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Abstract 

Frog skin plays an important role in daily survival and antimicrobial peptides (AMPs) 

from frog skin secretions form the first line of defence against microbial infection. Due 

to their special antimicrobial mode of action, it is harder for bacteria to generate 

resistance to them. As a result, AMPs are regarded as potential candidates for treating 

bacterial infections.    

In this thesis, a novel bioactive peptide, QUB-2575, was discovered by constructing a 

cDNA library for the purpose of “shotgun” cloning from Pelophylax kl. esculentus (P. 

kl. esculentus) skin secretions. According to the deduced primary structure of QUB-

2575, it was defined as a brevinin-1 family peptide. QUB-2575 showed antimicrobial 

and anticancer activity but also had haemolytic activity. The minimal inhibitory 

concentrations (MICs) of QUB-2575 against three tested microorganisms, S. aureus, 

E. coli, and C. albicans, were 2 μM, 8 μM, and 4 μM, respectively. The half inhibitory 

concentrations (IC50) of QUB-2575 against the four tested human cancer cell lines, 

MB435S, U251MG, H157 and PC-3, were 3.04 μM, 3.65 μM, 3.53 μM and 4.26 μM, 

respectively. The haemolytic activity of QUB-2575 was determined using horse red 

blood cells. QUB-2575 was haemolytic with an HC50 of 23.48 μM. QUB-2575 

exhibited 0.72%, 7.97% and 16.38% haemolysis at the MIC (2 μM) against S. aureus, 

the MIC (4 μM) against C. albicans and the MIC (8 μM), against E. coli, respectively. 
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Chapter 1 Introduction

1.1 General introduction to anurans 

1.1.1 Anuran skin functions 

Amphibians are widely distributed in different ecological niches on the Earth because 

of their unusual and unique evolutionary history from aquatic to terrestrial habitats. 

The word ‘amphibian’ derives from the Ancient Greek ‘amphibios’ meaning ‘living a 

double life’. Amphibia can be divided into three orders, including Anura, Caudata, and 

Gymnophiona. The order Anura includes frogs which have long legs and smooth skins, 

and toads which have short legs and tough skins. Anuran skins and their glands play a 

crucial role in their daily survival like respiration, water regulation, excretion, 

temperature control, reproduction, camouflage and anti-predator, anti-microbial and 

anti-fungal activities (Clarke, 1997). Most land-dwelling anurans have granular 

abdominal skins which increase total skin surface area for water absorption from the 

outside. Mucopolysaccharides covering the skin surface, help maintain viscosity and 

humidity. Apart from preserving water, anuran skins absorb 20%-85% oxygen via 

passive diffusion (Boutilier and Shelton, 1986). There are some lungless anurans like 

the Bornean frog, Barbourula kalmantanensis, (family Discoglossidae) which totally 

breathe by their skins (Bickford et al., 2008). The skin secretions of anurans are not 

only sticky but also toxic or repulsive which provide opportunities for anurans to 

escape from predators. The toxic venoms exert effects through the mucosa in predators’ 

mouths or through the blood stream (Evans and Brodie, 1994).      
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1.1.2 Anuran cutaneous glands    

According to different skin structures and ultrastructures, anuran cutaneous glands can 

be distinguished into four main types: granular glands, mucous glands, lipid glands 

and mixed (granular and mucous) glands. Granular and mucous glands are two 

fundamental glands among anurans. Granular glands are responsible for producing 

toxic venoms which, generally speaking, contain substances like peptides, guanidine 

derivatives, biogenic amines, steroids and alkaloids. These substances play a defensive 

role in protecting anurans from the adverse environment (Toledo and Jared, 1995). 

Mucous glands are the most common type of glands among anurans. These glands are 

usually involved in fundamental physiological activities like cutaneous respiration, 

reproduction and thermoregulation (Toledo and Jared, 1995). For example, 

mucopolysaccharides released continuously from the mucous glands are especially 

important for some desert anurans to maintain moist skins (Elkan, 1968).  

Macroglands like paratoid, lumbar, hedonic and pectoral glands, are formed by the 

clustering of granular glands in some areas. For example, macroglands in the 

leptodactylid frog Physalaemus nattereri, which form a pair of black discs, discourage 

a potential predator attacking through visual impression. The lumbar glands are also 

capable of releasing toxic venoms when the predators keep attacking (Lenzi‐Mattos et 

al., 2005).  
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The mixed glands are constituted by mucous cells and serous cells. Mucous cells are 

capable of producing glycoproteins, sulphated and carboxylated acid mucosubstances 

and serous cells are responsible for producing proteins (de Almeida et al., 2007). 

1.1.3 Bioactive compounds in anuran skin secretions 

1.1.3.1 Alkaloids 

Over 800 alkaloids have been discovered from amphibians (Daly et al., 2005). 

Alkaloids are used to protect anurans from infections. Most alkaloids in anuran skin 

secretions are believed to come from dietary resources like mites, ants, springtails and 

flies and then accumulate in anuran glands (Daly, 1998). For instance, the captive-

raised frogs fed with alkaloid-dusted fruit flies accumulate unchanged alkaloids 

exclusively into the skin (Daly et al., 1994). However, there are some alkaloid sources 

still remaining a mystery. Many factors like species, specificity of uptake systems and 

prey viability may affect the alkaloid profiles among different anurans (Daly, 1998).  

Batrachotoxins were first isolated from the Colombian arrow poison frog, Phyllobates 

aurotaenia, and can be grouped into three major types: batrachotoxin, 

homobatrachotoxin and batrachotoxinin A. The unstable pseudobatrachotoxin will  

convert to batrachotoxinin A (Tokuyama and Daly, 1969). Batrachotoxins work on 

nerve sodium channels potently via depolarising the nerve and muscle membranes. As 

for anurans, they have evolved a modified sodium channel  which will not be affected 

by batrachotoxins (Daly et al., 1980).  
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Histrionicotoxins are the major alkaloids discovered in Central and South American 

dendrobatid frogs, Dendrobates histrionicus. At present, 16 histrionicotoxins have 

been identified and they are thought to come from dietary ant sources (Daly, 1998). 

Histrionicotoxins are low in toxicity but noxious to anuran predators because of their 

bitterness and the blockade of nicotinic pathways. Histrionicotoxins now have been 

widely used in research as non-competitive nicotinic receptor channel blockers.  

Two bicyclic alkaloids were found in Dendrobates pumilio and named pumiliotoxin 

A and B (Daly, 1998). Pumiliotoxins and their congeners are widely distributed in the 

alkaloid-containing anurans (Daly et al., 2005). Pumilotoxins are involved in positive 

sodium channel modulation which afford cardiotonic and myotonic activity (Gusovsky 

et al., 1988).  

Epibatidines, a group of basic and relatively polar alkaloids which were first 

discovered from Epipedobates tricolor, are restricted in certain species of the South 

American dendrobatid genus, Epipedobates (Daly, 1999). Epibatidines are potent 

analgesics and are 200-fold more potent than morphine. Epibatidines have stimulated 

extensive synthetic efforts in developing less toxic nicotinic agonists for potential use 

(Qian et al., 1993).  

There are some other alkaloids like pyrrolidines, piperidines, decahydroquinolines, 

pyrrolizidines, various indolizidines, quinolizidines, tricyclic gephyrotoxins, 

pyrrolizidine oximes, pseudophrynamines, coccinellines and cyclopentaquinolizidines 

which have been identified from anurans.  
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1.1.3.2 Biogenic amines  

Indolealkylamines from anuran skin secretions include 5-hydroxytryptamine and its 

N-methylated derivatives like bufotenin and bufotenidine. Bufotenin and bufotenidine 

are aromatic amines and are widely distributed in amphibian skin secretions. Fourteen 

indolealkylamines working on the central nervous system have been identified from 

toad species, most of which demonstrate some degrees of 5-HT2A receptor selectivity. 

Indolealkylamines can be potentially used in treating various disorders like 

schizophrenia, depression, anxiety, obsessive-compulsive disorders and chronic pain 

conditions (Zulfiker et al., 2016). 

Imidazolealkylamines and the related histamines only appear in certain genera like 

LeptydactyIus, Hyla and Taudactylus. Hydroxyphenylalkylamines, like epinephrine 

and norepinephrine, were found in Bufo. Leptodactyline was first found in the 

Leptodactylus ocellatus (Erspamer, 1971). The epinephrine or norepinephrine in the 

anuran granular glands induce the release of secretions by mediating α-

adrenoreceptors in myoepithelial cells.  

1.1.3.3 Steroids 

Bufadienolides (bufogenins) and their C-3 conjugates (bufotoxins) are widely 

distributed in the parotoid glands and skins of bufonid toads of the Bufonidae family, 

but with exceptions in Melanophryniscus. Cholesterol is a resource for bufonid toads 

to synthesise bufadienolides. Bufadienolides are synthesised through the 

biotransformation of plant, fungi and bacterial cultures. The pharmacological 
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properties of bufadienolides are extensive, including a wide range of activities related 

to Na+/K+-ATPase enzyme blockage, antiangiogenic, hypertensive or anti-

hypertensive, imunosupressive, antiendometriosis, positive inotropic action, a possible 

association with mood control and ethanol addiction in humans (Cunha-Filho et al., 

2010). Bufadienolides can also act as anticancer agents that may kill cancer cells by 

inducing apoptosis. Many experiments have been carried out to evaluate their 

cytotoxic activity towards a variety of cancer cells, including human leukaemia, 

hepatoma, lung carcinoma, gastro-intestinal and breast cancers (Gao et al., 2011). 

1.1.3.4 Peptides and proteins 

Since the first broad-spectrum AMPs, the magainins, were discovered in the African 

clawed frog, Xenpus laevis (Zasloff, 1987), increasing efforts have been made in 

discovering novel peptides and proteins from anurans. In 1990, Bevins & Zasloff 

commented that the frog skin represented a rich source of biochemical compounds 

including novel pharmacologically active peptides, antimicrobial peptides, and even 

novel enzymatically-transformed peptides with D-amino acid isomerisation (Bevins 

and Zasloff, 1990). Frogs were sacrificed to provide skin and skin secretions for 

research in the early days. However, more biologically friendly methods like mild 

electrical stimulation (Tyler et al., 1992) and noradrenaline injection (Svelto et al., 

1977) have been developed to collect skin secretions without hurting frogs.  

Bioactive peptides work unimpaired and simultaneously for anurans’ daily 

physiological functions. Peptides working on the nervous system are classified into 

tachykinins, bradykinins, caeruleins, bombesins, opioids, tryptophyllins and 
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miscellaneous peptides. Most neuroactive peptides are widely distributed in anurans, 

except the opioids (dermorphins) which have been only isolated from South American 

hylid frogs of the sub-family, Phyllomedusinae.  

Antimicrobial peptides (AMPs) form a huge family. According to their secondary 

structures and bioactivities, AMPs can be divided into four categories: 1) linear α-

helical peptides exhibiting general antibacterial activities; 2) cyclic peptides with β-

sheet structures showing antibacterial activities and antifungal in some cases; 3) 

peptides with β-hairpin or looped configurations; 4) the antibacterial and antifungal 

linear peptides rich in certain amino acids (Rahnamaeian, 2011).  

1.1.4 Anuran global decline in recent years 

There has been a dramatic decline in anuran populations in recent years since their 

delicate skins are susceptible to environmental change and pollutions like toxins, 

radiation and disease (Gibbon et al., 2000).  

In 1998, scientists found Batrachochytrium dendrobatidis (B. dendrobatidis) is 

responsible for the decline of some anuran species. Some anurans were highly 

sensitive whose populations met with devastating declines and some were unaffected 

appearing in the environmental reservoirs where B. dendrobatidis existed (Burns et al., 

2016).  

Ultraviolet-B (UV-B) radiation is another factor that has led to the anuran population 

decrease. Some chemical products like chlorofluorocarbons deplete stratospheric 
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ozone continuously, leading to a long-term increase of UV-B radiation at the Earth’s 

surface. The direct contact with UV-B can kill anurans directly by mutations and cell 

death (Blaustein et al., 2003).  

Other factors like invasive species, habitat loss and land degradation may also result 

in the anuran population decline. For example, the endangered Northern leopard frog, 

Lithobates pipiens, has decreased both in abundance and geographic range due to the 

invasion of non-native bullfrogs, Lithobates catesbeianus (Johnson et al., 2011). 

 All in all, these factors work mutually and can be summarised into two parts, the direct 

factors, such as alien species invasion and habitat over-exploitation, and indirect 

factors such as global change (including UV-B radiation and global climate change), 

contaminants and infectious diseases (Collins and Storfer, 2003).  

