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Abstract 

In the view of the global antimicrobial resistance problem due to the over reliance on 

traditional antibiotics in medical treatment, conventional agriculture and intensive 

breeding industries, antimicrobial peptides (AMPs) are now regarded as promising 

antibiotic substitutes due to their novel structures, multi-target mechanisms, low 

propensity for resistance development and broad activity spectra against bacteria, fungi, 

viruses and even cancers.  

In this study, a novel cDNA encoding an AMP precursor was isolated and identified 

from the skin secretion of the wild green mountain frog, Odorrana livida, by molecular 

cloning. The deduced mature peptide was named QUB-2052 due to its molecular mass 

and consists of 18 amino acid residues, AVPLIYNRPGIYAPKRPK-NH2. This peptide 

was identified as a member of the odorranain peptide family with potential host 

defensive function. Subsequently, QUB-2052 was synthesised by SPPS and subjected 

to several bioactivity assays. 

QUB-2052 displayed moderate antimicrobial activity against three model 

microorganisms, namely Staphylococcus aureus (a Gram-positive bacterium), 

Escherichia coli (a Gram-negative bacterium) and Candida albicans (a fungi), with 

MIC values of 512, 512 and 128 μM, respectively. Meanwhile, a significantly low 

cytotoxicity on horse erythrocytes was observed for QUB-2052 with a haemolysis of 

below 10% at concentrations up to 512 μM. It was also surprising that as a member of 

AMP peptide family, QUB-2052 acted as a bradykinin (BK) antagonist to inhibit the 

BK-induced relaxation of rat tail artery. However, no obvious anticancer cell properties 

or trypsin inhibition propensity were observed for this novel AMP. 
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1.1 Antibiotic resistance and corresponding strategies 

1.1.1 Growing concerns of antibiotic resistance worldwide 

Antibiotics are defined as drugs for treating bacterial infections. Among these, 

penicillin, the first commercialised antibiotic, was accidentally identified in 1928 by 

Alexander Fleming. Though it was not in mass production and distributed to the 

general public until 1940, it enjoyed widespread use in World War II among military 

forces for surgical and wound infections (Tan and Tatsumura, 2015).  It was, therefore, 

honoured as a ‘miracle drug’ and a future application for infectious diseases was 

considered.  However, when Fleming won the Nobel Prize for his discovery, he warned 

that bacteria would gradually become resistant to penicillin. 

As Fleming expected, antibiotics tend to lose their outstanding potency due to emerging 

resistance by disease-causing bacteria; in other words, a particular pathogen can lose its 

sensitivity to the antibiotics used to kill it and prevent its spread. Strains resistant to 

multiple antibiotic classes have emerged among Gram-positive and Gram-negative 

species. While the antibiotic resistance crisis in Gram-positive pathogens is still under 

control, the crisis in Gram-negative pathogens is very much out of control (Rossolini et 

al., 2014).   

Indeed, the increasing appearance and spread of drug-resistant pathogenic bacteria 

throughout the world can be demonstrated statistically. For instance, in Escherichia 

coli, the proportion of resistance to third-generation cephalosporins increased from only 

2% in 2004 to 8.5% in 2011, mainly due to extended-spectrum β-lactamases (ESBL); 

besides, about 4% of E. coli even show multiple resistance to fluoroquinolones, and 

aminopenicillins - third-generation cephalosporins. Similarly, in Klebsiella 

pneumoniae, the proportion of isolates resistant to  third-generation cephalosporins 



3 

 

increased to 21% in 2010; that of multiple resistant strains to 19% (Witte, 2013). In the 

case of such severe infections, carbapenems can be an alternative treatment, which 

consequently brings emergence of carbapenem resistance. In particular, the 

carbapenemase-producing Enterobacteriaceae (CPE) are resistant to almost all 

available antibiotics. The only exception is colistin, a rarely-used antibiotic due to its 

renal toxicity (Sprenger and Fukuda, 2016). Furthermore, the severity of the current 

high level of microbial resistance can also be indicated by the relatively short period for 

resistance to emerge to newly launched conventional antibiotics (Figure 1.1) (Li et al., 

2014). 

Figure 1.1 The length of time for resistance to develop after the release of conventional 

antibiotics, including penicillin, tetracycline, erythromycin, methicillin, gentamicin, 

vancomycin, imipenem, ceftazidime, levofloxacin, linezolid, and ceftaroline (Li et al., 

2014).  

Regarding drug resistance transfer, if drug resistance only exists within hospitals, the 

crisis may be handled by tight surveillance, effective isolation and targeted therapy. 

However, it is found that resistant strains can be transferred from non-clinical to 

clinical environments. Antibiotics, for several decades, have acted as feed supplements 

in protecting the well-being of animals and plants and/or used as growth promoters in 
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intensive husbandry (Sapkota et al., 2008). On the other hand, the consumption of 

antibiotics may exert selection pressure on microorganisms within animals and plants, 

resulting in the proliferating antibiotic resistance in microorganisms (Xu et al., 2015). 

Increasing rates of resistance usually mean increased usage of antibiotics added in 

additives, which in turn poses the gradually rising possibility of pathogen mutation and 

stronger resistance potency, finally forming a vicious circle. The antibiotic resistance  

genes derived from conventional agriculture are prevalent in food-borne bacteria in 

human foodstuffs and consequently enter the food chain (Cuny et al., 2013, Zhu et al., 

2013, McNeece et al., 2014), becoming potential sources of resistance genes for the 

human microbiome. The way in which antibiotic resistance spreads is clearly shown in 

Figure 1.2. 

Figure 1.2 The spread of resistant bacterial strains is mainly from environment to 

humans and from humans to humans as the result of food chain transmissions and bad 

hygeine, respectively (Services, 2015).  
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At the same time, we must not neglect ‘Proto’ resistance genes and ‘Silent’ resistance 

genes, owning no phenotypic resistance to clinical pathogens temporarily (Figure 1.3). 

Traditionally, researchers only take genes already conferring resistance into 

consideration (mainly acquired and intrinsic resistance). Usually, ‘Proto’ and ‘Silent’ 

resistance genes have not yet been directly responsible for the resistance phenotype of 

microorganisms due to lack of expression. Nonetheless, they have the potential to 

become resistance genes by mutations and/or mobilisation in expression under the 

influence of changes in the environment, with ‘Silent’ resistance genes recognised by 

their sequence homology to known resistance genes (Perry et al., 2014). For example, 

the wild-type strain of Salmonella enterica growing in rich media is susceptible to 

spectinomycin and the aminoglycoside streptomycin. Interestingly, mutations then 

happen in the same strain growing in minimal medium due to the increased expression 

of an aminoglycoside adenyl transferase aadA gene regulated under the stringent 

response regulatorguanosine penta/tetraphosphate ((p)ppGpp), resulting in resistance to 

both antibiotics (Koskiniemi et al., 2011). 

Figure 1.3  ‘Silent’ and  ‘Proto’ genes with phenotypic sensitivity will turn into 

phenotypic types by mutation or/and mobilisation (Perry et al., 2014). 



6 

 

1.1.2 An urgent need for novel antibiotic drugs 

The above findings are deeply worrying as the widespread resistance to existing 

antimicrobial medicines is causing thousands of deaths each year worldwide, and it is 

forecast that the overall cost of handling antibiotic resistance could reduce global gross 

domestic product (GDP) by 2 to 3.5% by 2050 (Sprenger and Fukuda, 2016). However, 

in the past 40 years, only four new classes of antibiotics with the necessary physical 

and chemical properties have been launched to tackle the present drug resistance crisis 

(Cooper and Shlaes, 2011), the low yield of which has caused much concern.  Thus, 

intense research and untiring clinical trials should be carried out to find lead 

compounds for new antibiotics so as to reduce both the physical suffering and the high 

medical expenses of patients. This will also reduce the economic burdens on countries 

as well. 

1.1.2.1 Promising sources  

Current sources for novel compounds are mainly soil-dwelling bacteria (Herrmann et 

al., 2016). Since it is increasingly difficult to identify new therapeutic agents from soil 

microbes, exploiting previously rarely tapped sources may open new avenues for new 

antibiotics (Zipperer et al., 2016). Admittedly, natural antibiotic products are still the 

prospective main source of antibiotic medicines, due to their high efficiency and low 

toxicity properties as a result of natural selection.  For example, it was found that 

lugdunin, a novel antibiotic with a thiazolidine-cyclic structure derived from human 

nasal colonisation by Staphylococcus lugdunensis strains, is able to prevent 

colonisation by S. aureus and not causing development of resistance in S. aureus in 

animal models (Zipperer et al., 2016). Not only human microbiota can be considered as 

sources for new antibiotics, but also some other neglected genera could be assessed. 
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Some compounds of unprecedented structures but with privileged chemistry may 

eventually arise. 

1.1.2.2 Multicomponent therapies 

As the combination therapy of cancer and of HIV has been applied widely and exhibits 

good curative effects, referenced approaches are brought to researchers in the 

antibiotics domain (Brown and Wright, 2016). To illustrate, the clinical use of 

fluoroquinolones like ciprofloxacin is in deep trouble due to the alarming blossoming 

of fluoroquinolone-resistant pathogen strains. Fluoroquinolones lead to the activation of 

RecA, for example in S. aureus, and subsequently induce the SOS response, leading to 

a high level of resistance (Mesak et al., 2008, Schroder et al., 2013). Since 

aminocoumarins show inhibition of the ciprofloxacin-induced SOS response in S. 

aureus by simultaneously targeting two different sites of gyrase, the joint therapy of 

these two classes of drugs make it possible to slow down the accelerated pace of  

austere antibiotic resistance, providing new insights into antimicrobial treatments and 

prolonging human life expectancy (Heide, 2014). 

1.2 Amphibian skin and skin secretions 

1.2.1 General functions of skin 

The Class of living amphibians is made up of three Orders, namely Gymnophiona 

(caecilians), Urodela (salamanders and newts) and Anura (frogs and toads) — 7302 

species in total (Pough, 2007, Konig et al., 2015). Amphibians are cosmopolitan in their 

distribution, extant in all continents except Antarctica (Clarke, 1997).  

On the basis of global distribution, amphibians have to adapt to varying habitats and 

climatic conditions, and in day-to-day survival their skins play a profound role. The 



8 

 

diversified functions of their permeable and naked skins include fluid balance, body 

temperature control, respiration, transport of essential ions, camouflage and so on. 

(Clarke, 1997, Rollins-Smith et al., 2005). Despite the normal functions listed above, 

the anti-infection capability of skins cannot be ignored in the well-being of amphibians. 

This is because no matter what geographic location a particular species chooses to settle 

down in, all amphibians have a clear preference for damp environments, such as 

ditches, slow-flowing rivers, deep leaf-litter, ponds and upper soil zones of the forest 

floor, underground burrows and spaces beneath and holes in rotting logs. (Clarke, 

1997). The appropriate level of humidity makes these habitats potentially pathogen-rich 

surroundings. Worse still, the moist skins of amphibians, with available oxygen and 

nutrition supply, are ideal breeding grounds for pathogens. However, they rarely fall 

victim to infections due to their skin secretions, with diverse compounds combating 

microorganisms. In addition, their skin microbial communities also strengthen the 

potency of compounds (Clarke, 1997). It is observed that compared with the summer-

sampled frogs, which have a higher diversity of skin microflora, the winter-sampled 

counterparts show a higher susceptibility to pathogens and a higher frequency of 

infections (Longo et al., 2015). 

1.2.2 Skin glands and their secretions 

Considering the habitats of amphibians in both terrestrial and aquatic environments at 

various stages in their life cycle, they have distinct permeable skins without scales for 

homeostasis and self-defence (Davidson, 2015).  In light of this, the complex and 

various skin glands on relatively small bodies exert a far-reaching influence on the 

physiology and behaviour of amphibians, which compensates for their thin and delicate 

skin (Pough, 2007). 
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1.2.2.1 Structure of amphibian skins 

Amphibian skins are divided into two layers: the epidermis and the dermis, while the 

cutaneous exocrine apparatus is mainly made up of mucus and granular glands, also 

called poison glands, located in the dermal layer of the dorsal region (in most cases) 

(Figure 1.4). The mucus of amphibians is responsible for maintaining the moist skin, 

reducing water evaporation and providing a protective surface. Granular glands, worthy 

of more attention by researchers, are sites of synthesis and warehouses of multiple 

substances against microorganism infection as well as predators, and hypertension or 

anaesthetic activities can also be observed in these cocktails (Clarke, 1997). 

Figure 1.4 A diagram of amphibian skin structure: both mucous glands and poison 

glands are located throughout the epidermis and in the dermis, fulfilling different 

functions in the everyday survival of amphibians (Myers, 2014).  

Both glands are under the regulation of sympathetic axons with terminations in the 

interstices between the myoepithelium and the secretory units consisting of syncytial 

cells. Abundant granules and secretions are fully stored in the cytoplasm of these cells 

and upon the sympathetic nervous system being activated, myocytes will contract the 

surrounding glands, and the glandular contents will be simultaneously released to the 
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surface of the skin by a holocrine mechanism (Simmaco et al., 1998, Rollins-Smith et 

al., 2005).  

