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Abstract 

In this study, a novel peptide named QUB-1383 was successfully isolated from the skin 

secretion of the edible frog (Pelophylax kl. esculentus) via “shotgun” cloning of the precursor-

encoding cDNA. Afterwards, the predicted mature peptide was chemically synthesised by 

solid-phase peptide synthesis and its structure confirmed via MALDI-TOF mass spectrometry. 

Then the crude synthesised peptide was purified via RP-HPLC. Several bioassays including 

antimicrobial assays, haemolytic assays and trypsin inhibitor assays were conducted to 

ascertain its bioactivities. The synthetic QUB-1383 not only possessed potent antimicrobial 

activity against C.albicans, S. aureus and E. coli with minimal inhibitory concentrations at 4 

μM, 2 μM and 16 μM, respectively. However, it also displayed relatively strong haemolytic 

activity with EC50 value at 39.64 μM. QUB-1383 also exerted weak inhibitory effect to trypsin, 

with a Ki value of 20.74 ± 6.87 μM.  

Due to the potent antimicrobial activity of QUB-1383, this peptide could be considered as a 

candidate of novel antibiotics after target-modification to minimise its haemolytic effect. Since 

the working concentration of QUB-1383 to inhibit trypsin was too high, the trypsin inhibitory 

activity could not be considered for further development. 
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1. Introduction  

1.1 General review of Pelophylax kl. esculentus 

Anurans are a group of morphologically specialized amphibians with the wide and short body. 

They are widely distributed around the world, and are constituted by more than six thousands 

species[1]. P. kl. esculentus is one of the common species of frogs in Europe.   

1.1.1 Morphology 

P. kl. esculentus, which was also known as the edible frog, previously known as “Rana 

esculenta”, is the hybridization of the pool frog (Rana lessonae) and the marsh frog (Rana 

ridibunda) (Daum et al., 2012). These three species are the common frogs which are form a 

complex in taxonomy because R. lessonae and R. ridibunda are able to produce P. kl. 

esculentus by hybridisation (Arnold et al., 1978). Therefore, P. kl. esculentus shows common 

morphological characteristics between R. lessonae and R. ridibunda.  

The eyes of P. kl. esculentus are closer than those of the common frog and the males have vocal 

sacs behind their corners of the mouth and are grey. In addition, dorsal parts of P. kl. esculentus 

usually look green with different sizes and numbers of dark spots (Arnold, 1995). When they 

position their shins perpendicularly to their body axis, their heels are contacted. Their first toes 

are approximately 1.7-2.9 times longer than the inner metatarsal tubercle. They usually have a 

light mid-dorsal line from snout to cloaca. Their ventral surfaces are is usually light with a few 

dark spots1[2].  

                                                           
[1] https://amphibiaweb.org/lists/index.shtml 
[2] http://amphibiaweb.org/species/5029 
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Figure 1.1 Pelophylax kl. esculentus[2] 

 

1.1.2 Distribution and habitat 

P. kl. esculentus lives in most areas of Europe (Figure 1.2). According to its distribution, some 

scientists classified it as a western European species (Sillero et al., 2014). Its populations are 

largely sympatric with populations of R. lessonae and R. ridibunda, which are its parental 

species. It is worth mentioning that this species in the United Kingdom and Spain was 

introduced. It has a scattered distribution in the UK (Figure 1.3) and was first recorded as a 

proven edible frog in 1843 (Arnold, 1995).  

 

                                                           
[2] https://commons.wikimedia.org/wiki/Pelophylax_esculentus#/media/File: 

Rana_Esculenta_Denmark_2.jpg 



3 

 

Figure 1.2 Distribution map of Pelophylax kl. esculentus (Kuz'min, 1999) 

 

Figure 1.3 Distribution map of Pelophylax kl. esculentus in Great Britain (Arnold, 1995) 

Bogs, ponds, rivers and ditches, including artificial waterbodies are their suitable living areas. 

However, people seldom find them in large pools and fast flowing rivers and forests. Although 

the number of P. kl. esculentus is large, the population trend of P. kl. esculentus is a decreasing 

one, especially in western Europe but the ICUN status of P. kl. esculentus is LC (Least Concern) 

(Sillero et al., 2014). Agrochemicals and drainage which are able to cause aquatic pollution of 

wetland habitats, can threaten amphibians, especially frogs. Moreover, trade in frogs is another 

important factor which can influence numbers (Gratwicke et al., 2010, Hamilton, 2004). In 

addition, climate changes can also make a difference to amphibians (Araújo et al., 2008, Araújo 

et al., 2006). Hence, maybe the decline of P. kl. esculentus is largely influenced by the reasons 

shown above, frog trade, climate changes, and aquatic pollution.  

In many countries, P. kl. esculentus is protected by national law. Also, its name appears in 

some national and sub-national Red Data lists, even international documents, such as Annex V 
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of the EU Natural Habitats Directive. To date, some protected areas for P. kl. esculentus have 

been established.  

1.2 Antimicrobial Peptides  

Antimicrobial peptides (AMPs) are a class of peptides produced by various kinds of tissues 

and cells of plants and animals. There are many families of AMPs (Brogden, 2005). Their 

molecular weights usually range from 1000-6000 Da and they contain 12-50 amino acids. They 

are called cationic peptides since they usually have two or more (mostly 4-6) positive charges 

(Qiao, 2006). A common character of AMP’s structure is that it has a nonpolar amino acid side 

which can form a hydrophobic domain and a polar amino acid side which can form a 

hydrophilic domain, so AMPs have an amphiphilic structure (Andreu and Rivas, 1998). 

According to AMP structures, they have been divided into four categories: β-sheet with 2-3 

disulphide bonds, α-helix, extended structures and cyclic structures. β-sheet and α-helix are 

quite common in natural AMPs (Qiao, 2006). In addition, AMPs are thermostable, acid-

resistant and have good water-solubility. They perform an important role in innate immunity 

and acquired immunity. Moreover, AMPs shows a strong lethal effect against bacteria, fungi, 

viruses, protozoa and cancer cells. Due to their high-efficiency, low-toxicity and pollution-free 

characteristics, AMPs have the potential to be developed as new types of antimicrobial drugs. 

1.2.1 Sources and brief history of AMP related research 

So far, there are more than one thousand AMPs that have been extracted and purified from 

many species. According to these investigations, 75.73% of AMPs are from animals, including 

insects, amphibians, and mammals, while 13.55% are from plants. What’s more, bacteria, fungi 

and protozoans are important sources accounting for 8.43%, 0.47%, and 0.23% respectively. 

Nowadays, synthetic AMPs are also widely recognised and these occupy approximately 1.58%. 
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Therefore, the four main sources of AMPs in Nature are plants, insects, amphibians, and 

mammals. 

Among the AMPs so far identified, those from insects are the most abundant. One of the typical 

families is the cecropins, including cecropin A, cecropin B, cecropin D and so on (Steiner et 

al., 1982). Defensins are another large insect AMP family, including defensins from 

Drosophila, sapecin, sapecin B and sapecin C and so on (Lambert et al., 1989). In addition to 

those peptides above, there is attacin A-F (Hultmark et al., 1983) and moricin (Hemmi et al., 

2002) from Hyalophora cecropia and Bombyx mori, as well as termicin and spinigerin from 

Pseudacanthotermes spiniger (Lamberty et al., 2001). Melittin, a 26-residue peptide isolated 

from the venom of Apis mellifera, is not only haemolytic but also fatal to microorganisms 

(Subbalakshmi et al., 1999).  

Purothionin was one of the first AMPs found in plants (De Caleya et al., 1972), is widely 

distributed in the roots, seeds and leaves of both monocotyledonous and dicotyledonous plants, 

and has inhibitory effects on many pathogenic microorganisms. Since then, several other AMP 

families have been found, including plant defensins containing 45 to 54 amino acid residues in 

leaves, tubers, flowers and seeds of some plants (Penninckx et al., 1996).  

A long time ago, humans discovered that there were a number of bioactive components in 

anuran amphibians and have studied bioactive peptides in the secretions of more than 500 kinds 

of frogs for more than 40 years. They found that the catalogue of peptides in frogs was complex, 

especially in Xenopus and Phyllomedusa (Bevins and Zasloff, 1990). Csordas et al discovered 

the first haemolytic peptide, bombinin, when studying cytotropic substances in the skin of 

Bombina variegata in 1970 (Csordas and Michl, 1970). In 1971, Anastasi et al extracted 

bombesin from Bombina skin for the first time (Anastasi et al., 1971). Since 1987, when Zasloff 

found magainins in the skin secretion of Xenopus laevis (Zasloff, 1987), large numbers of 
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AMPs have been isolated from the skin granular glands and gastrointestinal mucosa of frogs 

and toads, such as ranalexin, ranatuerin and palustrin peptides in North American frogs, and 

brevinin-2, tigerinin, japonicin, nigrocin peptides in Eurasian frogs (Conlon et al., 2004) and 

bombinin found in European Bombina toad (Gibson et al., 1986). Most of these AMPs have 

broad spectrum activity and haemolytic toxicity. According to incomplete statistics, 

approximately 40 species of anurans have been studied to extract AMPs including Bombina, 

Kassina, Litoria, Phyllomedusa, Pseudis, Rana, Uperroleia, and Xenopus, etc. Australians 

have purified 10 peptides, 6 peptides, 6 peptides and 17 peptides from Litoria chloris L. 

xanthomera, L. genimaculata and L. citropa respectively (Chia et al., 1999, Chia et al., 2000, 

Nogawa et al., 2001, Rozek et al., 1998, Rozek et al., 2000, Wong et al., 1997, Wabnitz et al., 

1999, Wegener et al., 1999). 

In mammals, defensins are one of the AMPs studied most. These defensins were found in rabbit 

(Lehrer et al., 1981) alveolar macrophages for the first time with 25 to 35 residues and three 

disulphide bonds. After then, three β-defensins, termed β-defensin-1, β-defensin-2, and β-

defensin-3 have been identified in humans (Hoover et al., 2001). In addition, defensins were 

also isolated from leukocytes in Rhesus macaques (Tran et al., 2002). Cathelicidins are another 

class of AMPs in mammals which is were originally isolated from porcine leucocytes (Ritonja 

et al., 1989). Since then, AMPs have also been found in neutrophils in other animals, such as 

protegrins from pigs (Kokryakov et al., 1993), SMAP-29 from sheep (Skerlavaj et al., 1999), 

BMAP-28 from cattle (Risso et al., 2002) and so on. 

1.2.2 Structures of AMPs  

Since there are quite a lot differences and few common characteristics among the primary 

structures of AMPs from the same origins, they can be commonly classified based on their 
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secondary structure into α-helical, β-sheet, peptides with random-coil structures and peptides 

with loop structures. 

α-helical peptides are often disordered in aqueous solution, but adopt an amphipathic helical 

structure in contact with a biological membrane. This kind of peptide includes magainin from 

the frog skin and from insects, cecropin, and IL-37 isolated from human skin cells. 

β-sheet peptides are stabilized by disulphide bonds and are organized to create an amphipathic 

molecule. Due to their rigid structure, the β-sheet peptides are more ordered in aqueous solution 

and do not undergo as drastic conformational change as helical peptides upon membrane 

interaction. The best-studied β-sheet peptides are the defensins. 

A small portion of the natural AMPs belong to the third class of random-coil peptides which 

lack secondary structure and often contain a high content of arginine, proline, tryptophan, 

and/or histidine residues. Similarly to other AMPs, many of the extended peptides fold into 

amphipathic structures after contact with a membrane. Some peptides in this group have been 

detailed studied such as indolicidin produced by bovine leukocytes, apidaecins in the honey 

bees, glycosylated drosocins isolated from fruit flies 

The last category of antimicrobial peptides have an inner disulphide bond usually in the C-

terminal, so there is a loop structure in the C-terminal, while the N-terminal is a long linear 

structure, such as brevinins, bactenecin from Xenopus skin cells and so on. Some others have 

an intermolecular loop chain structure and both ends of this kind of peptide have one or two 

free residues, such as bactenecin secreted by bovine neutrophils.  