1.2 Bioactive peptides from skin secretions of the 

family Ranidae  

1.2.1 Neuroactive peptides  

Neuroactive peptides are considered to play essential roles in variety of fundamental 

biological process. Neuroactive peptides are rich in diversity which could be explained 

by their multiple functions (Scharrer, 1987). Since the last century, numerous 

neuroactive peptides have been found in amphibian skin secretions. Neuropeptides are 

an integral part of the frog host-defence system and also assist in the regulation of 

dermal physiological actions. They generally bind to G protein-coupled receptors in 
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central nervous systems and smooth muscles. Frog neuroactive peptides are 

synthesised in the syncytial cells dressing the wall of the granular glands. These 

syncytial cells are capable of cosynthesising, costoring and cosecreting different kinds 

of bioactive compounds (Erspamer, 1981). Five neuroactive peptide families: 

tachykinins, bradykinins, caeruleins, bombesin and miscellaneous peptides have been 

discovered in the family Ranidae (Anura, Amphibia). Neuroactive peptide families 

isolated from ranid skin secretions are shown in Table 1.1 with representative peptides 

and their amino acid sequences.  

1.2.1.1 Tachykinins 

Tachykinins, the largest peptide family, were first found in the South American 

leptodactylid frog, Physalaemus biligonigerus (Anastasi et al., 1964). To date, more 

than 28 types of tachykinins have been identified from amphibian skins. The C-

terminal pentapeptide sequence, -Phe-Xaa-Gly-Leu-Met-NH2, with Xaa being any 

amino acid, is necessary but not enough for bioactivity (Xu and Lai, 2015). Three 

subtypes of tachykinin receptors, NK1, NK2 and NK3 have been discovered. NK1 have 

a high affinity binding with substance P (SP). NK2 binds with neurokinin A and NK3 

binds with neurokinin B. The activation of NK1 leads to a relaxation of blood vessels 

and hypotension. The activation of NK2 results in contraction of blood vessels and 

hypertension (Erspamer, 1981). Moreover, tachykinins play a role in the frog defence 

system by enhancing capillary permeability, inducing profuse salivation, vomiting and 

diarrhoea in predators.  
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1.2.1.2 Bradykinins  

Unlike bradykinins in mammalian blood, bradykinins from anurans are not generated 

by the activation of the kallikrein–kinin system (Bhoola et al., 1992), but are 

synthesised sporadically by frog granular glands. The first amphibian skin bradykinin 

was isolated from the European common frog, Rana temporaria  (Anastasi et al., 1965). 

An intriguing phenomenon about bradykinins among anurans is that the concentration 

of bradykinins among closely related species is totally variable. For example, the 

concentration of bradykinins in Rana temporaria and Rana galamensis were massive, 

but in Rana dalmatina, Rana graeca and Rana latastei, bradykinins were undetectable 

(Roseghini et al., 1989, Roseghini et al., 1988). The biological function of bradykinins 

in frogs remains mysterious, but they show high potency in eliciting contractile or 

relaxant responses in mammalian smooth muscles. Many researchers believe that 

bradykinins protect frogs from being ingested by predators through vomiting reflexes 

by stimulating gastric and oesophageal motility (Conlon, 2013).  

1.2.1.3 Caeruleins  

Caeruleins, first isolated from dried skins of the common Australian White’s tree frog, 

Litoria caerulea (Anastasi et al., 1968), are restricted in species such as Hylarana 

erythraea. The characteristics of caeruleins are the pyroglutamate and tyrosine 

sulphate residues which are essential for these peptides to demonstrate their 

bioactivities. The bioactivities of caeruleins are very similar to mammalian gastrin and 

cholecystokinin (CCK). There are two types of CCK receptors, CCK1 and CCK2. 

Different caeruleins combine with different CCK receptors, leading to a contraction of 
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smooth muscle via different functioning pathways (Bowie and Tyler, 2006). 

Intriguingly, caeruleins are produced seasonally in some species like Litoria splendida 

and Litoria rothii. In the breeding season, the caeruleins are more potent with the 

presence of sulphated residues and in winter and caeruleins are hydrolysed into 

desulphated forms (Sherman et al., 2009).   

1.2.1.4 Bombesins  

Bombesins in amphibians are classified into four groups, including bombesins, 

ranatensins, phyllolitorins and gastrin-releasing peptides (GRPs) which exist in the 

stomach rather than in frog skin secretions (Kastin, 2013). Since the first bombesin 

was identified from Bombina bombina in 1971 (Anastasi et al., 1971), numerous 

bombesins have been discovered from frogs. Bombesins are extremely similar to GRPs 

and neuromedin B in mammals. Bombesins can modulate a wide variety of biological 

activities such as smooth muscle contraction (Nagalla et al., 1995). 

Those peptides with unusual structures and amino acid sequences are designated as 

miscellaneous peptides. Thyrotropin-releasing hormone is normally synthesised in the 

hypothalamus of mammals, functioning as an agent that regulates the secretion of 

thyroid-stimulating hormone from the adenohypophysis. This hormone was originally 

found in the skin of Rana pipiens (Jackson and Reichlin, 1977) 
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Table 1.1 Neuroactive peptide families from Ranidae frogs 

Peptide family 

  -subfamily 

Representative 

peptide  

Amino acid sequence  Reference 

Tachykinins    

-substance P like 

peptides 

Xenopus SP KPRPDQFYGLMa (Johansson 

et al., 2002) 

  -Aromatic tachykinins Physaleamin pEADPNKFYGLMa  (Severini 

et al., 2000) 

-Aliphatic tachykinins Kassinin  DVPKSDQFVGLMa (Anastasi 

et al., 1977) 

Bradykinins  bradykinin RPPGFSPFR (Anastasi 

et al., 1965) 

Caeruleins  Caerulein pEQDY(SO3) TGWMDFa (Anastasi 

et al., 1968) 

Bombesins     

-Bombesins Bombesin pEQRLGNQWAVGHLMa (Anastasi 

et al., 1971) 

-Ranatensins Ranatensin  pEVQWAVGHFMa (Nakajima 

et al., 1970) 

Peptide amino acid sequences are written from the N-terminus to the C-terminus. “a” 

means -COOH at the C-terminus are substituted by -CONH2.  

1.2.2 Antimicrobial peptides (AMPs) 

AMPs are widely distributed in vertebrates and invertebrates forming the first line of 

defence against infections. AMPs in amphibians are thought to be an important part of 

the innate immune system. Most AMPs from amphibians are cationic and amphipathic, 

which facilitate interactions and insertions into the anionic cell wall and phospholipid 

membranes of microorganisms (Bulet et al., 2004). The first anionic peptide, maximin 

H5 isolated from Bombina maxima, was found to restrict the growth of Staphylococcus 

aureus (S. aureus) at a concentration of 80 μM (Lai et al., 2002).  
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The majority of AMPs form amphipathic α-helical conformations when interacting 

with bacterial cell membranes. The bioactivity of AMPs is closely related to global 

structural parameters rather than to the specific amino acid sequence. It is known that 

cationic charge is essential for antimicrobial activity as most bacterial membranes are 

anionic. The amphipathic structure of AMPs allows an optimal interaction with the 

amphiphilic structure of pathogenic bacterial membranes. Another key factor related 

to AMPs bioactivity is their size and sequence. Generally speaking, AMPs are 

approximately 10-50 amino acid residues in length. Factors like the secondary 

structure and overall hydrophobicity have impacts on the potency of AMPs. These 

factors work together. The modification of natural AMPs to the best potency against a 

broad-spectrum of pathogens still remains unsolved (Xiao et al., 2011, Dathe and 

Wieprecht, 1999).  

Most AMPs from Ranidae contain a “Rana box” motif, a heptapeptide domain 

stabilised by a single disulphide bridge at the C-terminus. On the basis of limited 

structural similarity, 15 well-established AMP families have been identified from 

Ranidae (Conlon, 2008). These peptide families and representative peptides are shown 

in Table 1.2. 

1.2.2.1 Temporins  

Temporins, initially identified in 1996 from the skin of the European red frog Rana 

temporaria (Simmaco et al., 1996), are the smallest α-helical AMPs found in Nature 

and lack the “Rana box” motif. Temporins are active against Staphylococcus aureus 

(S. aureus) and Candida albicans (C. albicans).  Some of these are also lethal to Gram-
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negative bacteria and fungi at micromolar concentrations, even those weakly cationic 

peptides. Furthermore, the synergistic antimicrobial effects of temporins with 

conventional antibiotics and their general lack of cytolytic effects, gives them a 

potential  to be applied as temporin-based medicines in the future (Mangoni, 2006).  

1.2.2.2. Nigrocins    

Nigrocins, first isolated from Rana nigromaculata, can be divided into two groups, 

nigrocin-1 and nigrocin-2 peptides, according to their primary structures. These 

peptides manifest a broad spectrum of antimicrobial activity against various 

microorganisms especially to Gram-negative bacteria like Klebsiella pneumoniae and 

Shigella dysenteriae. They are not haemolytic to human cells even when the 

concentration approaches 100 μg/ml (Park et al., 2001).  

1.2.2.3. Japonicins 

Japonicins, isolated from an extract of the skin of the Japanese brown frog Rana 

japonica, can be classified into two families, japonicin-1 and japonicin-2. Japonicin-1 

and japonicin-2 display different bioactivities against Gram-positive, S aureus 

(MIC: >100 μM, 20 μM respectively) and Gram-negative, E. coli. (MIC: 30 μM, 12 

μM respectively) (Isaacson et al., 2002).  

1.2.2.4. Ranacyclins 

Ranacyclins, first found in Rana esculenta and Rana temporaria, have loop regions 

which are homologous with that of an octadecapeptide, peptide Leucine Arginine (pLR) 
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isolated from Rana pipiens skin secretion. The pLR was then ascribed into the 

ranacyclin family with indirect antimicrobial activity by activation of mast cells, 

induction of histamine release and so on. Then following assays performed by ML. 

Mangoni and colleagues, showed that all of these had antimicrobial and antifungal 

activity (Salmon et al., 2001, Mangoni et al., 2003).  

1.2.2.5. Brevinins 

Brevinins were isolated from Rana brevipoda porsa in 1992, including brevinin-1 and 

brevinin-2 families (Morikawa et al., 1992). Most brevinins were discovered from 

ranids. The brevinin-1 family was mainly found from ranid frogs distributed in both 

Eurasia and North America, while brevinin-2 was only found in European ranid frogs. 

In most cases, brevinin-1 family peptides contain 24 amino acid residues. Exceptions 

like deletions of amino acids in the central region can be found (Simmaco et al., 1998). 

The brevinin-2 family has a broad-spectrum antimicrobial activity but the haemolytic 

activity restricts their therapeutic potential. The variable sequence of brevinins can be 

used as a valuable tool for identification and taxonomic classification of ranids 

(Conlon et al., 1999).  

1.2.2.6. Esculentins  

Esculentin was first isolated from Rana esculenta in 1993 (Simmaco et al., 1993). 

Esculentin-1 is a family of frog skin AMPs endowed with the longest chain length (46 

amino acids) with a broad range of antimicrobial activity. Esculentin-2 peptides 
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contain 37 amino acids with high potency against bacteria and with moderate potency 

against yeast (Conlon et al., 2004) 

1.2.2.7. Ranatuerins 

Ranatuerins include two families, ranatuerin-1 and ranatuerin-2, which were first 

isolated from the skin of the bullfrog Rana catesbeiana (Goraya et al., 1998). 

Ranatuerins display growth-inhibitory activity against the Gram-negative bacterium, 

E. coli and the Gram-positive bacterium, S. aureus, but for the pathogenic yeast, C. 

albicans, ranatuerin-1 shows high potency and ranatuerin-2 shows moderate potency 

(Kim et al., 2000, Conlon et al., 2004). Members of the ranatuerin-2 family comprise 

27-35 amino acid residues with non-conserved primary structures.   

1.2.2.8. Ranalexins 

Ranalexins contain 20 amino acid residues with a heptapeptide disulphide bridge, 

which is similar to a peptide antibiotic, polymyxin. It may display antimicrobial 

activity against Pseudomonas aeruginosa through disrupting membrane stability 

(Clark et al., 1994). In addition, ranalexin alone or in combination with other peptides 

is active against Cryptosporidia in vitro (Giacometti et al., 2000).  

1.2.2.9. Palustrins 

Palustrins were first identified in the skin secretions of the pickerel frog, Rana palustris.  

Palustrin-3 has 48 amino acid residues which may be the longest peptide isolated from 

the Ranidae. Besides, the palustrin-3 family exhibits high potency against E. coli 
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(MIC=1 μM) but are inactive on S. aureus and the yeast, C. albicans. Palustrin-1 and 

palustrin-2 show relatively low antimicrobial activities (Basir et al., 2000). 

