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Abstract 

Nature has been recognised as the most bountiful source for new therapeutics, among 

which amphibians have been the focus of research in the search for new compounds 

with biological activities as a result of the abundant bioactive contents of their skins. 

So far, a great number of pharmacological and antimicrobial peptides (AMPs) have 

been successfully isolated and identified from the skin and associated secretions of 

amphibians. Furthermore, some of these peptides have been recognised as significant 

novel drug leads. 

This thesis focused on the study of an AMP from the defensive skin secretions of 

Odorrana schmackeri. The precursor structure was identified by a strategy of 

molecular cloning and was subjected to an NCBI-BLAST search and CLUSTAL 

OMEGA sequence alignment, from which the amino acid sequence of the mature 

peptide was deduced as: GILKGILGMGKNLVCGLSGLC.  

The peptide was synthesised using Solid Phase Peptide Synthesis and subjected to a 

range of biological assays. In the antimicrobial assay, the synthetic peptide exerted a 

strong inhibitory activity against S.aureus and a relatively moderate one against E.coli 

and C.albicans with the MIC values being 16 μM, 32 μM and 32 μM, respectively, 

and showed mild cytotoxicity against red blood cells at these concentrations. However, 

the peptide did not show significant anti-cancer activity. 
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1.1 A brief introduction to amphibians and Odorrana 

schmackeri 

The word "amphibian" originates from the ancient Greek term “amphíbios”, meaning 

"both kinds of life". As ectothermic, tetrapod vertebrates of the class Amphibia, The 

subclass Lissamphibia, which is commonly known as a clade, includes all modern 

amphibians. Caudata (or Urodela, the salamanders), Anura (the frogs and toads) and 

Gymnophiona (or Apoda, the caecilians) are the three modern orders. Over 7000 

amphibian species have been classified, nearly 90% of which are frogs. 

As ectothermic living creatures, amphibians do not maintain their body temperatures 

through internal physiological processes. As a result of low metabolic rate, amphibians 

have limited requirements for food and energy. 

In typical developing process, amphibians lay eggs in water and an aquatic lifestyle is 

adopted by larvae. After birth, most amphibians undergo a process of morphological 

change during which they turn from larvae with gills to adults with lungs, which is 

usually referred to as metamorphosis (Figure 1.1). 

The water-permeable skin of amphibians is of crucial significance as the secondary 

respiratory surface. Cutaneous respiration liberates adult amphibians from rising to the 

surface of the water to respire, making it possible for them to hibernate at the bottom 

of ponds. (1) 

Amphibians have soft bodies with thin and delicate skin containing little keratin, and 

except for the fish-like scales in some caecilians, amphibian skin lacks scales. To 

compensate for the lack of claws, spines and defensive armour, they have evolved a 

variety of defence mechanisms to protect themselves from life-threatening dangers. 

https://en.wikipedia.org/wiki/Ancient_Greek
https://en.wikipedia.org/wiki/Ectotherm
https://en.wikipedia.org/wiki/Tetrapod
https://en.wikipedia.org/wiki/Vertebrate
https://en.wikipedia.org/wiki/Class_(biology)
https://en.wikipedia.org/wiki/Physiology
https://en.wikipedia.org/wiki/Basal_metabolic_rate
https://en.wikipedia.org/wiki/Metamorphosis
https://en.wikipedia.org/wiki/Cutaneous_respiration
https://en.wikipedia.org/wiki/Keratin
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Mucous secretions produced by mucous glands mainly on their head, back and tail are 

regarded as the first line of defence in salamanders and frogs. Apart from keeping their 

skin moist, mucous secretions also make them slippery and difficult for their predators 

to capture. In addition, most amphibian species are capable of secreting distasteful or 

even poisonous substances from their granular glands (2) (Figure 1.2). 

 

Figure 1.1 Development of common toad (Bufo bufo) tadpoles, ending with metamorphosis. 

 

Figure 1.2 A micrograph of a cross-section of frog skin. 

(http://www.savalli.us/BIO370/Anatomy/4.FrogSkin.html) 

 

https://en.wikipedia.org/wiki/Common_toad
http://www.savalli.us/BIO370/Anatomy/4.FrogSkin.html
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1.1.1 An introduction to Odorrana  

Odorrana is a genus of Ranidae (true frogs) found in East Asia and neighbouring 

regions, especially around rapid mountain streams. As can be speculated from their 

common names such as tip-nosed frog, they usually have a prominently pointed snout. 

Odorrana has a complicated taxonomic history. Most species classified as Odorrana 

today were initially regarded as Rana, and others were suggested to be classified as 

Amolops, Huia and Eburana instead (3). In the early 21st century, molecular 

phylogenetic studies showed that the systematic complex of Odorrana was the result 

of the widespread convergent evolution between Amolops, Huia and Odorrana, which 

actually are the significant lineages of the Ranidae. Therefore, it was necessary for 

some taxonomic changes to take place, especially affecting Huia. Then it has been 

discovered that Odorrana is likely to be the most closely related living lineage of 

Rana. There is no certainty for Odorrana being a distinct genus, however, the currently 

available evidence heavily hints so (4).  

 

1.1.2 An introduction to Odorrana schmackeri 

With common names such as the piebald odorous frog and the Kaochahien frog, 

Odorrana schmackeri is a frog species belonging to a common frog family in China – 

the Ranidae. Southern and south-central parts of China are the distribution of 

Odorrana schmackeri, particularly around torrent streams near Mount Huangshan (5). 

The existence of Odorrana schmackeri is currently threatened by dam construction, 

modern development and harvesting for consumption. Additionally, this species is a 

bycatch in many inland fisheries. 

https://en.wikipedia.org/wiki/Genus
https://en.wikipedia.org/wiki/True_frog
https://en.wikipedia.org/wiki/East_Asia
https://en.wikipedia.org/wiki/Taxonomic
https://en.wikipedia.org/wiki/Rana_(genus)
https://en.wikipedia.org/wiki/Amolops
https://en.wikipedia.org/wiki/Huia_(frog)
https://en.wikipedia.org/wiki/Molecular_phylogenetic
https://en.wikipedia.org/wiki/Molecular_phylogenetic
https://en.wikipedia.org/wiki/Convergent_evolution
https://en.wikipedia.org/wiki/Raninae
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Despite being an unstudied species of frog, skin peptides from Odorrana schmackeri 

have been shown to have nucleic acid sequences that are encoded by hypervariable 

antimicrobial peptide-encoding domains (6). 

 

1.2 Amphibian skin secretions 

Two types of glands exist in amphibian skin: mucous glands and granular glands. 

Stress or injury can activate the granular glands which consequently secrete various 

substances ranging from being slightly noxious to extraordinarily toxic, depending on 

the species.  

For quite a long time, amphibian skin has been recognised as a rich source of chemical 

compounds with biological activities. They are presumed to have a variety of  

physiological functions including the regulation of physiological functions of the skin, 

or defending against pathogens or predators (7). Due to the direct exposure to different 

environments, amphibian skin often interacts with environmental factors such as 

microorganisms, parasites, predators and physical factors. The special research value 

of amphibians is established upon the fact that they are animals bridging the 

evolutionary water−land gap. Therefore, they provide valuable information about 

prospective functional molecules. Amphibian skin is an organ crucial for basic survival 

and it possesses a remarkable chemical diversity. The unique chemical properties, 

biosynthesis pathways and potential clinical applications have made amphibian skin 

secretions the focus of interest for many researchers.   

Amphibians have been considered medicinally useful in many ancient cultures. For 

instance, in Chinese medicine, toad and frog skin extracts have been a practical 

treatment for various ailments, which can be exemplified by the traditional Chinese 
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medicine, Chan Su. White secretion from the skin glands of the Chinese toad is dried 

and used to prepare Chan Su which has been an effective Oriental drug in treatment of 

systemic illnesses, such as heart disease, sinusitis, toothache and haemorrhage of gums 

(8). 

In summary, it has been widely accepted that for future development of novel and 

natural drugs, amphibian skin is undoubtedly a treasure house. 

 

1.2.1 Toxicity of amphibian skin secretions 

Some amphibian species do possess toxins powerful enough to kill a healthy mature 

person within just a few minutes. However, others may not have toxins with power to 

make any difference. The main glands producing poisons are known as the paratoids, 

and they are usually located along the back of frogs, on the upper surface of caecilians, 

behind the ears of toads and the eyes of salamanders, which are the regions presented 

to predators. Their secretions usually taste foul and are capable of causing physical or 

neurological damage. So far, a limited number of amphibian species have been 

investigated, from which more than 200 toxins have been isolated. 

Animals that amphibians feed on such as poisonous insects or poisonous plants that 

they feed on, are usually the source for their toxins. For instance, poison dart frogs are 

capable of producing a lethal chemical known as a lipophilic alkaloid that comes from 

a poisonous food they consume in the rainforest. Lipophilic alkaloids are produced 

through skin secretion as a self-defence method against predators, but poison dart frogs 

are immune to their effects. Due to the high efficiency of this poison, the native people 

living in the South American Amazon rainforest usually put it on their weapons to kill 

their prey, which is why the frogs are called the ‘poison dart frog’. Given the size and 

https://en.wikipedia.org/wiki/Poisonous_insects
https://en.wikipedia.org/wiki/Poisonous_plants
https://en.wikipedia.org/wiki/Dart_frog
https://en.wikipedia.org/wiki/Lipophilic
https://en.wikipedia.org/wiki/Alkaloid
https://en.wikipedia.org/wiki/Rainforest
https://en.wikipedia.org/wiki/Lipophilic
https://en.wikipedia.org/wiki/Alkaloid
https://en.wikipedia.org/wiki/Dart_frog
https://en.wikipedia.org/wiki/South_America
https://en.wikipedia.org/wiki/Amazon_rainforest
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toxicity of toads, a fully-grown and healthy adult human will not be killed by their 

poisons. However, if a large amount of toxin is absorbed, or an unhealthy person takes 

the toxin, the poisons can become a serious threat to life.  

 

1.2.2 Bioactive compounds in amphibian skin secretions 

Defensive skin secretions of amphibians are complex, species-specific cocktails of 

molecules with biological activities, and biogenic amines, bufadienolides and steroids, 

alkaloids, peptides and proteins are four main categories of compounds found in the 

granular or poison glands (9).  

 

1.2.2.1 Biogenic amines 

Biogenic amines are mainly formed in two different ways, with one being amino acid 

decarboxylation and the other amination and transamination of aldehydes and ketones. 

Having one or more amine groups, they are considered to be low-molecular weight 

organic bases. Biogenic amines can be produced by different sources including animal, 

vegetable, and microbial metabolisms. 

