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Abstract 

Amphibians use their unique permeable skin to survive in habitats which are full of 

microorganisms such as bacteria, fungi and viruses. The frog species of the genus 

Odorrana harbour a large number of peptides in their skin secretions. In this thesis, a 

novel peptide containing 14 amino acids (TSRCYVYRLKVVCS) was discovered in 

the skin secretion of Odorrana livida. It was named systematically as QUB 1675. 

The sequence of the cDNA encoding the biosynthetic precursor of QUB 1675 was 

identified by using “shotgun” cloning of a cDNA library generated from the 

polyadenylated mRNA present in the skin secretion of Odorrana livida. To evaluate 

the bioactivity of this peptide, QUB 1675 was synthesised by solid phase peptide 

synthesis (SPPS). The synthetic peptide mixture was purified by reverse phase HPLC 

and the molecular mass of this peptide was confirmed by MALDI-TOF MS. 

Antibacterial and antifungal properties of the purified synthetic peptide were 

evaluated by establishing its MICs on a range of test microorganisms. A haemolysis 

assay was carried out to test its cytotoxicity. MTT assay was performed on four 

human cancer cell lines which originated from four different tumour types. The 

trypsin inhibiting ability and the effects on smooth muscles of the synthetic peptide 

were also tested. 
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1.1 The Classification of Amphibian Skin Secretion 

The active substances of amphibian skin secretion can be divided into the following 

categories (Table 1.1): 

Taxonomic Foundation Species 

Pharmacological action Cardiotoxic compounds 

Haemotoxic compounds 

Neurotoxic compounds 

Myotoxic compounds 

Hypotensive compounds 

Hypertensive compounds 

Hallucinogenic compounds 

Anaesthetic compounds 

Chemical property 
Proteins and peptides 

Guanidine derivatives 

Biogenic amines 

Steroids 

Alkaloids 

 

Table 1.1 The Classification of Amphibian Skin Secretion. 

There are two main species which have been studied most closely and each has a 

potential application prospect: one group are the small molecule chemicals of toad 

venom, such as bufosterol. The other group are the active peptides in amphibian skin 

secretions which can be further divided into pharmacological peptides and 

antimicrobial peptides (AMPs). Almost every known pharmacologically active 

peptide from amphibian skin secretion has been found to have counterparts (most of 
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them are neuropeptides, opiate peptides and peptide hormones) in mammals, and the 

concentration of the peptide in amphibian skin is many thousands of times higher 

than that found in mammals. Since the quantity of these are very low in mammalian 

tissues, it is very difficult to study functions. So, the pharmacologically active 

peptides from amphibian skin can be used to clarify the role of their counterparts in 

mammals and make a contribution to drug development. 

Now some amphibian active substances and their derivatives have been tested as 

pharmacological and oncological reagents in the laboratory and have gone through 

phase III clinical trials (e.g. the Genaera Company in United States applied the 

analogue of magainin (LOCILEX Tm) of Xenopus lavevis to treat oral ulcers and 

diabetic foot ulcers). 

1.2 Frogs 

The name ‘frog’ comes from the old English frogga, or frox, forsc, and frosc for short, 

which probably means “to jump”, in Proto-Indo-European it indicates they are good 

jumpers. Their habitat extends from the tropics to subarctic, covering major parts of 

tropical rainforests. About 88% of amphibian species are classified in the order 

Anura [1]. These include around 4810 species in 33 families, of which the 

Leptodactylidae (1,100 spp.), Hylidae (800 spp.) and Ranidae (750 spp.) are the 

richest in species [1]. In addition to the common living habitats, such as fresh water 

and dry land, some of them also have adapted to live underground or on trees. The 

frogs have many glands, from head to toe, enabling them to secrete mucous and toxic 

substances to maintain body moisture or to protect them from the attack of predators.  
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1.2.1 Anurans 

Anura (Raniformes), together with Caudata (Salamandriformes), Apoda 

(Gymnophiona) and Allocaudata all belong to Lissamphibia (the other two 

subclasses – Labyrinthodontia and Lepospondyli are extinct) [2]. Anura is the largest 

living group of the three amphibian Orders, with sizes ranging from a few 

millimetres to 30 cm in length. Currently about 54 families and 6481 species have 

been found. Anurans are commonly referred to frogs or toads as there is no strict 

distinction between them. Generally speaking, toads have coarser skin as they spend 

most of the time on land while frogs have smoother skin as they are mostly 

associated with water habitats, which makes them good swimmers. As shown in 

Figure 1.1, anurans can be found in all continents, apart from Antarctica, and 

oceanic islands, and most are distributed in Central America, South America and 

Tropical and subtropical Africa, where the temperature difference is small and the 

humidity is high. 

 

Figure 1.1 World Distribution of Known Anura (Amphibians) 

(http://www.amphibiaweb.org/amphibian/cartograms/) 

Available from 31/08/2017 
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However, the populations of frogs and toads have dramatically reduced because of 

the destruction of their habitat, climate change, fungal infection as well as 

chytridiomycosis. Approximately 30% of anurans are in danger of extinction and it is 

believed that about 150 species have already disappeared in recent history. 

Frog skin contains a large number of antimicrobial peptides (AMPs) with different 

functions. These peptides are of low molecular weight, have good water solubility 

and low antigenicity, and are not easy to be resisted. They are not only effective 

against bacteria, but also resist fungi, protozoa, tumours, viruses, and even 

mammalian sperm. Based on these features, it may be possible to develop their 

clinical applications as antibacterial, antifungal, anticancer and antiviral drugs. 

Although the sterilisation effect of AMPs peptide is slightly lower than that of the 

traditional antibiotics, it is still considered to have strong potential to replace the 

existing antibiotics because of the spate of drug-resistant pathogens. 

1.2.2 Odorrana livida 

The green mountain frog, or Odorrana (Rana) livida, is a species of frog in the 

Ranidae family that is endemic to Burma, whose neotype locality is the Dawna 

Range, a mountain range in eastern Burma and northwestern Thailand, and the status 

of Odorrana livida is insufficiently known. Odorrana livida is also known as 

Odorrana chloronota (chlorinate huia frog or copper-cheeked frog) [3], 

English-Green Cascade Frog, Large-eared Rock Frog, Bright Frog, Large Odorous 

Frog or Tenasserim Frog, and can be found in Cambodia, China, India, Laos, 

Myanmar, Thailand, Vietnam, and possibly Bangladesh and Nepal. Its natural 

habitats are subtropical or tropical moist lowland forests, subtropical or tropical 
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moist montane forest, and rivers. They probably breed in the streams.  

 

Figure 1.2 Odorrana livida 

(http://calphotos.berkeley.edu/cgi/img_query?enlarge=0000+0000+1009+1034) 

Available from 04/11/2016 

The Odorrana genus is widely reported to have the most diverse and abundant 

antimicrobial peptides (AMPs) even from an individual frog species. 107 AMPs of 

30 families have been isolated from O. grahami and 198 AMPs of 97 families have 

been identified from O.andersonii, O.margaratae, O.rotodora, and O. wuchuanensis 

[4,5]. Besides, 728 cDNAs encoded AMPs have been cloned from the skins of nine 

odorous frog species [4]. 

The functions of the different AMPs are different. For example, most temporin 

peptides only focus their inhibition activity against Gram-positive bacteria, but 

temporin-HN1 and temporin-HN2 have a large spectrum of antimicrobial activities. 

Palustrine-2ISa and palustrine-2ISc (highly structurally-similar peptides) have a wide 

range of activities against E. coli, S. aureus, B. subtilis, and C. albicans [6], while the 
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function of palustrine-2ISd is less effective although they belong to the same family. 

The same situation occurs between brevinin-2 peptides and brevivin-1Isa. 

In addition to the above peptides, many other peptides of the Odorrana genus have 

been widely studied. Members of esculentin-1, esculentin-2, and nigrocin-2 families 

have broad spectrum antimicrobial activities [6]. Brevinin-1ISa has a significant 

inhibition effect against Gram-positive bacteria and fungi but show no remarkable 

effect with E. coli. However, all inhibit E. coli growth [6]. 

1.3 Peptides of Amphibian Skin Secretions 

1.3.1 Neuropeptides 

The glandular-secreted neuropeptides are essential to the defence system since they 

can adjust the skin physiology [7]. These peptides are protein-like molecules and are 

used to communicate with each other by neurons through acting on the surface of 

cell receptors to regulate brain and body activities, including analgesia, metabolism, 

reproduction, food intake, etc. RFamide peptides, founded by stimulating the venus 

clam [8], play an important role in nervous and endocrine systems as 

neurotransmitters on managing physical and physiological activities [9]. Neuromedin 

U was found to have functions on the contraction of uterine smooth muscle, 

transportation of ions, and stimulation of the secretion of some hormones [10-12]. 

Besides, a central function was deduced when it occurred in diverse brain areas 

[13,14]. The existence of a specific amino acid sequence (KGSGST) indicated that 

the annoxin is a trypsin inhibitor and it has a remarkable virulence towards predators 

even at a low dose [15]. There are still some small neuropeptides containing a single 

disulphide bridge, like signiferin 1, riparin 1.1 and 1.2, which have 9-11 residues, 
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and which have smooth muscle activities or immunomodulatory activity via working 

on CCK2 receptors [16,17]. 

1.3.2 Insulin-Releasing Peptides 

The morbidity of diabetes mellitus type 2 (mainly caused by the lack of insulin) is 

rising dramatically throughout the world. The current number of patients is about 285 

million living in all regions of the world, and it is forecasted that the number will 

double by 2025 [18]. Thus, an effective treatment approach is urgently needed. 

Insulin-releasing peptides can stimulate the BRIN-BD11 cell line (a rat clonal beta 

cell line that is widely used as a standard model of the response of insulin secretion 

to the stimulation) at a low concentration [19]. Phylloseptin-L2, tigerinin-1R, 

brevinin-2GUb and brevinin-2-related peptide (B2RP) have been confirmed to have 

activities on improving glucose tolerance and strengthening insulin release [20]. 

Magainin I, PGLaAM1, and ranatuerin-2CBd are the most potent candidates for the 

development of drugs for the treatment of type 2 diabetes [20]. Although many other 

peptides such as brevinin-1 and pipinin-1 also show remarkable insulin-releasing 

activity, the cytotoxicity of these peptides decreases their potential as a substitute 

drug in the treatment of diabetes [21-23]. The current limited research is not enough 

to clarify the activity of frog skin insulin-releasing peptides, but some studies suggest 

that the insulin-releasing effect is probably related to permeabilisation of the plasma 

membrane, which might be a non-selective toxic effect [16]. 

