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Abstract 

Amphibian skin is a rich source of biologically active compounds that are assumed to 

have diverse physiological and defence functions. In addition to the range of 

pharmacologically active peptides present, skin secretions contain a broad spectrum 

of antimicrobial peptides (AMPs). So far, these peptides have been studied in only a 

few species and study of additional species is expected to find further new AMPs. 

Natural AMPs isolated from the amphibian skin secretions could lead studies of 

chemical structure analysis and synthesis of novel antimicrobials. 

In this thesis, the lyophilised skin secretion of Odorrana schmackeri was obtained to 

examine the structure and bioactivity of the diverse peptides. The biosynthetic 

precursor cDNA sequence of a peptide, namely Brevinin-1-SHa, was identified 

through the method of “shotgun” cloning. The mature peptide structure was deduced 

from this cloned cDNA and isolated from the skin secretion sample by reverse-phase 

HPLC fractionation. The molecular weight of the peptide was then confirmed by 

using MALDI-TOF mass spectrometry. Solid phase peptide synthesis (SPPS) was 

employed to chemically synthesise the peptide. Finally, antimicrobial, anticancer and 

haemolytic assays were carried out to assess the bioactivity of the peptide. 

Structural characterisation of Brevinin-1-SHa showed that it belonged to the known 

family of Brevinin-1 peptides, which is widely distributed in the genus Rana. The 

bioactivity assays indicated that Brevinin-1-SHa is a very valuable antimicrobial 

peptide which has both antibacterial and anticancer activity and is deemed to be non-

haemolytic at its effective concentrations.  
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1.1 Amphibian skin secretions 

1.1.1 The history of natural products 

Nature is a rich repository of compounds which are found in animals, plants, marine 

organisms and microorganisms and have a good development prospect for medical 

treatment and health care (da Rocha et al., 2001). To date, natural products have 

played a major role in the treatment of a variety of diseases. Even animals as small as 

insects, which are regarded as pests by most people, still have a big contribution to 

make in the research of medical drugs. Insects have been used in Chinese medicine 

for over 3000 years and for at least 1000 years in south America (Ratcliffe et al., 

2011). Some of the medicines are extracted from the stings of wasps and bees, while 

some others are made by grinding up the toasted bodies of insects or obtaining 

compounds from the secretions of insects, and then making teas for drinking or 

ointments for external uses (Dossey, 2010).  

China has a long history of the research of medicinal plants and animals in ancient 

times. In ancient China, there are many stories about the discovery of natural drugs 

(Wang et al., 2017). Although there is no evidence to prove the truth of these stories, 

they have already explained that the discovery and utilisation of medicinal plants has 

a major effect on the protection of health and the treatment of diseases. Medicinal 

plants occupy an important position in pharmaceutical science and the protection and 

development of these resources will attract further attention from the scientific 

community.  

In the Tang dynasty of China (618-907), many resources from plants, animals, and 

minerals were used by pharmacists as treatments for diseases, although many of 

these treatments were associated with disadvantages such as inactivity or toxicity 
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(Ko et al., 2017). Animal components, from a variety of species, have also been used 

in medical treatment in ancient civilisations. A variety of prescriptions are recorded 

in several papyrus medical books written in ancient Egypt, including the medical use 

of honey, placenta, fat, meat, brain, liver, lung, blood, faeces and urine, milk and bile 

(Jones et al., 2016). For example, fish bile was used to improve eyesight, and animal 

fat was used in the preparation of ointments.    

The Compendium of Materia Medica is a Chinese materia medica work which is 

regarded as the most complete and comprehensive medical book ever written in the 

history of traditional Chinese medicine written by Li Shizhen during the Ming 

dynasty of China (1368-1644). It lists all the plants, animals, minerals, and other 

items that were believed to have medicinal properties and this made a huge progress 

in the development of Chinese materia medica for future generations (Zhang et al., 

2015). Since then, researchers around the world became interested in the medical 

uses of natural products and begin to pay close attention to the biological pharmacy. 

Amphibians are widely distributed species in the world, being found in all kinds of 

habitat types from arid deserts to deep freshwater lakes. Some live north of the Arctic 

Circle and can tolerate freezing conditions, while others can avoid desiccation in the 

hottest areas of the world. The key factor which can help them to survive in various 

extreme environments is their skin. The skin plays an irreplaceable role in their daily 

life and helps them to exploit a wide range of habitats and the ecological conditions 

which are most suitable for them. Amphibian skin is a complex organ which has a 

wide range of functions necessary for the survival of the amphibians. Amphibians 

have a highly developed immune system but have no effective way of defending 

against microbial and fungal infections, that is except through their skin secretions 

(Clarke, 1997). 

https://en.wikipedia.org/wiki/Chinese_herbology
https://en.wikipedia.org/wiki/Traditional_Chinese_medicine
https://en.wikipedia.org/wiki/Li_Shizhen
https://en.wikipedia.org/wiki/Ming_dynasty
https://en.wikipedia.org/wiki/Ming_dynasty
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Venenum Bufonis, called ‘Chan-Su’ in Chinese, is a white milky liquid or light 

yellow serous fluid, which is the dried secretion of the paratoid glands and skin 

glands of the toads Bufo gargarizans or Bufo melanosticus. Some active compounds 

such as bufadienolides and bufotalin are found in these secretions. Although it is 

toxic, Venenum Bufonis has been used as a traditional Oriental medicine to solve the 

problems of pain, heart conditions, and cancers in China, Korea and other parts of 

Asia for a long time (Lee et al., 2012). Recent clinical studies showed that some 

secretions from the toad skin have an amazing effect on a number of cancers. Several 

kinds of anticancer activities have been found in the experiments on toad skin and 

the results have been gradually applied to clinical therapy. These clinical applications 

show potential broad medicinal uses of the toad-derived compounds (Meng et al., 

2016). 

1.1.2 Composition of amphibian skin secretions 

Amphibian skin secretions are considered to be one of the most valuable resources of 

bioactive compounds in the animal kingdom. Up to now, many compounds have 

been discovered in and isolated from anuran skin and this number is still growing. 

These compounds can roughly be divided into four categories: biogenic amines, 

alkaloids, steroids and peptides with all kinds of biological activities such as 

cytotoxic, anti-bacterial, anti-fungal, anti-cancer, lytic and anaesthetic effects 

(Conceicao et al., 2007). 

1.1.2.1 Alkaloids 

Most of alkaloid compounds with physiological activities are often the active 

components of many Chinese herbal medicines and medicinal plants (Zhou and Jiang, 

2017). The morphine isolated from opium poppies has strong analgesic effects. 
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Codeine can stop coughs. Papaverine has a function in relaxing smooth muscle. The 

role of ephedrine, which comes from the ephedra bush, is relieving asthma (Chandra 

et al., 2017). Berberine in the rhizoma coptidis and cortex phellodendri has 

antibacterial effects. The scopolamine of mandala, henbane and deadly nightshade 

has spasmolytic actions and detoxification of organophosphorus poisoning (Shi et al., 

2017). 

1.1.2.2  Steroids 

Steroids are fat-soluble hormones which are the derivatives of cyclopentane in 

structure (Ozmen et al., 2017). Due to their special physiological functions, steroid 

hormones have an important medicinal value. Many kinds of steroid hormones have 

good anti-inflammatory and anti-allergic performances such as natural cortisone and 

hydrocortisone, which are widely used as anti-inflammatory and anti-allergic drugs 

(Ilyas et al., 2017). Scientists can synthesise a series of anti-inflammatory and anti-

allergic drugs which have better effects and lower side-effects through the 

modification of cortisone structure and screening. For example, the synthetic 

prednisones, which are 3 to 5 times more effective than hydrocortisone, are mainly 

used in the treatment of asthma (Clark et al., 2017). Another is the acetate salt of 

fluocinolone, used as a medicine in the treatment of various inflammations and 

psoriasis which has an anti-inflammatory activity many times higher than 

hydrocortisone (Arya et al., 2017). Some synthetic steroid hormones also have a very 

good function in the regulating of metabolism of glucose, water and salt. For 

example, stanozolol is a synthetic steroid hormone which can speed up the cycle of 

oxygen and carbon dioxide to enhance physical strength through promoting the 

haematopoietic function of the body and increasing the haemoglobin (Shah et al., 

2017). Stanozolol can also promote bone formation and make the body 
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more muscular. So it is an effective drug for recovering after surgery and for the 

treatment of chronic wasting disease and other serious illnesses (Biswas et al., 2017). 

The use of poisons for defence reactions is very common in Nature and this 

characteristic is particularly evident in the daily lives of amphibians (Hadad et al., 

2016). Due to their special ability in controlling the toxicity, the skins of the 

amphibians which are able to produce hundreds of compounds with variety of 

bioactive activities have caused great interest in researchers who consider 

amphibians as natural apothecaries. The toxins of the amphibians are mostly 

endogenous but differ from those of some predators such as snakes, which can 

produce toxins from the mouth and inject venom into their prey as an effective way 

of attack. In contrast, amphibian toxins can only be considered as a part of a passive 

defensive system (Liyanage et al., 2016). For this reason, they are not same as 

poisons in traditional senses. Based on a large number of experiments on the skins of 

the tree-frogs, researchers came to the conclusion that this kind of defensive system 

is due to the peptides, steroids and alkaloids of the skin secretions of the amphibians. 

In particular, alkaloids are often associated with the induction of the biological 

reaction of the nervous system and play a special role on the nociceptive receptors 

(Bahar and Ren, 2013). On the other hand, the steroids also can play the same role as 

the alkaloids on nociception. However, steroids can induce strong nociceptive 

activity probably through the induction of inflammatory processes. These 

conclusions show that the compounds of the skin secretions of amphibians are 

indispensable and can be an efficient weapon against predators (Mendes et al., 2016). 

1.1.2.3 Bioactive peptides 

Among these compounds isolated from the amphibian skin secretions, the peptides 

with a variety of biological effects (cytotoxic, bactericidal, fungicidal, lytic, 
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neuromimetic, anaesthetic and pheromonal) have the biggest potential research value 

in modern medical treatments and clinical applications (Bhat et al., 2015). 

Amphibians have unique glands that can not only be used as their defense system to 

deal with the potential risk factors of the outside world but also can play a role in the 

regulation of physiological activity of the skins (Vermeirssen et al., 2004). Besides 

alkaloids and steroids, the most likely compounds in the skin secretions which play 

the most critical role are bioactive peptides. Many studies are based on the 

biochemical analysis of the skin secretions and the identification and characterisation 

of a huge number of bioactive peptides. 

 

1.2 Antimicrobial peptides (AMPs) 

1.2.1 The origins of AMPs 

The animals, plants and microorganisms in Nature, live in the same world. 

Sometimes they are mutually beneficial and sometimes they compete with each other 

in their everyday survival. Antimicrobial peptides (AMPs) are an essential and 

indispensable component of the host defense systems in animals whether they be 

insects or mammals, and which can resist invasion by pathogens. Many of these 

peptides exert their effects through the permeabilisation of microbial membranes 

rather than through receptors. This mechanism brings a new way of thinking to 

create a  therapeutic drug to solve the problem of microbial resistance (Tossi et al., 

2000b). 

1.2.1.1 Peptides from mammals 

The AMPs produced by mammals are normally produced by phagocytic vacuoles 

which are released by the phagocytes while some are expressed by keratinocytes 
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(Zanetti et al., 1995).   The sequences and sizes of these peptides are variable but 

they can be divided into two groups according to their polar and hydrophobic 

residues.  

The first are peptides which are always amidated and highly basic, have an N-

terminal α-helical domain and different sizes and ranks of hydrophobic and 

unstructured tails. They are derived from bovine, sheep or pig sources. Among these 

peptides, sheep SMAP-29 is the most active and effective in killing several bacterial 

isolates and fungi with antibiotic resistant characteristics. However, it has a strong 

lytic activity on human erythrocytes probably due to its hydrophobic face and tail. 