1.2.2.2 Compounds from skin secretions 

In-depth research has been carried out to identify active compounds within the great 

diversity of skin secretion components. As early as 1951 the biogenic amine serotonin 

was discovered in acetone extracts of skin from four amphibian species, which 

encouraged continued screenings of biologically-active compounds from other 

unexploited amphibian species. By the end of 2012, untiring endeavours had unravelled 

the presence of active compounds from at least 545 species (Konig et al., 2015). Those 

skin gland secretions can be classified into four categories, namely biogenic amines, 

bufodienolides and bufotoxins (steroids), alkaloids, and peptides and proteins (Clarke, 

1997). These various compounds, with a broad range of pharmacological properties and 

completely novel molecular structures, allow amphibians to become a replete and 

promising reservoir of lead compounds for therapeutic use. 

Biogenic amines 

Amines isolated from skin secretions can be divided into two classes: derivatives of 

catecholamines and indolealkylamines. Derivatives of the latter consist of bufotenin, o-

methyl bufotenin, bufothionin, dehydrobufotenin and bufoviridin, all equipped with 

hallucinogenic and hypertensive capacities. Moreover, these compounds are of 

taxonomic importance and can be used to determine evolutionary connections between 

various species (Clarke, 1997).  

Bufodienolides and bufotoxins (steroids) 
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These two types of compounds from amphibian skin secretion are classed as steroids 

based the similar molecular structures: a steroid nucleus of three 6- and one 5-

membered rings. Both of these steroids possess cardioaccelatory properties and many 

of them can be utilised as local anaesthetics as well (Clarke, 1997). 

Alkaloids  

The first class of alkaloids identified from skin secretions were batrachotoxins from 

frogs of the family Dendrobatidae (Daly, 1995). By the end of 2005 more than 14 

classes of alkaloids had been discovered from amphibians. Among this diverse array of 

compounds, almost all alkaloids appear to have an insect dietary origin, except 

samandarines and pseudophrynamines. It is speculated, for example, that 

batrachotoxins and coccinelline-like tricyclics come from beetles, and millipedes may 

be a putative source of the spiropyrrolizidines (Daly et al., 2005). 

Alkaloids usually have a limited distribution in Nature; that is to say, certain classes of 

alkaloids can be detected from particular species (Clarke, 1997). As a result, alkaloids, 

to some degree, can be a characteristic of a species or a population. However, it is no 

longer the case that these compounds are of limited distribution as was previously 

thought: batrachotoxins and a variety of congeners, for example, have been identified 

from the skin and feather extracts of two genera of passerine birds (Dumbacher et al., 

2000).  

Peptides and proteins 

Compounds of this class include hormone-like peptides (HLPs) providing protection 

against predators, and antimicrobial peptides (AMPs) acting as defence toxins against 

microorganism infections (Roelants et al., 2013). To date, more than 500 gene-encoded 

AMPs have been discovered in amphibians and the high level of diversity in charge, 
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size, conformation, hydrophobicity, and spectrum of bactericidal activities mainly 

derives from domain shuffling and conversion as a result of environmental pressure, 

gene duplication and rapid mutation at the amino acid level (Duda et al., 2002, Zhang, 

2015, Ageitos et al., 2016).  

According to their structural features, AMPs from amphibians can be classified into 

different families, and it is a huge and demanding work to gather a complete list of all 

amphibian AMPs. However, highly conversed signal peptide domains and structural 

similarities are often shared by peptides from closely related species, which may 

indicate that the genes share a common evolutionary origin (Zhou et al., 2006b). In 

addition, these peptides are preferred as cytolytic peptides, because apart from 

possessing functions against bacteria, various peptides have proven to be also active in 

anticancer, antiviral and immunomodulatory activities (Konig et al., 2015). 

1.3 Antimicrobial peptides (AMPs) 

AMPs, also called host defence peptides (HDPs), are part of the first-line of innate 

immunity found among all classes of life. AMPs usually possess a broad-spectrum 

activity against a variety of pathogens, such as Gram-positive bacteria, Gram-negative 

bacteria, fungi and parasites. Moreover, their microbial targets rarely develop resistant 

phenotypes, because these compounds do not interact with one specific target but with 

complex system – the membrane (Brown and Wright, 2016), which makes AMPs 

potential and promising candidates for novel therapeutic agents. To date, according to 

the Antimicrobial Peptide Database (APD) (http://aps.unmc.edu/AP/main.php), more 

than 2800 AMPs have been identified from a broad range of types of organisms, 

including bacteria, fungi, protists, archaea, plants and animals. They are usually 

composed of 10–50 amino acid residues, distinct in length, charge, structure, 

http://aps.unmc.edu/AP/main.php
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conformation, hydrophobicity, amphipathicity and mode of activity (Nakatsuji and 

Gallo, 2012) .  

1.3.1 Physicochemical properties  

1.3.1.1 Charge 

Most AMPs are cationic molecules possessing abundant amino acids with positive 

charges, such as arginine (R) and lysine (K), with an overall positive charge ranging 

from +2 to +9 at physiological pH (Lee and Lee, 2015).  Their positive-charged nature 

attacks the previously underestimated ‘Achilles heel’ of various microbes: their 

membrane structure, that is different from that of mammals (Zasloff, 2002). This is 

because no matter under what mechanism cationic peptides interact with pathogens, the 

first step of defence is the attraction to bacterial membranes (Powers and Hancock, 

2003). To be specific, both Gram-positive and Gram-negative bacteria are coated with 

the cytoplasmic membrane essentially composed of negatively-charged lipids such as 

cardiolipin (CL) and phosphatidylglycerol (PG). (Lohner, 2009). Furthermore, Gram-

negative bacteria possess a complicated inner and outer membrane, with the outer 

envelope  rich in negatively-charged molecules, such as anionic phospholipids and 

phosphate groups on lipopolysaccharide (LPS) (Brogden, 2005, Sani and Separovic, 

2016); on the other hand, the surface of Gram-positive bacteria is rich in teichoic acid 

and lipoteichoic acid (Lohner, 2009). These substances with net negative charges 

provide a convincing explanation for the selectivity of cationic AMPs for bacterial 

plasma membranes compared with zwitterionic amphiphiles (overall neutral) present in 

the extracellular monolayer of mammalian membranes (Epand and Vogel, 1999). It is 

worth mentioning that though electrostatic interactions between cationic amino acid 

residues and negatively-charged bacterial membranes are the first step of performing 
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biological activities, it does not necessarily mean that increasing number of cationic 

residues in sequence is a prerequisite for interaction (Teixeira et al., 2012). 

However, anionic peptides do exist and the first identified anionic peptides were three 

small peptides: H-GDDDDDD-OH, H-DDDDDDD-OH, and H-GADDDDD-OH 

isolated from ovine pulmonary surfactant and these peptides exhibit activity against P. 

haemolytica (Brogden et al., 1996).  Zinc is required as a cofactor for maximum 

activities and a low specificity for microbes is observed (Epand and Vogel, 1999, 

Brogden et al., 2003, Brogden, 2005). Despite the relatively weak activity against 

Gram-positive and Gram-negative bacteria, non-cationic peptides could enhance the 

efficacy of cationic peptides, improving the immune response against pathogens 

synergistically (Vizioli and Salzet, 2002).  

1.3.1.2 Hydrophobicity 

Hydrophobicity influences the activity and selectivity of AMPs, because this property 

enables these molecules to insert into the acyl chain region of membrane phospholipid 

bilayers for follow-up reactions (Sani and Separovic, 2016). Hydrophobicity derives 

from the high proportion of hydrophobic amino acid residues in peptide sequences 

(usually ≥ 50%), such as tryptophan (W) or phenylalanine (F) (Lee and Lee, 2015). In 

this case, the self-association and forming α-helical bundles of AMPs are connected to 

hydrophobic regions, such as hydrophobic terminals or hydrophobic amino acids (Shai, 

2002).  Also, it is observed that below a certain threshold of optimal hydrophobicity for 

each AMP, increase in hydrophobicity can, to some degree, enhance its antimicrobial 

property (Bahar and Ren, 2013). Excessive hydrophobicity over threshold, however, 

would give rise to a higher toxicity, such as haemolysis towards host cells and a 
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undesirable decrease of antimicrobial propensity (Teixeira et al., 2012). Hence, the 

optimal antimicrobial activity is achieved by moderately hydrophobic peptides. 

1.3.1.3 Amphipathicity 

Amphipathicity, another common feature shared by AMP molecules, results from the 

structures of peptides containing both hydrophobic and hydrophilic amino acid residues 

aligned along two different sides of the molecules. For α-helical peptides, 

amphipathicity can be calculated as the vector sum of hydrophobicity indices and is 

shown as hydrophobic moment, while other AMPs often express spatial separation of 

polar and hydrophobic residues that is more difficult to quantify (Brogden, 2005).  

Moreover, it can be demonstrated that the strong partition into bacterial membranes is 

apparently caused by amphipathicity of AMPs as well, not dependent solely on 

hydrophobicity (Fernandez-Vidal et al., 2007). This is because most AMPs will adopt 

amphipathic conformations, such as α-helix or β-sheet, upon interacting with the target 

membrane. Then the positively-charged polar face gets attached to the negatively-

charged bacterial membrane by electrostatic attraction, while the non-polar face inserts 

into the membrane via hydrophobic and Van der Waal interactions (Teixeira et al., 

2012). It is worth mentioning that proline residues in the sequence will reduce the 

membrane permeability of peptides due to the low propensity of proline to form α-

helical structures upon the peptide reaching the target membrane (Bahar and Ren, 

2013). 

1.3.2 Structural classification 
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The currently discovered AMPs are unbelievably diverse, because their diversity 

mirrors the adaptation of species to constantly changing living environments, including 

characteristic microbial environments (Zasloff, 2002). Despite the high diversity of 

AMPs, they can be divided into four classes according to their secondary structures 

with the assistance of nuclear magnetic resonance (NMR), namely α-helix, β-sheet, 

extended and loop, with the first two classes being more common in Nature. For 

illustration, representative structures of each class are clearly indicated in Figure 1.5. 

Figure 1.5 Structural classification of AMPs: (A) β-sheet; (B) α-helix; (C) extended; 

(D)loop (Powers and Hancock, 2003). 

1.3.2.1 α-helix AMPs 

Probably the most studied AMPs to date are from this class and the discovery of 

cecropins by Steiner from pupae of the cecropia moth is the first isolated and identified 

α-helix AMP (Steiner et al., 1981). Another group of the most well-known α-helix 

AMP may be magainins (23-residue antimicrobial peptides) from African frogs, 

Xenopus laevis (Zasloff, 1987). Native magainins selectively affect the permeability of 

bacterial cytoplasm membranes resulting in the disruption of cell contents (Matsuzaki, 

1999). These peptides are 20-40 residues in size and helical without cysteine residues; 

in addition, a highly amphipathic helix with cationic and hydrophobic charged surfaces, 

containing a slight bend in the middle of the molecule, is observed in AMPs of this kind 
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(Brogden et al., 2003, Reddy et al., 2004).  Particularly, molecules from these kinds are 

linear and will not change the conformation into an amphipathic α-helical secondary 

structure until interacting with the cell membrane (Guilhelmelli et al., 2013). 

1.3.2.2 β-sheet AMPs 

These peptides, such as defensins, tachyplesins and protegrins, are usually 16-40 

residues in size, containing one or more disulphide bridges formed by cysteine residues 

(Brogden et al., 2003, Wang et al., 2016). Members from this family with larger 

structures may also contain minor helical motifs. The disulphide linkages not only 

stabilise molecules into an antiparallel β-sheet and maintain the structural integrity, but 

also serve as the classification standard. Defensins, for example, a group of small 

proteins of about 30-50 amino acids, are divided into α-, β - and θ- defensins, all 

containing six cysteine residues, based on the alignment of their disulphide bonds 

(Braff et al., 2005). 

1.3.2.3 Extended AMPs  

Some AMPs have an unusual amino acid sequence, containing a large proportion of 

one or more regular amino acids, particularly proline (P), tryptophan (W), arginine (R) 

and histidine (H). Extended AMPs cannot fold into the secondary structure, the 

conformation of which is quite distinct from the α-helix AMPs and β-sheet AMPs 

mentioned before (Wang et al., 2016).  Indeed, these molecules form the final 

conformations via Van der Waals interactions and hydrogen bond with membrane 

lipids instead of hydrogen-bond interaction among residues (Powers and Hancock, 

2003). For instance, the secondary structure of indolicidin (ILPWKWPWWPWRR-

NH2) purified from the cytoplasmic granules of bovine neutrophils depends on its 

environment (Selsted et al., 1992). In a lipid environment, indolicidin presents the 
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extended conformation; it changes into a more bent structure in neutral DPC micelles, 

owing to two half-turns about residues 5 and 8 (Powers and Hancock, 2003). There are 

other extended AMPs, including histatin rich in histidine residues, tritripticin abundant 

in tryptophan, proline-rich cathelicidins and prophenin for example. (Reddy et al., 

2004) 

1.3.2.4 Loop AMPs  

Loop AMPs contain modified amino acids and the structures are hard to describe. 