1.2.3 Antimicrobial Mechanism of AMPs 

Before AMP secondary structures had been studied clearly, research on their mechanisms had 

already started. Though the mechanisms of AMPs are still not clear, it is generally believed 
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that amino acid composition, amphipathicity, cationic charge, and size of AMPs make 

contributions to the killing effects on cells. There are three main models of the mechanism of 

AMPs: “barrel-stave”, “carpet” and “toroidal-pore”. The commonality of these three models 

focuses on AMPs attaching to and inserting into membrane bilayers to form pores (Brogden, 

2005). 

1.3 Protease inhibitors 

1.3.1 Main types of protease inhibitors 

A protease inhibitor is a kind of peptide or protein with the bioactivity of inhibiting the catalytic 

activity of proteolytic enzymes (Di Cera, 2009, Lingaraju and Gowda, 2008), and are usually 

distributed in microorganisms, animals and plants (Laskowski and Qasim, 2000). They can 

form a dynamic equilibrium by reducing the biological activity of serine proteases to adjust 

and participate in various processes in organisms (Shanxia and Jing, 2003). Animals and plants 

were studied most as sources of trypsin inhibitors. Plants such as soybeans, sunflowers, 

pumpkins are important sources of trypsin inhibitors, while human urine, lung and pancreas of 

cattle were also used to isolate trypsin inhibitors for a long time. Protease inhibitors can be 

divided into several families according to the proteases they inhibit, like metallo-, serine-, 

aspartic- and cysteine-protease inhibitors (Abbenante and Fairlie, 2005). Moreover, serine 

protease inhibitors are better known than the other three. Given that different protease 

inhibitors have different conserved functional motifs, these inhibitors can be divided into 

several types, such as Bowman-Birk inhibitors, Kunitz inhibitors and Kazal inhibitors (Di Cera, 

2009, Hedstrom, 2002, Krowarsch et al., 2003). Most trypsin inhibitors have common 

structures with a compact shape (LIN et al., 1993). They are generally composed of amino 

acids with side chains that play roles as conformational constraints, such as disulphide-linked 

cysteines, hydrogen-bonded serines or threonines, and backbone-constrained prolines (Chen et 

al., 1992).  
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Bowman-Birk inhibitors  

Bowman-Birk inhibitors are a type of serine protease inhibitors with two different inhibitory 

regions, one of which shows inhibition to chymotrypsin, while the other inhibits trypsin. BBIs 

were first isolated from soybeans by Bowman as an acetone insoluble part in 1944, and the 

separation process involved the extraction of soybeans with 60% ethanol solution and the 

precipitation by acetone. After that, Birk successfully purified and defined this type of inhibitor. 

In 1973, Odani and Ikenaka sequenced the BBI, which was composed of 71 amino acids and 

contained seven disulphide bonds with a molecular weight of about 8 kDa (Odani and Ikenaka, 

1973).  

Some scientists supposed that the BBI family has two subsets that include nine to eleven amino 

acid residues in the disulphide-bridged reactive site ring (McBride and Leatherbarrow, 2001). 

The inhibition domain of the BBI family is a loop structural domain composed of two linked 

disulphide bonds of nine amino acid residues (McBride et al., 1998), which is a characteristic 

domain of many serine proteases. BBIs are a group of highly disulphide-linked proteins of sixty 

to ninety residues with a symmetrical structure of two tricyclic domains, each of which contains 

an independent reactive site loop (Prakash et al., 1996, Werner and Wemmer, 1992, Lin et al., 

1993, Ikenaka and Norioka, 1986, Koepke et al., 2000, Voss et al., 1996). Nevertheless, the 

BBI ring structure is unique in that it has a cis-peptide bond at the edge of the ring.  
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Figure 1.4 Primary structure of Bowman-Birk inhibitor. Black beads represent residues at the 

two reactive sites (Odani and Ikenaka, 1973) 

Kazal-type inhibitors  

Kazal-type inhibitors, which include more than one Kazal region with three disulphide bonds, 

belong to this serine protease inhibitor family (Laskowski Jr and Kato, 1980, Li et al., 2009, 

Lovato et al., 2006). This kind of protease inhibitor has been identified in large numbers of 

anurans such as Phyllomedusa sauvagii (Gebhard et al., 2004), the African hyperoliid frogs 

(Wang et al., 2012a), the Central American red-eyed leaf frogs (Li et al., 2012) and insects 

including honeybee (Kim et al., 2013), beetles (Horita et al., 2010), mosquitos (Watanabe et 

al., 2011) and so on. 

Kunitz-type inhibitors  

The Kunitz-type inhibitors exist universally in nature and were originally observed in the 

bovine pancreas, where they can inhibit chymotrypsin and trypsin potently (Berndt et al., 1992, 

Wagner et al., 1987, Deisenhofer and Steigemann, 1975). In early research, Kunitz trypsin 

inhibitors were also found in soybeans, wheat, Erythrina caffra and so on (Murzin et al., 1992). 

The Kunitz-type inhibitor is one of the best characterised inhibitors. These inhibitors have 

common structures with approximately sixty amino acid residues and 3 disulphide bridges 

(Mourao and Schwartz, 2013). In 1945, Kunitz first isolated and purified these trypsin 

inhibitors (Kunitz, 1945, Kunitz, 1946), whose molecular weights were found to be around 

20000 Da (Batista et al., 1996). Since then scientists have conducted a lot of research work on 

these and it is supposed that these inhibitors play roles in a substrate-liked mechanism 

(Krowarsch et al., 2003). 
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Figure 1.5 Acid amino acid sequence of Kunitz trypsin inhibitor. The black beads represent 

residues at the two reactive sites (Liener and Kakade, 1980) 

1.4 Biological activities of peptides from frog skins 

Frog skins are usually wet and exposed and supply an excellent environment for 

microorganisms. However, their defence system was shaped gradually by natural selection to 

defend themselves from harmful elements in the natural environment. Frog’s skins are mainly 

composed of epidermis and dermis, and have mucous glands, poison glands, and pigment cells. 

Moreover, mucous glands produce mucous including large amounts of glycoprotein and 

proteoglycans which can form a polypeptide mesh to prevent pathogens from invading into 

skin naturally (Zhang et al., 2005). In order to adapt to various habitats and ecological 

environments, poison glands in the dermis of amphibians produce various peptides, proteins, 

steroids and alkaloids.  

The Chinese started to use secretions of frogs to treat some human diseases in the Han dynasty. 

They collected and desiccated secretions of the auricular and skin glands of Bufo gargarizans 

Cantor and Bufo melanostictus Schneider, as a traditional Chinese medicine called “Venenum 

Bufonis” used for detumescence, alleviation and detoxification (The Pharmacopoeia 

Commission of People's Republic of China, 2015). What’s more, the dried skins of toads are 
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used in another Chinese medicine to treat cancer from the time of the Ming dynasty. Nowadays, 

both secretions and skins of toads are proven to have significant effects to relieve cancer, 

arrhythmias and other heart diseases (Nogawa et al., 2001, Bhuiyan et al., 2003). So far, many 

natural peptides extracted from frog skins have been indicated to have many biological 

activities, such as haemolytic activity, smooth muscle activity, antimicrobial activity, 

anticancer activity and anti-diabetic activity, etc. 

1.4.1 Bioactivities of AMPs from frog skins 

AMPs from amphibian skin have activities against G- bacteria, G+ bacteria and fungi. Many 

AMPs show strong and broad-spectrum antimicrobial activity at very low concentrations.  

For example, maximin 3 from Bombina maxima could completely inhibit the growth of 

Escherichia coli, Bacillus megatherium and B. dysenteriae at a concentration of 0.9μg/ml. 

Maximin 3 also showed inhibition of Staphylococcus aureus and Klebsiella pneumoniae with 

a minimum inhibitory concentration of 3.1μg/ml (Lai et al., 2002b).Yang et identified a novel 

AMP named cathelicidin-PY in the skin secretions of Paa yunnanensis which possesses strong 

activity against a wide spectrum of microorganisms. It can also act against drug-resistant strains, 

with low cytotoxicity to mammalian cells as well as high anti-inflammatory activity (Yang et 

al., 2012).   

In addition to the above, tigerinin-1R displayed inhibition of E. coli and S. aureus at MICs of 

500μmol/L and 250μmol/L respectively (Srinivasan et al., 2014). Qiu et al., obtained several 

AMPs from dried skins of Rana temporaria which showed wide antibacterial activity. They 

showed good inhibition of E. coli, Bacillus subtilis, Proteus vulgaris, Pseudomonas aeruginosa, 

Streptococcus faecalis and Klebsiella pneumoniae (Qiu et al., 2002). Lai et al., extracted an 

AMP named MSP-VII from skin secretions of Bombina maxima which had strong antibacterial 
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activity and haemolytic activity to some degree with a molecular weight of 2647 Da and 26 

amino acids (Lai et al., 1997).  

Liu et al obtained an AMP by extraction with methyl alcohol and Sephadex gel filtration from 

the skin of Rana chensinensis. It is a basic polypeptide with antimicrobial activity against both 

G+ and G- bacteria (Liu and Cui, 2007). Xu et al isolated three AMPs from the skin of Rana 

chensinensis changbaishanis and Bufo gargarizans by gel filtration on Sephadex G-50 and 

Sephadex G-100 chromatographic columns, then studied the antibacterial activity of AMPs by 

a filter paper method. Through gel filtration, three peptides, all of which had antimicrobial 

activity to both G- bacteria and G+ bacteria were found (Xu et al., 2009). In addition, a 

heterodimer AMP, called distinctin, consisting of two peptides connected by a disulphide bond, 

was found in the skin secretion of P.distincta (Batista et al., 2001). Magainins from Xenopus 

laevis have been studied as genetic products of antibacterial agents in clinical research due to 

their strong antibacterial activity without haemolytic activity (Zasloff, 1987). 

Although many AMPs isolated from amphibians show strong antimicrobial activity, their 

haemolytic activity is also quite obvious. For example, analogues of tigerinin 1R possessed 

cytotoxicity against human erythrocytes with LC50 at 265 ± 16 μmol/L (Srinivasan et al., 2014). 

Maximin H from B. maxima and bombinin H from Bombina orientalis were proven to be toxic 

to erythrocytes. Maximin H could lyse approximately 90% to 100% rabbit erythrocytes at a 

concentration of 50 μg/ml (Lai et al., 2002b). 

It is common for some AMPs to exhibit anticancer ability, however, though temporins display 

permeabilization to several types of cells, few reports about temporins against cancer cells were 

published, only the antimicrobial temporin-1CEa and temporin-La exerted significant 

anticancer activity (Wang et al., 2013; Yang et al., 2013; Wang et al., 2012; Diao et al., 2012). 

The mechanism is involved to the selective lipid-binding property, which is believed as a basis 
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for the discrimination between different types of cells (Mahalka et al., 2009). Some scientists 

also found that the mechanism of cancer cell death induced by temporins was related to 

intracellular mechanisms involving mitochondria including Ca2+ leakage, the collapse of 

mitochondrial membrane potential and over-generation of reactive oxygen species and 

membrane-denaturation including the electrostatic interaction between the cationic peptides 

and anionic cell membrane (Wang et al., 2013; Diao et al., 2012).  

Some scientists found the host-defensive peptide, tigerinin-1R, had the function of increasing 

insulin in vivo and in vitro. Pharmacological experiments indicated that its analogues could 

increase secretion of insulin of BRIN-BD11 rat cloned β-cells and mice pancreatic islets 

significantly (Srinivasan et al., 2014).  

Some AMPs from frogs were proven to have the ability to kill some viruses. For example, 

maximin3 isolated from B. maxima showed a noteworthy anti-HIV activity. When the 

concentration was up to 1.5 μg/ml, maximin 3 showed its anti-HIV activity with a selectivity 

index of 7.6. This was also the first time for AMPs from amphibians to be published for anti-

HIV activity (Lai et al., 2002b). Dermaseptin could obviously inhibit the growth of herpes virus 

(Efron et al., 2002, Dagan et al., 2002). 