1.3.3 Wound-Healing Peptides 

Wound healing is a comprehensive and complex process including coagulation, 
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inflammation, matrix synthesis and deposition, angiogenesis, fibroplasia, 

epithelialisation, contraction, and remodelling. It is simply divided into four phases: 

haemostasis (blood clotting), inflammation, proliferation (growth of new cells/tissues) 

and maturation (remodelling) [24]. Therefore, in theory, all peptides that have 

anti-inflammatory activity, haemostatic activity, regenerative activity and any other 

positive effects in the process of wound healing, belong to the wound-healing 

peptides. However, there are far fewer peptides isolated from amphibian skin 

secretion reported to have wound healing function than expected. Bv8, isolated from 

B. variegata, can affect wound healing activity via promoting neuronal survival [25], 

selectively boosting proliferation, survival, migration and fenestration of capillary 

endothelial cells [26], affecting the reproductive cycle and mobilisation of 

haematopoietic cells and regulating haematopoiesis [27,28] and inducing 

macrophages to migrate and acquire a proinflammatory phenotype through their 

PKR-1 receptor. In addition, EGF-releasing peptides, bombesin and VEGF-releasing 

peptides have also been confirmed to have wound healing activity. 

1.3.4 Antimicrobial Peptides 

More than 400 years ago, during the period of Ming dynasty in ancient China, the 

frogs had already been recorded in “Compendium of Materia Medica” as a Chinese 

material medicine named bufotoxin, which was used to treat heart diseases, ulcer 

boils, scrofula, and toothache. It contained: 5-MeO-DMT, bufagins, bufalin, 

bufotalin, bufotenin, bufothionine, epinephrine, norepinephrine, and serotonin.  In 

addition, Chinese also drank soaked wine made with frog skin to treat rheumatism. 

With the augmentation of bacterial drug resistance, the effects of the conventional 
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antibiotics for infectious diseases have become weaker and weaker during the last 60 

years. Although this situation has improved in the 20th century owing to the 

application of antimicrobial chemotherapy, the abuse of excessive antibiotics makes 

the resistance stronger, making them less effective in the healing of infections such 

as pneumonia, septicaemia, gonorrhoea, etc. As a result, the unique toxicity of frog 

AMPs has raised the interest of biochemists in this “natural pharmacy”. The 

antimicrobial and antifungal defensive systems of frog skins are highly-developed 

and time-tested. The efficacy of a painkiller alkaloid, epibatidine, is equivalent to 

200 times that of morphine and this is found the skin secretion of poison dart frogs. 

Some other isolates of frog skin secretion may also have effects on HIV infection or 

“Iraqibacter” (a microbe called “Iraqibacter” because many wounded soldiers in Iraq 

have developed infections by this micro-organism) [29]. 

By 2004, more than 60 species of frogs’ skin secretions have been screened for 

antibiotic activity and 200 types of bioactive peptides have been purified and studied. 

Obviously, the skin secretion of frogs is a rich source for novel antibiotics [30].  

An AMP is an agent that kills microorganisms or inhibits their growth. Antimicrobial 

drugs can be divided into two parts according to their effect: the drugs that slow 

down the further growth of microorganisms are known as biostatic, and those that 

can kill the germs are identified as microbicidal. They can also be classified through 

their main effects on microbial species. For example, antivirals are used against 

viruses and antiparasitics are used to fight parasites. The main classes of 

antimicrobial agent are disinfectants (“nonselective antimicrobials” such as bleach), 

which kill a wide range of microbes on non-living surfaces to prevent the spread of 

illness, antiseptics (which are applied to living tissue and help to reduce infection 
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during surgery), and antibiotics (which destroy microorganisms within the body). 

These peptides (included in the ‘Antimicrobial Peptide Database’ (accessed on 

03/01/2017)) can be divided into seven groups (shown in Table 1.2) through their 

biological functions. 

Table 1.2 Antimicrobial peptide classification 

Classification based on biological functions Number Percent 

   
Antibacterial Peptides 2290 58.40% 

Antifungal Peptides 1013 25.84% 

Anticancer (Antitumor) Peptides 200 5.10% 

Antiparasitic Peptides 97 2.47% 

Insecticidal Peptides 28 0.72% 

Spermicidal Peptides 12 0.31% 

Chemotactic Peptides 56 1.43% 

Antioxidant Peptides 19 0.48%  

Protease/Enzyme Inhibitors 24 0.61%  

Antiviral (Anti-HIV) Peptides 
 

Antiprotist Peptides (Not found in amphibians) 

178 

4 

4.54% 

0.10% 

 

Total 3921 100%  

The cell membranes of bacteria are rich in acidic phospholipids [31,32], whose 

headgroups are heavily negatively charged and provide a favourable condition for 

combining with positively charged AMPs via electrostatic interactions. However, in 

addition to the positive charge, the AMPs also have a hydrophobic face which will 

lead to some hydrophobic interactions with the zwitterionic phospholipids surface of 

the bacterial membranes. But this effect is far weaker than the electrostatic 

interactions. In contrast, the hydrophobic interactions between AMPs and plants or 
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mammalian cell membranes are stronger than the electrostatic interactions, because 

most of the lipids with negatively charged headgroups are principally sequestered 

into the inner leaflet of the plasma membranes [33]. Thus, the AMPs will bind with 

priority to the bacterial membranes. 

1.3.4.1 Antibacterial Peptides 

Bacteria are one of the main groups of organisms, which also happens to contain the 

largest number of species of all life-forms. It is estimated that the total number of 

bacteria is about 5×1030 [34]. Bacteria are usually single-celled organisms with 

simple cell structures and bacteria belong to the prokaryotes based on these 

characteristics. 

The classification of bacteria plays an important role in medical treatments but the 

lack of characteristic specific structures and lateral gene transfer between unrelated 

species brings many difficulties to their classification. Carl Woese, a microbiologist 

from the United States, noted that prokaryotes occur in two large groups: Eubacteria 

and Archaebacteria (which was later renamed as Bacteria and Archaea) by studying 

their rRNA sequences in 1976. He claimed that these two kinds of bacteria and 

eukaryotes are different life forms though he also speculated that they originated 

from the same primitive creatures. These two domains, along with Eukarya, are the 

basis of the three-domain system, which is currently the most widely used 

classification system in microbiology [35]. However, with the progress of genome 

sequencing and molecular systematics of bacteria, their classification is still a 

changing and expanding field [36,37]. 

Bacteria can be simply classified through morphology: cocci (any bacterium that has 
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a spherical, ovoid, or generally round shape [38], such as Staphylococcus aureus, 

Streptococcus pneumonia, etc.) and bacilli (any rod-shaped bacterium, such as 

Bacillus weihenstephanensis, Citrobacter freundii, etc.) are the main forms of 

bacteria. Others, like vibrio (a Gram-negative bacterium with no more than one helix, 

such as Vibrio cholerae), spirilla (a Gram-negative bacterium which is rigid and 

spiral and generally contains flagella, such as Campylobacter jejuni and Helicobacter 

pylori), spirochaetes (a thin, elongate, flexible, spiral bacterium with over six helices 

[39], such as Borrelia burgdorferi), and Treponema pallidum are also included, and a 

handful of the bacteria even have tetrahedral or cuboidal shapes [40]. 

 
Figure 1.3 The morphologies and arrangements of bacteria 

(https://en.wikipedia.org/wiki/Bacteria#/media/File:Bacterial_morphology_diagram.svg) 

Available from 12/12/2016 

https://en.wikipedia.org/wiki/Bacteria#/media/File:Bacterial_morphology_diagram.svg
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As shown in Table 1.3, antibacterial peptides constitute a large proportion of known 

AMPs. Most are cationic molecules which can easily combine with the membranes 

of bacteria and kill them [41]. In addition, some peptides can also block essential 

pathways, such as protein synthesis, in bacteria.  

As the major group of AMPs, the antibacterial peptides have been widely studied. 

Alyteserin-1, an AMP from Alytes obstetricans, has particular effects on 

Gram-negative bacteria with weak haemolytic activity and alyteserin-2, from the skin 

secretion of A. maurus, can selectively inhibit the growth of Gram-positive bacteria 

[42]. The ascaphins isolated from Ascaphus truei and A. montanus, have broad 

spectrum antimicrobial activities with strong actions against Gram-negative bacteria. 

 
Figure 1.4 The Molecular Basis of Cell Selectivity of AMPs 

(https://en.wikipedia.org/wiki/Antimicrobial_peptides#/media/File:Mechanim_of_Selectivity_of_Anti

microbial_Peptides.jpg) 

Available from 03/01/2017 
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1.3.4.2 Antifungal Peptides  

The components of fungal cell walls and cell membranes are very different from 

those of bacteria, but it does not prevent the antifungal peptides from damaging these 

targets. Bombinins (isolated from Bombina orientalis and B.variegata), phylloseptins 

(from the secretions of Phyllomedusa fogs), SPYY (identified in P. bicolor skin) 

temporin-1Sa and AMPs from the Amolops genus, can not only inhibit the growth of 

Gram-positive and negative bacteria but also have effects on fungi. Besides, 

dermaseptin B2, B3, and dermaseptin-L1 are also found to have antifungal activity. 

1.3.4.3 Anticancer (Antitumour) Peptides 

Tumours are one of the main characteristics of inflammation and also relate to 

neoplasms (any abnormal growth of cells) which form a mass. It initially was a term 

used for any form of swelling but is now used as a substitute term for neoplasms. The 

tumours and cancers also differ from neoplasms, which are classified into four main 

groups: benign neoplasms, in situ neoplasms, malignant neoplasms, and neoplasms 

of uncertain or unknown behaviour. The malignant neoplasms are also simply known 

as cancers, while tumours include the benign, precancerous or malignant neoplasms. 

The antitumour peptides isolated from amphibian skin secretions were initially 

treated as AMPs with little toxicity against non-malignant cells. They include 

magainins, aureins, citropins, etc. The most deeply-studied antitumour peptides are 

the ionophoric magainins, which have broad spectrum antimicrobial activity at 

concentrations that have little or no toxicity to normal mammal cells [43]. The most 

prominent example of these are magainin II and its synthetic analogues, as they are 

broad-spectrum peptides that not only kill cancer cell lines but also have anticancer 
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activities in vivo.  Dermaseptin B2 and B3 from P. bicolor have significant 

antimicrobial activity towards bacteria, yeast, protozoa and filamentous fungi with 

weak haemolytic activity. Their synthetic analogues can also efficaciously inhibit the 

growth of the PC-3 cell line with only minimal side-effects at high doses. Besides, 

impeding the process of activated adult bovine aortic endothelial cells is another 

activity as well [44]. Other peptides, like temporins, aureins1-3, citropins 1.1, 

brevinin-2R and pentadactylin, are also reported to have effective activity against 

specific cancer cells in dose-dependent or time-independent manners. 

In most cases, AMPs attach, disrupt, and penetrate cell membranes through 

electrostatic reactions between the negatively charged cell membranes of cancer cells 

and cationic peptides [45]. They kill tumour cells by forming ion channels or pores, 

generating a direct cell membrane-damaging effect. Others cause membrane 

permeation, leading to release of cytochrome c and induction of apoptosis [46,47]. 

Some peptides, whose effects against the U937 cell line are related to the number of 

residues in the primary structure, showed that the length of peptides might be 

important in antitumor activity [48]. 

