplied by the kit 

Primer Sequence 

BD SMART II 

3’-CDS Primer A 

 

5’-CDS Primer 

5’–AAGCAGTGGTATCAACGCAGAGTACGCGGG–3’ 

5’–AAGCAGTGGTATCAACGCAGAGTAC(T)30V N–3’ 

(N = A, C, G, or T; V = A, G, or C) 

5’–(T)25V N–3’ (N = A, C, G, or T; V = A, G, or C) 

 
 

2.2.2.2 Construction of the first-strand c-DNA 

The sample was divided into five groups, two for 5’- RACE and three for 3’-RACE. 

Firstly 3 μl of sample, 1 μl of 5’-CDS primer and 1 μl of BD SMART II were needed 

in 5’-RACE reaction while 4 μl of sample and 1 μl of 3’-CDS primer were needed in 

3’-RACE reaction. The previous components of each tube for 3’ and 5’-RACE-

Ready cDNA are shown in Table 2.2. 
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Table 2.2 Previous components of each tube for 3’/5’-RACE-Ready cDNA  

Reagent 3’-1 3’-2 3’-3 5’-1 5’-2 

mRNA sample 4 µl 4 µl 4 µl 3 µl 3 µl 

3’-CDS primer 1 µl 1 µl 1 µl - - 

5’-CDS primer - - - 1 µl 1 µl 

BD SMART II - - - 1 µl 1 µl 

Total volume  5 µl 5 µl 5 µl 5 µl 5 µl 

 

The contents were mixed completely by pipetting and centrifuged briefly. Then the 

tubes were heated at 70 ºC for 2 min to anneal and cooled on ice for 2 min. After that, 

the following reagents were added to each tube (already containing 5 µl). Final 

components in each reaction tube are shown in Table 2.3.  
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Table 2.3A Components of each tube for 3’-RACE-Ready cDNA 

Reagent Volume Final concentration 

mRNA sample  4 µl 40% 

3’-CDS primer (10 µM) 1 µl 1 µM 

5X First-Strand Buffer 2 µl 1X  

DTT (20 mM) 1 µl 2 mM 

dNTP Mix (10 mM) 1 µl 1 mM 

BD RTase (100Unit/µl) 1 µl 10 Unit/μl 

Total volume 10 µl  
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Table 2.3B Components of each tube for 5’-RACE-Ready cDNA 

Reagent Volume Final concentration 

mRNA sample  3 µl 30% 

5’-CDS primer (10 µM) 1 µl 1 µM 

SMART II (10 µM) 1 µl 1 µM 

5X First-Strand Buffer 2 µl 1X  

DTT (20 mM) 1 µl 2 mM 

dNTP Mix (10 mM) 1 µl 1 mM 

BD RTase (100Unit/µl) 1 µl 10 Unit/μl 

Total volume 10 µl  

 

The contents were mixed completely by pipetting and centrifuged briefly followed 

by incubation at 42 ºC for 90 min in a PCR machine. Finally 50 μl of PCR-Grade 

water was added into the first-strand reaction products and centrifuged briefly until 

no bubbles and the mixture were incubated again at 72 ºC for 7 min in the PCR 

machine. The synthetic products (containing 5’- and 3’-CDS Ready cDNA) were 

kept at -20 ºC prior to RACE PCR. The species name and date were labelled on the 

tubes. 
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2.2.3 Rapid amplification of cDNA ends (RACE) PCR                       

Rapid-amplification of cDNA ends (RACE) could be used to obtain double-stranded 

3’-RACE fragments or 5’-RACE fragments. In this section, only 3’-RACE PCR was 

performed and 3’-RACE-Ready cDNA served as a template.  

The BD SMARTTM RACE cDNA Amplification Kit (BD Bioscience Clontech, UK) 

was used in the RACE PCR. The components in each tube of sample group in RACE 

PCR are shown in Table 2.4. All reagents were taken out of the -20 ºC freezer and 

placed on ice in advance to thaw thoroughly. The mixture was vortexed and 

centrifuged briefly. The sense primer (5’-ATGTTCACCATGAAGAAATC -3’) 

contained a highly conserved domain of the 5’-untranslated region of previously 

characterised homologous peptide cDNAs from Hylarana species. The difference 

between the sample group and the negative control group was the existence of a 

cDNA library sample. The mixture was in a total volume of 24 μl. Half of this was 

for the sample group and the remainder was for the negative control group. Then 10 

μl of cDNA was added into the sample group and the total mixture was divided into 

two groups equally. Soon 10 μl of PCR-Grade water was added into the negative 

group and the total mixture was divided into two groups equally. The four tubes were 

subjected to PCR reaction which was completed in a 96 well Thermal Cycler 

(ThermoFisher Scientific, USA) for 150 min. The 3’/5’-RACE PCR programme was 

as shown in Table 2.5. After completion, PCR products were stored at 4 ºC prior to 

use. 
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Table 2.4 Components in each tube of sample group in RACE PCR 

Reagent Volume Final concentration 

PCR-Grade Water 2.6 µl  

10X BD Advantage 2 PCR Buffer 1 µl 1 X 

dNTP Mix (10 mM) 0.2 µl 0.2 mM 

NUP (20 µM) 0.5 µl 1 µM 

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

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

cDNA library/PCR-Grade Water 5 µl  

Total volume 10 µl  

Table 2.5 3’/5’-RACE PCR Programme  

Stage  Parameter 

Stage 1 initial denaturation at 96 ºC for 1min 

Stage 2 40 cycles (denaturation at 94 ºC for 30 s, primer annealing 

at 60 ºC for 30 s, extension at 72 ºC for 45 s) 

Stage 3 final extension at 72 ºC for 10 min 

 

2.2.4 Agarose gel electrophoresis for analysing RACE PCR products 

Agarose gel electrophoresis is a method of gel electrophoresis used in biochemistry, 

molecular biology, genetics, and clinical chemistry to separate a mixed population of 
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macromolecules such as DNA or proteins in a matrix of agarose. The DNA 

fragments are separated by applying an electrical field to move the charged 

molecules through an agarose matrix and are separated by size in the agarose gel 

matrix. Negatively charged DNA could move towards the positive electrode and 

normally shorter molecules move faster and migrate farther than longer one. After 

electrophoresis, the gel is illuminated with an ultraviolet lamp to view the DNA 

bands.  

2.2.4.1 The preparation of the agarose gel  

At first, 0.45 g agarose powder (Invitrogen, UK) was weighed. The agarose gel 

should be 1% w/v so 35 ml of freshly prepared 1X Tris/Borate/EDTA (TBE) buffer 

(Invitrogen, UK) was used to dissolve the agarose in a flask. The mixture was heated 

in the microwave oven until the agarose was completely dissolved. It was cooled 

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

in the flask. Then the combs were set and the mixture was poured into the 

electrophoresis tank. After the agarose gel was solidified, the combs were removed 

gently from the tray and the recycled TBE was added to submerge the gel. The gel 

was ready to load with samples. 

2.2.4.2 Loading samples and analysis 

The samples were prepared by mixing 1.5 µl of DNA sample and 0.5 µl of Loading 

Dye (Promega, USA) 6X in a white plate. Then the mixture was gently pipetted into 

each well of the gel. Usually 2 µl of 100 bp (base pairs) DNA ladder (BioLabs, UK) 

(0.5 µg/lane) was pipetted into the first well of the gel. The cover was placed over 

the tank and the power supply was connected. A voltage of 90 V was charged for 

about 30 min. Finally, the gel was viewed under a UV (ultra violet) trans-illuminator. 
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Sizes of DNA fragments were estimated by comparison with the bands of the DNA 

ladder. 

