
MASTER OF PHILOSOPHY

The discovery of a novel peptide from the defensive skin secretion of Hylarana guentheri

Chen, Lingzhu

Award date:
2017

Awarding institution:
Queen's University Belfast

Link to publication

Terms of use
All those accessing thesis content in Queen’s University Belfast Research Portal are subject to the following terms and conditions of use

            • Copyright is subject to the Copyright, Designs and Patent Act 1988, or as modified by any successor legislation
            • Copyright and moral rights for thesis content are retained by the author and/or other copyright owners
            • A copy of a thesis may be downloaded for personal non-commercial research/study without the need for permission or charge
            • Distribution or reproduction of thesis content in any format is not permitted without the permission of the copyright holder
            • When citing this work, full bibliographic details should be supplied, including the author, title, awarding institution and date of thesis

Take down policy
A thesis can be removed from the Research Portal if there has been a breach of copyright, or a similarly robust reason.
If you believe this document breaches copyright, or there is sufficient cause to take down, please contact us, citing details. Email:
openaccess@qub.ac.uk

Supplementary materials
Where possible, we endeavour to provide supplementary materials to theses. This may include video, audio and other types of files. We
endeavour to capture all content and upload as part of the Pure record for each thesis.
Note, it may not be possible in all instances to convert analogue formats to usable digital formats for some supplementary materials. We
exercise best efforts on our behalf and, in such instances, encourage the individual to consult the physical thesis for further information.

Download date: 23. May. 2023

https://pure.qub.ac.uk/en/studentTheses/84a041cb-c82c-4e40-af91-a5b61da0920d


 

 

 

 

 

 

 

The discovery of a novel peptide 

from the defensive skin secretion of 

Hylarana guentheri 

 

 

Miss Lingzhu Chen (BSc) 

School of Pharmacy 

Faculty of Medicine, Health and Life Sciences 

Queen’s University, Belfast 

 

A thesis submitted to Queen’s University, Belfast for the 

degree of Master of Philosophy (MPhil) 

2017



 

I 

 

 

Contents 

Contents ........................................................................................................................ I 

Abbreviations ............................................................................................................. IV 

Acknowledgements .................................................................................................... VI 

Declaration ................................................................................................................ VII 

Abstract ................................................................................................................... VIII 

Chapter 1. Introduction ................................................................................................ 1 

1. 1 The research on Hylarana guentheri..................................................................... 1 

1.1.1 The morphology traits of Hylarana guentheri ................................................ 1 

1.1.2 The distribution of Hylarana guentheri .......................................................... 2 

1.1.3 The research on frog bioactive skin secretions ............................................... 4 

1.1.4 Peptides, an important part of skin secretion .................................................. 5 

1.1.4.1 Peptides found in Hylarana guentheri ..................................................... 6 

1.2 Antimicrobial peptides (AMPs) from amphibians ................................................. 9 

1.2.1 The tissue distribution of AMPs ................................................................... 10 

1.2.2 The chemical properties and structures of AMPs ......................................... 11 

1.2.3 Diversity of AMPs ........................................................................................ 12 

1.2.3.1 Structural and categorical diversity ........................................................ 12 

1.2.3.2 The diversity in functions ...................................................................... 21 

1.2.4 The mechanism of action of AMPs ............................................................... 25 

1.2.4.1 Membrane disruption ............................................................................. 25 

1.2.4.2 Non-membrane disruption ..................................................................... 29 

1.2.5 The mechanism of drug resistance ................................................................ 29 

1.3 Aims and objectives of this thesis ........................................................................ 31 

Chapter 2. Materials and Methods ............................................................................. 32 

2.1 Cloning strategy for obtaining AMP-encoding cDNA ........................................ 32 

2.1.1 Preparation of skin secretions ....................................................................... 32 

2.1.2 Isolation of mRNA from frog skin secretions ............................................... 32 

2.1.3 cDNA library construction ............................................................................ 33 

2.1.4 Rapid Amplification of cDNA Ends (RACE) ............................................... 36 

2.1.5 Agarose Gel Electrophoresis ......................................................................... 37 

2.1.6 Purification of PCR product .......................................................................... 39 

2.1.7 Molecular cloning ......................................................................................... 39 

2.1.7.1 Ligation: Cloning purified DNAs into the pGEM®-T Easy Vectors ..... 39 



 

II 

 