1.3.4.4 Antiviral Peptides 

Viruses damage organisms through replicating themselves in host cells. The antiviral 

agents can only replace them and prevent them from spreading to other cells rather 

than kill them. Maculatin 1.1 and Caerin 1.1 and 1.9 are confirmed to inhibit HIV 

infection of T cells through binding HIV sequestered in dendritic cells and damage 

the virus by disrupting the virus envelope before it can be presented to T cells [16]. 

Synthetic anti-lipopolysaccharide peptides have a wide range of antiviral activities 
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through blocking the access to host cells of flu viruses [49]. In addition, dermaseptins 

S1-S5 are also found to have antiviral activities against HSV-1 and HIV-1 at 

micromolar concentrations [16]. 

1.4 Research Significance 

1.4.1 Decline of Amphibians 

Modern amphibians appeared after the Jurassic period. However, a dramatic decline 

in populations has been observed in many amphibian species. Even studies from the 

middle of the last century had already shown that amphibians were undergoing 

downturns in many areas across the globe. Especially since the 1990s, amphibians 

have undergone an obvious and sharp fall in population sizes, posing a big threat to 

biological diversity. According to a report in the American-based Science journal in 

October 2004, more than 500 zoologists around the world carried out a three-year 

general investigation on the known amphibians, and the result showed that more than 

5000 amphibian species have seen a dramatic decline, imposing a threat to the 

variety of species in the world. What’s worse, this trend was speeded up due to the 

pollution and destruction of the environment, bacterial infection, invasion of alien 

species and excessive human capture, etc. David Wake, a synthetic biologist from the 

University of California Berkeley, said that “Amphibians had survived on this planet 

for 25 million years and successfully escaped from the disaster of dinosaurs. 

However, they are on their way to perish now. We must have a deep introspection on 

this phenomenon.” 

As the main source for novel peptide-rich skin secretions, frogs are now faced with a 

sharp population decline of about 80%. So, this thesis work adopted a time-limited 
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and animal-friendly way to harvest the secretion needed.   

1.4.2 Current State of Peptide Research  

In the past few years, a growing interest in bioactive peptides has been focused on 

both the scientific community and clinical trials, leading to a growth in valuable 

research, whose results have shown good prospects for their future development. 

The bioactive peptides can regulate the progress of growth, reproduction, metabolism 

and behaviour by their actions on endocrine, neuroendocrine and neurosecretory 

systems. After many years of research, scientists have found that the bioactive 

peptides in an organism will gradually decline after the age of thirty which will 

promote atrophy and retard the division of cells. At this point, the tissues and organs 

will increasingly atrophy and will degenerate their functions. Then the body could be 

infested by many diseases such as hypertension, hyperlipidaemia, cardiopathy, 

myocardial and cerebral infarction, etc. For a long time, people tried to use all kinds 

of drugs to treat diseases, but lots of side effects occurred. Fortunately, the discovery 

of exogenous active peptides might change the disordered status of medical 

treatments. Cells can be comprehensively activated and repaired through 

supplementing exogenous active peptides. In addition, these peptides can also 

promote the absorption of nutrients and the discharge of metabolic waste, inhibiting 

cell degeneration, eliminating free radicals, strengthening body resistance against 

disease and self-healing forces. 

A notable scientific experiment was performed by Dr Rodman and his team in the 

United States in 1985 and in this, they succeeded in synthesising an active peptide 

named HGH (human growth hormone -a peptide which is secreted by the pituitary 
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gland) by gene recombination technology. Daniel Rodman chose 12 men, aged 

between 61-81 years, as subjects. After six months of treatment, their muscle content 

was found to have increased by 8.8% on average, meanwhile, researchers also 

noticed a 14.4% reduction in fat, a 7.11% increase in the thickness of the skin, and a 

1.6% improvement in bone density compared with the control group formed by peers. 

Dr Rodman said that the 12 men from the experimental group had become 20 years 

younger according to the analysis of the experimental data. 

In general, bioactive peptides can (1) update the aging cell composition, replace and 

eliminate the toxins inside the cells, (2) transport nutrients into the cell and carry 

metabolites outside the cells through special carriers, (3) activate a variety of enzyme 

systems, (4) restore the young state of skin, (5) activate the secretions of the gonadal 

axis and regulate the status and function of the target organs, (6) activate and 

enhance the immune system, (7) improve memory, (8) eliminate excessive active 

free-radicals, delay senility and prolong life-span. So, it is generally believed that 

research on bioactive peptides can definitely find potential functions, solve the 

problem of microbial resistance, promote the development of the pharmaceutical 

industry, and identify some candidates for drug treatment. 

1.4.3 Drug Resistance 

Drug resistance refers to the reduction in effectiveness of drugs in the treatment of 

disease or the improvement of symptoms. It occurs with low drug concentrations 

which are not strong enough to kill or inhibit the pathogens, and the remaining 

bacteria may then develop the ability to resist the drug, such as the resistance caused 

by the ROS-induced DNA mutations. This phenomenon is called hypermutability, 
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which will bring challenges to clinical care and drive research. 

Some pathogens (such as bacteria, parasites, viruses, fungi and cancer cells) have a 

high probability of acquiring drug resistance. The most prominent resistance to drugs 

is that towards antibiotics and some cancer cells. The latter can fight against 

anticancer drugs and reduce the efficacy of chemotherapy. 

Besides, viruses, especially the human immunodeficiency virus which causes AIDS, 

can also produce resistance to drugs. The four main mechanisms by which 

microorganisms exhibit resistance to antimicrobials are: (1) Drug inactivation or 

modification, (2) alteration of target site, (3) alteration of metabolic pathway, and (4) 

reduced drug accumulation.  

Highly resistant bacteria will bring high risks to organ transplantation, cancer 

chemotherapy, diabetes management and major operations (e.g. Caesarean section 

and hip replacement). So, research on peptides can not only broaden human 

perceptions of natural bioactive products, but also bring some benefits to people such 

as improving the quality of life, well-being and health. 
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1.5 Aims and Objectives of this Thesis 

1)  Isolation of defensive skin peptides from Odorrana livida by using Reverse 

Phase High Performance Liquid Chromatography and MALDI-TOF mass 

spectrometry. 

2) Isolation of polyadenylated mRNA from lyophilised skin secretion and 

construction of a cDNA library for interrogation. 

3)  Molecular cloning of putative bioactive peptide biosynthetic precursor-encoding 

cDNAs from the cDNA library and sequencing using a capillary-based ABI 3100 

Genetic Analyser. 

4)  Prediction of mature peptide sequence from precursor and confirmation of 

primary structure by online analysis via BLAST alignment. 

5)  Construction and structural characterisation of synthetic replicates of the 

peptides by using a PS4 automated solid phase peptide synthesiser. 

6)  Bioassay of synthetic peptide replicates for antimicrobial, haemolytic and cell 

proliferation/anti-proliferation effects. 

7)  To become familiar with the approaches for development of novel drugs in early 

stages. 

8)  To become capable of operating instruments and conducting experimental 

procedures independently. 
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Chapter Two: 

 

 

 

The Determination of QUB 1675 

Peptide Sequence Using Molecular 

Cloning   
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Chapter Two: The Determination of QUB 1675 Peptide Sequence Using 

Molecular Cloning 

2.1 Materials and Methods 

2.1.1 Specimen Biodata and Secretion Harvesting 

Adult specimens of Odorrana livida (n=3 in each case) were caught in the field in 

Yunnan Province, People’s Republic of China. They were settled in a 

purpose-designed vivarium mimicking their original habitat, for 4 months prior to 

secretion harvesting. 

A transdermal electrical stimulation technique was used to obtain skin secretions 

which were washed from the skin using deionised water and collected into chilled 

glass beakers. The secretion solution was then snap-frozen in liquid nitrogen before 

being lyophilized. The lyophilisates were stored at -80℃。 

2.1.2 Isolation of mRNA 

A Dynabeads® mRNA DIRECT TM Kit (Life Technologies, catalogue number: 61011) 

was used to isolate poly-A mRNA from the lyophilisates of skin secretion of 

Odorrana livida. 

The mRNA in the skin secretion is polyadenylated and the poly A site is at its 3’ end. 

The Dynabeads® Oligo (dT)25 in this kit are magnetic beads with poly T residues 

covalently bound to their surfaces and they are able to combine with the poly A tails 

based on A-T base pairing. In this work, pure poly-A mRNA was isolated from the 

crude lysate of skin secretion through the following steps in an RNase free 
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environment and with operators wearing gloves. 

 

Figure 2.1: Isolation of polyadenylated mRNA. 

(https://www.thermofisher.com/order/catalog/product/61011) 

Available from 09/02/2017 

1) 5 mg of lyophilised skin secretion from Odorrana livida were dissolved in 1 ml 

Lysis/Binding Buffer. The mixture was vortexed for 1 min then immersed in an 

ice-bath for 2 min. These steps were repeated for approximately 20 min. 

2) Dynabeads® Oligo (dT)25 were resuspended thoroughly before use. 250µl of 

beads were transferred into an RNase-free 1.5ml micro centrifuge tube and the tube 

was placed on a magnetic rack. After the beads were removed from suspension, the 

supernatant was discarded. 

3) 250µl Lysis/Binding Buffer were used to wash the beads after removing the tube 

from the magnetic rack. To avoid damage to the beads, the liquid was not added onto 
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their surface directly. This procedure was performed rapidly to prevent the beads 

from drying. 

4) After extraction, the tube was centrifuged at 18,000 x g for 5 min in an Eppendorf 

Centrifuge 5424 (Eppendorf, Germany). 

5) The tube with Dynabeads® Oligo (dT)25 was placed on a magnetic rack and after a 

few minutes, the supernatant was discarded. The supernatant of the centrifuged 

sample lysate was added into the tube. A roller mixer was used to gently agitate the 

mixture at room temperature for 15 min. 

6) The tube with Dynabeads® Oligo (dT)25 was placed on a magnetic rack and the 

supernatant was discarded after a few min. 

7) 500 µl of Washing Buffer A was added into the tube at room temperature to wash 

the beads for elimination of impurities. To avoid damage to the bound mRNA, the 

liquid was not added onto the surface of the beads directly. This procedure was 

performed rapidly to prevent the beads from drying. 

8) The previous step was repeated 3 times. The magnetic rack was used to separate 

the beads from the suspension and Washing Buffer A was removed completely 

between each washing step. 

9) 500 µl Washing Buffer B was added into the tube at room temperature to wash the 

beads. This step aims to eliminate the residual LiDS which is a very strong inhibitor 

of enzymatic reactions and an ingredient in Washing Buffer A. 

10) The previous step was repeated 2 times. 

11) After removing the wash buffer, 18 µl of elution buffer (Tris-HCl) was added 

onto the surface of beads at room temperature drop-by-drop. They were then 
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incubated at 80 ℃ for 2 min. 