The curious thing is that sheep SMAP-29 exhibits a low lytic activity on sheep 

erythrocytes because of the different composition of the cell membranes between 

human and sheep, giving us a new definition mode of the lytic properties of a peptide 

(Skerlavaj et al., 1999).   

The second group are peptides which often have a free acid C-terminus and a 

variable number of acidic residues, which can change the spectra of activity through 

adjusting their cationicity when facing different microbial cells (Gennaro et al., 

1998). The peptides in guinea pig show a special structure which forms an 

intermolecular disulphide-bridged homodimer (Yomogida et al., 1996). Some of 

these peptides have a characteristic homology. For example, in PMAP-37, a stretch 

of 18-residues which are derived from the pig, are homologous to the cecropins of 

insects (Tossi et al., 1995). 

1.2.1.2 Peptides from amphibians 

A huge number of AMPs have been obtained from the granular glands and the 

stomach mucosa of a variety of frogs and toads. Brevinin-2-like peptides have been 
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isolated from several Rana species and have strong activity against Gram-positive 

and Gram-negative bacteria, and some also have effects on fungi and protozoa with a 

low haemolytic activity. Rana catesbeiana can produce a short but highly effective 

AMP from the prosequence of pepsinogen A in its gastric mucosa with activity 

against bacteria and fungi and no haemolytic activity (Tossi et al., 2000b). 

Another set of AMPs found in the frog genus Phyllomedusa, which are called 

‘dermaseptins’, have a variable number of amino acids and distribution of basic 

residues and the C-terminally amidated forms only account for half of the total 

numbers (Mor and Nicolas, 1994). Dermaseptins have an irregularly activity against 

Gram-positive and Gram-negative bacteria and fungi but a strong activity on 

filamentous fungi. Moreover, they are found to have synergistic effects and have 

obviously different haemolytic activities (Park et al., 1997b). 

Australian tree frogs are also a rich source of peptides with antimicrobial activity, 

such as the caerins, which are moderately cationic and show amidation of the C-

terminus (Rozek et al., 1998). Their antimicrobial activities are mainly on Gram-

positive bacteria and sometimes their potency will be reduced because of the 

presence of acidic residues, which lower their cationicity (Wong et al., 1997). The 

citropins isolated recently from the Australian Blue Mountains tree-frog, which have 

some same signatures of the caerins, showing a broad-spectrum of antibiotic activity 

(Wegener et al., 1999). 

1.2.1.3 Peptides from invertebrates 

Cecropins were the first AMPs shown to be inducible (Park et al., 1997b). They were 

isolated from the haemolymph of moths and flies. These peptides are often 36 to 42 

residues long with a basic N-terminal helical region. Most of the antimicrobial 



10 

 

activities of these peptides are against Gram-negative bacteria while there is a big 

difference in their spectrum of activities, that is to say some of these peptides can 

also kill Gram-positive bacteria and some fungi. However, they are of low 

cytotoxicity to animal cells (De Lucca and Walsh, 1999).  

1.2.1.4 Peptides from fish 

Many kinds of AMPs have also been found in fishes. There is a broad spectrum 

antibacterial peptide called ‘pleurocidin’ which has been isolated from the skin 

secretions of the winter flounder. This peptide of 25 residues is quite basic and rich 

in histidine with a sequence partially the same as the insect ceratotoxin and a stretch 

of homology with frog dermaseptins, forming a structure of amphipathic helix and 

killing both Gram-positive and Gram-negative bacteria in a salt-independent manner 

(Park et al., 1997a).  

1.2.2 The bioactivity of AMPs 

1.2.2.1 Antibacterial activity 

The AMPs are playing an increasingly significant role in scientific research and 

medical applications due to their special antimicrobial mechanism which can 

eliminate not only Gram-positive and Gram-negative bacteria, but also some 

multidrug-resistant strains of such (Hu et al., 2016). In 1928, Alexander 

Fleming discovered the first antibiotic in the world, penicillin, and since then 

antibiotics have been used by humans to fight against some dangerous infections. 

However, the resistance to most of the antibiotics was found in a short period of time 

after the discovery of antibiotics (Fleming, 1929). As the unique antimicrobial 

mechanism of the AMPs involves destruction of the cell membrane, which is a basic 

structure of bacteria, thus it would be very difficult for bacteria to completely change 
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this structure to eliminate their effects. At the same time, this seemingly perfect 

mechanism also has some disadvantages as selecting cell membranes as targets may 

lead to low selectivity for some AMPs (Zasloff, 2002). Some safety problems such as 

haemolysis and toxicity, still need to be solved before the general usage of AMPs 

(Lewis, 2013). Meanwhile, good stability is also a decisive factor for the application 

of natural products. As for AMPs, some substances like proteolytic enzymes may 

reduce their antimicrobial effects to a very great degree (Bowdish et al., 2005). 

1.2.2.2 Antifungal activity 

It is not an easy task to find an antifungal agent which has selective toxicity against 

fungal cells. The antifungal agents with a selective toxicity should only interact with 

a fungal target which cannot be found in other eukaryotic cells in an ideal condition. 

The fact is that the available agents act on targets which are also found in 

mammalian cells. One strategy is to inhibit the synthesis of some important 

structures of the fungal cells, like the cell wall, and this could thus be a very specific 

therapeutic target (Debono and Gordee, 1994). Magainins are produced by the 

African clawed frog and are α-helical ionophores which can dissipate the ion 

gradients in cell membranes to achieve the purpose of lysing the cells (Westerhoff et 

al., 1989). Magainins have a non-haemolytic property and can inhibit the growth of 

C.albicans (Zasloff, 1987). Dermaseptins are another kind of non-haemolytic 

antifungal peptides produced by South American arboreal frogs, which can lyse 

microorganisms through interacting with lipid bilayers of their cell membranes to 

destroy osmotic balance (De Lucca et al., 1998). The discovery of and research on 

natural peptides provides a new possible solution for treating fungal infections (De 

Lucca and Walsh, 1999). 
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1.2.2.3 Anticancer activity 

Proteins, peptides and even amino acids all have preventative effects on cancer to 

different degrees. Proteins in milk may also have a contribution in the prevention of 

cancer (Bhat et al., 2015). Cisplatin is a metal-based antineoplastic drug that has 

been widely used in the treatment of many kinds of cancers in numerous countries. 

This mechanism of action is to form platinum-DNA adducts to damage the DNA, 

and then cause the activation of a number of signal transduction pathways. However, 

cisplatin must be used at a high dose to cause the maximal anticancer effect while 

this dose can also be impeded by its side effects (Yu et al., 2014). The biggest 

challenge in the treatment of cancer in modern society is to eliminate cancer cells 

and maintain the quality of life for cancer patients at the same time. Researchers 

isolated and purified a new anticancer bioactive peptide from goat liver and 

designated it ACBP-L. Through a number of tests for the ability of killing cancer 

cells by using this peptide, they found that ACBP-L had a good effect on inhibiting 

the proliferation of gastric cancer cells and inducing apoptosis in vitro. ACBP-L 

shows a strong anticancer activity and can strengthen the chemotherapeutic effects of 

cisplatin in vivo. It significantly improved the quality of life of cancer patients 

without influencing therapeutic effects by combining with cisplatin at a lower dose. 

The use of ACBP-L alone or in combination with other chemotherapy drugs can be a 

new therapeutic method to treat gastric or other cancers in the future (Su et al., 2014). 

1.2.2.4 Antihypertensive activity 

The bioactive peptides with antihypertensive activity may be peptides from 

exogenous sources which have been studied for a long time. As hypertension has 

been a serious health problem in many countries in the world for a long time and it 

also has been considered to be a risk factor for cardiovascular disease, researchers all 
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over the world have paid great attention to looking for antihypertensive peptides with 

good effects on lowering blood pressure. The mechanism which antihypertensive 

peptides employ to treat and prevent high blood pressure, is to inhibit angiotensin-

converting enzyme, which is responsible for regulating blood pressure and 

electrolyte balance (Dziuba and Dziuba, 2014). These angiotensin-converting 

enzymes inhibitors express their antihypertensive effects through preventing the 

formation of angiotensin II and in reducing circulating renin levels which are the key 

factors in controlling blood pressure in the vascular renin-angiotensin system 

(Petrillo and Ondetti, 1982). These angiotensin-converting enzyme inhibitors can 

fully access their target sites intact (Vermeirssen et al., 2004). Some studies have 

shown that antihypertensive peptides can affect the blood pressure through other 

mechanisms besides the inhibition of angiotensin-converting enzymes, such as 

through their opioid-like activities and antithrombotic properties (Bhat et al., 2015). 

1.2.2.5 Toxicity activity 

By testing the effects on the physiological conditions of mice caused by the skin 

secretions of tree-frogs, researchers found that peptides had a certain toxicity profile 

including convulsions and other rapid lethal effects (Conceicao et al., 2007). Some 

mice that were injected with the same peptides into their footpads, 

demonstrated erection of their hair, slavering and tachycardia activity, which give 

more evidence to support this view (Vermeirssen et al., 2004). For the skin secretions 

derived from other amphibians, most of them are considered to be toxic, inducing 

cardiotoxic and haemolytic effects which may be caused by the interactions between 

the peptides and adenosine receptors. These peptides can have further effects on the 

cardiovascular system and visceral functions through interacting with different kinds 

of adenosine receptors (Chapuis et al., 2012). Some secretions can transfer a signal to 
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the nociceptive fibres to cause an immediate nociceptive response on the receptors. It 

is worth noting that some biochemical roles of skin secretions are related to 

enzymatic functions. These enzymatic functions sometimes are as important as some 

peptides activities discussed before. A classic example of this are the 

phospholipase A2 activities in secretions of the frogs, which are considered to be 

similar with to venoms. Phospholipase A2 can be found in many kinds of venoms of 

vertebrates and invertebrates. Phospholipase A2 molecules secreted by some 

mammals are distributed in some tissues and play a role in some special 

physiological activities such as host defence and several inflammatory diseases. 

More enzymatic activities which may have the same biological effects as the 

peptides, are awaiting further research (Conceicao et al., 2007). 

 

1.3 The structural characteristics of AMPs 

1.3.1 Conformation 

AMPs are widely studied compounds that are new potential therapies to solve the 

problem of bacterial resistance to antibiotic drugs.  Several kinds of peptides have 

been tested for the presence of antimicrobial activity such as α-helices, β-sheet 

structures and even the small linear sequences which lack secondary structures in 

solution (Bahar and Ren, 2013). These peptides all have an amphipathic character 

although they are different in sequence and structure. Some studies showed that 

specific structures of AMPs have an effect on cytotoxicity and that α-helices in 

AMPs can be structurally optimised by mutations and have the ability to improve 

antimicrobial activity through helix stabilisation (Chapuis et al., 2012).  
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It has been shown that the energy used for the insertion of helical peptides into 

membranes is produced by the stabilisation from helix formation, the reorganisation 

of the lipid layer and the hydrophobic interaction of the nonpolar side chains of 

peptides with the lipid bilayer (Ladokhin and White, 1999). As this energy can be 

lowered by the formation of hydrogen bonds so it encourages the formation of the 

helix structure even for some short peptides. Moreover, the formation of a helical 

structure before the interaction of peptides and membranes may greatly reduce the 

antimicrobial activity of the peptides (Houston et al., 1998). The possible reason for 

that is the increased difficulty in reaching the cytoplasmic membrane for the peptides. 

This study indicates that the antimicrobial potency is more related to the formation of 

the α-helical conformation of the peptides in a membrane than the stability of the 

intrinsic helical structure (Tossi et al., 2000a).  