These molecules are synthesised by bacteria themselves, containing small ring 

structures due to a single bond formed by either thio-ether, disulphide, amide bond or 

isopeptide (Powers and Hancock, 2003).  This group is called lantibiotics, one of which 

is called nisin. Nisins, small peptides containing 34 amino acid residues, are produced 

by strains of Lactococcus lactis (Hasper et al., 2004). Due to its strong antimicrobial 

nature and low toxicity towards humans, nisin is widely utilised in the food industry as 

an additive against deterioration caused by food spoilage microbes (Arakha et al., 

2016). 

1.3.3 Antimicrobial mechanisms  

The antimicrobial mechanism of AMPs is worth investigation, encouraging a variety of 

hypothesis to flourish. So far, currently widespread explanations of antimicrobial 

actions shared by AMPs can be roughly classified into two mechanistic classes: 

membrane disruptive modes and non-membrane disruptive modes. The points of 

difference between these  two classes lie in whether this mechanism causes the 

disturbance and even destruction of the integrity of the target membrane or the 

translocation of AMPs through the bacterial membrane into cytoplasm (Powers and 

Hancock, 2003). 
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1.3.3.1 Membrane disruptive  

How AMPs permeabilise or destroy cell membranes is still under heated debate. There 

is agreement that AMPs show specific attraction to bacterial cytoplasm membranes 

through electrostatic interaction and their amphipathic conformation plays a vital role in 

interaction with membranes. Moreover, upon binding to membranes, AMPs tend to 

locally self-associate on the surface until they reach a critical concentration in order to 

fulfil their antimicrobial potency, since one peptide is unable to disturb the permeability 

of membranes, let alone forming a pore, triggering antibiotic activity and leading to cell 

death. This particular concentration is defined as the threshold concentration, which 

may explain the differing MICs for each AMP for a specific bacterial strain (Huang, 

2000, Sani and Separovic, 2016). This threshold concentration is influenced mainly by 

the peptide structure and the membrane composition, having nothing to do with the 

mechanism of the subsequent antimicrobial activity (Melo et al., 2009).  

Three widely-recognised mechanisms are clearly shown in Figure 1.6: effect membrane 

permeabilisation and integrity by either forming pores (barrel-stave and toroidal-pore 

modes) or micellisation in a detergent-like way (carpet mode) (Teixeira et al., 2012). 

No matter what kind of mechanism membrane-active AMPs adopt in antimicrobial 

activities, the net result of membrane disruptive actions is the rapid depolarisation of 

the bacterial membrane, leading to the collapse of the cell membrane and the leakage of 

the contents (Powers and Hancock, 2003). 
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Figure 1.6  Representative models of membrane-active AMPs: (A) Barrel-stave mode; 

(B) Carpet mode; (C) Toroidal-pore mode. Hydrophobic portions of AMPs are coloured 

in blue, while hydrophilic portions are represented in red (Bahar and Ren, 2013).  

Barrel-stave mode 

In this mode, AMPs are first attracted to the target membrane and reoriented into a 

perpendicular state to the membrane plate from the previous parallel manner (Reddy et 

al., 2004). Then peptides directly insert into the membrane to produce pores by forming 

a bundle-shaped transmembrane hole with a central lumen (much like staves inserted in 

a barrel) (Teixeira et al., 2012). The size of pores is expanded by additional 

recruitments of peptide monomers, finally leading to the leakage of cytoplasmic content 

and the death of cells (Guilhelmelli et al., 2013). In particular, the conformation of 

AMPs, such as α-helix and β-sheet, is fundamental to the pore formation for the reason 

that the hydrophobic portions of  the peptides interact with the lipid outer leaflet, while 
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the hydrophilic regions form the interior part of the transmembrane pores (Brogden, 

2005). 

Toroidal-pore mode 

This mechanism is caused by pore formation: peptides are bonded to the outer leaflet of 

the target membrane, locally self-aggregate and form transmembrane pores, inducing a 

continuous bend of lipid monolayers through the pore. As a consequence, both the polar 

portions of the inserted peptides and the lipid head groups of the target membrane line 

around transmembrane pores, creating an unfavourable elastic tension and subsequently 

resulting in destruction of the integrity of the membrane (Teixeira et al., 2012, 

Guilhelmelli et al., 2013).  The remarkable difference distinguishing ‘toroidal-pore 

mode’ from ‘barrel-stave mode’ is that even when AMPs are inserted into the target 

membrane, their hydrophobic regions are always bonded to the lipid heads of the 

membrane (Brogden, 2005). 

Carpet mode 

The principle of AMPs killing bacteria in this way is mainly related to a detergent-like 

manner rather than pore formation, not necessarily by inserting peptides into the 

membrane. To be specific, AMPs first align the cell membrane with their hydrophobic 

regions attached to the anionic phospholipid head groups of the membrane, covering 

the outer layer of the membrane in parallel like a ‘carpet’ (Brogden, 2005). Upon 

reaching the vital threshold concentration, AMPs disrupt the membrane stability by 

affecting the bilayer curvature like detergents, allowing additional peptide monomers to 

access the target membrane and finally causing large cracks by forming micelles 

(Teixeira et al., 2012). 

1.3.3.2 Non-membrane disruptive  
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Though membrane-active mechanisms are vital for antimicrobial activities of AMPs, 

there are also other mechanisms for peptides to fulfil their potency against invading 

pathogens. Typical modes and representative examples are shown in Figure 1.7. 

Figure 1.7 Modes of non-membrane disruptive actions for AMPs, using E. coli as 

target microorganism (Brogden, 2005). 

Cell wall inhibition 

The cell wall is an indispensable structure for both Gram-positive and Gram-negative 

bacteria to maintain cell shapes, while this particular cellular structure is absent in 

mammalian cells, making it therapeutically possible for AMPs to target bacteria with 

high selectivity (Scocchi et al., 2016). For example, nisin, a member from the 

lantibiotic family with a poorly-described structure, produced by Lactococcus lactis, is 

one of the most well-known AMPs to interfere with cell wall synthesis. It fulfils its 

antimicrobial potency in a dual mode: using precursor lipid II as a docking molecule to 

form a complex at the nascent synthetic site of cell walls; nisin disrupts the functional 

relocation and transportation of lipid II, ultimately blocking cell wall biosynthesis. 

Moreover, the C-terminus of nisin is able to insert into the bilayer surface of the target 
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membrane perpendicularly, forming stable pores 2–2.5 nm in diameter (Willey and van 

der Donk, 2007). 

Intracellular targets 

Some AMPs seem not to interact with either cell walls or bacterial membranes; in fact, 

they translocate across bacterial membranes without using any membranous receptors 

in order to interact with intracellular targets at low micromolar concentrations  (Nawrot 

et al., 2014). A common feature is shared by these AMPs with cell-penetrating 

propensity: they possess a high proportion of amino acid residues (up to 30–100 %) 

with highly positive net charges, such as lysine (K) and arginine (R), for the reason that 

the translocation is induced by the interaction with the negatively-charged lipids of 

membranes, such as PS and PG (Nawrot et al., 2014, Sani and Separovic, 2016). Once 

present in the cytoplasm, AMPs are thought to inhibit the biosynthesis of DNA, RNA 

and protein and/or affect the normal functions of enzymes. 

However, interacting with intracellular targets requires more time to affect bacterial 

viability, compared with membrane-active mechanisms to trigger activities within a few 

minutes (Powers and Hancock, 2003). For example, pyrrhocoricin, AMP rich in 

proline, is able to permanently close the cavity of the peptide-binding pocket of DnaK 

and therefore suppress peptide folding in living cells, the peptide synthesis inhibition of 

which, however, will not be revealed until one hour post exposure (Kragol et al., 2001).   

1.3.4 Additional functions of AMPs 

Since the first AMP, tyrothricin, was introduced into clinical use, the antibiotic market 

begins to be shared partly by compounds of this kind (Ageitos et al., 2016). Apart from 
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antimicrobial functions, AMPs also possess a broad spectrum of activity against fungi, 

viruses, cancers and parasites, making them promising candidates for therapeutic use. 

1.3.4.1 Antifungal activity 

Though the specific mechanism involved in still under investigation, it is proposed that  

interfering with cell wall synthesis or targeting intracellular components (cytoplasmic 

or nuclear targets) will take charge for the induction of fungal cell lysis (Wang et al., 

2016).  For example, chitin, one of the characteristic components of fungal cell walls, is 

the target binding molecule for peptides to enhance specificity efficiently. A novel 

antifungal peptide with 36 amino acids identified from marine metagenome was found 

to inhibit the growth of Candida albicans and Aspergillus niger, and the chitin binding 

property was confirmed. (Pushpanathan et al., 2012). 

1.3.4.2 Antiviral activity 

AMPs usually perform antiviral activity in blocking the binding between viruses and 

host cells by either integration into viral envelopes, causing membrane instability or 

occupation of specific receptors on host cells, preventing virus from entering cells 

(Bahar and Ren, 2013). For example, θ-defensins assist cells to escape the infection of 

HSV-2 (herpes simplex virus) by binding to viral gB2, an envelope glycoprotein whose 

presence is indispensable for target cell binding (Yasin et al., 2004). In addition, some 

AMPs translocate into host cells, self-aggregate in the cytoplasm or the organelles, and 

modify the genetic expression of host cells, therefore increasing the capacity of the host 

immune system against viruses or blocking viral gene expression (Bahar and Ren, 

2013). It is reported that AMPs also show activities against sexually transmitted 

infections (STIs).  Apart from HSV mentioned before, infections caused by HIV, 
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syphilis, Neisseria gonorrhoeae and Chlamydia trachomatis are sensitive to particular 

AMPs  as well (Reddy et al., 2004). 

1.3.4.3 Anticancer activity 

Among mechanisms involved in anticancer activity that share something in common 

with that in activities against bacteria, the induction of apoptosis stands out specially. 

Apoptosis, occurring in multicellular organisms, is a process of programmed cell death. 

The programmed death is usually induced by the activation of caspase cascades (in 

particular caspase-3), triggered by either the efflux of potassium ion (K+) or the pro-

apoptotic second messengers such as calcium ions(Ca2+) and reactive oxygen species 

(ROS), therefore leading to a disorder in signaling, homeostatic and repair enzymes, 

and finally causing cell death (Chowdhury et al., 2006).  For example, magainin and 

tachyplesin kill the same cell line HL-60 cells in two different ways: the former 

increases the level of ROS, while the latter alters the intracellular concentration of K+ 

(Guilhelmelli et al., 2013). 

1.3.4.4 Other activities 

AMPs expressing potency against parasites are a small percentage compared to other 

classes, the mechanism of which, however, is quite similar to antimicrobial actions, 

such as interacting with the cell membrane to increase the permeabilisation of the 

plasma membrane or form transmembrane pores (Wang et al., 2016).  For example, 

magainin is able to kill Paramecium caudatum, and cathelicidin can kill 

Caernohabditis elegans (Wang et al., 2016). 

As the first line of innate immunity, AMPs have the potency to work with a variety of 

defence effectors in a synergistic mechanism in order to modulate immune response 

and accelerate the clearance rates of pathogens. Human α-defensins, for example, can 
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enhance innate anti-cancer and anti-viral immunity actions by stimulating Th1-

dependent cellular responses (Teixeira et al., 2012).  

It is also reported AMPs have contraceptive potential and the contraceptive efficacy of 

nisin has been tested under both in vitro and in vivo conditions. In vitro, a concentration 

of 300–400 μg nisin is effective in completely inhibiting human sperm motility within 

20s with a dose- and time- dependent effect. The in vivo test on the oestrus cycle of rats 

also indicates the complete arrest of sperm motility, casing no pregnancy of treated 

groups (Aranha et al., 2004). 
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1.4 Aims and objectives of this thesis 

The aims of this thesis are to isolate, obtain and identify a novel peptide precursor–

encoding DNA from the skin secretion of Odorrana livida by shotgun cloning, reverse 

phase high performance liquid chromatography (RP-HPLC) and mass spectrometry 

(MS), followed by solid-phase peptide synthesis (SPPS) in order to obtain synthetic 

replicates. Then the identity and purity of the synthetic peptide will be confirmed by 

RP-HPLC and MS for further research. 

Potential activities of this novel peptide will be assessed, such as antimicrobial activity, 

haemolysis activity, anticancer activity, protease inhibition and smooth muscle 

contraction/dilation, with the possibility to reveal mechanisms of these actions and 

structure-activity relationships (SAR). In addition, the toxicity and stability of this 

peptide will be tested for future therapeutic applications.  