Derivatives of catecholamines and indolealkylamines are included in the category of 

biogenic amines in amphibians. Based on chemical properties and origins, Erspamer 

categorised aromatic amines in amphibian skin into three groups: indolealkylamines, 

imidiazolealkylamines and phenylalkylamines (10). The indolealkylamines include 5-

hydroxytryptamine and N-methylated derivatives. The former exists in most of the 

amphibian genera and the latter have also been found abundantly in salamanders, frogs 

and toads (11). However, the imidiazolealkylamines and related histamine have a 

limited source only from leptodactylid and hylid frogs as far as is currently known. 

https://en.wikipedia.org/wiki/Amino_acids
https://en.wikipedia.org/wiki/Decarboxylation
https://en.wikipedia.org/wiki/Amination
https://en.wikipedia.org/wiki/Transamination
https://en.wikipedia.org/wiki/Aldehydes
https://en.wikipedia.org/wiki/Ketones
https://en.wikipedia.org/wiki/Amine
https://en.wikipedia.org/wiki/Organic_bases
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The phenylalkylamines are widely spread in Bufo spp as epinephrine and its derivative 

norepinephrine. The indolakylamine derivatives such as bufotenins are considered to 

have hallucinogenic and hypertensive properties (10). After screening 65 species as 

well as  subspecies of Bufo, Cei, Erspamer & Roseghini (12) came to a conclusion that 

different species and subspecies had different biogenic amines in their skin, revealing 

their taxonomic significance in characterising evolutionary lineages. 

 

1.2.2.2 Bufadienolides and steroids 

Bufadienolides have a steroid structure, the molecular formula of which is C24H34O2. 

Bufadienolides refer to all derivatives of bufadienolide, and the term bufadienolides is 

derived from the genus Bufo containing bufadienolide glycosides. Related structures 

with only one double bond in the lactone ring are named bufenolides, and the saturated 

equivalent is known as a bufanolide. 

Most of the bufadienolides occur in the form of bufadienolide glycosides and 

cardenolide glycosides (13). As an atrioventricular block, ventricular tachycardia, 

bradycardia and lethal cardiac arrest can be caused by both bufadienolides and their 

glycosides, they are considered to be toxic. 

 

Figure 1.3 A typical bufanolide 

(https://en.wikipedia.org/wiki/Bufadienolide#/media/File:Bufanolide_structure.png) 

https://en.wikipedia.org/wiki/Bufo
https://en.wikipedia.org/wiki/Saturation_(chemistry)
https://en.wikipedia.org/wiki/Cardenolide
https://en.wikipedia.org/wiki/Atrioventricular_block
https://en.wikipedia.org/wiki/Ventricular_tachycardia
https://en.wikipedia.org/wiki/Bradycardia
https://en.wikipedia.org/wiki/Cardiac_arrest
https://en.wikipedia.org/wiki/Bufadienolide#/media/File:Bufanolide_structure.png
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1.2.2.3 Alkaloids 

Alkaloids are a class of chemical compounds with a restricted distribution in Nature 

and  most contain basic nitrogen atoms. Apart from carbon, hydrogen and nitrogen, 

alkaloids sometimes also contain oxygen, sulphur and, more rarely, other elements 

such as chlorine, bromine, and phosphorus. Alkaloids are generated by various 

organisms including bacteria, fungi, plants, and animals, from whose crude extracts 

they can be purified by acid-base extraction. Among the amphibians, alkaloids can be 

found primarily in poison dart frogs (family Dendrobatidae), but their presence has 

also been discovered in salamanders (S. salamandra), newts (Triturus spp. and 

Taricha spp.). it has also been discovered that alkaloids exist in some isolated groups 

of frogs and toads such as the short-headed toad Brachycephalus ephippium, the 

mantelline ranid frogs Mantella spp., the myobatrachid frog Pseudophryne 

corroboree, the harlequin frogs Atelopus spp., and the cane toad Bufo marinus (14). 

Plants containing alkaloids have been in medical usage for a long time, which was why 

when the first alkaloid, morphine, was isolated from the opium poppy in 1804, it was 

immediately found to be applicable in clinical practice (15). Alkaloids have a variety 

of pharmacological activities such as anti-cancer, antimalarial, antiasthma, 

cholinomimetic, analgesic, vasodilatory, anti-arrhythmic, anti-bacterial and 

antihyperglycaemic. A great number have been used for medical treatments or 

recognised as leads for new drug discovery and development. Some alkaloids have 

found use in entheogenic rituals or as recreational drugs due to their psychotropic and 

stimulant activities. Alkaloids can also be toxic. Although the actions of alkaloids are 

on a variety of metabolic systems in both humans and other animals, commonly they 

tend to evoke a bitter taste (16). 

 

https://en.wikipedia.org/wiki/Chemical_compound
https://en.wikipedia.org/wiki/Base_(chemistry)
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Sulfur
https://en.wikipedia.org/wiki/Chlorine
https://en.wikipedia.org/wiki/Bromine
https://en.wikipedia.org/wiki/Phosphorus
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Fungus
https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Animal
https://en.wikipedia.org/wiki/Acid-base_extraction
https://en.wikipedia.org/wiki/Morphine
https://en.wikipedia.org/wiki/Papaver_somniferum
https://en.wikipedia.org/wiki/Pharmacology
https://en.wikipedia.org/wiki/Chemotherapy
https://en.wikipedia.org/wiki/Antimalarial_medication
https://en.wikipedia.org/wiki/Asthma
https://en.wikipedia.org/wiki/Cholinomimetic
https://en.wikipedia.org/wiki/Analgesic
https://en.wikipedia.org/wiki/Vasodilation
https://en.wikipedia.org/wiki/Antiarrhythmic_agent
https://en.wikipedia.org/wiki/Antibacterial
https://en.wikipedia.org/wiki/Anti-diabetic
https://en.wikipedia.org/wiki/Entheogenic
https://en.wikipedia.org/wiki/Recreational_drug
https://en.wikipedia.org/wiki/Psychoactive_drug
https://en.wikipedia.org/wiki/Stimulant
https://en.wikipedia.org/wiki/Toxicity
https://en.wikipedia.org/wiki/Bitter_(taste)#Bitterness
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1.2.2.4 Proteins and peptides 

Significant study and exploration of amphibian chemicals with bioactive properties 

has been encouraged by the discovery of novel peptides and proteins in amphibian skin 

secretions (17-19). Especially, the discovery of magainins, which is a group of highly 

bioactive peptides isolated from the skin of the African clawed toad, Xenopus laevis 

by Zasloff (20) and which has drawn a huge amount of attention to the proteins and 

peptides derived from amphibians (21, 22). 

Numerous peptides and polypeptides are contained in amphibian skin secretions. It is 

noteworthy that many of these peptides have mammalian analogues, indicating their 

potential medicinal significance. Bevins & Zasloff have noted that frog skin is a 

treasure house for discovering biologically active peptides. In addition, they have 

commented that enzymes that can process unusual substrates can be found in 

abundance in amphibians, making it an attractive subject to study since these enzymes 

are  responsible for novel catalytic transformations (21). Although all the skin 

compounds have significant importance in different areas, amines and peptides are 

commonly acknowledged as the most important. One of the reasons for their 

significance is that they play an important role in the field of taxonomy and the 

peptides also exert antimicrobial activity (10). 

Possessing multitudinous properties, the peptides isolated from frog skin secretions 

can be classified into various groups, such as AMPs, myotropic peptides (such as 

bradykinins, tachykinins), neuropeptides (such as neuromedin U, xenoxins), opioid 

peptides (such as dermorphins, deltorphins) and so on (23). 
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1.2.3 Pharmaceutical significance of amphibian skin secretions 

Application of drugs suppressing the immune system post major surgery (especially 

organ transplants) can cause potentially deadly bacterial and fungal infections, which 

has become a serious clinical problem. Patients with their immune system 

compromised face greater risks with infections, increasing the severity of the above-

mentioned problem. Moreover, some local fungal skin infections, especially in tropical 

environments, are capable of developing into serious systemic infections due to the 

climatic conditions. Further problems arise when some infectious agents develop 

antibiotic resistance, weakening or even killing the drug effect. In addition, anti-fungal 

agents currently used in the clinic are potentially toxic in nature, which also raises 

concern (10). 

Considering that amphibian skin has a significant role in respiration and defence 

against bacteria, it is logical to consider some chemicals derived from amphibian skin 

secretions as potential candidates for alternative or supplementary drugs treating skin 

infections. It also enhances the prospects of using peptide vaccines for viral diseases 

since a great deal of peptides possessing yet unknown properties exist in amphibian 

skin secretions (24). 

Another interesting discovery is that a natural ‘glue’ can be synthesised by some frogs, 

such as Breviceps spp., in order to bind with their mate during reproduction (25). 

Although it is unknown how they accomplish the subsequent separation, two possible 

ways have been proposed that they may shed the skin or produce a solvent to dissolve 

the glue, which needs further research to come to a certain conclusion. However, it is 

highly possible that such natural bio-adhesives can be utilised in wound-healing as 

well as in plastic surgery (26). 
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Intense examination has been conducted by Evans & Brodie on the above-mentioned 

property of skin secretions and the results revealed that these sticky secretions could 

put potential predators in distress. Plus, due to their considerable amount of tensile 

strength-sufficiency, these secretions could make predators like small snakes, adhere 

to the substrate for a sufficient amount of time so that the amphibians could escape 

(27).  

 

1.3 Antimicrobial peptides (AMPs) 

AMPs are considered as a unique class of gene-encoded compounds with biological 

activities that are of immense significance in inhibiting pathogens. As a vital part of 

innate immune systems, AMPs are regarded as ancient weapons that are well preserved 

to this day in animal and plant kingdoms (28, 29). 

It was in the 1960s that the research on AMPs started. Since the first AMP, cecropin, 

was extracted from the wax moth thirty years ago, a great number of different AMPs 

have been isolated and identified and more than 2500 AMPs have been put on record 

in the Antimicrobial Peptide Database. 

Most AMPs have similar biological activities including heat-resistance, strong 

cationicity and little effects on eukaryotic cells. In addition to protecting the hosts from 

pathogenic invasions, in higher species, they also function as immune regulators. The 

significance of AMPs in the evolutionary process of multicellular organisms can be 

indicated from the fact that they extensively distributed in Nature (28). 
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1.3.1 Functions of AMPs 

The diversity of AMP structures and physicochemical properties is supposed to be the 

foundation of their broad spectra of activity in killing bacteria, fungi, parasites, viruses 

and even cancer cells (30). Apart from being antimicrobial agents, AMPs have 

significant effects on immune activation and wound healing as well (31-34). 

Antimicrobial activities of AMPs can be classified into the following groups. 

 

1.3.1.1 Anti-bacterial activity 

Anti-bacterial activity is the most striking function of AMPs. Mammalian innate 

immune systems produce AMPs as a defence against microbial invasion (35).  