2.2.5 Purification of PCR product  

A Cycle Pure Kit (Omega Bio-Tek, USA) was used for purification RACE PCR 

products. 

2.2.5.1 The Cycle Pure Kit (Omega Bio-Tek, USA) 

The Rapid PCR Purification System is designed for the rapid purification of PCR 

products. Binding solution is added to the amplification reaction and the mixture is 

applied to a spin cartridge containing silica-based membranes where the double-

stranded DNA is selectively adsorbed.  

2.2.5.2 Rapid PCR purification  

95 μl of CP buffer was used to dissolve the PCR product and mixed thoroughly. A 

cartridge was placed into a 2 ml washing tube to finish the cartridge loading and the 

mixed sample was loaded to the cartridge. The cartridge was centrifuged at 15,000 x 

g for 1 min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany). The flow-

through was discarded. Then 700 µl of washing buffer was added into the cartridge 

and the cartridge was centrifuged at 15,000 x g for 1 min in an Eppendorf Centrifuge 

5424 (Eppendorf, Germany). The flow-through was discarded. Again 500 µl of 

washing buffer was added into the cartridge and the cartridge was centrifuged at 

15,000 x g for 1 min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany). The 

flow-through was also discarded. The empty cartridge was centrifuged at 18,000 x g 

for 2 min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany) to remove the 

remaining liquid completely. The cartridge was then replaced into a 1.5 ml recovery 

tube. Finally 30 μl of PCR-grade water was added into the cartridge to elute DNA at 
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room temperature for 2 min and the cartridge was centrifuged at 18,000 x g for 1 min 

in an Eppendorf Centrifuge 5424 (Eppendorf, Germany). The eluted DNA was 

collected in the 1.5 ml recovery tube and was concentrated for an hour. The purified 

DNA was stored at -20 ºC. 

2.2.6 Ligation 

Ligation is a covalent linking of two ends of DNA molecules, and most commonly 

done using DNA ligase or other enzymes. A pGEM®-T Easy Vector System 

(Promega, USA) was used in ligation. Vectors were designed to have a 3’-T sticky 

end gap. The Taq polymerase was able to add a single deoxyadenosine (A) at 3’-

terminus in RACE PCR. This additional A annealed to the 3’-T sticky end in plasmid 

so that DNAs could bind with vectors at the insertion site. The pGEM®-T Easy 

Vector map and sequence reference points are shown in Figure 2.1. T7 and SP6 RNA 

polymerase promoters flank a multiple cloning region within the α-peptide coding 

region of the enzyme β-galactosidase. The pGEM®-T Easy Vector multiple cloning 

region is flanked by recognition sites for the restriction enzymes EcoR I, BstZ I and 

Not I. 

At first, the sample was reconstituted with 8 μl of PCR-Grade water and was 

vortexed and centrifuged briefly. The contents in Table 2.6 were added into the PCR 

tube. The pGEM®-T Easy Vector was briefly centrifuged and 2X Rapid Ligation 

buffer was vortexed prior to use. Then the contents were mixed and finally the tube 

was incubated for an hour at room temperature and stored at 4 ºC for 16 to 20 h. 
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Figure 2.1 The pGEM®-T Easy Vector Map and sequence reference points. T7 

and SP6 RNA polymerase promoters flank a multiple cloning region within the α-

peptide coding region of the enzyme β-galactosidase. The pGEM®-T Easy Vector 

multiple cloning regions are flanked by recognition sites for the restriction enzymes 

EcoR I, BstZ I and Not I. (Available at: https://www.promega.co.uk/resources/product-guides-

and-selectors/protocols-and-applications-guide/cloning/, accessed on: 15th April, 2017) 

Table 2.6 Components of mixture in ligation  

Reagent Volume Final concentration 

2X Rapid Ligation Buffer 2.5 µl 1X 

pGEM®-T Easy Vector (50ng/µl)  0.5 µl 5 ng/µl 

Diluted PCR products 1.5 µl  

T4 DNA Ligase (3 Unit/µl)  0.5 µl 0.3 Unit/µl 

Total volume 5 µl  

 

https://www.promega.co.uk/resources/product-guides-and-selectors/protocols-and-applications-guide/cloning/
https://www.promega.co.uk/resources/product-guides-and-selectors/protocols-and-applications-guide/cloning/
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2.2.7 Transformation of recombinant vectors into competent E.coli cells 

Transformation is the process of getting the recombinant vector from a reaction 

mixture or vector solution into E. coli cells. The cells are competent to take up 

circular vector DNA. The mixture is then heated to induce the enzymes to be 

involved in the repair of DNA which allow the cells to recover from the unusual 

conditions of the transformation process and increase the efficiency.  

2.2.7.1 Preparation of the transformation sample 

A 1.5 ml tube was prepared and 2.3 µl of the recombinant DNA was added. JM109 

cells (Promega, USA, >108 cfu/µg) were obtained from the -80 ºC freezer with the 

ice box. After 3 min, 60 µl of JM109 cells were transferred into the tube and stored 

on ice for 20 min. Then the mixture was heat shocked in a heating block at 42 ºC for 

47 s. The tube was returned to ice for 2 min. Finally 950 µl of S.O.C medium 

(Invitrogen, USA) was added into the tube and placed on the shaking table at 37 ºC 

for 150 min. 

2.2.7.2 Preparation of the plate 

Before transformation, agar plates with LB (Luria-Bertani) medium should be 

prepared. First 6.4 g of LB agarose was weighed and dissolved in 200 ml of 

deionised water in a flask and autoclaved. After it was cooled, 550 µl of Ampicillin 

(Roche, USA, 100 µg/ml) was added into the autoclaved LB (Invitrogen, UK) agar 

solution. Then 10 to 11ml mixture was removed to Petri-dishes and after the Petri-

dishes were solidified, 110 µl of IPTG (Isopropyl β-D-1-Thiogalactopyranoside) 

(Promega, USA, 0.1 M) and 20 µl of X-Gal (5-Bromo-4-chloro-3-indolyl β-D-

galactopyranoside) (Promega, USA, 50mg/ml, one by one, quickly) were spread on 

them respectively. The Petri-dishes were incubated at 37 ºC for 30 to 45min to 
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activate and 100 µl of sample was added onto them and incubated at 37 ºC for 16 to 

20 h. 

2.2.7.3 Inoculation (Blue and white screening) 

The β-galactosidase is encoded by the lacZ gene region. IPTG, a lactose metabolite 

that triggers transcription of the lacZ operon, is used to induce the expression of β-

galactosidase. X-Gal, a colourless analogue of lactose, can produce an intense blue 

and insoluble product in the presence of β-galactosidase. In blue and white screening, 

IPTG and X-Gal act as inducer and substrate respectively. When the inserted target 

DNA interrupts the lacZ region, β-galactosidase is not expressed, causing JM109 

cells to remain their original colour (white). On the contrary, vectors with entire lacZ 

operon can normally express β-galactosidase, causing the hydrolysis of X-Gal. In this 

section, blue white screening is used to distinguish recombinant vectors from all 

vectors.  

The Bunsen burner was lit using the lighter and moved around to sterilise. The bench 

was sterilised by spraying ethanol. The activated Petri-dishes were divided into 18 

parts by painting grids (17 grids were used, the other one used to test the 

temperature). The inoculation loop was burned to sterilise and shaken aside to cool 

(at least 3 times). White colonies were selected and transferred to incubate on the 

marked Petri-dishes. The Petri-dishes were incubated at 37 ºC for 16 to 20 h.  