12) The tube with Dynabeads® Oligo (dT)25 was placed on a magnetic rack 

immediately after incubation. The supernatant, which contained the mRNA, was 

transferred to a fresh RNase-free tube in an ice bath as quickly as possible for 2 min. 

2.1.3 cDNA Library Construction 

In this thesis, the gene of interest was expected to be cloned from a cDNA library of 

Odorrana livida. Thus, the mRNA obtained in the previous procedure served as the 

template for the cDNA library construction process, in which a SMARTerTM RACE 

cDNA Amplification Kit (BD Bioscience Clontech, UK) was used. The primers used 

are shown in Table 2.1. 

Table 2.1 Details of Primers 

Primer Sequence 

BD SMART II 

3'-CDS Primer A 

 

5'-CDS Primer 

5'–AAGCAGTGGTATCAACGCAGAGTACGCGGG–3' 

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

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

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

  

This experiment was carried out as per the following steps: 

1) The reaction for 5’- RACE cDNA and 3’- RACE cDNA syntheses were prepared 

as in Table 2.2. 
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                      Table 2.2 Reaction preparation 

Reagent 3’-1 3’-2 3’-3 5’-1 5’-2 

mRNA sample 4 µl 4 µl 4 µl 3 µl 3 µl 

3’-CDS primer 1 µl 1 µl 1 µl  -  - 

5’-CDS primer  -  -  - 1 µl 1 µl 

BD SMART II  -  -  - 1 µl 1 µl 

 

2) The tubes were flicked to mix contents and centrifuged briefly. 

3) The tubes were incubated at 70 ℃ for 2 min. 

4) The tubes were chilled in an ice bath for 2 min. 

5) 5X First-Strand Buffer, DTT, dNTP Mix and BD RTase were added into each PCR 

tube. The final components in each tube of the sample group in RACE PCR are 

shown in Table 2.3. 

Table 2.3 The components of each tube 

Reagent Volume Final concentration 

mRNA sample 4 µl 40% 

3’-CDS primer (10 µM) 1 µl 1 µM 

5’-CDS primer (10 µM) 1 µl 1 µM 

SMART II (10 µM) 1 µl 1 µM 

5X First-Strand Buffer 2 µl 1X 

DTT (20 mM) 1 µl 2 mM 

dNTP Mix (10 mM) 1 µl 1 mM 
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6) The tubes were flicked to mix contents and centrifuged briefly. 

7) The tubes were incubated at 42 ℃ for 90 min in a PCR machine. 

8) After incubation, 50 µL of PCR water were added to each tube to dilute the 

cDNA. 

9) The tubes were then incubated at 72 ℃ for 10 min. The sample was stored at  

-20 ℃. 

Through these steps, the first strand 5’-RACE cDNA and 3’-RACE cDNA were 

synthesised. The reaction mechanism of this procedure is shown below: 

 

Figure 2.2 Mechanism of BD SMARTTM  cDNA synthesis. 

(From:http://download.bioon.com.cn/upload/month_0905/20090519_1cc06f097feb00baaf58NBflX9c

DWY4r.attach.pdf) 

Available from 09/02/2017 
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2.1.4 Rapid Amplification of cDNA Ends (RACE) Polymerase Chain Reaction 

(PCR) 

As the 5’- RACE cDNA and 3’- RACE cDNA were obtained in the previous 

procedure, Rapid Amplification of cDNA Ends (RACE) was performed to amplify 

the gene of interest by using the degenerate primers synthesised previously. 

As the sense primer used in this dissertation was designed based on a highly 

conserved sequence within the 5’-untranslated region, only the 3’-RACE PCR 

Reaction, which is sufficient to obtain the full length of expected gene open-reading 

frame, was carried out as per the following steps: 

1) A Master Mix was as shown in Table 2.4. In this experiment, the Sense Primer 

was the synthesised designed degenerate primer and the Antisense Primer used was 

the Nested Universal Primer A (NUP-A) supplied in the kit.  

Table 2.4 Components in each tube of sample group in RACE PCR 

Reagent   Volume Final concentration 

PCR-Grade Water    3.1 µl  

10X BD Advantage 2 PCR Buffer    1.5 µl 1.5X 

dNTP Mix (10 mM)    0.2 µl 0.2 mM 

NUP  (20 µM )    0.5 µl 1 µM 

Sense Primer (20 µM)/Anti-sense primer    0.5 µl 1 µM 

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

cDNA library     5 µl  

The cDNA library was replaced by 5 µl PCR water in the control group. 
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4) The PCR programme used was as shown in Table 2.5. 

Table 2.5 The RACE PCR programme 

  Stage    Temperature                    Runtime 

  Stage 1     94 ℃      60 s 

  Stage 2   94 ℃                         20 s 

  (40 cycles)               55 ℃    10 s 

                          60℃                         4 min    

  Stage 3                  72 ℃                        10 min 

The reaction was heated to 94 ℃ to denature the double-stranded DNA into 

separate single strands. Then the reaction was cooled to 55 ℃ to allow the 

annealing of the primer to the DNA strands. The Taq polymerase was activated 

by heating the reaction once again at 72 ℃. Deoxynucleotides were added to 

the 3’- OH end of the annealed primer and allowed the elongation of the 

complementary strand. These steps were repeated for 40 cycles. 
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Figure 2.3 The Reaction Mechanism of 3’RACE 

(From: http://www.runnerbio.com/page60?product_id=25) 

Available from 02/10/2017 

2.1.5 Agarose Gel Analysis of RACE Products 

The gel used in this procedure was agarose (Invitrogen, UK), made from natural 

polysaccharide polymers. Agarose gel forms a grid structure which has a molecular 

sieving effect on molecules moving inside which are driven by an electric current. 

Gel electrophoresis was carried out by the following steps: 

1) 1L 1X Tris/Borate/EDTA (TBE) buffer (Invitrogen, UK) was prepared by using 
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100 ml of UltraPure TM TBE Buffer, 10X and 900 ml ddH2O. 

2) 0.45g agarose powder was mixed with 35 ml TBE buffer in a 100 ml flask. 

3) The suspension was heated in a microwave oven until the agarose melted. 

4) 2.5 µl of 10 mg/ml Ethidium Bromide (EB) (Sigma-Aldrich, USA) was added to 

the flask and mixed well when the melted gel was still warm. 

5) The melted agarose gel was poured into the mould tray and a gel comb was used 

to form the wells. The gel was left to cool and solidify. 

6) After pulling out the comb, the solidified gel was put into the electrophoresis tank 

and submerged in the 1X TBE Buffer. 

7) 1.5 µl of each RACE PCR reaction was mixed with 0.5 µl Loading Dye 6X 

(Promega, USA). Then the mixture was added into the wells of the gel with care. 

8) Electrophoresis was performed at 90 V for about 30 min. 

9) The gel was observed and photographed by using a UV-light transilluminator 

(BioDoc-It® Imaging System, UVP). 

2.1.6 Purification of RACE Products 

The product of the RACE PCR reaction was still a mixture of DNA fragments, 

enzymes and compounds, at this stage. Purification of products was therefore 

necessary. 

This was performed by using a Cycle Pure Kit (Omega Bio-Tek, USA). 

1) The sample was transferred into a clean 1.5 ml microcentrifuge tube to which was 

added 5 volumes of Quintuple CP buffer. (For PCR products smaller than 200 bp, 

add 6 volumes of CP buffer). 
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2) The sample was vortexed thoroughly to mix and was centrifuged briefly to collect 

any drops from inside of the lid. 

3) The sample was transferred to a HiBind DNA Mini Colum and centrifuged at 

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

room temperature. The flow-through liquid was discarded and the HiBind DNA Mini 

Colum was placed back into the same collection tube. 

4) DNA Wash buffer (700 µl) was added and centrifuged at 15,000 x g for 1 min. The 

flow-through liquid was discarded and the HiBind DNA Mini Colum was placed into 

the same collection tube. (Important: DNA Wash buffer must be diluted with absolute 

ethanol before use. Refer to label for instructions. If refrigerated, DNA Wash buffer 

must be brought to room temperature before use.) 

5) DNA Wash buffer (500 µl) was added and centrifuged at 15,000 x g for 1 min. The 

flow-through liquid was discarded and the HiBind DNA Mini Colum was placed into 

the same collection tube. 

6) The cartridge was centrifuged at 18,000 x g for 2 min to remove the remaining 

liquid completely to dry the column matrix. (Note: Do not skip this step; it is crucial 

for the removal of ethanol from the HiBind DNA Mini Colum.) 

7) The HiBind DNA Colum was placed into a clean 1.5 ml microcentrifuge tube. 

Depending on the desired concentration of the final product, 30-50 µl water were 

added directly onto the centre of the column matrix. 

8) The DNA product were concentrated by using a concentrator (Eppendorf 

Concentrator Plus) for 60 min. The tube was then sealed with Parafilm M® for 

protection. 



 

 

41 

 

Through these steps, the purified DNA fragments were obtained and they were ready 

for downstream applications. Figure 2.4 shows the workflow of DNA purification. 

 

Figure 2.4 The Workflow of DNA Purification 

(From: http://www.biomia.com/315/Index_files/image002.jpg) 

Available from 13/02/2017  

2.1.7 Ligation of purified DNA into Vectors 

The DNA fragments obtained in last procedure were then recombined with a cloning 

vector, a plasmid, the pGEM®-T Easy Vector (Promega, USA). This vector was 

designed for blue-white colony screening. Once the DNA fragment recombined with 

it successfully, the lacZ gene will be knocked out and the transformed bacterial 

colony will be white and non-transformed cell colonies will be blue. Figure 2.5 

shows the circle map of this vector. 
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Figure 2.5 The map of the pGEM®-T Easy Vector 

(From:https://www.promega.co.uk/resources/product-guides-and-selectors/protocols-and-applications-         

guide/cloning/) 

Available from 13/02/2017 

This procedure was carried out using the following steps: 

1) According to the brightness of the band of the PCR product in the electrophoresis 

gel, the concentrated DNA was dissolved in 8 µl PCR water. The tubes were flicked 

for mixing and centrifuged briefly. 

2) The reaction was prepared as shown in Table 2.6. 

3) The tubes were flicked to mix again and centrifuged briefly. 

4) The mixture was incubated at room temperature for 1h. The tube was then 

incubated at 4 ℃ overnight. 

Through these steps, the DNA fragments were inserted into the pGEM-T Easy Vector 

and were then ready to be used in the following transformation procedure. 
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Table 2.6 The Reaction Preparation 

Reagent Volume Final concentration 

2X Rapid Ligation Buffer 2.5 µl 1X 

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

Diluted PCR products 1.5 µl  

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

2.1.8 Transformation 

To multiply the recombinant plasmids, they need to be introduced into bacterial cells 

through transformation. Then this exogenous DNA can be amplified with the 

proliferation of the host cells. 

This procedure was carried out as per the following steps, wearing gloves: 

1) Before transformation, LB Agar (Invitrogen, UK) gel was prepared and autoclaved. 