1.3.1.1.1 Anti-Gram-positive bacterial activity 

The Gram-positive bacterial cell wall has a thick peptidoglycan layer, which is why 

Gram-positive bacteria show a positive result in the bacterial differentiation method, 

the Gram staining test. In this test, Gram-positive bacteria appear to be purple-coloured 

under a microscope. Apart from thick peptidoglycan layer, they also have a 

cytoplasmic lipid membrane and cross-linked peptidoglycan chains. Besides, teichoic 

acids and lipoids are also present in Gram-positive bacteria. However, the volume of 

periplasm in Gram-positive bacteria is a lot smaller compared to Gram-negative 

bacteria. 

Generally, in humans, there are six typically pathogenic Gram-positive genera, two 

being cocci and the rest bacilli. Streptococcus and Staphylococcus belong to the first 

category. The rest can be divided further into two sub-groups according to whether 

they form spores or not. Corynebacterium and Listeria do not form spores, but Bacillus 

and Clostridium do. Rathybacter, Leifsonia, and Clavibacter are three genera that can 
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lead to plant diseases. It is also noteworthy that Gram-positive bacteria have the 

potential to cause serious and sometimes fatal infections in new-born infants (36). 

Resulting from the absence of outer membranes in Gram-positive bacteria, antibiotics 

are more effective against them. However, due to the development of antibiotic 

resistance, a new therapeutic method is increasingly needed to treat infections caused 

by antibiotic-resistant microorganisms. AMP Isoform 5, which was found in 

immunised insect larvae, is known to be active against a Gram-positive bacterium, 

Micrococcus luteus (37). AMPs with only anti-Gram-positive functions are much less 

common than other multifunctional AMPs.  

1.3.1.1.2 Anti-Gram-negative bacterial activity 

Gram-negative bacteria are widespread and appear red or pink in the Gram stain test. 

Their thin peptidoglycan layer is located between an inner cell membrane and a 

bacterial outer membrane. The surface layer of Gram-negative bacteria is not attached 

to the peptidoglycan but directly to the outer membrane. In addition to the absence of 

teichoic acids and lipoteichoic acids, Gram-negative bacteria mostly do not form 

spores. 

 Four types of Gram-negative cocci can cause medical problems. Neisseria 

gonorrhoeae is capable of causing a sexually transmitted disease, and Neisseria 

meningitidis is responsible for meningitis. Respiratory symptoms can result from 

Moraxella catarrhalis and Haemophilus influenzae. Besides, a multitude of Gram-

negative bacilli species are medically involved, capable of causing primarily 

respiratory problems (Klebsiella pneumoniae), primarily urinary problems 

(Escherichia coli), and primarily gastrointestinal problems (Helicobacter pylori). 
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 A great number of studies and observations have been carried out and it has been 

revealed that Gram-positive bacteria are the major reactors to antibiotics. However, 

Gram-negative bacteria are generally resistant to antibiotics, which probably results 

from the protective mechanism of their outer cell membrane against antibiotic 

selection pressure (38). However, an anti-Gram-negative bacterial function has been 

found in AMPs due to their remarkably different mechanism of action compared to 

other antibiotics. Hiinavin Ⅱ was purified from the larval haemolymph of the cabbage 

butterfly, and when tested on both Gram-negative and Gram-positive bacteria, it 

exhibited considerably stronger activity against the former than against the latter. 

Additionally it also showed a  considerable synergism with lysozyme (39). 

Peptides with antimicrobial activities against both Gram-positive and Gram-negative 

bacteria are predominant among AMPs. One specific example is a peptide with the 

sequence - NPSRQERR. It showed exceptional anti-Gram-positive bacterial 

(Staphylococcus aureus) and anti-Gram-negative bacterial (Escherichia coli EAEC 

042 and Salmonella typhi) activities (40). Another peptide, defensin-NV, from 

Nasonia vitripennis, exerted significant anti-Gram-positive and anti-Gram-negative 

bacterial as well as anti-fungal activities (41). 

1.3.1.2 Anti-fungal activity 

More than 70000 species of fungi are known so far, some of which can be used for 

food production or as a source of therapeutics. However, some can pose serious threats 

to human health. As current drugs are suffering from limited target specificity and 

acquired resistance, anti-fungal peptides have become a new option for therapeutic 

use. From Orancistrocerus drewseni, three peptides were derived and named OdVP1, 

OdVP2 and OdVP3. They possessed powerful anti-fungal properties. Later, after 

proper modifications upon OdVP2, OdVP2L came into being and performed 
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remarkably against Botrytis cinerea. However, the modified version did not have any 

activity against bacteria (42). 

 

1.3.1.3 Anti-viral activity 

Viruses are capable of infecting all sorts of organisms that are alive. They also possess 

the ability of self-replication in host cells. Antibiotics are proven to be of no use against 

viruses and anti-viral drugs are only able to stop viruses from self-replication, but they 

cannot kill viruses. A new group of peptides with a broad spectrum of anti-viral 

significance have been discovered and called anti-lipopolysaccharide peptides 

(SALPs). Synthetic SALPs provide an opportunity to find a novel alternative to treat 

flu virus infections as they can block the access of flu viruses to host cells (43). Another 

peptide, named P3, exhibits a crucial activity against Japanese encephalitis virus 

(JEV). JEV is capable of causing a serious acute illness.  P3 is capable of binding with 

the binding region on its receptor, D Ⅲ, thus inhibiting the viral replication (44). 

 

1.3.1.4 Anti-cancer activity 

One of the major causes of death at present is undoubtedly cancer. Based on cancer 

statistics provided by Cancer Research UK, there were around 163,000 cancer deaths 

in the UK in 2014, 450 deaths every day. Chemotherapy, radiotherapy and surgery 

are the traditional methods for cancer treatment but they are not highly specific. In 

addition, they inevitably have toxicity to normal human cells (45). Multi-drug 

resistance (MDR) of cancers can easily be developed from using these classic anti-

cancer agents. As a result of the studies carried out in the past few years, both natural 

and synthetic AMPs have been recognised to have cytotoxic activity against a wide 
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range of cancer cells and can be an effective novel treatment for cancer (46). A great 

number of Nature-derived AMPs have significant activity against cancer cells. 

(Table 1.1) 

Table 1.1 Examples of Nature-derived AMPs with anti-cancer activity. 

Names Peptide Sequence Source Reference 

HhCAP18 LLGDFFRKSKEKIGKEFK 

RIVQRIKDFLRNLVPRTES 

Human (47) 

Magainin 2 GIGKWLHSAKKFGKAFV 

GEIMNS 

African clawed frog (48) 

Temporin-1 

CEa 

FVDLKKIANIINSIF Chinese brown frog (49) 

Citropin 1.1 GLFDVIKKVASVIGGL Australian stony creek frog (50) 

Gaegurin 5 FLGALFKVASKVLPSVKC 

AITKKC 

Korean frog (51) 

 

1.3.2 Classification of AMPs 

Considering that it is difficult to classify the AMPs definitely, several ways have been 

developed to classify them depending on different standards. According to their 

primary structures, AMPs can be divided into various peptide families. As for the 

secondary structures, α-helices, β-sheet, β-turns and random coils are included. AMPs 

usually have at least two types of configuration, which is why they have structural 

complexity. Based on their structural differences and similarities, AMPs can be 

classified into three major classes: α-helical, β-sheet and extended peptides (Figure 
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1.4). The most common and typical types of AMPs found in Nature are α-helical and 

β-sheet peptides. Thousands of synthetic peptides have also been made and can also 

be classified into the above-mentioned three major classes.  

 

Figure 1.4 Examples of the three secondary structural classes of AMPs. 

(https://www.boundless.com/microbiology/textbooks/boundless-microbiology-textbook/immunology-

11/innate-defenders-138/antimicrobial-peptides-708-6439/images/various-amps/) 

1.3.2.1 α-helical AMPs 

In α-helical AMPs, the hydrophobic moment is used to measure amphipathic 

characteristics. In the structures, hydrophilic groups and hydrophobic groups, which 

interact with phospholipid membranes, are arranged spatially opposite each other on 

the surface, resulting in amphipathic characteristics. A rise in antimicrobial activity 

can be achieved by increasing the hydrophobic moment within reasonable ratios of 

hydrophobicity to charged residues. However, increasing the hydrophobic level also 



27 
 

induces an increment in eukaryotic cell cytotoxicity and loss of antimicrobial 

characteristics (52). 

Among all three classes of AMPs, α-helical peptides are the most intensively-studied. 

It has been discovered that AMPs exerting membrane destructive activities mostly 

contain an α-helical structure, but not all α-helical peptides are capable of interacting 

with cell membranes. Buforin Ⅱ, an AMP derived from histone protein in Bufo bufo 

gargarizans, has the ability to interact with nucleic acids instead of disrupting 

membranes, which is considered to be the means of exerting its activity (53). 

 

1.3.2.2 β-sheet AMPs 

AMPs containing β-sheets are variable in primary structures but have the same 

secondary structures in possessing distinct hydrophilic and hydrophobic surfaces (52). 

β-hairpin peptides are also included in the category of β-sheet AMPs. Generally, β-

sheet AMPs are categorised based on their antiparallel β-sheets using disulphide bonds 

as stabilisers.  

The best representative peptide of this group may be the tachyplesins. They were found 

in the Japanese horseshoe crab, Tachyplesus tridentatus, and consist of 17 to 18 amino 

acids. Given that the NMR structures of the proper length tachyplesins are well 

established, numerous intense studies have been conducted in order to find out the 

relationship between β-sheet structures and biological activity. Both the structure and 

antimicrobial activity of tachyplesin Ⅰ, an AMP containing an antiparallel β-sheet 

structure stabilised by two disulphide bonds, have been studied in vitro. However, 

further work is still needed to reveal the mechanism of action and structure-function 

relationships of this peptide. 



28 
 

 

1.3.2.3 Extended AMPs 

A class of peptides with a curved structure instead of the regular secondary structure 

are usually referred to as extended AMPs. A great number of extended peptides lack 

the ability to interact with cell membranes. Extended peptides such as apidaecin, 

drosocin and pyrrhocoricin are derived from insects, and their antimicrobial functions 

are exerted due to their interaction with intracellular targets like the proteins DnaK and 

GroEL (54). 

Indolicidin can possibly represent the cationic extended peptide family in the best way. 

With the amino acid sequence being ILPWKWPWWPWRR-NH2, indolicidin is a 13-

residue, C-terminally amidated AMP. Of its 13 residues, 5 are tryptophan (W). 

Omganan is the most potent analogue of indolicidin, which is first developed by a 

company called BioWest Therapeutics. This peptide is currently in phase Ⅲ clinical 

trials. 

 

 

1.3.3 Mechanism of AMP action 

The precise mechanism of the action of AMPs has not been decided yet, but quite a 

few specific AMPs have been under intense study and several possible theories have 

been hypothesised to explain the mechanism of AMPs killing.      
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1.3.3.1 Interaction with membrane  

As most of the AMPs are positively-charged, they possess the ability to interact with 

negatively-charged microbial membranes, causing permeabilisation and resulting in 

cell lysis. Currently, researchers have proposed three models to explain the function 

of AMPs interacting with cell membranes (Figure 1.5). 

