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Abstract 

Gene-coded antimicrobial peptides (AMPs) are a great source of natural antimicrobial 

agents and good models for the design of new generation antibiotics. In the meantime, 

a large number of AMPs have been isolated and characterised from different 

amphibian species due to their special skin structure and strong adaptability to most 

types of environment with complex microorganisms. 

In this thesis, a novel peptide named QUB-1036 was identified from the lyophilised 

skin secretion of the European edible frog, Pelophylax kl. esculentus, by both a 

‘shotgun’ cloning genomic study and a peptidomic study. After chemical synthesis, 

QUB-1036 was subjected to bioactivity tests. As a result, QUB-1036 was observed to 

have no inhibition against microbial growth and was completely devoid of haemolytic 

activity. It is noteworthy that the novel peptide, QUB-1036, was found to be a 

bradykinin receptor agonist on rat bladder and uterus. This is one of the few reports of 

bioactive peptides from the temporin family which have stimulating effects on rat 

smooth muscles and further studies should focus on its mechanism of action.
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Chapter 1 Introduction                              

1.1 Amphibians – bearers of a unique host defence system  

1.1.1 Background to amphibians 

Amphibians are ectothermic, tetrapod vertebrates of the class Amphibia. They are the 

descendants of sarcopterygian fish, and were among the first terrestrial vertebrates to 

appear in the Devonian period. To adapt to the complex and changeable environment, 

they evolved with lungs and bony-limbed fins which could live on dry land. Since then, 

the early amphibians began to multiply and were diversified and dominant during the 

Carboniferous and Permian periods.  

As the first vertebrates to colonise terrestrial habitats, amphibians have successfully 

occupied a majority of terrestrial environments on the Earth, and some species even 

exist in extreme habitats, like arid deserts and the freezing Arctic Circle. 

There are three orders of modern amphibians: Caudata, Apoda and Anura, which are 

represented respectively by the salamanders, the caecilians, and the frogs and toads 

(Zug et al., 2001). The appearance of salamanders resembles a lizard, which is slender 

and cylindrical with a long tail. Their heads and necks are usually distinct. They 

usually have short and well-developed limbs, but some species have reduced or even 

absent hind limbs. Caecilians superficially resemble earthworms. They lack limbs and 

have annulated bodies. They usually live in burrows. Frogs and toads are totally 
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different. They are tailless and have robust hind limbs which are nearly twice the 

length of their body (See Figure 1.1).  

 

Figure 1.1 The representative species of the three amphibian orders, Caudata, Apoda 

and Anura (Zug et al., 2001). 

1.1.2 General function of amphibian skin and skin glands  

The amphibians are the very impressive species which undergo metamorphosis from 

aquatic larvae to their adult forms which are adapted well to the terrestrial environment. 

Their metamorphosis could not only be seen as a rebirth, but also a reflection of their 

evolution from aquatic habitat to dry land. The main functions of the amphibian skin 

are osmotic regulation, respiration, and defence, and the defence response of their skin 
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is always a hot research area. The modern amphibians still retain a close relationship 

with water. During their life cycles, from eggs to larval tadpoles and to adult forms, 

most of them stay in water to metamorphose and reproduce. The major habitats of 

amphibians, such as the damp marshes and wetlands, muggy rainforests, dark burrows, 

and ditches, also provide perfect environments for abundant microorganisms and 

pathogens. Therefore, the amphibian skin plays a vital role in survival in such 

pathogen-rich environments.   

There are two types of amphibian skin glands, mucous glands and granular glands, and 

the latter are also called the poison glands in some species. These glands secrete mucus 

continuously which contains multiple components to maintain the normal function of 

skin by reducing water loss and keeping their skin surface moist. On the other hand, 

their secretions can have much higher biological activities if they are stimulated both 

by the environment or their predators. For example, epibatidine, secreted by the 

Ecuadoran frog Epipedobates anthonyi, can cause paralysis then lead to respiratory 

arrest and is lethal even at very low doses (Traynor, 1998).  

1.2 Anura -- an important source of novel natural drugs  

1.2.1 Biodiversity of anurans 

There are about 7,000 species in the class Amphibia, and nearly 90% of them are from 

the order Anura. The word Anura is derived from the Ancient Greek term, which 

means ‘without tail’. According to the oldest fossil, the origin of their evolution history 

may be traced back to 265 million years ago. Nowadays, the living Anura are 
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comprised of frogs and toads. Generally, frogs are seen as the type with smooth skin, 

while the warty skin type is often associated with toads. However, this is neither the 

only nor the perfect distinctive criterion, and there are many exceptions.  

Although people are very familiar with the appearance of frogs and toads, they can 

still amaze us by their great diversity in configurations, diets and natural habitats. The 

Brazilian frog, Psyllophryne didactyla, is known as the smallest frog in the world. 

Their adult forms are usually 9.8 mm in length. While, the African goliath frog, 

Conraua goliath, about 300 mm in length, perfectly suits its name. From small insects 

like beetles to arachnids and centipedes, from fish to small mammals like mice, 

anurans have a great variety of dietary sources and they can also rely on fruits, like the 

very special species, Xenohyla truncata. Some of the species are even cannibals 

(Santos et al., 2004). 

These characteristics provide them with good adaptabilities to different environments 

all over the world. Besides the temperate areas, anurans can survive and even thrive in 

extremely harsh environments, and they appear in the most frigid Arctic Circle, alpine 

meadows, fiercely competitive tropical rainforests or the extremely arid deserts. 

However, owing to their moist and highly permeable skin, the damp rainforests have 

the largest number of anurans with more than 5000 species restricted to the tropical 

forests, accounting for over 70% of the extant amphibian species. 

To adapt to the natural world, anurans have evolved a unique skin, which not only 

maintains their normal physiological activities but also plays a significant role in their 
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host defence system. It also gives us a new strategy to delve into their ethology, 

discover natural drugs, and perhaps better protect them and ourselves.  

1.2.2 Bioactive compounds in anuran skin secretions  

Generally, there are four categories of chemical compounds in anuran skin secretions, 

alkaloids, bufadienolides, biogenic amines and peptides. In this section, alkaloids, 

bufadienolides and biogenic amines are mainly discussed while peptides will be 

focused on in the following section.  

1.2.2.1 Alkaloids 

Natural alkaloids have a great structural diversity so that they do not have a uniform 

classification. However, one thing most alkaloids have in common is that they contain 

basic nitrogen atoms.  

Their diverse and potent biological activities have been reported widely in humans and 

other mammals. About 10 to 25% of natural alkaloids are found in higher plants. The 

most well-known alkaloids include morphine, strychnine, quinine, ephedrine, and 

nicotine.  

Besides plants, secretions from anuran granular glands are a notable source for various 

noxious alkaloids as well, and most of these are both significant in structure and 

physiological effects. For instance, the epibatidine is a nicotinic agonist, and it shows 

a high affinity for nicotinic receptors sites and may be regarded as a novel non-opioid 

analgesic in the future (Daly et al., 2000). Neotropical frogs from the genera 
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Dendrobates and Phyllobates contributed to the discovery of a majority of the known 

noxious and bioactive unique alkaloids. Daly et al. divided those chemicals into five 

classes (See Table 1.1) (Daly et al., 1987). 

In addition, the diet could be a notable source that contributes to alkaloid synthesis in 

anuran skin secretion. Daly et al. also reported that some alkaloids which seemed to 

be unique in frogs and toads, such as batrachotoxins and epibatidine, might derive from 

small arthropods (See Table 1.2) (Daly, 1995).  

Table 1.1 The major classes of amphibian alkaloids and their distribution in certain 

species (Daly et al., 1987) 

Class  Main distribution in some species 

Batrachotoxin  Genus Phyllobates  

Histrionicotoxins  Genus Dendrobates, Phyllobates and Mantella 

Indolizidines  Genus Dendrobates, Phyllobates and Mantella 

Pumiliotoxin-A class 
Genus Dendrobates, Phyllobates and a few in other 

families 

Decahydroquinolines Genus Dendrobates, Phyllobates and Mantella 
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Table 1.2 Some alkaloids in anuran skin and their dietary sources (Daly, 1995, 

Philippe and Angenot, 2005)  

Alkaloids in Anura skin Dietary source  

Pyrrolizidine, indolizidine alkaloids Ants (especially from Myrmicinae) 

Tricyclic coccinellines  Beetles 

Pyrrolizidine oximes  Millipedes 

Precoccinelline  Leaf-litter arthropods 

Batrachotoxin Beetles (especially from Melyridae) 

1.2.2.2 Bufadienolides (steroids) 

Bufadienolides are one of the chemicals which give a milky appearance to amphibian 

skin secretion (Garg et al., 2008). Bufadienolide is derived from steroids and usually 

has two double-bonds in the lactone ring. When combined with nitrogenous 

compounds, such as arginine, it will be called bufotoxin, and when appearing in a free-

state, it will be called bufogenin. There are two forms, non-conjugated and conjugated 

forms, in which bufadienolides can occur (Steyn and van Heerden, 1998). Due to 

numerous substitutions in their side chains, the bufadienolides come in abundant types 

of derivatives in Nature. Recently, more than 100 different types of bufadienolides 

have been isolated and reported from frogs and toads (Xin et al., 2012). 

Bufadienolides are usually described as cardiacglycosides because of their 

cardioactive activity, which can inhibit the enzyme Na+/K+-ATPase then increase the 

level of myocardial contraction (Bayazit, 2010). In the last few decades, researchers 

have mainly focused on six types of bufadienolides, which are known as bufotalin, 
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bufalin, bufogenin, cinobufagin, marinobufagin and resibufagin. Bufotalin and the 

related bufotoxins are derived from cholesterol. Bufotenine, has the potential to be 

developed as a cardioaccelerator (Clarke, 1997) for its ability to increase myocardial 

contractile force. Bufonis Venenum, also called ch'an-su, is made by toad skin glands, 

and is a kind of traditional Chinese medicine. It contains bufadienolides and bufotenine 

(Jen-Der et al., 1991). It has been used for a long time in clinical therapy to stimulate 

heart contraction, relieve pain (Gong et al., 2010) and promote diuresis (Arnaud-

Batista et al., 2012).  

1.2.2.3 Biogenic amines 

The biogenic amines in amphibian skin secretion are divided into three types, indole-, 

imidazole- and phenyl- alkylamines (Roseghini et al., 1989). Indolealkylamines 

include 5- hydroxytryptamine, also called serotonin, and its N-methylated derivatives, 

and the former is wide-spread in amphibian skin secretion. Imidazole alkylamines, its 

related histamine and tyramine, are mainly distributed in Leptodactylidae and hylid 

frogs (Garg et al., 2008). Phenylalkylamines in amphibian skin secretion include 

epinephrine, norepinephrine, and dopamine (Erspamer, 1971), and are mainly found 

in Bufo. Biogenic amines in amphibian skin vary from species-to-species and they 

have different properties, for example, hallucinogenic effects, vasoconstriction, 

increasing blood pressure and causing spasm (Clarke, 1997).    
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1.3 Peptides -- a potential drug discovery industry  

1.3.1 Classification of bioactive peptides 

1.3.1.1 Antimicrobial peptides (AMPs) 

Antimicrobial peptides (AMPs) are a wide variety of bioactive components which are 

isolated from skin glands from numerous frog species across eleven families (König 

et al., 2015). These peptides are also called ‘cytolytic peptides’, due to their special 

ability to bind to, insert into and form pores in microbial cell membranes. This can 

cause destabilisation of the phospholipid bilayer membranes and finally cause cell 

lysis. Generally, there are three mechanisms, the ‘carpet’, the ‘barrel-stave’ and 

‘toroidal-pore’ (Brogden, 2005) models proposed for AMP action. Although there is a 

wide range of AMPs, they can still be divided into several families according to their 

similarities of amino acid sequence (See Table 1.3).  