2.1.7.2 Transformation of recombinant vectors to competent JM109 cells ....... 40 

2.1.7.3 Blue and white screening ....................................................................... 41 

2.1.7.4 Isolation of recombinant plasmid cDNA ............................................... 43 

2.1.7.5 Cloning PCR .......................................................................................... 43 

2.1.7.6 Agarose gel electrophoresis analysis ..................................................... 44 

2.1.8 Purification of PCR products ........................................................................ 45 

2.1.9 DNA sequencing ........................................................................................... 45 

2.1.9.1 Sequencing reaction ............................................................................... 45 

2.1.9.2 Purifying extension products.................................................................. 46 

2.1.9.3 DNA sequencing .................................................................................... 47 

2.1.10 Analysis of DNA sequencing ...................................................................... 47 

2.2 Solid-phase Peptide Synthesis of QUB-1875 ...................................................... 48 

2.2.1 Calculations and weighings of amino acids .................................................. 49 

2.2.2 PS4 automated peptide synthesis .................................................................. 49 

2.2.3 Cleavage ........................................................................................................ 50 

2.2.4 Peptide washing ............................................................................................ 50 

2.2.5 Lyophilisation ............................................................................................... 51 

2.2.6 Identification and purification of QUB-1875 ................................................ 51 

2.2.6.1 High Performance Liquid Chromatography (HPLC) ............................. 51 

2.2.6.2 Matrix-assisted laser desorption/ionisation time-of-flight mass 

spectrometry (MALDI-TOF MS) ...................................................................... 53 

2.3 Bioactivity and cytotoxic assays of the novel peptide, QUB-1875 ..................... 54 

2.3.1 Antimicrobial assays ..................................................................................... 54 

2.3.1.1 Incubation of microorganisms................................................................ 55 

2.3.1.2 Preparation of peptide QUB-1875 ......................................................... 55 

2.3.1.3 Subculture of microorganisms ............................................................... 55 

2.3.1.4 MIC determination and calculation of cell viability .............................. 56 

2.3.1.5 Viable cell counting ............................................................................... 57 

2.3.1.6 MBC determination ................................................................................ 57 

2.3.2 Haemolysis assay .......................................................................................... 57 

2.3.2.1 Preparation of erythrocytes .................................................................... 58 

2.3.2.2 Preparation of peptide solutions and control groups .............................. 58 

2.3.2.3 Loading erythrocytes and peptide solutions ........................................... 58 

2.3.2.4 Incubation and detection ........................................................................ 59 

Chapter 3. Results ...................................................................................................... 60 

3.1 ‘Shotgun’ cloning of Hylarana guentheri skin antimicrobial peptide QUB-1875

 ................................................................................................................................ 60 

3.2 Solid phase peptide synthesis of QUB-1875 .................................................... 61 



 

III 

 

3.3 Antimicrobial activity assays of QUB-1875 .................................................... 65 

3.4 Haemolytic activity assay of QUB-1875 ......................................................... 67 

Chapter 4. Discussion ................................................................................................ 69 

4.1 The mechanism of action of selective antimicrobial activity........................... 71 

4.2 The mechanism of action of selective toxicity ................................................. 72 

Chapter 5 References ................................................................................................. 74 

 

  

  



 

IV 

 

Abbreviations 

Abbreviation Complete spelling 

ACN Acetonitrile 

AMP Antimicrobial peptide 

BD Rtase BD PowerScript™ Reverse Transcriptase  

BD SMART II BD SMART II™ A Oligonucleotide  

BLAST Basic Local Alignment Search Tool  

C. albicans Candida albicans  

CFU Colony-forming unit  

CHCA α-cyano-4-hydroxycinnamic acid 

CL Cardiolipin  

DCM Dichloromethane 

DMF N,N-Dimethylformamide 

DMSO Dimethyl sulphoxide  

DTT Dithiothreitol 

E. coli Escherichia coli  

EB Ethidium bromide 

EDT 1,2-Ethanedithiol 

ExPASy Expert Protein Analysis System 

HC50 Half haemolysis concentration  

HiDi Highly deionised-formamide  

IFN Interferon 

IL Interleukin 

IPTG Isopropyl β-D-1-thiogalactopyranoside 

LB Luria-Bertani  

LPS Lipopolysaccharides 

MALDI-TOF Matrix-assisted laser desorption/ionisation time-of-flight  

MBC Minimum bactericidal concentration 

MDR Multidrug resistance 

MHA Mueller-Hinton agar 

MHB Mueller-Hinton Broth 

MIC Minimum inhibitory concentration 



 

V 

 