Efforts should be made to master the experimental techniques such as molecular 

cloning, RP-HPLC, MS, SPPS, subsequent bioactive assays and all the instruments 

involved in these. Besides, the data processing and analysis skills should also be 

developed during this one-year of postgraduate study.    
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CHAPTER 2  Molecular Cloning of the cDNA      

Encoding the Precursor of QUB-2052 
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2.1 Methods 

2.1.1 Specimen biodata and secretion harvesting 

Adult specimens of wild green mountain frog, Odorrana livida, were captured in China. 

They were maintained in a purpose-designed amphibian facility in the Medical and 

Biology Centre, Queen’s University Belfast, at 20-25℃ under a 12h-light/12h-dark 

cycle, and were fed multivitamin-loaded crickets three times per week for at least 4 

weeks prior to secretion harvesting. 

The dorsal skin surface was stimulated by gentle transdermal electrical stimulation (6V 

DC;4 ms pulse-width; 50 Hz) through platinum electrodes for two periods of 20s. The 

resultant viscous white secretion was washed from the skin with deionised water, snap-

frozen in liquid nitrogen, finally lyophilised and stored a -20 ℃ before analysis. All 

procedures were subjected to ethical approval and carried out under appropriate UK 

animal research personal and project licenses. 

2.1.2 mRNA isolation from lyophilised skin secretion 

Performing the extraction of polyadenylated (poly-A) nRNA from the eukaryotic total 

RNA was the premise of utilising a Dynabeads® mRNA DIRECT™ Kit (Invitrogen, 

Lithuania). The whole procedure is based on the principle of A-T base pairing, meaning 

that the poly-A tail of mRNA from the sample can combine specifically with the bead-

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

At first, 5mg lyophilised skin secretion from Odorrana livida, was transferred into a 

1.5ml RNase-free tube containing 1ml Lysis/Binding Buffer, followed by a 20min 

vortex in total with a 1-min ice cooling in each 1min interval so as to obtain the 

undegraded mRNA. Afterwards, the sample lysate was centrifuged at 18,000 × g for 
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5min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany) to obtain the clear 

sample lysate and the supernatant was stored in an ice bath until the beads were ready 

for use. 

Thoroughly-resuspended 250 μl Dynabeads Oligo (dT) 25 were transferred into a new a 

1.5ml RNase-free tube placed on a magnet. After discarding the storage buffer 

completely and removing the tube from the magnet, the beads were resuspended and 

washed in 250 μl fresh Lysis/Binding Buffer by gentle shaking, followed by discarding 

the buffer in the same practice.  

The clear sample lysate was transferred into the tube containing pre-washed beads, and 

the mixture was gently shaken for 1min with a subsequent 30s ice cooling. This cycle 

would take a total of more than 15min to ensure full hybridisation between the poly-A 

tail mRNA and oligo-dT beads.   

After binding, the tube was placed on the magnet for a complete discard of the 

supernatant and 500 μl Washing Buffer A washed the remaining beads/mRNA complex 

three times and 500 μl Washing Buffer B twice. The magnet was used to separate the 

beads from the suspension between each washing step. Subsequently, the tube received 

18 μl Tris-HCL (10 mM) dropwise and a gentle flick was performed to make sure that 

all beads were immersed in the elution solution.  Then the tube was incubated in a 

heating block at 80℃ for 2min and was immediately placed on the magnet. The 

supernatant containing the mRNA was carefully transferred into a new Rnase-free PCR 

tube and stored on ice immediately. 

2.1.3 cDNA library construction 

An BD SMART™ RACE cDNA Amplification Kit (BD Bioscience Clontech, UK) 

was applied in the first strand cDNA library construction and primary DNA 
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amplification. The methodology of this SMART RACE technology is similar to the 

traditional reverse transcription, while the major difference is the joint usage of BD 

SMART™ A Oligonucleotide and novel BD Power ScriptTM Reverse Transcriptase 

(BD RTase). 

For preparing both 3’-RACE ready cDNA library and 5’-RACE ready cDNA library, 

the following components (Table 2.1 and 2.2) were added into each new PCR tube 

before a brief vortex and centrifugation. 

Table 2.1 The templates and primers used in 3’-RACE cDNA reactions 

Component Final Volume Final concentration 

RNA sample 4 μl 40% 

3’-RACE CDS Primer (10 μM)* 1 μl 1 μM 

 

Table 2.2 The templates and primers used in 5’-RACE cDNA reactions 

Component Final Volume Final concentration 

RNA sample 3 μl 30% 

5’-RACE CDS Primer (10μM)** 1 μl 1 μM 

BD SMART oligo (dT) (10 μM)*** 1 μl 1 μM 

*3’-RACE CDS Primer sequence: 

5'–AAGCAGTGGTATCAACGCAGAGTAC(T)30V N–3' (N = A, C, G, or T; V = A, 

G, or C) 

**5’-RACE CDS Primer sequence: 

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

***BD SMART oligo (dT) sequence: 

 5'–AAGCAGTGGTATCAACGCAGAGTACGCGGG–3' 
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All tubes were incubated at 70℃ for 2 min and cooled down on ice for another 2 min. 

The other reagents (Table 2.3) were added into the tube and mixed completely which 

was then flicked and centrifuged briefly to collect all contents at the bottom without 

bubbles. 

Table 2.3 The other reagents used in cDNA library construction 

Reagent Final volume Final concentration 

5×First-Strand Buffer 2 μl 1× 

DTT (20 mM) 1 μl 2 mM 

dNTP Mix (10 nM) 1 μl 1 mM 

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

 

After adding all solutions, these tubes were incubated in the Thermal Cycler (Applied 

Biosystems, UK) at 42℃ for 90 min to complete the reverse transcription reaction and 

followed by a dilution of adding 50 μl PCR water to each tube when the incubation was 

finished. Then, the mixture was subjected to additional heat at 72℃ for 7 min to correct 

faults in the reaction. At this point, 3’- and 5’- RACE ready cDNA libraries were 

obtained and stored in a -20℃ freezer.   

2.1.4 3’-rapid amplification of cDNA ends (RACE) PCR 

This procedure was performed by using the BD SMARTTM RACE cDNA 

Amplification Kit (BD Bioscience Clontech, UK). The following components (Table 

2.4) were combined and mixed completely for the RACE-PCR reaction. 
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Table 2.4 The components of one RACE-PCR reaction 

Component Final Volume Final concentration 

PCR water 3.1 μl - 

dNTP Mix (10 mM) 0.2 μl 0.2 mM 

Sense Primer (20 μM)* 0.5 μl 1 μM 

Nested Universal Primer (NUP) (20 

μM) 

0.5 μl 1 μM 

10× Advantage 2 PCR Buffer 1.5 μl 1.5× 

50× Advantage 2 Polymerase Mix 0.2 μl 1× 

3’-RACE ready cDNA library** 5 μl - 

* The sequence of the degenerate Sense Primer was:  

5’-GAWYYAYYHRAGCCYAAADATG-3’ 

** 3’-RACE ready cDNA library was substituted with the same volume of PCR water 

in the negative control group. 

All the reaction PCR tube contents were mixed, flicked and centrifuged briefly to 

collect all contents at the bottom without bubbles. The target cDNAs were amplified 

using the following PCR cycles (Table 2.5) 

Table 2.5 The cycles of RACE PCR 

Number of cycles Procedure Temperature Time 

1 cycle Initial denaturation 96 ℃ 1 min 

40 cycles Denaturation 96 ℃ 20 s 

 Annealing Annealing 

temperature 

10 s 

 Extension 60 ℃ 4 min 

1 cycle Final extension 72 ℃ 10 min 

1 cycle Preservation 4 ℃ 7 min 
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2.1.5 Gel electrophoresis 

Conventional agarose gel electrophoresis was applied to analyse the PCR products and 

1.25% w/v agarose gel was used for all the gel analysis in this study. 

At first, 0.45g agarose powder (Invitrogen, UK) and 35ml fresh prepared 1× 

Tris/Borate/EDTA (TBE) buffer (Invitrogen, UK) were measured and mixed by heating 

as well as by discontinuously light shaking until agarose was completely dissolved. 

When the molten gel cooled to the room temperature, 2.5 μl of 10 mg/ml Ethidium 

Bromide (EB) (Sigma-Aldrich, USA) was added to the above mixture and gently 

swirled to mix thoroughly. All dissolved contents were poured into the gel 

electrophoresis tank rid of generating air bubbles and left to solidify for about 30 min, 

after which, both gel-forming gate and 8-well comb were taken away and sufficient 

running buffer (1× TBE Buffer) was filled to submerge the solid gel.  

Then, 1.5 μl of each PCR reaction product was mixed with 0.5 μl Loading Dye 

(Promega, USA) evenly and loaded into each well of the gel. 0.5 µg/lane 100bp DNA 

ladder (BioLabs, UK) was spotted into a new slot as well, serving as a marker to 

measure the size of DNA fragments. Subsequently, electrodes were charged at 90v for 

about 30 min, followed by band detection and photographic image recording under the 

UV trans-illuminator BioDoc-It® Imaging System (NVP, Cambridge, UK). 

2.1.6 PCR product purification 

An E.Z.N.A.® Cycle Pure Kit (Omega Bio-Tek, USA) was employed to purify PCR 

product, in which DNA was bound to silica-based filter membraned during washing 

steps and eluted for collection. 
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The PCR product was fully mixed with quintuple CP Buffer and transferred into one 

HiBind® DNA mini column, followed by a centrifugation at 15,000 × g for 1 min in an 

Eppendorf Centrifuge 5424 (Eppendorf, Germany). After discarding all the flow-

through, 700 μl DNA Washing Buffer was perfused into the cartridge to wash the 

membrane, and the column was centrifuged at 15,000 × g for 1 min to discard the flow-

through, followed by an addition wash by another 500 μl DNA Washing Buffer in the 

same practice. After the washing step, the column was again centrifuged at 18,000 × g 

for 2 min to remove the buffer completely. 

Before DNA elution, a new clean DNase-free 1.5ml tube replaced the previous holding 

tube in washing step. Then 30 μl PCR water was added directly onto the centre of the 

cartridge. After incubation at room temperature for 2 min, the DNA solution was 

collected by the 1-min centrifugation at 18,000 × g. Finally, prior to storage at -20℃ 

sealed with parafilm, the purification product was concentrated on a concentrator 

(Eppendorf, UK) for 1h to drive water away thoroughly. 

2.1.7 Ligation 

In this step, a pGEM®-T Easy Vector system (Promege, USA) was utilised to finish the 

ligation of RACE PCR purified product. The DNA with A at both ends of the strand 

could bind to and insert into the site of the pGEM®-T Easy Vector with T via A-T base 

pairing. 

The dried PCR product from section 2.1.6 was resuspended into 8 μl PCR water by 

vortex, collected at the bottom by brief centrifugation and placed on ice to cool. This 

cycle was repeated five times for DNA preparation.  
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The following prepared reagents (Table 2.6) were combined in a new DNase-free PCR 

tube, after which, the complex was incubated at 4℃ overnight (16-20h) for maximum 

number of transformants. 

Table 2.6 The components of the ligation reaction 

Component Final volume Final concentration 

2× Rapid Ligation Buffer* 2.5 μl 1× 

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

Prepared resuspended PCR product 1.5 μl - 

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

* 2× Rapid Ligation Buffer was vigorously vortexed without centrifugation because 

ATP involved was unstable to heat resulted from spin and ions in the buffer may 

precipitate during this process. 

* *Due to fragment circular structure, pGEM®-T Easy Vectors should not be mixed by 

vortex, but centrifugation was allowed for gathering. 

2.1.8 Transformation 

For selecting transformants, the 100 Unit/ml LB agar plates containing a final 

concentration of 100μg/ml of ampicillin (AMP) were prepared. Subsequently, 110 μl of 

isopropyl β-D-1-thiogalactopyranoside (IPTG) (0.1 M) (Promega, USA) and 20 μl 5-

bromo-4-chloro-3-indolyl-β-D-galactopyranoside (X-Gal) (50mg/ml) (Promega, USA) 

were spread onto the surface of the agar plate. Those plates were activated by 

incubation at 37℃ for 30 min before use. 

The JM109 High Efficiency Competent E. coli cells (>108 CFU/µg) (Promega, USA) 

were taken from -80℃ storage and allowed to thaw on ice. After thawing, 2.3 μl of 

ligation products were mixed with competent E. coli cells in a new DNase-free 1.5ml 
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tube. They were mixed by gentle flicking and were kept on ice for 20 min, after which a 

heat shock of 42℃ for 47s was performed with a subsequent ice cool for 2 min. Then, 

950 μl S.O.C medium (Invitrogen, USA) was added into each tube gently and cells 

were placed in the 37℃ shaking incubator for 1.5h. After this incubation, 100 μl (80-

120 μl) transformation suspension was spread evenly on each prepared 

LB/AMP/IPTG/X-Gal plate (replicate=5) and all plates were incubated upside down at 

37℃ overnight (16-24h) for bacterial culture and DNA amplification. 