2.2.8 Isolation of recombinant DNA from JM109 cells 

The Bunsen burner was lit using the lighter and moved around to sterilise. The bench 

was sterilised by spraying ethanol. Each square containing white colonies was 

scratched gently at a small angle by an autoclaved tip to collect all cells and next, the 

tip was put into the 1.5 ml tubes containing 20 µl of PCR-Grade water and shaken 
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vigorously. These tubes were heated at 100 ºC for 5 min in a heating block and 

stored on ice for 5 min. Then they were vortexed for 30 s and centrifuged at 20,000 x 

g for 5 min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany). At this stage, 

the supernatant contained the isolated plasmid DNA from the E.coli cells. 

2.2.9 Cloning PCR 

The isolated plasmid DNA was used as the template for the PCR cloning. Firstly, 

these reagents were prepared in a 0.2 ml PCR tube on ice. The components of each 

tube in cloning PCR are shown in Table 2.7. Then 2.5 µl of the supernatant was 

added into these tubes. The mixture was mixed and the tubes were subjected to PCR 

which was completed in a 96 well Thermal Cycler (ThermoFisher Scientific, USA) 

for 150 min. The cloning PCR programme is shown in Table 2.8. The tubes were 

stored at 4 ºC prior to gel analysis and purification for cloned PCR products. 
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Table 2.7 Components of each tube in cloning PCR 

Reagent Volume Final concentration 

5X Cloning Buffer 10 µl 1X 

dNTP Mix (10mM) 1 µl 0.2 mM 

M13F (20 µM) 2.5 µl 1 µM 

M13R (20 µM) 2.5 µl 1 µM 

PCR-Grade water 31 µl  

Taq polymerase (5 Unit/µl) 0.25 µl 0.025 Unit/µl 

DNA supernatant 2.5 µl  

Total volume 49.75 µl  

 

Table 2.8 Cloning PCR programme 

Stage  Parameter 

Stage 1 initial denaturation at 94 ºC for 1 min 

Stage 2 31 cycles (denaturation at 94 ºC for 30 s, annealing at 55 ºC for 30 

s, extension at 72 ºC for 3 min) 

Stage 3 final extension at 72 ºC for 3 min and storage at 4 ºC prior to use 
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2.2.10 Gel analysis of cloned PCR products  

The steps here were the same as described in section 2.2.4 except there was no 

loading-dye in the samples. The samples displaying a band at the proper position 

(usually the amounts of base pairs are two hundred more than before because of the 

M13F/M13R) were selected for following experiments. 

2.2.11 Purification of cloned PCR products 

The cloned PCR products were purified as described in section 2.2.5. However, 20 µl 

of PCR-Grade water was added to dissolve DNAs with no concentration at the end of 

purification. 

2.2.12 DNA sequencing 

This was performed using a Big Dye® Terminator v 3.1 Cycle Sequencing Kit and 

ABI 3730 automated DNA sequencer (Applied Biosystems, USA). 

DNA sequencing is the process of determining the precise order of nucleotides 

within a DNA molecule. The DNA strand is denatured and an oligo-nucleotide is 

annealed at one end of the sequence of DNA template. The DNA polymerase extends 

DNA strands using deoxynucleotides (dATP, dTTP, dCTP and dGTP). 

Dideoxynucleotides (ddATP, ddTTP, ddCTP and ddGTP) are chain-elongating 

inhibitors of DNA polymerase because they are all lack a 3’-hydroxyl group required 

for the formation of a phosphodiester bond between two nucleotides during DNA 

strand elongation. In dye-terminator sequencing, each of the four dideoxynucleotides 

chain terminators is labelled with different fluorescence dye and different 

wavelength. The newly synthesised and labelled DNA strands are separated by size 

using capillary electrophoresis. A laser at the bottom of the capillary can excite the 
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fluorescent labels as DNA is coming through the capillary. The computer will record 

each base and present a DNA sequence. 

2.2.12.1 Sequencing reaction 

Firstly, these reagents were prepared in a 0.2 ml PCR tube on ice. The components in 

each sequencing reaction tube are shown in Table 2.9. Then 2.5 µl of template was 

added into the tube. The mixture was pipetted and was vortexed briefly. Finally the 

tube was subjected to a cycle sequencing reaction which was completed in a 96 well 

Thermal Cycler (ThermoFisher Scientific, USA) for 150 min. The sequencing 

reaction PCR programme was as shown in Table 2.10. The tube was stored at 4 ºC 

prior to extension products alcohol purification. 

Table 2.9 Components in each sequencing reaction tube 

Reagents Volume Initial concentration 

PCR-Grade water 12.4 µl  

Diluted M13F or M13R  1.14 µl 3.2 µM 

Ready reaction mix 2.86 µl 2.5X 

BigDye Sequencing Buffer 3.57 µl 5X 

Purified cloned PCR products 2.5 µl  

Total volume 22.47 µl  
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Table 2.10 Sequencing reaction PCR programme 

Stage  Parameter 

Stage 1 initial denaturation at 96 ºC for 1 min 

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

s, extension at 60 ºC for 4 min) 

Stage 3 preservation at 4 ºC for 7min 

 

2.2.12.2 Purification of extension products 

First of all, a volume of 72 µl of 95% ethanol (Sigma-Aldrich, USA) was added to 

each tube containing extension product. The mixture was then transferred into a new 

1.5 ml tube already containing 10 µl of PCR-grade water. The mixture was vortexed 

for 30s and centrifuged briefly. After incubated at room temperature for 20 min, the 

tube was centrifuged at 20,000 x g for 20 min in an Eppendorf Centrifuge 5424 

(Eppendorf, Germany). The liquid was poured out carefully and quickly. After 

adding 70% ethanol and centrifuging for 30 s, tube was centrifuged at 20,000 x g for 

10 min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany). The total liquid was 

poured out carefully and quickly. The tube was put in the concentrator to remove the 

remaining alcohol for 3 to 4 h. The product was kept at room temperature. 

2.2.12.3 DNA Sequencing (Applied Biosystems, USA) 

10.3 µl of HiDi (highly deionised-formamide) was added to resuspend the DNA 

sample. The tube was vortexed for 30 s and centrifuged briefly prior to being heated 

in the heating block at 95 ºC for 4.5 min and then transferred quickly on ice to cool 

for 3 min. The sample was centrifuged briefly. Later, the sample was removed to a 
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sequencing plate and was sequenced by an ABI 3730 automated sequencer (Applied 

Biosystems, USA). 

2.2.12.4 Bioinformatic analysis 

After the sequencing, the nucleotide sequences of the DNA strands were obtained. 

The DNA sequence was input into Chromas software (version 2.6.4) and Chromas 

was used to scan the fluorogram. Then the Expert Protein Analysis System (ExPASy, 

available at: https://www.expasy.org/, accessed on: 25th April, 2017) translate tool 

was applied to translate base sequences into protein sequence while the Basic Local 

Alignment Search Tool (BLAST, available at: 

https://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on: 25th April, 2017) was used to 

search for proteins similar to the sequenced product. 

 In this section, the spectrogram was examined manually and incorrect bases were 

modified in Chromas. After that, the sequence was translated into amino acids by the 

ExPASy translate tool. The amino acid sequence contained the start codon, signal 

peptide, acidic spacer, specific cleavage site (-KR-) and mature peptide which 

generally represented useful sequence. Subsequently, the translated peptide was 

compared with other peptides in the database of the National Centre for 

Biotechnology Information (NCBI) by using BLAST. The similarity of the newly 

sequenced peptide to other known peptides could thus be determined.  

2.3 Solid Phase Peptide Synthesis of the peptide QUB-3165 

As the sequence of the peptide had already been obtained at this stage, the peptide 

could now be chemically-synthesised. The general principle of SPPS (solid phase 

peptide synthesis) is one of repeated cycles of deprotection-wash-coupling-wash. 