 

 

 

 

 

 



10 
 

Table 1.3 The 13 major AMPs families and their representative peptide sequences 

(Conlon et al., 2004) 

AMP families 
Representativ

e 
Sequence 

Brevinin-1 Brevinin-1 FLPVLAGIAAKVVPALFCKITKKC 

Brevinin-2 Brevinin-2 
GLLDSLKGFAATAGKGVLQSLLSTASCKL

AKTC 

Esculentin-1 Esculentin-1 
GIFSKLGRKKIKNLLISGLKNVGKEVGMD

VVRTGIDIAGCKIKGEC 

Esculentin-2 Esculentin-2a 
GILSLVKGVAKLAGKGLAKEGGKFGLELI

ACKIAKQC 

Ranalexin Ranalexin FLGGLIKIVPAMICAVTKKC 

Ranatuerin-1 Ranatuerin-1 SMLSVLKNLGKVGLGFVACKINKQC 

Ranatuerin-2 Ranatuerin-2 
GLFLDTLKGAAKDVAGKLEGLKCKITGCK

LP 

Temporin Temporin-A FLPLIGRVLSGIL-NH2 

Palustrine Palustrin-1a ALFSILRGLKKLGKMGQAFVNCEIYKKC 

Tigerinin Tigerinin-2 RVCFAIPLPICH-NH2 

Japonicin Japonicin-1 FFPIGVFCKIFKTC 

Melittin-related 

peptides 

Melittin-

related 

peptide 

FVGAALKVLANVLPPVISWIKQ 

Nigrocin-2 Nigrocin-2 GLLSKVLGVGKKVLCGVSGLC 

Brevinin-1 and brevinin-2, were initially isolated from the Japanese pond frog Rana 

brevipoda porsa (Morikawa et al., 1992). The members of the brevinin-1 family are 

mainly composed of 24 amino acid residues and their C-terminus contains a conserved 
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heptapeptide sequence, Cys-3X-Lys/Arg-Lys-Cys, which forms a cyclic structure by 

an intramolecular disulphide bond called a ‘Rana-box’. The primary structures of 

brevinin-2 peptides are quite different, as only four amino acid residues are conserved 

(Lys15, Cys27, Lys28 and Cys33) (Conlon et al., 2004). Peptides which belong to these 

two AMP families usually have potent bioactivity. Brevinin-1 peptides have a broad-

spectrum antibacterial activity to either Gram-positive or Gram-negative bacteria, and 

some of them are even active against viruses (Yasin et al., 2000) and fungi (Conlon et 

al., 2003a). However, most of the brevinin-1 peptides possess a high level of 

haemolytic activity (Conlon et al., 2003a), which might limit their development as 

potential new drugs. Compared to brevinin-1 peptides, the brevinin-2 peptides have 

lower haemolysis (Conlon et al., 2007), but still display potent antimicrobial activity. 

Esculentin-1 and esculentin-2 were initially isolated from the European edible frog, 

Pelophylax kl. esculentus (Matutte et al., 2000). Similar to brevinin-1 and brevinin-2, 

esculentin-1 and esculentin-2 also have a cyclic heptapeptide in their sequence. Their 

peptide length is quite long with 46 and 37 amino acid residues, respectively. 

Esculentin-1 was reported to have potent inhibiting effects on various pathogens 

(minimum inhibitory concentration, MIC＜1 μM), such as Escherichia coli (E. coli), 

Candida albicans (C. albicans), Staphylococcus aureus (S. aureus) and Pseudomonas 

aeruginosa (P. aeruginosa) (Matutte et al., 2000). Esculentin-2 was also reported to 

have a broad-spectrum antibacterial activity (Goraya et al., 2000).  
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Ranalexin was initially isolated from the tadpoles of the North American bullfrog, 

Rana catesbeiana (Clark et al., 1994). It has a potent and broad-spectrum antibacterial 

activity to some clinical Gram-positive pathogens, such as methicillin-resistant 

Staphylococcus aureus which is known as a kind of superbug, and Staphylococcus 

epidermidis, an important source of hospital cross infection (Giacometti et al., 1998). 

Ranatuerin-1 peptides were only isolated from three closely related species, the 

American bullfrog (Lithobates catesbeianus), the pig frog (Lithobates grylio) and the 

green frog (Lithobates clamitans) (Conlon et al., 2004). Ranatuerin-2 peptides were 

initially isolated from the American bullfrog, Lithobates catesbeianus (Goraya et al., 

1998). Ranatuerin-2 peptides were found with a large variation in their primary 

structure but also have abundant broad-spectrum antibacterial activities.  

Temporin was initially isolated from the European edible 

frog (Pelophylax kl. esculentus) and the European common frog (Rana temporaria) 

(Simmaco et al., 1990, Simmaco et al., 1996). The temporin peptides are the smallest 

amphipathic α- helical AMPs, most of which are comprised of 10-14 amino acid 

residues. Unlike other AMP families, such as brevinin, ranalexin, ranatuerin and 

esculentin, the temporin peptides do not have a conserved heptapeptide sequence to 

form the ‘Rana box’, but contain the α-amidation at their C-terminus (Wade et al., 

2000). Most of the temporin peptides have antibacterial activity, and they also have a 

strong haemolytic ability (Conlon et al., 2004). 

https://en.wikipedia.org/wiki/Klepton
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Palustrin peptides have three sub-families, palustrin-1, palustrin-2 and palustrin-3 

(Basir et al., 2000). So far, the palustrin-1 and palustrin-3 peptides have only been 

isolated from the pickerel frog, Lithobates palustris, and the European common frog, 

Rana temporaria (Basir et al., 2000, Chen et al., 2006). The palustrin-2 peptides were 

only found in the pickerel frogs and their sibling species, the crawfish frog, Lithobates 

areolatus (Ali et al., 2002).  

Tigerinin peptides were only isolated from the Indian bullfrog, Hoplobatrachus 

tigerinus, so far (Sai et al., 2001). These peptides have a broad-spectrum antimicrobial 

activity. They usually have 11-12 amino acids and have α-amidation at their C-

terminus (Conlon et al., 2004).  

Japonicin-1 and japonicin-2 were initially isolated from the Japanese brown frog, 

Rana japonica (Isaacson et al., 2002). Peptides from these two families have little 

sequence similarity with other Ranidae peptides. 

Melittin was initially isolated from the venoms of bees (Kreil, 1973).  Conlon et al. 

isolated a kind of peptide which had high sequence homology with melittin, so it was 

called the melittin-related peptide (MRP) (Conlon et al., 2003b, Suzuki et al., 2007). 

MRP could inhibit the growth of fungal pathogens and had a broad-spectrum 

antimicrobial ability. Compared to melittin, MRP had much less haemolytic ability 

(Conlon et al., 2003b).  

Nigrocin-2 was initially isolated from the dark-spotted frog, Pelophylax 

nigromaculatus (Park et al., 2001), in addition to nigrocin-1, which belonged to the 



14 
 

brevinin-2 family. Nigrocin-2 had antimicrobial activities against Gram-positive and 

Gram-negative bacteria, as well as the pathogenic yeast, Candida albicans, but they 

did not possess haemolytic ability, which might be a great advantage to be developed 

as potential antimicrobial agents (Conlon et al., 2004).  

1.3.1.2 Neuroactive peptides  

The research on bioactive peptides from amphibian skin secretion has been reported 

with the discovery of the similar or even identical peptides in neuroendocrine cells and 

peptidergic neurons of mammals (Erspamer, 1983). The well-known examples are 

shown in Table 1.4. Charles et al. proposed that amphibian skin glands might be a part 

of their neurvous systems (Bevins and Zasloff, 1990).  

Table 1.4 Some amphibian skin neuroactive peptides and their counterparts in 

mammals (König et al., 2015) 

Anuran skin neuroactive peptides  Counterparts in mammals 

Caeruleins  Cholecystokinin (CCK) 8 and hexagastrin 

Bombesins Gastrin-releasing peptide (GRP) 

Xenopsins  Neurotensin (NT) 

Crinia-Angiotensin II Angiotensin II 

Sauvagine Corticotropin-releasing factor and urotensin I 

Tachykinins are one of the largest peptide families isolated from a wide range of 

animals, from amphibians to mammals. Tachykinins in frog skin secretion are mainly 
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found in five frog families, Myobatrachidae, Hylidae, Leptodactylidae, Hyperoliidae 

and Ranidae.  

Tachykinin release might be the response of the stimulation from their stressful living 

environment or predator attacks, but the biological functions of these compounds are 

not fully understood. While in mammals, tachykinins have an important role in the 

nervous system, as well as the digestive and cardiovascular systems. They can cause 

hypotension through vasodilatation, and induce acute contraction of the intestinal 

smooth muscle (Pennefather et al., 2004).  

A carboxyl-terminal sequence with amide is highly conserved in tachykinins. Their 

characteristic sequence motif is -Phe-X-Gly-Leu-Met-NH2, where the position X is 

usually a hydrophobic or an aromatic amino acid (See Table 1.5). Tachykinins are 9 

to 42 amino acids in length, and most of the tachykinins are decapeptides or 

undecapeptides. The amphibian tachykinin sequences, as well as the fish tachykinin 

sequences, are quite diverse, compared to those from the classes Mammalia, Reptilia 

and Aves, which are quite similar. This phenomenon may reflect their position on the 

phylogenetic tree.  
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Table 1.5 Amphibian tachykinins (Liu and Burcher, 2005) 

Species Peptide Sequence 

Frog, R. ridibunda (ranakinin) KPNPERFTGLM-NH2 

Frog, R. catesbeiana (ranatachykinin A) KPSPDRFYGLM-NH2 

Toad, B. marinus (bufokinin) KPRPDQFYGLM-NH2 

African frog, X. laevis KPRPDQFYGLM-NH2 

Frog, R. ridibunda HKLDSFIGLM-NH2 

African frog, X. laevis TLTTGKDFVGLM-NH2 

Physalaemus fuscumaculatus (physalaemin) PEADPNKFYGLM-NH2 

Uperoleia marmorata (uperolein) EPNPAKFYGLM-NH2 

Pseudophryne guntheri (PG-SP1) EPNPDEFYGLM-NH2 

Hylambates maculatus (hylambatin) DPPADPNRFYGMM-NH2 

R. catesbeiana (ranatachykinin B) YKSDSFYGLM-NH2 

R. catesbeiana (ranatachykinin D) KPNPERFYAPM-NH2 

Rana margaratae (ranamargarin) 
DDASDRAKKFYGLM-

NH2 

Kassina senegalensis (kassinin) DVPLSDQFVGLM-NH2 

Phyllomedusa bicolor (phyllomedusin) PEPNPNRFIGLM-NH2 

R. catesbeiana (ranatachykinin C) HNPASFIGLM-NH2 

P. guntheri (PK-KI) PEPHPDEFVGLM-NH2 

P. guntheri (PK-KII) PEPNPDEFVGLM-NH2 

P. guntheri (PK-KIII) PEPHPNEFVGLM-NH2 

Bradykinin (BK) is a nonapeptide and received attention from Rocha e Silva et al. for 

its potent vasodilatory effects (e Silva et al., 1949). In 1965, Vittorio Erspamer et al. 
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first identified canonical BK in the skin secretion of the European common frog, Rana 

temporaria (Anastasi et al., 1965). Since then, BK and many bradykinin-related 

peptides (BRPs), have been isolated from anuran skin secretions. Among them, the 

representative frog families which produce abundant BK and BRPs are Ascaphidae, 

Bombinatatoridae, Hylidae and Ranidae (Chen et al., 2011).  