Gomesin is an AMP which consists of 18 amino acids and has been isolated from the 

haemocytes of a tarantula. This peptide uses an antiparallel β-sheet structure with 

disulphide bonds formed between the second and the fifteenth cysteine as well as the 

sixth and the eleventh cysteine, and shows activity on yeasts, fungi and both Gram 

positive and Gram negative bacteria (Mandard et al., 2002). Eliminating the 

disulphide bonds can lead to a change in the secondary structure and cause a sharp 

drop in the antimicrobial and haemolytic activity of gomesin (Fazio et al., 2006). 

Researchers also found that the presence of one disulphide bond is an essential factor 

in maintaining the activity of these AMPs and having both disulphide bonds can 

produce the ideal structure for gomesin with the highest stability in serum 

(Sivanesam et al., 2016).    

There are some studies which have shown that two structural features play key roles 

in determining the activity of AMPs. One is the β-hairpin conformation in solution 
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and the other one is the ability to rearrange key residues on binding to membranes. 

The existing dispute is that whether eliminating the disulphide bond by replacing the 

cysteine residues with aromatic residues can affect the antimicrobial activity of the 

peptides (Rao, 1999).  However, some researchers also believe that the deletion of 

the cysteine residues, which changes the hairpin conformation, has little effect on 

the antimicrobial activity but significantly reduces the haemolytic activity of the 

peptides (Ramamoorthy et al., 2006).   

In most cases, disulphide bonds and other cyclisation strategies can help the peptide 

sequences to maintain stability of their hairpin structures. The ability of antimicrobial 

peptides will be influenced by the change of the stability of the β-hairpin structure of 

these peptides due to the removal of the disulphides (Sivanesam et al., 2016).  Hence, 

we can use some techniques to modify the peptides which rely on the disulphide 

linkages for their stability to achieve the maximum effect on their antimicrobial 

activity. One method is to use Trp/Trp interactions to stabilise β-hairpin structures 

both at the turn and the ends of the peptide chain (Fesinmeyer et al., 2004).  The 

conditions under which the Trp residues appear at the sites with no hydrogen bonds 

and the most distant from the β-turn, are designated as β-caps (Kier et al., 2010). 

This technique has great benefits for the development of more potent AMPs.  

1.3.2 Charge 

Natural AMPs have clear differences in their charges. While they vary widely in net 

positive charge, most of the active peptides have charges around an intermediate 

range. The varying charges could be one factor which determines the observed 

variations in activity spectra. The most frequently present charge is an intermediate 

charge, ranging from +4 to +6, which seems to be the optimal one (Bechinger and 

Gorr, 2017). Cationicity is a very important factor which influences the electrostatic 
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attraction of the peptides to the phospholipid membranes of microorganisms (Lee et 

al., 2016). The mutual electroaffinity is likely to determine the selective 

antimicrobial targeting which is relative to host tissues. Thus, it has been proposed 

that such a chemi-osmotic potential probably acts in a electrophoretic manner to 

concentrate the positively charged peptides on the microbial surfaces (Andersson et 

al., 2016).  

Some studies have shown that there is a clear correlation between the charge and the 

potency of antimicrobial activities. Increasing the charge of pardaxin by the 

transamination of carboxylic groups can obviously increase both antibacterial and 

haemolytic activity (Matsuzaki et al., 1997). However, an excessive charge may 

cause an opposite effect on activity. In studies on magainin analogues, the increased 

charge leads to smaller, less stable, shorter-lived pores and a faster translocation of 

peptides across the membrane (Matsuzaki et al., 1997). 

1.3.3 Amphipathicity 

Almost all AMPs exhibit their effects through forming an amphipathic structure on 

the target membranes (Bechinger and Gorr, 2017). There are a variety of protein 

conformations which can attain amphipathicity, for example, the amphipathic helix, 

which is considered to be the simplest. The amphipathic α-helix can provide the best 

condition for the interaction with the amphipathic membranes and has periodicity of 

three to four residues (Silva et al., 2016). Moreover, the extent of amphipathic 

helicity does not only influence the activity against the membranes, but also has a 

more obvious effect on the lysis of peptides on zwitterionic or neutral membranes 

(Dennison et al., 2016).  
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The amphipathicity of the β-sheet AMPs is relatively low or absent and they feature 

a multitude of β-strands, creating both polar and non-polar surfaces. These β-strands 

are often antiparallel and are stabilised by disulphide bonds (Sun et al., 2016). The 

conformational rigidity of β-sheet AMPs can promote multimerisation, which can 

limit the exposure of hydrophobic facets to hydrophilic environments (Omardien et 

al., 2016). 

1.3.4 Hydrophobicity 

Peptide hydrophobicity, defined as the percentage of hydrophobic residues within a 

peptide, is usually within the range of 40% to 60%, meeting the requirements for an 

amphipathic structure (Tossi et al., 2000a). However, increasing the level of 

hydrophobicity can lead to the loss of antimicrobial specificity and the gain of cell 

toxicity. Thus, many AMPs are moderately hydrophobic so that they can keep an 

optimal activity against microbial cell membranes (Martinez et al., 2016).  

Studies on magainin analogues assessed the effect of changing hydrophobicity on 

binding to membranes. These showed that the increased hydrophobicity led to a 

decreased selectivity for bacterial membranes (Wieprecht et al., 1997). Furthermore, 

the differences in membrane perturbation indicated the irreplaceable function of the 

hydrophobic features (Tossi et al., 1995). 

1.3.5 Polar Angle 

Polar angle is a measurement of the relative proportion of polar versus non-polar 

facets of a peptide conformed to an amphipathic helix (Bechinger and Gorr, 2017). 

An increased hydrophobic proportion of the helix or a decreased segregation between 

these domains would proportionately reduce the polar angle (Edwards et al., 2016). 

Numbers of studies showed that a smaller polar angle of the native and synthetic 
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peptides is associated with an increased ability of membrane permeabilisation (Le et 

al., 2016). 

It has been indicated that polar angle is also relevant to the overall stability and half-

life of peptide-induced membrane pores (Kosikowska and Lesner, 2016). A recent 

study proved that the ability on inducing the membrane translocation and 

permeabilisation of the peptides, is inversely proportional to their polar angles 

(Molesini et al., 2017). However, the rate of pore collapse became higher with the 

decrease in polar angle. These results indicated that the pore structure of peptides 

with smaller polar angles is less stable than those induced by peptides with larger 

polar angles (Zong et al., 2016).  

 

1.4 The action mechanisms of AMPs 

The process of cell killing by AMPs can be very rapid, especially by some linear α-

helical peptides, so it is a technical challenge to study the steps of cell death induced 

by these peptides (Boman, 1995). Initially, the AMPs must be attracted to a bacterial 

surface and form an electrostatic bond between cationic or anionic peptides and 

structures on the bacterial surfaces (Zhao et al., 2001). Some studies have shown that 

cationic peptides are more likely to first be attracted to the net negative charges 

which exist on the outer envelope of Gram-negative bacteria (Scott et al., 1999). 

Once close to the bacterial surface, the peptides must traverse several barriers such as 

the lipopolysaccharide in Gram-negative bacteria, capsular polysaccharides, teichoic 

acids and lipoteichoic acids before they can interact with the cytoplasmic membrane. 

After that the peptides can interact with the lipid bilayers (Huang, 2000). The α-

helical peptides, β-sheet peptides and θ-defensins will adsorb and embed into the 
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lipid bilayers in an inactive state that can stretch the membrane when the ratio of 

peptide to lipid is low (Chen et al., 2003). At low ratios of peptide to lipid, the 

peptides are bound parallel to the lipid bilayer. As this ratio begins to increase, 

peptides become aligned perpendicularly to the membrane gradually. When the ratio 

is high, the peptides are orientated perpendicularly and insert into the bilayer, 

forming a transmembrane pore (Lee et al., 2004). There are a number of models used 

to explain the permeabilisation of these membranes. 

1.4.1 The barrel-stave model 

In the barrel-stave model, peptide helices form a bundle which, like a barrel, consists 

of helical peptides. This type of membrane permeabilisation is unique and is used by 

alamethicin (Yang et al., 2001). The peptides aggregate and insert into the membrane 

bilayer so the hydrophilic peptide regions form the interior region of the pore and the 

hydrophobic peptide regions align with the lipid core region. Hydrophilic regions of 

the peptide are shown in red and hydrophobic regions of the peptide are shown in 

blue (Figure 1.1). 

                       

Figure 1.1 The barrel-stave model 

(http://www.nature.com/nrmicro/journal/v3/n3/fig_tab/nrmicro1098_F3.html) 
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1.4.2 The carpet model 

In the carpet model, peptides are electrostatically attracted to the anionic 

phospholipid head groups on the surface of the membrane in a carpet-like manner. 

The surface oriented peptides are thought to disrupt the lipid bilayer and lead to the 

formation of micelles eventually at a high peptide concentration (Ladokhin and 

White, 2001). When the concentrations reach the critical threshold, a toroidal 

transient hole which can allow additional peptides to access the membrane, will be 

formed in the membrane by the peptides. After the disruption of the bilayer, the 

membrane disintegrates and forms micelles (Oren and Shai, 1998). Hydrophilic 

regions of the peptide are shown in red and hydrophobic regions of the peptide are 

shown in blue (Figure 1.2). 

 

Figure 1.2 The carpet model 

(http://www.nature.com/nrmicro/journal/v3/n3/fig_tab/nrmicro1098_F4.html) 

http://www.nature.com/nrmicro/journal/v3/n3/fig_tab/nrmicro1098_F4.html
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1.4.3 The toroidal-pore model 

In the toroidal-pore model, the attached peptide helices insert into the membrane and 

induce the lipid monolayers to bend continuously so that the water core can be lined 

by both the lipid head groups and the inserted peptides (Brogden, 2005). The 

difference between the toroidal-pore model and the barrel-stave model is that the 

peptides are associated with the lipid head groups all the time even when they are 

perpendicularly inserted in the lipid bilayer in the toroidal-pore model (Yang et al., 

2001). Hydrophilic regions of the peptide are shown in red and hydrophobic regions 

of the peptide are shown in blue (Figure 1.3). 

 

Figure 1.3 The toroidal-pore model 

(http://www.nature.com/nrmicro/journal/v3/n3/fig_tab/nrmicro1098_F5.html) 

 

http://www.nature.com/nrmicro/journal/v3/n3/fig_tab/nrmicro1098_F5.html
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1.5 Aims and objectives of this thesis 

In the past several years, scientists have generated a growing interest in an 

abundance of bioactive peptides which play an increasingly significant role in 

scientific research and drug discovery. As an emerging product, the bioactive 

peptides have a very close association with nutrition, hormones, enzyme inhibition, 

immune regulation and antibacterial, antiviral and antioxidant properties. The 

development of polypeptide drugs has occurred in many fields of disease control and 

prevention such as cancer, the regulation of immunity and the prevention of 

infections in recent years and will play a more important role in the health care 

industry in the future (Cicero et al., 2016).  