The free N-terminal amine of a solid-phase attached peptide is coupled to a single N-
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protected amino acid unit. This unit is then deprotected, revealing a new N-terminal 

amine to which a further amino acid may be attached. There are two commonly used 

forms of SPPS - Fmoc (Fluorenylmethoxycarbonyl) and Boc (Tert-butoxycarbonyl). 

Solid-phase peptide synthesis proceeds in a C-terminal to N-terminal fashion. Fmoc 

form was chosen for these experiments. 

2.3.1 Calculations and Weighings 

At first, vials were washed and dried for 2 h. Then the amino acids and HBTU (2-

(1H-Benzotriazole-1-yl)-1,-1,3,3-tetramethyluronium hexafluorophosphate) were 

weighed. To synthesise 0.3 mmol of peptide, each amino acid should be used at 4 x 

molar excess. HBTU should also be 1.2 mmol to catalyse each coupling. Then vials 

were sealed with caps and were stored in a 4 ºC refrigerator. Finally a 40 ml reaction 

vessel was cleaned and the corresponding resin was weighed (according the final 

amino acid P, 0.3mM/substation). The resin was then added to the vessel. 

2.3.2 Synthesis by PS4 

At first, the inline solvent filters and the source of nitrogen were checked. The 

reagent bottles were vented and enough reagents for synthesis were added, making 

sure the reagent bottles were pressurised and primed. Then the reaction vessel with 

resin and the carousel with amino acid vials were loaded in order onto the PS4 

Automated Solid Phase Peptide synthesiser. The start and stop position on the 

carousel and the coupling programme for each amino acid were selected. The RUN 

button was then pressed to start the synthesis.   

2.3.3 Cleavage and deprotection of peptides 

After the synthesis was finished, the peptide was weighed. The data were recorded 

and the peptide was removed to a 50 ml round-bottom flask. Then the cleavage 
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cocktail (25 ml/g resin) containing 94% of trifluoroacetic acid (TFA), 2% thioanisole 

(TIS), 2% of 1,2-ethanedithiol (EDT) and 2% H2O was prepared. The cocktail was 

added to the flask along the walls to wash resin. The cleavage and deprotection 

reaction was allowed to proceed at room temperature for at least 3 h with stirring 

(with cap). The cleavage mixture was filtered into a 50 ml or 100 ml round-bottomed 

flask using the Buchner funnel. Finally the filtered fluid was divided into 2 tubes 

(50ml) and ice cold diethyl ether was added to 45ml. The tubes were stored at -20 ºC. 

2.3.4 Washing 

The tubes were vortexed and centrifuged at 2900 x g for 5min in an Eppendorf 

Centrifuge 5430 (Eppendorf, Germany) to collect the peptide. The supernatant was 

discarded carefully and then about 45 ml of ice cold ether was added again. The 

former procedure was repeated 3 times and the peptide was then air-dried.  

2.3.5 Dissolving 

HPLC (high performance liquid chromatography) solution A consists of 99.95% of 

H2O and 0.05% of TFA while HPLC solution B consists of 80% of ACN 

(acetonitrile), 19.95% of H2O and 0.05% of TFA. The peptide was dissolved in 5 ml 

of HPLC solution A and 15 ml of HPLC solution B. 

2.3.6 Oxidation (formation of disulphide bond)  

Due to the presence of two cysteines in the peptide chain, 40 μl of H2O2 was added to 

the tube to form the disulphide bond for 30 min.  

2.3.7 Lyophilisation 

The peptide was snap-frozen in liquid nitrogen and lyophilised (Christ-ALPHA 1-2 

LD plus freeze dryer). The synthesised peptide was stored at -20 °C prior to analysis.  
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The peptide was synthesised by solid-phase Fmoc chemistry using a PS4 Automated 

Solid Phase Peptide synthesiser. Following deprotection and lyophilisation, the 

peptide was purified by reversed-phase High Performance Liquid Chromatography 

(RP-HPLC). The purity of the final product was monitored by using a matrix-assisted 

laser desorption/ionisation time of flight (MALDI-TOF) mass spectrometer. 

2.4 High Performance Liquid Chromatography (HPLC) 

High performance liquid chromatography (HPLC) is a technique in analytical 

chemistry used to separate, identify and quantify each component in a mixture. It 

contains a stationary phase and a mobile phase. As the mobile phase passes through 

the stationary phase, each component will have its own characteristic balance of 

attraction to the mobile or stationary phase, causing different flow rates for the 

different components and leading to the separation of the components as they flow 

out the column. HPLC relies on pumps to force the mobile phase through the column 

under high pressure.  

2.4.1 The components and operation of the HPLC instrument 

The instrument used here was a reversed-phase high performance liquid 

chromatograph (RP-HPLC) which is shown in Figure 2.2. It consisted of a degasser, 

two pumps, an injector, a column, a detector (Thermo Proteome Discover 1.0, 

Thermo, USA) and a recorder. The polarity of the mobile phase was greater than that 

of the stationary phase. 
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Figure 2.2 Reversed-phase High Performance Liquid Chromatograph (RP-

HPLC). It consisted of degasser, pumps, injector, column, detector and recorder. 

When operating the RP-HPLC, the switches of pump B, pump A, detector and 

degasser should be turned on in order. At first, the detector was self-checked and the 

wavelength was adjusted to 214 nm. The system was balanced by washing the 

column using solution A for about 30 min with a flow rate at 1ml/min. After that, 1 

mg of the synthesised peptide was weighed and reconstituted in 500 μl of solution A 

and 500 μl of solution B. Solution B was degassed in an ultrasonic degasser for at 

least 15 min prior to using. Then the mixture was vortexed and clarified by 

centrifugation. The clear supernatant was then injected carefully and subjected to 

RP-HPLC using a gradient elution formed from 0.05/99.95 (v/v) TFA/water 

(solution A) to 0.05/19.95/80.0 (v/v/v) TFA/water/acetonitrile (solution B) in 80 min 

at a flow rate of 1 ml/min. At the same time, the fractions from the chromatographic 

column were flow-spilt directly towards a fraction collector. After the collection, the 
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column was washed by using 0.05/19.95/80.0 (v/v/v) TFA/water/acetonitrile 

(solution B) for 30 min. Finally the devices were turned off in order. 

2.5 Mass spectrometry (MS) 

Mass spectrometry (MS) is an analytical technique that ionises chemical species and 

sorts the ions based on their mass-to-charge ratios. The mass spectrometer consists of 

three main parts, the ionisation source, the mass analyser and the detector. Results 

are displayed as spectra of the relative abundance of detected ions. The computer 

system monitors and analyses the spectrum and also optimises the parameters for 

detection.  

2.5.1 The components and operation of the matrix-assisted laser 

desorption/ionisation time of flight mass spectrometer (MALDI TOF MS)  

The chromatographic fractions were further analysed using matrix-assisted laser 

desorption/ionisation time-of-flight mass spectrometry (MALDI-TOF MS) on a 

Voyager DE Biospectrometry (PerSeptive Biosystems, MA, USA, version 5.10.3) 

which is shown in Figure 2.3. The ionisation source is matrix-assisted laser 

desorption/ionisation (MALDI). Analyte is mixed with matrix and co-crystalised. 

Laser induces rapid heating of crystals by the accumulation of a large amount of 

energy through matrix. Then the mixture is sublimated into gas phase and protonated 

and cationised. The mass analyser is time-of-flight (TOF). Ions are accelerated with 

the same potential from a fixed point. At a fixed initial time, they are allowed to drift 

and the ions will be separated according to their mass-to-charge ratios. The detector 

is Voyager DE Biospectrometry.  
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Figure 2.3 The matrix-assisted laser desorption/ionisation time-of-flight mass 

spectrometer (MALDI-TOF MS - Voyager DE). It mainly consists of an ionisation 

source, mass analyser, detector and computer system. 