1.4.2 Bioactivities of protease inhibitors from frog skins 

Protease inhibitors were proven to have various biological functions, with some being special 

treatments for acute pancreatitis (Leach et al., 1992), cephalophyma (Kamiya et al., 1993), 

pulmonary emphysema and haemorrhagic shock (Kobayashi et al., 1994, Kobayashi et al., 

1995, Masuda et al., 2003). To date, much research on protease inhibitors has been done in the 

fields of plants, human urine and bovine pancreas, while fewer novel protease inhibitors have 

been found in anurans relatively. In recent years, some scientists have initiated a series of 

studies on protease inhibitors in anuran skins.  
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In our research group, several peptides isolated from different frog skins have been discovered. 

In 2016, Kunitizin-RE in P. kl. esculentus and Kunitizin-OS in Odorrana schmackeri were 

found to be trypsin inhibitors with a Ki values of 5.56 μM and 7.56 μM, that belong to the 

Kuinitiz trypsin inhibitor family. In addition, these two peptides not only were protease 

inhibitors, but also antibiotic to E. coli. After substituting lysine-13 by phenylalanine, the new 

peptide revealed a potential inhibition activity against chymotrypsin, but the function of 

inhibiting trypsin and G- bacteria had become weaker (Chen et al., 2016a). Hejiang trypsin 

inhibitor belonging to the Bowman-Birk family from Odorrana hejiangensis showed trypsin 

inhibition with a Ki of 388 nM. After replacing Glu14 and Ser17 by Lysine, its Ki value had 

decreased to 218 nM, which means the activity of inhibiting trypsin had been improved slightly 

(Wang et al., 2012b). A Kazal-type trypsin inhibitor from Agalychnis callidryas named 

A.callidryas Kazal trypsin inhibitor displayed trypsin inhibitory activity with Ki value at 1.9 

nM (Li et al., 2012). Three peptides isolated from the skin of P. kl. esculentus have been proven 

as a Kunitz-type inhibitor, a Bowman-Birk inhibitor and a novel class of trypsin inhibitor called 

AC-17. This kind of peptide has an N-terminal alanine residue and a C-terminal cysteine 

residue with a disulphide bond between cysteine-12 and cysteine-17. AC-17 was only proven 

efficacy against E. coli with an MIC at 30μM, and its Ki value was only 5.56 μM without 

haemolysis activity. It might target a trypsin-like protease on the surface of G- bacterium (Chen 

et al., 2010). A Kunitiz-type chymotrypsin inhibitor in Kassina senegalensis named K. 

senegalensis chymotrypsin inhibitor, had a P1 reactive centre phenylalanyl residue and was 

composed of 62 amino acid residues, which included six conserved cysteinyl residues forming 

three canonical disulphide bonds (Wang et al., 2012a). A peptide named HV-BBI containing a 

disulphide loop between cysteine-5 and cysteine-15 showed trypsin inhibition with a Ki just 

below 19 nM, which was isolated from Huia versabilis (Song et al., 2008). Two peptides BOTI 

and BVTI from Bombina orientails and Bombina variegata respectively, both have ten 



16 

 

cysteines and -CDKKC-. This could be supposed as a structural motif for trypsin inhibition 

(Chen and Shaw, 2003). König et al speculated that there was a compound possibly functioning 

as a protease inhibitor in skin secretion of Dyscophus guineti (König et al., 2013). Lin et al 

published a novel peptide named pLR-HL, which was isolated from Hylarana latouchii. It was 

demonstrated to be a Bowman-Birk-type trypsin inhibitor with a disulphide loop between 

cysteine-15 and cysteine-5. It turned out that this peptide could inhibit chymotrypsin at a quite 

low concentration (Ki = 2.141 μM) (Lin et al., 2016). 

In addition to protease inhibitors found by our research group, some other peptides in frog skins 

have been published. A peptide named BMTI with partial N-terminal 29 amino acid residues 

could inhibit trypsin (Ki=0.06μM). This character was similar to BSTI, a trysin/thrombin 

inhibitor of B. bombina (Lai et al., 2002a).  

1.5 Meaning of this research  

1.5.1 Medical potential of AMPs isolated from frog skins  

Since many AMPs were demonstrated to be antibacterial, antifungal, antiviral and so on, it has 

great potential to be developed as clinical medicine. For amphibians are rich resources of 

natural AMPs, it plays an important role in the human health industry. Magainin 

Pharmaceuticals Inc. had started to develop clinical medicine for magainin isolated from 

Xenopus laevis was antibacterial, antifungal and antiparasitic. Magainin Pharmaceuticals Inc. 

planned to use its production of magainin in clinical trials, and in the United States in 1997 in 

Plymouth, Pennsylvania, the General Assembly received the unanimous endorsement. In the 

same year, Helix BioMedix Inc. in the United States which was approved by the FDA for 

clinical trials was conducting research on cytoporins for clinical application. IntraBiotics Inc. 

in Canada has isolated protegrin1 from silkworms and bovines to develop an anti-bacterial and 

anti-fungal drug to treat oral mucositis. This achieved a more than satisfactory effect (Qiao, 

2006). Moreover, there are more than 2700 AMPs which have been studied and proven to have 
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various bioactivities, so it is a potential work which deserves to be given sufficient attention 

and focused effort. 

1.5.2 Why we chose P. kl. esculentus as the research subject? 

Firstly, P. kl. esculentus is a quite common species distributed widely in Europe, so it is easy 

to obtain experiment materials. If peptides isolated from this species were effective medical 

treatments, it would be an abundant treasure. In addition, P. kl. esculentus is not an endangered 

species; the total numbers in its population is very large so we have lower pressure to conduct 

related research about it. Secondly, P. kl. esculentus is a kind of food material, so to some 

degree, peptides from it may have the possibility to have lower toxicity. Thirdly, since P. kl. 

esculentus is a common species which can be easily seen in daily life, there have been many 

types of research performed on it. Hence, the experimental foundation is quite good. Last but 

not the least, though P. kl. esculentus is the hybridization of R. lessonae and R. ridibunda, it 

shows significant superiority in skin peptide immune defences. Compared to the parental 

species, the hybrid species not only produce the most diverse peptides, the antibiotic activity 

and stability of AMPs in it also exerted prominent advantages (Daum et al., 2012). Therefore, 

the innate immune defense system of P. kl. esculentus is worth detailed research. To date, more 

than thirty different AMPs have been discovered from the edible frog, most of which are 

brevinins, esculentins and temporins. Detailed information about these AMPs was given in 

Table 1.1.   

Table 1.1 The list of AMPs from the skin secretion of P. kl. esculentus                             
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Peptide 
Accession 

No. 
Mature Peptide Sequence Reference 

Brevinin-1E 
AAB27055.1 

CAA54842.1 

FLPLLAGLAANFLPKIFCKITRKC (Simmaco et al., 1994) 

Brevinin-1Ea P40835.1 FLPAIFRMAAKVVPTIICSITKKC (Simmaco et al., 1994) 

Brevinin-1Eb P40836.1 VIPFVASVAAEMQHVY-CAASRKC (Simmaco et al., 1994) 

Brevinin-2E AAB27056.1 GIM-DTLKNLAKTAGKGALQSLLNKASCKLSGQC (Simmaco et al., 1993) 

Brevinin-2Ea P40837.1 GIL-DTLKNLAISAAKGAAQGLVNKASCKLSGQC (Simmaco et al., 1994) 

Brevinin-2Eb P40838.1 GIL-DTLKNLAKTAGKGALQGLVKMASCKLSGQC (Simmaco et al., 1994) 

Brevinin-2Ec P40839.1 GILLDKLKNFAKTAGKGVLQSLLNTASCKLSGQC (Simmaco et al., 1994) 

Brevinin-2Ed P40840.1 GIL-DSLKNLAKNAG----QILLNKASCKLSGQC (Simmaco et al., 1994) 

Brevinin-2Ee P40842.1 GIF-DKLKNFAKGVA----QSLLNKASCKLSGQC (Simmaco et al., 1994) 

Brevinin-2Ef CAA54843.1 GIM-DTLKNLAKTAGKGALQSLVKMASCKLSGQC (Simmaco et al., 1994) 

Brevinin-2Ta SCN47972.1 GIL-DTLKNLAKTAGKGILKSLVNTASCKLSGQC Liu et al, unpublished 

Brevinin-2Tbe AMB66609.1 GIL-DTLKNLAKTAGKGALQSLLNHASCKLSGQC (Chen et al., 2016c) 

Temporin-1Re AMB66607.1 FLPGLLA---GLL (Chen et al., 2016b) 

Temporin-1Ee AMB66606.1 FLPVIAGVLSKLF (Chen et al., 2016b) 

Temporin-1Ec  FLPVIAGLLSKLF (Ali et al., 2003) 

Hemolytic 

protein B9 
P32416.1 FLPLIAGLLGKLF (Simmaco et al., 1990) 

Hemolytic 

protein A1 
P32415.1 FLPAIAGILSQLF (Simmaco et al., 1990) 

Esculentin AAB27057.1 
GIFSKLGRKKIKNLLISGLKNVGKEVGMDVVRTGIDIA

GCKIKGEC 
(Simmaco et al., 1993) 

Esculentin-1 P32414.1 
GIFSKLGRKKIKNLLISGLKNVGKEVGMDVVRTGIDIA

GCKIKGEC 
(Simmaco et al., 1993) 

Esculentin-1A P83663.1 
GIFSKLAGKKIKNLLISGLKNVGKEVGMDVVRTGIDIA

GCKIKGEC 

(Simmaco et al., 

1994) 

Esculentin-1B CAA54844.1 
GIFSKLAGKKLKNLLISGLKNVGKEVGMDVVRTGIDIA

GCKIKGEC 
(Simmaco et al., 1994) 

Esculentin-2A P40845.1 GILSLVKGVAKLAGKGLAKEGGKFGLELIACKIAKQC (Simmaco et al., 1994) 

Esculentin-2B P40846.1 GIFSLVKGAAKLAGKGLAKEGGKFGLELIACKIAKQC (Simmaco et al., 1994) 

Ranacyclin-E P83663.1 SAPRGCWTKSYPPKPCK (Mangoni et al., 2003) 

 

So far, only one trypsin inhibitor called Kunitzin-RE from P. kl. esculentus with 70 amino 

acids residues has been discovered(Table 1.2). This peptide is not only a novel potent trypsin 
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inhibitor but also a selective AMP (Chen et al., 2016a). It's worth mentioning that it has six-

residue C-terminal disulphide-bridged loops (-CKAAFC-), which is formed by two cysteine 

residues. Therefore, there is still much space to explore protease inhibitors in P. kl. esculentus.  

Table 1.2 The list of trypsin inhibitors from skin secretion of P. kl. esculentus 
Peptide Accession No. Sequence Reference 

Kunitzin-

RE 
CCG00970.1 AAKIILNPKFRCKAAFC (Chen et al., 2016a) 

 

1.6 Aims and Objectives of this research 

1) Skin secretion of P. kl. esculentus will be collected using the method of electrical stimulation. 

2) mRNA will be isolated from the skin secretion of P. kl. esculentus. 

3) 3’-cDNA library and 5’-cDNA library construction of P. kl. esculentus skin secretion will 

be performed. 

4) Molecular cloning of the 3’-cDNA library will be conducted, cDNA sequences will be 

obtained and translated into peptide sequences.  

5) A novel peptide will be determined and synthesised via solid phase peptide synthesis, and 

confirmed by MALDI-TOF mass spectrometry. Then the crude synthesised peptide will be 

purified by reverse-phase high performance lipid chromatography. 

6) Bioassays including protease inhibitory assays, antimicrobial assays, haemolysis assays will 

be performed to analyse the bioactivities of the purified peptide. 