In the toroidal pore model, insertion of peptides into the membrane takes place and 

pores with alternating peptide and lipid are formed, subsequently leading to leakage of 

cell contents. In the carpet model, peptides cause the disruption of the membrane by 

parallel binding, leading to cell lysis. In the barrel-stave model, transmembrane pores 

are formed by the hydrophilic areas of peptides, which release the intracellular 

contents, thus causing cell death. 

 



30 
 

Figure 1.5 Models of AMP action mechanisms. 

(https://www.researchgate.net/figure/270887324_fig1_Fig-1-Bacterial-membrane-disruptions-

mechanisms-following-initial-adsorption-of-AMPs) 

 

1.3.3.2 Interaction with intracellular targets 

It has been suggested by recent studies that in addition to their ability to kill bacteria 

through membrane interaction, AMPs are capable of acting on intracellular targets as 

well. Intracellular targets such as nucleic acids, proteins and enzymes play important 

roles in the biosynthesis of membranes, DNA, RNA and proteins, and they can even 

affect enzymatic activities. AMPs are able to act on these targets and cause the 

inhibition of above-mentioned biosynthesis and enzymatic activities. Pyrrhocoricin, 

drosocin and apidaecin, derived from insects, exhibit antimicrobial activities by 

interacting with intracellular proteins such as DnaK and GroEL instead of disrupting 

the membrane (54). 

 

1.3.4 Clinical significance of AMPs 

Over the past few decades, an increasing number of conventional antibiotic drugs have 

proven to be ineffective due to bacterial resistance, which has become a global crisis 

for not only all human beings but also their domestic animals. As a consequence of 

their remarkably different mechanisms of action to other antibiotics, AMPs seem to be 

a perfect and attractive candidate as novel therapeutic antibiotics. 

Possessing a broad spectrum of activity, AMPs are considered to be promising 

molecules as novel antibiotics displaying impressive activity against drug-resistant 

bacteria (55). Despite showing no obvious advantage over traditional antibiotics 
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targeting susceptible pathogens (56), AMPs are in possession of great potency in 

destroying bacteria with multi-resistance. Due to the rapid killing process as well as  

multiple cellular acting sites (54), it is possible for AMPs to become a solution to the 

problems rooting from antibiotic resistance. Furthermore, AMPs are able to increase 

the efficiency of antibiotics to a higher level in vivo, and the presumed explanation is 

that AMPs can accelerate  the accessing process of antibiotics entering into target cells 

(28). Therefore, they are capable of working as both single antimicrobial agents and 

synergists with currently available antibiotics (56). Besides, some AMPs are capable 

of inhibiting the bacterial biofilm formation, because the control of hospital infections 

can benefit from the destruction of biofilms. In addition to their role as 

immunomodulatory compounds, AMPs can serve as anti-endotoxin agents, too (57). 

Apart from the various potential applications, the relatively low probability of gaining 

antibiotic resistance is another desirable feature of AMPs. Amino acid sequences of 

most AMPs lack of unique epitopes which can act as protease recognition sites and 

consequently lead to pathogens disrupting the action of AMPs on membranes (28). 

Moreover, the exceptional diversity of AMPs in animals and humans eradicates the 

possibility of microbes destroying all peptides. It has been elaborated that proteolytic 

degradation, efflux pumping and cell surface modification are the possible 

mechanisms of microbes resisting several AMPs, but the resistance is quite mild in 

comparison with currently available antibiotics (56, 57). Additionally, multiple targets 

including cell wall biosynthesis and cytoplasmic membrane permeability barriers 

reduce the possibility of AMPs generating resistance (57). 
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1.4 Aims and objectives of this thesis 

The aims and objectives of this study were as follows: 

1). To construct a cDNA library from lyophilised skin secretion of Odorrana 

schmackeri. 

2). To use a molecular cloning strategy to clone a peptide precursor-encoding cDNA 

from this cDNA library. 

3). To deduce a mature peptide primary structure from sequence alignment between 

the cloned  cDNA open-reading frame and the open-reading frames encoding similar 

peptide precursors from the same or related species archived in databases.   

4). To produce a sufficient amount of synthetic replicate of the peptide by use of a PS4 

Tribute peptide synthesiser for biological evaluation. 

5). To subject the synthetic peptide to antimicrobial, haemolytic and anti-cancer 

bioassays. 

6). To become familiar with the approaches for the development of novel drugs in 

early stages. 

7). To become capable of operating experimental instruments and conducting 

experimental procedures independently. 
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Chapter 2: Determination of QUB-2044 

peptide sequence using molecular 

cloning 
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2.1 Materials and Methods 

2.2.1 Specimen biodata and secretion harvesting 

Specimens of Chinese Schmacker's frogs, Odorrana schmackeri were captured in the 

People’s Republic of China. All frogs were adults and were settled into our purpose-

designed amphibian facility in which the temperature was kept at 18-25℃. The frogs 

were maintained under a 12 h/12 h light/dark cycle and fed multivitamin-loaded 

crickets every 2-3 days. Under these conditions, the frogs would maintain a healthy 

state for at least 18 months. After four months, skin secretions were obtained via mild 

squeezing and massaging of the glands with gloved fingers. The viscous white skin 

secretion was washed from the skin using deionised water, snap-frozen in liquid 

nitrogen, lyophilised and stored at -20°C prior to analysis. All the procedures were 

subject to ethical approval and carried out under appropriate UK animal research 

personal and project licenses.  

 

2.2.2 mRNA Isolation 

The purpose of mRNA isolation was to extract mRNA from the secretions of frogs 

relying on the A-T base pairing that was matched by the mRNA containing an intact 

poly A+ tail and Dynabeads Oligo (dT)25 covalently bound with short sequences of 

oligo-dT. A simple and rapid extraction between the poly A+ tail of mRNA and the 

bead-bound oligo-dT happened under optimal conditions, with the help of a magnet 

(such as a Dynal MPC-S), mRNA could be kept with beads. To achieve this, a 

Dynabeads® mRNA DIRECT™ Kit was used in this experiment. The outline of 

mRNA isolation is shown in Figure 2.1. 
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Figure 2.1 The outline of mRNA isolation using Dynabeads Oligo(dT)25. 

 

After washing with lysis buffer, the beads were mixed with secretions. They were 

shaken for 1min and iced for 1min to make sure that the binding between mRNA and 

Dynabeads Oligo (dT)25 was complete. This step was repeated 10 times. Beads-mRNA 

were washed with washing buffer A 3 times and washing buffer B twice. Then beads-
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mRNA combination was eluted by elution buffer and heated to separate mRNA and 

beads. 

 The tube contained 5 mg of lyophilised frog secretion and 1 ml lysis/binding buffer. 

Then the lysate was vortexed for 5 min and cooled on ice for some time to prevent 

mRNA from degradation.  After vortexing, lysate was centrifuged at 18000 x g in an 

Eppendorf Centrifuge 5424 (Eppendorf, Germany) for 5 min. The supernatant was 

kept on ice. 

After a thorough vortexing, 250 μl resuspended Dynabeads Oligo (dT)25 (Dynabeads 

mRNA DIRECT kit-BIOTECH) were transferred to a labelled RNase-free tube and 

placed on the magnetic rack until the solution became clear. Then the storage buffer 

was discarded with the tube still on the rack. Beads left in the tube were washed by 

250 μl lysis/binding buffer with the tube out of the magnetic rack and then placed back 

on the magnetic rack until the solution became clear again. The supernatant was 

removed with the tube still on the rack. 

The tube containing beads was taken out of the rack and the supernatant of lysate was 

added into it. Then the tube was gently shaken for 1 min and iced for 1 min. To make 

sure the binding between mRNA and Dynabeads Oligo (dT)25 was complete, this step 

was repeated 10 times. 

After this, the tube was placed on the magnetic rack. Then supernatant was removed. 

Beads-mRNA were washed with 500 μl washing buffer A 3 times and 500 μl washing 

buffer B twice. 

Then beads-mRNA combination was incubated on a heating block at 80 ℃ for 2 min, 

then mRNA was eluted by 18 μl elution buffer. Then the tube was put on the magnet 
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immediately. After the solution became clear, the supernatant was transferred to a new 

labelled RNase-free PCR tube then the tube was placed on ice. 

 

2.2.3 cDNA Library Construction 

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

used in this part. A cDNA library could be constructed from isolated mRNAs by a 

reverse transcription polymerase chain reaction. In cDNA library construction, 

mRNAs acted as templates to synthesise first-strand cDNAs. For synthesising 3’-

RACE-Ready cDNA, 3’-CDS primer could combine with mRNA by hydrogen bonds 

and amplify a complementary chain. For synthesising 5’-RACE-Ready cDNA, apart 

from 5’-CDS primer, a modified oligo dT primer named BD SMART II™ A 

Oligonucleotide (BD SMART II) was used to produce first-strand cDNA by binding 

with the poly-A tail of mRNA. The primers used for cDNA library construction are 

listed in Table 2.1.  

 

Table 2.1 Sequences of primers for cDNA library construction 
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All reagents were placed on ice to defrost and they were centrifuged briefly prior to 

use. Then they were added to 5 PCR tubes labelled 3’-1, 3’-2, 3’-3, 5’-1, 5’-2 

respectively. Reagents were added to each PCR tube as shown in Table 2.2. After a 

brief centrifugation, PCR tubes were incubated at 70 ℃ for 2 min and cooled on ice 

for 2 min. A master mix enough for 5 PCR tubes was prepared as well. After brief 

centrifugation, 4 µl was transferred to each PCR tube. BD PowerScript™ Reverse 

Transcriptase (BD RTase) was then taken out of the -20 ℃ freezer and centrifuged 

briefly. Next, 1 µl of enzyme was added to each tube. Final components in each 

reaction tube are shown in Table 2.3 and Table 2.4. 

Table 2.2 Components for 5 PCR tubes 

 

Table 2.3 Components of each tube for 3’-RACE-Ready cDNA 
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Table 2.4 Components of each tube for 5’-RACE-Ready cDNA 

 

 

After all components in tubes were mixed well, these tubes were incubated at 42 ℃ 

for 1.5 h in a PCR machine (ThermoFisher Scientific, USA). After 1.5 h, 50 µl of PCR-

Grade water was added to each tube to dilute, then tubes were incubated at 72 ℃ for 7 

min to correct the possible errors which might have been made at 42 ℃. Finally, PCR 

tubes which contained the cDNA library were stored at -20 ℃. 

 

2.2.4 RACE Polymerase Chain Reaction (PCR) 

A BD SMART™ RACE cDNA Amplification Kit was used in this section as well. 