Each chromatographic fraction was further analysed to deduce the molecular masses 

of the peptides using matrix-assisted laser desorption/ionisation time of flight mass 

spectrometry (MALDI TOF MS). At first 2 μl of chromatographic fractions were 

mixed with 1μl of matrix α-cyano-4-hydroxycinnamic acid (CHCA) on the target 

plate respectively. CHCA is a small molecule organic acid that facilitates absorption 

of the laser energy. The mixture was sublimated into gas phase and protonated and 

cationised that made the samples more positively-charged. The laser wave-length 

was 337 nm.  

The fractions were snap-frozen in liquid nitrogen and lyophilised (Christ-ALPHA 1-

2 LD plus freeze dryer). The product was stored at -20 °C prior to analysis. 
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2.6 Antimicrobial assays 

The aim of the antimicrobial assays was to detect the minimum inhibitory 

concentrations (MICs) and minimum bactericidal concentrations (MBCs) of peptide 

towards three different microorganisms, Staphylococcus aureus (S.aureus 

NCTC.10788), Escherichia coli (E.coli NCTC.10418) and Candida albicans 

(C.albicans NCTC.1467). For an antimicrobial, the MIC is defined as the minimal 

concentration causing the visible growth inhibition of a microorganism. The MBC is 

defined as the minimum concentration killing a microorganism. In these assays, the 

minimum peptide concentration leading to significant absorbance decrease and a 

transparent solution was the MIC and the minimum peptide concentration without 

microbial growth on a MHA (Mueller-Hinton agar) plate was the MBC.  

2.6.1 Inoculation of microorganisms 

At first, the bench was sterilised prior to use. The Bunsen burner was lit and the 

inoculation loop was sterilised on the blue flame, then it was put aside to cool down. 

A flask of 100 ml Mueller-Hinton broth (MHB) was opened near the flame. The 

mouth of the flask and cotton were sterilised before inoculation. Three kinds of 

organisms were used: Staphylococcus aureus (S.aureus), Escherichia coli (E.coli) 

and Candida albicans (C.albicans).They were all stored in the -20 °C freezer. The 

bacterial beads were placed from frozen stock into a flask of 100 ml MHB using the 

inoculation loop. Finally the loop was sterilised and the Bunsen burner was turned 

off. The MHB flask was set in the shaking incubator at 37 °C for 16 to 20 h. For each 

organism, at least two McCartney bottles of 20 ml MHB were placed in the 37°C 

incubator to warm up overnight.  
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2.6.2 Dissolving of QUB-3165 

The weighed peptide QUB-3165 was dissolved in DMSO (dimethyl sulphoxide) to 

make a concentration of 51200 µM. The solution was then mixed and centrifuged 

prior to use. The peptide solution was then diluted to form a series of final 

concentrations: 512, 256, 128, 64, 32, 16, 8, 4, 2, 1 µM.  

2.6.3 Subculture of microorganisms  

The bench was sterilised prior to use. The Bunsen burner was lit to sterilise. Both 

flask and bottle were opened near the flame. The edge of the flask, the neck of the 

bottle and its caps were sterilised. Then 500 µl of culture was transferred from the 

overnight growth flask to the McCartney bottle of warm broth and was replaced in 

the shaking incubator to continue growth until log phase at 37 °C. The basic 

subculture information is shown in Table 2.11. 

Table 2.11 Basic subculture information 

Organism 
Subculture 

incubation time 
OD 

Concentration 

(cfu/ml) colony form 

unit 

S.aureus 1.5 h 0.23 108 

E.coli 1.0 h 0.41 108 

C.albicans 1.0 h 0.15 5×106 

 

The OD was measured by UV spectrophotometer at λ=550nm. S.aureus and E.coli 

were diluted using 100 μl of subculture and 19.9 ml of fresh MHB. C.albicans was 

diluted by 2000 μl of subculture and 18.0 ml of fresh MHB.  

2.6.4 Preparation of Mueller-Hinton agar (MHA) Petri dishes 

During the subculture period, MHA Petri dishes were prepared. All MHA Petri 

dishes were allowed to solidify and then stored at 4 °C before use. 
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2.6.5 Minimum inhibitory concentration (MIC) and viable cell counts   

The OD of each culture was tested using the spectrophotometer and should meet the 

standard required. The samples were loaded (100 µl each) in each group in a 96-well 

plate. The sample group contained 1 µl of peptide (dissolved in DMSO) and 99 µl of 

culture. The growth control group contained 100 µl of culture. The sterile control 

group contained 100 µl of sterile MHB. The vehicle control group contained 1 µl of 

DMSO and 99 µl of culture. All the samples and controls were arranged in the 96-

well plate with 5 replicates. The plate was put on the shaker to mix and was then 

incubated at 37 ºC overnight.  

In viable cell counting, 900 µl of phosphate buffered saline (PBS) was added to 

every tube and 100 µl of diluted culture was added to the first tube. The mixture was 

pipetted to mix well. Then 100 µl of mixed solution was taken to the next tube to 

make ten-fold dilution. The remainder were made in the same manner until 106 times 

dilution. An MHA Petri dish was used for viable cell counts of each organism. The 

dilutions were marked on the dish from 10-1 to 10-6. Finally 20 μl of culture was 

pipetted in one dot. Three dots were needed for each concentration. The Petri dish 

was put beside the flame until agar absorbed the solution and was then placed into a 

37 ºC incubator overnight. The marked Petri dish for viable cell counts is shown in 

Figure 2.4. 
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Figure 2.4 The marked Petri dish for viable cell counts. The dilutions are marked 

on the dish from 10-1 to 10-6. 

2.6.6 Viable cell counts and minimum bactericidal concentration (MBC) 

The 96-well plate was taken out for testing MBC. At first 20 µl of the liquid from 

clear concentrations was transferred to a prepared MHA Petri dish with five dots at 

each concentration and the Petri dish was then incubated overnight in the 37 ºC 

incubator. The MBC value was determined where no bacterial growth was observed. 

Then the 96-well plate was placed into the microplate reader to detect absorbance at 

550 nm.  

The amount of the microorganism colony forming units was counted and calculated 

according to the dilution multiple. This was the result of the viable cell count and it 

must conform to a certain range. 

2.7 Anticancer Assay Test 

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) cell 

viability assay was used to evaluate the anticancer cell activity of the peptide. The 
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cell lines were incubated in a CO2 incubator (a humidified 37 ºC chamber with 5% 

CO2) with specific media. The U251MG (human neuronal glioblastoma) cell line 

was grown in DMEM medium (high glucose). 

2.7.1 Cell culture 

2.7.1.1 Resuscitation of frozen cell lines  

At first the cabinet was sanitised using 70% ethanol and then the door of the cabinet 

was locked and sanitised by ultraviolet light for 15 min. The medium used for cell 

resuscitation contained foetal bovine serum (FBS) and penicillin-streptomycin (P-S). 

Then 15 ml of pre-warmed medium was transferred to a medium-sized culture flask. 

An ampoule of cells was collected from liquid nitrogen or -80 ºC freezer storage and 

swiftly stirred in 37 ºC water to defrost immediately. Usually after 1 or 2 min, the 

cells were transferred dropwise to the culture flask. Finally the flask was shaken 

gently to mix medium with cells thoroughly. The flask was placed in an incubator at 

37 ºC under 5% CO2.   