Table 1.2 AMPs from the Ranidae family 

Peptide family Representative 

peptide  

Amino acid sequence  Reference  

Temporins Temporin A FLPLIGRVLSGILa (Simmaco et al., 

1998) 

Brevinin-1 Brevinin-1 FLPVLAGIAAKVVPALFCKITKKC (Morikawa et al., 

1992) 

(Morikawa et al., 

1992) 

Brevinin-2 Brevinin-2 GLLDSLKGFAATAGKGVLQSLLSTAS

CKLAKTC 

Esculentin-1 Esculentin-1a GIFSKLAGKKIKNLLISGLKNVGKEV

GMDVVRTGIDIAGCKIKGEC 

(Ponti et al., 1999) 

Esculentin-2 Esculentin-2l GILSLFTGGIKALGKTLFKMAGKAGA

EHLACKATNQC 

(Goraya et al., 2000) 

Japonicin-1 Japonicin-1 FFPIGVFCKIFKTC (Isaacson et al., 

2002) 

Japonicin-2 Japonicin-2 FGLPMLSILPKALCILLKRC (Isaacson et al., 

2002) 

Nigrocin-1 Nigrocin-1 GLLDSIKGMAISAGKGALQNLLKVAS

CKLDKTC 

(Park et al., 2001) 

Nigrocin-2 Nigrocin-2 GLLSKVLGVGKKVLCGVSGLC (Park et al., 2001) 

Palustrin-1 palustrin-1a ALFSILRGLKKLGKMMGQAFVNCEIY

KKC 

(Basir et al., 2000) 

Palustrin-2 Palustrin-2a GFLSTVKNLATNVAGTVLDTIRCKVT

GGCRP 

(Basir et al., 2000) 

Palustrin-3 Palustrin-3a GIFDKIIGKGIKTGIVNGIKSLVKGVG

MKVFKAGLNNIGNTGCNEDEC 

(Basir et al., 2000) 

Ranacyclins Ranacyclin T GALRCWTKSYPPKPCKa (Mangoni et al., 

2003) 

Ranalexins Ranalexin  FLGGLIKIVPAMICAVTKKC (Clark et al., 1994) 

Ranatuerins Ranatuerin-1 SMLSVLKNLGKVGLGFVACKINKQC (Goraya et al., 1998) 

Peptide amino acid sequences are written from N-terminus to C-terminus. “a” means -

COOH at the C-terminus are substituted by -CONH2. The disulphide bridges in the 

peptide sequence are shown underlined.  
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1.2.3 Bioactive peptides used as potential therapeutic agents 

An increasing emergence of multi-drug resistant pathogens has aroused people’s 

attention to search for new sources of drugs for treatments. AMPs derived from 

amphibians are one of the major focuses since they are potent and of broad spectrum 

action. 

AMPs from amphibian skin secretions target the microbial membrane and have a 

unique mode of antimicrobial action which may prevent the development of bacterial 

drug resistance. Apart from antimicrobial activity, AMPs can stimulate insulin release, 

lyse mammalian cancer cells and viruses and provoke pro-inflammatory and anti-

inflammatory cytokines (Conlon et al., 2014).  

The advantages of peptides used as drugs compared to traditional small molecule 

medicines are that peptides have better potency, better selectivity and better chemical 

and biological diversity but lower accumulation in tissue and lower toxicities. A 

variant analogue peptide, pexiganan (MSI-78), with only a few amino acid differences 

from magainin 2, has been designed by several companies for clinical use (Craik et al., 

2013).  
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1.3 The hybrid frog, Pelophylax kl. esculentus (P. kl. 

esculentus) 

1.3.1 The hybridogenesis of P. kl. esculentus 

Pelophylax kl. esculentus (P. kl. esculentus, Figure 1.1), originally called Rana 

esculenta, is a medium-sized (6-8 cm) frog inhabiting damp meadows or along the 

edge of streams and ponds. P. kl. esculentus is a natural hybrid between the pool frog, 

Pelophylax lessonae (P. lessonae) and the marsh frog, Pelophylax ridibunda (P. 

ridibunda). P. kl. esculentus are widely distributed throughout Europe. The first P. kl. 

esculentus was produced by the female P. ridibunda and the male P. lessonae 

(Blankenhorn, 1977).  

P. kl. esculentus is developed through hybridogenesis, which means the hybrid 

excludes one of the parental genomes before completion of gametogenesis thus 

producing gametes with one parental genome only (Schultz, 1969). Consequently, the 

hemiclonal reproduction system forced diploid hybrids living in sympatry with one of 

their parental species, upon which they depend for successful reproduction (Pruvost et 

al., 2013). In the wild, three species systems have been found, including lessonae-

esculentus (L-E system) which is the most common system in central and western 

Europe, ridibundus-esculentus (R-E system) and very rarely, esculentus-esculentus 

(E-E system) (Berger, 1966).  
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In the L-E system, which is prevalent in the wild, P. kl. esculentus excludes L (from 

P. lessonae) genomes and produces R (from P. ridibundus) gametes which then 

fertilise with P. lessonae to regain the lost genome. As for R-E system, parental male 

P. ridibunda and female P. kl. esculentus mate then generate P. kl. esculentus 

descendants. The E-E system consists of both diploid (LR) and triploid individuals 

(LLR and/or LRR). The diploid females produce both haploid (R) and diploid eggs 

(RL) whereas triploids produce the haploid gametes they have in double dose 

(Hoffmann et al., 2015). The descendants of European edible frogs from both hybrids 

are non-viable due to the accumulation of deleterious mutations in the transmitted 

genome (Vorburger, 2001).  
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Figure 1.1 Pelophylax kl. esculentus 

(Available at: https://uk.pinterest.com/pin/384072674441860395/, accessed on 13th 

March, 2017) 

1.3.2 The innate immune system of P. kl. esculentus 

Frog skin is an ideal substrate for microorganisms to colonise because it supplies all 

necessary substances for microbes to survive. Innate immunity is especially important 

as the first line of defence against infections. The releasing of abundant AMPs from 

https://uk.pinterest.com/pin/384072674441860395/
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granular glands is a crucial strategy for amphibian daily survival (Woodhams et al., 

2007)   

Innate immunity is a non-specific, in-born reaction which defends against many 

adverse factors. The innate immune system of P. kl. esculentus consists of the 

epithelial barriers, phagocytic cells in the skin, and AMPs produced by the granular 

glands in the skin. Peptides from esculentin, brevinin-1, brevinin-2, temporin-1 and 

ranacyclin families have been isolated from P. kl. esculentus (Table 1.3). The hybrid, 

P. kl. esculentus, performs better than both parental species, P. lessonae and P. 

ridibundus in producing AMPs (Hotz et al., 1999). P. kl. esculentus have most potent 

antifungal activity and the richest peptide diversity compared to both the parental 

species. Hybrid P. kl. esculentus show higher performances in their ability to fight 

against microbes (Daum et al., 2012).  
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Table 1.3 Bioactive peptides isolated from P. kl. esculentus (Daum et al., 2012).  

Peptide Sequence  

Bradykinin  RPPGFSPFR 

Bradykinin fragment 1–7 RPPGFSP 

Bradykinin fragment 1–8 RPPGFSPF 

Brevinin-1E FLPLLAGLAANFLPKIFCKITRKC 

Brevinin-1Ea FLPAIFRMAAKVVPTIICSITKKC 

Brevinin-1Ea VIPFVASVAAEMQHVYCAASRKC 

Brevinin-1Ea FLPLLAGLAANFFPKIFCKITRKC 

Brevinin-1R FFPAIFRLVAKVVPSIICSVTKKC 

Brevinin-2E GIMDTLKNLAKTAGKGALQSLLNKASCKLSGQC 

Brevinin-2Ea GILDTLKNLAISAAKGAAQGLVNKASCKLSGQC 

Brevinin-2Eb GILDTLKNLAKTAGKGALQGLVKMASCKLSGQC 

Brevinin-2Ec GILLDKLKNFAKTAGKGVLQSLLNTASCKLSGQC 

Brevinin-2Ed GILDSLKNLAKNAGQILLNKASCKLSGQC 

Brevinin-2Ee GIFDKLKNFAKGVAQSLLNKASCKLSGQC 

Brevinin-2Ef GIMDTLKNLAKTAGKGALQSLVKMASCKLSGQC 

Esculentin (Esculentin-1) GIFSKLGRKKIKNLLISGLKNVGKEVGMDVVRTGIDIAGCKIKGEC 

Esculentin-1 (19–46) LKNVCKEVGMOVVRTCIOIAGCKIKGEC 

Esculentin-1A GIFSKLAGKKIKNLLISGLKNVGKEVGMDVVRTGIDIAGCKIKGEC 

Esculentin-1B GIFSKLAGKKLKNLLISGLKNVGKEVGMDVVRTGIDIAGCKIKGEC 

Esculentin-1C GIFSKLAGKKIKNLLISGLKNIGKEVGMDVVRTGIDIAGCKIKGEC 

Esculentin-2A GILSLVKGVAKLAGKGLAKEGGKFGLELIACKIAKQC 

Esculentin-2B GIFSLVKGAAKLAGKGLAKEGGKFGLELIACKIAKQC 

Ranacyclin-E SAPRGCWTKSYPPKPCK 

Hemolytic protein A1 FLPAIAGILSQLF 

Hemolytic protein B9 FLPLIAGLLGKLF 

Peptide amino acid sequences are written from N-terminus to C-terminus. The 

disulphide bridges in the peptide sequence are shown as underlined.  
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1.4 Aims and objectives of this thesis 

1) To discover a novel peptide precursor-encoding cDNA from P. kl. esculentus skin 

secretions through ‘shotgun’ cloning. 

2) To synthesise the novel peptide using solid-phase peptide synthesis. 

3) To screen and test bioactivities of the novel peptide through a series of bioassays 

such as antimicrobial, anticancer and haemolysis assays. 

4) To learn and obtain skills about drug discovery and development and to cultivate 

independent equipment operating abilities.  
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Chapter 2 Materials and methods                                                                                                      

2.1 The acquisition of P. kl. esculentus skin secretions  

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

of adult Pelophylax kl. esculentus (P. kl. esculentus, n=30) were maintained in a 

simulated living environment and fed with crickets three times per week. After the 

frogs were adapted to their new surroundings for at least three months, their skin 

secretions were collected from dorsal skin by mild transdermal electrical stimulation 

(5 V; 3 ms pulses) for 30 s. Then the skin secretions were washed from the skin with 

deionised water, snap-frozen in liquid nitrogen and lyophilised. The product was 

stored at -20 oC prior to use.  

2.2 The discovery of a novel cDNA encoding a peptide 

precursor from skin secretions of P. kl. esculentus 

using ‘shotgun’ cloning 

2.2.1 mRNA islolation from P. kl. esculentus skin secretions 

mRNA from P. kl. esculentus skin secretions was isolated by a Dynabeads mRNA 

DIRECT kit (Invitrogen, Lithuania). The extraction relies on A-T basing pairing. Short 

sequences of oligo (dT)25 were covalently bound to the surface of the Dynabeads. 

Under optimal conditions, the poly (A) tails of mRNAs will hybridise to the bead-
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bound oligo (dT)25, allowing a simple and rapid extraction. The specific procedure of 

mRNA isolation was listed below.  

1.  Preparation of lysate solution 

Lyophilised skin secretions (5 mg) from P. kl. esculentus were weighed and 

put into a 1.5 ml tube labelled with A. Then 1 ml lysis/binding buffer was added 

to tube A. After sufficient extraction, tube A was centrifuged at 18,000 x g for 

5 min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany).  

2. Preparation of Dynabeads 

A volume of 250 μl storage solution where Dynabeads (5 mg/ml) were 

suspended was pipetted to a 1.5 ml tube labelled with B. A magnetic rack was 

used to separate Dynabeads and storage solution by placing tube B on the 

magnetic rack. The supernatant was removed when the suspension became 

clear. Afterwards, the Dynabeads were washed with 250 μl lysis/binding buffer. 

After Dynabeads were well mixed with lysis/binding buffer, tube B was put on 

the magnetic rack again and the supernatant was discarded. 

3. Isolation of mRNA 

Supernatant in tube A was carefully transferred to tube B. Dynabeads and the 

lysate were mixed thoroughly by repeatedly turning the tube upside-down for 

1 min and putting tube on ice for 30 s. After that, tube B was put on magnetic 

rack and the supernatant was removed. Then 500 μl washing buffer A was 

added to tube B. The supernatant was discarded after the tube was put on a 

magnet. This operation was repeated 3 times. Afterwards, 500 μl washing 
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buffer B was employed for further washing and this step was repeated twice. 

The last step was to elute mRNA from Dynabeads using 18 µl of Tris-HCl (10 

mM). The tube was heated at 80 oC for 2 min precisely in order to destroy 

hydrogen bonds between Dynabeads and mRNA. Then the tube was 

immediately transferred to the magnetic rack and supernatant was pipetted to 

a 1.5 ml tube and put on ice immediately.  