Rapid-amplification of cDNA ends (RACE) could be used to obtain double-stranded 

3’-RACE fragments or 5’-RACE fragments. In this section, only 3’-RACE PCR was 

performed and 3’-RACE-Ready cDNA served as a template. A degenerate primer pool 

served as the sense primer and a nested universal primer (NUP) served as antisense 

primer annealing to the single-stranded DNA as template to amplify in PCR cycles.  
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All reagents were taken out of the -20 ℃ freezer and placed on ice in advance to thaw 

thoroughly. They were centrifuged briefly before use. The sense primer (PD-S; 5’-

GACCAAAGATGTCWTTCTTGAAGAAAT-3’) contained a highly-conserved 

domain of the 5’-untranslated region of previously-characterised homologous peptide 

cDNAs from Rana species (W=A or T). The difference between the sample group and 

the negative control group was the existence of a cDNA library sample. The 

components in each reaction tube are shown in Table 2.5 and Table 2.6.  

Table 2.5 Components in each tube of sample group in RACE PCR 

 

Table 2.6 Components in each tube of negative control group in RACE PCR 
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The RACE PCR programme was performed as shown in Table 2.7. After the whole 

programme was finished, PCR products were stored at 4 ℃ prior to use.  

Table 2.7 Programme for 3’-RACE PCR 

 

 

2.2.5 Gel Analysis 

Gel electrophoresis was applied to separate and analyse DNAs or other 

macromolecules by their different sizes and charges. In an electrical field, the 

negatively charged DNAs moved to the anode and the larger molecules migrate more 

slowly through the gel than the smaller ones. Agarose is a commonly-used gel matrix 

in separating DNA. The DNA dyed by Ethidium Bromide (EB) could fluoresce under 

UV light. 

At first, 0.45 g agarose powder (Invitrogen, UK) and 35 ml of freshly prepared 1X 

Tris/Borate/EDTA (TBE) buffer (Invitrogen, UK) were added to a conical flask and 

they were microwaved to melt thoroughly. The flask was cooled and 2.5 µl of 10 

mg/ml EB (Sigma, UK) was added. Then the warm gel solution was poured into the 

reaction tank which contained two black gates, and a comb was put in the gel solution. 

After the gel solidified, the comb was taken out and 1X TBE buffer was added to the 

reaction tank to just near the maximum level line. 
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The first well was loaded with 2.5 µl of 100 bp DNA ladder (Invitrogen, UK) while 

other wells were loaded with a mixture of 0.5 µl loading dye (Invitrogen, UK) and 1.5 

µl of RACE PCR product. After all PCR products in different tubes were added to 

different wells in turn, the gel electrophoresis tank was covered and charged to 90 V 

for about 30 min. The gel was transferred to a Benchtop UV Transilluminator (UVP, 

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

estimated. Selected samples were applied to the following experiments. 

 

2.2.6 RACE PCR Products Purification 

This procedure utilised a Rapid PCR Purification system (Marligen Biosciences Inc, 

USA) to accomplish the purification of RACE PCR products. 

 

 

Figure 2.2 The procedure of PCR products purification 

 

Sample Preparation:  

The volume of CP buffer used should be 5 times that of the sample. 47.5 μl [(11 μl -

1.5 μl) x 5] of CP buffer were added to each tube containing the PCR product. 
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Cartridge Loading:   

A silica-based membrane is contained in the spin cartridge, which can adsorb DNA 

selectively. All the mixed liquid was added to a spin cartridge and after 1 min 

centrifugation at 6000 × g, the liquid was thrown away. 

 

 

 

Figure 2.3 The principle of DNA adsorption onto silica. 

 

Cartridge Wash:  

Seven hundred μl DNA wash buffer was transferred into the cartridge, and after 1min 

centrifugation at 6000 × g, the liquid was thrown away. 

Five hundred μl DNA wash buffer was added and same centrifugation was applied as 

the former step.  

After discarding the liquid, the tube was dried by a 2-min centrifugation at 6000×g. 
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When this step was completed, RACE PCR products were purified from the DNA 

polymerases, buffer, unreacted primers and dNTPs. 

 

DNA Elution:  

A 1.5 ml autoclaved tube was prepared to hold the cartridge 

Thirty μl DD water was transferred into the centre of the cartridge without touching 

the bottom. 

After a 2 min incubation, the cartridge held in the tube was centrifuged at 6000 × g for 

1 min. 

Since the DNA was eluted at a high concentration in DD water, there was no need to 

precipitate DNA. The cartridge was removed and the tube with sample was placed in 

a vacuum concentrator for 40 min. 

Parafilm was used to seal the tubes with samples, after which they were stored at -20 

℃. 

2.2.7 Ligation 

A pGEM®-T Easy Vector system (Promega, USA) was used in this step.  
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Figure 2.4 pGEM®-T Easy Vector circle map and its sequence reference points. Ampr indicates 

ampicillin resistance gene. Ori indicates the replication origin sequence. 

 

The tube containing the dried DNA sample received 10 μl of DD water.  

For reconstitution, this tube vortexed for more than 1 min and then centrifuged briefly. 

Then the tube was cooled on ice for about 30s. This procedure was repeated 5 times. 

Table 2.8 Ligation reaction reagents. 
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These four reagents were added into the tube in order and the tube was incubated at 

room temperature for 1 h and then at 4 ℃ overnight. 

 

2.2.8 Transformation 

Blue and white colony screening was used for transformation and a schematic 

representation of a typical blue and white screening procedure is shown in Figure 2.5 

below. 

 

 

Figure 2.5 A schematic representation of a typical blue-white screening procedure. 

http://www.sigmaaldrich.com/technical-documents/articles/biology/blue-white-screening.html 

 

 

 

 

http://www.sigmaaldrich.com/technical-documents/articles/biology/blue-white-screening.html
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Table 2.9 Reagents used for culture of JM109 competent E.coli. 

 

A 400 ml bottle received 200 ml of DD water, 6.4g Luria-Bertani (LB) Agar and 550 

μl of AMP (Ampicillin) solution. After dissolving components and mixing, the 

solution was added to new Petri dishes (11 ml for each). These plates were prepared 

with 100 μl of IPTG and 20 μl of X-Gal evenly spread over each.  After the liquid in 

the plates became solid, 100 μl of bacteria were added onto 5 of the plates and spread 

evenly.  

2.3 μl of ligation reagent mixture were added into a new 1.5 ml autoclaved tube and 

all the bacteria were transferred to this. Next, the tube was placed in the ice box for 20 

min. Then the tube was incubated in a heating block at 42℃ for exactly 47 s and then 

placed in an ice box for another 2 min. Finally, 950 μl of S.O.C medium was added 

into the tube and the tube was incubated in a shaking incubator at 37 ℃, 160 rpm for 

2.5 h. The five prepared Petri dishes were spread with 100 μl of the S.O.C medium 

culture and incubated at 37 ℃ for 22-24 h. 
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2.2.9 Blue and white screening 

After the inoculation loop was cleaned with a Bunsen Burner, every single white 

colony was picked out with the loop and drawn onto one of the squares on the Petri 

dish with vertical lines (this procedure was repeated until all the white colonies were 

transferred). 

These plates were incubated at 37℃ for 22 h. 

 

2.2.10 Isolation of Recombinant Plasmid DNA 

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

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

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

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

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

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

heating block at 100 ℃ for 5 min then they were put on ice for 5 min. Then all tubes 

were vortexed for 30 s and centrifuged at 20,000 x g for 5 min in an Eppendorf 

Centrifuge 5424 (Eppendorf, Germany).  

 

2.2.11 PCR of Plasmid cDNA 

All reagents were placed on ice to thaw and centrifuged briefly prior to use. Then they 

were added to a tube as master mix and blended by gently pipetting and a brief 

centrifugation. Subsequently, 47 µl of master mix was added to each PCR tube. 

Isolated DNA products were centrifuged at 20,000 x g for 5 min in an Eppendorf 
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Centrifuge 5424 (Eppendorf, Germany) and meanwhile 0.25 µl of Taq polymerase 

(Bioline, UK) was added to every PCR tube. After centrifugation, 2.5 µl of supernatant 

was added to the corresponding PCR tube. The components of each PCR reaction tube 

are shown in Table 2.10.  

After all components were prepared, these PCR tubes were centrifuged briefly before 

putting into the PCR machine. The cloning PCR programme was performed as shown 

in Table 2.11.  

Table 2.10 Components of each tube in cloning PCR 

 

 

Table 2.11 Programme for cloning PCR 
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2.2.12 Gel Analysis 

The steps here were the same as described in section 2.2.5 except there was no loading-

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

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

were selected for following experiments. 

2.2.13 Selected PCR Products Purification 

The cloned PCR products were purified as described in section 2.2.6. However, 20 µl 

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

purification. 

 

2.2.14 Sequencing Reaction and Ethanol Purification 

A BigDye® Termator v3.1 cycle sequencing kit (Applied Biosystems, USA) was used 

for Sanger sequencing, a method based on the selective incorporation of chain-

terminating dideoxynucleotides by DNA polymerase during in vitro DNA replication. 

Samples were labelled with a fluorescent tag on the primer. After capillary 

electrophoresis (shown in the figure below), the sequence of the sample could be 

acquired. 

 



51 
 

 

Figure 2.6 Capillary electrophoresis in Sanger sequencing. 

https://en.wikipedia.org/wiki/Sanger_sequencing 

Sufficient Master Mix was made as shown in Table 2.12. 

Table 2.12 Master Mix for sequencing reaction. 

 

For each PCR tube, 18.4 μl of master mix and 2.5 μl of template were added. 

After a brief centrifugation, all the PCR tubes were placed into the PCR machine for 

the sequencing reaction. This cloning PCR was divided into 3 stages. In the first stage, 

samples were incubated at 96 ℃ for 20 s as initial denaturation. In the second stage, 

samples were incubated for 31 cycles: firstly 96 ℃, 20 s for denaturation; then 55 ℃, 

https://en.wikipedia.org/wiki/Sanger_sequencing
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10 s for annealing; finally 60 ℃, 4 min for extension. In the last cycle, the sample was 

incubated at 4 ℃ for 7 min. The samples through these stages were incubated in the 

PCR machine at 4 ℃. 

 

2.2.15 Purification of extension products 

A certain number of tubes received 10 μl PCR-grade water (the number was the same 

as the number of sequencing reaction products obtained in 2.2.14). Meanwhile, each 

sequencing reaction PCR tube received 72 μl of 95 % ethanol. Then solution in the 

PCR tubes was transferred to tubes which contained 10 μl PCR grade-water one-to-

one. After that, each tube was vortexed for 30 s and incubated at room temperature for 

20 min. Then, the solution was centrifuged at 20000 x g in an Eppendorf Centrifuge 

5424 (Eppendorf, Germany) for 20 min. Supernatant was removed as quickly as 

possible. 

Then each tube received 260 μl of 70% ethanol and was vortexed for 30 s. After this, 

each tube was centrifuged at 20000 x g in an Eppendorf Centrifuge 5424 (Eppendorf, 

Germany) for 10 min. Supernatant was removed as quickly as possible. Tubes were 

put on ice for 1 min. Then tubes were put in a heating block for 1 min at 95 ℃ with 

lids opened. One minute later, tubes were cooled to room temperature. These three 

steps were repeated 2 - 3 times.  