2.7.1.2 Changing media 

First of all, the cells were viewed using an inverted microscope (10 x 10 

magnification) to assess the degree of confluency and confirm the absence of 

bacterial and fungal contaminants. The spent medium was removed and the cell 

monolayer was washed with 10 ml of PBS without Ca2+/Mg2+ to get rid of dead cells 

and metabolites. Then PBS was removed and 15 ml of new medium with FBS and P-

S was added to the flask. The flask was shaken gently. At last, the cells in flasks 

were cultured in an incubator at 37 ºC under 5% CO2. Once the inner bottom surface 

of the flask was confluent with 90% cells, subculture was necessary to ensure 

sufficient growing environment and nutrition for cells. 
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2.7.1.3 Subculture of adherent cell lines 

At first, the spent medium was removed and the cell monolayer was washed with 10 

ml of PBS without Ca2+/Mg2+ to get rid of dead cells and metabolites. The used PBS 

was removed and then 1 ml of trypsin was added to the flask to digest monolayer 

cells. The flask was rotated to make the trypsin cover the monolayer. Then the flask 

was placed to the incubator and left for 2 to 10 min. After all the cells were detached 

and floating, 10 ml of the pre-warmed medium was added into the flask to stop the 

digestion. All the liquid was removed to a 15 ml tube and centrifuged 380 x g in 

Eppendorf Centrifuge 5430R for 5 min. At the same time, the used flask was washed 

by adding 10 ml of PBS or a new one could be used directly. Then 15 ml of new 

medium was added to it. After centrifugation, the supernatant was poured out quickly. 

Approximately 5 ml of growth medium was added to tube and mixed thoroughly. No 

less than 1/4 suspension was transferred to the prepared flask to continue growing. 

Cells were continued to be cultured at 37 ºC in an incubator under 5% CO2. 

2.7.2 MTT cell viability assay 

2.7.2.1 Cell seeding 

The procedure was the same as the subculture of adherent cell lines (section 2.7.1.3). 

After 5 ml of growth medium was added to tube and mixed thoroughly, 50 µl of cell 

suspension was removed to a clean well of 96-well plate. An equal volume of trypan 

blue was added (dilution factor = 2) into the well and mixed by pipetting gently. 

Then the haemocytometer was cleaned with water and tissue. The cover-slip was 

moistened with water or ethanol and was slid over the chamber back and forth. Both 

chambers of the haemocytometer were filled with the mixture in the hole of the 96-

well plate (approx. 15 µl). The number of the cells was viewed under a light 

microscope using x100 magnification. The viable cells could be seen as clear while 
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dead cells were blue. The number of viable cells was counted in a big grid. The 

number of viable cells in two other big grids was also counted and the concentration 

of viable cells was calculated. Then a new 96-well plate was prepared and the 

required volume of cell suspension was sucked to a new reservoir and the cell 

suspension was diluted to ensure that the cell number in 100 μl of suspension was 

5000. Then 100 μl of diluted cell suspension was added to every well of a 96-well 

plate by a multichannel pipette. The plate was cultured for 24 h at 37 ºC under 5% 

CO2 before starvation. Finally at least 1/4 of the suspension was transferred into the 

cleaned flask to continue culturing while other cells were disposed. 

The dilution rate was calculated as follows:  

Dilution rate = average cell number in one counting grid x 2 x 104 / (5 x 104). 

2.7.2.2 Starvation 

The aim of the starvation was to synchronise the cell cycle. All used medium was 

removed from the 96-well plate, then 100 µl of new medium without FBS was added 

into each well. The plate was incubated for at least 6 h at 37 ºC under 5% CO2. 

2.7.2.3 Challenging cells with QUB-3165 at different concentrations 

The peptide stock solution was 10-2 M. The stock solution was diluted using medium 

without FBS and final concentration gradient was from 10-5 M to 10-9 M with 5 

replicates. Meanwhile 1 µl of DMSO was mixed with 99 µl of medium without FBS 

each in vehicle control with 5 replicates and 100 µl of medium without FBS was 

added in blank control with 5 replicates. The old medium was removed from the 

plate. The samples and controls were added in appropriate wells. The 96-well plate 

was incubated for 24 h at 37 ºC under 5% CO2. 
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2.7.2.4 MTT cell proliferation assay 

10 µl of the MTT (5mg/l) was added to each well of 96-well plate in the dark. The 

plate was incubated at 37 °C under 5% CO2 for 4 h. After 4 h, the supernatant was 

removed using vacuum tips and 100 µl of DMSO solution was supplemented to each 

well and mixed thoroughly using the pipette. Subsequently the plate was incubated at 

37 ºC for 10 min. Finally, the absorbance of solutions was determined at 570 nm. The 

cell viability at different concentrations of peptide solutions was calculated as 

follows and the IC50 (half inhibitory concentration) value of QUB-3165 to U251MG 

cells was analysed in GraphPad Prism software (version 6.01). The IC50 was used 

early in the discovery process to evaluate the suitability and the performance of drugs 

(Sebaugh, 2011). 

Viability% = A / A0 ×100%  

The A represents for the average absorbance of sample groups in same concentration. 

A0 represents for the average absorbance of vehicle control. 

2.8 Haemolysis assay 

Haemolysis is the breakdown of red blood cells. A peptide solution with a high 

haemolytic activity cannot be intravenously injected. The haemolysis assay plays an 

important role in drug discovery especially in dosage form design. 

2.8.1 Preparation of erythrocytes 

The whole horse blood was mixed thoroughly by a rotating mixer and 2 ml of the 

blood was centrifuged at 930 x g for 5 min in an Eppendorf Centrifuge 5430 

(Eppendorf, Germany). After centrifugation, the supernatant was removed slowly 

and PBS was added dropwise to avoid the breakdown of erythrocytes. Then cells 

were centrifuged at 930 x g for 5 min in an Eppendorf Centrifuge 5430 (Eppendorf, 
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Germany) after they were mixed thoroughly. The PBS washing and centrifugation 

procedures were repeated until the supernatant became colourless and transparent. 

Finally, enough PBS was added to reach a volume of 50 ml.  

2.8.2 Preparation of QUB-3165 peptide solutions 

The peptide was weighed and dissolved in PBS to a concentration of 1024 μM. The 

peptide solution was then double-diluted to form a series of final concentrations: 512, 

256, 128, 64, 32, 16, 8, 4, 2, 1μM. 

2.8.3 Preparation of control groups 

The PBS and 2% Triton X-100 was prepared for negative controls and positive 

controls, respectively. 

2.8.4 Loading erythrocytes and peptide solutions 

Sufficient 1.5 ml tubes were prepared in advance and loaded with 200 μl of peptide 

solutions at different concentrations. Each concentration was replicated 5 times. 

Control groups were prepared as well. Finally, 200 μl of erythrocyte suspension was 

added to each tube dropwise. The components in each group are shown in Table 2.12. 

Table 2.12 Components in each tube for haemolysis assay  

Group Components Final concentration 

Negative control 200 μl PBS + 200 μl erythrocytes  

Positive control  200 μl 2% TritonX-100 + 200 μl 

erythrocytes 

1% TritonX-100 

Sample 200 μl peptide solution + 200 μl 

erythrocytes 
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2.8.5 Incubation and detection 

After loading erythrocytes, all tubes were incubated at 37 °C for 2 h. Then the tubes 

were centrifuged at 930 x g for 5 min in an Eppendorf Centrifuge 5424 (Eppendorf, 

Germany). After that, 100 μl of supernatant from each tube was transferred to the 

corresponding wells in a 96-well plate. Subsequently, the 96-well plate was 

examined at a wavelength of 570 nm. The HC50 (half haemolysis concentration) 

value of QUB-3165 was analysed by GraphPad Prism software (version 6.01). The 

HC50 value was used for in vivo drug testing (Lienkamp and Tew, 2009). 