The ratio used was 3.2g LB Agar/100 ml ddH2O. 

2) 60 µl Single-Use JM109 Competent Cells (>108 CFU/µg) (Promega, USA) were 

obtained from the -80℃ freezer and placed in an ice bath until just thawed, which 

was after approximately 5 min. The tube of competent cells was kept in an ice bath 

during the whole procedure to avoid loss of their ability for taking up exogenous 

genetic material. 

3) 2.3 µl of ligation products were transferred into a sterilised microcentrifuge tube 

in an ice bath. Then 60 µl of Single-Use JM109 Competent Cells were added into 

this tube rapidly. 

4) The tube was gently flicked to mix contents and then kept in an ice bath for 20 
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min. 

5) The competent cells were then subjected to a 42℃ heat-shock which lasted 47 s. 

6) The tube was placed in an ice bath immediately after this heat-shock for 2 min. 

7) 950 µl SOC medium (Invitrogen, USA) was added into the tube at room 

temperature in a sterile environment. The tube was then shaken and incubated at 37℃ 

for 2.5 h. 

8) Autoclaved LB Agar was reheated in a microwave oven to melt and when it was 

still warm, ampicillin (100mg/ml) (Roche, USA) was added. It was then poured into 

sterile Petri dishes on a super clean bench. 

9) 100 µl IPTG (100 mmol, Promega, USA) and 20 µl X-Gal (50mg/ml, Promega, 

USA) were spread onto the surface of the LB Agar plate, one after the other, for 

blue-white colony screening the following day. 

10) 100 µl samples of transformation culture were added onto 5 Petri dishes. 

11) When no liquid could be seen on the surface of the plates, they were incubated 

for approximately 22 h at 37℃ upside down. 

2.1.9 Blue-White Colony Screening 

Figure 2.6 shows the mechanism of blue-white colony screening. 
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Figure 2.6 The Mechanism of Blue-White Colony Screening 

(From: http://classes.midlandstech.edu/carterp/Courses/bio225/chap09/09-11_SelectingBact_1.jpg) 

Available from 13/02/2017 

This procedure was carried out as follows: 

1) The white colonies were sampled using an inoculating loop. They were then 

streaked onto fresh LB Agar/ampicillin/IPTG/X-Gal Petri dishes in a sterile 

environment. 

2) Plates were incubated overnight for 20 h at 37℃. 
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2.1.10 Isolation of Recombinant Plasmid cDNA 

After incubation, white colonies were picked up, streaked onto fresh 

LB/ampicillin/IPTG/X-Gal plates and incubated overnight at 37℃. With this step, 

there would be a further selection to grow more cells for extraction of plasmid cDNA. 

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

separate 1.5 ml Rnase-free tubes containing 20 µl of PCR water. The tube was 

incubated (100℃, 5 min), then placed on ice for 5 min and finally centrifuged 

(18,000 × g for 5 min). The supernatant in the tube contained recombinant plasmid 

and would be used as a template for the cloning PCR. 

2.1.11 Cloning Polymerase Chain Reaction (PCR) and PCR Screening 

In this procedure, PCR was used to screen the bacterial colonies in which the 

plasmids had the DNA fragment which might have been the gene of interest. 

The procedure was carried out as follows: 

1) Each PCR reaction tube was prepared as shown in Table 2.7.  

2) The programme used was as shown in Table 2.8. 
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Table 2.7 The Preparation of DNA Cycle Sequencing Reaction 

Reagent                   Volume                 Final Concentration 

5X Cloning Buffer           10 µl                        1X 

dNTP Mix  (10mM)          1 µl                       0.2mM 

M13F (20 µM)              2.5 µl                        1 µM 

M13R (20 µM)              2.5 µl                        1 µM 

PCR-Grade water            31 µl                   

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

DNA supernatant            2.5 µl 

 

Table 2.8 The programme of the DNA Cycle Sequencing Reaction 

Stage  Parameter 

Stage 1 initial denaturation at 94 ℃ for 1 min 

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

extension at 72 ℃ for 3 min) 

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

 

2.1.12 Agarose Gel Analysis and Purification of Cloned Product 

PCR plasmid DNA was analysed as described in Section 2.1.5 (without adding extra 

loading dye) and purified using a PCR Fragments Extraction Kit as described in 
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Section 2.1.6. 

2.1.13 DNA Cycle Sequencing Reaction 

To determine the sequence of the DNA fragments inserted into the vector, a DNA 

sequencer was used. However, before this, the following steps needed to be carried 

out to obtain the material in sequencing format for the dideoxy chain-termination 

method, also known as the Sanger Method. The following steps were performed 

using a BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems®, 

USA) 

1) Each reaction was prepared as shown in Table 2.9. 

Table 2.9 Components in Each Sequencing Reaction Tube 

Reagents                        Volume            Initial Concentration 

PCR-Grade water                 12.4 µl                     

Diluted M13F or M13R              1.14 µl                 3.2 µM 

2.5X Ready Reaction Mix           2.86 µl                  2.5X 

5X BigDye Sequencing Buffer       3.57 µl                   5X  

Purified Cloned PCR Products        2.5 µl             

 

The reagents were mixed well and centrifuged briefly. 

2) The programme used was as shown in Table 2.10. 
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Table 2.10 Sequencing Reaction PCR Programme 

Stage  Parameter 

Stage 1 initial denaturation at 96 ℃ for 1 min 

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

extension at 60 ℃ for 4 min) 

Stage 3 preservation at 4 ℃ for 7min 

 

2.1.15 Purification of Extension Products 

The extension products obtained in the last procedure were purified by ethanol 

precipitation to eliminate the dye terminators and other impurities. This procedure 

was carried out as follows: 

1) 10 µl of PCR water were added into 1.5 ml sterilised micro centrifuge tubes. 

2) 72µl 95% ethanol were added to each cycle sequencing reaction product. After 

pipetting, the mixture was transferred into the 1.5 ml tubes in the first step. 

3) After incubation at room temperature for 20min, all tubes were centrifuged at 

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

the ethanol was removed very carefully to avoid loss of the DNA. 

4) After adding 70% ethanol and vortexing for 30s, tubes were centrifuged at 20,000 

x g for 10 min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany). 

5) The ethanol was then removed very carefully as before. 

6) Tubes were then dried for 3h in a concentrator to remove any residual ethanol. 



 

 

50 

 

2.1.16 DNA Sequencing 

1) 10 µl of highly deionised-formamide (HiDi) were added to each tube to dissolve 

the DNA and samples were vortexed and centrifuged. 

2) The samples were heated at 95 ℃ for 4.5 min exactly to denature and then chilled 

on ice for 3 min at least. 

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

Scientific, USA) and sequenced by an ABI 3730 automated sequencer (Applied 

Biosystems, USA). 

 

2.2 Results 

One peptide precursor-encoding cDNA was consistently and repeatedly cloned from 

the Odorrana livida skin secretion library using the designed degenerate primer. The 

open-reading frame of this peptide consisted of 61 amino acids, and the architecture 

of the translated open-reading frame could be divided into four domains. The 

5’N-terminus began with a putative signal peptide with 22 residues followed by a 

25-acidic residue-rich spacer, the putative 14-mer mature peptide was preceded by a 

propeptide convertase processing site -KR-, and it was followed by a stop codon 

(Figure 2.7a). Its molecular mass was calculated as 1675 Da based on the deduced 

mature peptide domain, so it was systematically named QUB 1675. 

Briefly, the 3’-RACE reactions employed an NUP primer (supplied with the kit) and 

a degenerate sense primer (S1; 5’-GAWYYAYYHRAGCCYAAADATG-3’) that was 

designed to a highly-conserved domain of the 5’-untranslated regions of previously 
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characterised antimicrobial peptide cDNAs from Rana species. 

 

A BLAST tool based on the EMBL Nucleotide Sequence Database revealed that 

peptide QUB 1675 shared a 100% sequence identity with lividin-16, 90% sequence 

similarity with odorranain-T1 and 65% sequence comparability with nigroain-D-SN1. 

Then they were analysed and aligned by Clustal Omega (Figure 2.7b). The result 

showed that all the above-mentioned peptides followed after the typical cleavage site 

“KR”, and these data helped make sure that the QUB1675 sequence, after the “KR”, 

was indeed the mature peptide.  

 

Figure 2.7a. The nucleotide and translated open-reading frame amino acid sequence of a cloned 

cDNA from Odorrana livida skin secretion. The putative signal peptide sequence is 

double-underscored, the putative mature peptide (QUB-1675) is single-underscorded and the stop 

codon is indicated by an asterisk. 
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Figure 2.7b. The Clustal Omega alignment result of QUB 1675, nigroain-D-SN1, odorranain-T1 and 

lividin-16 
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Chapter Three:  

 

Synthesis and Purification of Peptide 

QUB 1675 
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3.1 Materials and Methods  

3.1.1 Solid Phase Peptide Synthesis (SPPS) 

In this work, the Fmoc/tBu protection scheme was used and Wang resin, based on 

polyethylene glycol (PEG), was chosen as the solid support. The Fmoc amino acids 

used in this scheme were bought from Novabiochem®, as was the resin, and it was 

pre-loaded with a specified amino acid. Figure 3.1 shows the work flow of SPPS. 

 

Figure 3.1 Solid Phase Peptide Synthesis Scheme 

3.1.1.1 Preparation 

1) The amino acid vials were washed by cleanser (twice) and acetone (once), then 
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incubated for 3 h to dry. 

2) 1.2 mmol of each amino acid were weighed except the last one. To synthesise 0.3 

mmol peptide, 4 x molar excesses of each amino acid were weighed into the vials as 

was 1.2 mmol HBTU. Then the vials were sealed with a cap and septum. 

3) 0.3 mmol Fmoc-Ser-Wang resin was weighed and transferred into the Reaction 

Vessel on the peptide synthesiser. The calculation formula was as follows: 

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

3.1.1.2 Tribute Synthesis 

1) The reagent bottles were filled with their appropriate contents: 20% piperidine in 

DMF (v/v), 11% NMM in 89% DMF (v/v), dimethylformamide (DMF), 

dicholormethane (DCM). 

2) The Bottle Prep and System Status screen allow the user to pressurise, prime, vent, 

and nitrogen-back flush the solvent bottles. To open the Bottle Prep and System 

Status screen, Bottle Prep and System Status were selected from the Main Menu. 

3) The programme was edited and the reaction cycles of the Tribute synthesiser were 

as follows: 
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Table 3.1 The reaction cycle of Tribute synthesis 

Action               Agent                   Function 

RV-Top          20 % piperidine     the deprotecting reaction of the 

                                  alpha-amino group 

RV-Top-vent-wash   DMF            washing off the Fmoc and piperidine 

RV-Top            DMF            washing off the Fmoc and piperidine 

AA-Delivery     NMM/DMF (11:89)  activation of the next amino acid Mix  

                                  coupling of the next amino acid 

RV-Top-vent-wash   DMF            washing of the DMF, NMM and free                                                                     

                                  amino acid  

RV-Top            DMF            washing of the DMF, NMM and free                                                               

                                  amino acid    

 

This reaction cycle was repeated until completion of the entire peptide chain. A 30 

min RV-Top wash was added at the very beginning of the synthesis. A deprotecting 

step (deprotect the final Fmoc of the whole chain), a wash step (wash the piperidine 

and Fmoc), a RV-Top (make the whole system filled with DCM for further dry-drain) 

and a dry-drain step were added after the reaction cycle finished. 