In the mammals, synthesised and released by the kallikrein–kinin system, bradykinin 

is considered as an endogenous hormone (Xi et al., 2015). Activation of this system 

will eventually increase the endogenous pro-inflammatory peptides secretion, such as 

BK. Then it will sequentially induce multiple physiological and pathological responses. 

For example, the myotropic effects, which induce the relaxation or contraction of 

smooth muscles, the inflammatory response and arteriolar dilation (Campbell, 2000). 

However, although frogs and toads lack the kallikrein–kinin system in their plasma, 

they have a new strategy by secreting these important chemicals from their skin glands 

(Conlon, 1999). This is thought to be an effective defence strategy because the skin 

secretion, which contains BK and BRPs, might affect their predators by disturbing 

their own hormonal balance and inducing digestive disorder (Brand et al., 2006).  

Generally, there are 3 types of BK receptors, B1, B2 and B3, while the most commonly 

studied types are B1 and B2, and they are all G-protein-coupled receptors (GPCRs). 

Under normal physiological conditions, only a small range of tissues will express B1 

receptors, such as spinal cord, however, when the living organisms are injured, the BK 

will mediate the inflammatory response and the B1 receptors will be rapidly and 
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widely expressed in most tissues. This response can be seen as a kind of self-treatment 

to injury and infection. Unlike B1 receptors, B2 receptors can be widely and 

continuously expressed in healthy tissues. They can increase intracellular free calcium 

and inhibit adenylate cyclase (Sardi et al., 2002). 

Initially isolated from the Australian frog Hyla caerulea, caerulein, a decapeptide, has 

the same carboxyl-terminal structure as cholecystokinin and gastrin (Hoffmann et al., 

1983) and exhibits similar physiological activities to these mammalian hormones 

(Erspamer, 1971), such as stimulating the secretion of digestive juices and the 

movement of intestinal smooth muscle (Bertaccini, 1980). It has been suggested that 

these peptides, which were subsequently shown to be expressed in amphibians, may 

come from a common ancestor of those mammalian hormones (Larsson and Rehfeld, 

1977). Clinically, caeruleins are used to treat the symptoms of paralytic ileus (Agosti 

et al., 1971), while in the design of animal models, they are also regarded as 

inflammation inducers of the pancreas (Kaiser et al., 1995). 

Bombesin (BN) was originally isolated from the European fire-bellied toad, Bombina 

bombina. There are two counterparts that occur in mammals - neuromedin B (NMB) 

and gastrin-releasing peptide (GRP). These chemicals have notable physiological 

effects on the digestive system. They can stimulate gastrointestinal motility and 

increase the secretion of insulin, a kind of pancreatic peptide hormone (Battey and 

Wada, 1991, Ohki-Hamazaki et al., 2003).  
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1.3.2 The advantages of peptides as pharmaceuticals 

Recently, the drug resistance of pathogens to traditional antibiotics has become a 

worsening problem, so there is an urgent need for scientists to find new antimicrobial 

agents from natural sources. AMPs are one of the bioactive peptide classes which 

widely exist in various organisms and participate in their innate immune systems. 

Amphibians have a wide distribution and fall into complex and diverse ecotypes. Their 

uncovered skins are moist which are suitable for microbes to grow. In order to fight 

against the invasion of pathogenic microorganisms, amphibians have evolved special 

skin glands. The peptides are one of the potent antimicrobial components of those 

amphibian skin secretions. 

Compared to traditional antibiotics, AMPs have a different antimicrobial mechanism. 

They attach to the cell membranes of some prokaryotic cells, such as bacterial cells. 

Then, they change the normal structure and physiological function of the membranes. 

Finally, they inhibit the bacterial growth or even kill the bacteria (Brogden, 2005). For 

example, they have potent inhibitory or bactericidal activity to Gram-negative and 

Gram-positive bacteria, including E. coli, Salmonella, Proteusbacillus vulgaris (P. 

vulgaris), Streptococcus faecalis (S. faecalis), Pseudomonas aeruginosa (P. 

aeruginosa), S. aureus and so on (Dagan et al., 2002). Many AMPs show strong 

antimicrobial activities even at low concentrations. 1.5 μg/ml of maximin 3 could 

entirely inhibit the growth of E. coli, Bacillus megaterium (B. megaterium) and 

Shigella dysenteriae (S. dysenteriae) (Lai et al., 2002).  
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Their unique mechanism of actions provides AMPs with a broad-spectrum 

antibacterial activity, as well as activity against conventional drug-resistant bacteria. 

It is apparently not easy for bacteria to develop strong resistance to AMPs, thus AMPs 

are fast becoming the preferred research focus for the new antimicrobial agents of the 

future.  

However, some amphibian AMPs can cause haemolysis in mammals due to their 

highly hydrophobic, amphiphilic and helical molecular structure, such as maximin H, 

brevinin-1 and bombinin H (Hwang and Vogel, 1998, Wu et al., 1999). As we all know 

that amino acid sequence determines their structure, more research is needed to 

understand how the structure determines their function. It not only could reduce their 

cytotoxicity to the normal cells of mammals, but also provide theoretical guidelines 

for the design and synthesis of specifically targeted AMPs. In addition, AMPs are 

small molecules, and it is easy for them to be hydrolysed by proteases. They also have 

a low expression quantity either in animal/plant cells or microorganisms. Moreover, 

due to the high cost of synthesis, mass producing AMPs both economically and 

efficiently, is also a critical problem which needs to be resolved. The potential 

advantages and disadvantages of peptide drugs are shown in Table 1.6. 
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Table 1.6 Potential advantages and disadvantages of peptide drugs (Craik et al., 

2013) 

Advantages  Disadvantages  

High potency  Poor metabolic stability 

High selectivity Poor membrane permeability 

Broad range of targets Poor oral bioavailability 

Potentially lower toxicity  High production costs 

Low accumulation in tissues Rapid clearance 

High chemical and biological diversity Sometimes poor solubility 

 

 

1.4 Pelophylax kl. esculentus -- a special species from 

hybridogenesis 

 

Figure 1.2 Pelophylax kl. esculentus  

(Available at: http://daniel.phillips.free.fr/reptilia/alsace.php, accessed on 31st August 2017) 
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Pelophylax kl. esculentus is a kind of European common frog, also known as the edible 

frog (See Figure 1.2). This species is a typical hybrid frog between Pelophylax 

lessonae and Pelophylax ridibundus (See Figure 1.3). 

 

       (A)                              (B) 

Figure 1.3 (A) Pelophylax lessonae (Available at: http://www.naturephoto-cz.com/rana-lessonae-

photo_lat-16513.html, accessed on 16th March 2017), (B) Pelophylax ridibundus (Available at: 

http://destepti.ro/broasca-mare-de-lac-rana-ridibunda, accessed on 16th March 2017)  

Pelophylax esculentus is endemic to Europe, and it has been found in Italy, Denmark, 

France, Estonia, Spain, Russia, UK and so on. Their natural habitats are almost the 

same as their other parent species, Pelophylax lessonae (Sas et al., 2007). Like normal 

frogs, Pelophylax esculentus prefer to live in warm and humid areas, such as pools, 

forest, meadows and swamps. 

Pelophylax kl. esculentus is a rich source of bioactive natural peptides. The esculentin-

related peptides, one of the 13 AMP families, are named after this species (Chen et al., 

2016a). Besides that, there are much more peptides of other families which are isolated 

from this species, including bradykinin (Chen et al., 2011), brevinins (Simmaco et al., 

http://www.naturephoto-cz.com/rana-lessonae-photo_lat-16513.html
http://www.naturephoto-cz.com/rana-lessonae-photo_lat-16513.html
http://destepti.ro/broasca-mare-de-lac-rana-ridibunda
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1994) and one of the smallest types of AMPs, the temporins (Chen et al., 2016b). As 

the other parental species, Pelophylax lessonae has also contributed to the discovery 

of many bioactive peptides, such as ranatuerins, bradykinins, bombesins, brevinins and 

esculentins (Samgina et al., 2011). 

Compared with the parent species, the hybrids usually have rich genetic diversity. It is 

reported by Daum (Daum et al., 2012), that the AMPs isolated from Pelophylax kl. 

esculentus have better antifungal performances than those of Pelophylax lessonae, 

both in quantity and in quality. While Pelophylax ridibundus, even though they might 

have a similar quantity of antifungal peptides as the hybrids, they are still much less 

potent. Therefore, the hybrids, Pelophylax kl. esculentus, are a very special and notable 

species which have a tremendous potential to produce various natural peptide drug 

leads. 

1.5 Aims and objectives of this thesis 

The aims of the project were to discover novel bioactive peptides from the European 

edible frog (Pelophylax kl. esculentus), to learn and master the techniques of drug 

discovery and to develop the ability of experimental equipment operation. Six 

experimental objectives were required to achieve the aims, including: 

1) To prepare skin secretion samples for subsequent cDNA library construction. 

2) To identify novel peptide cDNAs by “Shotgun” cloning of the skin secretion cDNA 

library. 
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3) To obtain sufficient peptide replicate by solid-phase peptide synthesis for 

bioactivity screening.  

4) To test antimicrobial effects of the novel peptide against three model micro-

organisms (E. coli, S. aureus, and C. albicans).  

5) To screen for cytotoxicity by haemolysis assay. 

6) To screen pharmacological activities and evaluate the contraction/ relaxation effects 

on rat smooth muscles. 