2.2.2 cDNA library construction  

First-strand cDNA synthesis was performed using a BD SMARTTM RACE cDNA 

Amplification Kit (BD Bioscience Clontech, UK). In this experiment, BD PowerScript 

Reverse Transcriptase (BD PowerScript RTase) was used to synthesise the first strand 

of cDNA. BD PowerScript RTase was able to bind on the end of an RNA template, 

exhibiting terminal transferase activity. The addition of three to five residues 

(predominantly dC) to the 3’ end of the first-strand cDNA helped to improve accuracy 

of rapid amplification of cDNA ends (RACE). For synthesising 3’-RACE-Ready 

cDNA, 3’-CDS primer could combine with mRNA through base pairing and amplify 

a complementary chain. For synthesising 5’-RACE-Ready cDNA, a BD SMART II™ 

A Oligonucleotide (BD SMART II) was required. The steps of cDNA library 

construction were as below.  

1. Three 0.2 ml PCR tubes labelled with 3’-1, 3’-2 and 3’-3 were prepared for 3’ 

cDNA library construction. Two 0.2 ml PCR tubes labelled with 5’-1 and 5’-2 

were prepared for 5’-cDNA library construction. Components were added to 
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each PCR tube as shown in Table 2.1. The primers used in cDNA library 

construction are shown in Table 2.2. 

Table 2.1 Components for 5 PCR tubes 

Reagent 3’-1 3’-2 3’-3 5’-1 5’-2 

mRNA sample 4 µl 4 µl 4 µl 3 µl 3 µl 

3’-CDS primer 1 µl 1 µl 1 µl - - 

5’-CDS primer - - - 1 µl 1 µl 

BD SMART II - - - 1 µl 1 µl 

         

        Table 2.2 The sequence of primers used in 3’ and 5’ cDNA library construction. 

Primer Sequence 

3’-CDS Primer A 

 

5’-CDS Primer 

BD SMART II 

5’–AAGCAGTGGTATCAACGCAGAGTAC(T)30VN–3’ 

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

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

5’–AAGCAGTGGTATCAACGCAGAGTACGCGGG–3’ 

 

2. All the well-mixed tubes were incubated at 70 oC for 2 min.  

3. When the tubes were cooled down on ice, master mix was prepared. 4 µl master 

mix was transferred to each PCR tube. BD PowerScript RTase was then taken 

out of -20 oC and centrifuged briefly. Next, 1 µl of enzyme was added to each 

tube. Final components in each reaction tube are listed in Table 2.3 and Table 

2.4.  
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Table 2.3 Components of each tube for 3’-RACE-Ready cDNA 

Reagent Volume Final concentration 

mRNA sample  4 µl 40% 

3’-CDS primer (10 µM) 1 µl 1 µM 

5 X First-Strand Buffer 2 µl 1 X  

DTT (20 mM) 1 µl 2 mM 

dNTP Mix (10 mM) 1 µl 1 mM 

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

Table 2.4 Components of each tube for 5’-RACE-Ready cDNA 

Reagent Volume Final concentration 

mRNA sample  3 µl 30% 

5’-CDS primer (10 µM) 1 µl 1 µM 

SMART II (10 µM) 1 µl 1 µM 

5 X First-Strand Buffer 2 µl 1 X  

DTT (20 mM) 1 µl 2 mM 

dNTP Mix (10 mM) 1 µl 1 mM 

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

  

4. After all the components were well mixed in the tubes, these tubes were 

incubated at 42 oC for 1.5 h in a 96 well Thermal Cycler (ThermoFisher 

Scientific, USA) to synthesise the first-strand cDNA.  



30 

 

5. After 1.5 h, 50 μl PCR-Grade water was added to the tube for dilution. Then 

all the tubes were incubated at 72 oC for 7 min in a 96 well Thermal Cycler 

(ThermoFisher Scientific, USA).  

6. At this point, 3’-RACE Ready cDNA and 5’-Race Ready cDNA products were 

ready to use. These products were stored at -20 oC prior to use. 

2.2.3 Rapid amplification of 3’-cDNA ends (RACE) 

3’-RACE was performed using a BD SMARTTM RACE cDNA Amplification Kit (BD 

Bioscience Clontech, UK). RACE is a modern technology used to obtain full length 

sequence of an RNA transcript found within a cell. It includes 3’-RACE and 5'-RACE. 

According to the primers that are employed in synthesising the first-strand DNA, new 

primers which are complementary to the first-strand DNA are designed. Then the 

polymerase chain reaction (PCR) is used to generate thousands to millions of copies 

of a particular DNA sequence in an efficient and easy way.  

In this section, 3’-RACE Ready cDNA served as a template using a degenerate sense 

primer pool and a nested universal primer (NUP) as the antisense primer. The sequence 

of sense primer and NUP are listed in Table 2.5. The negative control groups were 

required in this reaction in order to make sure the operations were correct and no 

contaminants were involved. There were two sample groups and two negative control 

groups. The components in each tube of sample group are listed in Table 2.6 and the 

components in each tube of the negative control group are listed in Table 2.7.  
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Table 2.5 The sequences of primers used in 3’-RACE PCR 

Primer  Sequence  

Sense primer 5’-ATGTTCACCWYRAAGAAATCCMTKYTA-3’ 

(W=A or T; Y=C or T; R=A or G; M=A or C; K=G or T) 

NUP (antisense primer) 5’–AAGCAGTGGTATCAACGCAGAGT–3’ 

Table 2.6 Components in each tube of sample group in 3’-RACE PCR 

Reagent Volume Final concentration 

PCR-Grade Water 3.1 µl  

10 X BD Advantage 2 PCR Buffer 1.5 µl 1.5 X 

dNTP Mix (10 mM) 0.2 µl 0.2 mM 

NUP (20 µM) 0.5 µl 1 µM 

Sense Primer (20 µM) 0.5 µl 1 µM 

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

cDNA library  5 µl  
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Table 2.7 Components in each tube of negative control group in RACE PCR 

Reagent Volume Final concentration 

PCR-Grade Water 3.1 µl  

10 X BD Advantage 2 PCR Buffer 1.5 µl 1.5 X 

dNTP Mix (10 mM) 0.2 µl 0.2 mM 

NUP (20 µM) 0.5 µl 1 µM 

Sense Primer (20 µM) 0.5 µl 1 µM 

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

After all the components were added in each tube, these tubes were subjected to a 96 

well Thermal Cycler (ThermoFisher Scientific, USA) to complete PCR reactions. The 

PCR reaction programme is shown in Table 2.8. After RACE PCR reactions, products 

were collected and stored at -20 oC. 

Table 2.8 3’-RACE PCR programme 

Stage  Parameter 

Stage 1 initial denaturation at 94 oC for 1 min 

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

at 61 oC for 30 s, extension at 60 oC for 3 min) 

Stage 3 final extension at 72 oC for 10 min 
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2.2.4 Agarose gel electrophoresis (AGE) for analysing RACE PCR 

products 

Agarose gel electrophoresis is a method applied to separate molecules of different sizes 

through their different migration ratios. The specific protocol of how different length 

DNA products from RACE PCR were separated via agarose gel electrophoresis is 

shown in detail below.  

1. Agarose powder (0.45 g, Invitrogen, UK) was weighed and added into a 

conical flask with 35 ml of freshly prepared 1X Tris/Borate/EDTA (TBE) 

buffer (Invitrogen, UK).  

2. The conical flask with agarose and buffer was placed to microwave oven to 

heat until agarose powder was totally dissolved in TBE buffer. 

3. A volume of 2.5 µl of 10 mg/ml ethidium bromide (EB) (Sigma-Aldrich, USA) 

was added to the conical flask when the solution was cool.  

4. Then agarose gel solution was poured into the gel forming tray with a comb 

which was placed at one end of the electrophoresis chamber. 

5. When the gel was solidified, the comb was removed and 1 X TBE buffer was 

added to the reaction tank to just near the maximum level line. 

6. A volume of 2 µl of 100 bp DNA ladder (0.5 µg/lane, BioLabs, UK) was loaded 

in the first lane. 

7. Mixtures of 0.5 μl 6 X loading dye (Invitrogen, UK) and 1.5 µl products were 

loaded in the remaining lanes, respectively.  
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8. The electrophoresis lid was covered and the power was connected and charged 

to 90 V for about 30 min. 

9. Finally, the bands were visualised in the Benchtop UV Transilluminator (UVP, 

UK). By comparing with DNA ladder, the size of PCR products could be 

estimated. Selected samples were applied to the following experiments.          

2.2.5 Purification of RACE PCR products 

After 3’-RACE PCR products were analysed via AGE, products of desired DNA 

fragments were purified using a Cycle Pure Kit (Omega Bio-Tek, USA). Chaotropic 

solutions could interfere with non-covalent intramolecular interactions, increasing the 

entropy of the system. Besides, salts possessed capabilities to shield charges, prevent 

stabilisation of salt bridges and destabilise hydrogen bonding. Therefore, double-

stranded DNAs could be selectively adsorbed onto the silica-based membrane of a 

cartridge in chaotropic salt solutions. Other compounds such as DNA polymerases and 

dNTPs could be removed with alcohol-containing washing buffer. Eventually, DNAs 

could be eluted with low-salt concentration solutions or deionised water.  Four steps 

were included in PCR product purification.  

1. Sample preparation 

Quintuple CP buffer (v/v) was added to the selected PCR tube and then the 

mixture was centrifuged briefly.  

2. Cartridge loading 
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Mixed solution was loaded to the cartridge which had a washing tube to collect 

flow-through. Then the cartridge was centrifuged at 15,000 x g for 1 min in an 

Eppendorf Centrifuge 5424 (Eppendorf, Germany) and the flow-through was 

discarded.  

3. Cartridge washing 

A volume of 700 μl washing buffer was added to the cartridge. Then the 

cartridge was centrifuged at 15,000 x g (Eppendorf Centrifuge 5424, Germany) 

for 1 min and then the flow-through was discarded. Another 500 μl washing 

buffer was added to the cartridge again for further purification. The cartridge 

was centrifuged at 15,000 x g (Eppendorf Centrifuge 5424, Germany) for 1 

min and then the flow-through was discarded. The final step of washing the 

cartridge was centrifuging at 18,000 x g (Eppendorf Centrifuge 5424, Germany) 

for 2 min. Then the tube containing liquid was discarded and a new tube was 

put under the cartridge to collect eluted products. 

4. DNA elution 

Purified DNA samples were eluted by 30 μl PCR-Grade water. Then the 

cartridge was incubated in room temperature for 2 min. After that the cartridge 

was centrifuged at 18,000 x g (Eppendorf Centrifuge 5424, Germany) for 1 

min. The purified DNA products were concentrated in a concentrator 

(Eppendorf, Germany) for 1 h and stored at -20 oC. 
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2.2.6 Ligation, the combination of RACE PCR products and vectors 

A pGEM® -T Easy vector (Promega, USA) is a convenient system for the cloning of 

PCR products. A pGEM® -T Easy vector (Figure 2.1) is cut by EcoR V. In both 3’ 

terminals, a single deoxythymidine (T) is added with the aim of improving the 

efficiency of ligation PCR products with plasmids and avoiding the recircularisation 

of plasmids. The Taq polymerase was able to add a single deoxyadenosine at the 3’-

terminus in RACE PCR. This additional deoxyadenosine annealed to the 3’-T sticky 

end in plasmid so that DNAs could bind with vectors at the insertion site. The insertion 

of foreign DNA inactivates the α-peptide. As a result, the recombinant vectors could 

be selected by blue and white screening. The protocol of ligation is shown below.  
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Figure 2.1 pGEM®-T Easy Vector circle map and sequence reference points 

(Available at: https://www.promega.co.uk/resources/protocols/technical-

manuals/0/pgem-t-and-pgem-t-easy-vector-systems-protocol/, accessed on 19th  

March, 2017) 

1. The volume of PCR-Grade water added to every tube was determined by the 

amount of purified RACE PCR products. Then the RACE PCR products were 

resuspended in PCR-Grade water.  

2. Another PCR tube was prepared for the mixture of 2.5 μl 2 X Rapid Ligation 

Buffer and 0.5 μl 50 ng/µl pGEM®-T Easy Vector. The DNA sample was 

resuspended again before it was added to this ligation tube. Then 0.5 μl 3 

Unit/µl T4 DNA Ligase was added into the ligation tube to ligase DNA 

fragments and pGEM®-T Easy Vectors. The final components in the ligase 

tube are listed in Table 2.9. 

Table 2.9 Components in the ligation tube 

Reagent Volume Final concentration 

2 X Rapid Ligation Buffer 2.5 µl 1 X 

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

Diluted PCR products 1.5 µl  

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

 

3. The ligation reaction proceeded at room temperature for 1 h, then at 4 ºC 

overnight to obtain the maximum number of insertions. 

https://www.promega.co.uk/resources/protocols/technical-manuals/0/pgem-t-and-pgem-t-easy-vector-systems-protocol/
https://www.promega.co.uk/resources/protocols/technical-manuals/0/pgem-t-and-pgem-t-easy-vector-systems-protocol/
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2.2.7 Transformation of recombinant DNA into competent JM109 

cells 

JM 109 High Competent Cells (Promega, USA) were employed as host cells for 

transformation. The procedure for transformation is shown below.  