In our study, it is intended to isolate and identify an amphibian skin peptide from the 

skin secretions of the Chinese frog, Odorrana schmackeri, using the technologies of 

molecular cloning, reverse-phase HPLC, MALDI-TOF mass spectrometry, chemical 

synthesis, purification and biological characterisation. 
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CHAPTER 2 The isolation of 
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2.1 Materials and Methods 

2.1.1 mRNA Isolation 

A Dynabeads® mRNA DIRECT™ Kit (Dynal Biotech Ltd, UK) was used for mRNA 

isolation. The poly A tail of poly A mRNA from the sample can hybridise to the 

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

2.1.1.1 Specimen biodata and secretion harvesting 

Specimens of Chinese piebald odorous frog, Odorrana schmackeri (n=4) were 

obtained from commercial sources in the People's Republic of China and had been 

captive bred. The frogs were adults (two males and two females - 5 and 8 cm snout-

to-vent length, respectively) and were kept for a period of 4 months prior to secretion 

harvesting. They were housed in a purpose-designed amphibian facility at 20-25°C 

under a 12h/12h light/dark cycle and fed with multivitamin-loaded crickets three 

times per week. Defensive skin secretions were obtained through mild squeezing and 

massaging of the glands or stimulating the dorsal skin surface by gentle transdermal 

electrical stimulation (6V DC; 4 ms pulse-width; 50Hz) through platinum electrodes 

for two periods of 20s duration. The viscous white skin secretion was washed from 

the skin using deionised water, snap-frozen in liquid nitrogen, lyophilised and stored 

at -20°C prior to analysis. All the procedures were subject to ethical approval and 

carried out under appropriate UK animal research personal and project licenses.  

2.1.1.2 Preparation of samples 

Five mg of crude lyophilised skin secretion from Odorrana schmackeri was 

transferred into a 1.5 ml RNase-free tube containing 1 ml Lysis/Binding Buffer. 

Then, the 1.5 ml tube was vortexed for 10 min in total and placed on cold ice for 

several seconds at intervals of one min to obtain the undegraded mRNA. Finally, the 
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lysate solution was centrifuged for 5 min in the centrifuge 5424 (Eppendorf, UK) to 

remove the debris. The supernatants were prepared and stored cold until the beads 

were ready. 

2.1.1.3 Preparation of Dynabeads® Oligo (dT)25 beads 

Two hundred and fifty μl of thoroughly resuspended Dynabeads® Oligo (dT)25 beads 

(5 mg/ml) were transferred into a 1.5 ml RNase-free tube and put on the magnetic 

rack. Then, the supernatants were removed and discarded when the supernatants 

were clarified. After that, 250 μl Lysis/Binding Buffer was transferred into the 1.5 ml 

tube to wash the beads by gently shaking. Finally, the supernatants were removed 

and discarded completely from the 1.5 ml tube on the magnetic rack when the lysate 

was well prepared to avoid drying the beads and lowering beads capacity. 

2.1.1.4 Hybridisation between the poly A tail of mRNA and bead-bound oligo-

dT 

The supernatants from the lysate solution were transferred into the 1.5 ml tube 

containing prepared beads which were combined with oligo-dT on the surface by 

covalent binding. The mixture of lysate and beads were blended by slowly and gently 

shaking for 15 min at room temperature, which made the poly-A tail of mRNA 

hybridise to the bead-bound oligo-dT through A-T base pairing. Finally, the 

supernatants were discarded completely on the magnetic rack. The intact mRNA was 

isolated from the secretion and retained on the surface of the beads. 

2.1.1.5 Washing the complex 

The beads/mRNA complex was washed by slowly and gently using 500 μl Washing 

Buffer A three times. The beads were separated from the washing solution and the 

washing solution was discarded on the magnetic rack after each washing step. 
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Similarly, the beads/mRNA complex was washed by slowly using 500 μl Washing 

Buffer B two times. 

2.1.1.6 Elution of mRNA 

A volume of 18 μl of cool elution solution (Tris-HCl, 10mM) was added drop by 

drop into the 1.5 ml tube containing the well-washed beads and the 1.5 ml tube was 

flicked gently to make every droplet carry the beads down to the bottom until all the 

solution ran through. Then, the 1.5 ml tube was incubated in a heating block (Grant, 

Cambridge, UK) at 80°C for 2 min to remove the mRNA from the beads. All 

supernatants were subsequently transferred into a 0.2 ml RNase-free PCR tube on the 

magnetic rack as soon as possible to avoid mRNA readsorbing onto the beads. 

Finally, the 0.2 ml PCR tube was cooled on ice for 2 min and then the solution was 

allocated into chilled-prepared 0.2 ml PCR tubes. 

2.1.2 cDNA library Construction 

A BD SMART™ RACE cDNA Amplification Kit (BD Biosciences, UK) was used 

in cDNA library construction and primary cDNA amplification. 5’ RACE Ready 

cDNA was synthesised using a 5’-RACE CDs Primer and the BD SMART II™ A 

Oligonucleotide. 

2.1.2.1 Preparation of mixture for 3’ RACE Ready cDNA synthesis 

The following components were combined and mixed completely by pipetting in 

three 0.2 ml PCR tubes. One extra volume of reagents was calculated and added to 

ensure sufficient volume for the RT-PCR reaction.  
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Table 2.1 The components of the 3’ RACE cDNA reaction 

Component Final Volume Final Concentration 

RNA sample 4 μl 10-1000 ng 

3’-RACE CDS Primer 1 μl 12 μM 

dNTP Mix 1 μl 4 mM 

DTT 1 μl 4 mM 

5X First-Strand Buffer,30mM 

MgCl2 2 μl 1 X 

Reverse Transcriptase 1 μl 20 unit 

*The Master Mix includes dNTP Mix, DTT and 5X First-Strand Buffer for 5 

reactions.  

2.1.2.2 Preparation of mixture for 5’ RACE Ready cDNA synthesis 

The following components were combined and mixed completely by pipetting in two 

0.2 ml PCR tubes. One extra volume of reagents was calculated and added to ensure 

sufficient volume for the RT-PCR reaction.  

Table 2.2 The components of the 5’ RACE cDNA reaction 

Component Final Volume Final Concentration 

RNA sample 3 μl 10-1000 ng 

5’-RACE CDS Primer 1 μl 12 μM 

BD SMART II™ A Oligonucleotide 1 μl 12 μM 

dNTP Mix 1 μl 4 mM 

DTT 1 μl 4 mM 

5X First-Strand Buffer,30mM MgCl2 2 μl 1 X 

Reverse Transcriptase 1 μl 20 units 

*The Master Mix includes dNTP Mix, DTT and 5X First-Strand Buffer for 5 

reactions. 
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2.1.2.3 Reverse transcription polymerase chain reaction (RT-PCR) 

Five PCR tubes containing sample mixture, were micro-centrifuged and incubated in 

the heating block at 70°C for 2 min to combine the primer and templates. Then, five 

0.2 ml PCR tubes were cooled on ice for 2 min. After that, 4 μl of prepared Master 

Mix was divided into each 0.2 ml PCR tube and pipetted completely. Subsequently, 

1 μl Reverse Transcriptase was added into each 0.2 ml PCR tube and pipetted 

completely. After adding all solutions, five 0.2 ml PCR tubes were micro-centrifuged 

to collect all contents at the bottom without bubbles and incubated in the thermal 

cycler (Applied Biosystems, UK) at 42°C for 1.5 h to complete the reverse 

transcription reaction. Afterwards, 50 μl of deionised water was added into each PCR 

tube to lower the concentration. Then, five PCR tubes were incubated in the thermal 

cycler at 72°C for 7 min. At this point, 3’- and 5’-RACE Ready cDNA templates 

were obtained and stored at -20°C in the freezer.  

2.1.3 Polymerase chain reaction (PCR) amplification of cDNA 

The following components were combined and mixed completely by pipetting and an 

extra volume was calculated and added to ensure sufficient volume for the RACE-

PCR reaction. 

Table 2.3 The components of one RACE-PCR reaction 

Component Final Volume Final Concentration 

PCR-Grade water 2.6 μl - 

10X BD Advantage 2 PCR Buffer 1 μl 1 X 

dNTP Mix 0.2 μl 0.2 mM 

NUP Primer 0.5 μl 20 μM 

Sense Primer 0.5 μl 20 μM 

BD Advantage 2 Polymerase Mix 0.2 μl 15 μM 
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3’ RACE-Ready cDNA templates 10 μl 10-1000 ng 

*The 3’ RACE-Ready cDNA templates were substituted with water in the negative 

control. 

Eleven μl Master Mix was allocated into four well-prepared PCR tubes and 10 μl of 

3’ RACE-Ready cDNA templates were added into two PCR tubes. 10 μl of PCR-

Grade water was added into another two PCR tubes as negative controls. 0.5 μl NUP 

primer (supplied with the kit) and 0.5 μl specific degenerate sense primer (S1; 5’- 

ACTTTCYGAWTTRYAAGMCCAAABATG-3’) (Y=C+T, W=A+T, R=A+G, 

M=A+C, B=T+C+G) was added into each PCR tube. All of the reagents were 

pipetted completely and micro-centrifuged to collect all contents at the bottom 

without bubbles. Finally, the RACR-PCR programme with a gradient temperature 

was set and commenced in the thermal cycler. The appropriate annealing temperature 

was determined in the RACE-PCR reaction. Three steps of PCR reaction with 

different conditions were set up and each cycle included 94°C denaturation for 30 s 

to obtain single-stranded DNA templates, 53°C or 55°C annealing for 30 s between 

primer and single-strand DNA templates and 72°C extension for 3 min. All the 

procedures were repeated over 40 thermal cycles to obtain double-stranded DNA 

amplification. The annealing temperature in one group included one 3’ RACE-Ready 

cDNA template and one negative control at 53°C, whereas it was set to 55°C in 

another group. All of the four samples after RACE-PCR reaction were stored at -

20°C in the freezer. 

2.1.4 Agarose gel electrophoresis 

0.45 g agarose (Invitrogen, UK) was transferred into a 200 ml flask with 35 ml fresh 

working 1X TBE Buffer (Invitrogen, UK). The flask was heated in a microwave 

oven without foaming until all the agarose was dissolved completely, and then it was 
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cooled for several minutes. 2.5 μl ethidium bromide (EtBr, 10 mg/mL) (Invitrogen, 

UK) was added into the flask 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 40 min, the comb 

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

filled with recycling 1X TBE Buffer within the maximum lines. 

Two and half μl of a standard DNA ladder (Invitrogen, 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 

loading dye (0.25% bromophenol blue, 15% Ficoll 400 in TAE) were mixed well and 

loaded carefully in 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. 

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 1X TBE Buffer was recycled and the samples were stored at -20°C in 

the freezer. 

2.1.5 PCR product purification 

An E.Z.N.A.® Tissue DNA Kit (Omega, Norcross, UK) was employed in PCR 

product purification, in which DNA was bound to silica-based filter membranes 

during washing steps and eluted for collection. 
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2.1.5.1 DNA binding with the filter membranes 

The DNA amplification samples from the previous steps were mixed together and 

transferred into a 1.5 ml DNase-free tube. Then, 87 μl Buffer CP was added into the 

1.5 ml tube where five volumes Buffer CP corresponded with one volume PCR 

product according to the weight of DNA product. After pipetting evenly and 

completely, all the solutions were transferred drop by drop onto the centre of a filter 

cartridge with a 1.5 ml collection tube. Afterwards, the filter cartridge was 

centrifuged at a speed of 8000 × g for 1 min to bind the DNA to the silica-based filter 

membranes and remove the impurities. Finally, the filtrate was discarded and the 

collection tube was placed back into the cartridge. 

2.1.5.2 DNA washing 

Seven hundred μl of DNA Washing Buffer diluted in absolute ethanol was added 

into the cartridge and centrifuged at 8000 × g for 1 min for DNA washing. 

Subsequently, the filtrate was discarded and the collection tube was placed back in 

the bottom of the cartridge. Similarly, 500 μl DNA Washing Buffer with added 

ethanol was also added into the cartridge and centrifuged again at 8000 × g for 1 min. 

Then, the filtrate was discarded and the collection tube was placed back into the 

cartridge. Finally, the empty cartridge with collection tube was centrifuged at the 

maximum speed of 8000 × g for 2 min to dry the column matrix and remove ethanol 

completely as this could interfere with the downstream applications. 