 

 

 

 

 

 

 

 

 

 



25 
 

Chapter 2 Materials and methods                                    

2.1 The acquisition of Pelophylax kl. esculentus skin 

secretions 

Adult specimens of Pelophylax kl. esculentus, (n= 30) were obtained from Europe and 

were fed for 4 months before secretion harvesting. With the guidance of Tyler et al 

(Tyler et al., 1992), the glandular secretions from frog dorsal skin were obtained by 

mild transdermal electrical stimulation. Firstly, the frogs were held gently and their 

dorsal skins were moistened with distilled water. Secondly, a bipolar electrode was 

used to rub over their skin gently in circular motions, about 3 mm in diameter (pulse 

duration 2 x 10-3 to 4 x 10-3 s; a pulse repetition rate of 50 /s; maximum stimulus 

strength of 20 V). Generally speaking, different strength of the stimulus could be 

considered for different sizes of the frog, and the thickness and conductivity of the 

skin. Finally, the secretions were washed by deionised water from frog skin, and snap-

frozen in liquid nitrogen. After lyophilisation, secretion samples were stored at -20 oC 

until required.  

2.2 The discovery of cDNA encoding a novel peptide 

precursor from Pelophylax kl. esculentus by ‘shotgun’ 

cloning 

2.2.1 mRNA islolation from Pelophylax kl. esculentus skin secretion 

A Dynabeads® mRNA DIRECT™ Kit (Invitrogen, Lithuania) was used to isolate 
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mRNA from the lyophilised skin secretion of the European edible frog (Pelophylax kl 

esculentus) according to its protocol for mRNA isolation from solid animal tissues.  

Oligo (dT)25 is a short sequence, which was bonded to the magnetic Dynabeads with 

covalent bonds, but also can combine the poly (A) tails of mRNAs in the form of A-T 

base pairing, which could be used to isolate the mRNA from lysates. Then, under a 

high temperature, the hydrogen bonds of A-T base pairing could be damaged, so that 

the pure poly (A) tails of mRNAs could be isolated from the oligo (dT)25. 

5 mg of lyophilised skin secretion was dissolved in lysis/ binding buffer (1 ml). The 

lysate was mixed by vigorous vortexing for 1 min at room temperature and placed in 

ice for 1 min. In order to lyse mRNA from the crude secretion completely, this step 

was repeated for 10 cycles, for about 20 min. The ice bath was used to restrain RNase 

(ribonuclease) and mRNA degradation.  

The lysate was centrifuged at 18,000 x g for 5 min in an Eppendorf Centrifuge 5424 

(Eppendorf, Germany) to remove debris and reduce foaming. The supernatant was 

collected and placed in an ice bath for later use.  

A volume of 250 μl re-suspended Dynabeads Oligo (dT)25 was transferred from the 

stock tube to an RNase-free 1.5 ml tube, and the tube was placed on a magnet. The 

solution of the beads was totally discarded till it was clear. Then the beads were re-

suspended in an equivalent 250 μl fresh Lysis/Binding Buffer.  

The solution of the beads was totally removed with the help of a magnet rack and the 
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lysate supernatant was transferred to the beads as quickly as possible since the drying 

of the beads may lower their capacity. 

The lysate was mixed with beads by continuous mixing (gently rotating or roller 

mixing) for 1 min at room temperature and placed in an ice bath for 30 s. This step 

was repeated for 12 cycles, for about 18 min, to let the poly (A)-tail of the mRNA 

anneal to the oligo-dT on the beads by A-T binding via hydrogen bonds. Then the lysis/ 

binding buffer was discarded completely on a magnetic rack. 

The beads/ mRNA complex was washed for three times with 500 μl washing buffer A 

and for two times with 500 μl washing buffer B at room temperature, respectively. The 

magnet rack was applied to completely separate the beads from the solution between 

each washing step, to prevent carryover of LiDS (a strong inhibitor of enzymatic 

reactions) and other salts involved in washing buffer A and B to the downstream 

reaction. 

Afterwards, mRNA was eluted from beads with18 µl of Tris-HCl (10 mM), and 

incubated at 80 °C for 2 min. Then the tube was placed on the magnet rack immediately, 

and the supernatant containing mRNA was transferred to a new RNase-free 0.2 ml tube 

in an ice bath to avoid mRNA rebinding to beads. 

2.2.2 cDNA library construction 

cDNA is created from a mature mRNA from a eukaryotic cell with the use of the 

reverse transcriptase. Therefore, a large number of non-coding regions are removed 
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from the cDNA library, which make it much easier to identify the coding genes of 

some certain peptides or proteins. In addition, cDNA strands, compared with mRNA, 

are more thermostable and easier to be stored for later use.  

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

used to synthesise the first-strand cDNA library. The primers and their sequences are 

shown in Table 2.1. 

Table 2.1 The primers and their sequences 

Primer Sequence 

BD SMART II 5'–AAGCAGTGGTATCAACGCAGAGTACGCGGG–3' 

3'-CDS Primer A 

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

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

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

All the mRNA sample solutions were divided into 5 tubes: 3 tubes received 4 μl/each 

of mRNA solution to prepare the 3’-cDNA library, whereas 2 tubes received 3 μl/each 

of mRNA solution for preparing the 5’-cDNA library. The reagents were added to 

different tubes respectively (See Table 2.2). 
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Table 2.2 The allocation of reagents in each tube 

Reagent 

3’-cDNA 

(3 tubes/each) 

5’-cDNA 

(2 tubes/each) 

mRNA sample 4 µl 3 µl 

3’-CDS primer (10 µM) 1 µl - 

5’-CDS primer (10 µM) - 1 µl 

BD SMART II (10 µM) - 1 µl 

These tubes were placed on a heating block at 70 °C for 2 min for primer annealing, 

then were cooled on ice for 2 min. Next, the following reagents were added to each 

tube (See Table 2.3), and mixed well. The total volume of each tube should be 10 µl. 

Table 2.3 The master mix added to each tube for 3’/5’-RACE-Ready cDNA 

Reagent Volume Final concentration 

5X First-Strand Buffer 2 µl 1X  

DTT (20 mM) 1 µl 2 mM 

dNTP Mix (10 mM) 1 µl 1 mM 

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

After centrifugation to avoid bubbles, these 5 tubes were placed at 42 °C for 1.5 h in a 

Polymerase chain reaction (PCR) machine. Then, a volume of 50 µl PCR-Grade water 

was added to each tube to dilute the first-strand reaction product, and the cDNA sample 

solutions were amplified by heating at 72 °C for 7 min. Once these steps were 

completed, the product was stored at -20 °C before use.  
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2.2.3 Rapid amplification of 3’-cDNA ends (3’-RACE) by polymerase 

chain reaction (PCR) 

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

used in this step. Rapid-amplification of cDNA ends (RACE) could be used to obtain 

the double-stranded cDNA fragments, while in this section, only the 3’-RACE-Ready 

cDNA was used as a template and to perform the 3’-RACE PCR. A degenerate primer 

pool served as the sense primer (sequence: 5’ 

ATGTTCACCWYRAAGAAATCCMTKYTA 3’) which contained a highly-

conserved domain of the 5’-untranslated region of previously-characterised 

homologous peptide cDNAs from Pelophylax species. A nested universal primer (NUP: 

5’-AAGCAGTGGTATCAACGCAGAGT-3’) served as antisense primer annealing to 

the single-stranded DNA as template to amplify in PCR cycles. 

PCR tubes were prepared, and 2 were set as sample group while the other 2 were the 

negative control. The reagents in each group were combined as follows in each tube 

(See Tables 2.4 and Table 2.5). 
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Table 2.4 Reagents in each tube of sample group in RACE PCR 

Reagent Volume Final concentration 

PCR-Grade Water 3.1 µl  

10X BD Advantage 2 PCR Buffer 1.5 µl 1.5X 

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  

 

Table 2.5 Components in each tube of negative control group in RACE PCR 

Reagent Volume Final concentration 

PCR-Grade Water 3.1 µl  

10X BD Advantage 2 PCR Buffer 1.5 µl 1.5X 

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 

PCR-Grade Water 5 µl  

The components were mixed well and were centrifuged briefly to collect all the liquid 

to bottom and avoid foam. Next, the 3’-RACE PCR programme was commenced using 

the following parameters (See Table 2.6). Once the programme was finished, the PCR 
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products were stored at 4 oC before use. 

Table 2.6 3’-RACE PCR programme 

Stage  Parameter 

Stage 1 initial denaturation at 94 oC for 1min 

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 

2.2.4 Agarose gel electrophoresis 

Agarose gel can be formed when the helical agarose molecules form into supercoiled 

bundles. This three-dimensional matrix allows the biomolecules to pass through its 

channels and pores. Agarose gel electrophoresis is used to separate and analyse a 

mixed population of macromolecules such as DNAs or proteins by their different sizes 

or charges.  

A weight of 0.45 g agarose powder (Invitrogen, UK) was dissolved completely in 35 

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

microwave heating. The concentration of agarose gel should be no less than 1% w/v. 

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

added to the flask when the agarose was cooled to approximately 50 °C, and then the 

flask was swirled gently to mix well. Then, the molten agarose was poured into the 

assembled gel electrophoresis apparatus, and was allowed to solidify for about 30-45 

min. After solidification, the gel-forming blocks and combs were removed carefully. 
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The 1X TBE buffer (Invitrogen, UK) was poured into the gel tank so that the gel 

surface was submerged by buffer solution. Then the samples were ready to load in the 

gel.  

A volume of 2 µl of 100bp DNA ladder (BioLabs, UK) was added to the first gel well 

for use as a reference, while other wells were loaded with a mixture of 0.5 µl of 6X 

loading dye (Promega, USA) and 1.5 µl RACE PCR products. Then, the lid was 

covered on the gel box and power supply was switched to 90 V for about 30 min. After 

that, the gel was transferred to a Benchtop UV Transilluminator (UVP, UK) for 

detection and analysis. Compared with DNA ladder, the samples with the proper sizes 

were selected for the following experiments.  

2.2.5 Purification of RACE PCR products 

A Cycle Pure Kit (Omega Bio-Tek, USA) was used in this section. DNA washing 

buffer was diluted by 100 ml of 100% ethanol in advance. 

A Quintuple CP buffer was added to the selected PCR samples and was mixed 

thoroughly. A cartridge was placed into a 2ml wash tube, loaded with the samples, then 

was centrifuged at 15,000 x g for 1 min in an Eppendorf Centrifuge 5424 (Eppendorf, 

Germany). The flow-through was discarded. 

A volume of 700 µl and 500 µl Wash Buffer was added to the cartridge separately, and 

the operation was the same as the former. Then the cartridge was centrifuged again at 

18,000 x g for 2 min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany) without 
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adding any washing buffer to remove the remaining liquid completely, and was 

transferred to a new 1.5-ml tube. 

PCR-Grade water (30 µl) was added directly to the centre of the cartridge in order to 

elute the DNA. Then it was incubated at room temperature for 2 min, and was 

centrifuged at 15,000 x g for 1 min in an Eppendorf Centrifuge 5424 (Eppendorf, 

Germany). The cartridge was discarded and the DNA elution was evaporated for about 

30-45 min to get the dry and purified target DNA sample. The samples were stored at 

-20 °C before use.  