2.1.9 White and blue screening & isolation of recombinant plasmid DNA 

The colonies containing recombinant plasmid DNA were of a white colour and were 

sampled using a sterile inoculation loop. Each colony was inoculated onto a separate 

area on the spare LB/AMP/IPTG/X-Gal plate by drawing the continuous line 

resembling ‘Z’. After the inoculation was finished, the recombinant cells were 

incubated for another 16-24h for subculture and further selection. 

The desired pure white colonies were picked up by autoclaved tips and scraped into a 

series of labelled 1.5ml tubes containing 20 μl PCR water. After resuspending the cells, 

all tubes were placed at 100℃ for 5 min and immediately transferred onto ice for 

another 5 min. Finally, the tubes were vortexed for 30s to destroyed cell membranes 

completely and stored in -20 ℃. 

2.1.10 Cloning PCR of plasmid DNA 

The isolated products of recombinant DNA in section 2.1.9 were thawed and 

centrifuged at 18,000 × g for 5 min to collect the supernatant. In order to validate and 

amplify the plasmids extracted from competent E. coli cells, another PCR reaction was 

performed and each reaction PCR tube contained the reagents shown in Table 2.7. 
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Table 2.7 The components of the cloning PCR reaction 

Component Final volume Final concentration 

5× Cloning Buffer 10 μl 1× 

dNTP Mix (10 mM) 1 μl 0.2 mM 

M13 Forward Primer (20 μM) 2.5 μl 1 µM 

M13 Reverse Primer (20 μM) 2.5 μl 1 µM 

PCR Water 31 μl - 

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

DNA supernatant 2.5 μl - 

 

All the reaction PCR tube contents were mixed, flicked and centrifuged briefly to 

collect all contents at the bottom without bubbles, after which, they were subjected to 

the following PCR programme (Table 2.8). The cloning PCR products were placed in -

20℃ storage afterwards and needed to be thawed and centrifuged briefly before use. 

Table 2.8 The cycles of Cloning PCR 

Number of cycles Procedure Temperature Time 

1 cycle Initial denaturation 94 ℃ 1 min 

31 cycles Denaturation 94 ℃ 30 s 

 Annealing 55 ℃ 30 s 

 Extension 72 ℃ 3 min 

1 cycle Final extension 72 ℃ 3 min 

1 cycle Preservation 4 ℃ 7 min 

 

2.1.11 Gel electrophoresis & selected cloning PCR products purification 

The products of cloning PCR were subjected to gel analysis as described in section 

2.1.5. The selected PCR products were then purified and washed according to the same 

protocol as described for 3’-RACE PCR products in section 2.1.6. 
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2.1.12 Sequencing reaction 

A BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, USA) was 

utilised in the DNA sequencing reaction in which the sequence was detected by 

fluorescence during DNA extension and termination process. 

The following components (Table 2.9) were mixed for each sequencing PCR reaction 

and were subjected to the PCR programme (Table 2.10). Finally, the sequencing 

products were stored at -20℃. 

Table 2.9 The components of the sequencing PCR reaction 

Component Final volume Final concentration 

PCR Water 12.4 μl - 

M13 Forward or Reverse 

Primer (3.2 µM) 
1.14 μl 0.16 µM 

2.5× Ready Mix 2.86 μl 0.33 × 

5× Sequencing Buffer 3.57 μl 0.81 × 

DNA template 1.8-2.5 μl - 

 

Table 2.10 The cycles of Sequencing PCR 

Number of cycles Procedure Temperature Time 

1 cycle Initial denaturation 96 ℃ 1 min 

 Denaturation 96 ℃ 20 s 

30 cycles Annealing 55 ℃ 10 s 

 Extension 60 ℃ 4 min 

1 cycle Preservation 4 ℃ 7 min 
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2.1.13 Ethanol precipitation 

Each extension product was mixed with 72 μl 95% ethanol (Sigma-Aldrich, USA) and 

transferred to a new 1.5 ml tube containing 10 μl PCR water. All contents were 

vortexed (30s), kept stationary at room temperature (20 min) and then centrifuged 

(20,000 × g for 20 min) in an Eppendorf Centrifuge 5424 (Eppendorf, Germany) to 

discard the supernatant immediately and completely. Another precipitation step was 

performed in a similar practice: the DNA precipitate was resuspended by 260 μl 70% 

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

Centrifuge 5424 (Eppendorf, Germany); the supernatant was removed again as 

complete as possible. Afterwards, all tubes were placed into the concentrator 

(Eppendorf, UK) and vacuum-dried for 3-4 h to volatilise all ethanol. 

2.1.14 Sequencing 

The dried DNA samples were dissolved in 10.3 μl highly-deionised formamide (HiDi), 

vortexed for 30s and centrifuged at 20,000 × g to gather samples. All contents were 

kept at 95℃ for 4.5min and transferred immediately on ice for another 3.5min. Finally, 

all liquid from each sample tube was loaded carefully into the corresponding well of a 

96 well Thermal Cycler (ThermoFisher Scientific, USA) without any air bubbles, after 

which, this sample plate was sequenced by an ABI 3730 automated sequencer (Applied 

Biosystems, USA). 

 

2.2 Results 

A novel cDNA encoding a peptide biosynthetic precursor was successfully cloned from 
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the Chinese Large Green frog, Odorrana livida, skin secretion-derived cDNA library 

using the specific degenerate primer combined with a NUP primer in molecular cloning. 

The open reading frame of this novel peptide precursor consisted of 62 amino acid 

residues encoded in a transcript of 340 bp cDNA. The architecture of the translated 

open-reading frame of the peptide precursor could be divided into four domains: 1) the 

N-terminal end began with a putative signal peptide containing 22 amino acid residues, 

2) followed by an acidic residue-rich (E,D) spacer region; 3) a typical propeptide 

convertase processing site, –KR-, preceding 4) a putative mature peptide sequence of  

18 amino acid residues, 5) after which is a C-terminal extension peptide (Figure 2.1). 

The novel mature peptide was named QUB-2052 systematically, reflecting its 

molecular mass of 2052 Da. 

A BLAST search of this structure through the online National Centre for 

Biotechnological Information (NCBI) portal used the full-length translated open 

reading frame amino acid sequence and the corresponding cDNA sequence, 

respectively. According to the BLAST results, the open reading frame of this novel 

peptide precursor contains a highly- conserved signal peptide domain and this AMP 

belongs to the odorranain peptide family. Detailed alignments of the top ten BLAST 

results were obtained by the Clustal Omega (a computer programme to perform 

alignments of user-input sequences), and this novel peptide precursor and 

corresponding  cDNA sequence display relatively high sequence identity (Identity: 

77%–90% and 87%-92%, respectively, including the best hit) with those from either 

Odorrana or Rana species (Figure 2.2). 
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Figure 2.1 The nucleotide sequence and translated open reading frame amino acid 

sequence of the full-length novel cloned cDNA encoding the biosynthetic peptide 

precursor of QUB-2052 from Odorrana livida. The putative signal peptide is double-

underlined; the mature peptide is single underlined; and the stop codon is indicated by 

an asterisk. 
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Figure 2.2 The alignments of top results from BLAST analysis of the full-length 

translated open reading frame amino acid sequence (A) and the cDNA sequence (B) 

using the Clustal Omega database. The accession numbers and sources are shown at the 

front of each sequence. The asterisks represent identical amino acid residues in each 

sequence, while the (:) and (.) indicate high similarity and low similarities, respectively. 
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CHAPTER 3  Peptide Synthesis, Identification             

and Purification 
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3.1 Methods 

3.1.1 Solid-phase peptide synthesis (SPPS) 

QUB-2052 was synthesised efficiently by the TributeTM Peptide Synthesiser (Protein 

Technologies, USA). The unequivocal primary structure of QUB-2052 was as follows: 

AVPLIYNRPGIYAPKRPK-NH2.  

All dry amino acids required were used in a 4-fold molar excess over the desired molar 

quantity in order to assure the purity and accuracy of product.  In detail, 1.2 mmol for 

every amino acid was weighed separately into acetone-cleaned amino acid vials, each 

mixed with 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate 

(HBTU) in equal proportion. The rink amide resin was utilised as the solid phase due to 

amidation at the C-terminus, weighed in the same molar quantity as the final product 

(0.3 mmol) and transferred into the reaction vessel.  

After loading the carousel with amino acids, a reaction vessel start and stop position 

were selected as were and the coupling programmes for each amino acid. The process 

and reagents involved in SPPS are illustrated in Table 3.1. Nitrogen, a vortex and a 

vacuum are indispensable during the whole synthetic procedure. In detail, the Fmoc 

amino acids were dissolved in Dimethylformamide (DMF), and the Fmoc groups were 

removed from the amine group using 20% piperidine in DMF. Then, the amino acid 

was coupled with a free carboxyl group of the former amino acid in the presence of 

HBTU and 1M of N-Methylmorpholine (NMM) in DMF. After fully washing away the 

remaining amino acid and other reagents from the previous reaction, another 

deprotection process was carried out for preparing the next amino acid coupling 

reaction. 
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 Table 3.1 The main synthetic cycles of SPPS 

Step Action Reagent 

1 Wash resin  DMF 

2 Deprotect N-terminus  Piperidine/DMF(1:4) 

3 Wash resin DMF 

4 Activate C-terminus, mix and couple NMM/DMF(11:89) 

Finally, degassed dichloromethane (DCM) was employed for washing the peptide/resin 

complex after the synthetic reaction, which was followed by drying the complex in a 

vacuum desiccator overnight. 

3.1.2 Peptide cleavage 

The dried peptide/resin complex was transferred into a round-bottomed flask containing 

a cleavage cocktail (25ml/g: 94% TFA, 2% TIS, 2% EDT, 2% water)*, followed by the 

cleavage reaction at room temperature for at least 4 h with a magnetic stirrer. 

Subsequently, the solution was filtered and the flow-through was concentrated by 

rotary evaporation to reach a final volume around 5 ml. Finally, 45ml diethyl-ether 

(Et2O) were added into the concentrated solution for peptide precipitation in a 50ml 

universal tube overnight at -20 ℃.  

*  Trifluoroacetic acid (TFA), Thioanisole (TIS), 1,2-Ethanedithiol (EDT) 

3.1.3 Washing and lyophilisation 

The universal tube was centrifuged at 2,500 × g for 5 min (Eppendorf, UK) to collect 

the precipitated peptide at the bottom. Another 45 ml Et2O were refilled and the 

washing step was repeated three times, after which the peptide was air-dried, and the 

remaining ether was evaporated at room temperature. 

The dried peptide was dissolved in an appropriate volume of Buffer A (99.95% H2O 

and 0.05% TFA) and Buffer B (80% acetonitrile, ACN, 19.95% H2O and 0.05% TFA). 
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Only when the peptide was hard to dissolve completely was Buffer B added and the 

final volume was about 15-20 ml, followed by lyophilisation.  

3.1.4 Identification and purification of QUB-2052 

The lyophilised peptide was subjected to MALDI-TOF MS analysis to examine the 

purity and accuracy of SPPS. Further purification of QUB-2052 was performed using 

RP-HPLC. 

3.1.4.1 Isolation of crude QUB-2052 by reversed-phase high performance liquid 

chromatography (RP-HPLC) 

At first, 1mg of crude lyophilised peptide was dissolved in a 1.5ml tube with 500 μl 

Buffer A and 500 μl Buffer B. Then after a 5-min vortex, the tube was centrifuged at 

18,000 × g for 5 min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany) and the 

clear supernatant was the analyte. 

Before sample injection, an HPLC column (Jupiter C18, 5μm particle, 300A pore, 

250mm×10mm, Phenomenex, UK) attached to the Cecil Adept CE4200 HPLC system 

(Amersham Biosciences) was equilibrated in Buffer A for at least 30 min. Then the 

column was eluted with a linear gradient from 100% A: 0% B to 0% A: 100% B in 80 

min at a flow rate of 1 ml/min with a simultaneous 214nm wavelength detection. The 

fractions at each peak were collected separately in tubes and utilised for identification. 

Finally, Buffer B was pumped to wash the column for 30 min. 

3.1.4.2 Identification by matrix-assisted laser desorption ionisation time-of-flight 

(MALDI-TOF) mass spectrometry 

The Voyager Biospectromery MALDI-TOF mass spectrometer (Voyager, USA) used 

for the peptide identification was in positive detection mode. 2 μl of HPLC fractions 
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were loaded and spotted separately onto the MALDI ground-steel target plate and after 

air-drying, 1 μl excess matrix solution (10mg/ml) containing α-cyano-4-

hydroxycinnamic acid (CHCA) dissolved in 20% ACN/0.1% TFA water solution was 

also spotted onto the plate. Then the dried plate was placed into the mass spectrometer, 

and the substances in the HPLC were identified according to their mass-to-charge ratios 

(m/z). The crude peptide solution was also subjected the MALDI-TOF MS analysis in 

order to determine the existence of target peptide QUB-2052 in the SPPS product. 