2.1.5.3 DNA elution 

A new 1.5 ml DNase-free tube was used instead of the holding tube before DNA 

collection. Then, 30 μl of deionised water was added directly into the centre of the 

cartridge for DNA elution. After 2 min at room temperature, the cartridge with the 
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new 1.5 ml collection tube was centrifuged at 8000 × g for 1 min to collect all DNA 

products. Then, the cartridge was discarded and the 1.5 ml collection tube with DNA 

purification products was retained. Finally, the DNA purification products were 

placed for 50 min in a concentrator (Eppendorf, Hamburg, Germany) to dry the DNA 

sample and drive the ethanol away thoroughly. After evaporation, the DNA sample 

was sealed with parafilm and stored at -20°C in the freezer. 

2.1.6 Ligation 

A pGEM®-T and pGEM®-T Easy Vector (Promega, USA) kit was used for ligation, 

transformation, blue and white colony screening and isolation of recombinant DNA 

reactions. The DNA with A at both ends of the strand could bind to and insert into 

the site of the pGEM®-T Easy Vector (50 ng/μl) with T through A-T based pairing. 

2.1.6.1 Reagent preparation 

Ten μl of deionised water was added into the 1.5 ml tube containing 7 μl DNA 

purification products to dissolve the DNA and then tube was vortexed completely by 

tapping and micro-centrifuged briefly to collect all contents at the bottom and then 

placed on ice to cool. This step was repeated five times for DNA preparation. 2X 

Rapid Ligation Buffer was vortexed vigorously without centrifuging as the Buffer 

was so heavy. Also, the pGEM®-T Easy Vectors were micro-centrifuged briefly 

without pipetting to avoid damaging the fragile vectors. The T4 DNA Ligase was 

also micro-centrifuged briefly without pipetting as the enzyme was susceptible to 

inactivation under the changes of environment. 

2.1.6.2 Ligation between DNA and vector 

The following prepared reagents were combined and mixed without pipetting in a 

DNase-free PCR tube.  
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Table 2.4 The components of the ligation reaction 

Component Volume Final Concentration 

2X Rapid Ligation Buffer,20mM 

MgCl2 2.5 μl 1 X 

pGEM®-T Easy Vectors 0.5 μl 50 ng/μl 

PCR Products 1.5 μl 10-1000 ng 

T4 DNA Ligase 0.5 μl 3 Weiss units 

 

A 0.2 ml PCR tube with ligation reaction product was incubated for 1 h at room 

temperature and then incubated at 4°C overnight (16-24 h) in the thermal cycler. The 

vectors with a 3’ single terminal thymidine (T) in the insertion site were re-cyclised 

with a single guanosine (A)-ending DNA sequence derived from Taq DNA 

Polymerase through A-T base pairing. 

2.1.7 Transformation 

The recombinant vectors were transformed into the competent cells and selected by 

ampicillin, IPTG and X-Gal using the pGEM®-T and pGEM®-T Easy Vector kit 

(Promega, USA). 

Ligation reaction products were transferred into a 1.5 ml DNase-free tube without 

pipetting and the competent cells of E. coli were removed from -80°C storage and 

defrosted on ice for 4 min until thawed and clarified. Then, 50 μl of E. coli was 

transferred quickly into the 1.5 ml tube containing ligation reaction products. Both 

were mixed by gently flicking and tapping at the bottom of the tube three times and 

then returned back to ice for 20 min. Next, the 1.5 ml tube was heat-shocked at 

exactly 42°C for 47 s and returned back to ice immediately for 2 min. Finally, 950 μl 
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SOC medium was added into the 1.5 ml tube slowly and gently and the tube was 

incubated at 37°C for 2.5 h at a shaking rate of 150 rpm to grow bacteria. 

One hundred 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 upside down at 37°C overnight (16-24 h) for bacterial culture and 

DNA amplification.  

2.1.8 Blue and white colony screening 

There were three kinds of colonies found growing on the LB/ampicillin/IPTG/X-Gal 

plates from the previous procedures including white colonies, blue colonies and 

white colonies with a blue dot. Pure white colonies and white colonies with a blue 

dot, in which the vectors were inside the competent cell and contained the 

recombinant DNA, were selected and subcultured in the solid medium for further 

identification. The 1.5 cm length squares were divided by drawing lines at the bottom 

of the Petri dish, then the pure white colonies and white colonies with blue dots 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. 

2.1.9 Isolation of recombinant DNA by cloning PCR 

A single DNA was isolated and amplified by the cloning PCR reaction, in which the 

M13 Forward Primer (5’-GTAACGCCAGGGTTTTCCCAG-3’) and M13 Reverse 

Primer (5’-TGTGAGCGGATAACAATTTCAC-3’) bound to the 5’ and 3’ ends of 

inserted DNA, respectively by use of an Advantage® 2 PCR Kit (Clontech Inc, USA). 
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The bacteria in the white colonies were harvested from the plates and transferred into 

each 0.5 ml tube containing 20 μl of deionised water for dispersion. Then, 14 

samples of bacteria were obtained for recombinant DNA isolation. Two temperature 

extremes were used from heating up to 100°C for 5 min then cooling down on ice for 

5 min in order to make the cells fragile. Then, each tube was vortexed for 30 s and 

centrifuged at the maximum speed of 8000 × g for 5 min to break the cell walls and 

release the vectors. Finally, the supernatants which contained recombinant DNA 

were ready to use. 

The following components were combined and mixed completely by pipetting. One 

extra volume of reagents was calculated and added. 

Table 2.5 The components in each cloning PCR reaction 

Component Final Volume Final Concentration 

dNTP Mix 1 μl 0.2mM 

PCR-Grade water 31 μl - 

Cloning PCR Buffer 10 μl 1 X 

M13 Forward Primer 2.5 μl 5 μM 

M13 Reverse Primer 2. 5 μl 5 μM 

Taq Polymerase enzyme 0.25 μl units 

DNA template  2.5 μl 10-1000 ng 

 

Forty-seven μl Master Mix was aliquoted into each PCR tube respectively and 

pipetted completely. Then, 0.25 μl Taq Polymerase enzyme and 2.5 μl supernatants 

containing recombinant DNA were added into each 0.2 ml PCR tube in proper order 

and pipetted completely and evenly. All of the fourteen 0.2 ml PCR tubes were 

micro-centrifuged briefly to collect all contents at the bottom without bubbles. The 

isolation of target DNA from the vector and target DNA amplification relied on a 
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cloning PCR reaction in which the M13 Forward Primer and M13 Reverse Primer 

could bind to the 5’ and 3’ ends of inserted DNA, respectively. Finally, the cloning 

PCR reaction was set and commenced using the following programme, and each 

cycle in the thermal cycler included: 94°C denaturation for 30 s, 55°C annealing for 

30 s and 72°C extension for 3 min, repeated 31 times over a total in 3 h 15 min. After 

this cloning PCR reaction, the 14 samples tubes were stored at -20°C in the freezer. 

2.1.10 Agarose gel electrophoresis analysis 

The details can be found in section 2.1.4. 

2.1.11 Selected PCR product purification 

The details can be found in section 2.1.5. 

2.1.12 DNA sequencing reaction 

A BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, California, 

USA) was utilised in the DNA sequencing reaction in which the sequence was 

detected by fluorescence during DNA extension and termination process. 

2.1.12.1 Preparation of mixture for sequencing PCR reaction 

DNA samples were chosen for the sequencing reaction and 10 μl of M13 Forward 

Primer was diluted in 52.5 μl PCR-Grade water. The following components were 

combined and mixed completely by pipetting, and an extra volume was calculated 

and added to ensure sufficient volume for the sequencing PCR reaction. 
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Table 2.6 The components of a sequencing PCR reaction 

Component Final Volume 

PCR-Grade water 12.4 μl 

5X Sequencing Buffer 3.57 μl 

M13 Forward Primer 1.14 μl 

Terminator Ready Reaction Mix  2.86 μl 

DNA template  2.5 μl 

 

Master Mix and 2.5 μl sample were aliquoted into 0.2 ml PCR tubes and the 

sequencing PCR reaction was set and commenced using the following programme. 

Each cycle in the thermal cycler consisted of: 96°C denaturation for 20 s, 55°C 

annealing for 10 s and 60°C extension for 4 min. Cycles were repeated 26 times in 

total for 2h 15min. Finally, the four sequencing products were stored at -20°C in the 

freezer. 

2.1.13 Extension product purification by ethanol 

2.1.13.1 Ethanol purification 

Seventy-two μl of 95% ethanol was added into the PCR tube with sequencing 

reaction products and pipetted vigorously. After that, all the solutions were 

transferred into a 1.5 ml tube with 10 μl PCR-Grade water. Each of the 4 tubes was 

vortexed for 30 s and kept at room temperature for 20 min and then centrifuged at the 

maximum speed of 10000 × g for 20 min. Immediately after this, the supernatants 

were discarded as cleanly as possible. Similarly, 260 μl 70% ethanol was added into 

each 1.5 ml tube with sequencing reaction product and mixed, vortexed for 30 s and 

centrifuged again as before. Then the supernatants were discarded quickly. 

Afterwards, a 1 min cooling step and a 1 min heating step at 95°C were repeated 3 

times. Finally, the contents of the 1.5ml tubes were concentrated for 3 h to dry the 
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DNA and to drive the ethanol away. Finally, the 4 samples were stored at -20°C in 

the freezer. 

2.1.14 Sequencing 

Ten μl highly-purified HiDi formamide was added to each DNA sample which had 

been concentrated for 1 h before use. Then, the 1.5ml tubes were vortexed and then 

centrifuged briefly as before. Afterwards, the tubes were heated to 95°C for 4 min in 

the heating block and cooled on ice for 3 min. Subsequently, 9 μl of well-prepared 

mixture sample was loaded into the 96-well plate in odd or even rows. Finally, the 

sequencing results were obtained using an ABI 3100 automated sequencer (Applied 

Biosystems, Foster City, CA, USA). The elongation of DNA strands in the solution 

was terminated by the modified ddNTPs randomly and detected by fluorescence. 

 

2.2 Results 

A peptide precursor-encoding cDNA was consistently cloned from the skin 

secretion-constructed cDNA library and encoded a single copy of the putative 

peptide (Figure 2.1). The open-reading frame of this peptide precursor consisted of 

70 amino acid residues. The architecture of the translated open-reading frame could 

be divided into four domains. The 5′ N-terminus began with a putative signal peptide 

of 22 amino acid residues followed by a 24 acidic residue-rich spacer, the putative 

24-mer mature peptide was preceded by a propeptide convertase processing site -KR-, 

and was followed by a C-terminal extension peptide.  

An NCBI-BLAST search found that the amino acid sequence showed 100% 

sequence identity with the mature peptide sequence of Brevinin-1-SHa (Figure 2.2). 

A DADP (Database of Anuran Defense Peptides) search showed three domains 
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constituted the amino acid sequence of the Brevinin-1-SHa precursor, including a 

signal peptide region, a prepro-peptide region and a mature peptide domain (Figure 

2.3). 

 

 

Figure 2.1 The nucleotide sequence and corresponding translated open-reading 

frame of precursor cDNA cloned from the Odorrana schmackeri skin secretion that 

encoded Brevinin-1-SHa. The putative signal peptide is double-underlined, the 

putative mature peptide is single-underlined and stop codon is indicated by an 

asterisk (*). 
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Figure 2.2 The BLAST results of Brevinin-1-Sha compared with other archived 

AMPs in the NCBI database. 

 

 

Figure 2.3   The topology structure of the Brevinin-1-Sha precursor. 
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CHAPTER 3 Chemical Synthesis 

of Brevinin-1-SHa 
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3.1 Materials and Methods 

3.1.1 Solid Phase Peptide Synthesis 

The mature peptide was chemically-synthesised by solid phase 

Fluorenylmethoxycarbonyl (Fomc) chemistry in a PS4 automated solid-phase 

synthesiser (Protein Technologies, Inc, Tucson, AZ, USA). The unequivocal primary 

structure of the peptide was as follows: FLPAAFRLAAKIVPTVFCAISKKC.  