At last, they were evaporated in a concentrator for 2 h to volatilise all ethanol. 
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2.2.16 Sequencing 

10 µl of highly deionised-formamide (HiDi) (Applied Biosystems, USA) was added 

to each tube containing purified extension DNA products and all tubes were mixed for 

1 min. Then they were centrifuged briefly at 18,000 x g and heated at 95 ℃ for exactly 

4.5 min. After this, they were placed on ice for 3 min and 10 µl of liquid from each 

tube was added to the corresponding well in a 96-well sequencing plate without any 

bubbles. Finally, the DNA was sequenced by an ABI 3730 automated sequencer 

(Applied Biosystems, USA). 

 

2.2 Results 

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

degenerate sense primer (5’-GACCAAAGATGTCWTTCTTGAAGAAAT-3’) that 

was designed to a highly-conserved domain of the 5’-untranslated regions of 

previously-characterized antimicrobial peptide- encoding cDNAs from Rana species. 

A cDNA encoding the biosynthetic precursor of the QUB-2044 was represented in at 

least twenty clones out of the fifty that were sequenced. The open-reading frame was 

constituted by 66 amino acids, and the first 22 were putative signal peptide followed 

by 23 amino acids with a lysine (K) and an arginine (R) at the end, then the remainder 

was deduced to be the mature peptide consisting of 21 amino acids. 

An NCBI-BLAST search and a sequence alignment performed by CLUSTAL 

OMEGA showed that the open-reading frame amino acid sequence of the cDNA 

encoding QUB-2044, exhibited high sequence identity with the corresponding open-

reading frames of the cDNAs encoding Nigrocin-SHb and Nigrocin-2S from the same 

frog, as well as Nigrosin-OG20 and Nigrosin-OG1 from a related species Odorrana 
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grahami. Based on the fact that the mature peptide encoding region of the above-

mentioned four peptides starts from the 46th amino acid of its open-reading frame 

respectively, it was logically deduced that the QUB-2044 mature peptide sequence 

also started from the 46th amino acid of its open-reading frame and ended with the 66th 

(Figure 2.7 and Figure 2.8). 

 

Figure 2.7 Nucleotide sequence and corresponding open-reading frame of the QUB-2044 peptide 

precursor encoding cDNA cloned from an Odorrana schmackeri skin secretion-derived cDNA library. 

Putative signal peptide is double-underlined, deduced mature peptide is single-underlined and the stop 

codon is indicated by an asterisk. 

 

Figure 2.8 An alignment of the open-reading frame amino acid sequences encoding QUB-2044 and 

four other peptides from the same or related species. Identical amino acids are indicated by asterisks 

and the different ones are shown in red. The percentages show the sequence identity.   
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3.1 Materials and Methods 

3.1.1 Solid phase peptide synthesis (SPPS) 

To determine the bioactivity of the peptide, a large relative quantity of peptide 

(multimilligram) was required. Accordingly, solid-phase peptide synthesis (SPPS) was 

employed to make a replicate of the peptide. The mechanism is as shown below: 

 

 

Figure 3.1 The flow chart of SPPS with Fmoc chemistry 
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The peptides are synthesised from the C-terminal to the N- terminal, although they are 

synthesised in the opposite direction in cells. 

Resin was used to protect the C-terminal and this is insoluble in the synthesis. Each 

amino acid contained an Fmoc as the protecting group in the N- terminal, which could 

be removed from the amino terminus with a base during the synthesis. The functional 

groups in the side chain of some amino acids were protected by the side-chain 

protecting groups, which were stable during the synthesis process and were removed 

in the final deprotection. 

The following repetitive cycles were used:  

Deprotection: The Fmoc was removed with an alkaline solution (piperidine). 

Coupling: HBTU was used to activate the carbonyl group of the next amino-protected 

amino acid, so that the activated monomer could react with the free amidogen to 

connect to the peptide chain. 

Final deprotection: The Fmoc in the last amino acid was removed by piperidine. 

Cleavage and deprotection: The peptide was cleaved from the resin and the side-

chain protecting groups were removed by 90.5% TFA. Then the desired peptide chain 

was obtained. 

 

3.1.1.1 Calculations and weighings 

Three things constitute an amino acid vial: a vial, a cap and a septum. After washing 

with detergent, the vials were also rinsed with acetone and dried in a fume cupboard.  
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Amino acids should be used in a 4-fold molar excess over the amount of peptide 

required, thus 1.2 mmol of each amino acid in the sequence was weighed into separate 

prepared vials to synthesise 0.3 mmol peptide. 1.2 mmol HBTU, as the activator, was 

also weighed and added into each amino acid containing vial to catalyse each coupling. 

The resin, as the protection group, was put into a reaction vessel. It should be noted 

that the resin should be weighed just before synthesis and the weight should follow 

this formula: the weight (g) = (peptide mmol)/ (loading capacity mmol/g).  

 

3.1.1.2 Peptide synthesis 

This procedure was performed using a Tribute peptide synthesiser (Protein 

Technologies, Inc. AZ, USA). 

 

Figure 3.2 The Tribute peptide synthesiser 

As shown in the figure, there were five bottles containing reagents as listed below: 

 



59 
 

Table 3.1 Reagents in each bottle 

 

The nitrogen source was inspected before starting the synthesis procedure. All the 

bottles were pressurised and it was confirmed that they contained enough reagents. 

After loading the reaction vessel and the vials onto the machine, the programme was 

set and the button RUN was pressed to start the synthesis. 

 

3.1.1.3 Cleavage reaction and deprotection 

This was the key step in the whole procedure, for the resin and the protecting groups 

were removed in this process. 

The synthesised peptide with its support resin was weighed and then removed into a 

50-ml round-bottomed flask. 25 ml/g resin of cleavage cocktail (90.5% TFA + 5% 

Phenol + 2.5% Water + 2% TIPS) was prepared and added to the flask. The flask was 

then left on a magnetic stirrer for more than 12 h to allow the reaction to go to 

completion. 
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3.1.1.4 Rotary evaporation 

The mixture was filtered into a 50-ml round-bottomed flask and washed with DCM. 

The filtrate was then placed on a rotary evaporator to remove TFA and TIPS. 45 ml of 

diethyl ether was added to the flask with 3~4 ml concentrated solution and then 

transferred to a 50-ml universal tube. 

 

3.1.1.5 Oxidation 

Peptides containing cysteines need to be oxidised to form disulphide bonds. The 50 ml 

universal tube in the last step, was covered by a piece of pierced tinfoil and then 

exposed to the air for 3 days and shaken once every hour.   

 

3.1.1.6 Peptide washing 

After centrifugation (5000 × g, 5 min), another 45 ml of diethyl ether was added to the 

50-ml tube with the precipitate in it and shaken to resuspend the peptide completely, 

followed by a further centrifugation. After washing 3 times, the precipitated peptide 

was dried in the fume cupboard.  

 

3.1.1.7 Lyophilisation 

The dried peptide was dissolved in 30 ml of HPLC Solvent B. The solution was pre-

frozen in liquid nitrogen for 20 min and lyophilised with a Hetosicc 2.5 freeze dryer 

(Heto UK) for 72 h, then put in a -20 ℃ freezer to store. 
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3.1.2 Reversed-phase high performance liquid chromatography (RP-

HPLC)  

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

with 5 ml Buffer A (TFA/water, 0.5/99.95) and 5 ml Buffer B (TFA/water/CAN, 

0.5/19.95/80). Then, the 15-ml universal tube was vortexed and centrifuged at the 

maximum speed for 15 min. The clear supernatants were transferred into another 15-

ml universal tube. An analytical reverse phase HPLC Jupiter C5 column (250nm * 10 

mm, Phenomenex, UK) was washed with Buffer B for 30 min and equilibrated in 

Buffer A for 30 min before use. Subsequently, 1 ml of clear supernatant was pumped 

onto the Jupiter C5 column on a Cecil Adept CE4200 HPLC system (Cecil, 

Cambridge, UK) for peptide elution and purification with 214nm wavelength 

detection. The peptide was eluted from the column with a linear gradient from 75% 

Buffer A mixed with 25% Buffer B to 100% Buffer B over 80 min at a flow rate of 1 

ml/min. The fractions were collected in polypropylene tubes (Sarstedt, Germany) at 

every peak using an Amersham Biosciences Frac-920 fraction collector and utilised 

for identification.  

 

3.1.3 Matrix-assisted laser desorption ionisation time-of-flight mass 

spectrometry (MALDI-TOF MS) 

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

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

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

verified using the standard peptides corresponding with standard molecular masses to 

ensure high accuracy of ±0.1%. 2 μl of HPLC fractions were loaded and spotted onto 
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the MALDI ground-steel target plate, and 1 μl excess matrix solution (10 mg/ml) 

which contained alpha-cyano-4-hydroxycinnarmic acid (CHCA) diluted in 

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

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

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

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

obtained and subjected to lyophilisation and biological activity assay. 

 

3.2 Results 

3.1.1 SPPS of the QUB-2044 peptide 

The SPPS of the QUB-2044 peptide was successfully accomplished using the PS4 

automated synthesiser.  

 

3.1.2 RP-HPLC of the synthetic QUB-2044 peptide 

The synthetic peptide was subjected to RP-HPLC for a purity test.  
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Figure 3.3 RP-HPLC chromatogram of the synthetic QUB-2044 peptide. The arrow indicates the 

region containing QUB-2044. 

 

Samples from each fraction were subjected to MALDI-TOF MS analysis, from which 

the region containing QUB-2044 was determined.   

 

3.1.3 MALDI-TOF MS analysis of the synthetic QUB-2044 peptide  

As was shown in the RP-HPLC chromatogram, the synthetic product contained several 

different compounds. MALDI-TOF MS analysis was performed in order to determine 

which region contained QUB-2044. 
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Figure 3.4 MALDI-TOF mass spectrum of the synthetic QUB-2044 peptide 

One of the fraction samples contained a chemical substance whose molecular weight is very close 

to 2044 Da, which is the molecular weight of QUB-2044. 
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Chapter 4: Assessing bioactivities of 

peptide QUB-2044 
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4.1 Materials and Methods 

4.1.1 Antimicrobial assays 

Antimicrobial assays were performed to establish the minimum inhibitory 

concentration (MIC) of peptide for Gram positive bacteria, Gram negative bacteria and 

yeast, respectively. MIC is defined as the lowest concentration of a bacteriostatic that 

will inhibit the visible growth of a microorganism after overnight incubation. It is a 

basic method to determine the potency of AMPs. Three typical model organisms, 

Staphylococcus aureus (S.aureus), Escherichia coli (E.coli) and Candida albicans 

(C.albicans), were selected for the assays. 