Overall, all work in this research will be quite helpful to learn and grasp research methods 

pertaining to the study of natural drugs. After completing this work, research ability in both 

conducting experiments and using instruments should be obviously advanced. What’s more, 

this present study aims to research and develop a novel peptide from P. kl. esculentus, 

expecting to provide a background for the development and utilisation of amphibian AMPs in 

the future. 
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2 Materials and Methods  

2.1 Molecular cloning of skin secretion peptide cDNAs 

2.1.1 Specimen biodata and secretion harvesting 

Specimens of the edible frog, Pelophylax kl. esculentus (n=30) were obtained from a French 

company (Le QuerruyCellier, Notre Dame de Monts, France). All the frogs were adults and 

were housed in a specially designed amphibian facility in the animal facility in Queen’s 

University, Belfast. Skin secretion was obtained by using gentle electrical stimulation to the 

dorsal skin as described in previous studies. The stimulated secretions were washed from the 

skin using deionised water and were frozen in liquid nitrogen. The skin secretion was obtained 

in our laboratory by my supervisor. 

2.1.2 mRNA isolation 

Polyadenylated mRNA was isolated from stabilisation buffer using magnetic Dynabeads® 

Oligo (dT)25 beads as described by the manufacturer (Dynal Biotech, UK). The procedures 

were strictly controlled by the manufacturer’s instructions. All the instruments were sterilised 

and gloves were worn to prevent contamination. At first, Dynabeads were re-suspended 

thoroughly before use and then 250 µL of suspension were transferred into an RNase-free 1.5 

mL microcentrifuge tube. Then the tube was placed on a magnetic rack, the beads inside the 

tube were isolated from storage solution and the supernatant was replaced with an equivalent 

volume of Lysis/Binding buffer. The tube was placed on the magnetic rack again and this step 

was repeated for exchanging the Lysis/Binding buffer with the sample. 1 mL of lysis/binding 

buffer was added into the 1.5 mL centrifuge tube which already contained 5 mg (actual 5.8 mg) 

of the skin secretion. The sample was dissolved by vortexing and the tube was then put into an 

ice bath from time-to-time for cooling and inhibiting the activity of RNase. Afterwards, the tube 

was centrifuged for 5 min at 2500 × g, in this way the sediments were at the bottom of the tube 

and the supernatant was transferred into the prepared Dynabeads. In order to mix the beads and 
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the sample lysate, the tube was gently rotated upside down for at least 10 min. During the time 

at room temperature, the poly A-tail of mRNA was allowed to anneal to the oligo-dT on the 

beads. When the step was finished, the mRNA free sample was removed by using the magnetic 

rack in the same procedure as described. The beads connected with mRNA were washed by 

Buffer A three times and Buffer B two times, respectively. In the final washing, the buffer 

contained in the tube should be totally removed carefully. Then the elution buffer, 18 µl of Tris-

HCL, was added to the tube through the inside wall of the tube to ensure all the beads were 

dispersed into the fluid. The tube was put in an 80 °C heating block for 2 min and was then 

rapidly put into the magnet rack. All the sample solution containing mRNA was transferred 

into a 200 µl PCR tube and placed immediately in the ice bath. 

2.1.3 cDNA library construction 

This was performed by using a SMART™ RACE cDNA Amplification Kit (Clontech, 

PaloAlto, CA, USA). Three tubes of 3’- RACE- Ready cDNA reaction samples were prepared 

by combining 3 µl mRNA sample, 1 µl 3’- CDS primer (12 µM, 5’-

AAGCAGTGGTATCAACGCAGAGTAC(T)30VN-3’, V = A, G, or C; N = A, C, G, or T) and 

1ul BD SMART II A oligo nucleotide (12 μΜ, 5’-

AAGCAGTGGTATCAACGCAGAGTACGCGGG-3’) together, while two tubes of 5’-RACE-

Ready cDNA reaction samples were mixed by 4 µl mRNA sample and 1 μl 5’CDS primer (12 

µM, 5’-(T)25V N-3’, N = A, C, G, or T; V = A, G, or C). All the bottles of reaction mixes were 

incubated in a 70 °C heating block for 2 min and cooled on ice for 2 min. The master mix was 

prepared and consisted of 2 µl 5X First-Strand Buffer (250 mM Tris-HCl (pH 8.3), 375 mM 

KCl, 30 mM MgCl2), 1 µl Dithiothreitol (DTT) (20 mM), 1 μl dNTP Mix (10 mM), 1 μl 

PowerScript Reverse Transcriptase, and 5 μl of reaction sample. The solution was mixed by 

gently pipetting and the tubes were briefly centrifuged to make the liquid gather at the bottom 

of the tubes. After that, the tubes were put into the Polymerase Chain Reaction (PCR) machine 
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for 90 min at 42 °C. When this process had finished, 50 µl of PCR-grade water were added into 

each tube for dilution and they were mixed and briefly centrifuged. Finally the tubes were 

placed into the PCR machine again for 7 min at 72 °C, and the 3’- and 5’- RACE-Ready cDNA 

samples were obtained. The products can be stored in a universal tube at -20 °C for up to three 

months. 

2.1.4 3’-RACE PCR (Rapid amplification of cDNA ends-Polymerase chain reaction) 

Enough Master Mix for all PCR reactions and one extra reaction were prepared to ensure 

sufficient volume. Each PCR tube contained 3.1 µl PCR-Grade Water, 1.5 µl 10× BD 

Advantage II PCR Buffer, 0.2 µl dNTP Mix (dATP, dCTP, dGTP, and dTTP, each at 10 mM), 

0.5 µl Sense Primer (5’-GAWYYAYYHRAGCCYAAADATGTTCA-3’) (W = A or T; Y = C 

or T; H = A or C or T; R = A or G; D = A or G or T), 0.2 µL 50X BD Advantage II Polymerase 

Mix, 0.5 µl Nested Universal Primer A (NUP; 10 µM, 5’-

AAGCAGTGGTATCAACGCAGAGT-3’). 

Then, the 24 µl mixture was separated equally into two PCR tubes, 10 µl 3’-cDNA library was 

added into the first tube (labelled Tube 1), while 10 µl PCR-Grade Water was added into the 

other tube (labelled Tube 2), then 11 µl of solution was transferred from the Tube 1 and Tube 

2 into two new PCR tubes, respectively (labelled Tube 3 and Tube 4). Four tubes were 

centrifuged briefly in a microcentrifuge. 

The sample vials (Tube 1 and Tube 2) were put in the PCR machine. The PCR programme was 

set up as: 94 °C initial denaturation for 36 s; denaturation at 94°C for 30 s, primer annealing at 

63 °C for 30 s, extension at 72 °C for three minutes, 40 cycles; final extension at 72 °C for 10 

min. The control vials (Tube 3 and Tube 4) were put in the PCR machine. The PCR programme 

was set up as: 94 °C initial denaturation for 36 s; denaturation at 94 °C for 30 s, primer 
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annealing at 61 °C for 30 s, extension at 72 °C for three minutes, 40 cycles; final extension at 

72 °C for 10 min. After the PCR, all the four sample vials were stored at 4°C. 

2.1.5 Gel electrophoresis 

The aluminium gel casting gates were placed into the slots provided by the gel unit, then the 

unit was put on a level surface, and the required combs were positioned in the slots provided. 

0.45 g agarose powder (Invitrogen, UK) was weighed and transferred into a conical flask. 1X 

Tris/Borate/EDTA (TBE) Buffer was made by 100 ml 10 × TBE Buffer (Invitrogen, UK) and 

900 ml water. 35 ml fresh 1× TBE Buffer was transferred into the flask with a graduated 

cylinder. The agarose and buffer mixture were heated in the microwave oven and shaken lightly 

until all the agarose was dissolved completely, and then it was cooled for several minutes to 

50-60 °C. 2.5 µl of 10 mg/mL Ethidium Bromide (EtBr) (Sigma-Aldrich, USA) was added into 

the flask by a disposable filter tip and mixed completely to bind to the DNA and make the DNA 

visible under ultraviolet light. Then, the melted agarose was poured into the gel box with one 

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

solidification of the agarose gel at room temperature for approximately fifteen minutes, the 

comb was vertically removed and the intact wells were obtained. Finally, the gel tank was filled 

with recycling 1× TBE Buffer within the maximum lines. 

2.5 µl of 100bp DNA ladder (BioLabs, UK) composed of several fragments of known 

molecular weight, were loaded carefully into the first lane of the agarose gel to measure the 

size of DNA fragments. 1.5 µl of samples and 0.5 µl of 6× Loading Dye (Promega Corporation, 

Southampton, UK) were mixed well and loaded carefully into the other lanes in order. After 

that, the electrophoresis was run at 90 V and the samples travelled through the gel from the 

negative electrode to the positive electrode for 30 min until the yellow colour indicator reached 

two-thirds of the gel. Finally, the power was stopped and the gel was transferred into a large 

weigh boat for later detection of bands. Electrodes were inserted and charged to 90 V for 
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approximately thirty minutes until the dye front migrated approximately two-thirds of the way 

down the gel.  

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

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

of the samples were compared with those of the ladder to determine whether the DNA 

amplification was successful or not. The 1× TBE Buffer was recycled and the samples were 

stored at -20°C in the freezer. 

2.1.6 PCR product purification 

Five volumes of CP Buffer were added to 1 volume of the PCR products and the mix was then 

transferred into Hi-Bind® DNA Mini Columns with 2 mL Collection Tubes outside. The 

column with the tube was centrifuged for 3 min (15000 × g) by using Eppendorf Centrifuge 

5424 (Eppendorf, Germany), and the solution in the collection tube was then poured out. Then 

the column was placed back into the collection tube and 700 μl of washing buffer were added 

onto the column. It was then centrifuged at 15,000 × g for another one minute and the flow 

through was discarded and the collection tubes were reused. 500 µL washing buffer was added 

into each tube. The cartridge was centrifuged at 15,000 × g for one minute. Then the filtrate 

was discarded and the collection tubes were reused. The cartridge was centrifuged at 18,000 × 

g for two minutes to remove the remaining liquid completely. Then an additional one minute 

centrifugation at 15,000 × g was performed. A new 1.5ml tube was replaced outside the Hi-

Bind® DNA Mini Column. 30 μl of PCR grade water were added into the column for 2 min 

and then it was centrifuged for one minute at 18,000 × g. an Eppendorf speed vacuum 

concentrator 5301 (Eppendorf, Germany) for 45-60min. Finally, all the products were stored at 

-20 °C. 

2.1.7 Ligation of purified DNA into vectors 
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According to the brightness of the DNA bands after gel analysis, an appropriate volume 8 μl 

of PCR grade water was added to the purified products. The brighter the gel graphic, the more 

water was added to dissolve the products. Then the solution was briefly vortexed for one minute, 

kept on ice for thirty seconds, then briefly centrifuged at 15,000 × g to collect all contents at 

the bottom. This process was repeated four times for DNA preparation. The master mix for 

ligation consisted of 2.5 μl 2× Rapid Ligation Buffer which was vortexed before use and 0.5 

μl of pGEM®-T Easy Vector (50 ng/μl) which need to be micro-centrifuged briefly without 

pipetting. The mixture was pipetted into a 1.5 ml tube and 1.5 μl DNA sample was added. 

Finally, 0.5 μl of the T4 Ligase was briefly centrifuged without pipetting and added into the 

tube. The tube was placed in a rack at room temperature for 1 h, followed by incubation at 4°C 

in the PCR machine overnight (16-24h) 

2.1.8 Transformation 

8 g of Luria broth (LB) agar (Invitrogen, UK) was placed in a bottle containing 200 ml of 

ddH2O (final concentration of 32 g/L). Then, the bottle was autoclaved for sterilisation. After 

the medium cooled to 50 oC, a volume of 550 µl ampicillin (100 µg/mL, Roche, USA) was 

added and mixed completely. Then, 11 ml of melted agar solution was aliquoted and poured 

into each Petri dish. After the solidification of agar, 100 µl IPTG (0.1 M, Promega Corporation, 

Southampton, UK) was added as an inducer and spread over the surface evenly. Subsequently, 

20 µl X-Gal (50 mg/ml, Promega Corporation, Southampton, UK) was added and spread over 

the surface completely in a dark environment. Finally, all the plates were incubated upside 

down for forty-five minutes at room temperature. 