4) Run synthesis. 
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3.1.1.3 Peptide Cleavage 

This procedure was carried out as follows: 

1) The resin was dried in a nitrogen flow. 

2) The resin was collected and weighed. 

3) Then the resin was transferred into a round-bottom flask. 

4) Peptide cleavage and deprotection were carried out by 4 h of autostirring the 

mixture as shown in Table 3.2. 

Table 3.2 The components of cleavage cocktail 

Agent                          Concentration (v/v) 

        Trifluoroacetic acid (TFA)                 94 % 

        Thioanisole (TIS)     2% 

        1,2-Ethanedithiol (EDT)                    2% 

        ddH2O                                  2% 

 

5) The mixture was transferred into another round-bottom flask with a filter. The 

filtrate was then concentrated by a Rotavapor. 

6) The concentrated solution was transferred to a 50-ml tube by using 40ml ice-cold 

diethyl ether totally (cleaning the residue on the wall of the round-bottom flask), the 

tube was shaken intermittently, and then stored at -20℃ overnight. 

7) The tube was then centrifuged at 5000 rpm for 5 min to collect the peptide, then 

discarding supernatant and carefully adding about 45 ml ether again. This step was 
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repeated 3 times. 

8) After washing the product by ether, the tube cap was replaced by tinfoil with a few 

holes in it. Then it was incubated at room temperature until the ether volatilised 

completely. 

9) The peptide was then dissolved in HPLC Buffer A (99.95%H20 +0.05%TFA) and 

Buffer B (80%ACN + 19.95% H20 + 0.05%TFA). 

10) The tube was snap-frozen in liquid nitrogen then lyophilised in an Alpha 1-2 LD 

plus Freeze Dryer. 

3.1.2 Reversed-phase High Performance Liquid Chromatography 

Lyophilised skin secretion (5 mg) was reconstituted in 0.5 ml of trifluoroacetic acid 

(TFA)/water (0.05/99.95, v/v) and centrifuged in an Eppendorf 541D microcentrifuge 

(Eppendorf, Germany) at 5,000 × g for 10 min to remove particulate matter. 

The supernatant was subjected to reverse-phase HPLC fractionation using a Cecil 

Adept Binary HPLC system (Cambridge, UK) fitted with a Jupiter C-5 analytical 

column (250 × 4.6 mm). Bound peptides were eluted with a linear gradient formed 

from 0.05/99.95 (v/v) TFA/ water (Buffer A) to 0.05/19.95/80.0 (v/v/v) 

TFA/water/acetonitrile (Buffer B) for 80 min at a flow rate of 1 ml/min. Fractions  

(1ml) were collected at minute intervals and the effluent absorbance was 

continuously monitored at λ214 nm. 

1) A 1mg/ml peptide solution was prepared in a 1.5ml tube (1:1 (v/v) Buffer A/ 

Buffer B). The tube was vortexed briefly and centrifuged at highest speed 

(Eppendorf Centrifuge 5415 D) for 10 min. 
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2) The column was washed with Buffer B for 30 min followed by Buffer A for 30 

min. 

3) The supernatant from the peptide sample tube was injected into the HPLC and the 

synthesised peptide was fractionated over 80 min. The ratio of Buffer A and Buffer B 

varied from A/B=100%/0% to A/B=0%/100%. 

4) Fractions were collected each minute and stored at 4℃ before use in downstream 

applications. 

5) The column was then washed with Buffer B for 30 min and the machine and 

computer were then switched off. 

3.1.3 Matrix Assisted Laser Desorption Ionisation-Time of Flight (MALDI-TOF) 

mass spectrometer analysis 

In a TOF analyser, a set of ions with the same amount of energy but different 

mass/charge ratios (m/z) are subjected to the same constant electric field from the 

MALDI plume which results in ions reaching the detector at different times. 
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Figure 3.2 Principle of MALDI-TOF mass spectrometry 

(From: 

http://www.proasecal.com/front/index.php?option=com_content&view=article&id=282:microbiologia

-julio-2012&catid=21) 

Available from 19/02/2017 

1) The MALDI plate was washed with ddH2O and left to dry. 

2) 10mg CHCA was dissolved in an acetonitrile/H2O/TFA (50%/49.95%/0.05%, 

v/v/v) solution. 

3) 2μl samples of each chromatographic fraction were spotted on a MALDI plate and 

kept at room temperature until dry. 

4) 1μl CHCA was added to the dried sample spots and also allowed to dry. 

5) The plate was then subjected to mass spectrometric analysis using a Perseptive 

Biosystems Voyager DE MALDI-TOF system in positive detection mode. 
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3.2 Results 

Many components of the synthetic peptide mixture were resolved in discrete reverse 

phase HPLC fractions. The sample between 46min and 47min was collected and 

analysed by MALDI-TOF MS (shown below), and it was identified as QUB 1675. A 

chromatogram was obtained and is shown in Figure 3.3, and the peak of retention 

time that contained QUB 1675 is indicated. 

 

 

Figure 3.3 Reverse phase HPLC of synthetic crude peptide QUB1675. 

Matrix Assisted Laser Desorption Ionisation-Time of Flight (MALDI-TOF) mass 

spectrometer analysis indicated a remarkably high degree of purity of the collected 

fractions at the arrow indicated portion in HPLC, which is shown in Figure 3.4. 
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Figure 3.4 The MALDI-TOF Analysis of purified QUB 1675 
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Chapter Four: 

 

 

 

 

 

 

Antimicrobial, Cell biological and 

Pharmacological Studies on QUB 1675 
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4.1 Materials and Methods 

4.1.1 Antimicrobial Assay 

4.1.1.1 Minimum Inhibitory Concentration Assay 

Antimicrobial assays were performed to establish the minimum inhibitory 

concentrations (MICs) of the peptide on the microbes, Escherichia coli (E.coli) 

(NCTC.10418), Candida albicans (C.albicans) (NCTC.1467) and Staphylococcus 

aureus (S.aureus) (NCTC.10788). MIC values are used to determine susceptibilities 

of microbes to various antimicrobial agents. 

This procedure was carried out as follows: 

1) Before the experiment, 70% ethanol was used to sterilise the bench, pipettes and 

other materials. The operation was carried out in a sterile environment. 

2) One bead from frozen stock was transferred to a flask of 100 ml Muellar Hinton 

Broth (MHB) using an inoculating loop and placed in a shaking incubator at 37℃ for 

16-20 h. Meanwhile, several McCartney bottles of 20 ml MHB were warmed 

overnight in a 37℃ incubator. 

3) 500 μl of each microbial culture from the overnight growth were transferred to 

McCartney bottles and placed in the shaking incubator for growth until they reached 

log phase as shown in the Table below. The cultures were diluted with MHB to make 

concentrations of 106 cfu/ml. Then the inocula were ready to use (Table 4.1). 
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Table 4.1 OD at the corresponding log phase of each microbe 

Microbe Subculture time OD Concentration 

Escherichia coli 1.5h 0.4 108 cfu/ml 

Candida albicans 2.5h 0.15 106 cfu/ml 

Staphylococcus aureus 2.0h 0.2 108 cfu/ml 

 

4) Peptide solutions were prepared with DMSO. Weight of peptide (mg) = volume of 

solvent (μl) × peptide solution concentration (μM) × 10-6.  A series of peptide 

solutions at different concentrations were prepared in 1.5 ml tubes as shown in Table 

4.2. 

Table 4.2 The Concentrations of Peptide Solutions. 

Concentration (μM) 

512     256     128     64     32     16     8     4     2    1 

 

5) 100μl of each subcultured microorganism at 106 cfu/ml, were mixed with 900μl of 

Phosphate-Buffered Saline (PBS) in a micro tube. Then a series of different 

concentrations (10-6 – 10-1) of subcultured microorganisms were prepared. 

6) Three 20μl drops of each microorganism suspension from the micro tubes, were 

added onto the surface of Mueller Hinton Agar (MHA) plates as shown in Figure 

4.1. They were left to dry in a sterile environment then incubated at 37℃ overnight 

for viable cell counting. 
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Figure 4.1 The distribution of the suspensions from the micro tubes. 

7) MIC assay was carried out on the 96-well plate as shown in Table 4.3. 

 

Table 4.3 Layout of 96-well plate for MIC assay. 

1 2   3   4  5   6   7   8  9   10   11 12 
   
 Sample:  
Sterile Control 1μl peptide solution + 99μl bacteria solution Growth control: 
100 μl MHB  

Peptide concentration (μM): 
100 μl bacteria 

solution 
 512  256  128  64  32  8  4  2  1  
   

 

8) The 96-well plate was placed in the 37℃ incubator overnight. 

9) The next day, a concentration in which the number of colonies on the MHA plate 

were countable, was chosen for counting cells, based on which the original cfu of the 
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cultured added into the 96-well plate could be calculated. 

10) The absorbance of each well on the 96-well plate was measured using a Bio-tek 

SynergyTM Multi-Detection Microplate Reader at a wavelength at 550nm. The lowest 

concentration of peptide in which the growth of microorganism was inhibited, was 

the minimum inhibitory concentration. 

4.1.2 Haemolysis Assay 

The haemolysis assay was performed to test the putative cytotoxicity of the peptide. 

The procedure was carried out as follows: 

4.1.2.1 Preparation of the red cells. 

1) Horse blood was obtained commercially and had been defibrinated. 

2) A volume of 2ml blood was transferred to a 50ml centrifuge tube and centrifuged 

at 300 × g for 5 min. 

3) The supernatant was carefully aspirated by a pipette, ensuring that the tip did not 

touch the red cell pellet. 

4) A volume of 25 ml fresh PBS was transferred into the tube to wash the red cells by 

gently shaking and resuspension. The tube was then centrifuged again and the 

supernatant was again discarded carefully. 

5) This step was repeated 3 times until the resultant supernatant was clear. 

6) A volume of 50 ml PBS was then transferred into the tube and it was shaken 

gently to make the red blood cell (RBC) suspension. 
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4.1.2.2 Haemolysis assay 

1) The peptide was dissolved and diluted in PBS to make a range of final 

concentrations of (1, 2, 4, 8, 16, 32, 64, 128, 256, 512) μM. 

2) For each well of the 96-well plate, the peptide solutions and the red blood cell 

(RBC) suspension were added in designed layouts as follows: 

• Sample: 200 μl peptide + 200μl RBC 

• Positive control: 195μl PBS + 5μl Triton X-100 + 200μl RBC 

• Negative control: 200μl PBS + 200μl RBC 

3) After preparation of a range of peptide solutions, 200 μl of each were added to 

200μl 4% RBC suspension and 5 replicates were made for each concentration. 