3.1.1.1 Weighing of amino acids, HBTU and Wang resin 

The desired quantity of peptide was 0.3mmol, thus each amino acid should be 4 

times 0.3 mmol, thus 1.2 mmol for every amino acid in the sequence. Also, HBTU 

should be used at 1.2 mmol for catalysing each coupling. A 30mL reaction vessel 

was used to contain the Fmoc-Cys(Trt)-Wang resin, the required weight of which 

was calculated by the formula, the weight (g) = (peptide 0.3mmol) / (loading 

capacity mmol/g). Table 3.1 shows the details.  

Table 3.1    The quantities of amino acids and HBTU employed 

NO Symbol Protected amino acid Weight(g) HBTU(g) 

1 K Lys Fmoc-Lys(Boc)-OH 0.5622 0.4552 

2 K Lys Fmoc-Lys(Boc)-OH 0.5622 0.4552 

3 S Ser Fmoc-Ser(tBu)-OH 0.4601 0.4552 

4 I Ile Fmoc-Ile-OH 0.4241 0.4552 

5 A Ala Fmoc-Ala-OH 0.3736 0.4552 

6 C Cys Fmoc-Cys(Trt)-OH 0.7028 0.4552 

7 F Phe Fmoc-Phe-OH 0.4649 0.4552 

8 V Val Fmoc-Val-OH 0.4073 0.4552 

9 T Thr Fmoc-Thr(tBu)-OH 0.477 0.4552 
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Fmoc-Cys(Trt)-Wang resin = (peptide 0.3mmol) / (loading capacity mmol/g)   

=0.5263g 

3.1.1.2 Peptide synthesis 

The weights of catalyst 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium 

hexafluorophosphate (HBTU) and dry amino acids in equal proportion and in four-

fold molar excess, were calculated and weighed into acetone-cleaned amino acid 

vials. During the peptide synthesis reaction, the reaction vessel and pipeline were 

washed by dimethylformamide (DMF) first, and then the Fmoc protecting groups 

were deprotected using 20% (v/v) piperidine in DMF. Each amino acid residue was 

activated and coupled using 11% (v/v) N-Methylmorpholine (NMM) in 89% (v/v) 

DMF combined with activator HBTU. After that, the peptide was synthesised from 

10 P Pro Fmoc-Pro-OH 0.4049 0.4552 

11 V Val Fmoc-Val-OH 0.4073 0.4552 

12 I Ile Fmoc-Ile-OH 0.4241 0.4552 

13 K Lys Fmoc-Lys(Boc)-OH 0.5622 0.4552 

14 A Ala Fmoc-Ala-OH 0.3736 0.4552 

15 A Ala Fmoc-Ala-OH 0.3736 0.4552 

16 L Leu Fmoc-Leu-OH 0.4241 0.4552 

17 R Arg Fmoc-Arg(Pmc)-OH 0.7954 0.4552 

18 F Phe Fmoc-Phe-OH 0.4649 0.4552 

19 A Ala Fmoc-Ala-OH 0.3736 0.4552 

20 A Ala Fmoc-Ala-OH 0.3736 0.4552 

21 P Pro Fmoc-Pro-OH 0.4049 0.4552 

22 L Leu Fmoc-Leu-OH 0.4241 0.4552 

23 F Phe Fmoc-Phe-OH 0.4649 0.4552 
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C-terminal to N-terminal by the PS4 synthesiser. Finally, degassed dichloromethane 

(DCM) was employed for washing the peptide/resin complex after the synthesis 

reaction. The peptide/resin was dried in a vacuum desiccator overnight. 

3.1.1.3 Peptide cleavage and rotary evaporation 

The resin linked with synthesised peptide was weighed and transferred into a 50 ml 

round-bottomed flask with a magnetic rotor. Then, the appropriate volume of 

cleavage cocktail was chosen and calculated according to the weight. Subsequently, 

33.5 ml 90.5% (v/v) trifluoroacetic acid (TFA), 1.85 ml 5% (v/v) phenol, 0.925 ml 

2.5% (v/v) water and 0.74 ml 2% (v/v) TIPS were added into the 50 ml round-

bottomed flask to deprotect the protecting groups of side chains. The cleavage 

reaction was performed by stirring at room temperature for 8 h. After that, the 

mixture was suction filtered using the Buchner funnel to remove the resin in the 

upper layer. The solution in the lower layer was transferred and evaporated to 

remove the remaining TFA and TIPS using the rotary evaporator (VWR, 

Pennsylvania, USA). Finally, the remaining solution was transferred into a 50 ml 

universal tube and the ether was supplemented up to 50 ml for the peptide 

precipitation in the freezer overnight. 

3.1.1.4 Peptide washing 

The 50 ml universal tube was centrifuged at 5000 × g for 5 min to collect the peptide 

precipitate at the bottom and then the supernatants were discarded as cleanly as 

possible. Then, 45 ml ether was refilled and the washing step was repeated three 

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

room temperature. 
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3.1.1.5 Peptide lyophilisation 

The dry peptide was diluted in 15 ml TFA/water/acetonitrile (0.5/19.95/80, v/v) 

(Buffer B) and 15 ml TFA/water (0.5/99.95, v/v) (Buffer A). Then the peptide was 

oxidized by the 0.1%hydrogen peroxide to form a disulfide bond between two 

cysteines. After that, the peptide solution was lyophilised using the Alpha 1-2 freeze-

drying system (Martinchrist, Germany). Finally, the lyophilised peptide was weighed 

and stored at -20°C in the freezer. 

3.1.1.6 Peptide yield calculation 

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

Property Calculator. The yield of the peptide was then calculated to assess the 

success of the peptide synthesis. 

3.1.2 Reverse-phase high performance liquid chromatography (HPLC) 

10 mg of crude lyophilised peptide was weighed and diluted in a 15 ml universal 

tube with 5 ml Buffer A and 5 ml Buffer B. Then, the 15 ml universal tube was 

vortexed and centrifuged at the maximum speed for 15 min. The clear supernatant 

was transferred into another 15 ml universal tube. An analytical reverse phase HPLC 

Jupiter C5 column (250 mm × 4.6 mm, Phenomenex, UK) was washed with Buffer B 

for 30 min and equilibrated in Buffer A for 30 min before use. Subsequently, 1 ml of 

clear supernatant was pumped onto the Jupiter C5 column on a Cecil Adept CE4200 

HPLC system (Cecil, Cambridge, UK) for peptide elution and purification with 

214nm wavelength detection. The peptide was eluted from the column with a linear 

gradient from 75% Buffer A mixed with 25% Buffer B to 100% Buffer B over 80 

min at a flow rate of 1 ml/min. The fractions were collected in polypropylene tubes 
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(Starstedt, Germany) at every peak using an Amersham Biosciences Frac-920 

fraction collector and utilised for identification. 

3.1.3 Peptide analysis by Matrix-assisted laser desorption ionisation time-of-

flight mass spectrometry 

MALDI-TOF mass spectrometry was used for peptide identification by mass 

analysis using a linear time-of-flight mass spectrometer (Voyager DE, PerSeptive 

Biosystems, Framingham, MA, USA) in positive detection mode. Internal mass 

calibration was verified using the standard peptides corresponding with standard 

molecular masses to ensure high accuracy of ±0.1%. 2 μl of HPLC fractions were 

loaded and spotted onto the MALDI ground-steel target plate, and 1 μl excess matrix 

solution (10 mg/ml) which contained alpha-cyano-4-hydroxycinnarmic acid (CHCA) 

diluted in acetonitrile/TFA/water (70/0.02/30, v/v) was also loaded and spotted after 

drying the fractions. The samples were ionised and flew through the electrical field 

in the instrument to reach the detector. The peptide was identified by mass 

measurement, which depended on its mass-to-charge (m/z) ratio. Finally, the pure 

peptide was obtained and subjected to lyophilisation and biological activity assay. 

 

3.2 Results 

The solid phase peptide synthesis of Brevinin-1-SHa was successfully accomplished 

using the Tribute automated solid phase synthesiser. The products were separated 

and purified first by using the reverse phase HPLC (Figure 3.1). After purification, 

the products were subjected to MALDI-TOF mass spectrometry and the purified 

peptide was eluted at 58 min. The molecular mass of Brevinin-1-SHa was observed 
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as 2591.03 Da (Figure 3.2). The purity was confirmed and the purified peptide was 

used for evaluation of biological activities. 
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CHAPTER 4 Antimicrobial, cell 

biological and haemolytic studies 

on Brevinin-1-SHa 
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4.1 Materials and Methods 

4.1.1 Antimicrobial assay 

MIC (minimum inhibitory concentration) is defined as the lowest concentration of an 

antimicrobial agent which can effectively inhibit the growth of microorganisms. 

MBC (minimum bactericidal concentration) represents the lowest concentration of 

the antimicrobial agent that will successfully kill bacteria. Both of these bioassays 

were carried out to study the antimicrobial ability of the peptide. 

Three kinds of standard microorganisms were used in these assays including the 

Gram-positive bacterium Staphylococcus aureus (S. aureus, NCTC 10788), the 

Gram-negative bacterium Escherichia coli (E.coli, NCTC 10418) and the pathogenic 

yeast Candida albicans (C. albicans, NCPF 1467) to assess the peptide antimicrobial 

and bactericidal activity. 

4.1.1.1 Microorganism inoculation 

One bead covered with microorganism on the surface was transferred from frozen 

stock into a 100 ml flask containing with Mueller Hinton Broth (MHB) medium, and 

then the labelled flask was incubated in the orbital incubator (Stuart, UK) at a speed 

of 150 rpm at 37°C overnight (16-20 h). 

4.1.1.2 Peptide preparation 

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

make the stock solution a final concentration of 512 µM. Then stock solution was 

double-diluted in the ratio of 1:1 in DMSO to prepare a range of gradient 

concentrations from 512 to 1 µM. 
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4.1.1.3 Subculture 

Five hundred μl of microorganism suspension was transferred to and grown in a pre-

warmed McCartney bottle with 20 ml MHB medium. Then, the McCartney bottle 

was incubated in the orbital incubator (Stuart, UK) at 37°C for several hours until the 

subcultured organisms reached their respective logarithmic growth phases. The 

optical density (OD) value of the subcultures was measured at 550 nm wavelength by 

a UV spectrophotometer. In the following table, 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 4.1 The appropriate OD values for the three microorganisms used 

Organism 
   Subculture incubation 

time 
OD Concentration (cfu/ml) 

S. aureus 1.5 h 0.2 5×105 

E. coli 1.0 h 0.4 5×105 

C. albicans 0.5 h 0.15 5×105 

 

4.1.1.4 Minimum inhibitory concentration (MIC) measurements 

One μl of peptide dilution in 5 replicates at each concentration were arranged in the 

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

100 μl of adjusted subculture in 5 replicates were added as positive controls which 

tested the growth of the organisms and 100 μl of pre-warmed MHB medium in 5 
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replicates were added as negative controls (blank control). In addition, 1 μl DMSO 

which and 99 μl subcultures in 5 replicates were added as vehicle controls to observe 

the impact of 1% DMSO on the growth of organisms 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 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) value was obtained as the wells in which no growth of organism 

was detectable. 

4.1.1.5 Viable cell counts 

One hundred μl adjusted subculture was transferred into the microtube with 900 μl 

phosphate-buffered saline (PBS) and mixed completely. Then, 10-fold dilutions of 

this were prepared including 10-1 to 10-6. Next, 20 μl of these dilutions in 3 replicates 

at each concentration were transferred and spotted onto the dried Mueller Hinton 

Agar (MHA) plate and incubated in the incubator (Genlab Limited, UK) at 37°C 

overnight (16-20 h). Then the number of the organisms in each drop was counted. 