1. Preparation of Luria-Bertani (LB) agar/ampicillin/ isopropyl β-D-1-

thiogalactopyranoside (IPTG)/5-bromo-4-chloro-3-indolyl-β-D-

galactopyranoside (X-gal) Petri dishes.  

Firstly, 6.4 g of LB (Invitrogen, UK) agar powder and 200 ml deionised water 

were mixed in a bottle and autoclaved. Then 550 μl 100 µg/ml ampicillin was 

added to the warm autoclaved LB agar solution to reach a final concentration 

of 100 Unit/ml. Secondly, 10 ml LB agar solution was poured into a Petri dish 

and the dish was swirled in a circular motion to distribute agar completely. 

Thirdly, 100 μl 0.1 M IPTG (Promega, USA) was swirled when the agar 

solution was solidified. Then 20 μl 50 mg/ml of X-gal (Promega, USA) was 

added to Petri dishes and spread by a spreader. The ampicillin/IPTG/X-Gal LB 

agar Petri dishes were incubated at 37 oC for 45-60 min before transformed 

JM109 cells were transferred. 

2. Transformation of recombinant DNA into JM109 cells 

A volume of 2.3 μl ligation products was transferred into a 1.5 ml tube. 

Cryopreserved JM 109 High Competent Cells (>108 cfu/µg, Promega, USA) 

were thawed on ice for about 4 min. The thawed cells were transferred into the 

1.5 ml tube and the tube was flicked gently at the bottom 5 times. The 
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transformation was completed by incubating the tube at 42 oC for 47 s firstly 

and then putting on ice for 2 min. A volume of 950 μl S.O.C medium 

(Invitrogen, USA) was added to the tube. Then the transformed cells were 

incubated at 37 oC, 150 rpm for 2.5 h. Later on, a volume of 80 μl, 90 μl, 90 μl, 

100 μl and 100 μl incubated samples were plated onto ampicillin/IPTG/X-Gal 

LB agar Petri dishes. Then all dishes were incubated at 37 oC overnight. 

2.2.8 Blue and white screening for positive transformants 

Blue and white screening is a rapid and efficient technique for the identification of 

recombinant bacteria from blue and white colonies. In Escherichia coli (E. coli) strains, 

the presence of lactose triggers the expression of β-galactosidase, which can cleave 

lactose into glucose and galactose. X-gal is a colourless analogue of lactose that may 

be cleaved by β-galactosidase to form 5-bromo-4-chloro-indoxyl, which then 

spontaneously dimerizes and oxidizes to form a bright blue insoluble pigment 5,5’-

dibromo-4,4’-dichloro-indigo. IPTG is a non-metabolisable analogue of galactose that 

can induce the expression of β-galactosidase gene. Consequently, the non-recombinant 

bacteria are shown as blue colonies. However, for the recombinant cells, the insertion 

of foreign DNA leads to the inactivation of the lac Z operon. As a result, bacteria with 

recombinant DNA are not able to degrade lactose and appear as white colonies. Figure 

2.2 shows the basic theory of blue and white screening.  
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Figure 2.2 Flow chart of blue and white screening 

(Available at: https://www.researchgate.net/figure/292262701_fig8_Figure-9-Blue-

white-screening-method-for-recombinants-P-14-promoter-O-14-operator, accessed 

on 19th March, 2017) 

The operations of blue and white screening are required to be carried out under sterile 

conditions and the specific steps are shown below.  

1. The well-grown white colonies in Petri dishes were labelled and numbered.  

2. LB/ampicillin/IPTG/X-gal plates were prepared as described in section 2.2.7 

for bacterial subculture.  Then these Petri dishes were labelled with squares 

(mostly 18 squares) on the bottom and marked with numbers and primer name. 

3. The white colonies were picked up with inoculation loops and inoculated in the 

corresponding zones. 

https://www.researchgate.net/figure/292262701_fig8_Figure-9-Blue-white-screening-method-for-recombinants-P-14-promoter-O-14-operator
https://www.researchgate.net/figure/292262701_fig8_Figure-9-Blue-white-screening-method-for-recombinants-P-14-promoter-O-14-operator
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4. The white colonies were subcultured at 37 oC overnight. 

2.2.9 Cloning PCR 

1. Isolation of recombinant DNA plasmids from white colonies.  

After overnight subculture, the absolutely white colonies were chosen for the 

isolation of recombinant plasmids. First of all, PCR tubes were prepared with 

20 μl PCR-Grade water. Then white colonies were picked up and transferred 

into PCR tubes respectively. After this, all the PCR tubes were placed on ice 

for 5 min and then heated at 100 oC for 5 min. Then tubes were vortexed briefly 

for 30 s and centrifuged at 20,000 x g (Eppendorf Centrifuge 5424, Germany) 

for 5 min. The supernatants containing plasmids were the products for PCR 

reactions. 

2. PCR reaction of isolated plasmids.  

In this step, the isolated plasmids from step 1 were chosen as samples for the 

amplification of the DNA of interest through the PCR reaction. Firstly, PCR 

tubes and master mix were prepared. Subsequently, 47.25 µl of master mix was 

added to each labelled PCR tube. Isolated DNA products were centrifuged at 

20,000 x g for 5 min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany). 

After centrifugation, 2.5 µl of supernatant was added to the corresponding PCR 

tube. The components of each PCR reaction tube are shown in Table 2.10.  
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Table 2.10 Components of each tube in cloning PCR. 

Reagent Volume Final concentration 

5 X Cloning Buffer 10 µl 1 X 

dNTP Mix (10 mM) 1 µl 0.2 mM 

M13F (20 µM) 2.5 µl 1 µM 

M13R (20 µM) 2.5 µl 1 µM 

PCR-Grade water 31 µl  

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

DNA supernatant 2.5 µl  

 

3. After these tubes were centrifuged at 18,000 x g (Eppendorf Centrifuge 5424, 

Germany) for 1 min, samples were ready for PCR reactions in a 96-well 

Thermal Cycler (ThermoFisher Scientific, USA). The programme of the PCR 

reaction is shown in Table 2.11. After the PCR reaction, products were 

collected and stored at 4 oC prior to use. 

Table 2.11 PCR programme of cloning PCR reaction 

Stage  Parameter 

Stage 1 initial denaturation at 94 oC for 1 min 

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

30 s, extension at 72 oC for 3 min) 

Stage 3 final extension at 72 oC for 3 min  
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2.2.10 Agarose gel electrophoresis analysis of cloned PCR products 

The steps here were the same as described in Section 2.2.4 except there was no loading-

dye in the samples. The samples which displayed a band at the proper position (usually 

the amounts of base pairs are two hundred more than before because of the M13F/M13R) 

were selected for the following experiments.  

2.2.11 Purification of cloned PCR products 

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

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

purification. 

2.2.12 DNA sequencing  

DNA sequencing is a process used to determine the precise order of nucleotides within 

a DNA molecule. In 1955, Frederick Sanger invented a method based on the selective 

incorporation of chain-terminating dideoxynucleotides by DNA polymerase during in 

vitro DNA replication. Dideoxynucleotides differ from deoxynucleotides in the 

nucleotides 3’-OH group which is necessary for the elongation of DNA strands 

through phosphodiester bonds. For automated DNA sequencers, different 

dideoxynucleotides are labelled with different fluorescent tags. Subsequently, DNA 

strands of different length and size are separated via capillary electrophoresis and the 

fluorescent signals were detected by a detector. Figure 2.3 shows the principle of DNA 

sequencing. 
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Figure 2.3 Basic process of DNA sequencing 

(Available at: http://www.vce.bioninja.com.au/aos-3-heredity/molecular-biology-

technique/sequencing.html, accessed on 19th March, 2017) 

1. The extension of purified DNA products 

A Big Dye® Terminator v 3.1 Cycle Sequencing Kit (Applied Biosystems, 

USA) was applied to the sequencing reaction. After all reagents were 

defrosted, they were added to a tube together by gently pipetting and a brief 

centrifugation. Then the master mix was aliquoted and transferred into each 

PCR tube for reaction. The volume of purified cloned PCR products added 

to each PCR tube was 2.5 µl. All reagents in PCR tubes were centrifuged 

briefly. Diluted M13F was made up of 10 µl of M13F primer and 52.5 µl of 

http://www.vce.bioninja.com.au/aos-3-heredity/molecular-biology-technique/sequencing.html
http://www.vce.bioninja.com.au/aos-3-heredity/molecular-biology-technique/sequencing.html
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PCR-Grade water. Diluted M13R was prepared using the same method. 

Reagents required in a sequencing reaction tube are listed in Table 2.12. 

PCR reactions were completed in a 96-well Thermal Cycler (ThermoFisher 

Scientific, USA). Table 2.13 shows the programme of the sequencing PCR 

reaction.  

Table 2.12 Components in each sequencing reaction tube. 

Reagents Volume Initial concentration 

PCR-Grade water 12.4 µl  

Diluted M13F or M13R  1.14 µl 3.2 µM 

2.5 X Ready reaction mix 2.86 µl 2.5 X 

5 X BigDye Sequencing Buffer 3.57 µl 5 X 

Purified cloned PCR products 2.5 µl  

 

Table 2.13 Sequencing reaction PCR programme 

Stage  Parameter 

Stage 1 initial denaturation at 96 oC for 1 min 

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

oC for 10 s, extension at 60 oC for 4 min) 

Stage 3 preservation at 4 oC for 7 min 

 

2. Ethanol purification of extension products 

PCR products in each tube were first washed with 72 μl 95% ethanol 

(Sigma-Aldrich, USA) and these tubes were centrifuged at 18,000 x g 
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briefly (Eppendorf Centrifuge 5424, Germany). Then tubes with 10 μl 

PCR-Grade water were prepared and centrifuged PCR products were 

transferred to these tubes respectively. The mixture was stirred and 

incubated at room temperature for 20 min. Then all tubes were centrifuged 

at 20,000 x g for 20 min in an Eppendorf Centrifuge 5424 (Eppendorf, 

Germany) to collect sediment. The supernatant in tubes was discarded 

immediately and a volume of 260 μl 70% ethanol (Sigma-Aldrich, USA) 

was added to each tube and each one was vortexed for 30 s. Then these 

tubes were centrifuged at 20,000 x g for 10 min and the supernatant was 

poured off again as quickly as possible. At last, ethanol was removed 

completely in a concentrator for 3 h.  

3. DNA sequencing 

Before DNA sequencing, DNA pellets were required to be redissolved in 

10.3 μl highly deionised-formamide (HiDi) (Applied Biosystems, USA) 

through vortexing for 30 s. After this, samples were briefly centrifuged at 

18,000 x g (Eppendorf Centrifuge 5424, Germany) and then were heated at 

95 ºC for 4.5 min for denaturation. The prepared samples were placed on 

ice before they were loaded onto the sequencing plate. Then 10 µl of liquid 

from each tube was transferred into a 96-well sequencing plate. The DNA 

was sequenced by an ABI 3730 automated sequencer (Applied Biosystems, 

USA). 
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2.2.13 Bioinformatic analysis 

Chromas was used to scan the fluorogram. Software Expert Protein Analysis System 

(ExpaSy) was the translate tool that was applied to translate base sequences into amino 

acid sequences. Basic Local Alignment Search Tool (BLAST) was used to search for 

proteins similar to the deduced product. 

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

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

ExpaSy translate tool. Subsequently, the translated peptide chain was compared with 

other chains in the database of the National Centre for Biotechnology Information 

(NCBI) by using BLAST. The similarity of the newly sequenced peptide to other 

known peptides could thus be determined. 

2.3 Solid-phase peptide synthesis of the novel peptide, 

QUB-2575 

Pioneered by Bruce Merrifield, solid-phase peptide synthesis (SPPS) has dramatically 

changed the tedious and demanding steps of purification and led to a simple and easy 

way to synthesise peptides in the lab. SPPS includes four main steps: deprotection, 

wash, coupling and wash. SPPS is processed from C-terminus to N-terminus, which is 

opposite to natural peptide production. Figure 2.4 illustrates the main steps of SPPS. 

In SPPS, the peptide bonds coupling reactions are made by large excesses of reagents. 

The protection of N-terminus and some side-chain functional groups is required in 
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order to avoid unnecessary sidechain reactions. The advantages of SPPS are that it 

allows for the synthesis of natural peptides which are difficult to be expressed in 

bacteria or peptides which incorporate unnatural amino acids or D-amino acids 

(Amblard et al., 2006).  