With the combination of MALDI-TOF identification and RP-HPLC isolation, a 

relatively pure peptide was obtained and subjected to subsequent bioassays. 

 

3.2 Results 

3.2.1 Identification and purification of QUB-5052 

Synthetic QUB-2052 was subjected to RP-HPLC for purification and the 

chromatogram is shown in Figure 3.1. The indicated peak was further identified by 

MALDI-TOF MS (Figure 3.2) to examine the existence and purity of the desired 

product, which is shown in Figure 3.2. The observed molecular mass of the peptide in 

that peak was 2052.82 Da which was consistent with QUB-2052. The physicochemical 

characteristics of QUB-2052 were predicted by the online server PepCalc, including 

extinction coefficient, net charge and isoelectric point (Table 3.1). 
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Table 3.1 Physicochemical properties of QUB-2052. This result is available online at 

http://www.pepcalc.com/.  

 Extinction coefficient Net charge (pH7) Isoelectric point 

QUB-2052 2560 M-1cm-1 +5 pH 11.46 

 

Figure 3.1 The RP-HPLC chromatogram of the synthetic product. According to the 

results of MALDI-TOF mass spectrum, the peak arrowed represents the desired peptide, 

QUB-2052.  

 

 

 

 

 

 

http://www.pepcalc.com/


51 

 

 

 

Figure 3.2 The MALDI-TOF mass spectrum of the peptide peak indicated in Figure 3.1. 

The m/z of single-charged QUB-2052 was 2053.82.   

3.2.2 Secondary structure prediction for QUB-2052 

The secondary structure of QUB-2052 was predicted by the online server I-TASSER, 

one of the most successful protein structure prediction methods in the community-wide 

CASP (Critical Assessment of protein Structure Prediction) experiments. The 

secondary structure of QUB-2052 mainly consists of random coil together with a small 

proportion of strand conformation, among which no helical structure was observed 

(Figure 3.3). The optimal model of the predicted secondary structure further illustrates 

that QUB-2052 has a strong propensity for the coil conformation (Figure 3.4).   
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Figure 3.3 The predicted secondary structure of QUB-2052 using the assistance of the 

online protein secondary structure prediction server I-TASSER. This result is available 

online at http://zhanglab.ccmb.med.umich.edu/I-TASSER/output/S316281/n3c8xi/.  

 

Figure 3.4 The optimal predicted structural conformation of QUB-2052 using the 

online server with a confidence score (C-score) of -1.69. The estimated TM-score is 

0.51±0.15, while the estimated RMSO is 3.9±2.6 Å. This result is available online at 

http://zhanglab.ccmb.med.umich.edu/I-TASSER/output/S316281/n3c8xi/.  

  

http://zhanglab.ccmb.med.umich.edu/I-TASSER/output/S316281/n3c8xi/
http://zhanglab.ccmb.med.umich.edu/I-TASSER/output/S316281/n3c8xi/
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CHAPTER 4  Evaluation of Biological Activity                               

of QUB-2052 
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4.1 Methods 

4.1.1 Antimicrobial assays 

Three model microorganisms were used in this study including the Gram-positive 

bacterium (Staphylococcus aureus), the Gram-negative bacterium (Escherichia coli) 

and the fungi (Candida albicans) to evaluate the antimicrobial activity of synthetic 

QUB-2052.  

4.1.1.1 Minimum inhibitory concentration (MIC) assay 

Each microorganism was inoculated into a glass flask containing 20ml of Muellar 

Hinton Broth (MHB) and incubated overnight (16-20h) at 37℃ in an orbital incubator. 

After incubation, 500μl of cell cultures were transferred into 20ml of pre-warmed 

sterilised MHB medium and incubated at 37℃ until the subcultured organisms reached 

their respective logarithmic growth phases, which could be measured by a UV 

spectrophotometer (λ=550 nm) when the optical density (OD) of the subculture 

suspension reached the desired value below (Table 4.1). Subsequently, each suspension 

was diluted by an appropriate volume of pre-warmed MHB and mixed evenly to 

achieve the acquired concentration of 5×105 cfu/ml (cfu represents colony form unit). 

Table 4.1 The desired OD values of the three microorganisms used 

Microorganism OD value Concentration (cfu/ml) 

S. aureus 0.23 108 

E.coli 0.41 108 

C.albicans 0.15 5×106 

 

The stock solution of QUB-2052 was prepared in dimethylsulphoxide (DMSO) and a 

two-fold dilution was used to obtain a series of gradient concentrations from 512 to 1 
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(× 102) μM. Then, 1 μl of the peptide solutions at different concentrations with five 

replicates were transferred into corresponding wells of the 96-well plate and mixed 

with 99 μl adjusted bacterial suspension, making up sample groups. Due to the ten-time 

dilution, the final concentration of the peptide is 512 to 1 μM. The other three groups 

were utilised in this assay as illustrated in Table 4.2. 

Table 4.2 The contents of the experimental group tubes (n=5) 

Group name Composition 

Growth control group 100 μl adjusted bacterial suspension 

Sterile group 100 μl fresh MHB 

Vehicle group 1 μl DMSO and 99 μl adjusted bacterial 

suspension 

 

 The 96-well plate was transferred into the 37 ℃ incubator overnight after the mixing in 

the shaking incubator for 15 min. The plate was then observed perpendicularly that 

slots containing clear liquid represented no bacterial growth. On the other hand, for 

further detection, the absorbance of each well was monitored by the Synergy HT plate 

reader (Biotek, USA) at 550 nm wavelength and the viability of cells was calculated 

according the formula:  

(ODSample-ODSterile)/ (ODGrowth-ODSterile) ×100%. 

According to the viability result, the lowest concentration of QUB-2052 that prevented 

the visible growth of a bacterium was determined as the MIC value. 

4.1.1.2 Viable cell counting 

To enumerate the number of bacteria used in MIC assay, 100 μl adjusted bacterial 

suspension was mixed with 900 μl phosphate-buffered saline (PBS) solution (pH 7.4) 
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and ten-fold dilutions were made another five times from 10-1 to 10-6 M. 20 μl of each 

diluted cell suspension with 3 replicates spotted separately onto the prepared Mueller 

Hinton Agar (MHA) plate. Prior to incubation at 37 ℃ overnight, all liquid drops were 

air-dried. Finally, the microorganism colonies at countable dilution concentrations were 

counted in each drop, and the exact concentrations of bacteria were calculated using the 

following formula:  

C=N/3×50×D, 

where N represented the total quantity of the bacteria at a particular concentration while 

D represented the dilution factor. 

4.1.1.3 Minimum bactericidal concentration (MBC) measurement 

The clear solutions in sample groups of MIC assay with different concentration of 

QUB-2052 were chosen for the assessment of MBC. 20 μl solution from each clear 

well was spotted onto a spare dried MHA plate, followed by incubation for about 6-8h. 

The MBC value was the lowest concentration of QUB-2052 where no colonies grew. 

4.1.2 Haemolysis assay 

At first, 2 ml fresh defibrinated horse blood (TCS Bioscience Itd, UK) was transferred 

into a 50 ml universal tube and centrifuged at 930 × g for 5 min to discard the 

supernatant and harvest erythrocytes at the bottom. These blood cells were washed with 

30 ml autoclaved PBS solution (pH 7.4) by gentle orbital shaking and then centrifuged 

(930 × g, 5 min) to discard the supernatant. This washing step was repeated until the 

supernatant was clear. Then, the universal tube was refilled with PBS solution (pH 7.4) 

to the final volume of 50 ml to obtain an even 4% (v/v) erythrocyte suspension after 

gentle shaking. 
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The stock solution of QUB-2052 was prepared in PBS solution (pH 7.4), and a two-fold 

dilution was used to obtain a series of gradient concentrations from 512 to 1 (× 2) μM. 

Then, 200 μl of the peptide solutions at different concentrations with five replicates 

were transferred into corresponding 1.5 ml tubes and an equal volume of 4% 

erythrocyte suspension was added slowly into each tube, making up sample groups. 

Due to the two-time dilution, the final concentration of the peptide is 512 to 1 μM. The 

other two groups utilised in this assay are shown in Table 4.3. Subsequently, all tubes 

were incubated at 37 ℃ for 2h (Genlab Limited, UK). 

Table 4.3 The components of the additional experimental groups (each n=5) 

Group name Composition 

Negative control group 200 μl PBS and 200 μl erythrocyte suspension 

Positive control group 200 μl 2% Triton X-100 and 200 μl erythrocyte suspension 

 

After incubation, all tubes were centrifuged at 930 × g and 100 μl supernatant from 

each tube was transferred into corresponding wells of the 96-well plate. Finally, the 

absorbance of supernatants was detected at 570 nm wavelength by the Synergy HT 

plate reader (Biotek, USA) and the viability of cells was calculated according the 

formula:  

(ODSample-ODNegative)/ (ODPositive-ODNegative) ×100%. 

4.1.3 Anti-cancer cell proliferation assay 

Four model cell lines were utilised for this bioassay, the source and basic media for 

which are shown in Table 4.4. 

 



58 

 

Table 4.4 The essential information on the four cancer cell lines 

Cell line Tumour type Basic medium 

MDA-MB-435s Melonoma DMEM with high glucose 

NCI-H157 Non-small cell lung cancer RPMI-1640 

U251MG Human neuronal glioblastoma DMEM with high glucose 

PC-3 Human prostate cancer RPMI-1640 

All cell lines were cultured in the complete medium composed of corresponding basic 

medium, 10% Foetal Bovine Serum (FBS) and 1% Penicillin and Streptomycin (PS). 

4.1.3.1 Resuscitation of frozen cell lines 

The frozen cancer cell vials were taken from -80℃ freezer storage and thawed in a 37℃ 

water bath (Grant JB Aqua 12, UK) by gently shaking. All the cell suspension was 

transferred into a 75cm2 flask filled with 10ml pre-warmed fresh complete medium, 

which could dilute out the DMSO existing in the stock solution. Finally, the culture 

flask was incubated at 37℃ in an atmosphere containing 5% CO2 and 95% humidity 

overnight after cell examination by an inverted microscope. 

4.1.3.2 Cell subculture and passage 

It is necessary for cell growth to have sufficient nutrients so the depleted medium was 

removed and replaced with fresh medium, before which, the adherent cells were 

washed by 10ml pre-warmed PBS solution (pH 7.4) gently. In detail, 12ml fresh 

complete medium was added into the flask and mixed gently. After checking the 

confluence condition of cells under the microscope, the flask continued to be incubated 

in a 37℃, 5% CO2 incubator. 

When the confluence of cells was over 80%, separating cells to grow in a new 

environment is of great importance. To be specific, following the same method, the 

depleted medium was discharged, and the adherent cells were washed with PBS 
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solution (pH 7.4). Subsequently, 1ml Trypsin solution was added into the culture flask 

to digest and detach the monolayer cells with several-minute incubation. Prolonged 

exposure will damage surface receptors so cells should be observed closely and 

incubated for less than 5 min. Then ten-fold volume (10ml) of complete medium were 

added to terminate the trypsinisation and this was gently pipetted to disperse the 

adherent cells, after which all the suspension was transferred into a 15ml universal tube 

and centrifuged at 300× g for 5 min. The supernatant was discarded carefully, and the 

cell pellet was suspended in 5ml complete medium, 2ml of which was transferred into a 

new 75cm2 flask with 10ml fresh complete medium followed by incubation. 

4.1.3.3 MTT cell proliferation assay 

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

covered 90% of the surface of the culture flask. 

Cell quantification 

The previous procedures including cell washing, digestion, transfer, centrifugation and 

discarding of medium were the same as those in cell passage. An appropriate volume of 

complete medium according to the size of the cell pellet was added into the universal 

tube followed by gentle pipetting. Then, 50 μl cell suspension and an equal volume of 

Trypan Blue were mixed and 50 μl of this colour mixture was loaded onto the AS1000 

Improved Neubauer haemocytometer (Hawksley, UK). The distribution of living cells 

(unstained) was observed and counted under the microscope, and three squares were 

used for cell quantification. All cells existing in the culture could be quantified 

according to the formula: concentration of cell lines (cells/ml) =N/3×D×104, where N 

represented the number of counted cells, while D represented dilution factor (D=2, 

Trypan Blue: cells=1:1, v/v). Finally, the volume of cells suspension and fresh 
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complete medium were calculated to achieve the desired concentration of 5×103 

cells/well/100 μl. 

Plate seeding 

An appropriate volume of cell suspension and medium were mixed and diluted to the 

final concentration of 5×104 cells/ml. Subsequently, 100 μl samples of diluted cell 

culture was added into each slot of the 96-well plate, after which, the cancer cell line 

was incubated in a 37℃, 5% CO2 incubator for 24h. 