The tubes which contained the ligation reaction products, were centrifuged to collect the 

contents at the bottom of the tube. 2.2 µl of ligation reaction were added to each 1.5ml 

Eppendorf tube (sterile) on the ice. The heating block was set to 42 °C. The competent E.coli 

cells JM109 cells (>108 cfu/µg) (Promega Corporation, Southampton, UK) were taken from 
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the -80 °C freezer onto ice until thawed (5 min). Cfu means colony-forming units. Then 50 µl 

of cells were placed into each tube carefully in preparation for the last step.  

The contents of tubes were mixed by gently flicking then they were placed on ice for 20-25 

min. The cells were then heated for 47s and then placed in the water bath at 42 °C (need 

accurate temperature and do not shake). The tubes were then immediately placed on ice for 2 

min. 950ul of room temperature SOC medium (Invitrogen, USA) were added into the tubes 

containing cells transformed in the ligation reactions and incubated for 2.5 h at 37 °C, 150 rpm. 

Then 100 μl of transformation suspensions were transferred and spread over the surface of 

LB/ampicillin/IPTG/X-Gal plates with three replications and all plates were incubated at 37°C 

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

2.1.9 White and blue screening  

Samples of the best independent, larger white colonies (Figure 2.5-2.7) (total 54) were a were 

picked up and transferred into three new LB/ampicillin/IPTG/X-Gal plates by streaking 

without touching the edge of the lines using an inoculating loop under a sterile environment. 

All of the three plates were incubated upside down at 37 °C overnight (16-24 h) for subculture 

and further selection. Blue colonies were not selected as they contained non-transformed cells  

2.1.10 Isolation of recombinant plasmid cDNA 

There was a need to identify the cells that contained the desired insert at the appropriate 

orientation and isolate these from those not successfully transformed. With the antibiotic 

resistance markers in the vector, it allows only cells in which the vector, but not necessarily the 

insert, has been transfected to grow. Additionally, the cloning vectors also contain colour 

selection markers which provide blue/white screening via β-factor complementation on X-gal 

medium. Nevertheless, these selection steps do not absolutely guarantee that the DNA insert is 

present in the cells. Further investigation of the resulting colonies is required. Therefore, after 
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incubation, white colonies were picked up, streaked onto other LB/ampicillin/IPTG/X-Gal 

plates and incubated overnight at 37 °C. With this step, there would be a further selection to 

grow more cells for extraction of plasmid cDNA. 

After the second time of incubation, a sample from each white colony was placed in separate 

1.5 ml RNase-free tubes containing 20 µl of PCR-grade water. The tubes were incubated 

(100oC, 5min), then placed into ice for 5min and finally centrifuged (2500 × g, 5 min). The 

supernatant in the tube contained recombinant plasmid and would be used as a template for the 

cloning PCR.  

2.1.11 PCR of plasmid cDNA  

This was performed by using a Taq DNA Polymerase (GibcoBRL, UK). 47.25μl Master mix 

was prepared in a tube, which consisted of 1 μl dNTP Mix, 31 μl PCR-Grade water, 10 μl 5× 

Cloning PCR Buffer, 2.5 μl M13 Forward Primer (5’-GTAACGCCAGGGTTTTCCCAG-3’) 

and 2.5 μl M13 Reverse Primer (5’-TGTGAGCGGATAACAATTTCAC-3’). 2.5 μl isolation 

product was added to mix with one unit of master mix. Finally, for each sample, 0.25 μl Taq 

DNA Polymerase was added. The contents of tube were mixed and centrifuged briefly to collect 

contents at the bottom. All sample tubes were placed in the PCR machine and the cloning PCR 

programme were selected consisting of the following steps: initial denaturation at 94 °C for 1 

min; denaturation at 94 °C for 30 s, primer annealing at 55 °C for 30s, extension at 72 °C for 

34s, 31 cycles; final extension at 72 °C for 10 min. After this cloning PCR reaction, the fourteen 

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

2.1.12 Gel analysis of PCR result of plasmid cDNA  

Agarose gel electrophoresis was used to identify the approximate sizes of inserted DNA 

fragments and this step was carried out as described in section 2.1.5. 

2.1.13 Plasmid cDNA PCR product purification 
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PCR plasmid DNA was purified as described in Section 2.1.6. 

2.1.14 DNA sequencing reaction 

This was performed using BigDye® Terminator v3.1 Cycle Sequencing Kits (Applied 

Biosystems, California, USA). Some optimal DNA samples were chosen for the sequencing 

reaction and 10 μl of M13 Forward/Reverse Primer was diluted in 52.5 μl PCR-Grade water. 

For each reaction, the following reagents were added to separate tubes: 2.86 μl Reading R-100, 

2.5 μl DNA template from purification product, 1.14 μl diluted M13 Forward/Reverse primer, 

12.4 μl PCR grade water and 3.57μl 5× Sequencing Buffer. The contents of tubes were mixed 

and centrifuged briefly to collect contents at the bottom. The tubes were placed in the PCR 

machine for 25 cycles of thermal reaction as follows : initial denaturation at 96 °C for 1 min; 

denaturation at 96 °C for 20 s, annealing at 55 °C for 10 s, extension at 60 °C for 4 min, 26 

cycles; preservation at 4 °C for 7min. Finally, the four sequencing products were stored at -20 

°C in the freezer. 

2.1.15 Extension products purification 

10μl of ddH2O were added to the bottom of 1.5 ml microcentrifuge tubes. For each sample, 72 

μl of non-denatured 95% ethanol were transferred into the 1.5 ml microcentrifuge tube prepared 

previously. The tubes were closed and vortexed briefly. The samples were kept at room 

temperature for 20 min to precipitate the extension products. The tubes were placed in a micro-

centrifuge and were centrifuged for 20 min at maximum speed. The supernatants were carefully 

aspirated with separate pipette tips for each sample and discarded pellets may or may not be 

visible. The supernatants must be removed completely, as unincorporated dye terminators are 

dissolved in them. The more residual supernatant left in the tubes, the more unincorporated dye 

terminators will remain in the samples. 260 μl of 70% ethanol were added to the tubes and 

mixed briefly. The tubes were centrifuged for 10min at maximum speed. The supernatants were 

aspirated carefully as described above. The samples were put in a concentrator to dry for at 
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least 3h. 

2.1.16 Sequencing 

Each sample pellet was re-suspended in 10 μl of highly-purified HiDi formamide. The samples 

were vortexed and centrifuged and then heated to 95 °C for 4 min to denature, then chilled on 

ice for 3 min. The samples were briefly centrifuged again and transferred to a 96-well plate. 

Electrophoresis and data analysis of samples were carried out on the ABI3730 automated 

sequencer (Applied Biosystems, Foster City, CA, USA). 

2.2 Solid phase peptide synthesis (SPPS) 

The solid-phase peptide synthesis method is currently the most common technique used to 

synthesise peptides automatically by a series of cycled reactions, which consist of activation, 

de-blocking and coupling. The direction of synthesis is from the C-terminal (carboxyl group) 

to the N-terminal (amino group), which is contrary to the direction that peptides are made in 

Nature. According to whether the C-terminal has modifications (like amidation) or not, 

different resins can be chosen as a solid-phase.  

Usually, the first amino acid with Fmoc or/and side-chain protected groups is already 

covalently attached to resin. The first amino acid attached to resin is de-blocked (de-protected) 

first to remove the N-terminal protected Fmoc by washing with 20% piperidine. HBTU is an 

active ester used to catalyse the coupling between one amino acid and another and this process 

will be cycled until the last amino acid to be coupled and the Fmoc of the final amino acid have 

been removed. The side-chain protecting groups of peptide and resin are removed by cleavage 

and de-protection using a cleavage cocktail. 

Here, the novel mature peptide was chemically-synthesised by solid phase Fluorenyl methoxy 

carbonyl (Fomc) chemistry in a PS4 automated solid-phase synthesiser (Protein Technologies, 
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Inc, Tucson, AZ, USA). The unequivocal primary structure of the novel peptide was as follows: 

FLPIVAKLLSGLL-NH2. 

2.2.1 Peptide calculations and weighings 

Amino acid vials and reaction vessels were washed and dried before use. In order to synthesise 

0.3 mmol of peptide, each amino acid was used in a 4-fold molar excess to ensure saturation 

of the resin bound chain during operation. The quantity of each dry amino acid weighed was 

calculated according to its molecular weight (Table 2.1). Also, 2-(1H-benzotriazol-1-yl)-

1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU) was used in the same molar excess 

(0.4553g). 0.3 mmol rink amide resin which contained an amide group for the C-terminus was 

also weighed into the reaction vessel. The weight deviation was less than ±0.0005g. Each 

amino acid vial of weighed amino acid was assembled with a vial, a septum and a crimp cap 

and was sealed by a crimper. Each weighed resin was transferred into a matched reaction vessel 

for the next step 

Table 2.1 Details of amino acid residues in the synthesised peptide, QUB-1383 

No. Symbol Amino Acid 

Molecular 

Weight 

(g/mol) 

Protected 

amino acid 

Molecular 

Weight 

(g/mol) 

Molecular 

Weight 

(g/1.2mmol) 

Theoretical 

Weight (g) 

1 L Leu Leucine 131.17 
Fmoc-Leu-

OH 
353.4 424.08 0.4241 

2 L Leu Leucine 131.17 
Fmoc-Leu-

OH 
353.4 424.08 0.4241 

3 G Gly Glycine 75.07 
Fmoc-Gly-

OH 
297.3 356.76 0.3568 

4 S Ser Serine 105.09 
Fomc-

Ser(tBu)-OH 
383.4 460.08 0.4601 

5 L Leu Leucine 131.17 
Fmoc-Leu-

OH 
353.4 424.08 0.4241 

6 L Leu Leucine 131.17 
Fmoc-Leu-

OH 
353.4 424.08 0.4241 

7 K Lys Lysine 146.19 

Fmoc-

Lys(Boc)-

OH 

468.5 562.2 0.5622 
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8 A Ala Alanine 89.09 
Fmoc-Ala-

OH 
311.3 373.56 0.3736 

9 V Val Valine 117.15 
Fmoc-Val-

OH 
339.4 407.28 0.4073 

10 I Ile Isoleucine 131.17 
Fmoc-Ile-

OH 
353.4 424.08 0.4241 

11 P Pro Proline 115.13 
Fomc-Pro-

OH 
337.4 404.88 0.4049 

12 L Leu Leucine 131.17 
Fmoc-Leu-

OH 
353.4 424.08 0.4241 

13 F Phe Phenylalanine 165.19 
Fmoc-Phe-

OH 
387.4 464.88 0.4649 

 

2.2.1 Peptide synthesis 

Peptide synthesis was performed automatically and all operations below were carried out by 

editing corresponding programs on the touch screen of the PS4 synthesiser. 

(1) Bottle preparation and system status 

Inline solvent filters and the source of nitrogen were checked first. Five bottles of reagents 

were prepared as shown in Table 2.2. 

Table 2.2 Reagents prepared before peptide synthesis. 

Bottle number Solutions 

1&2 20% piperidine in 80% DMF 

3 11% N-Methylmorpholine (NMM) in 89% DMF 

4 Dimethylformamide (DMF) 

5 Dichloromethane (DCM) 

Five reagent bottles were pressurised and primed in order. Then the reaction vessel and 

pipeline were washed by DMF first.  

(2) Programme editing and peptide sequence loading 
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Reaction vessels (RV) with resin were washed using the edited programme (Table 2.3). In the 

programme editor screen, the synthesis programme was edited with reagent bottle numbers, 

mix type, synthesis actions, coupling times and repeat times. Mix type was set as nitrogen 

bubbling and vortexing to mix. 

Table 2.3 Programme of single coupling and final Fmoc de-protection. 