 

Figure 2.4 The flow chart of solid-phase peptide synthesis 

(Available at: http://www.sigmaaldrich.com/life-science/custom-oligos/custom-

peptides/learning-center/solid-phase-synthesis.html, accessed on 19th March, 2017) 

http://www.sigmaaldrich.com/life-science/custom-oligos/custom-peptides/learning-center/solid-phase-synthesis.html
http://www.sigmaaldrich.com/life-science/custom-oligos/custom-peptides/learning-center/solid-phase-synthesis.html
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2.3.1 Preparations 

To synthesise 0.3 mmol of peptide, 1.2 mmol of side-chain protected amino acids and 

HBTU were weighed. 2-(1H-benzotriazol-1-yl)-1,1,3,3-

tetramethyluroniumhexafluorophosphate (HBTU) was activator of coupling reactions. 

Then the vials were sealed tightly with a cap and a septum. 

Before loading amino acids onto the peptide synthesiser, resin was weighed. The 

weight of resin was calculated by the formula shown below:  

   Resin (g) = (0.3 mmol peptides)/ (loading substitution mmol/g).  

2.3.2 Synthesis  

The novel peptide, QUB-2575 (FLPTLIKVAANVIPSIICKFTGKC), was chemically-

synthesised by a PS4 Tribute peptide synthesiser (Protein Technologies, USA). There 

are five bottles in the PS4 Tribute peptide synthesiser. The reagents for synthesis 

included N, N-Dimethylformamide (DMF) (Fisher Chemical, UK), piperidine (Sigma-

Aldrich, USA), 4-Methylmorpholine (NMM) (Sigma-Aldrich, USA) and 

Dichloromethane (DCM) (Sigma-Aldrich, USA). The reagents stored in each bottle 

and their functions are shown in Table 2.14.  
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Table 2.14 Reagents and their functions in reaction system 

Bottle Reagent Function 

1 DMF Wash resin and reaction system 

2 DMF Wash resin 

3 20% piperidine in DMF (v/v) Deprotect the Fmoc  

4 89% NMM in DMF (v/v) Dissolve and activate amino acid 

5 DCM Wash the synthesised peptide and remove 

DMF 

2.3.3 Cleavage  

After the peptide was synthesised by the PS4 synthesiser, the process of cleavage was 

employed to cleave peptide side-chain protecting groups and separate peptides from 

resin. Firstly, the product was removed from the vessel to a round-bottom flask and 

weighed. For each gram of resin, 25 ml cleavage cocktail was required. The cleavage 

cocktail included Trifluoroacetic acid (TFA) (Sigma-Aldrich, USA), 1,2-Ethanedithiol 

(EDT) (Sigma-Aldrich, USA) and Thioanisole (TIS) (Sigma-Aldrich, USA). The 

cleavage cocktail which consisted of 94% TFA, 2% EDT, 2% TIS and 2% H2O was 

added to the flask. The cleavage reaction proceeded at room temperature for at least 2 

h with continuous stirring. Then the solution was filtered into another round-bottom 

flask and placed into two 50 ml centrifuge tubes. Then 45 ml of ice-cold diethyl ether 

was poured into each tube, then the tubes were shaken several times and stored at -20 

oC overnight.  
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2.3.4 Washing and oxidation 

The solvent that was used in peptide washing was ice-cold diethyl ether. Three steps 

were included in peptide washing and oxidation.  

1. The overnight preserved 50 ml tubes were centrifuged at 2900 x g in an 

Eppendorf Centrifuge 5430 (Eppendorf, Germany) for 5 min to collect peptide 

precipitate. The supernatant was discarded carefully. The washing step was 

repeated three times. 

2. Peptide precipitate was air dried in the cabinet.  

3. The peptides were redissolved in solution A (99.95% H2O/0.05% TFA, v/v) 

and solution B (80% ACN/19.95% H20/0.05% TFA, v/v/v).  

4. The oxidation step was only processed when peptides contained no less than 

two cysteine residues. The oxidation reagent, 2% (v/v) hydrogen peroxide 

(H2O2), was added into the peptide solution to help peptides form a disulphide 

bridge.  

2.3.5 Lyophilisation 

Synthesised peptides were quickly frozen with liquid nitrogen then lyophilised for 72 

h in order to eliminate solvent and inhibit the denaturation of peptides. Finally, the 

synthesised peptide was stored at -20 oC.  
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2.3.6 Identification and purification of synthetic peptides  

High-performance liquid chromatography (HPLC) is a technique that can be used to 

separate, identify and quantify each component in a mixture. Reversed-phase high 

performance liquid chromatography (RP-HPLC) are composed by the non-polar 

stationary phase and a relative polar mobile phase. Hydrophilic analytes have 

relatively shorter retention times and the hydrophobic analytes have longer retention 

times in RP-HPLC. The mobile phase composition plays an important role in the RP-

HPLC separation. ACN is one of the most commonly used solvent for mobile phase 

which is considered as the best initial choice during method development (Singh, 

2013). 

First, the peptide supernatant was loaded into a Jupiter C-5 reverse phase column 

(Phenomenex, UK) which was attached to a Cecil Adept HPLC system (Cambridge, 

UK). The isolation method was a gradient dilution from 100% A (99.95% 

H2O+0.05%TFA)/0% B (80% ACN+19.95%H2O+0.05%TFA) to 0% A/100% B in 80 

min at a flow rate of 1 ml/min. All peaks were collected and analysed by matrix-

assisted laser desorption/ ionisation-time of flight mass spectrometry (MALDI-TOF 

MS). 

MALDI-TOF MS is an analytical technique applied to measure molecular masses of 

molecules and fragments. MALDI-TOF is used for biomolecules and large organic 

molecules. A MALDI-TOF MS contains a sampler, ionisation source, a mass analyser, 

a detector and a data analysis system. Firstly, samples are ionised with the assistance 
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of a matrix in the gas phase. Then different mass molecules obtain different velocities 

and pass through a flight tube at different times. Finally, the detector is used to detect 

signal and a computer analysis programme is used to analyse data (Jurinke et al., 2004). 

1. Samples (2 μl) from RP-HPLC fractions were spotted onto a clean sample plate 

and dried at room temperature.  

2. α-cyano-4-hydroxycinnamic acid (CHCA) was used as matrix. A volume of 1 

μl CHCA was spotted on the dried samples and the mixture was dried at room 

temperature and crystallised. 

3. The sample plate was loaded and analysed. Data were analysed in a Perspective 

Biosystems DE Voyager System (Framingham, MA, USA). Internal mass 

calibration of the instrument was achieved using standard peptides of 

established molecular mass providing a determined accuracy of ±0.1%.   

2.4 Antimicrobial activity assays of the novel peptide, 

QUB-2575 

Antimicrobial activities of the novel peptide were assessed by the determination of 

minimal inhibitory concentrations (MICs). Staphylococcus aureus (S. aureus, NCTC 

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

NCPF 1467) were subjected to antimicrobial susceptibility assays. Minimal inhibitory 

concentrations (MICs) are the gold standard to determinate the susceptibility of 

organisms to antimicrobials in vitro. MICs are defined as the lowest concentration of 

antimicrobial that will inhibit the visible growth of microorganisms after overnight 
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incubation. Minimal bactericidal concentrations (MBCs) are the lowest concentration 

of antimicrobial that will prevent the growth of organisms after the bacteria have been 

subcultured on antibiotic-free media (Andrews, 2001).  

2.4.1 Inoculation of microorganisms 

The frozen microorganisms were taken from -20 oC storage and inoculated into a 100 

ml flask with fresh Mueller-Hinton Broth (MHB) medium. Then the microorganisms 

were cultured at 37 oC, 150-200 rpm for 16-20 h. Bottles of 20 ml MHB were warmed 

to 37 oC for subculturing.  

2.4.2 Dissolving of QUB-2575 

Ten autoclaved 1.5 ml tubes were labelled with 512, 256, 128, 64, 32, 16, 8, 4, 2, 1 in 

order. Then QUB-2575 was weighed and dissolved in dimethyl sulphoxide (DMSO) 

to obtain a concentration of 512 x 102 μM. Then the solution was well mixed and 

centrifuged briefly. The peptide solution was then diluted to form a series of 

concentrations: (256, 128, 64, 32, 16, 8, 4, 2, 1) x 102 μM. 

2.4.3 Subculture of microorganisms 

To begin with, 500 μl of organism suspensions in the flasks were transferred to bottles 

of 20 ml pre-warmed fresh MHB medium and incubated at 37 oC, 150-200 rpm. 

According to different growth characteristics of each microorganism, the optical 

density (OD) value was used to measure their growth. The required concentration was 

5×105 colony-forming units (cfu)/ml. The OD values for log phase growth and specific 
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dilutions of the three different organisms, are listed in Table 2.15. For subcultured S. 

aureus or E. coli, 100 µl of culture were mixed with 19.9 ml MHB. For subcultured C. 

albicans, 2 ml of culture were added to 18 ml MHB. Then the Petri dishes were shaken 

gently to mix thoroughly. 

Table 2.15 OD values of microorganisms in log phase growth and their specific 

dilutions 

Bacterium OD value Concentration (cfu/ml) Dilution rate 

S. aureus 0.23 108 200 

E. coli 0.40 108 200 

C. albicans 0.15 5 x 106 10 

2.4.4 Determining minimal inhibitory concentrations (MICs) of QUB-

2575  

A sterile 96-well plate was divided into four parts - growth control group, blank control 

group, vehicle control group and experimental group. The components in each group 

are shown in Table 2.16. After components were added, the 96-well plate was 

incubated at 37 oC overnight. The next day, the growth of bacteria/yeast was 

determined by measuring OD values at 550 nm using a Synergy HT plate reader 

(BioTek, USA).  
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Table 2.16 Components in wells of each group in the 96-well plate 

Group name Components/well 

Blank control 100 μl of MHB 

Growth control 100 μl of diluted microbial suspension 

Vehicle control 1 μl of DMSO and 99 μl of diluted microbial suspension 

Experimental  1 μl of peptide solution and 99 μl of diluted microbial suspension 

The microbial viability was calculated according to the formula below: 

  Microbial viability%= (A - A0) / (A1 - A0) x 100% 

Where A represents the average OD value of the experiment groups. A0 represents the 

average OD of the blank control group, while A1 represents the average OD value of 

the vehicle control group. 

2.4.5 Viable cell counts  

Viable cell counting is a type of quality control of experiments via counting the number 

of living cells. For each organism, 6 micro tubes were required and were labelled with 

10-1, 10-2, 10-3, 10-4, 10-5, 10-6 in order and 900 μl phosphate buffered saline (PBS) 

were added to each tube. In the 10-1 tube, 100 μl adjusted subcultured bacterial 

suspension were mixed with PBS and then 100 μl of this was transferred into the 10-2 

tube. A Mueller-Hinton agar (MHA) plate was zoned in 6 regions and labelled. Then 

a 20 μl/drop for 3 replicates was dropped into matched zones and dried. The MHA 

Petri dish was then incubated at 37 oC overnight. A countable grid was chosen in the 
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dish and then the original organism concentration was calculated according to the 

following formula: 

Microbial concentration= Average number of colonies in one concentration x dilution 

ratio x 50 

2.4.5 Determining minimal bactericidal concentrations (MBCs) of 

QUB-2575 

The clear wells without visible bacterial growth were used for MBC assays. MHA 

Petri dishes were prepared in advance and 20 μl in every well from the first clear 

concentration up to 512 μM was transferred and dropped onto the corresponding grids 

on an MHA Petri dish. Samples at the same peptide concentration were added to the 

same grid. After the drops were dried, the Petri dishes were incubated at 37 oC for 16-

20 h and then examined. The concentration where the bacterial growth was totally 

prevented was determined as the MBC concentration. 

2.5 Anticancer cell activity assays of the novel peptide, 

QUB-2575 

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

proliferation assay is the most convenient, reliable and economic way to analyse the 

anticancer activity of drugs in vitro. NAD(P)H-dependent cellular oxidoreductase 

enzymes in living cells can reduce MTT to the insoluble formazan, which, under 
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refined circumstances, reflects the number of viable cells. A solubilisation agent like 

DMSO is used to dissolve insoluble formazan (van Meerloo et al., 2001). The OD 

values of resultant solutions were determined at 570 nm. The cancer cell lines used in 

this section are shown in Table 2.17.  

Table 2.17 Cancer cell lines used in the anticancer cell assays. 

Cell line Cancer type Medium 

MB435S Melanoma DMEM (high glucose) 

(Life Technologies, UK) 

U251MG Human neuronal glioblastoma cell line DMEM (high glucose) 

(Life Technologies, UK 

H157 Non-small cell lung cancer RPMI-1640 

(Life Technologies, UK) 

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

(Life Technologies, UK) 

2.5.1 Cell culture  

2.5.1.1 Cell resuscitation  

The medium used for cell resuscitation contained foetal bovine serum (FBS) (Sigma-

Aldrich, USA) and penicillin-streptomycin (P-S) (Sigma-Aldrich, USA). The final 

concentrations of FBS, penicillin and streptomycin in the medium were 10%, 100 

Units/ml and 100 μg/ml respectively. First of all, 15 ml of medium was transferred to 
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a medium-sized culture flask (Sigma-Aldrich, USA). A cryo-vial containing frozen 

cells was taken from -80 oC storage and swiftly stirred in 37 oC water to defrost 

immediately. After this, all cells were transferred to a culture flask. The flask was 

shaken gently to mix medium and cells thoroughly. Finally, the flask was incubated at 

37 oC under 5% CO2. 