Cell starvation 

The nutrient medium in the incubated plate was discarded and replaced by 100 μl FBS-

free medium for each well of the plate. The cultured cells were starved for 6-12h. 

Dosing 

At first, 5 mg QUB-2052 was weighed and dissolved in enough DMSO to obtain a 

stock solution with a final concentration of 10-2 M. Then the stock solution was 10-fold 

diluted with FBS-free medium to achieve a series of working concentrations ranging 

from 10-4 M to 10-9 M. 

All liquid in the cultured plate was discarded completely and 100 μl of peptide dilutions 

at each concentration were loaded with five replicates in the 96-well plate. In addition, 

100 μl FBS-free medium was added as a blank group, while an equal volume of 0.1% 

DMSO solution was used as a vehicle control. Before 24h incubation in 37℃/CO2 (5%) 

incubator, the status of cancer cells in the 96-well plate was observed under the 

microscope. 
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MTT assay 

At first, 10 μl MTT solution (5mg/ml) was added into each well in a dark environment 

and the plate was incubated for another 4-6h under the same incubation conditions. 

When the incubation was finished, all the supernatant was removed from the plate well 

and 100 μl DMSO was added into dissolve the purple formazan crystals. Finally, the 

absorbance of each well could be measured by the Synergy HT plate reader (Biotek, 

USA) at 570 nm wavelength. 

4.1.4 Smooth muscle pharmacological assay 

4.1.4.1 Experimental materials 

Four tissues, namely bladder, ileum, uterus and proximal rat tail artery, were removed 

from adult Wistar rats, which were obtained from breeding facilities based in the 

Animal House of Queen’s University. They were placed in ice-cold Kreb’s solution 

immediately after isolation from the rat body and then cut to appropriate size to be 

mounted on the transducer of an organ bath where the isolated tissue preparations were 

immersed. 

Kreb’s solution containing 118 mM NaCl, 4.7 mM KCl, 25 mM NaHCO3, 1.15 mM 

NaH2PO4, 2.5 mM CaCl2, 1.1 mM MgCl2 and 5.6 mM glucose were prepared to imitate 

the internal environment and to protect dissected tissues. A gas mixture containing 95% 

O2 and 5% CO2 was vented through this solution for at least 10 min before use. 

QUB-2052 was dissolved in Kreb’s solution to achieve a series of working 

concentrations ranging from 10-3 M to 10-9 M. Meanwhile, bradykinin and 

phenylephrine were utilised as different control agents: the working concentration of 

the former was 10-3 to 10-9 M, while that of the latter was 10-3 M. 
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4.1.4.2 Experimental protocols 

Smooth muscle assay 

All dissected tissues were equilibrated under the basic tension around 0.5g (except 

0.75g for the bladder) for 10 min, and spontaneous contraction was observed after a 

wash out period by 37 ℃ Kreb’s solution at a flow of 2 ml/min for 15 min. The peptide 

dose responses were then performed following applications of QUB-2052 in the range 

of 10-11 – 10-5M by perfusing 20 μl 10-9 -10-4 M peptide solution to each 2 ml organ 

bath in 8-min internal. However, for rat tail artery, 20 μl 10-3 M phenylephrine was 

added into the organ bath prior to peptide dosing to contract the tissue first for the 

subsequent BK-induced relaxation. After observing the influence of various 

concentrations on smooth muscles for about 8 min, a washing step was then performed. 

Bradykinin inhibition assay 

The washing and equilibration steps were performed the same as the protocol described 

above. Then the positive control was operated and observed by adding 20 μl 10-9 to 10-3 

M working solution of bradykinin following the sequence from low to high 

concentration in 8-min interval. After sufficient washing and equilibration, 20 μl 10-4 M 

peptide solution was then perfused and 10 min later, a series of concentrations of 

bradykinin were added in the same way, followed by the wash out period. However, for 

rat tail artery, a 15-min bath in 10-3 M phenylephrine was required before perfusing 

gradient bradykinin solutions. 

4.1.5 Trypsin inhibitory assay 

QUB-2052 was dissolved in PBS solution (pH 7.4), and the ten-fold dilution was 

performed to obtain a series of working solutions with four different concentrations: 10-
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3, 10-4, 10-5 and 10-6M. Meanwhile, the trypsin was dissolved in 1 mM HCl to achieve 1 

μg/ml working solution, and the substrate stock solution (10mM in DMF) was diluted 

with appropriate volume of PBS solution (pH 7.4) to achieve 50 μM working solution. 

The sequence of the substrate was Z-Gly-Gly-Arg-AMC (616.67 g/mol), and Km was 

73.6 μM based on the previous data. 

After the preparation of above reagents, three groups, namely blank groups, positive 

control groups and sample groups, were utilised in this assay (Table 4.5). The sample 

groups were characterised by sixteen different concentrations of the peptide each with 

two replicates. In detail, each peptide working solution was subdivided into another 

gradient with four concentrations: 20 μl, 15 μl, 10 μl and 5 μl of particular peptide 

solution was mixed respectively with corresponding volumes of PBS to obtain a total 

volume of 20 μl, together with 180 μl substrate working solution and 10 μl trypsin 

working solution. The same practice was operated for the other three peptide solutions. 

All reagents were loaded into the opaque 96-well plate due to instability of the substrate 

to light, and the reaction was then monitored by the FLUOstar OPTIMA Microplate 

Reader (BMG LABTECH, Germany) in the following 30 min to detect the fluorescence 

of the digested substrate. 

Table 4.5 The components of the additional control experimental groups (n=8) 

Group name Composition 

Blank group 20 μl PBS,180 μl substrate (50 μM) + 10 μl HCl (1mM) 

Positive control group 20 μl PBS,180 μl substrate (50 μM) + 10 μl Trypsin (1μg/ml) 
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4.2 Results 

4.2.1 Antimicrobial and haemolytic activity of QUB-2052 

QUB-2052 possessed moderate antimicrobial activities against three model 

microorganisms, Staphylococcus aureus (a Gram-positive bacterium), Escherichia coli 

(a Gram-negative bacterium) and Candida albicans (a fungi) at a series of 

concentration up to 512 μM. The peptide concentration-microorganism viability results 

are displayed in Figure 4.2, while the MIC and MBC values are summarised in Table 

4.6. QUB-2052 exhibits a stronger antimicrobial potency against the fungi (C.albicans) 

with an identical MIC and MBC value at 128 μM.  

Figure 4.2 The concentration-viability relationship of QUB-2052 against S.aureus, 

E.coli and C.albicans. Viability is calculated against the growth control group (the 

microorganism culture without the treatment of QUB-2052), and each data point 

indicates the mean ± S.E.M of three replicates.  
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Table 4.6 The MIC and MBC values of QUB-2052 against S.aureus, E.coli and 

C.albicans. 

 MIC/μM MBC/μM 

S.aureus E.coli C.albicans S.aureus E.coli C.albicans 

QUB-2052 512 512 128 512 - 128 

 

Meanwhile, QUB-2052 was found to have low haemolytic activity on horse 

erythrocytes: haemolysis was below 10% at concentrations up to 512 μM (Figure 4.3); 

QUB-2052, therefore, exhibits high selectivity and low toxicity.  

 

Figure 4.3 The haemolytic activity of QUB-2052 on horse erythrocytes. The error bars 

indicate the mean ± S.E.M of five replicates. 

4.2.2 Anti-proliferative activity of QUB-2052 on human cancer cells 
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The concentration of 10 μM QUB-2052 was employed in the MTT cell proliferation 

preliminary assay and four model cell lines, namely MDA-MB-435s (melanoma), NCI-

H157 (non-small cell lung cancer, U251MG (human neuronal glioblastoma) and PC-3 

(human prostate cancer), were utilised in this assay. However, screening results showed 

that there was little QUB-2052 inhibition of cell proliferation of these four cancer cell 

lines (Figure 4.4). 

Figure 4.4 The screening results of MTT cell proliferation assay. Each column 

represents the mean ± S.E.M with three replicates, and * indicates student t-test of each 

sample group against the corresponding blank group (non-peptide treatment group): 

*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, ns=no significant difference.  

4.2.3 Smooth muscle pharmacological activity of QUB-2052 

Four tissues were employed to evaluate smooth muscle pharmacological activity of 

QUB-2052. The concentrations of 100 μM QUB-2052 and 100 μM bradykinin (BK) 

were utilised in the preliminary assay, and this peptide may only inhibit the bradykinin-

induced relaxation of rat-tail artery that required further investigation (Table 4.7). 
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In further assay, QUB-2052 was found to possess moderate activity in inhibiting the 

relaxation of the smooth muscle of rat-tail artery induced by a final concentration range 

of BK from 10-11 to 10-5 M (Figure 4.5). The efficacy of the BK-induced relaxation 

decreased dramatically, though the EC50 changed from 12.31 nM to 5.42 nM. 

Table 4.7 The screening results of smooth muscle pharmacological assays. (– indicates 

that no tension changes were observed on tissues compared with non-peptide 

incubation groups, while + represents a positive result.) 

Tissue Smooth muscle activity Bradykinin inhibition 

activity 

Bladder - - 

Ileum - - 

Uterus - - 

Tail artery - + 

Figure 4.5 The dose-response curve of the bradykinin-induced tension changes of rat-

tail artery in the absence or presence of 1 μM QUB-2052. The data points indicate the 

mean ± S.E.M with 7 replicates.  

4.2.4 Trypsin inhibitory activity of QUB-2052 
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QUB-2052 displayed no inhibition of trypsin activity (Figure 4.6) at concentrations up 

to 95.24 μM, and the inhibitor constant, Ki, calculated based on the original data, was 

98.74 μM. 

Figure 4.6 The result of the trypsin inhibition assay with two replicates. Each data 

point was plotted by peptide concentration (μM) on the X-axis and the fluorescence 

intensity of the digested substrate on the Y-axis. 
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CHAPTER 5  Discussion 
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5.1 Findings in this study 

In this study, a novel cDNA encoding a biosynthetic peptide precursor was isolated and 

identified from the skin secretion of the Chinese green mountain frog, Odorrana livida. 

The deduced mature peptide, QUB-2052, consisted of 18 amino acid residues, 

AVPLIYNRPGIYAPKRPK-NH2, and was identified as a member of the odorranain 

family with the potential host defensive function. 

According to the alignment result, the full-length translated open reading frame of this 

novel precursor shares high sequence and structural similarity to the previous reported 

peptides from other species:  beginning with the N-terminal signal peptide domain, the 

precursor is then made up of acidic spacer and typical convertase processing site, –KR-, 

to release the following C-terminal mature peptide. According to the blast alignment 

results, QUB-2052 was identified as a member of the odorranain peptide family. 

Interestingly, the functional mature peptide sequences in different peptides are quite 

varied even in the same family, while the signal peptide regions are remarkably highly-

conversed among different families (Zhou et al., 2006b, Li et al., 2007, Yang et al., 

2009, Tazato et al., 2010, Iwakoshi-Ukena et al., 2011, Konig et al., 2015). This may 

indicate that the similar signal peptide regions and the corresponding nucleic acid 

sequences, acting as the fingerprint, reveal the evolutionary relationship and the shared 

common ancestor among even the seemingly distantly related species. On the other 

hand, the intensive diversity of the functional mature peptides may arise from the rapid 

response to the various and fast-changing detrimental microorganisms under selective 

pressure, considering multiple habits different species may encounter  (Conlon et al., 

2004, Li et al., 2007). This discovery is of taxonomic and phylogenetic importance: 

traditionally, morphological features and fossil records serve as the common 
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classification standard for amphibians; the determination of the sequence of the peptide 

precursors, thus, can become a complementary analytic criterion on a molecular level 

(Conlon et al., 2009, Suzuki et al., 2007).  In addition, in the light of the highly-

conserved N-terminal preproregion, the degenerate primers can be designed and applied 

for the further screening of novel AMPs from other species (Zhou et al., 2006a). 

In the antimicrobial assay, QUB-2052 showed a moderate inhibition effect on the three 

model microorganisms, namely Staphylococcus aureus (the Gram-positive bacterium), 

Escherichia coli (the Gram-negative bacterium) and Candida albicans (the fungi), with 

MIC values of 512, 512 and 128 μM, respectively. Unlike most AMPs, QUB-2052, 

predicted by the online server I-TASSER, has a secondary structure based on the strand 

and coil conformation without a typical amphipathic region, such as α-helix or β-sheet, 

which is considered to play a crucial role in interacting with the target membranes 

(Teixeira et al., 2012). This seemly contradictory phenomenon can be explained by the 

reason that peptides lacking the stable secondary structures in aqueous environments 

may tend to form the amphipathic conformations in membrane-mimetic solutions, and 

this assumption should be further determined by circular dichroism (CD) and nuclear 

magnetic resonance (NMR) (Conlon et al., 2009). In addition, this novel peptide 

displays remarkably high similarity to odorranain-O1 from the frog Odorrana grahami, 

with amino acid residues substitutions at positions 13 and 14: A14 replaces V13, while 

P14 replaces T14. On the contrary, no antimicrobial propensity was observed for 

odorranain-O1, which possibly reveals the key amino acids of the antimicrobial activity 

(Li et al., 2007).  