2.2.6 Ligation, the combination of target DNA and pGEM® -T Easy 

vector 

A pGEM Easy Vector System II (Promega, USA) with pGEM-T Easy Vector (Figure 

2.1) and single-use JM 109 competent cells (>108 cfu/µl), was used to ligate the 

purified cDNA and transfer the recombinant DNA to competent cells.  

Dry purified PCR product containing DNA molecules was dissolved in 8 μl deionised 

water (the volume depends on gel analysis result, usually 2-8 μl). Then, it was vortexed 

for 1 min, centrifuged, put on ice for 30 s, and repeated for 5 times. 

Then, reagents were mixed in a PCR tube (See Table 2.7). 
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Table 2.7 The reagents added into the PCR tube and their concentrations. 

Reagent Volume Final concentration 

2X Rapid Ligation Buffer 2.5 µl 1X 

pGEM®-T Easy Vector 

(50ng/µl)  

0.5 µl 5 ng/µl 

Diluted PCR products 1.5 µl  

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

Once prepared, this tube was incubated at room temperature for 1 h, and then placed 

at 4 oC for 16 h.  

2.2.7 Transformation, insert recombinant DNA to competent 

Escherichia coli (E. coli) 

The pGEM®-T Easy Vector System was used in transformation as well. In 

transformation, both the recombinant and unligated plasmids were transferred into 

JM109 cells and cultured on prepared Luria-Bertani (LB) agar Petri dishes.  

2.2.7.1 Preparation of nutrient LB agar plates with ampicillin, IPTG, 

X-Gal 

After 6.4 g LB Agar (Invitrogen, UK) was dissolved in 200 ml of deionised water, the 

mixture was autoclaved. Then 550 µl of ampicillin (Roche, USA) was added to the 

warm autoclaved LB agar solution to reach a final concentration of 100 µg/ml. After 

shaking, 11 ml of LB agar solution containing ampicillin was transferred to a dish and 

the dish was swirled in a circular motion to distribute agar completely. 110 µl of 0.1 
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M Isopropyl β-D-1-thiogalactopyranoside (IPTG) (Promega, USA) was added to each 

dish. The IPTG was spread evenly. Then 20 µl of 50 mg/ml 5-bromo-4-chloro-3-

indolyl-β-D-galactopyranoside (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. 

2.2.7.2 Transformation of ligation products into competent JM109 

cells 

The ligation products were thawed on ice and 2.3 μl was transferred to a tube placed 

on ice. Then, JM 109 competent cells (50 μl) were taken out of the -80 oC freezer and 

put on ice to defrost for less than 5 min. Then, the cells were dropwise transferred to 

ligation product on ice to protect cells from dying. 

After gently tapping 2-3 times, the tube was left on ice for at least 20 min, and then 

moved to a 42 oC heating block for 47 s. The time and temperature should be accurate 

to let the competent cells open and obtain more ligation products. After warming, the 

tube was quickly transferred to ice for 2 min to stabilise the transformed competent 

cells. Next, 950 μl of S.O.C medium (Invitrogen, USA) was added to the tube and the 

tube was incubated in an orbital incubator (37 oC, 2.5 h, 150 rpm) to ensure more 

transformation products were generated in a short time. 

After shaking to evenly distribute components, the prepared transformation products 

(100 μl) were spread on each prepared plate with a spreader. Finally, these plates were 

put upside down into an unsealed bag and incubated at 37 oC, overnight (over 22 h). 
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2.2.8 Blue and white screening 

The nutrient LB agar plates with ampicillin, IPTG, X-Gal were prepared in advance as 

described in the previous section 2.1.7.1.  

The new plates were labelled with an appropriate number of squares and one was used 

to check loop temperature and label species/ primer/ name/ date. 

As the vector had an ampicillin resistance gene, only the transformed competent cells 

could survive in the presence of ampicillin. In addition, the inserted DNA could disrupt 

the lac Z gene and inhibit β-galactosidase, so only the cells containing a DNA-inserted 

vector could produce white colonies. In that case, single pure white colonies were 

picked by a sterilised inoculating loop in order, and separately streaked onto a new 

plate. This process was repeated until all the colonies were sampled. 

Then, the plates were incubated upside down at 37 oC overnight. 

2.2.9 Isolation of recombinant DNA from JM109 cells 

After the overnight incubation, white colonies were selected and numbered at the 

bottom of plates while tubes were labelled with the corresponding numbers. PCR-

Grade water was added to each tube to reach a volume of 20 µl. Each square containing 

white colonies was scratched gently at a small angle by an autoclaved tip to collect all 

cells, and next, the tip was put into 20 µl of PCR-Grade water and shaken vigorously. 

After all white colony squares were scratched and transferred, tubes were heated in a 

heating block at 100 oC for 5 min then they were put on ice for 5 min. Then all tubes 
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were vortexed for 30 s and centrifuged at 20,000 x g for 5 min in an Eppendorf 

Centrifuge 5424 (Eppendorf, Germany).  

2.2.10 Cloning PCR 

Reagents were mixed and added into the tubes containing recombinant DNA (See 

Table 2.8). The sequences of M13 Forward primer and M13 Reverse primer were 5'-

GTAACGCCAGGGTTTTCCCAG-3' and 5'-TGTGACCGGATAACAATTTCAC-3', 

respectively. 

Table 2.8 Components of each tube in cloning PCR 

Reagent Volume Final concentration 

5X Cloning Buffer 10 µl 1X 

dNTP Mix  (10mM) 1 µl 0.2 mM 

M13F (20µM) 2.5 µl 1 µM 

M13R (20µM) 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  

 Thermus aquaticus (Taq) DNA polymerase (0.25 μl) was added to each tube, and the 

sample supernatant was then added at 2.5 μl to each tube. These tubes were then 

centrifuged and put into the PCR machine with the proper PCR cycling process (See 

Table 2.9). 
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Table 2.9 The programme for the cloning PCR (polymerase chain reaction) cycling 

process. 

Stage  Parameter 

Stage 1 initial denaturation at 94 oC for 1 min 

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

s, extension at 72 oC for 3 min) 

Stage 3 final extension at 72 oC for 3 min and storage at 4 oC prior to use 

Finally, the cloned PCR products were stored at 4 °C for subsequent processing. 

2.2.11 Agarose gel electrophoresis 

The process of gel preparation was as described in section 2.2.4. Then, 1.5 μl of each 

colony containing recombinant DNA was added to each well in order and 2.5 μl of the 

DNA ladder was placed into a separate well. 

The following procedure was the same as that described in section 2.2.4. 

2.2.12 Purification of selected cloned PCR products 

A Cycle Pure Kit (Omega Bio-Tek, USA) was used to purify the selected PCR products. 

CP buffer (210 μl) was added to each selected PCR product tube, and then all the liquid 

was moved to the cartridge drop by drop.  

The remaining steps were as described before in section 2.2.5. 
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2.2.13 Sequencing reaction 

This step used a Big Dye® Terminator v 3.1 Cycle Sequencing Kit (Applied 

Biosystems, USA) which contained 5 x Sequencing buffer, 2.5 x Ready mix (RR-100) 

(containing dNTP, ddNTP and DNA polymerase), and M13 Forward primer. 

M13 Forward primer (10 μl) and PCR-Grade water (52.5 μl) were added to a 1.5ml 

tube and pipetted to prepare the M13 Forward primer at a lower concentration in 

advance. 

The reagents were mixed in advance (See Table 2.10) and 18.4 μl of mixture were 

added to each tube after pipetting.  

Table 2.10 The reagents used to prepare sequencing reaction mixture. 

Reagents Volume Initial concentration 

PCR-Grade water 12.4 µl  

Diluted M13F or M13R  1.14 µl 3.2 µM 

2.5X Ready reaction mix 2.86 µl 2.5X 

5X BigDye Sequencing 

Buffer 
3.57 µl 5X 

Purified cloned PCR products 2.5 µl  

 All the sample tubes were put into the PCR machine with the proper PCR cycling 

process (See Table 2.11). 
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Table 2.11 The programme for the sequencing PCR cycling process. 

Stage  Parameter 

Stage 1 initial denaturation at 96 oC for 1 min 

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

s, extension at 60 oC for 4 min) 

Stage 3 preservation at 4 oC for 7min 

Finally, the sequencing PCR products were stored at 4 °C for subsequent processing. 

2.2.14 Ethanol precipitation and purification of extension sequencing 

products  

Here, 95 % and 70 % ethanol were used to purify the sequencing reaction products. 

PCR-Grade water (10 μl) was added to each tube for later use. 95 % ethanol (72 μl) 

was put into each PCR tube with pipetting, and thoroughly transferred to the 

corresponding tube (containing water). Each tube was vortexed for 30 s and then 

incubated at room temperature for 20 min. 

After this, all the tubes were centrifuged at 20,000 x g for 20 min in an Eppendorf 

Centrifuge 5424 (Eppendorf, Germany), followed by the removal of all the supernatant 

in the sample tube. 

70 % ethanol (260 μl) was then added to each sample tube and vortexed for 30 s to 

mix and then centrifuged at 20,000 x g for 10 min in an Eppendorf Centrifuge 5424 

(Eppendorf, Germany). All the supernatant in the sample tube was removed and these 
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tubes were subsequently put on ice for 1 min. 

All the tubes were then put in the concentrator for 3-4 h to evaporate the remaining 

ethanol before being used to prepare sequencing samples or stored at -20 oC. 

2.2.15 DNA sequencing  

After the preparation steps, highly deionised-formamide (10 μl) (HiDi) (Applied 

Biosystems) was added to re-suspend samples in each tube. The tubes were vortexed 

for 1 min, centrifuged at 20,000 x g briefly, put on a heating block (95 oC) for 4 min 

30 s to separate the double strands of DNA, and then buried in ice for 3 min. 

After that, each sample was fully transferred to a 96 well Thermal Cycler 

(ThermoFisher Scientific, USA) without introducing air bubbles. 

Finally, capillary electrophoresis and data analysis of the samples were carried out 

using the ABI 3730 automated capillary sequencer (Applied Biosystems, USA). The 

nucleotide sequence results were evaluated by using Chromas (version 2.33) software 

and translated using ExPASy Bioinformatics Resource Portal translate tool. 

2.2.16 Bioinformatics analysis 

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

(ExpaSy) translate tool was applied to translate base sequences into protein sequence 

while the Basic Local Alignment Search Tool (BLAST) was used to search for proteins 

similar to the sequenced product. 
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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 Chemical synthesis of the novel peptide QUB-1036 by use 

of a PS4 

2.3.1 Materials and preparations 

In order to assess the activity of QUB-1036, the peptide of sequence, FLPGLHAGLL-

NH2, was chemically synthesised by solid-phase fluorenylmethoxycarbonyl (Fmoc) 

chemistry using a PS4 automated solid-phase synthesiser (Protein Technologies, Inc., 

AZ, USA). 

Several solvents were employed in this synthesis procedure: two solvent bottles 

contained N, N-dimethylformamide (DMF), piperidine/ DMF (1/4, v/v) was put in the 

deprotection solvent bottle, 4-methylmorpholine (NMM)/ DMF (11/89, v/v) was 

placed in the coupling bottle, and dichloromethane (DCM) was used to remove the 

impurities. 