Bottle number Action  Comments 

3 Deliver solvent to RV top, mix and drain Wash resin 

1 Deliver solvent to RV top and vent line, mix, and drain De-protection 

1 Deliver solvent to RV top, mix and drain Wash resin 

The User Workstation Utility is a separate software in the computer which has the same 

operation interface as the program editor screen of the PS4, in which the peptide sequences 

were edited before peptide sequence loading. After editing, programs were copied on a USB 

drive and were loaded into the PS3 synthesizer. Then the relevant information such as amino 

acid name and cycle number were shown in the load synthesis screen. 

Amino acid vials were loaded in the loading position of the synthesizer with reverse order of 

the whole sequence from C-terminal to N-terminal. Finally, the whole synthesis process was 

performed automatically by the PS3 synthesizer. 

2.2.2 Peptide cleavage 

After synthesis, the protecting side-chains of amino acid residues were removed by cleavage. 

A magnetic rotor was placed into a clean and dry round-bottom flask. Resins were weighed to 

calculate the volume of cleavage cocktail required, then they were transferred into round-

bottom flasks. Each synthesised peptide was treated in the same manner. The cleavage cocktails 

consist of 20.5625 mL 94% (v/v) Trifluoroacetic acid (TFA), 0.4375 mL 2% (v/v) 1,2-

Ethanedithiol (EDT), 0.4375 mL 2% (v/v) H2O and 0.4375 mL 2% (v/v) Thioanisole (TIS). 
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The cleavage reaction was performed by stirring at room temperature for 2 hours. After that, 

the mixture was suction filtered using the Buchner funnel to remove the resin. The filtrate was 

transferred into a 50-mL universal tube and the cool ether was supplemented up to 50 mL for 

the peptide precipitation in the 4 °C freezer overnight. 

2.2.3 Peptide washing and lyophilisation 

Some impurities such as phenol can be dissolved in cold diethyl ether and removed before 

lyophilisation. The overnight 50-mL universal tube was centrifuged at 1000 × g for 5 min 

and supernatant was discarded as precipitated peptide was present at the bottom. Sufficient 

cold diethyl ether was added into tube to wash the peptide pellet for an additional three times. 

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

Finally, 20 ml of TFA/water/acetonitrile (0.5/199.5/800, v/v) and 5ml of TFA/water (0.5/999.5, 

v/v) were added to dissolve the washed peptide pellet in the same tube. Both synthesised 

peptides were treated in the same manner. The tubes were then snap-frozen in liquid nitrogen 

and placed into an Alpha 1-2 freeze-drying system (Martinchrist, Germany) for lyophilisation. 

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

(MALDI-TOF) mass spectrometry  

This mass spectrometry method uses laser light and a matrix solution to aid the ionisation of 

the molecules in a sample to fly under high voltage through a vacuum tube to a detector. In this 

study, α-cyano-4-hydroxycinnamic acid (CHCA) was chosen as the matrix and this was 

prepared in acetonitrile/TFA/highly purified water (50/0.05/49.95, v/v/v) to achieve a 10 mg/ml 

solution. 

2 μl of purified peptide solution was spotted onto the MALDI mass spectrometer plate and was 

left to dry. Then 1 μl of prepared CHCA matrix solution was added onto the same point on the 
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plate. When the plate was dried, the purified peptide sample was analysed by the MALDI-TOF 

mass spectrometer (Voyager DE, PerSeptive Biosystems, Framingham, MA, USA). 

The results were plotted graphically with ion intensity on the vertical axis and mass/charge 

ratio (m/z) on the horizontal. The masses observed were compared with the theoretical mass 

values that had been calculated earlier for each peptide. 

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

Calculator[4]. The yield of the peptide was then calculated to assess the success of the peptide 

synthesis.  

2.3 Reversed-phase high performance liquid chromatography (HPLC) 

RP-HPLC is a basic technology now used in almost all biological and analytical chemistry. 

Here, a Cecil Adept CE4200 HPLC system (Cecil, Cambridge, UK) was used to purify the 

crude synthesised peptide. Firstly, the HPLC system consisted of 6 parts: Degasser, System 

manager, Pump A and Pump B, UV Detector, Mixer. After the detector self-examination, the 

detector was automatically adjusted to the wavelength of 214 nm. An analytical reverse phase 

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

TFA/water/acetonitrile (0.5/199.5/800, v/v) (Buffer B) for 30 min, then with Buffer A for 30 

min, at a flow rate of 1 ml/min. The a linear gradient program from 100% Buffer A to 100% 

Buffer B had been set up on the computer with a run time of 80 min, at a flow rate of 1 ml/min. 

10 mg of crude synthesised peptide were weighed and dissolved in a 15-ml universal tube with 

2 ml Buffer A and 8 ml Buffer B. Then, the 15-ml universal tube was vortexed and centrifuged 

at the 8000 × g for 15 min. The clear supernatants were transferred into another 15-ml universal 

tube. The fractions were collected in polypropylene tubes (Sarstedt, Germany) at every peak 

                                                           
[4] http://pepcalc.com/ 
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and utilised for identification via MALDI-TOF Mass Spectrometry. When the programme was 

completed and the samples had been collected, the column was thoroughly washed with Buffer 

B for one hour. Then the system was then switched off. The pure peptide was obtained and 

subjected to lyophilisation and biological activity assays. 

2.4 Antimicrobial assays 

2.4.1 Microorganism inoculation 

MIC and MBC are both efficient methods to assess the ability of antibiotics to inhibit growth 

of or to kill microorganisms. MIC is defined as the lowest concentration of agent required to 

inhibit growth of bacteria after overnight culture. MBC is defined as the lowest concentration 

of an agent that can kill a microorganism and is usually performed after an MIC assay. 

The model microorganisms used in this study were Staphylococus aureus (NCTC 10788), 

Escherichia coli (NCTC 10418) and Candida albicans (NCYC 1467) and these three different 

microorganisms represent three types of microbes: Gram-positive bacteria, Gram-negative 

bacteria and fungi, respectively. Beads of microorganism cultures were removed from frozen 

storage into McCartney bottles containing Mueller Hinton Broth (MHB) and placed in orbital 

incubator (Stuart, UK) at a speed of 150 rpm at 37 °C overnight (16-20 h). 

2.4.2 Peptide preparation 

Lyophilised peptide was weighed and dissolved in dimethyl sulphoxide (DMSO) to make a 

stock solution at a final concentration of 512×102 μM. Then 10 μL stock solution was double-

diluted in the ratio of 1:1 in DMSO to prepare a range of gradient concentrations from 512, 

256, 128, 64, 32, 16, 8, 4, 2, 1×102 μM. Since each wall was added 1 μl different concentrations 

peptide solutions and 99 μl bacterial subculture solutions, the actual peptide concentrations 

acting to bacterium were 512, 256, 128, 64, 32, 16, 8, 4, 2, 1×10 μM. 

2.4.3 Subculture 
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After 18-20 h, 500 μl of microorganism cultures were placed into 20 ml McCartney bottles of 

MHB and placed in an orbital incubator to subculture at 37 °C for several hours until the 

subcultured bacteria reached their respective logarithmic growth phases. The optical density of 

microorganism cultures was checked and the process of incubation was stopped when the 

optical density reached the standard values (Table 2.4). The appropriate OD values of the three 

kinds of microorganism cultures and their corresponding concentrations are given. 100 μl of 

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

MHB medium and dispersed completely in the Petri dish. In terms of C. albicans, 2 mL 

subculture suspension was transferred into 18 mL of pre-warmed MHB medium and mixed 

evenly to achieve the acquired concentration of 5×105 cfu/ml. 

Table 2.4 The appropriate OD values for the three types of microorganisms used. 

Organism Subculture incubation time OD Concentration (cfu/mL) 

S. aureus 1.0 h 0.23 108 

E. coli 1.0 h 0.41 108 

C. albicans 45 min 0.15 5×106 

 

2.4.4 Minimum inhibitory concentration (MIC) measurements  

MICs of QUB-1383 against the C. albicans, S. aureus and E.coli were assessed in triplicate. 

Firstly, 1 μl of peptide solution in five replicates at each concentration were arranged in the 

wells of a 96-well plate and 99 μl adjusted bacterial suspension was also added into the wells. 

100 μl of adjusted bacterial suspension in five replicates were added as positive controls which 

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

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

bacterial suspensions in five replicates were added as the vehicle controls to observe the impact 

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

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

absorbance in each well was measured by the Synergy HT plate reader (BioTek, USA) at 550 

nm wavelength. Finally, the graph was drawn using the calculated average and the minimum 

inhibitory concentration (MIC) values were obtained by measuring the absorbance of cultures 

in the presence of different peptide concentrations at 550 nm. For the wells in which no growth 

of organism was detectable, the concentration of peptide in these was the MIC value. 

2.4.5 Minimum bactericidal concentration (MBC) measurements 

When the MIC was confirmed, each of seven replications of concentration with no bacterial 

growth in the 96-well microplate, were dropped onto the MHA plate for MBC assay. 10 μl of 

different concentrations were added in different parts of one plate. MBC plates were placed in 

an incubator and incubated overnight at 37°C (16-20 h). Finally, the MBC value was obtained 

as that in which no colonies grew at the lower concentration.  

The antimicrobial assays were conducted by fifteen replicates. The standard error of the mean 

(SEM) of three experiments was calculated to show the variability and repeatability. 

2.5 Haemolysis assay 

The haemolysis bioactivity of peptides against defibrinated horse erythrocytes (TCS 

Biosciences ltd, UK) was determined by comparing the degree of lysis after incubating 

different concentrations of peptides with pre-washed red cell suspensions for 2 hours. A 4% 

suspension (v/v) was prepared with pre-washed defibrinated horse erythrocytes and sodium 

phosphate-buffered saline (PBS). Lyophilized peptides were weighed and dissolved in DMSO 

to prepare a range of gradient concentrations from 1024, 512, 256, 128, 64, 32, 16, 8, 4, 2 μM. 

Subsequently, 100 μl of different concentrations of peptide solutions was mixed with 100 μl of 

4% red cell suspension to prepare a final peptide concentration range from 512 to 1 μM and 

final red blood concentration at 2%. After two-hour 37°C incubation, all mixed solutions were 
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centrifuged at the speed of 500 × g for five minutes, and 100 μl of supernatants were transferred 

into the wells of a 96-well plate. Finally, the absorbance of the supernatants was detected at 

550 nm wavelength using a Synergy HT plate reader (BioTek, USA). The hemolytic ratios 

were calculated via the formula below. 

Hemolysis (%) = (A − AO) ÷ (AX − AO) × 100%  

Where A means the OD (λ= 550 nm) of peptide/ erythrocyte mixture, AX represents the OD 

(λ= 550 nm) of the positive control and AO represents the OD (λ= 550nm) of the negative 

control. The haemolytic assays were conducted by fifteen replicates. The standard error of the 

mean (SEM) of three experiments was calculated to show the variability and repeatability. 

2.6  Trypsin inhibitor assay 

2.6.1 Peptide preparation 

1 mg lyophilised peptide was weighed and dissolved in 723 μl phosphate-buffered saline (PBS) 

to make a stock solution at a final concentration of 10-3 M. Then 50 μl of 10-3 M peptide solution 

was diluted in the ratio of 1:10 in PBS to prepare a range of gradient concentrations of 10-4 M, 

10-5 M and 10-6 M. 

2.6.2 Stock solution preparation 

1 mg trypsin was weighed and dissolved into 1 ml 1 mM HCl. Then the tube was vortexed and 

centrifuged briefly. The trypsin stock solution was preserved in 0.2 ml tubes at -20°C, each 

tube contained 12 μl trypsin stock solution. This process was performed on ice. Meanwhile, 

6.16 mg trypsin substrate (10 mM) was weighed and dissolved into 1 ml DMF. The trypsin 

substrate stock solution was preserved in 0.2 ml tubes at -20 °C, and each tube contained 53 μl 

trypsin stock solutions. All the tubes for the trypsin substrate should be protected from light.  