2.5.1.2 Changing media 

During cell culture, there is a need to replace depleted medium with fresh medium. 

Firstly, the depleted medium was discarded. Then flasks were washed with 10 ml PBS. 

Thirdly, PBS was discarded and fresh medium was added to each flask. Finally, the 

cells in flasks were cultured at 37 oC under 5% CO2. 

2.5.1.3 Cell passage  

When the cells had overgrown in the flask, subculture of cells was required in order to 

ensure a suitable growing environment and specific nutrition. The specific steps of 

passaging cells are listed below. 

1. The depleted medium was discarded. 

2. The flask was washed with 10 ml PBS. 

3. PBS was discarded and then 1 ml 0.5% trypsin/EDTA (Life Technology, USA) 

was added to digest cells. 

4. Ten times full growth medium was added to stop digest reaction after full 

digestion.  
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5. Cell suspensions were transferred into a 15 ml tubes and these were centrifuged 

at 380 x g in an Eppendorf Centrifuge 5430R (Eppendorf, Germany) at 24-37 

oC for 5 min in order to collect cells. 

6. The supernatant was decanted and 5 ml medium was added to dilute cells. 

Medium and cells were mixed. 

7. Finally, 1/5 volume of cell suspension was transferred into a new flask for 

subculture.  

8. Cells were incubated at 37 oC with 5% CO2. 

2.5.1.4 Cryopreservation 

Cells could be cryopreserved when they were cultured to 70%-80% confluency. Cells 

were digested by 0.5% trypsin solution. Then the cell suspension was centrifuged at 

380 x g in an Eppendorf Centrifuge 5430R (Eppendorf, Germany) at 24-37 oC for 5 

min. After the supernatant was decanted, a proper volume of the cryoprotective reagent 

(10% DMSO in FBS) was added to the tube. Next, the tube was vortexed briefly to 

suspend cells in the frozen liquid. Cells were then aliquoted into cryo-vials and stored 

in a frozen box to control the cooling rate to 1 oC per min. The frozen box was stored 

at -80 oC overnight, then all the frozen vials were taken out of this and stored at -80 

oC. 
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2.5.2 MTT cell viability assay 

2.5.2.1 Cell seeding  

        1.  The first six steps of seeding cells to a 96-well plate were the same as 

mentioned above in passaging cells. 

        2. Before seeding cells, cell viability was measured through trypan blue staining. 

A volume of 50 μl of resuspended cells was mixed with 50 μl 5% trypan blue (Prod. 

No. T8154) in a 1.5 ml centrifuge tube. Then the mixture was transferred to a 

haemocytometer with coverslip. Cell quantification was carried out under a 

microscope. 

        3. For MTT assay, the cell number of a well was 5000 and the required volume 

for a well was 100 μl. The required cell volume was calculated according to the 

formula below: 

     Cell volume (ml) = 12 x 5 x 104/average cell number in one counting grid x 2 x 104 

     The volume of fresh medium was (12-cell volume) ml. 

        4.  A multi-channel pipette was used to seed cells to the 96-well plate. After the 

cells were seeded to the plate, they were incubated at 37 oC with 5% CO2. 

2.5.2.2 Starvation 

The aim of cell starvation was to synchronise the cell cycle. Firstly, the medium in the 

96-well plate was discarded completely. After this, 100 μl/well of medium without 
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FBS was pipetted to the 96-well plate. Then 96-well plate was then incubated at 37 oC 

with 5% CO2 for 6-12 h. 

2.5.2.3 Dosing  

A stock QUB-2575 solution was made to 10-2 M and it was ten-fold diluted to a 

concentration gradient from 10- 4 M to 10-9 M by using FBS-free medium. In this 

experiment, a 96-well plate was divided into three parts: medium control group, 

vehicle control group and experimental group. In the medium control group, 100 μl 

fresh FBS-free medium were added. In the vehicle control group, 100 μl of 1% DMSO 

in FBS-free medium were added. In the experimental group, 100 μl of peptide solution 

were added. Then the 96-well plate was incubated at 37 oC under 5% CO2 for 24 h. 

2.5.2.4 MTT cell proliferation assay 

This step was performed in a dim place. In each well, 10 μl MTT was pipetted and 

then incubated at 37 oC for 4-6 h. Then medium was vacuumed completely and 100 

μl/well DMSO were added into the well. Cells were incubated at 37 oC, 150-200 rpm 

for 10 min. Finally, the absorbance of solutions was determined at 570 nm using a 

Synergy HT plate reader (BioTek, USA).  

The cell viability in the MTT assay was calculated according to the formula below: 

Cell viability%= A/A1 x 100% 

A represents the average OD value of the experimental groups. A1 represents the 

average OD value of the vehicle control group. 
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2.6 Haemolysis assay of the novel peptide, QUB-2575 

2.6.1 Preparation of erythrocytes 

The ability of synthetic peptide to lyse mammalian erythrocytes was assessed through 

using 2% (v/v) defibrinated horse blood (TCS Biosciences Ltd, UK). Firstly, a volume 

of 2 ml resuspended horse blood was mixed with 30 ml PBS in a 50 ml centrifuge tube. 

Then the tube was centrifuged at 930 x g for 5 min in an Eppendorf Centrifuge 5430 

(Eppendorf, Germany). The supernatant was discarded carefully. The PBS washing 

and centrifugation procedures were repeated until the supernatant became clear. Then 

PBS was added to dilute the cell suspension concentration to 4% (v/v). 

2.6.2 Preparation of QUB-2575 peptide solution  

The peptide concentrations in the haemolysis assay ranged from 512 μM to 1 μM 

prepared by double dilution. QUB-2575 was weighed and dissolved in PBS. 2% Triton 

X-100 (Sigma-Aldrich) solution was used as a positive control. The negative control 

was PBS solution.  

2.6.3 Loading erythrocytes and peptide solutions 

For the experimental group, 5 replicates of each peptide concentration were processed. 

A volume of 200 μl of different concentrations of peptide solutions were loaded into 

separate 1.5 ml tubes as the experimental group. 200 μl PBS were added to the negative 

control group and 200 μl 2% Triton X-100 were added to the positive control group. 
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Finally, 200 μl of erythrocyte suspension were added to each tube. The components in 

each group are shown in Table 2.18 

Table 2.18 Components in each group tube for haemolysis assay 

Group  Components Final 

concentration  

Negative control 200 μl PBS + 200 μl erythrocytes  

Positive control 200 μl 2% TritonX-100 + 200 μl erythrocytes 1% TritonX-100 

Experiment  200 μl peptide solution + 200 μl erythrocytes  

2.6.4 Incubation and detection 

After erythrocytes were loaded to the tubes, all tubes were incubated at 37 oC for 2 h. 

Then tubes were centrifuged at 900 x g for 5 min in an Eppendorf Centrifuge 5424 

(Eppendorf, Germany). After that, 100 μl supernatant from each well were transferred 

to a 96-well plate and measured at 550 nm using a Synergy HT plate reader (BioTek, 

USA). 

The haemolysis was calculated according to the formula below: 

  Haemolysis rate%= (A - A0) / (A1 - A0) x 100% 

Where A represents the average OD value of experimental groups. A0 represents the 

average OD of the negative control group, while A1 represents the average OD value 

of the positive control group. 
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Chapter 3 Results    

3.1 ‘shotgun’ cloning of novel cDNA encoding a 

peptide precursor from the cDNA library of P. kl. 

esculentus skin secretion 

From the cDNA library constructed from the skin secretion of P. kl. esculentus, a 

transcript encoding the biosynthetic precursor of a novel putative peptide was 

discovered. The ExPASy translate tool was used to translate the cDNA sequence. The 

cDNA sequence of the novel peptide precursor transcript is shown in Figure 3.1. The 

open-reading frame of the novel cloned cDNA consisted of 68 amino acid residues. 

There were 22 amino acids in the signal peptide region. Following this region was an 

acidic spacer region. A typical endoproteolytic cleavage site, Lys-Arg (KR) was 

observed just before the mature peptide region. According to the BLAST analysis 

(Available at: https://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on 14th Apr, 2017), the 

primary structure of the putative mature peptide, QUB-2575 

(FLPTLIKVAANVIPSIICKFTGKC) was similar to brevinin-1CG3 

(FLSTLLNVASNVVPTLICKITKKC, with 63% identity) and brevinin-1CG1 

(FLSTALKVAANVVPTLFCKITKKC, with 63% identity), both of which were 

previously identified in Amolops chunganensis. Consequently, QUB-2575 was 

defined as a brevinin-1 family peptide.  

 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Figure 3.1 The nucleotide sequence of the cDNA-encoding the novel peptide, QUB-

2575, precursor and translated amino acid sequence of the open-reading frame. The 

double underlined sequence is the putative signal peptide. The single underlined 

sequence is the mature peptide. The stop codon is indicated by an asterisk.  

3.2 Solid-phase chemical synthesis and identification 

of the novel peptide, QUB-2575 

After ‘shotgun’ cloning, the novel peptide sequence was confirmed. The average 

molecular mass of the putative novel peptide was 2575.23 Da (Available at 

http://peptidecalculator.net/calculator/index.htm, accessed on 14th Apr, 2017). After 

synthesis, the peptide was subjected to RP-HPLC and each peak was collected and 

subjected to MALDI-TOF MS. According to the results of MALDI-TOF MS, the peak 

http://peptidecalculator.net/calculator/index.htm
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of the novel peptide in RP-HPLC was identified (Figure 3.2). The MALDI-TOF MS 

result of the novel peptide is shown in Figure 3.3.  

Figure 3.2 The RP-HPLC chromatogram of chemically synthesised novel peptide, 

QUB-2575. The authentic novel peptide peak is indicated by an arrow. 
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3.3 Antimicrobial activity assays of QUB-2575 

The antimicrobial activities of QUB-2575 against E. coli, S. aureus and C. albicans 

were evaluated by MICs and MBCs. For each microorganism, three parallel 

experiments were carried out. The concentration of QUB-2575 was from 512 μM to 1 

μM. The results showed that QUB-2575 was active against all three microorganisms 

with different potencies. The antimicrobial activities of QUB-2575 on S. aureus, E. 

coli, and C. albicans were expressed as microbial viability bars illustrated in Figures 

3.4-3.6. The results of MICs and MBCs of three tested microbes are listed in Table 3.1. 

QUB-2575 had the highest potency against the Gram-positive bacterium, S. aureus, 

with an MIC of 2 μM and an MBC of 32 μM. QUB-2575 also had high potency against 

the yeast, C. albicans, with an MIC of 4 μM and an MBC of 32 μM. In contrast, the 

activity of QUB-2575 against the Gram-negative bacterium, E. coli, was relatively 

weaker, with an MIC of 8 μM and an MBC of 64 μM. All data were analysed by 

GraphPad Prism 6.0 software using one-way ANOVA followed by Dunnett’s multiple 

comparison tests with the vehicle control groups. 
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Figure 3.4 The viability of S. aureus at different concentrations of QUB-2575. The 

data are shown as means ±SEM (standard error of mean). The number above each 

column shows the P value, and asterisk “****” indicates P < 0.0001 compared with 

vehicle control group. When P > 0.05, there is no significant difference between 

vehicle control group and experimental group. The blank control group (B) was 100 

μl fresh MHB. The growth control group (G) was 100 μl diluted microbial 

suspension. The vehicle control group (V) was 99 μl diluted microbial suspension 

with 1 μl DMSO.  
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Figure 3.5 The viability of E. coli at different concentrations of QUB-2575. The data 

are shown as means ±SEM (standard error of mean). The number above each column 

shows the P value, and asterisk “****” indicates P < 0.0001 compared with vehicle 

control group. When P > 0.05, there is no significant difference between vehicle 

control group and experimental group. The blank control group (B) was 100 μl fresh 

MHB. The growth control group (G) was 100 μl diluted microbial suspension. The 

vehicle control group (V) was 99 μl diluted microbial suspension with 1 μl DMSO.  
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Figure 3.6 The viability of C. albicans at different concentrations of QUB-2575. The 

data are shown in means ±SEM (standard error of mean). The number above each 

column shows the P value, and asterisk “****” indicates P < 0.0001 compared with 

vehicle control group. When P > 0.05, there is no significant difference between 

vehicle control group and experimental group. The blank control group (B) was 100 

μl fresh MHB. The growth control group (G) was 100 μl diluted microbial 

suspension. The vehicle control group (V) was 99 μl diluted microbial suspension 

with 1 μl DMSO.  
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Table 3.1 The MICs and MBCs of QUB-2575 against tested microbes 

Microorganism MIC (μM) MBC (μM)  

S. aureus 2 32  

E. coli 8 64  

C. albicans 4 32  

3.4 MTT cell proliferation assays of QUB-2575 

QUB-2575 was tested for inhibitory activity against melanoma (MB435s), human 

neuronal glioblastoma (U251MG), non-small cell lung cancer (H157) and human 

prostate carcinoma (PC-3) cell lines. The anticancer activity was determined using 

MTT assays (Figure 3.7-3.10). The half inhibitory concentrations (IC50) for QUB-2575 

against the tested cancer cell lines are summarised in Table 3.2. All data were analysed 

by GraphPad Prism 6.0 software. 
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Figure 3.7 The column chart of the effect of QUB-2575 on the MB435S cancer cell 

line is shown in (A). The data are shown as means ± SEM (standard error of mean). 