Two types of resin could be applied as supports: Wang Resin was used for sequences 

with an exposed carboxyl terminus (C-terminus), while the Rink Amide MBHA Resin 
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was employed for those peptides with amidation at the C-terminus. In this experiment, 

MBHA resin was employed. 

To make preparation in advance, 10 amino acid vials and a 30ml reaction vessel were 

cleaned and dried. In order to improve the synthetic product quality, 1.2 mmol of each 

amino acid in the sequence should be weighed to synthesise 0.3 mmol peptide, and 

HBTU (C11H16N5OPF6) in each vial should be weighed 1.2 mmol to catalyse each 

coupling. The weight deviation between the quantified and the calculated should be 

less than ± 0.0005 g. After this, 0.3mmol MBHA resin (loading capacity 0.65mmol/g) 

was weighed into the reaction vessel just before using the PS4. The weight was 

calculated by the equation: 

0.3 mmol resin (g) = (0.3 mmol peptide) / (loading capacity mmol/g)  

2.3.2 Peptide synthesis by the PS4 synthesiser 

Before synthesis, the inline solvent filters and the source of nitrogen were checked, 

sufficient reagents for synthesis should be added to the vented reagent bottles and then 

the reagent bottles were pressurised and primed. Next, the reaction vessel with resin 

was fixed, followed by amino acid vials loaded onto the carousel in the reverse order 

of the sequence (from C-terminus to N-terminus). As the resin was used to protect the 

C’-terminus group, the peptide should be synthesised from C-terminus to N- terminus. 

After the coupling programme for each amino acid was set, the synthesis was started.  
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2.3.3 Peptide cleavage and deprotection 

After the peptide was synthesised by the synthesiser, the dry product was removed 

from the vessel to a round-bottled flask and weighed. The reagents for cleavage 

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 4 h with 

continuous stirring. 

2.3.4 Peptide washing  

After the cleavage reaction was finished, the cleavage mixture was filtered, and the 

filtrate was concentrated to near dryness by rotary evaporation. Then about 45ml ice-

cold diethyl ether was added to the flask. The mixture was poured into a 50 ml 

universal tube quickly and stored in a -20 oC freezer overnight. Synthesised peptide 

was then washed the next day. The peptide in diethyl ether was vortexed and 

centrifuged at 2900 x g in an Eppendorf Centrifuge 5430 (Eppendorf, Germany) for 

5min. After centrifugation, the supernatant was poured out quickly. These washing 

steps were repeated three times. 

2.3.5 Peptide lyophilisation 

Washed peptide was dissolved in 15 ml solution A (TFA/H2O; 0.05/99.95; v/v). The 

peptide solution was frozen in liquid nitrogen immediately and then it was lyophilised 
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for at least 60 h. Finally, the synthesised peptide was stored in a -20 oC freezer. 

2.3.6 Peptide identification and purification  

The synthesised peptide was analysed by Matrix-assisted laser desorption/ionisation 

time-of-flight mass spectrometry (MALDI-TOF MS) to confirm the sequence and 

molecular mass. The peptide supernatant was loaded into a Jupiter C-5 reverse phase 

column (Phenomenex, UK) which was attached to a Cecil Adept High Performance 

Liquid Chromatography (HPLC) system (Cambridge, UK). The isolation method was 

a gradient from 100% A (0% B) to 0 A (100% B) in 80 min at a flow rate of 1 ml/min. 

All peaks were collected, and these fractions were analysed by MALDI-TOF MS.  

2.3.6.1 Identification by MALDI-TOF MS 

As shown by its name, the instrument consists of a MALDI ion source and a TOF mass 

analyser. The sample for MALDI-TOF is mixed thoroughly with matrix which can 

facilitate intact desorption and ionisation process. The laser flash ionises matrix 

molecules, and protons are transferred to analytes. Analytes are ionised usually with a 

positive charge owing to the proton transfer from matrix. Before these molecular ions 

access the flight tube, they are allowed to spread away from the plate during delay time 

without electric field and then gradient voltage is applied to accelerate slow ions to 

catch up with those faster ones that share the same m/z value. Then they move to the 

flight tube and reach the detector. The lighter ions move faster than heavier ones so 

that ions with different masses can be separated and detected. 
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The MALDI-TOF mass spectrometer Voyager DE (PerSeptive Biosystems, USA) in 

this project was used for mass determination. The matrix, α-cyano-4-hydroxycinnamic 

acid (CHCA) (Sigma-Aldrich, USA), was prepared as a 10 mg/ml solution of CHCA 

in acetonitrile/TFA/H2O (50/0.05/49.95, v/v/v). The volume of sample solution spotted 

onto the MALDI sample plate was 2 µl, while that of matrix was 1 µl. The sample 

plate was put into the mass spectrometer and a method was selected to determine the 

peptide masses. 

2.3.6.2 Purification by HPLC 

Both solution A (TFA/H2O; 0.05/99.95; v/v) and solution B (TFA/H2O/acetonitrile; 

0.05/19.95/80; v/v/v) were degassed in an ultrasonic degasser for at least 15 min. 1 mg 

of lyophilised peptide were dissolved in 500 ml of solution A and 500 ml of solution 

B, and clarified by centrifugation.   

The sample supernatant was injected and pumped into a Jupiter C-5 reverse phase 

column (Phenomenex, UK) that was attached to a reversed-phase high performance 

liquid chromatography (RP-HPLC) system (Waters, USA). The column was eluted 

with a linear gradient formed from 100% solution A to 100% solution B in 80 min at 

a flow rate of 0.5 ml/min, and all fractions were collected. The collected fractions were 

then analysed on the MALDI-TOF mass spectrometer. 
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2.4 Antimicrobial activity assays of the novel peptide, QUB-

1036 

2.4.1 Inoculation of the selected microorganisms 

A single bead of each frozen microbial culture was placed into a 100 ml Mueller-

Hinton Broth (MHB) flask using a sterilised inoculating loop. This flask (marked with 

microbe name and date) was placed in an orbital incubator at 37 °C, 150-200 rpm, 

overnight (generally 16-20 h) to culture the microbes. 

At least two McCartney bottles of 20 ml MHB for each microorganism, were placed 

in the 37 °C incubator to warm overnight and checked whether they had been 

contaminated or not. 

The microorganisms used in this experiment are shown in Table 2.12. 

Table 2.12 The microorganisms used to assess the antimicrobial activity of the novel 

peptide. 

Category  Name of microorganism  

Gram-negative bacterium  E. coli (NCTC 10418) 

Gram-positive bacterium  S. aureus (NCTC 10788) 

Yeast C. albicans (NCPE 1467) 

2.4.2 Subculture of the overnight growth culture 

500 µl of each culture was transferred to 20 ml of pre-warmed MHB to subculture the 

microorganisms. After sterilisation and labelling, these bottles were incubated at 37 °C 
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with shaking at 150-200 rpm to continue growth to log phase. As the growing 

conditions of various microorganisms were different, the time to reach log phase was 

different for each and the approximate times to reach log phase growth and the optimal 

density of the test microorganisms are shown in Table 2.13. 

Table 2.13 The estimated time to reach the log phase and corresponding optical 

density (OD). 

Microorganism  
Subculture incubate 

time 
OD Concentration (cfu/ml) 

S. aureus 2.5 h 0.25 108 

E. coli 1.0 h 0.40 108 

C. albicans 2.0 h 0.15 5×106 

The optical density (OD) was used to assess whether cultures had reached the log phase 

as was measured by a UV spectrophotometer, CO7000 Medical Colorimeter 

(Biochrom Ltd, UK.), at λ = 550 nm. 

2.4.3 Preparation of gradient peptide concentrations 

In order to make the stock solution, at least 1 mg of peptide (for a single experiment) 

was weighed and dissolved in dimethylsulphoxide (DMSO) to reach the concentration 

of 512 x 102 μM, and pipetted to mix well. The peptide solution was double-diluted in 

DMSO to achieve a series of concentrations，512, 256, 128, 64, 32, 16, 8, 4, 2, 1 × 

102 μM, which were then diluted 100 times by the microbial subculture in the 96-well 

plate later.  
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2.4.4 Evaluation of minimal inhibitory concentrations (MICs) 

In this step, a 96-well plate was used to load gradient peptide solutions and control 

solutions. For convenient use, 20 ml of sterile MHB were transferred from a bottle to 

a Petri dish. Sterile MHB (100 µl) was added to 5 wells in the blank line of the 96-well 

plate. 

A specific concentration of peptide solution was pipetted to mix and 1 µl was added to 

5 wells in a corresponding line. When all the peptide solutions were added, 1 µl DMSO 

was added to 5 replicates to test if the solvent affected the microorganisms. Then, the 

subculture was diluted with sterilised MHB in a Petri dish to make diluted microbial 

suspension and shaken gently to obtain an even concentration. The dilution volume 

was different for various microorganisms as displayed in Table 2.14. 

Table 2.14 The dilution method to prepare microbial suspensions. 

Name of microorganism Dilution method 

S. aureus 100 μl subculture + 19.9 ml clean MHB 

E. coli 100 μl subculture + 19.9 ml clean MHB 

C. albicans 2 ml subculture + 18 ml clean MHB 

After this, the diluted subculture (See Table 2.15) was prepared as 5 repeats in each 

line. 
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Table 2.15 The compositions of wells in sample and control lines. 

Name  Composition  

Samples  1 μl peptide solution+ 99 μl diluted subculture 

Negative control  100 μl diluted subculture 

Vehicle control  1 μl DMSO + 99 μl diluted subculture 

Blank control 100 μl sterile MHB 

The 96-well plate was placed in the 37 °C orbital incubator at 150-200 rpm for 5-10 

min and then statically-incubated for 16-20 h. 

2.4.5 Viable cell counts 

This experiment was carried out in a Mueller-Hinton Agar (MHA) plate. Some 

microtubes or autoclaved tubes were prepared and labelled to indicate dilutions from 

10-1 to 10-6. 

After 900 µl PBS was added to each tube, 100 µl diluted subculture was put into tube 

1 with pipetting to make a 10-fold dilution. This was repeated to make a series of 

dilutions up to and including 10-6.  

In order to count the viable cells, a 20 µl volume of cell suspension from each tube 

was dropped onto the MHA plate and each concentration had three replicates (Figure 

2.1). The plate was subsequently placed upside down into a 37 °C incubator and 

incubated overnight. 
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Figure 2.1 The six areas in the MHA plate which were loaded with gradient dilution 

subcultures in PBS. After incubation for 14 to 16 h, the microbes of high 

concentration grew and generated colonies. The numbers of the colonies were 

counted and used to calculate the microorganisms in the original microbial culture. 

2.4.6 Detection of viable cells 

The microorganism colony forming units (cfu) were counted by choosing one 

countable grid and the original cfu in the subculture microbial dilution was calculated 

using the formula: 

Nb = N/3 x 10a x 50 

In this equation, “Nb” = the microbial number in the original subculture, “a” = the 

dilution times, and “N” = the final count microbial number. 