 

4.1.1.1 Microorganism inoculation 

One bead covered with bacteria on the surface was transferred from frozen stock into 

a 100-ml flask containing with Mueller Hinton Broth (MHB) medium, and then the 

labelled flask was incubated in the orbital incubator (Stuart, UK) at a speed of 150 rpm 

at 37°C overnight (16-20 h). 

 

4.1.1.2 Peptide preparation 

Lyophilised peptide was weighed and dissolved in 309 μl dimethyl sulphoxide 

(DMSO) to make the stock solution at a final concentration of 512*102 μM. Then 10 

μl stock solution was double-diluted in the ratio of 1:1 in DMSO to prepare a range of 

gradient concentrations from 512, 256, 128, 64, 32, 16, 8, 4, 2, 1*102 μM.  
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4.1.1.3 Subculture 

Five hundred μl of bacterial suspension was transferred and grown in a pre-warmed 

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

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

cultured bacteria reached their respective logarithmic growth phases. The optical 

density (OD) value of the sub-cultured bacteria was measured at 550 nm wavelength 

by a UV spectrophotometer. In the following table, the appropriate OD values of the 

three kinds of microorganism cultures and their corresponding concentrations are 

given. 100 μl of sub-culture suspensions of S. aureus or E.coli were transferred into 

19.9 ml of pre-warmed MHB medium and dispersed completely in the Petri dish. In 

terms of C.albicans, 2 ml sub-culture suspension was transferred into 18 ml of pre-

warmed MHB medium and mixed evenly to achieve the acquired concentration of 

5*105 cfu/ml 

Table 4.1 The appropriate OD values for the three microorganisms used. 

 

 

4.1.1.4 Minimum inhibitory concentration (MIC) measurements 

One μl of peptide dilution in 7 replicates at each concentration were arranged in the 

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

 

 

 

1*108 

1*108 

5*106 
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the wells. 100 μl of adjusted bacterial suspension in 7 replicates were added as growth 

controls which tested the growth of the organisms and 100 μl of pre-warmed MHB 

medium in 7 replicates were added as negative controls (blank control). In addition, 1 

μl DMSO and 99 μl adjusted bacterial suspensions in 7 replicates were added as 

vehicle controls to observe the impact of 1% DMSO on the growth of bacteria in the 

96-well plate. Subsequently, the 96-well plate was incubated in the orbital incubator 

(Stuart, UK) for 5 min and then transferred into the incubator (Genlab Limited, UK) 

to culture at 37°C overnight (16-20 h). Afterwards, the absorbance in each well was 

measured by the Synergy HT plate reader (BioTek, USA) at 550 nm wavelength. 

Finally, the graph was drawn using the calculated average and the MIC value was 

obtained as the wells in which no growth of organism was detectable. 

 

4.1.1.5 Viable cell counts 

One hundred μl adjusted bacterial suspension was transferred into the microtube with 

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

of this were prepared including 10-1, 10-2, 10-3, 10-4, 10-5 10-6. Next, 20 μl of culture in 

3 replicates at each concentration were transferred and spotted onto the dried Mueller 

Hinton Agar (MHA) plate and incubated in the incubator (Genlab Limited, UK) at 

37°C overnight (16-20 h). Then the numbers of the bacteria in each drop were counted. 

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

formula: C= N/3 * 50 * 10n, where N represented the total quantity of the bacteria at 

each concentration while n was the ratio of dilution.  
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4.1.1.6 Minimum bactericidal concentration (MBC) measurement 

The clear solution at the MIC value at the concentration was chosen for the assessment 

of MBC. 20 μl clear solution in 7 replicates were transferred, spotted onto a new MHA 

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

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

antimicrobial assays should be repeated at least three times and the standard error of 

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

repeatability. 

 

4.1.2 Haemolysis assay 

4.1.2.1 Preparation of the red blood cells 

2ml of fresh horse blood and 30ml of PBS were transferred to a 50ml tube and then 

centrifuged at 1000 xg for 5min to obtain the blood cells. After that, the supernatant 

liquid was removed and the process was repeated until the supernatant was clear. 50ml 

PBS was then mixed with the washed blood cells. 
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4.1.2.2 Preparation of the peptide 

 

Table 4.2 The constituents of each test tube. 

 

Positive controls: 200ul 4% RBC suspension + 195ul PBS + 5ul Triton X-100 (Sigma-

Aldrich, UK) 

Negative controls: 200ul 4% RBC suspension + 200ul PBS 

All tubes were then incubated at 37℃ for 2h.  
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4.1.2.3 Measurements and calculations 

After incubation, all samples were centrifuged at 1000 x g for 5min, then the 

supernatant liquid from each tube was transferred to the wells of a 96-well plate. 

Finally, OD values were measured in a Biotek EL808 plate reader. 

 

4.1.3 Anti-cancer cell assays 

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

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

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

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

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

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

bovine serum (FBS) (Sigma, UK) which provided nutrition for cells growing and 1% 

penicillin streptomycin solution (Sigma, UK) which inhibited the growth of bacteria 

were also added into the medium.  

 

4.1.3.1 Resuscitation of frozen cell lines 

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

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

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

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

DMSO. Finally, the culture flask was incubated at 37°C atmosphere containing with 

5% CO2 after the cell examination by an inverted microscope. 
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4.1.3.2 Cell subculture and passage 

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

and then 10 ml pre-warmed PBS solution was added into the culture flask followed by 

gentle swaying to wash the cells. Afterwards, 1000 μl 1X Trypsin/EDTA (Invitrogen, 

UK) was added into the culture flask containing 10% FBS without Ca2+ and Mg2+, and 

then the culture flask was incubated for 2-5 min to digest and detached the monolayer 

cells. Subsequently, 10 ml pre-warmed medium was added into the culture flask to 

cease the digestion, followed by cell aspiration. After that, all the solution from the 

culture flask was transferred into a 15-ml universal tube and centrifuged gently for 5 

min. The supernatants were then discarded and 5 ml pre-warmed medium was added 

into the 15-ml universal tube. The cells in the tube were mixed thoroughly. Finally, 2 

ml of cell suspension was transferred into a new 75 cm2 culture flask with 15 ml pre-

warmed medium and then incubated at 37°C in a humidified environment containing 

5% CO2 after cell examination. Additionally, the cells could be employed in cell line 

cryopreservation, MTT viability assay or continuous passage after the first passaging.  

 

4.1.3.3 Cell quantification 

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

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

washing, digestion, transfer, centrifugation and discarding of media were used with all 

subsequent cell passages. Five ml of pre-warmed medium were added into a 15 ml 

universal tube with cells and then the tube contents were mixed evenly by vortexing. 

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

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

the pre-cleaned counting area between the haemocytometer chamber and the coverslip 
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by capillary action. Nine large squares were on each side and each square was 0.1 

mm2. Six random 0.1 mm2 squares were counted using a hand-held counter under the 

inverted microscope. The cell concentration was determined by use of the following 

formula: 

Cells per ml = average number of the cells per 0.1 mm2  * 104 * 2 

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

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

 

4.1.3.4 Cell seeding  

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

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

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

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

atmosphere for 24 h. 

 

4.1.3.5 Cell starvation 

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

μl of pre-warmed FBS-free medium was added into each well. Subsequently, the 96-

well plate was incubated at 37°C under 5% CO2 in humidified surroundings for 6-12 

h in order to starve the cells which can eliminate the impact of FBS in the parallel 

assay.  
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4.1.3.6 Peptide preparation 

Five mg of pure lyophilised peptide was weighed and dissolved in 198 μl DMSO to 

make a stock solution with a final concentration of 10-2 M. Then, 70 μl of this stock 

solution was 10-fold diluted in 630 μl of pre-warmed FBS-free medium to achieve a 

range of concentrations of 10-3, 10-4, 10-5, 10-6, 10-7, 10-8, 10-9 M. 

 

4.1.3.7 Peptide loading 

All media from the wells was removed, discarded and 100 μl of peptide dilutions at 

each concentration were loaded in 5 replicates in the 96-well plate. Then, 100 μl of 

pre-warmed FBS-free medium was used as a medium control and an equal volume of 

1% DMSO solution was also added as a vehicle control which reflected the impact of 

1% DMSO on the cell growth. Lastly, the 96-well plate was incubated at 37°C in a 

humidified environment containing 5% CO2 for 24 h. 

 

4.1.3.8 MTT assay 

Ten μl of yellow-coloured MTT solution (5 mg/ml) (Sigma, UK) were added into each 

well in a dark environment and incubated for 4-6 h. When the supernatants were 

discarded completely by use of a syringe, 100 μl of DMSO was added into each well 

quickly followed by gentle agitation in the orbital incubator (Stuart, UK) for 10 min 

in order to dissolve the insoluble purple formazan crystals. Finally, the absorbance of 

the coloured solution was measured at 570 nm using the Synergy HT plate reader 

(BioTek, Winooski, VT, USA).  
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4.2 Results 

4.2.1 Antimicrobial assays 

The percentage inhibition of microbial growth induced by the peptide was calculated 

using the following equation: 

 

 (As = absorbance of sample solution, Ab = absorbance of blank control and Ac = 

absorbance of vehicle control.) 

 

Antimicrobial activity against S.aureus: 

The synthetic QUB-2044 exhibited a strong inhibitory activity against the Gram-

positive microorganism, S.aureus as shown in Figure 4.1. The MIC and MBC values 

against S.aureus were 16 μM and 32 μM, respectively. 
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Figure 4.1 Minimal inhibitory concentration of QUB-2044 against S.aureus. The MIC value is 16 μM 

where the inhibitory percentage is 72.9%. The error bar shows standard deviation. The MBC value is 

32 μM. Each column represents the mean ± SEM of 3 replicates student T-test of peptide groups 

compared to control (**** p<0.0001, *** p<0.001, ** p<0.01, * p<0.1, one-way ANOVA p<0.0001). 

 

Antimicrobial activity against E.coli: 

As was shown in Figure 4.2, the synthetic peptide QUB-2044 exerted a moderate 

inhibitory activity against the Gram-negative microorganism, E.coli with the MIC and 

MBC values being 32 μM and 64 μM, respectively. 
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Figure 4.2 Minimal inhibitory concentration of QUB-2044 against E.coli. The MIC value is 32 μM 

where the inhibitory percentage is 96.4%. The error bar shows standard deviation. The MBC value is 

64 μM. Each column represents the mean ± SEM of 3 replicates student T-test of peptide groups 

compared to control (**** p<0.0001, one-way ANOVA p<0.0001). 

 

 

Antimicrobial activity against C.albicans: 

The synthetic peptide QUB-2044 also proved to be significantly effective against the 

yeast, C.albicans, which can be seen in Figure 4.3. The MIC and MBC values were 

both 32 μM. 
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Figure 4.3 Minimal inhibitory concentration of QUB-2044 against C.albicans. The MIC value is 32 

μM where the inhibitory percentage is 98.5%. The error bar shows standard deviation. The MBC 

value is 32 μM. Each column represents the mean ± SEM of 3 replicates student T-test of peptide 

groups compared to control (**** p<0.0001, *** p<0.001, ** p<0.01, one-way ANOVA p<0.0001). 