4) Triton should be added after the RBC suspension due to its high density. 

5) All the tubes were incubated for 2 h at 37℃。 

6) After incubation, all the tubes were centrifuged at 150 × g for 5 min. 

7) 200μl of each supernatant were transferred to the 96-well plate. 

8) The plates were read at 550 nm using the Synergy HT plate reader (BioTek, USA). 

9) The calculation for haemolysis percentage was as follows: 

      Haemolysis%= (A-A0)/(Ax-A0) ×100 

Note: A was the OD value of the peptide solution, A0 was the blank value and Ax was 

the positive control. 

The haemolytic activity of QUB 1675 was tested to evaluate its cytotoxicity. 

Haemolytic activity was calculated based on the original data, the absorbance, 
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obtained by a Bio-tek SynergyTM HT Multi-Detection Microplate Reader. 

4.1.3 Anti-cancer Assay 

Human cancer cell lines were used in this MTT cell viability assay. The cell lines 

were cultured in 75 cm2 EasyFlaskTM culture flasks (Nunc, Denmark) or in 90 mm 

NunclonTM∆ culture dishes (Nunc, Denmark) containing media with 10% foetal 

bovine serum (FBS) (Sigma, UK) and 0.1% gentamicin solution (Sigma, UK) in a 

humidified 37°C chamber under 5% CO2. Gibco®RPMI-1640 (Invitrogen, USA) was 

used for squamous cell lung carcinoma cell line H157. 

4.1.3.1 Resuscitation of Frozen Cell Lines 

1) The ampoule containing the cells was removed from the -80°C freezer and 

immediately placed into a glass beaker containing sterilised warm water at 37°C. The 

ampoule was agitated continuously to make sure the cells thawed rapidly to avoid 

cell lysis caused by ice crystal formation. 

2) After the top of the ampoule was wiped with 70% ethanol, all cells were 

transferred to a 50ml centrifuge tube containing 40ml warm complete medium. The 

tube was centrifuged for 50 min at 200 × g at room temperature. 

3) The supernatant was discarded and a volume of 5ml complete medium was 

transferred to the centrifuge tube and blended well by gently pipetting, then 1ml of 

this suspension was transferred to 75 cm2 flasks containing 9ml of complete medium. 

The flask was incubated in a humidified 37°C chamber under 5% CO2. 

4) The cells were cultured in the flasks until they had covered around 90% of the 

surface area, the rate of which was determined by using an inverted microscope. The 
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medium was changed every 2 days or when the pH indicator (e.g., phenol red) in the 

medium changed colour. 

4.1.3.2 Subculturing and passaging of cells from a monolayer 

When the primary culture had grown to confluence, the cells were sub-cultured in 

order to prevent the culture from dying. 

1) The inverted microscope was employed for assessing the degree of confluence and 

confirming the absence of bacterial and fungal contaminants. 

2) The medium was removed from primary culture and 10ml of PBS without Ca2+ 

and Mg2+ was transferred into the flask to wash the cell monolayer, followed by 

discarding of the PBS for removing any residual FBS that might inhibit the action of 

trypsin. 

3) A volume of 1ml 1 × trypsin/EDTA (Invitrogen, UK) solution was added to cover 

the cell monolayer and the flask was replaced in the incubator for 5-10 min at 37°C 

under 5% CO2. 

4) After incubation, the inverted microscope was employed to ensure that all the cells 

were detached and floating. Immediately, 9ml of complete medium was transferred 

to the flask to inactivate trypsin and pipetted to release any remaining attached cells. 

5) Following this, the cell suspension was transferred to a sterile 15ml centrifuge 

tube and centrifuged at 350 × g for 5 min, the supernatant was discarded. Then, the 

cells were resuspended in 10ml complete medium dispersed by vortexing. 

6) A volume of the resultant cell suspension was transferred to a new flask and 

diluted to a final volume of 10ml followed by incubation in a humidified chamber at 



 

 

71 

 

37°C under 5% CO2. 

7) The medium was changed every 2 days or when the pH indicator in the medium 

changed colour. When the secondary culture became confluent, it could be used for 

cell line cryopreservation, MTT cell viability assay or continuing passage if 

necessary. 

4.1.3.3 Cell counting 

It is important to quantify the number of the cells in the culture for promoting the 

comparison between parallel experiments and permitting repeatability. The resultant 

cell suspension of procedure 5 in Section 2.5.3.2 was employed for cell counting. 

1) The haemocytometer slide and coverslip were cleaned by tap water and wiped by 

a tissue. The coverslip was slid over the chamber and covered the counting area. 

2) 50 µl of the cell suspension was added to a well of a clean 96-well plate 

containing an equal volume of Trypan Blue and gently pipetted to blend the mixture. 

By using a sterile pipette tip, the cell suspension was transferred to both notches of 

counting areas and excess liquid overflowed to the rails. (Figure 4.2). 

 

Figure 4.2 Haemocytometer slide and coverslip 

(From http://www.deltaenvironmental.com.au/management/Images/Image8.gif) 

Available from 08.03.2017 
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3) The microscope was employed for surveying. There were 9 big squares on each 

side of the haemocytometer (Figure 4.3) and the cells were visible (bright and clear) 

for counting. If the cells were dead, they would be dyed blue. There random squares 

were counted by using a hand-held counter and the cells in each ml were quantified 

using the following formula: 

Cells per ml = average number of the cells per large square × 104 × 2 (dilution factor) 

 

Figure 4.3 Haemocytometer counting area 

From: http://d163axztg8am2h.cloudfront.net/static/img/24/06/4cc3c1d402e9241e8ca8b569c576.jpg 

Available from 08.03.2017 

4.1.3.4 Peptide preparation 

1) The peptide was weighed and dissolved in PBS to make a final concentration of 

10-3mol/L. 

2) The peptide solution was diluted by adding relevant volumes of serum-free 

medium to make a series of concentrations (10-4, 10-5, 10-6, 10-7, 10-8, 10-9, 10-10, 10-11, 

10-12) mg/L. 
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4.1.3.5 MTT cell viability assay 

This assay is a colorimetric assay for measuring the proliferation or viability of cells. 

The yellow tetrazole 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) is reduced by succinodehydrogenase in the mitochondria of the living cells 

and turns to an insoluble dark purple formazan. Those formazan purple crystals can 

be dissolved in some organic solvents like DMSO to be measured at a certain 

wavelength (between 500 and 600nm). 

Day 1: Cell seeding 

The resultant cell suspension of procedure 5 in Section 2.5.3.2 was counted (Section 

2.5.3.3) and diluted to 5000 cells/100 µl (5 × 104 cells/ml) suspension for each well. 

The suspension was added to the tank and gently pipetted to blend using a 

multichannel pipette. Then the cells were seeded into the 96-well plate and incubated 

for 24h at 37°C under 5% CO2 for making sure the cells attached to the bottom of the 

plate. 

Day 2: Cell starving 

The medium was discarded and the fresh FBS-free medium in the same volume was 

added to the wells as soon as possible ensuring the pipette tips did not touch the 

bottom of the plate. The plate was returned to the incubator for 12h. 

Day 3: Peptide addition 

The FBS-free medium applied in the second incubation was removed. The prepared 

peptide concentrations from 10-3 to 10-12 M, were transferred to the plate, each 

concentration taking up one column. The fresh FBS-free medium was added to the 

remaining two columns as controls. The plate was returned for 24-72h incubation. 
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Day 4/5/6: MTT addition and plate reading 

The MTT solution was prepared at a concentration of 5 mg/ml by dissolving in 

sterile water and stored at 4°C prior to use. 20µl of the MTT reagent was added to 

each well. The plate was then returned to the incubator and allowed to react for 4-6h. 

The MTT and medium mix liquor was removed from all, followed by addition of 100 

µl of DMSO solution to each well. The plate was placed in a shaking incubator with 

a shaking rate of 250 rpm. The Synergy HT reader (BioTek, USA) was employed to 

measure the OD value at 550 nm. Statistical analysis was performed using the 

GraphPad prism 5.0 software. The results were considered to be statistically 

significant if the p value was < 0.05. 

The MTT assay experiments were repeated at least 3 times for each peptide on each 

cell line. 

4.1.4 Smooth Muscle Bioassay 

4.1.4.1 Animal Preparation 

Smooth muscle tissues were obtained from Wistar rats, 250-300 g, 12 weeks old. The 

animals were killed by asphyxiation with CO2. Then cervical dislocation was 

performed according to U.K. Animal licence guidelines. 

Before these experiments, Kreb’s solution was prepared as in Table 4.4 and warmed 

to 37℃. The isometric contractile apparatus baths were filled with Kreb’s solution 

bubbled with a 95% O2 and 5% CO2 mixture. 
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Table 4.4 The composition of Kreb’s solution. 

Ingredient Concentration Ingredient Concentration 

NaCl 118 mmol NaHCO3 25 mmol 

KCl 4.7 mmol NaH2PO4 1.15 mmol 

CaCl2 2.5 mmol Glucose 5.6 mmol 

MgCl2 1.1 mmol   

 

The smooth muscle tissues from bladder, proximal rat tail artery, ileum and uterus 

were dissected and obtained by a licenced operator. All the organs were placed in 

ice-cold Kreb’s solution bubbled with a 95% O2 and 5% CO2 mixture before tissue 

preparation. 

4.1.4.2 Tissue Preparation 

To prepare the bladder samples, the bladder was opened from the bladder neck 

towards the dome and the inner urothelium lining was removed. A 2× 10 mm (width 

× length) strip comprising parallel muscle bundles was dissected by use of a 

dissection microscope. The sample was hooked and mounted longitudinally in the 

isometric contractile apparatus bath, and the surface and lumen of the tissue was 

exposed to Kreb’s solution. The basal tension was set at 1g. 

To prepare the proximal rat tail artery samples, a 2-mm width vessel ring was cut. 

The endothelium lining was removed by using hooks. Then it was mounted and 

connected to the transducer in the isometric contractile apparatus bath by inserting 

the hooks into the lumen. The basal tension was set at 1g, and the surface and lumen 

of the tissue was exposed to Kreb’s solution. 
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To prepare uterus samples, the ring of the uterine horns was removed. Then these 

were hooked and mounted horizontally in the isometric contractile apparatus bath, 

and the surface and lumen of the tissue was exposed to Kreb’s solution. The basal 

tension was set at 1g. 

4.1.4.3 Experimental Steps 

1) The tissues were immersed in 37℃ Kreb’s solution in the isometric contractile 

apparatus bath. They were left to equilibrate for 1 h. 

2) 60 mmol potassium chloride (KCl) was added into the bath to verify the viability 

of tissues. 

3) 37℃ Kreb’s solution was pumped through the isometric contractile apparatus bath 

at 2 mL/min for 20 min. 