If the calculated value was around 5 x 105 cfu/ml, the MIC value detected later would 

be valid. Otherwise, the MIC value was invalid and these experiments had to be 

repeated. 
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2.4.7 Determination of MIC and minimal bactericidal concentrations 

(MBCs) 

MIC is the lowest concentration of an antimicrobial that will inhibit the visible growth 

of a microorganism after overnight incubation. The minimal concentration with no 

microbial growth is the MIC value.  

A Synergy HT plate reader (BioTek, USA) was used to detect the absorbance of each 

well at λ = 550 nm. If an MIC value occurs for the novel peptide, then the MBC assay 

should be carried out to investigate the degree of bacterial killing. 

The antimicrobial effect was calculated using the following equation: 

Microbial viability (%) = (C - B) / (V - B) ×100 

Where ‘C’= absorbance of test solution, ‘B’= absorbance of blank control solution, 

‘V’= absorbance of vehicle control solution. 

The concentrations of peptide solutions with no growth of microorganisms were 

pipetted and 20 µl were transferred to an MHA plate in order. 

Then, this plate was incubated in a 37 °C incubator overnight to check whether the 

peptide had the ability to kill microorganisms and to observe the MBC value. MBC is 

the minimum concentration of the peptide which has the ability to kill the 

microorganisms. 

After incubation overnight, the minimum concentration in which no sign of 
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microorganism growth was observed represented the MBC of the antimicrobial agent.  

2.5 Pharmacological assays of QUB-1036 

2.5.1 System preparation and setup 

Krebs solution (118 mM NaCl, 4.7 mM KCl, 25 mM NaHCO3, 1.15 mM NaH2PO4, 

2.5 mM CaCl2, 1.1 mM MgCl2 and 5.6 mM glucose) was prepared for a tissue bath 

contraction experiment. The tissue bath system was preheated to 37 oC by turning on 

the recirculating heated water bath. The data acquisition system was turned on, and the 

force transducers were powered on at least 15 min before the experiment to equilibrate 

temperature. Then, the data acquisition software was launched and the connection with 

data acquisition system was ensured. The force transducers were calibrated before 

tissue was placed in the tissue bath and before data recording was started.  

2.5.2 Tissue preparation  

Adult Wistar rats (n=4) weighing 200-250 g and aged 12 weeks, were obtained from 

breeding facilities in the Animal House of Queen’s University. Rats were killed by 

asphyxiation with CO2 and cervical dislocation according to U.K. Animal Research 

guidelines.  

The rat was placed dorsal side down, then the abdomen was opened with scissors. The 

tissues including the whole bladder, uterus and ileum were dissected from the animal 

immediately prior to use and place directly into Krebs solution in an ice bath. The rat-

tail artery was separated from the rat-tail and also placed directly into Krebs solution 



55 
 

in an ice bath. The tissues were cut into small strips, and then the wires and small tissue 

hooks were used to hang the tissues on the force transducers separately.  

2.5.3 Tissue placement in bath 

The tissue bath reservoirs were filled with preheated Krebs solution. The tissue was 

placed in the tissue bath chamber and was fully immersed in Krebs solution. The tissue 

bath system was connected to a 95% O2/ 5% CO2 medical grade gas cylinder and gas 

leaks were checked. The prepared tissues were attached to the force transducer in order 

to detect the tension changes. The responses of tension change were recorded and 

amplified through pressure transducers connected to a PowerLab System (AD 

Instruments Pty Ltd., Oxford, UK). 

2.5.4 Tissue treatment in bath 

Each tissue has a length (Lo) at which smooth muscle cells respond optimally. 

Preliminary experiments to determine the optimal stretching tension which achieves 

this length must be performed for each individual tissue type to be examined. The rat-

tail artery, uterus and ileum have an optimal passive stretching tension of 0.5 g, and 

the bladder is 0.75 g.  

Micrometre/ rack and pinion were used to increase tension to half of their optimal 

stretching tension and wait for the tissue to reach plateau. Once plateau was reached, 

tension was increased to final tension, until the tissue returned to plateau.  
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2.5.5 Equilibration and drug preparation 

The tissue was equilibrated before the drugs were added. The tissue bath was drained 

and the Krebs was replaced with Krebs from a warmed reservoir. During this time, the 

tissue was relaxed, which was indicated by the loss of passive tension. 

During this time, drugs were prepared for the experiment. The standard curve was built 

by bradykinin. Bradykinin standard was weighed and dissolved in Krebs solution to 

obtain a concentration of 10-3 M. Then this bradykinin solution was diluted to form a 

series of concentrations: 10-4 M, 10-5 M, 10-6 M, 10-7 M, 10-8 M, 10-9 M. A volume of 

20 μl into 2 ml Krebs solution was a 1/100 dilution, so the final concentration was 

ranged from 10-5-10-11 M. Next, QUB-1036 was weighed and dissolved in Krebs 

solution to obtain a concentration of 10-3 M. Then, the peptide solution was diluted to 

10-4 M. Similarly, their final concentration of 10-4 M of peptide solution in the tissue 

bath was 10-6 M.   

The rat-tail artery should be first challenged by adding 10-6 M phenylephrine to the 

tissue bath before bradykinin and peptide were added. To achieve this concentration in 

2 ml tissue bath, 20 μl of 10-4 M phenylephrine solution was added. Then the 

contraction was allowed to reach peak and then return to plateau. After that, the agonist 

was washed out thoroughly by emptying and refilling the tissue bath chamber with 

new Krebs solution.  
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2.5.6 Bradykinin standard curve  

At the end of the equilibration period, the tissue was washed a last time, data were 

saved, and all the inputs were re-zeroed. A volume of 20 μl of 10-9 M bradykinin was 

added to the tissue bath and the bradykinin concentration was raised from 10-9 M to 

10-3 M in 5 min intervals. After that, the bradykinin was washed out thoroughly by 

emptying and refilling the tissue bath chamber with new Krebs. Then, tissue was rested 

at baseline tone for about 20 min before proceeding. 

2.5.7 Peptide-bradykinin curve  

A volume of 20 μl of 10-4 M peptide solution (The final concentration in the tissue bath 

was 10-6 M) was added into each tissue bath. The peptide solution was left in the bath 

for 10 min. After that, bradykinin was added into the same tissue bath to make a new 

peptide-bradykinin curve, which the remaining steps were as described before in 

section 2.5.6.  

2.6 Haemolysis assay of novel peptide, QUB-1036 

2.6.1 Preparation of peptide stock solution and control solution 

In order to check the haemolysis activity of the novel peptide, QUB-1036, a series of 

peptide solutions were prepared at the same concentration as described for the 

antimicrobial assays (section 2.4.3). 
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2.6.1.1 Preparation of peptide stock solution 

2.65 mg (for one experiment) of peptide was weighed to prepare 512 x 2 μM peptide 

stock solution. 

2.6.1.2 Dilution of peptide stock solution to gradient concentrations 

After that, 1.1 ml PBS was placed into the other nine columns. The peptide solution 

was prepared by half dilution to reach the concentrations of 512, 256, 128, 64, 32, 16, 

8, 4, 2, 1 × 2 μM. 

2.6.1.3 Preparation of control solution 

In this assay, two control solutions were made: negative and positive controls. PBS 

and 1 % Triton X-100 (Sigma-Aldrich, UK) were regarded as negative and positive 

controls, respectively. The process of preparing the control solutions is shown in Table 

2.16. All solutions would be half diluted by the red blood cells in the 96-well plate 

later. 

Table 2.16 The preparation of control solutions. 

Control  Components  

Negative control PBS 

Positive control  110 μl 20% Triton X-100 + 990 μl PBS 

2.6.1.4 Loading samples 

Some autoclaved tubes were prepared to load samples. The prepared mixture (200 µl) 
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was allocated into corresponding tubes and 200 µl PBS was put into five negative 

tubes. 

2.6.2 Preparation of horse red blood cells (RBC) 

Whole horse blood was used to test peptide haemolysis activity. Fresh horse blood was 

stored at 4 oC and was used before its expiration date. After being fully mixed on a 

rotating mixer (Labnet International, Inc), 2 ml of whole horse blood was placed into 

a 50 ml centrifuge tube, and centrifuged at 930 x g for 5 min in an Eppendorf 

Centrifuge 5430 (Eppendorf, Germany) to discard supernatant (serum).  

Next, about 30 ml of PBS was slowly added to the centrifuge tube and this tube was 

then put on a shaker to disperse the blood cells and then centrifuged at 930 x g for 5 

min in an Eppendorf Centrifuge 5430 (Eppendorf, Germany) after which the 

supernatant was removed. These washing steps were repeated until the supernatant 

turned clear. The clear liquid was discarded and 50 ml PBS was added to the washed 

erythrocytes to make a 4% suspension. 

2.6.3 Loading prepared red blood cells 

The re-suspended red blood cells (200 µl) were dropwise added into the tubes to half 

dilute the peptide solution and obtain the desired concentrations ranging from 512 μM 

to 1 μM. The blood cell suspension required shaking on the mixer after adding to 

several tubes. 

Following that, all the tubes were placed at 37 oC for 2 h. 
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2.6.4 Detection and evaluation of haemolysis effect  

These tubes were taken out and centrifuged at 900 x g for 5 min in an Eppendorf 

Centrifuge 5424 (Eppendorf, Germany). Subsequently, 100 µl of supernatant from 

each tube was transferred to the corresponding well of the 96-well plate to make five 

replicates. Plates were then placed in a Synergy HT plate reader (BioTek, USA) and 

absorbance was measured at λ = 570 nm.  

The haemolysis effect was calculated using the following equation: 

Haemolysis (%) = (C - N) / (P - N) ×100 

Where ‘C’= absorbance of test solution, ‘N’= absorbance of negative control solution, 

‘P’= absorbance of positive control solution. 
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Chapter 3 Results                                

3.1 Molecular cloning of a novel cDNA encoding a peptide 

precursor from a skin cDNA library of Pelophylax kl. 

esculentus  

A cDNA encoding the biosynthetic precursor of a novel peptide was cloned from the 

cDNA library constructed of the skin secretion of Pelophylax kl. esculentus. The DNA 

sequence obtained by Sanger sequencing was translated by the ExPASy translate tool. 

As shown in Figure 3.1, the open-reading frame consisted of 59 amino acid residues 

and contained three domains: a signal peptide region, a spacer peptide region and a 

mature peptide region. According to the BLAST analysis (Available at: 

https://blast.ncbi.nlm.nih.gov/Blast.cgi#984686988, accessed on 16th April 2017), the 

sequence of the putative mature peptide, QUB-1036 (FLPGLHAGLL-NH2), was 

similar to Temporin-Eca (FLPGLLAGLL-OH, Identities 90%) and Temporin-1Re 

(FLPGLLAGLL-NH2, Identities 90%), which were previously identified from 

Euphlyctis cyanophlyctis and Pelophylax kl. esculentus, respectively. 
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Figure 3.1 Nucleotide and translated open reading frame amino acid sequences of 

cloned cDNA encoding the biosynthetic precursor of the novel peptide, QUB-1036. 