The number above each column shows the P value, and asterisk “****” indicates P < 

0.0001 compared with vehicle control group. When P > 0.05, there is no significant 

difference between vehicle control group and experimental group. The medium 

control group (M) was 100 μl FBS-free DMEM medium. The vehicle control group 

(V) was 100 μl 1% DMSO.  (B) indicates the IC50 (half inhibitory concentration) of 

QUB-2575 on the MB435S cancer cell line.  
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(B) 

Figure 3.8 The column chart of the effect of QUB-2575 on the U251MG cancer cell 

line is shown in (A). The data are shown as means ± SEM (standard error of mean). 

The number above each column shows the P value, and asterisk “****” indicates P < 

0.0001, and “*” indicates P <0.05 compared with vehicle control group. When P > 
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0.05, there is no significant difference between vehicle control group and 

experimental group. The medium control group (M) was 100 μl FBS-free DMEM 

medium. The vehicle control group (V) was 100 μl 1% DMSO. (B) indicates the IC50 

(half inhibitory concentration) of QUB-2575 on the U251MG cancer cell line. 
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Figure 3.9 The column chart of the effect of QUB-2575 on H157 cancer cell line is 

shown in (A). The data are shown as means ± SEM (standard error of mean). The 

number above each column shows the P value, and asterisk “****” indicates P < 

0.0001 compared with vehicle control group. When P > 0.05, there is no significant 

difference between vehicle control group and experimental group. The medium 

control group (M) was 100 μl FBS-free 1640 medium. The vehicle control group (V) 

was 100 μl 1% DMSO. (B) indicates the IC50 (half inhibitory concentration) of QUB-

2575 on the H157 cancer cell line.  
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Figure 3.10 The column chart of the effect of QUB-2575 on PC-3 cancer cell line is 

shown in (A). The data are shown as means ± SEM (standard error of mean). The 

number above each column shows the P value, and asterisk “****” indicates P < 

0.0001 compared with vehicle control group. When P > 0.05, there is no significant 

difference between vehicle control group and experimental group. The medium 

control group (M) was 100 μl FBS-free 1640 medium. The vehicle control group (V) 

was 100 μl 1% DMSO. (B) indicates the IC50 (half inhibitory concentration) of QUB-

2575 on the PC-3 cancer cell line.  

Table 3.2 IC50 values of QUB-1932 against tested cancer cell lines 

Cell line  MB435S  U251MG  H157  PC-3  

IC50 (μM)  3.04  3.65  3.53  4.26  
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3.5 Haemolysis activity assays of QUB-2575 

The haemolytic activity of QUB-2575 was measured by horse erythrocytes. The results 

of the haemolysis assay are shown in Figure 3.11. QUB-2575 was haemolytic to horse 

red blood cells with an HC50 of 23.48 μM. QUB-2575 was found to possess 0.72%, 

7.97% and 16.38% haemolysis at the MIC (2 μM) against S. aureus, the MIC (4 μM) 

against C. albicans and the MIC (8 μM) against E. coli, respectively. From 64 μM to 

512 μM, the haemolytic activity of QUB-2575 was even higher than the positive 

control group. All data were analysed by GraphPad Prism 6.0 software.   
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Figure 3.11 Haemolytic activity of QUB-2575. The data are shown as means ± SD 

(standard deviation). The positive control group (P) was 200 μl 2% Triton X-100 

with 200 μl horse red blood cells. The negative control group (N) was 200 μl PBS 

with 200 μl horse red blood cells.  
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Chapter 4 Discussion  

Antimicrobial peptides (AMPs) are viewed as promising alternatives for conventional 

antibiotics because of their wide distribution and relatively low multidrug-resistance 

possibility to bacteria. Unlike conventional antibiotics targeting specific proteins in 

bacteria, AMPs have general targets which prevent bacteria from developing 

resistance through gene mutations. The functions of AMPs are influenced by their 

physicochemical properties like amino acid sequence, net charge, amphipathicity, 

hydrophobicity, structure folding in membranes, oligomerisation, peptide 

concentrations and membrane compositions (Shai, 1999). The cationic charge and a 

significant proportion of hydrophobic residues are two common physical structures of 

AMPs (Nguyen et al., 2011).  

Generally speaking, cationic AMPs exert their antimicrobial activities through three 

major steps. First of all, the AMPs are attracted to the cell membrane via electrostatic 

attraction. For Gram-positive bacteria, AMPs are attracted by teichoic acids. For 

Gram-negative bacteria, AMPs are attracted by the anionic phospholipids and 

phosphate groups on lipopolysaccharide (LPS). Once AMPs are attracted, attachment 

will happen. AMPs transverse the capsular polysaccharides in order to interact with 

bacterial cytoplasmic membranes. Then AMPs interact with lipids in the cell 

membrane. When the peptide/lipid ratio exceeds a certain threshold value, AMPs will 

form pores. Three well accepted pore-forming models have been established. The first 

one is named the barrel-stave model. In this model, 3-11 helical AMPs aggregate 
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together with the hydrophobic side interacting with the lipid bilayer and the 

hydrophilic side forming a penetrating channel. The second model is the carpet-like 

model. In this model, with the increase of AMP concentration, inner AMPs and outer 

AMPs bind together. Then the bacterial membrane is destroyed and micelles are 

formed. Finally, the membrane disintegrates and leads to the death of bacteria. The 

third model is the toroidal pore model. In this model, AMPs always associate with the 

lipid head groups in bacterial membranes. Helical AMPs insert into bacterial 

membranes and induce the lipid monolayers to bend continuously until hydrophilic 

channels are formed. One difference between the barrel-stave and toroidal pore models 

is that toroidal pores are bigger (Brogden, 2005, Xu et al., 2006, Xiao et al., 2011).  

Cancer is a major source of morbidity and mortality throughout the world. Like 

bacteria, some cancer cells are developing resistance to antineoplastic drugs via 

pumping drugs out of their cytoplasms. Consequently, the discovery of anticancer 

agents with new modes of action is necessary. Studies found that some cationic AMPs 

had the ability to kill cancer cells. According to this property, AMPs are divided into 

two broad categories. The first one are AMPs which are highly potent against bacteria 

and cancer cells but not against normal mammalian cells. The other type are AMPs 

which are cytotoxic to bacteria, cancer cells and normal mammalian cells (Hoskin and 

Ramamoorthy, 2008). 

The mechanisms of AMPs killing cancer cells include the disruption of membranes 

and the induction of apoptosis via mitochondrial disruption. AMPs are attracted to 

cancer cell membranes via electrostatic interaction. The selectivity of AMPs to cancer 
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cells is because of the higher expression of the anionic molecules such as 

phosphatidylserine and O-glycosylated mucins. In contrast, the healthy cells have 

overall neutral charge due to their zwitterionic components like sphingomyelin, 

phosphatidylethanolamine and phosphatidylcholine in their cell membranes. 

Furthermore, the increased fluidity and membrane surface area of cancer cells 

enhances AMPs lytic activity to them (Hoskin and Ramamoorthy, 2008, Schweizer, 

2009). AMPs from amphibian origin like gaegurins, caerin 1.1, aurein 1.2, magainins 

and analogue peptides of magainins, are reported to be selectively cytotoxic for human 

cancer cell lines (Gomes et al., 2007).   

QUB-2575 was defined as a member of the brevinin-1 family. Brevinin-1 peptides 

usually contain 24 amino acids with an N-terminal hydrophobic region and a C-

terminal disulphide-bond region. This disulphide-bond region is called a “Rana box” 

whose sequence is Cys18-(Xaa)4-Lys-Cys24, and Xaa can be any amino acids 

(Savelyeva et al., 2014). Brevinin-1 adopts a random coil structure in aqueous solution,  

but adopts an amphipathic α-helical structure in a membrane-mimetic environment 

(Kwon et al., 1998). The “Rana box” was thought to play a crucial role in the 

antimicrobial activity until the discovery of the C-terminal truncated brevinin-1 

peptides from Rana okinavana. These truncated peptides were potent on the Gram-

negative bacterium, E. coli and the Gram-positive bacterium, S. aureus (Conlon et al., 

2005). Although the amino acid sequences of brevinin-1 are poorly conserved across 

species, Ala9, Pro14, Cys18 and Cys24 are invariant residues. Pro14 residue produces a 

stable kink in the molecule (Conlon et al., 2004). Brevinin-1 is widely distributed in 
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Eurasian and North American frogs with a broad-spectrum antimicrobial activity. 

Since the first brevinin-1 peptide was discovered from the Japanese pond frog, 

Pelophylax porosus, 218 brevinin-1 peptides have been isolated from Nature 

according to the database DADP (Novković et al., 2012).   

Like other peptides belonging to the brevinin-1 family, QUB-2575 is a broad-spectrum 

antimicrobial peptide. QUB-2575 exhibits the highest potency against the Gram-

positive bacterium, S, aureus, with an MIC of 2 μM and relatively high potency against 

the yeast, C. albicans, with an MIC of 4 μM. However, the Gram-negative bacterium, 

E. coli, was more tolerant to QUB-2575 with an MIC of 8 μM. Moreover, QUB-2575 

showed different anticancer abilities on 4 human cancer cell lines, MB435S, U251MG, 

H-157 and PC3.  This kind of different cell selectivity on microbes and cancer cells 

may result from the components in the cell membranes. Lipopolysaccharides (LPS) 

are thought to play an essential role in attraction and attachment in cationic AMPs 

antimicrobial activities against Gram-negative bacteria. However, some experiments 

showed that the LPS was a barrier to cationic peptides instead of playing a central role 

in cationic AMPs bioactivity (Ebbensgaard et al., 2015). The reasons why AMPs show 

different antimicrobial activities toward different microbes are still unclear. The 

components differences in bacterial membranes may be one of the reasons for the 

different selectivity.  

Even though brevinin-1 peptides exhibit high potency against a wide range of Gram-

positive and Gram-negative bacteria and pathogenic fungi, brevinin-1 peptides are 

associated with very strong haemolytic activity which impedes their potential 
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therapeutic application. QUB-2575 was haemolytic to horse red blood cells with an 

HC50 of 23.48 μM. The HC50 of QUB-2575 was lower than the MICs against S. aureus, 

C. albicans and E. coli.  

It is important to modify AMP structures by increasing their bacterial selectivity 

without influencing their potency. There are several practical strategies which can be 

applied in the structural modification of AMPs. The first solution is to optimise the 

physicochemical parameters of AMPs like net charge, helicity, hydrophobicity per 

residue, hydrophobic moment and so on. The net charge of AMPs can influence the 

cell selectivity and antimicrobial activity on Gram-negative bacteria. Therefore, 

increasing the positive charge of AMPs to +10 enhances antimicrobial activity. The 

hydrophobicity of AMPs is related to haemolytic activity. Hydrophobicity also plays 

a role in cell selectivity and modes of peptide-membrane interaction. The decrease in 

hydrophobicity of the helix hydrophobic face can reduce both antimicrobial and 

haemolytic activity of AMPs. For brevinin-1 peptides, transposing the “Rana box” 

(CKITRKC) to the centre reduces the haemolytic activity without the loss of 

antibacterial activity (Kumari and Nagaraj, 2001). This may be because the deletion 

of the “Rana box” in the C-terminus decreases hydrophobicity. Introducing a charged 

residue can also disrupt the hydrophobic face of AMPs, thus leading to a significant 

reduction of haemolytic activity without the reduction of antimicrobial activity. The 

second solution is to introduce D-amino acids and fluorinated amino acids to AMPs, 

which decreases hydrophobic interactions with mammalian cells. The introduction of 

peptoid residues can also disrupt the secondary structure and change the action mode 
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of AMPs into DNA binding. Cyclisation and PEGylation can only be applied to some 

AMPs (Matsuzaki, 2009). C-terminal amidation is another way to increase the 

antimicrobial activity and structural stability, and decrease the susceptibility to 

endopeptidase action in brevinins (Vineeth Kumar et al., 2017). Considering the strong 

antimicrobial and haemolytic activity of QUB-2575, the structural modification of 

QUB-2575 would be necessary before consideration of potential therapeutic usage.  
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