Finally, the exact concentrations of organisms were calculated using the following 

formula: C= N/3 ×50 × 10n, where N represented the total quantity of the organisms 

at each concentration while n was the ratio of dilution. 

4.1.1.6 Minimum bactericidal concentration (MBC) measurement 

The clear solutions at the MIC value concentrations was chosen for the assessment of 

minimum bactericidal concentrations (MBCs). 20 μl clear solution in 5 replicates 

were transferred, spotted onto a new MHA plate and then incubated at 37°C 
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overnight (16-20 h). Finally, the MBC value was obtained as that in which no 

colonies grew at the lower concentration. The antimicrobial assays were repeated at 

least three times and the standard error of the mean (SEM) of three experiments was 

calculated to show the variability and repeatability. 

4.1.2 MTT cell viability assay 

The human prostate cancer cell line (PC3) and the human non-small cell lung cancer 

cell line (NCI-H157) were cultured in RPMI-1640 medium (Invitrogen, Paisley, UK), 

whereas the human melanoma cell line (MDA-MB-435s) and the human neuronal 

glioblastoma cell line (U251MG) were cultured in Dulbecco’s Modified Eagle’s 

Medium (DMEM) with high glucose (25 mM) (Sigma, St. Louis, MO, USA) in a 

humidified environment containing 5% CO2 at 37°C. Importantly, both the 10% 

foetal bovine serum (FBS) (Sigma, UK) which provided nutrition for cells growing 

and 1% penicillin streptomycin solution (Sigma, UK) which inhibited the growth of 

bacteria were also added into the media. 

4.1.2.1 Resuscitation of frozen cell lines 

The frozen cancer cells were removed immediately from -80°C freezer storage and 

thawed in a 37°C water bath (Grant JB Aqua 12, UK) by gently shaking. Then, all 

the cells were transferred into a 75 cm2 culture flask (Nunc, Denmark) with pre-

warmed 15 ml medium drop by drop and swayed gently and slowly to dilute the 

cryoprotectant DMSO. Finally, the culture flask was incubated at 37°C in an 

atmosphere containing 5% CO2 after cell examination by an inverted microscope. 

4.1.2.2 Cell subculture and passage 

Initially, the spent culture medium was discarded after the cell confluence 

examination and then 10 ml pre-warmed PBS solution was added into the culture 
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flask followed by gentle swaying to wash the cells. Afterwards, 1000 μl 1X 

Trypsin/EDTA (Invitrogen, UK) was added into the culture flask containing 10% 

FBS without Ca2+ and Mg2+, and then the culture flask was incubated for 2-5 min to 

digest and detached the monolayer cells. Subsequently, 10 ml pre-warmed medium 

was added into the culture flask to cease the digestion, followed by cell aspiration. 

After that, all the suspension from the culture flask was transferred into a 15 ml 

universal tube and centrifuged gently for 5 min. The supernatants were then 

discarded and 5 ml pre-warmed medium was added into the 15 ml universal tube. 

The cells in the tube were mixed thoroughly. Finally, 2 ml of cell suspension was 

transferred into a new 75 cm2 culture flask with 15 ml pre-warmed medium and then 

incubated at 37°C in a humidified environment containing 5% CO2 after cell 

examination. Additionally, the cells could be employed in cell line cryopreservation, 

MTT viability assay or continuous passage after the first passaging. 

4.1.2.3 Cell quantification 

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

covered 90% of the surface of the culture flask. The previous procedures including 

cell washing, digestion, transfer, centrifugation and discarding of media were used 

with all subsequent cell passages. Five ml of pre-warmed medium was added into a 

15 ml universal tube with cells and then the tube contents were mixed evenly by 

vortexing. After that, 50 μl of cell suspension and an equivalent volume of 0.4% (w/v) 

trypan blue (Invitrogen, UK) were mixed in the tube. Afterwards, the mixture was 

added to the pre-cleaned counting area between the haemocytometer chamber and 

the coverslip by capillary action. Nine large squares were on each side and each 

square was 0.1 mm2. Six random 0.1 mm2 squares were counted using a hand-held 
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counter under the inverted microscope. The cell concentration was determined by use 

of the following formula: Cells per ml = n × 104 × 2 

(2 represented the dilution factor). Finally, the volume of cells and medium were 

calculated to achieve the desired concentration of 5*104 cells per ml. 

4.1.2.4 Cell seeding 

An appropriate volume of cell suspension and pre-warmed medium were mixed and 

diluted to the final concentration of 5000 cells/100μl in the tray. Then, 100 μl 

samples of cell suspension were seeded in each well of the 96-well plate for cell 

attachment. After that, the 96-well plate was incubated at 37°C under 5% CO2 in a 

humidified atmosphere for 24 h. 

4.1.2.5 Cell starvation 

All media from the wells was removed and discarded as cleanly as possible and 100 

μl of pre-warmed FBS-free medium was added into each well. Subsequently, the 96-

well plate was incubated at 37°C under 5% CO2 in humidified surroundings for 6-12 

h in order to starve the cells which can eliminate the impact of FBS in the parallel 

assay. 

4.1.2.6 Peptide preparation 

Pure lyophilised peptide was weighed and dissolved in DMSO to make a stock 

solution with a final concentration of 10-2 M. Then, 70 μl of this stock solution was 

10-fold diluted in 630 μl of pre-warmed FBS-free medium to achieve a range of 

concentrations of 10-3 to 10-9 M. 
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4.1.2.7 Peptide loading 

All media from the wells was removed, discarded and 100 μl of peptide dilutions at 

each concentration were loaded in 5 replicates in the 96-well plate. Then, 100 μl of 

pre-warmed FBS-free medium was used as a positive control and an equal volume of 

1% DMSO solution was also added as a vehicle control which reflected the impact of 

1% DMSO on the cell growth. Lastly, the 96-well plate was incubated at 37°C in a 

humidified environment containing 5% CO2 for 24 h. 

4.1.2.8 MTT assay 

Ten μl of yellow-coloured MTT solution (5 mg/ml) (Sigma, UK) was added into 

each well in a dark environment and incubated for 4-6 h. When the supernatants were 

discarded completely by use of a syringe, 100 μl of DMSO was added into each well 

quickly followed by gentle agitation in the orbital incubator (Stuart, UK) for 10 min 

in order to dissolve the insoluble purple formazan crystals. Finally, the absorbance of 

the coloured solution was measured at 570 nm using the Synergy HT plate reader 

(BioTek, Winooski, VT, USA). The statistical results were analysed by Student’s t-

test through GraphPad Prism 6.0 software. A p value of < 0.05 was considered 

statistically significance. 

4.1.3 Haemolysis assay 

4.1.3.1 Peptide and control preparation 

The pure lyophilised peptide was weighed and dissolved in DMSO solution to make 

2.2 ml stock solution with the final concentration of 1024 µM. Then, 1.1 ml stock 

solution was 2-fold diluted in the ratio of 1:1 in the PBS solution to achieve a range 

of gradient concentrations including 1024 to 2 µM. Also, 22 μl Triton X-100 (Sigma 

Aldrich, St. Louis, MO, USA) was diluted in 1078 μl PBS solution as a positive 
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control in which 1% (v/v) non-ionic detergent Triton X-100 (Sigma-Aldrich) can 

produce a 70% haemolytic effect. Meanwhile, PBS solution was regarded as a 

negative control (blank control) for the comparison of non-haemolytic effects. 22 μl 

DMSO was diluted in 1078 μl PBS solution as a vehicle control to assess the 

influence of 1% (v/v) DMSO solution on the erythrocytes. 

4.1.3.2 Horse blood preparation 

Two ml of fresh defibrinated horse blood (TCS Biosciences Ltd, Buckingham, UK) 

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

separate the serum and erythrocytes. Then, the cloudy supernatants were discarded 

completely and 30 ml PBS solution was added. Several washing steps were repeated 

until the supernatants were clear. Then, the supernatants were discarded as cleanly as 

possible and PBS solution was refilled to the 50 ml volume. Finally, gentle shaking 

was needed to obtain an even 4% (v/v) erythrocyte suspension. 

4.1.3.3 Haemolysis assay 

Two hundred μl of prepared peptide dilutions at each concentration, 1% Triton X-

100 dilution, PBS solution and 1% DMSO dilution were arranged in 1.5 ml tubes 

with five replicates of each. Then, an equal volume of erythrocyte suspension was 

added slowly into each 1.5 ml tube and incubated in the incubator (Genlab Limited, 

UK) at 37°C for 2 h. Afterwards, all the 1.5 ml tubes were centrifuged at the speed of 

500 × g for 5 min 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 percentage of 

haemolysis was calculated using the following formula and a graph was drawn. The 
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haemolysis assay was repeated at least three times and the datapoint SEMs of three 

experiments was calculated to show the variability and repeatability. 

Haemolysis% = (A-AO) / (AX-AO) * 100% 

Where A represents the OD (λ550) of peptide/ erythrocyte mixture, AX the OD 

(λ550) of the positive control and AO the OD (λ550) of the negative control. 

 

4.2 Results 

4.2.1 Antimicrobial activities of Brevinvin-1-SHa 

As shown in Figure 4.1, Brevinin-1-SHa was potent and effective against the Gram-

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

C.albicans, with MICs of 8, 16 and 8 µM, respectively. In addition, the Brevinin-1-

SHa also exhibited bactericidal activity against the Gram-positive bacterium 

S.aureus and the yeast C.albicans with MBCs of 128 and 64 µM, respectively. 

However, it exhibited no bactericidal activity against E.coli up to 256 µM. 
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Figure 4.1    The antimicrobial activity of Brevinin-1-SHa against the Gram-positive 

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

The minimum inhibitory concentrations (MICs) of Brevinin-1-SHa were observed as 

8, 16 and 8 µM, respectively.  

 

 

Figure 4.2 The minimal bactericidal concentration (MBC) of Brevinin-1-SHa 

against (A) the Gram-positive bacterium S.aureus (128 µM), (B) the yeast C.albicans 

(64 µM) and (C) the Gram-negative bacterium E.coli (>512 µM).  

 

4.2.2 Anticancer activities of Brevinvin-1-SHa 

The four kinds of human cancer cell lines (PC-3, MB435S, H157 and U251MG) 

were treated with 10 µM of Brevinvin-1-SHa and their proliferations were 78.72%, 

39.45%, 21.92% and 62.32% respectively (Figure 4.3). It is suggested that 

Brevinvin-1-SHa has more effect on MB435S and H157 cells.  
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Further experiments on the MB435S and H157 cells with various concentrations of 

Brevinvin-1-Sha, were performed and the anti-proliferation effects are shown in 

Figure 4.4. It was revealed that Brevinvin-1-SHa had specific anticancer activity on 

MB435S and H157 cells.  