2.6.3 Working solution preparation 
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The substrate working solution was prepared by adding 50 μl of the substrate stock solution 

into 9.95 ml PBS solution. The trypsin working solution was prepared by adding 10 μl of the 

trypsin stock solution into 9.99 mL 1 mM HCl. 

2.6.4 Trypsin inhibitor assay  

Four rows of the 96-well black plate which would not be used were covered. The computer and 

a Fluostar Optima Plate Reader (BMG LABTECH spectrofluorometer) were switched on. The 

programme was chosen and the lamp was turned on, the analytic condition of cycles (60 cycles), 

cycle time (30 s) and temperature (37 °C) were checked. Then PBS, prepared peptide solution 

and 1mM HCl were added into plate as shown in Table 2.5. 
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Table 2.5 The volumes of PBS, different concentrations of peptide QUB-1383 solutions and 1mM HCl added to respective wells of 96-well plates. 

  

 1 2 3 4 5 6 7 8 9 10 11 12 

A 

20 μl PBS+ 

10 μl HCl 

20 μl PBS+ 

10 μl HCl 

20 μl 

PBS 

20 μl 

PBS 

20 μl 10-3M 

peptide 

20 μl 10-3M 

peptide 

5 μl PBS +15 μl 

10-3M peptide 

5 μl PBS +15 μl 

10-3M peptide 

10 μl PBS + 10 μl 

10-3M peptide 

10 μl PBS + 10 μl 

10-3M peptide 

15 μl PBS + 5 μl 

10-3M peptide 

15 μl PBS + 5 μl 

10-3M peptide 

B 

20 μl PBS+ 

10 μl HCl 

20 μl PBS+ 

10 μl HCl 

20 μl 

PBS 

20 μl 

PBS 

20 μl 10-4M 

peptide 

20 μl 10-4M 

peptide 

5 μl PBS +15 μl 

10-4M peptide 

5 μl PBS +15 μl 

10-4M peptide 

10 μl PBS + 10 μl 

10-4M peptide 

10 μl PBS + 10 μl 

10-4M peptide 

15 μl PBS + 5 μl 

10-4M peptide 

15 μl PBS + 5 μl 

10-4M peptide 

C 

20 μl PBS+ 

10 μl HCl 

20 μl PBS+ 

10 μl HCl 

20 μl 

PBS 

20 μl 

PBS 

20 μl 10-5M 

peptide 

20 μl 10-5M 

peptide 

5 μl PBS +15 μl 

10-5M peptide 

5 μl PBS +15 μl 

10-5M peptide 

10 μl PBS + 10 μl 

10-5M peptide 

10 μl PBS + 10 μl 

10-5M peptide 

15 μl PBS + 5 μl 

10-5M peptide 

15 μl PBS + 5 μl 

10-5M peptide 

D 

20 μl PBS+ 

10 μl HCl 

20 μl PBS+ 

10 μl HCl 

20 μl 

PBS 

20 μl 

PBS 

20 μl 10-6M 

peptide 

20 μl 10-6M 

peptide 

5 μl PBS +15 μl 

10-6M peptide 

5 μl PBS +15 μl 

10-6M peptide 

10 μl PBS + 10 μl 

10-6M peptide 

10 μl PBS + 10 μl 

10-6M peptide 

15 μl PBS + 5 μl 

10-6M peptide 

15 μl PBS + 5 μl 

10-6M peptide 
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Afterwards, 180 μl of substrate working solution were added into each well, then the ice box 

with prepared 96-well plate and trypsin working solution, was moved to an optimum 

environment. The programme was set up. 10 μl of trypsin working solution were added into 

each well from bottom to top, from row 3 to row 12 as quickly as possible to initiate the 

reactions. The first two rows were negative controls, whereas the third and the fourth rows 

were positive controls. Then the plate was placed into the fluorimeter again to be analysed. The 

hydrolysis of the substrate by trypsin produced a fluorescent signal which was monitored at 

wavelengths of 460 nm for emission and 395 nm for excitation in the Fluostar Optima Plate 

Reader (BMG Labtech spectrofluorimeter). 
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3 Results 

3.1 Molecular cloning of skin secretion peptide cDNAs  

A novel bioactive peptide precursor-encoding cDNA was repeatedly and consistently cloned 

from the skin secretion-derived cDNA library using the molecular cloning methods described 

in section 2.1. The nucleotide sequence and translated amino sequence of the open-reading 

frame of the biosynthetic precursor was obtained (Figure 3.1) and the mature peptide was 

named QUB-1383, due to its molecular mass. 

As shown in Figure 3.1, the open reading frame (ORF) of the peptide precursor consisted of 

62 amino acid residues, which were divided into five definite domains including, (1) a highly 

conserved putative signal peptide region contained 23 amino acid residues; (2) an acidic amino 

acid residue-rich ‘spacer’ peptide region of 8 amino acid residues which contained a Serine 

(Ser), a Aspartic acid (Asp), two Glutamic Acid (Glu) and two Valine (Val) residues; (3) a 

typical -Lys-Arg- (-KR-) propeptide convertase processing site between the putative ‘spacer’ 

peptide and mature peptide; (4) a putative mature peptide region containing 13 amino acid 

residues; (5) a C-terminal Glycine (Gly) residue which acts as an amide donor to terminate the 

Lysine (Lys) residue of the mature peptide and produce a post-translational C-terminal amide 

modification. 
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Figure 3.1 Nucleotide and translated ORF amino acid sequences of the precursor cDNA 

encoding the peptide QUB-1383, from the skin secretion of P. kl. esculentus. The putative 

signal peptide sequence is single-underlined, the mature peptide sequence is double-underlined, 

and an asterisk indicates the stop codon. 

3.2 Solid phase peptide synthesis  

The novel peptide QUB-1383 was synthesised using the PS4 automated solid-phase synthesiser. 

The synthesised peptide was of authentic sequence and of a high degree of purity as identified 

and checked by MALDI-TOF mass spectrometry. The MALDI-TOF mass spectrum of the 

synthetic replicate of QUB-1383 is shown as Figure 3.2. 

Figure 3.2 MALDI-TOF mass spectrum of the synthetic peptide QUB-1383 

3.3 Reversed-phase high performance liquid chromatography (RP-HPLC) 

The MALDI-TOF MS data of reverse-phase HPLC fractions was used to search for a peptide 

in skin secretion with a molecular mass coincident with the calculated molecular mass of the 

cDNA predicted mature peptide. A region of the reverse-phase HPLC chromatogram from 

fractionation of P. kl. esculentus skin secretion is shown in Figure 3.3.1. Fraction No. 70 (Fr. 

70#) with retention time from 69.55 min to 70.01 min was found to contain a peptide with a 

molecular mass of 1383 Da, which coincided with the predicted mass of the cDNA encoded 

peptide, QUB-1383. The MALDI-TOF mass spectrum of fraction No.70 is shown as Figure 

3.3.2. 
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Figure 3.3.1 Reverse phase HPLC chromatogram of the synthetic replicate of QUB-1383 

isolated from P. kl. esculentus skin secretion. The arrow indicates the major peak in Fr. 70#. 

 

 

Figure 3.3.2 MALDI-TOF mass spectrum of peak indicated in Fr. 70# in Figure 3.3.1. 

3.4 Antimicrobial assays 

The antimicrobial assays data obtained are shown in Table 3.1 and Figure 3.4. It can be seen 

that the MICs of peptide QUB-1383 was 4 μM, 2 μM and 16 μM against pathogenic yeast C. 

albicans, the Gram-positive bacterium S. aureus, and Gram-negative bacterium E. coli, 

respectively. The MBCs of peptide QUB-1383 was 4 μM, 8 μM and 128μM against S. aureus, 

C. albicans and E. coli, respectively.   

Table 3.1 MIC and MBC values of synthesised QUB-1383 
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Pathogenic organisms S. aureus C. albicans E. coli 

MIC (μM) 4 2 16 

MBC(μM) 8 4 128 

 

Figure 3.4 MICs of peptide QUB-1383 against (A) C. albicans, (B) S. aureus and (C) E. coli. 

Each antimicrobial assay had fifteen replicates. 

3.5 Haemolysis assays 

The result of the haemolysis activity assay of peptide QUB-1383 against horse erythrocytes 

indicated that QUB-1383 possessed a relatively high haemolytic activity of 30.66% at a 

concentration of 32 μM, compared to the negative control and that haemolysis continuously 

increased at higher concentrations of the peptide. Figure 3.5 shows the haemolytic activity of 

QUB-1383 and according to this graph, the EC50 value of QUB-1383 is 39.64 μM, which means 

when the concentration of peptide QUB-1383 was up to 39.64 μM, approximately 50% of horse 

erythrocytes would be ruptured.  
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Figure 3.5 Haemolytic activity of peptide QUB-1383. The haemolysis assay had fifteen 

replicates. 

 

3.6 Trypsin inhibitor assay 

The peptide QUB-1383 showed trypsin inhibitory activity via triple replications with a Ki value 

of 20.74 ± 6.87 μM. The curves are shown in Figure 3.6.1.  

 

Figure 3.6.1 Progress curves for trypsin proteolysis in the presence of different concentration 

of QUB-1383. Blank, blank control; Positive, positive control; Sample 1, 95.24 μM peptide; 

Sample 2, 71.43 μM peptide; Sample 3, 47.62 μM peptide; Sample 4, 23.81 μM peptide; a, b, 

c represent by 6 replicates. 

Figure 3.6.2 indicates that there is a significant tendency for peptide QUB-1383 to inhibit the 

activity of trypsin. 

 

Figure 3.6.2 Final steady state rates (Vi) for the trypsin-catalysed hydrolysis of Phe-Pro-Arg-

NHMec (fixed concentration of 50 μM) in the presence of varying concentrations of QUB-

1383 (9.524-95.24 μM) 
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4 Discussion and Conclusions 

4.1 Discussion 

Amphibian skin secretions are abundant sources of biologically-active peptides, which show 

various bioactive functions, such as myotropic activity and opioid effects. Some are able to 

promote release of corticotropin, insulin and histamine. Some can cause constriction of blood 

vessels or inhibit proteases and neuronal nitric oxide synthase. Some others are used as 

antioxidants, lectins, wound-healing agents, immunomodulatory agents or act as 

neurotransmitters (Xu and Lai, 2015). However, the antimicrobial peptides (AMPs) show a 

crucial property. Those peptides can hinder the growth of microbes including Gram-positive 

bacteria, Gram-negative bacteria and fungi. This present study, which involved molecular 

cloning of the peptide biosynthetic precursor and a series of bioactive assays, has revealed 

peptide QUB-1383 (FLPIVAKLLSGLL-NH2) from the edible frog, P. kl. esculentus, is a novel 

antimicrobial peptide with a weak trypsin inhibitory activity and obvious haemolytic activity. 

The biosynthetic precursor structures were deduced from clones obtained from skin secretion-

derived cDNA libraries of P. kl. esculentus via “shotgun” cloning.  