The putative signal peptide is double-underlined, the mature peptide is single-

underlined and the stop codon is indicated by an asterisk. The G residue (italics) at 

the C-terminal of the mature peptide sequence serves as an amide donor after the 

removal of the Lys residue (italics) with a carboxypeptidase. The residue G (italics) 

at the end of the mature peptide sequence serves as a C-terminal amidation donor. 

3.2 Chemical synthesis and identification of the novel peptide, 

QUB-1036 

The molecular mass of the putative novel peptide was calculated as 1036.267 Da (av.) 

(Available at: http://www.peptidesynthetics.co.uk/tools/, accessed on 24th April 2017). After solid-phase 

synthesis, the peptide was subjected to RP-HPLC (See Figure 3.2) and fractions of the 

chromatographic peaks were collected and analysed by MALDI-TOF MS (See Figure 

http://www.peptidesynthetics.co.uk/tools/
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3.3).  

 

Figure 3.2 The RP-HPLC chromatogram of the chemically synthesised peptide. The 

peak containing QUB-1036 is indicated by an arrow. 
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Figure 3.3 MALDI-TOF spectrum of peak 1 in RP-HPLC, QUB-1036. X-axis is 

mass to charge ratio (m/z), and Y-axis is the intensity of substances. The figure in the 

top right corner is ion counts. [M+H]+, [M+Na]+ and [M+K]+ are respectively 

identified as the protonated QUB-1036, and QUB-1036 with sodium and potassium 

adduct ions.  

3.3 Antimicrobial assays of QUB-1036 

The novel peptide, QUB-1036, had no antimicrobial activity against the three standard 

microorganisms, S. aureus, E. coli, and C. albicans. Each microorganism was tested 

two times by a series of QUB-1036 solutions of different concentrations ranging from 

512 μM to 1 μM. The antimicrobial activities of QUB-1932 on S. aureus, E. coli, and 

C. albicans were expressed as microbial viability bars illustrated in Figures 3.4 - 3.6, 

respectively. All the data were analysed by GraphPad Prism 6.01.  
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Figure 3.4 The viability of S. aureus at different concentrations of QUB-1036. The 

B, N and V respectively represent blank (sterile MHB), negative (diluted S. aureus 

subculture) and vehicle (1% DMSO) control group. The data represent means ± 

standard error of the mean (SEM).  
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Figure 3.5 The viability of E. coli at different concentrations of QUB-1036. The B, 

N and V respectively represent blank (sterile MHB), negative (diluted E. coli 

subculture) and vehicle (1% DMSO) control group. The data represent means ± 

SEM. 
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Figure 3.6 The viability of C. albicans at different concentrations of QUB-1036. The 

B, N and V respectively represent blank (sterile MHB), negative (diluted C. albicans 

subculture) and vehicle (1% DMSO) control group. The data represent means ± 

SEM. 

3.4 Smooth muscle assays of QUB-1036 

The novel peptide, QUB-1036, exhibited a dose-dependent stimulation effect of BK-

induced bladder and uterus contraction and was associated with greater Emax values 

than that observed for BK, while no direct effects on bladder and uterine smooth 

muscle preparations were detected (See Figure 3.7 and Figure 3.8). In addition, QUB-

1036 showed no effect on rat ileum and rat-tail artery smooth muscle. All the data were 

analysed by GraphPad Prism 6.01. 
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Figure 3.7 Bradykinin dose-response curves of contraction effects on rat bladder 

smooth muscle preparation in the absence (black curve) or presence (red curve) of 

peptide, QUB-1036 (10-6 M). The data represent means ± SEM. According to t-test 

analysis, there is a significant difference (P<0.05) of mean value between bradykinin 

group and peptide-bradykinin group at the concentration of 10-5 M. 
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Figure 3.8 Bradykinin dose-response curves of contraction effects on rat uterus 

smooth muscle preparation in the absence (black curve) or presence (red curve) of 
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peptide, QUB-1036 (10-6 M). The data represent means ± SEM. According to t-test 

analysis, there is a significant difference (P<0.05) of mean value between bradykinin 

group and peptide-bradykinin group at the concentration of 10-5 M and 10-6 M. 

3.5 Haemolysis activity assays of QUB-1036 

The haemolytic activity of QUB-1036 was tested on horse erythrocytes which showed 

that this novel peptide did not cause haemolysis (See Figure 3.9). All the data were 

analysed by GraphPad Prism 6.01. 
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Figure 3.9 Haemolytic activity of QUB-1036. The N and P respectively represent the 

negative (PBS) and positive (1 % Triton X-100) control group. The data represent 

means ± standard deviation (SD).  
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Chapter 4 Discussion                             

AMPs have been ancient weapons for many millions of years of natural evolution. 

They are gene-encoded and have a great variety of sequences and structures. Even a 

single mutation can express a total different peptide, which reflect the species 

adaptation to complex and volatile environments.  

The traditional antibiotics for clinical use normally have only single primary targets 

and a single model of action. Conversely, AMPs have broad activity spectra, and they 

can inhibit Gram-positive and –negative bacteria, fungi, viruses and parasites. In 

addition, the natural peptides tend to disturb the normal biological functions, which 

not only can interfere with the structure and functions of the cell membrane, but also, 

for some AMPs, can induce gene expression in monocytes, epithelial cells and so on 

(Hancock and Sahl, 2006). They can be used in anti-infection immunotherapy, 

promoting neovascularisation and wound healing by their chemotactic functions on 

immune cells. Therefore, all the above characteristics make the AMPs a possible new 

generation of anti-infective and antibacterial drugs for the future.  

However, there are also several important limitations of AMPs as potential drugs. 

Firstly, so many complex mechanisms of action raise more worries about their 

potential toxicity. So far, it is widely accepted that AMPs work on the cell membrane 
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by electrostatic binding, especially on those of prokaryotes owing to the more 

negatively charged components on their cell membranes than in eukaryotes, such as 

phosphatidylglycerol and cardiolipin (Mileykovskaya and Dowhan, 2005). However, 

some of the AMPs even can lyse human erythrocytes, or can even translocate inside 

the cells (Brogden, 2005), which should be studied carefully in case these peptides 

would disturb the normal function of DNA or lead to apoptosis.  

Secondly, AMPs are unstable with proteases, so it is necessary to have certain design, 

modifications or microencapsulation to make them more resistant to protease 

degradation and improve serum half-life.  

Thirdly, their significant cost of production would limit the research enthusiasm of 

pharmaceutical companies. AMPs have large numbers of variants and potential targets, 

which makes it difficult to study their mechanisms. Moreover, the chemical synthesis 

of AMPs is usually by solid-phase peptide synthesis (SPPS), which is expensive. 

Therefore, the biosynthesis of AMPs has aroused intense interest. For example, the 

recombinant DNA could be used to express AMPs through bacteria, fungi and even 

animal or plant cells. Unfortunately, the results did not seem to reach expectations. 

Temporins are one of the 13 AMP families and these peptides have a short sequence 

and simple structures which might be good templates for peptide drug design. First 

isolated from the European red frog Rana temporaria (Simmaco et al., 1996), 

temporins were found to share remarkable similarities with the vespid chemotactic 

peptide, an important component of wasp venom. They are also one of the smallest 
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amphipathic and α-helical AMPs found in Nature until now. The sequence length 

ranges usually between 10 to 14 amino acid residues. Temporins do not have a single 

residue invariant like other AMPs families due to their great variation of amino acid 

sequence. Compared with other AMPs, temporins are relatively less positively charged, 

ranging from 0 to +3 (Mangoni, 2006) and they do not have “Rana box” motif at the 

C-terminus as other AMPs from the Rana genus do, but they have their special C-

terminal α-amidation.    

Most temporins are active against Gram-positive bacteria and have weak effects on 

Gram-negative bacteria but there are exceptions. For example, temporin L 

(FVQWFSKFLGRIL-NH2) has a potent and broad antimicrobial spectrum, which 

includes Gram-positive bacteria, Gram-negative bacteria, fungi, viruses and cancer 

cells (Rinaldi et al., 2002). However, it can also cause haemolysis which is a 

disadvantage.   

Antimicrobial mechanisms of temporins are varied and complicated, and are still not 

very clear. The dominant view at present is that the temporins interfere with the normal 

physiological processes of the cell membrane, thus inhibiting the growth of bacteria or 

even kill them. Unlike other AMPs, temporins make ghost-like appearances of the 

bacteria rather than lyse them or cause membrane bubbling (Mangoni et al., 2004). 

Also, temporins can bind with zwitterionic or negatively charged bilayer membranes 

due to their mild charge properties. Generally speaking, their antimicrobial activity is 

closely related with their net charge, length, hydrophobicity and last but the most 
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important is their helical structure. Carotenuto et. al (Carotenuto et al., 2008) reported 

that the “dynamic peptide-lipid supramolecular pore” and the “barrel-stave” models 

were employed to interpret the antimicrobial and haemolytic activities of temporins, 

respectively. It is noteworthy that the cell membrane pores formed by AMPs usually 

are ~23 amino acid residues (Mangoni, 2006). Hence, it should be determined whether 

the temporins bind with each other by dimerisation to form the pores or exert influence 

on DNA to disturb the normal function of bacterial cells.  

Previous research mainly focused on the antimicrobial activity of temporins, while 

currently scientists have found that these peptides have much broader biological 

activity spectra. Temporin H does not show any antimicrobial activity, but it has 

synergism to combine with antibiotics against Gram-negative bacteria (Mangoni et al., 

2000). In addition, some temporins have a significant anti-inflammatory effect, and 

they are active in serum against septicaemia and can prevent prosthetic graft infections 

in vivo (Mangoni, 2006). It has also been reported that temporin A can reduce the 

infectivity of pathogenic viruses, channel catfish virus and frog virus 3, which risk the 

survival and reproduction of fishes and amphibians (Chinchar et al., 2004). Temporin 

A was also found to have chemotactic effects on phagocytes and could gather immune 

cells when infection occurred. Isolated from Lithobates grylio, temporin-1Gb and 

temporin-1Gd, were found to have vasodilatation ability in rat thoracic aorta, which 

was the first time that peptides from the temporin family were reported to induce 

relaxation of vascular tissues (Kim et al., 2000).  
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There are two different peptides which were very similar to the novel peptide, QUB-

1036, according to BLAST analysis and the details were presented in Section 3.1. 

However, both temporin-Eca (Asoodeh et al., 2012) and temporin-1Re (Chen et al., 

2016b) have antimicrobial activity, whereas, no inhibition against microbial growth of 

QUB-1036 was observed using peptide concentrations up to and including 512 μM. 

Also, Temporin-1Re has a weak haemolytic effect while temporin-Eca and QUB-1036 

are completely devoid of haemolytic activity. It was noteworthy, however, that the 

novel peptide, QUB-1036, was found to be a bradykinin receptor agonist on rat bladder 

and uterus smooth muscles.  
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