 

 

4.2.2 Haemolysis assay 

The relevant haemolysis was calculated using the following equation: 

 

 (As = absorbance of sample solution, An = absorbance of negative control and Ap = 

absorbance of positive control.) 
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As shown in Figure 4.4, the synthetic QUB-2044 exhibited a negligible haemolytic 

activity when the concentrations were between 1μM to 16 μM (inclusive). The highest 

haemolysis was at 512 μM with a haemolysis of 107.33%. 

 

Figure 4.4 Haemolytic activity of QUB-2044. At the concentrations of 16 μM, 32 μM and 32 μM, 

which are the MIC values of S.aureus, E.coli and C.albicans, the haemolysis percentage are 5.2%, 

8.7% and 8.7%, respectively. Each column represents the mean ± SEM of 3 replicates student T-test 

of peptide groups compared to control (**** p<0.0001, * p<0.1, one-way ANOVA p<0.0001). 

 

 

4.2.3 Anti-cancer cell assays 

The anti-cancer activity of the synthetic peptide was ascertained for four cancer cell 

lines and studied at the concentration of 10 - 4 M. As demonstrated in Figure 4.5, the 

synthetic peptide showed no anti-cancer activity against four cell lines at the 

concentration specified. 
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Figure 4.5 Anti-cancer activity of QUB-2044 against four cell lines at the concentration of 10 - 4 M. 

The error bar shows standard deviation. Each column represents the mean ± SEM of 3 replicates 

student T-test of peptide groups compared to control (** p<0.01, * p<0.1). 
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Chapter 5: Discussion 
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5.1 Antibiotic resistance crisis  

An unprecedented crisis for human civilisation has occurred as a result of 

indiscriminate and irrational use of antibiotics, which has caused the antimicrobial 

resistance of microbes. To date, antibiotic resistance in bacteria still remains 

irreversible by any known method available. 

Medical science saw a certain hope when the antibiotic penicillin was discovered and 

developed during the 1900s, but it soon lost its effectiveness against most of the 

susceptible bacteria. The antibiotic resistance in bacteria is generated for adaptation to 

antimicrobial agents, which is a natural phenomenon and mutation that can be passed 

on to their progeny through horizontal or vertical transfer. The genetic constitution of 

the resistant bacteria is changing so rapidly that the currently available antibiotics may 

prove to be ineffective within a period of 5 years (58). S. aureus isolated from clinical 

samples are considered as multiple-drug resistant bacteria due to their resistance to 

more than three drugs (59). The resistance rates of Streptococcus pyogenes isolates for 

penicillin are 50% and for erythromycin are 80% globally. 

Four different mechanisms have been established to explain the occurrence of 

antimicrobial resistance. 

Antibiotic Inactivation: 

Resistance against β-lactam antibiotic can be developed by pathogens modifying the 

antibiotic. In addition, some pathogenic microorganisms can release enzymes such as 

transferases to inhibit or alter the chemical structure of antibiotics, thus causing the 

failure of antibiotic drugs (60). Most of the antibiotics containing β-lactam ring such 

as penicillin, amoxicillin, ampicillin and ceftazidime, lose their effectiveness because 

of the production of the β-lactamase enzyme, because this enzyme can cause the 
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hydrolysis of the amide bond in the β-lactam ring (61). In the case of Gram-negative 

bacteria, phosphorylation, adenylation and acetylation are the common methods to 

modify the antibiotic molecule and subsequently lead to the ineffectiveness of the 

aminoglycoside group of antibiotics. And so far, more than 1000 β -lactamase enzymes 

that come into existence naturally have been identified (62). 

 

Target Modification: 

Target site refers to the specific position that antimicrobial agents act on. They bind to 

the target site and alter the normal function, thus, exerting antimicrobial activity. 

Hence, modification of target sites can interrupt the binding process and subsequently 

lead to antimicrobial resistance. For example, MLSB (macrolides, lincosamide and 

streptogramin B) antibiotics lose their effectiveness against the pathogenic 

Streptococcus spp. which can prevent the binding of the antibiotics to the 50S 

ribosomal subunit and stop protein synthesis by modifying the 23S rRNA component 

of the 50S ribosomal subunit (63) .  

 

Efflux Mechanism of Resistance: 

Some specific genes involved in the maintenance of cellular functions can encode 

efflux pump proteins which can lead to the intrinsic antibiotic resistance in bacterial 

genomes (64). Non-drug-specific proteins playing a fundamental role in most of the 

efflux mechanism systems in bacteria can identify and expel chemicals without 

changing or degrading the drug (65), resulting in a low concentration of antibiotic so 

that it has no or little effect on the growth of bacteria. 
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Plasmidic Efflux: 

In some cases, bacteria acquire resistance by receiving new genetic materials from 

other resistant organisms. Through the processes of transformation, conjugation and 

transduction, bacterial species can exchange their genetic materials. For instance, 

resistant genes can be carried and transmitted by plasmids to other bacteria, 

particularly Gram-negative bacteria. Among all the research on the pheromone-

responsive conjugative plasmid system, plasmids pAD1, pCF10, and pAM373 from 

E. faecalis have been most extensively studied as the pheromone-responsive plasmid 

is the reason why the enterococcal phenotype is an important vehicle of antibiotic 

resistance in E. faecalis (66). The plasmid-mediated qnr gene was discovered and 

studied in 1998, and the results showed that qnr gene was responsible for protecting 

DNA gyrase from quinolones and thus causing the occurrence of quinolone resistance 

in bacteria (67). 

With the increasing severity of the antimicrobial resistance crisis, a great demand has 

been put on researchers to find out alternate treatments or develop new drugs to combat 

drug-resistant bacteria. Several research groups around the world have been focused 

on studying amphibian skin AMPs for many years and it has been established that 

different AMPs with different structures exhibit their antimicrobial functions by 

various means and modes of action (68). As the conventional antibiotics exert their 

activities by disrupting biochemical pathway in host cells, bacteria have developed a 

resistance mechanism quite fast. However, AMPs target a bacterial structure that has 

been developed as a result of millions of years of evolution. Thus, the possibilities of 

bacteria resisting AMPs are close to none in the short to medium term (63, 69).  
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5.2 Animal sources of AMPs 

At first, AMPs were found in invertebrates and later on, they were also discovered in 

vertebrates. They exert a huge structural diversity and amino acid sequence variety. 

AMPs exist widely in Nature and can be isolated from different organisms such as 

mammals, amphibians and insects. In mammals, the intracellular granules of 

phagocytic cells are the primary storage for defensins which are of significant 

importance in killing engulfed microorganisms in a non-oxidative way (70). 

In order to adopt and survive in various conditions with direct exposure to pathogenic 

microbes, amphibians have evolved excellent chemical defence systems consisting of 

pharmacological and antimicrobial peptides (AMPs). In the past few decades, careful 

studies have been conducted on frogs and toads due to the presence of AMPs in their 

skin secretions, from which a huge number of AMPs with variable structures and 

functions have been identified. There are more than 20 species of frogs which belong 

to the genus Odorrana, most of which are distributed in China.  

An acquired immune system with high effectiveness has been developed in vertebrates 

as a result of natural evolution. However, insects, in order to defend themselves against 

fatal pathogens and other microorganisms, have developed excellently effective innate 

immune weapons including AMPs. Since the discovery of the first AMP, cecropin, 

more than 200 AMPs existing in insects have come to knowledge and have proven to 

play an important role in their defensive system. 
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Table 5.1 Some AMPs recently discovered in insects 

Name  Peptide group Source Reference 

Hinnavin II Cecropins  Artogeia rapae (39) 

SI moricin Cecropins Spodoptera litura (71) 

Bactrocerin-1 Glycine-rich peptides Bactrocera dorsalis  (72) 

 

5.3 The nigrocin family 

To date, multiple structural classes of AMPs have been elucidated, and one of the 

typical examples is the bombinins from Eurasian bombinid toads. The magainins 

discovered in African pipid toads and the dermaseptins in South ⁄ Central American 

phyllomedusine frogs are also different in structure. The caerins found in Australasian 

litorid frogs differ in structure from all the above-mentioned AMPs. Besides, the 

esculentins, brevinins and temporins found in the ranid frogs of Asia, North America 

and Europe also have different structures (21, 73). In research conducted in 2001, two 

peptides were isolated from the Korean frog, Rana nigromaculata (now Pelophylax 

nigromaculatus) and named Nigrocin 1 and 2. As they showed strong antimicrobial 

activity, their amino acid sequences were determined (74). Structually, Nigrocin-1 was 

highly similar to the brevinin-2 family, and doubts arose as to its novel name (75). 

However, Nigrocin-2 was very different in amino acid sequence from any other 

peptide. Thus, the novel name and the status of Nigrocin-2 as the prototype of a new 

AMP family existing in amphibian skin were widely accepted (73). 

Asian ranid frogs, especially frogs of the Odorrana group, secret Nigrocin-2 peptides 

through their skin in abundance. Some species represent Nigrocin-2 peptides 



87 
 

particularly well, and they are structurally diverse. When studying Nigrocin-related 

peptides and their antimicrobial activity, it was shown that synthetic replicates were 

not as significant as other ranid frog skin AMPs (76). However, they had exceptionally 

stronger activity against E. coli than S. aureus, which was an unusual case for AMPs 

from ranid frog skin.  

In the molecular cloning section of this thesis, an NCBI-BLAST search and a sequence 

alignment performed by CLUSTAL OMEGA showed that the open-reading frame 

amino acid sequence of the cDNA encoding QUB-2044 exhibited 98% and 94% of 

sequence identity with the corresponding open-reading frames of the cDNAs encoding 

Nigrocin-SHb and Nigrocin-2S from the same frog Odorrana schmackeri. In addition, 

QUB-2044 and four related peptides which were Nigrocin-SHb, Nigrocin-2S, 

Nigrosin-OG20 and Nigrosin-OG1, showed the existence of an intra-molecular 

disulphide bridge (i, i+6) named Rana box and known to be active against microbial 

membranes (Figure 5.1).  

 

Figure 5.1 An alignment of the 44th to the 66th open-reading frame amino acid sequences encoding 

QUB-2044 and four other peptides from the same or related species. 
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It has been generally believed that the Rana box motif is of significant importance in 

the antimicrobial activity of these peptides as the cationic Rana box interacts initially 

with the anionic glycocalyx in bacterial cells, which could explain the mechanism of 

QUB-2044 killing bacteria. Also mast cell degranulation can also be greatly effected 

by this motif alone (76), indicating the possible value of QUB-2044 in that field of 

research. 

With all due respect to the development of antibiotics, the current AMPs with their 

unique mechanism of action can provide potential new solutions to the severe 

antibiotic resistance crisis and other major diseases threatening human health. 
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