According to the structural characteristics of QUB-1383, it could be inferred that it is a peptide 

belonging to the temporin family. Temporin-related peptides usually consist of 10-14 amino 

acid residues with C-terminally α-amidated structures (Mahalka et al., 2009), QUB-1383 

contains thirteen amino acid residues and its C-terminus was α-amidated. Most temporins are 

highly hydrophobic and weakly charged or even not cationic, nonpolar residues of QUB-1383 

occupy 76.92% meanwhile it contains two net positive charges. The predicted secondary 

structure of QUB-1383 is linear and α-helical, which is fully in agreement with the common 

characteristics of temporins. Besides, many temporins have an N-terminal motif FLP- and a 

leucine at the second position near the C-terminus, which also exist in QUB-1383. According 

to the BLAST result, there is a temporin only one amino acid residue different with QUB-1383, 
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so we presumed that QUB-1383 is a typical temporin. To date, only five temporins have been 

isolated from P. kl. esculentus, of which were temporin-1Ec, temporin-1Ee, temporin-1Re, 

haemolytic protein A1 and B9. According to the available antimicrobial data shown in Table 

4.1.1, except peptide B9, QUB-1383 possessed more potent antimicrobial activity than other 

temporins discovered in P. kl. esculentus up to now. The antimicrobial activity of QUB-1383 

was shown to be 25-fold, 4-fold and 2.5-fold stronger than the best inhibitory effects of other 

reported temporins in P. kl. esculentus on the proliferation of C. albicans, S. aureus and E. coli., 

which means QUB-1383 is a quite potent antimicrobial temporin. According to the sequences 

of QUB-1383 and other temporins found in P. kl. esculentus, it is noteworthy that all of them 

have the common characteristics of temporins including the motif FLP- at N-terminus and a 

leucine at the second position near the C-terminus. Usually, temporins show 13 amino acid 

residues, two positive net charges and approximately 70% hydrophobic residues on average 

(Wade et al, 2000), so it is special for temporins in P. kl. esculentus for their higher 

hydrophobicity, resulting in forming high hydrophobic moments, which is a critical element 

contributing to the lysis of cell membranes. Previous studies indicated ten-residue temporins 

with one or no basic residue were usually not active like thirteen-residue temporins with a basic 

residue (Simmaco et al, 1996), which is in agreement with the alignment. In Table 4.1.1, 

temporin-1Re was not an efficient AMP and it was also the only one containing ten amino acid 

residues with the highest ratio of nonpolar residues and hydrophobicity. However, the 

hydrophobic moment of temporin-1Re was the smallest, maybe it was because the amino acid 

residues were too few to form an integrated hydrophobic face. As we know, net positive 

charges could improve the electrostatic force between peptides and target cell membranes, so 

these six peptides confirmed the hypothesis for that those peptides containing lysine exerted 

better antimicrobial function. What’s more, when a temporin contains a net positive charge, 

mostly the positive charge (usually lysine) is at position 11 [21]. However, positively charged 
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position 7 was found to be more beneficial for temporins to function the antimicrobial effect 

[22], so the Lys7 was also one of the key points for QUB-1383 to possess potent antimicrobial 

activity. In addition, we presumed that the Leu8 could be one of the possible points contributing 

to the inhibition on the Gram-negative bacterium. Since temporin-1Ec and temporin-1Ee were 

two extremely similar peptides with only one residue variation at the position 8, and the 

inhibition effect on C. albicans and S. aureus were also alike, but temporin-1Ec with Leu8 

possessed 2.5 times better inhibitory effect than temporin-1Ee with Val8 on the growth of E. 

coli. Combining with the potent antimicrobial effect of QUB-1383, which temporin also 

contains Leu8, it is worthy to further research the whether and how the Leu8 works for 13-

residue temporins.  

Table 4.1.1 A comparison of the primary structures and MICs of temporins discovered in P. 

kl. esculentus 

Peptide sequence 
Hydrophobicity 

(H) 

Hydrophobic 

moment (μH) 

Net 

charge 

MIC (μM) 

C. 

albicans 

S. 

aureus 

E. 

coli 

QUB-1383 FLPIVAKLLSGLLa 
1.024 0.570 +1 4 2 16 

temporin-1Ec FLPVIAGLLSKLFa 
1.031 0.598 +1 >160 10 40 

temporin-1Re FLPGLLA---GLLa 
1.132 0.507  0 >160 60 >160 

temporin-1Ee FLPVIAGVLSKLFa 
0.994 0.586 +1 >100 8 >100 

haemolytic 

protein A1 
FLPAIAGILSQLFa 

1.028 0.587  0 ND1 >200 >50 

haemolytic 

protein B9 
FLPLIAGLLGKLFa 

1.071 0.585 +1 ND ND ND 

1 ND, not determined 

However, although QUB-1383 showed potent inhibition of bacterium and fungi, its haemolytic 

activity needs to be considered before being developed as a clinical drug for treatment of 

infection or inflammation. Haemolysis is the breakdown of erythrocyte membranes with 

release of haemoglobin into the plasma. In this study, horse blood was used to evaluate 

haemolytic activity. The results indicated that QUB-1383 possesses a relatively strong 
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cytotoxicity to horse erythrocytes, which would cause approximately 50% haemolysis when 

the concentration of peptide QUB-1383 reached 39.64 μM. Haemolysis is a type of typical side 

effect of AMPs, which can result in many problems, such as anaemia and predisposition to 

heart, cardiovascular and lung illnesses. Some researches on P. kl.  esculentus pointed out that 

in amphibians, genes for AMPs are controlled by NF-κB regulated transcription (Mangoni et 

al., 2000, Simmaco et al., 1997, Barra et al., 1998, Simmaco et al., 1998). The antibiotic 

mechanism of temporins involved interaction with liposomes composed of different 

phospholipid constitutions, and they form cellular membrane pores, which leads to cell death. 

Like most temporins, QUB-1383 is a thirteen-residue peptide amidated at the C-terminus. It 

contains a basic residue, lysine at the position 7, which is quite important to its antimicrobial 

effect. As temporins with no basic residues are mostly less powerful in inhibiting the growth 

of bacteria, haemolytic ability is also weaker than those temporins with basic residues, no 

matter how many residues the peptides sequences have. Therefore, the Lys (K) residue in QUB-

1383 might promote its ability to break membranes in both bacteria and normal erythrocytes, 

because it can promote the electrostatic attraction to anionic molecules of membranes. Apart 

from the basic amino acid residue, another important structural character of QUB-1383 is that 

there are there are eleven hydrophobic amino acids residues and only one hydrophilic residue 

glycine, so its hydrophobicity is extremely high, which is helpful for the peptide to attach to 

and interact with membranes. Hence, the prominent hydrophobicity may be another critical 

element responsible for it strong antimicrobial and haemolytic activity. For most AMPs, 

amphipathicity and α-helicity are two important elements for the cytolytic activity. QUB-1383 

only has one hydrophilic residue glycine, so it is hard to speculate whether it has high 

amphipathicity and α-helicity. Only after finishing a circular dichroism spectrum of QUB-1383, 

can its secondary structure be determined. Another element influencing the selectivity of 

peptides to different cells, are the membrane sterols of target cells. Since QUB-1383 showed 
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such strong haemolytic activity, measures to reduce the cytotoxicity to erythrocytes need to be 

considered. To achieve this, the physicochemical parameters of its peptide sequence could be 

optimised such as by introduction of D-amino acids. Besides, cyclisation and drug polymer 

conjugation-PEGylation are also good methods to reduce peptide-induced haemolysis. 

Apart from this, though QUB-1383 is an AMP, which has no canonical structural 

characteristics of protease inhibitors, possessed trypsin inhibitory activity. As shown in 

Chapter 3, QUB-1383 exhibited trypsin inhibitory activity with a Ki value of 20.74 ± 6.87. It 

is rare for an AMP to show trypsin inhibitory activity. Until now, it has also been the first time 

for peptides in P. kl. esculentus skin secretion to be reported to show antimicrobial activity and 

trypsin inhibitory activity at the same time. In most cases, trypsin inhibitors contain special 

structures. For example, Bowman-Birk-type protease inhibitors (BBI) usually have the motif -

WTKSIPPK- and a symmetrical Cys-Cys disulphide bridge. The majority of BBI proteins have 

a symmetrical “double-headed” structure, each “head” having two tricyclic domains and each 

domain has an independent canonical proteinase-binding site (Wu et al., 2017). Kunitz-type 

protease inhibitors usually contain the sequence -CKAAFC- and four Cys residues that form 

two disulphide bridges and a single reactive centre as canonical structural features of the group 

(Chen et al., 2016a, Sampaio et al., 1996, Goraya et al., 1998, Bevier et al., 2004, Conlon et al., 

2007). To date, it seems that Kazal-type protease inhibitors are only found in the 

Phyllomedusinae taxon, which share the Kazal pattern C-X(7)-C-X(6,7)-C-X(6,7)-Y-X(3)-C-X(2)-

C-X(15-21)-C and three disulphide bridges (Proaño-Bolaños et al., 2017). Trypsin has a 

hydrophobic substrate binding pocket which prefers to recognize bulky aromatic residues, such 

as Phenylalanine, Tyrosine and Tryptophan. However, such substrate binding pocket of trypsin 

is quite deep and narrow with a negatively charged aspartate at the bottom. This structure 

allows target amino acids which has long side chains and positive charge to bind with enzyme 

through an ionic interaction. Only Arginine and Lysine are up to the standard and therefore 



58 

 

trypsin might be expected to be a highly specific protease in theory. Since QUB1383 doesn’t 

contain any common functional motifs of trypsin inhibitor subfamilies. Maybe the reason why 

it could inhibit trypsin is related to the lysine residue at position 7, which is at the core position 

of the structure. When concentration of QUB1383 achieved some degree, the peptide would 

attract and stabilize with trypsin, forming a competition with the substrate. The interaction 

between the inhibitor and trypsin can stop a substrate from entering the trypsin’s active site.  

Interestingly, a highly similar peptide temporin-1P (FLPIVGKLLSGLL-NH2) discovered in 

extracts of the skins of Rana pipiens [23], was reported with entirely different antimicrobial 

activity with QUB-1383. Only the amino acid residue at position 6 is different, which in 

temporin-1P is a glycine residue, while in QUB-1383 it is an alanine residue. However, their 

antimicrobial activities are quite different. Temporin-1P only acts against S. aureus at a 

concentration of 110μM, and it could not inhibit the growth of E. coli and C. albicans. 

Interestingly, QUB-1383 could kill S. aureus when its concentration was just 2 μM. The MICs 

of QUB-1383 against C. albicans and E. coli, were 4 μM and 16 μM, respectively. Hence, the 

alanine residue at position 6 appears to make significant contribution to antibiotic ability and 

maybe this is related to the hydrophobicity of the peptide as glycine is hydrophilic, while 

Alanine is hydrophobic. Therefore, I plan to chemically synthesise temporin-1P to compare its 

secondary structure and bioactivity with that of QUB-1383. 

4.2 Conclusions  

Skin secretion AMPs are believed to be widespread in species of frogs of the Pelophylax genus 

and their primary structure-based modifications can produce a series of analogues that exhibit 

substantial bioactivities, such as anticancer activity, protease inhibition, myotropic activity or 

even antidiabetic activity. The most interesting discoveries in this study were the strong 

antimicrobial activity of temporin peptide QUB-1383 and its trypsin inhibitory activity. Rare 
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reports have been published about temporins with trypsin inhibitory function. However, the 

effective concentration for killing E. coli and inhibiting trypsin are both higher than the 

concentration of QUB-1383 in effecting 50% haemolysis. Hence, it is necessary to modify the 

sequence and structure to reduce the haemolytic side effect and to promote the inhibition of 

Gram-negative bacteria and trypsin. In conclusion, this would suggest that the peptide has good 

potential to be evaluated further and maybe developed as an antimicrobial drug against Gram-

positive bacteria and yeast. 

4.3 Future work 

As for future work, and to achieve the goal to develop this peptide for use in clinical 

applications, there is still much work needed to be done. According to the results demonstrated 

above, similar peptides will be synthesised to find the differences among these and QUB-1383 

and the possible reasons for these differences on functions and structures including the primary 

and the secondary compositions. Further, since the haemolytic effect is too strong, the 

erythrocytes have been already broken before the Gram-negative bacteria cells and trypsin are 

inhibited, so QUB-1383 needs to be modified such as by replacing some amino acid residues 

in the sequence to change its cationicity, hydrophobicity, amphipathy and so on. What’s more, 

since QUB-1383 has already possessed obvious antimicrobial activity and inhibition of trypsin, 

so more types of pathogenic bacteria and proteases will be used to study the antibiotic effects 

and inhibition of other proteases by QUB-1383, similar peptides and the modified peptides. 

Additionally, biofilm analysis will also be considered to be conducted on them. All this work 

is aimed to achieve a peptide with higher efficiency on inhibition of bacteria, fungi/yeast and 

proteases, and with lower side effects on erythrocytes. 
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