The formula for calculation of haemolysis rate is shown below: 

 Haemolysis% = (A - A0) / (A1 - A0) × 100% 

A represents the average absorbance of sample groups. A0 represents the average 

absorbance of supernatants in the negative control group, while A1 represents the 

average absorbance of supernatants in the positive control group. 
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Chapter 3. Results 

3.1 ‘Shotgun’ cloning of cDNA encoding a novel peptide precursor from the 

skin secretion cDNA library of Hylarana guentheri 

The cDNA encoding a novel peptide precursor was cloned from the cDNA library 

which was constructed from the skin secretion of Hylarana guentheri. The 

nucleotide sequence of the cDNA encoding this peptide precursor was then translated 

into amino acid sequence by using the Expert Protein Analysis System (ExPASy) 

translate tool. Both the nucleotide sequence and the amino acid sequence are shown 

in Figure 3.1. The translated open-reading frame amino acid sequence contained the 

signal peptide, the spacer peptide (including the specific cleavage site -KR-) and the 

mature peptide. The open-reading frame consisted of 73 amino acid residues. The 

nucleotide sequence of the sense primer was 5’-ATGTTCACCATGAAGAAATC-3’ 

and the putative signal peptide contained 22 amino acid residues. There were many 

acidic amino acid residues in the spacer peptide region. The mature peptide amino 

acid sequence was behind the specific cleavage site, -Lys-Arg- (-KR-). Subsequently, 

in the database of the National Centre for Biotechnology Information (NCBI), the 

translated amino acid sequence of the mature peptide was compared with other 

known peptides. According to the BLAST, the mature peptide sequence was similar 

to the brevinin-2SN4 AMP precursor. The mature peptide consisted of 31 amino 

acids while 28 of these were comparable with the brevinin-2SN4 antimicrobial 

peptide precursor. The overall identity was 50%. 
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Figure 3.1 The nucleotide and translated amino acid sequence of the cDNA 

encoding peptide QUB-3165 precursor. The putative signal peptide is double-

underlined and the mature peptide is single-underlined. The stop codon is indicated 

by an asterisk. 

 

3.2 Purification and structural identification of the novel peptide QUB-3165 

The molecular mass of the putative novel peptide was calculated as 3165.846 (av.) 

using the peptide mass calculator (Available at: 

http://www.peptidesynthetics.co.uk/tools/, accessed on: 15th April, 2017). So the 

novel peptide was named QUB-3165. The synthesised peptide QUB-3165 was 

purified by reversed-phase high performance liquid chromatography (RP-HPLC). 

The absorbance peaks of fractions are shown in Figure 3.2.   

 

http://www.peptidesynthetics.co.uk/tools/
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Figure 3.2 Reversed-phase HPLC chromatogram of the synthesised peptide 

QUB-3165. The absorbance peak of authentic QUB-3165 is indicated by an arrow. 

The fraction was analysed by MALDI TOF mass spectrometry and the mass 

spectrum of QUB-3165 is shown in Figure 3.3. 
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3.3 Antimicrobial assays of QUB-3165 

The antimicrobial activity was evaluated by the minimum inhibitory concentrations 

(MICs) and minimum bactericidal concentrations (MBCs) of peptide QUB-3165 

against three different microorganisms, Staphylococcus aureus (S.aureus), 

Escherichia coli (E.coli) and Candida albicans (C.albicans). Each microorganism 

was tested three times by using different concentrations from 512 μM to 1 μM. The 

results of MIC and MBC assays on three different microorganisms are shown in 

Table 3.1. The relationship between different concentrations (μM) of the peptide 

QUB-3165 and the absorbance of microorganisms is shown in Figure 3.4 through bar 

graphs. It reveals that the MIC for QUB-3165 against S. aureus is 32 μM in Figure 

3.4 A. The MIC for QUB-3165 against E. coli is 16 μM in Figure 3.4 B. The MIC for 

QUB-3165 against C. albicans is 32 μM in Figure 3.4 C. The peptide precipitated out 

of solutions at concentrations of 256 μM and 512 μM. Thus the absorbance detected 

at these values was not due to bacteria but because of precipitated peptide.  

Table 3.1 The MICs and MBCs of QUB-3165 on S.aureus, E.coli and C.albicans. 

Microorganism MIC (μM) MBC (μM) 

S.aureus 32 32 

E.coli 16 32 

C.albicans 32 64 
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Figure 3.4 The antimicrobial activity of QUB-3165 at different concentrations 

against S.aureus (A), E.coli (B) and C.albicans (C). In Figure 3.4, the horizontal 

axis is peptide concentrations from 512 μM to 1 μM and the vertical axis is 

absorbance of different microorganisms. The sterile control group is 100 µl of sterile 

MHB. The growth control group is 100 µl of bacteria solution. The vehicle control 

group is 1 µl of DMSO and 99 µl of bacteria solution. The data represent means ± 

SEM (standard error of mean) of three independent experiments 5 replicates in each.  

3.4 MTT cell viability assay of QUB-3165  

QUB-3165 exhibited anticancer cell activity against U251MG cells. The anticancer 

activity was evaluated by the cell viability (%). It was tested three times by using 

gradient concentrations of peptide from 10-4 M to 10-9 M. The relationship between 

the logarithm of gradient concentrations (M) of the peptide QUB-3165 and the 

viability (%) of cancer cells is shown in Figure 3.5 A through bar graphs. The curve 

graphs in Figure 3.5 B showed the IC50 values of QUB-3165 on cancer cells. All data 

were analysed by one-way ANOVA followed by a Dunnett’s test using GraphPad 

Prism 6.0.The IC50 value of QUB-3165 against U251MG was 3.709 μM.  

C 
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A 

 

B 

Figure 3.5 The anticancer activity of QUB-3165 on U251MG cancer cells. In 

Figure 3.5 A, the horizontal axis is the logarithm of peptide concentrations from 10-4 
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M to 10-9 M and the vertical axis is cell viability (%) of cancer cells. The medium 

control group is 100 µl of medium with cells.  The vehicle control group is 1 µl of 

DMSO and 99 µl of medium. The data represent means ± SEM (standard error of 

mean). The marks above each column show the P value, and ****p < 0.0001 

compared with vehicle control. When p > 0.05, it means there is no significant 

difference and it is represented by ns. In Figure 3.5 B, the horizontal axis is the 

logarithm of peptide concentrations from 10-9 M to 10-4 M and the vertical axis is cell 

viability (%) of cancer cells. The data represent means ± SEM  of three independent 

experiments 5 replicates in each.  

3.5 Haemolysis assay of QUB-3165 

The haemolytic ability of the peptide QUB-3165 at different concentrations is shown 

in Figure 3.6. The concentrations were from 1 μM to 512 μM. The HC50 value was 

obtained from the analysis of GraphPad Prism software. The HC50 value was 126.5 

μΜ. 
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Figure 3.6 The haemolysis assay of QUB-3165 at different concentrations. The 

horizontal axis is the peptide concentrations from 1 μM to 512 μM and the vertical 

axis is the haemolysis rate (%). The negative control group consists of 200 µl of PBS 

and 200 µl of erythrocytes. The positive control group consists of 200 µl of 2% 

TritonX-100 and 200 µl of erythrocytes. The data represent means ± SEM of five 

replicates. 
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Chapter 4. Discussion 

The peptide QUB-3165 was isolated from the skin secretion of the frog Hylarana 

guentheri. Many studies have shown that peptides derived from amphibian skin 

secretions are varied and structurally specific. These peptides also have great value 

for further research as novel drugs for clinical treatment. Hylarana is a genus of the 

family Ranidae and many species of this genus, including Hylarana guentheri, are 

significant sources of AMPs (Yang et al., 2013). The amino acid sequence of QUB-

3165 (GLGSILKDTVAKIGLNLVNLAKCKLLGNCTP) has 50% identity with the 

brevinin-2SN4 precursor after comparison with other peptide chains in the database 

of the National Centre for Biotechnology Information (NCBI) by using BLAST. 