4) The tissues were left to equilibrate for 1 h and the spontaneous contraction was 

observed. 

5) Peptide was dissolved in a tube of Kreb’s solution and diluted into a concentration 

range from 1 × 10-3 mol to 1 × 10-9 mol. 

6) 20 μl of peptide solution was added into the bath and changes in contraction were 

recorded. The effects of peptide could be analysed by comparing these data with the 

blank control during equilibration. 

7) After 5 min, 37℃ Kreb’s solution was pumped through the isometric contractile 

apparatus bath at 2 ml/min for 15 min to wash the tissue for the next test 

concentration. 
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4.1.5 Trypsin Inhibitory Assay 

The procedure was carried out as follows: 

1) The trypsin stock solution was prepared by using 1 mmol/L HCL solution and 

trypsin powder. The concentration was 1 mg/ml. The solution was stored at -20℃. 

2) The substrate used in this experiment was Z-Gly-Gly-Arg 

7-amino-4-methylcoumarin hydrochloride. 6.16mg substrate was dissolved in 1ml 

dimethylformamide (DMF) to prepare the substrate stock solution. Then it was 

stored at -20℃. 

3) 1000 µmol/L peptide solution was prepared and diluted to 100 µmol/L, 10 µmol/L 

and 1 µmol/L. 

4) 10 µL 1 mg/mL trypsin stock solution was diluted by 9.99 ml 1 mmol/L HCl 

solution to 1 µg/mL trypsin working solution. 

5) 50 µL substrate stock solution was diluted by 9.95ml PBS. 

6) 180 µL substrate was added into the wells of a black 96-well plate. 

7) The layout and the solutions added can be seen in Table 4.5. 

8) The fluorescence of the digested substrate was measured by a FLUOstar OPTIMA 

(BMG Labtech). 
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Table 4.5 The layout and preparation of the plate of the Trypsin Inhibitory Assay. 

  

Blank Negative Control Samples 

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

A 
20 µL PBS               

180 µL Substrate               
10 µL HCl 

20 µL PBS               
180 µL Substrate               

10 µL Trypsin 

0 µL PBS                            
20 µL Peptide*               

180 µL Substrate               
10 µL Trypsin 

5µL PBS                             
15 µL Peptide*               

180 µL Substrate               
10 µL Trypsin 

10µL PBS                     
10 µL Peptide*               

180 µL Substrate               
10 µL Trypsin 

15µL PBS                    
5 µL Peptide*               

180 µL Substrate               
10 µL Trypsin 

B 

C 

D 

 
*Concentration of peptide added, A5-A12: 1000 µmol/L, B5-B12: 100 µmol/L, C5-C12: 10 µmol/L, D5-D12: 1 µmol/L 
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4.2 Results 

4.2.1 Antimicrobial assay 

Synthetic QUB 1675 was found to be ineffective against the Gram-positive 

bacterium, Staphylococcus aureus, the yeast, Candida albicans, and the 

Gram-negative bacterium, Escherichia coli, at concentrations from 512μM to 1μM. 

MIC data obtained are shown in Figures 4.4 - 4.6. 

 

 

 

Figure 4.4. Antimicrobial activity of QUB 1675 against Candida albicans. Each column represents 
the mean ±SEM of 3 replicates. Student t-test of sample group compared controls (asterisks indicate 

**** p<0.0001; ***p<0.001; **p<0.01; *p<0.05, one-way ANOVA p<0.05) 
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Figure 4.5. Antimicrobial activity of QUB 1675 against Escherichia coli. Each column represents the 
mean ±SEM of 3 replicates. Student t-test of sample group compared controls (asterisks indicate **** 

p<0.0001; ***p<0.001; **p<0.01; *p<0.05, one-way ANOVA p<0.05) 

 

 

 
Figure 4.6. Antimicrobial activity of QUB 1675 against Staphylococcus aureus. Each column 

represents the mean ±SEM of 3 replicates. Student t-test of sample group compared controls (asterisks 
indicate **** p<0.0001; ***p<0.001; **p<0.01; *p<0.05, one-way ANOVA p<0.05) 
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4.2.2 Haemolysis Assay 

As shown in Figure 4.7, compared with the positive control (Triton X-100), the 

haemolysis rates were under 10% from concentrations of 512μM to 1 μM (similar to 

the rates of the negative control), which means that QUB 1675 has no obvious 

haemolytic effect. 

 

Figure 4.7 The haemolytic activity of QUB 1675, the positive control was Triton X-100 

4.2.3 Anticancer Assay 

MTT assay was performed on four human cancer cell lines which originated from 

four different tumours types (MB435S, H157, U251MG and PC3). The screening 

results are shown in Figure 4.8. A weak inhibition occurred on MB435S, the survival 

rates of U251MG and PC3 increased a lot when compared with the control group at 
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the concentration of 10-5 M. 

 
 

Figure 4.8 The anticancer activity of QUB 1675 at the concentration of 10-5 M against four types of 
cancer cell lines. Each column represents the mean ±SEM of 3 replicates. Student t-test of sample 

group compared controls (asterisks indicate **** p<0.0001; ***p<0.001; **p<0.01; *p<0.05) 
 

 

4.2.4 Smooth Muscle Assay 

The effects of QUB 1675 on smooth muscle tissues (bladder, ileum, uterus and tail 

artery) were tested. Based on the recorded data from the tension transducer, the 

peptide had no observable effects on any of the smooth muscle tissues tested (data 

not shown). 

4.2.5 Trypsin Inhibitory Assay 

The trypsin inhibitory activity of QUB 1675 was tested. The inhibitor constant, Ki, 

was calculated based on the original data, fluorescence intensity, obtained by 
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FLUOstar OPTIMA, by using the Tight Inhibition Equation (Morrison Equation) 

[50]. The value of Ki is the concentration which can provide half of the maximum 

inhibition. The data is shown as Figure 4.9, and QUB 1675 has no significant effect 

on trypsin inhibition. 

 

Figure 4.9 The result of the trypsin inhibition assay. 
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Chapter Five: 

 
 

Discussion 
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5.1 General Discussion 

Amphibians are very much dependent on their environment. Although they have 

strong adaptabilities to the ecological environment, their numbers are still far less 

than other classes of vertebrates. Generally, they stay in aquatic environments like 

ponds, rivers, ditches or moist places like holes, forest floors and even drain pipes, 

all of which are filled with bacteria and microorganisms. Even so, they rarely get 

infected unless their skin surface is damaged [51]. So, from this phenomenon we can 

infer that the functions, especially the antibiotic action in their skin, has a protective 

effect. 

Antibiotic therapy has made a great contribution on improving the quality of human 

life. However, the current active ingredients of medical products are mainly derived 

from plants/microbes and they have become less effective against the 

microorganisms with the enhancement of drug resistance, which makes existing 

antibiotics not fit for purpose [52]. Thus, it is imperative to find a new drug source 

which can solve these problems. 

The amphibian skin secretion contains many unknown compounds such as AMPs, 

steroids and alkaloids. Peptides, as main components of skin secretions of frogs, have 

a strong potential effect to kill or inhibit microorganisms. AMPs from this source, 

have a broad-spectrum activity against bacteria and fungi, inhibit the growth of 

cancer cells and their mechanism is totally different from the traditional antibiotic 
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medicines and is less effected by multidrug resistance and do not readily select 

resistant mutants [53]. Therefore, the AMPs are being widely studied to find their 

applications as alternative medicines and to provide more selective medical 

treatments.  

In this dissertation, a degenerate sense primer was designed from a highly-conserved 

domain of the 5’-untranslated region of previously characterised AMP cDNAs from 

Rana species, and a cDNA sequence encoding a peptide (QUB-1675: 

TSRCYVYRLKVVCS) was found in the skin secretion of the frog, Odorrana livida, 

captured in China. Then it was chemically synthesised by using SPPS, followed by 

purification and analysis by RP-HPLC and MALDI-TOF spectrometry. A BLAST 

alignment result showed that QUB 1675 shared the same sequence with lividin-16 

but no definitive functional research result was published. To evaluate its potential 

medicinal value, a series of functional tests were performed. 

Antimicrobial assays were performed to establish the minimum inhibitory 

concentrations (MICs) of the peptide against several model microbes. C. albicans, E. 

coli and S. aureus were used in these assays which could typify yeasts, 

Gram-negative and Gram-positive bacteria. However, no significant inhibitory effect 

was found. 

Smooth muscle is widely distributed in mammals (such as the blood vessels of 

arterial and venous systems, bladder, uterus, alimentary canal and respiratory tract) 

and it is a valid model for pharmacological study. No effects were likewise found on 
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these tissues. 

Trypsin is a serine protease found in the digestive system of many vertebrates, where 

it hydrolyses proteins [54]. It is formed in the small intestine when its proenzyme 

form, the trypsinogen produced by the pancreas, is activated. Trypsin cleaves peptide 

chains mainly at the carboxyl side of the amino acids lysine or arginine, expect when 

either is followed by proline. It is used for numerous biotechnological processes. The 

process is commonly referred to as trypsin proteolysis or trypsinisation, and proteins 

that have been digested/treated with trypsin are regarded to have been trypsinised. 

The peptide had no trypsin inhibitory activity. 

5.2 Future Work 

These experiments were aimed to find the potential functions of QUB 1675, but no 

significant effect was identified. The antimicrobial experiments only focused on 

C.albicans, E.coli and S.aureus, and the anticancer assay was only performed on four 

cell lines (MB435S, H157, U251MG and PC3), thus it is too early to draw the 

conclusion that QUB 1675 has no antimicrobial or anticancer activities. As 

mentioned in Chapter One, peptides have many other functions such as helping 

wounds to heal, stimulating insulin secretion and adjusting neural mechanisms. So, 

many further experimental investigations to fully explore the potential of this peptide, 

could be carried out. 
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An alignment result showed that QUB 1675 (Figure 5.1) shared an identical sequence 

with lividin-16, but no previously published articles reported the functions of this 

peptide. However, odorranain-T1, which shares 80% identity with QUB 1675, has 

many effects against microorganisms (E. coli, S. aureus, B. subtilis and C. albicans) 

[5].  

 

Figure 5.1 The alignment of QUB1675 with lividin-16 and odorranain-T1 

Besides, these peptides are all contain a disulphide bond. These domains are also 

called as Rana box (a serious of amino stretch sandwiched between two cysteine). This 

type of sequence can improve the antimicrobial activity of the peptide. Therefore, the 

oxidation step in the SPPS is extremely important to improve the bioactivity of the 

peptide. 

Conformation, charge, amphipathicity, hydrophobic moment, hydrophobicity and 

polar angle can influence the activity of AMPs. So, we can modify the peptide to find 

its suitable structure to destroy the cell membrane, such as increase the positive charge 

of the peptide and enhance its α-helix in the secondary structure. Acetylation, 

methylation, amidation at the C-terminus, glycosylation as well as ubiquitination, are 

all useful ways to modify the peptide for potential applications. 
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