Meanwhile, QUB-2052 displayed a stronger inhibition activity on the fungi with a 

lower MIC value, and the explanation behind this has not been investigated as yet.  

Differing from the cell wall structures of Gram-positive and Gram-negative bacteria, 
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most fungi have a cell wall consisting largely of chitin and other polysaccharides 

(Figure 5.1). Hence, chitin, the characteristic component, may be the target binding 

molecule for QUB-2052 to enhance the selective interaction with C.albicans efficiently 

(Pushpanathan et al., 2012). 

Figure 5.1 The cell wall structures of (a) Gram-positive bacteria, (b) Gram-negative 

bacteria, and (c) fungi (Brown et al., 2015). 

General speaking, QUB-2052 and some other frog skin AMPs do not display a 

significantly strong antimicrobial activity against microorganisms relevant to human 

diseases, though much attention is attached to them as lead compounds for novel anti-

infection agents (He et al., 2012). One possible reason for their relatively low activity is 

the assumption that secreted AMPs are rapid defensive agents against invasion by 

pathogenic microorganisms to amphibians, not necessarily relating to clinical 

pathogens of humans. For instance, peptides from the brevinin-1, ranatuerin-1, 

ranatuerin-2, ranalexin, esculentin-1, esculentin-2, palustrin-3 and temporin families are 

effective against B. dendrobatidis, a fungus causing the skin disease, chytridiomycosis, 

and the global population decline among amphibians (Voyles et al., 2009, Conlon et al., 

2004). This bioactive property, however, is of less therapeutic importance for human 

well-being. In addition, some researchers have provided another probable hypothesis 

that symbiotic microbes are an indispensable part of amphibian host defence systems, 
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and natural selection may reduce the antimicrobial potency of the secreted peptides for 

these symbiotic bacteria to help their survival on the skin surface (Harris et al., 2009). 

Another hypothesis behind the relatively weak antimicrobial activity of QUB-2052 is 

that AMPs protect the species and defend the host innate system in ways other than 

merely antimicrobial functions. Usually, AMPs with weak antimicrobial activities have 

a tendency to have high antioxidant properties (He et al., 2012). This is because 

amphibians encounter the higher levels of radiation than other vertebrates due to direct 

exposure of their naked skins and radiation injury may occur by directly attacking the 

genetic material and/or by generating reactive oxygen species (ROS) (Yang et al., 

2009). In addition, the structure-activity relationships of the antioxidant properties of 

peptides isolated from Rana pleuraden indicates that some amino acid residues in the 

peptide sequence, such as methionine (M), tyrosine (Y), tryptophan (W), proline (P) 

and free cysteine (C), contribute a lot and the substitution of these residues may 

intensively eliminate or even completely destroy the original antioxidant activity (Yang 

et al., 2009). In this study, the sequence of QUB-2052 is AVPLIYNRPGIYAPKRPK-

NH2, where the proline and tyrosine make up a large proportion; consequently, one 

could speculate that QUB-2052 may serve as an antioxidant agent. This assumption 

should be investigated and determined by further experiments, such as the free radical 

scavenging or reducing power assay. The additional or alternative biological functions 

of QUB-2052 displayed in the host defence system of Odorrana livida cannot be 

ignored and are worthy to be researched as well. 

Turning now to the haemolysis activity, a significantly low cytotoxicity on horse 

erythrocytes was observed for QUB-2052: the haemolysis rate was below 10% at 

concentrations up to 512 μM, indicating the high selectivity and low toxicity of this 

novel peptide. Such low haemolysis can be explained by the low hydrophobicity of 
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QUB-2052 (GRAVY=-0.667). Usually, increasing overall hydrophobicity would 

enable peptides to penetrate deeper into the hydrophobic core of the red blood cell 

membrane, causing stronger cytotoxicity against mammalian blood cells by forming 

pores or channels (Chen et al., 2007, Conlon et al., 2011). Besides, some researchers 

claim that the C-terminal intramolecular disulphide bridge in AMPs may have no effect 

on the antimicrobial activity, but potentially contribute a lot to the haemolysis activity 

(He et al., 2012, Ma et al., 2010). This can be another reason supporting the low 

haemolysis propensity of QUB-2052, for there is no cysteine in the sequence.  

Moving on now to consider the smooth muscle pharmacological effect of QUB-2052, it 

possesses no direct myotropic action on the four tissue preparations, not only in 

contraction of the rat bladder, ileum and uterus, but also in vasorelaxation on the rat 

artery. In the BK-inhibition assay, after the pre-incubation of QUB-2052 at a 

concentration of 10-6 M, a significant reduction of the BK-induced vasorelaxant activity 

on the phenylephrine pre-constricted rat tail artery was observed at a concentration 

range of BK from 10-10M to 10-5M. Though QUB-2052 could not reduce the potency of 

BK, it could moderately lower the efficacy.  As a result, QUB-2052 can be regarded as 

a novel BK antagonist. Usually, the BK antagonists isolated from amphibian skin 

secretions display a high similarity in their sequences with canonical mammalian 

bradykinin (RPPGFSPFR). These antagonists are slightly structurally different from 

BK in diverse extensions on N- or C- terminals, post-translational modifications or/and 

amino acid substitutions (Table 5.1). These modifications may allow peptides to occupy 

the BK receptors, preventing BK from interacting with receptors and fulfilling its 

activity. Though it is still unclear in the explicit functions of various terminal 

extensions, they are believed to reduce the degradation by enzymes to prolong the 

interaction time of these peptides as ligands with target receptors and occupy the BK 
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receptors more firmly (Xiang et al., 2016). Besides, in the sequence of the canonical 

mammalian bradykinin, Arg1, Pro2, Gly4, Phe5, Pro7, Phe8 and Arg9 contribute a lot to 

its biological activity; hence, amino acid substitutions could enhance or reduce the 

potency and even alter an agonist into an antagonist (Xi et al., 2015). However, QUB-

2052 shows little structural similarity to BK in sequence and it is believed to belong to 

an AMPs family due to the highly-conversed signal peptide domains compared with 

other AMP precursors. Indeed, QUB-2052 exhibits moderate antimicrobial activity and 

surprisingly it can inhibit the BK-induced relaxation in the rat tail artery as well. The 

mechanism behind the BK antagonism and which types of the receptor QUB-2052 can 

inhibit are still unknown and these aspects are worthy of exploration. BK is considered 

to be an important inflammatory factor in inflammatory pain, and two main typical 

receptors are B1 and B2 receptors, acting as G-protein coupled receptors (GPCRs) (Lyu 

et al., 2014, Yang et al., 2016). Though B1 and B2 receptors have different 

distributions and ligand structure/activity requirements, the stimulation or inhibition of 

receptors will lead to many pathophysiological disorders (Lyu et al., 2014, Xiang et al., 

2016). As a result, QUB-2052 can serve as a template for a novel anti-pain or anti-

inflammatory agent due to its antagonism against BK. 
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Table 5.1 Some examples of BK antagonists. The partial sequences of each antagonist 

similar to canonical mammalian BK are underlined. 

Name Sequence Function Reference 

RAP-L1, T6, L8-

BK 
RAPLPPGFTPLR 

BK B2 receptor 

antagonist on the rat 

tail artery 

(Xiang et al., 

2016) 

Amolopkinins W1  

Amolopkinins W2 

RVALPPGFTPFR 

RAALPPGFTPFR 

BK antagonist  on the 

rat ileum  
(Zhou et al., 2009) 

RVAL-(L1, T6, 

L8)-BK 
RVALPPGFTPLR 

an antagonist of BK-

induced rat tail artery 

via the B2-receptor 

(Shi et al., 2014) 

kinestatin pEIPGLGPLR-NH2 

BK B2 receptor 

antagonist on the rat 

tail artery 

(Chen et al., 2003) 

5.2 Future work and trends  

AMPs have numerous therapeutic advantages compared with conventional antibiotics, 

such as novel structures, multi-targeted mechanisms, low propensity for resistance 

development and broad activity spectrums against bacteria, fungi, virus and even cancer. 

They are considered to have a prospect as immunomodulatory agents as well. Hence, 

AMPs have a bright future both clinically and commercially. So far, a few AMPs have 

been selected for clinical development. For instance, Locilex®, isolated from the skin 

of the African Clawed Frog, has finished its clinical trial and is utilised against 

infections of diabetic foot ulcers (Gottler and Ramamoorthy, 2009). More AMPs are in 

different stages of preclinical or clinical trials, and an overview was presented by a 

recent review by Lakshmaiah (Lakshmaiah Narayana and Chen, 2015).  In addition, 

statistics show that peptide-based drugs achieved global sales of more than US$14.1 

billion in 2011. Though the market share is low among the whole drug market, the 
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peptide-based section is growing faster than the ethical pharmaceutical sections, and 

global sales are estimated to reach US$25.4 billion in 2018 (Craik et al., 2013, 

Fosgerau and Hoffmann, 2015). 

Despite multiple therapeutic advantages and promising market prospects, some issues 

should be taken into consideration when applying these peptides in therapeutic practice 

as complementary or alternative treatments.  The clinical applications of AMPs are 

usually restricted to topical administration for skin infections or mucous membrane 

infections due to their non-selectivity and high toxicity (Chen et al., 2006).  In this 

study, QUB-2052 is an ideal template for the development of a novel anti-infective 

agent for systemic administration due to its low haemolysis effect and moderate 

antimicrobial activity. By exploiting the structure activity relationship (SAR), this 

novel peptide can be modified to retain its low toxicity and enhance the antimicrobial 

potency. For instance, considering the low hydrophobicity of QUB-2052 (GRAVY=-

0.667), one could increase the hydrophobicity by amino acid substitutions or adding 

side chains to facilitate the self-association and the amphipathic conformation of QUB-

2052 for better anti-infective activities. But the hydrophobicity increase should be 

controlled within certain limits, because excessive hydrophobicity over threshold would 

give rise to a higher toxicity towards host cells and an undesirable decrease in 

antimicrobial propensity (Teixeira et al., 2012). In addition, AMPs can be loaded into 

nanoparticle systems composed of target-delivery materials, such as polymers, 

liposomes, hydrogels, nanospheres, nanocapsules and carbon nanotubes (Lakshmaiah 

Narayana and Chen, 2015). As a result, many efforts should be devoted to enhance 

therapeutic efficacy, minimise side effects and improve patient compliance. 

Another problems is in the inherent instability of most peptides resulting in a short 

circulating plasma half-life, and these molecules  tend to lose functions in in vivo tests 
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and display reduced bioavailability (Marr et al., 2006).  In this case, the secondary 

structures of peptides, such as folding, can be enhanced to reduce their degradation by 

enzymes. Also, polyethylene glycol (PEG)-ylation is another strategy to increase the 

circulation time by limiting the elimination of peptides (Fosgerau and Hoffmann, 2015), 

but clinical safety nevertheless should be carefully evaluated. In addition, compared 

with linear peptides, cyclic peptides have limited conformational flexibility to avoid 

enzymatic degradation and low toxicity due to their benign amino acid structures (Zorzi 

et al., 2017). In some antimicrobial cyclic AMPs, such as telavancin and oritavancin, a 

heptapeptide core is present to anchor them to the target cell membrane, increase 

interaction time and eventually extend the circulating plasma half-time (Klinker and 

Borgert, 2015).  

There still exist other hurdles lying in the way of AMPs in clinical trials. For example, 

SPPS is the mainstream for peptide synthesis both in basic laboratory research and 

mass production for clinical uses, but the consumption of harsh organic solvents causes 

a great environmental impact. Thus, it is an urgent task to find alternative but more 

green reagents (da Costa et al., 2015). Though the recombinant synthesis technology 

springs up as another alternative method, the subsequent purification of recombinant 

peptides is neither cost-efficient nor simple enough in most cases (Bommarius et al., 

2010). Besides, how to transport and store these relatively unstable preparations is 

another problem. However, with the advancement of various technologies, most 

shortcomings will be conquered, and AMPs will be taken full advantage of as a 

promising source of novel therapeutic agents. 

In summary, QUB-2052, a novel bioactive peptide isolated from Odorrana livida skin 

secretions, possesses moderate antimicrobial effects on model microorganisms and acts 

as a BK antagonist on the rat tail artery. Meanwhile, no anticancer properties and 
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trypsin inhibition propensity were observed. There are still some meaningful issues 

requiring intensive study, such as the determination of conformation by CD and NMR, 

the SAR between QUB-2052 and its antimicrobial activity, additional functions in the 

host defence system, the BK antagonism mechanism and so on. To enhance its 

bioactive functions and develop it into a safe and effective drug with the combination 

of structural modifications and pharmaceutical technologies is a long-term task. 

Unfortunately, time limitations resulted in the inability to perform these further 

investigations. 
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