 

Figure 4.3 The initial anti-proliferation activity screening of Brevinin-1-Sha on PC-3, 

MB435S, H157 and U251MG. The error bar represents the standard error for three 

repeats. Each concentration was examined by one-way ANOVA test and the 

significance is given as * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001. 
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Figure 4.4 The anti-proliferation effects of Brevinin-1-SHa on the cell lines (A) 

H157 and (B) MB435S, at a range of concentrations from 10-4 to 10-9 M. The error 

bar represents the standard error for three repeats. Each concentration was examined 

by one-way ANOVA test and the significance is given as * p<0.05; ** p<0.01; *** 

p<0.001; **** p<0.0001. 
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4.2.3 Haemolytic activities of Brevinvin-1-SHa 

As shown in Figure 4.5, the haemolytic activity of Brevinvin-1-SHa was only 

considerable at concentrations above 64 µM. The HC50 was calculated as 55.05 µM 

so it is deemed to be non-haemolytic at the antimicrobial MICs of Brevinvin-1-SHa 

against the three tested microorganisms. 
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Figure 4.5 The haemolytic activity of Brevinvin-1-SHa on horse red blood cells. 
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CHAPTER 5 Discussion and 

Conclusions 
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5.1 The significance of the study of bioactive peptides from amphibian skin 

The search for new bioactive compounds that could be used as therapeutics is a 

major public health focus, especially for the treatment of some serious diseases such 

as drug resistant infections and cancer (Amiche, 2016). So far, the biologically active 

compounds which are most widely used have been from plants. Some of the obtained 

compounds have curative effects on the human body, the others needing additional 

modifications to exhibit their effects. Sometimes they can intensify their therapeutic 

effects by combining with other pharmacological substances. However, many drugs 

are not as effective as before. The overuse and unjustified use of antibiotics in the 

treatment and prevention of human infections led to a rapid growth in the resistance 

of microorganisms (Calkosinski et al., 2009). For this reason, it became essential to 

look for a new source of compounds which could solve these problems. For example, 

the presence of novel drug leads in the animals is a new field which is very rational 

to explore. 

Amphibian skin is a rich source of biologically active compounds which have strong 

pharmacological properties and defence functions. The skin secretions contain a 

large variety of valuable compounds such as alkaloids, steroids and antimicrobial 

peptides (AMPs). These compounds show many biological activities such as anti-

bacterial, anti-fungal, anti-cancer and anaesthetic effects which can be used in 

pharmacological studies and to analyse the mechanisms of drug actions. Moreover, 

these compounds can be easily obtained without injuring the animals as they are 

secreted by the glands on the skin. That is to say, the amphibian skins probably 

constitute a potential source of modern drugs (Calkosinski et al., 2009). 

Scientists are now paying increased attention to the bioactive peptides obtained from 

Nature in these years. Scientists are trying to find potential effects of the bioactive 
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peptides on blood pressure and lipid metabolism. In particular, the interests have 

been focused on their effects on hypertension and dyslipidaemia, the two most 

important risk factors for cardiovascular diseases which are a major cause of 

mortality in developed countries (Cicero and Colletti, 2015).  

Similar to cardiovascular diseases, cancer is also considered to be one of the main 

causes of death in developed countries. Conventional chemotherapy still remains the 

principle treatment, however, it usually brings some obvious side effects because it is 

often not selective for the cancer cells (Halder et al., 2013). The anticancer effects of 

bioactive peptides have been extensively explored and more and more peptide-based 

drugs have been approved. These drugs have great potential in clinical application 

because they act on multiple molecular pathways involved in carcinogenesis and they 

usually have no genotoxicity (Sivanesam et al., 2016).  

Another important field in the application of bioactive peptides is the regulation of 

immunity and the prevention of infections. A special advantage in the use of 

bioactive peptides for enhancing immunity is that they have a large spectrum of 

activities and have effects on both specific and non-specific immunity (Lai et al., 

2015). Bioactive peptides have also been tested to have analgesic, anti-inflammatory 

and antioxidant activities both in vitro and in vivo (Cicero et al., 2016).    

There are numbers of broad spectrum AMPs which have been obtained from 

amphibian skin secretions. However, only a few have been studied. Thus, it is 

expected to find further new antimicrobial activities through discovering other new 

peptides. Moreover, natural AMPs obtained from amphibian skin secretions could 

lead studies of the chemical structure and the synthesis of novel antimicrobials 

(Barra and Simmaco, 1995). 
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5.2 The present study of the antimicrobial peptides 

AMPs (also known as host defence peptides) are small polycationic peptides which 

form part of the innate immune response which exists in all classes of life. These 

bioactive compounds may be used as alternatives to classic antibiotic therapies, or as 

complementary agents to antibiotics to treat infectious diseases. There are more than 

3000 experimentally reported AMPs, which include both the compounds produced 

by living organisms and those which have been chemically synthesised (Ageitos et 

al., 2016). All of these AMPs, no matter what their biological origin, have some 

common features such as small size and either a linear or cyclic structure. The linear 

structure forms amphipathic α-helices and the cyclic structure contains one or more 

disulphide bridges to form a β-sheet (Boman, 1995). 

The classical action mechanism of AMPs involves destruction of cell membranes. 

Unlike other compounds which target intracellular molecules, most AMPs disrupt 

cell membranes by specific interaction with membrane compounds while the cationic 

AMPs can electrostatically interact with the surface of the negatively charged cell 

membrane (Hancock, 2001). AMPs show a broad-spectrum activity against parasitic 

microorganisms and their microbial targets develop almost no resistance because 

these peptides do not interact with specific receptors. However, there is still some 

resistance to some AMPs, for example, resistance to dermcidin developed 

by Staphylococcus aureus and the decreased sensitivity to cationic antimicrobial 

peptides exhibited by some Gram-negative bacteria (Lai et al., 2007). These 

mechanisms are thought to be effective only when they cause a moderate effect on 

the minimum inhibitory concentrations (MICs) of AMPs (Hancock, 2001).  

In addition to antimicrobial abilities, some AMPs show unexpected actions, because 

of their putative role as the regulators of specific cellular functions. The cathelicidins 
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have additional activities. They are processed by proteinase 3 to produce cathelin and 

the mature LL-37 peptide. Although both of the molecules have bioactivities, the 

cathelin can also act as a proteinase inhibitor to participate in a variety of biological 

processes (Ageitos et al., 2016). 

 In some cases, the regulatory role of AMPs can only depend on additional internal 

regulators which are specific for each bacterial group (Knutson et al., 2005). For 

example, some AMPs are only active on one bacterial group but not in another 

(Thomsen et al., 2010). The so-called “Superbugs”, are microorganisms which 

exhibit multi-resistance against antibiotics and which have become common in 

healthcare problems and cause thousands of deaths around the world every year. 

Based on ongoing research, AMPs represent a novel alternative to antibiotics to solve 

new problems caused by human pathogens at present and in the near future (Ageitos 

et al., 2016). 

5.3 The discovery in this study 

In this study, we discovered and identified a potent antimicrobial peptide, Brevinin-

1-SHa derived from the brevinin peptide family. Although this mature peptide 

sequence was previously identified from the same skin secretion, there is slightly 

differences between the signal peptide domain and putative acidic amino acids rich 

domain (Wang et al., 2010). They shared highly-conserved full length nucleotides 

and amino acids sequences that indicates the mutation may occur during the genetic 

evolution among the same species in different area. In the meantime, it is the first 

time here to identify the biological activity of Brevinin-1-SHa in vitro as well as the 

cytotoxicity. According to the structural characteristics among brevinin peptides, 

Brevinin-1-SHa exhibited high degree of similarity that consists of 24 amino acids 

residues including a “Rana box” with the sequence of “CAISKKC” and amount of 
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hydrophobic amino acids residues forming a hydrophobic region in the N-terminal 

region, a proline hinge region in the middle and a positively charged region in the C-

terminal region, which is consistent to the pervious study (Savelyeva et al., 2014).  

Obviously, we firstly assessed the antimicrobial activity of Brevinin-1-SHa due to 

the structural similarity and the result turned out that Brevinin-1-SHa was able to 

process considerable and board-spectrum antimicrobial effects against the growth of 

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

pathogenic yeast C. albicans at the concentration of 8, 16, 8 µM, respectively. The 

potency of Brevinin-1-SHa was comparatively strong antimicrobial activity as it 

conducted at least 2-fold stronger antimicrobial potency than a well-known 

antimicrobial peptide, magainin II on the same strains (Abraham et al., 2014). 

Moreover, the antimicrobial effects were similar or even stronger than other well-

studied brevinin peptides including Brevinin-1DN1, Brevinin-1DN2 and Brevinin-

1AN1, which exhibited higher concentration than 16 µM against Gram-positive 

bacteria and Gram-negative bacteria (Hossain et al., 2011). However, Brevinin-1-

SHa was less effective than Brevinin-2 derived from Hylarana species, which 

showed more potent antimicrobial activity against the microorganisms at the 

concentration of 4 µM (Morikawa et al., 1992).  

As we known, the antimicrobial activity of the peptides is corresponding to their 

physiochemical properties and primary structures, which could be summarised as 

several factors including net positive charge, the hydrophobicity and the secondary 

structures. As the structure indicated, all brevinin peptides can form a “Rana box” by 

the formation of a disulphate bridge through two Cysteins at the C-terminus (Wang 

et al., 2016). Those well-recognized 6/7-mer amino acids loop structures were 

considered to be an essential factor influencing the antimicrobial activity of the 
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whole peptide (Conlon et al., 2014). The antimicrobial activity of Brevinin could be 

significantly decreased when removing the loop from the mature peptides. On the 

other hand, the cationicity of the Rana box is another consideration of its biological 

function. The deletion of the N-terminal three amino acids of brevinin 1E amide 

decreased antimicrobial activity just by 2-fold while it decreased hemolytic activity 

by 60 times (Savelyeva et al., 2014). However, there are researches showed that the 

antimicrobial activity remained unchanged when the loop structure was reduced.  A 

study showed that the intra-disulfide bridge of brevinin 1E amide which increased 

hydrophobicity and helped to induce an α-helix was not a prerequisite for 

antimicrobial activity (Kwon et al., 1998). The reduction of the intra-disulfide bridge 

of brevinin 1E amide neither significantly affected antimicrobial activity nor the 

spectrum of activity against bacteria and fungi. And it did not reduce the haemolytic 

activity either in vitro. Herein, the possible reason that Brevinin-1-SHa processed an 

effective antimicrobial activity can be explained by the combination of well-

established secondary structure and the sufficient cationicity in the Rana box 

conformation. Therefore, a very controversial function of Rana box has been raised 

and the role of the intra-disulfide bridge on the interaction between the brevinin 

peptides and the biological functions need to be further investigated. 

5.4 Future work 

Although hundreds of AMPs with diverse sequences have already been analysed, 

these peptides have been classified into relatively few conformational paradigms 

(Deslouches and Di, 2017). Most of these molecules exhibit non-identical 

mechanisms of actions. Moreover, some new evidence has shown that the target on 

the cell membrane plays a key role in the antimicrobial mechanisms of peptides (Roy 

et al., 2017). Thus, the point of view that all the AMPs act in a uniform fashion has 
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become obsolete. Recognition of the complex and specific relationships between the 

structures and bioactivities of the AMPs will promote a more complete 

understanding of their potential roles in antimicrobial host defence (Dobias et al., 

2017).       

The sensitivity of the cells to the AMPs is related to the physicochemical properties 

of the target cell membranes and the composition and secondary structures of the 

AMPs themselves. It has been found that AMPs which contain D-amino acids are 

less sensitive to protease activity. It means that some amino acids with special 

structures could increase the biological effects of AMPs and reduce the occurrence of 

resistance by microorganisms (Kamysz et al., 2003). However, we have no ability to 

develop a practical application for AMPs in general therapies due to the inability to 

predict protein structure based on amino acid sequence. However, the dream of 

designing and using AMPs against antibiotic-resistant bacterial pathogens should 

soon become a reality through their computer-assisted design (Cherkasov et al., 

2009). 

Many bioactive peptides show selective cytotoxic activity against a wide range of 

cancer cell lines in vitro and in vivo, while others have antimicrobial and 

immunomodulatory effects. Moreover, some peptides show anti-inflammatory and 

antioxidant activity which can be used in the prevention of chronic diseases. 

However, clinical evidence is still at an early stage and there is a strong need for 

reliable pharmacokinetic data and standardised extraction procedures. Further studies 

on animals and randomised clinical trials are required to confirm these effects, which 

are the essential steps before being granted permission to use these peptides as 

preventive or therapeutic treatments (Cicero et al., 2016).  
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