Thus QUB-3165 is probably an AMP for this reason. 

Most AMPs act by damaging the cell membranes of microbes and thus killing cells. 

This action is mainly related to the charge characteristics and unique structures of 

AMPs. AMPs are usually positively charged with two to seven positive charges and 

they generally have amphipathic structures. The hydrophobic regions of AMPs are 

associated with lipids on the membrane bilayer while the hydrophilic areas bind to 

negatively charged residues. These characteristics are the main reasons why AMPs 

can be well combined with bacterial cell membranes which are especially negatively 

charged and composed of amphipathic molecules. Then pores form on the cell 

membranes. Large cracks will appear and the substance inside the cells will flow out. 

Ultimately, the cells will disintegrate (Brogden, 2005; Powers and Hancock, 2003). 

The antimicrobial action and activity can also be influenced by many parameters, 

such as peptide length, conformation as well as the degree of hydrophobicity and 

amphipathicity. 



71 

 

In fact, QUB-3165 indeed shows antimicrobial activity according to the 

antimicrobial assay results. It is positively charged with three positive charges. The 

peptide was predicted to form an amphipathic α-helical structure resulting in 

presenting hydrophilic and hydrophobic surfaces. Many researchers have shown that 

the formation of an α-helix contributes to the improvement of the antimicrobial 

activity (Giangaspero et al., 2001). The degree of hydrophobicity of QUB-3165 is 

relatively high. QUB-3165 also has a C-terminal disulphide bridge with five residues 

making it more heterogeneous (Konig et al., 2015). The C-terminal disulphide bridge 

may improve target specificity as well as widen antimicrobial spectrum of AMPs 

because disulphide bonds make the spatial structure of peptides more compact and 

stable (Fimland et al., 2000). 

QUB-3165 has a proline at C-terminus and proline is an amino acid with a cyclic 

side chain and this distinctive structure is not easy to reverse. The proline is an imino 

acid and its N cannot supply hydrogen for forming hydrogen bonds. So proline is an 

α-helix terminator and it will decrease the degree of helicity thereby the presence of 

the proline reduces the antimicrobial activity of a peptide (Zhang et al., 1999; Cordes 

et al., 2002). This may be the explanation to a certain extent as to why QUB-3165 

has a weaker antimicrobial effect on microorganisms than brevinin-2SN4. 

The MIC values for QUB-3165 on S.aureus, E.coli and C.albicans are 32 μM, 16 

μM and 32 μM respectively. S.aureus is Gram-positive bacterium, E.coli is a Gram-

negative bacterium, while C.albicans is a yeast. QUB-3165 has a better antimicrobial 

activity against Gram-negative bacteria than Gram-positive bacteria and fungi. The 

first step for AMPs to induce an effect is to insert into bacteria cell membranes/walls 

which are different between Gram-positive and Gram-negative bacteria. The Gram-
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positive bacteria have multiple layers of dense peptidoglycans while the Gram-

negative bacteria have a thinner peptidoglycan layer in addition to an outer 

membrane which mostly consists of lipopolysaccharide (LPS). It has been proposed 

that cationic AMPs may utilise a specific uptake pathway across the outer membrane 

of Gram-negative bacteria, which is called self-promoted uptake (Shai, 2002). So 

QUB-3165 shows a better antimicrobial activity against Gram-negative bacteria than 

Gram-positive bacteria. 

Some of the peptides with antimicrobial activity also exhibit anticancer functions and 

the structure of the anticancer peptides (ACPs) are basically consistent with AMPs. 

In terms of structure, most ACPs contain α-helix or β-sheet structures. They usually 

have two to nine positive charges showing strong cationic characteristics. ACPs 

generally have amphipathic structures. The mechanisms of action of ACPs have not 

been clarified clearly. The most recognised mechanisms are the damage of 

cytoplasmic membranes and the induction of apoptosis (Papo and Shai, 2005). 

Cancer cells generally have more negative charges than normal cells due to the 

overexpression of phosphatidylserine and O-glycosylated mucins. The membrane 

fluidity of cancer cells is greater than that of untransformed cells (Kozlowska et al., 

1999; Sok et al., 1999). So the cationic ACPs are more selective for the attack on 

cancer cells. Some ACPs can induce apoptosis through the mitochondria-dependent 

pathway followed by uptake into the cytoplasm (Lee et al., 2008).  

According to MTT cell viability assay results, QUB-3165 expresses anticancer 

activity and selectivity at a concentration of 10-5 M, exhibiting the best potency 

against U251MG cells. The IC50 value is 3.709 μM. Different selectivity of QUB-
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3165 to different cancer cells may be related to the different structures and 

components of cell membranes.  

Haemolysis is a term used to express the breakdown of erythrocyte membranes with 

the release of haemoglobin into the plasma. It is a side effect of the peptides and it is 

an obstacle for a novel peptide being used in clinical injections because a peptide 

solution with a high haemolytic activity cannot be injected intravenously. The 

membrane of erythrocytes consists of zwitterionic phospholipids, cholesterols and 

sphingomyelins. Many researchers pointed out that the peptide could penetrate to the 

hydrophobic core of the red blood cell membrane to form pores leading to the 

haemolysis of erythrocytes. The hydrophobicity is a main influencing factor for 

haemolysis and a higher hydrophobicity causing a stronger haemolysis of 

erythrocytes (Hollmann et al., 2016; Dathe et al., 1997; Chen et al., 2007).  

QUB-3165 also exhibits haemolytic activity. The HC50 value is 126.5 μΜ. Molecular 

modification such as optimising physicochemical parameters, adding D-amino acids 

and cyclising the peptide, can reduce peptides haemolytic activity to a certain extent. 

The novel peptide QUB-3165 derived from the skin secretion of the frog Hylarana 

guentheri exhibits antimicrobial and anticancer activity. The MIC values for QUB-

3165 on S.aureus, E.coli and C.albicans are 32 μM, 16 μM and 32 μM respectively. 

The IC50 value for QUB-3165 against U251MG cell lines at a concentration of 10-5 

M is 3.709 μM. The HC50 value of haemolysis is 126.5 μM.  

Exactly how QUB-3165 expresses antimicrobial and anticancer activity is still 

unknown. More research needs to be done in the future. First, we can get more 

information about the secondary structure of QUB-3165 using circular dichroism 

(CD). CD spectral bands are easily assigned to distinct structural features of a 
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molecule and it has advantages for peptide analysis in that complementary structural 

information can be obtained from a number of spectral regions. It is difficult to 

predict the secondary structure from amino acid sequences alone. Then, the possible 

inhibitory activity of QUB-3165 on bacterial biofilms could be determined through 

experiments. More experiments on the mechanisms of antimicrobial and anticancer 

activities of QUB-3165 can also be designed. Further studies can be carried out to 

improve the activity and decrease or remove the side effects of QUB-3165 to make it 

more suitable for clinical applications. Although peptides have great potential, there 

are still some barriers to their widespread use. The peptide production and 

purification technology needs to be improved urgently for it determines the 

manufacture costs of drugs directly. The stability of peptides needs to be increased 

and toxicity needs to be resolved. With deeper and further study of peptides, these 

problems will be addressed. Novel and potent peptides will play an important role in 

pharmaceutical, agricultural, food and other fields to create great value for mankind. 
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