MS Mass spectrometry 

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

NCBI National Centre for Biotechnology Information 

NMM N-Methylmorpholine 

NUP Nested universal primer 

OD Optical density 

PBS Phosphate buffered saline  

PC Phosphatidylcholine 

PE Phosphatidylethanolamine 

PG Phosphatidylglycerol  

RACE Rapid-amplification of cDNA ends 

RNase Ribonuclease 

RP-HPLC Reversed-phase high performance liquid chromatography  

S. aureus Staphylococcus aureus 

SD Standard deviation 

SEM Standard error of the mean 

SM Sphingomyelin 

TBE Tris/Borate/EDTA  

TFA Trifluoroacetic acid 

TGF Transforming growth factor 

TIS Thioanisole 

TNF Tumor necrosis factor 

X-Gal 5-bromo-4-chloro-3-indolyl-β-D-galactopyranoside 

 

  



 

VI 

 

Acknowledgements 

I feel extremely fortunate to have had this opportunity to study at Queen’s University, 

Belfast. Here and now, I’d like to express my deepest thanks to a lot of people who 

supported and helped me during my MPhil study period. Without them, I could not 

have performed well with my MPhil study at Queen’s University, Belfast. 

First of all, I would like to show my sincere gratitude to my supervisors, Prof. Chris 

Shaw, Dr. Tianbao Chen, Dr. Mei Zhou and Dr. Lei Li, for their constant help and 

guidance throughout my whole study period. They not only provided me with great 

learning opportunities, but also helped me to improve my skills and abilities in many 

aspects and overcome difficulties in experiments.  

Secondly I would like to express my heartfelt thanks to Dr. Chengbang Ma, Dr. Lei 

Wang, Dr. Yuxin Wu and Dr. Xinping Xi who provided me with the required 

information and experimental skills. Also, their kind assistance and advice helped me 

to complete my MPhil study. 

Finally, I would like to give my special thanks to my colleagues, friends and my room 

mates, Mengting He, Huimin Lu and Xi Wang. Thank you to my friends for supporting 

me and giving me hands up when I faced troubles. It was fortunate to meet them, know 

them and accompany them during our time in Belfast. Also, thanks to my family for 

loving me all the time. 

 

 

  



 

VII 

 

Declaration 

I declare that the research reported in this thesis is my own work except where 

acknowledgement has been made. All of the work was carried out in the Molecular 

Therapeutics Research Group, School of Pharmacy, Faculty of Medicine, Health and 

Life Sciences, Queen’s University, Belfast. 

I hereby declare that for five years following the date on which this thesis is deposited 

in the Library of Queen’s University, Belfast, the thesis shall remain confidential with 

access or copying prohibited. Following expiry of this period, I permit the librarian of 

the University to allow this thesis to be copied in the whole or in part without reference 

to me on the understanding that such authority applies to the provision of single copies 

made for study purposes or for inclusion within the stock of another library. This 

restriction does not apply to the British Library Thesis Service. IT IS A CONDITION 

OF USE OF THIS THESIS THAT ANYONE WHO CONSULTS IN MUST 

RECOGNISE THAT THE COPYRIGHT RESTS WITH THE AUTHOR AND THAT 

NO QUOTATION FROM THE THESIS AND NO INFORMATION DERIVED 

FROM IT MAY BE PUBLISHED UNLESS THE SOURCE IS PROPERLY 

ACKNOWLEDGED. 

  



 

VIII 

 

Abstract  

Amphibian skin secretions are considered as one of the richest storehouses of bioactive 

compounds. To date, thousands of proteins and peptides with diverse biological 

activities have been isolated from amphibian skins. Antimicrobial peptides (AMPs) 

are one of the most essential groups of these molecules. AMPs are relatively small 

molecules, which have recently been considered as a novel therapeutic strategy and 

serve as the first barrier of defence for a wide range of organisms against pathogens. 

They have considerable broad-spectrum antimicrobial activities against 

microorganisms, including bacteria, fungi and parasites. Some even have inhibitory 

effects on cancer cells and some may work on the innate immune system.  

In this study, a novel bioactive peptide named QUB-1875 was isolated from Guenther's 

frog, Hylarana guentheri, and several bioactive and cytotoxic assays were performed 

to evaluate the biological activities of this peptide. Firstly, mRNA from the lyophilised 

skin secretion was isolated and the nucleotide sequence encoding the precursor of 

QUB-1875 was identified by a ‘shotgun’ cloning genomic study.  Then solid phase 

peptide synthesis (SPPS) was used to synthesise QUB-1875. Subsequently, the 

product was identified and purified by mass spectrometry (MALDI-TOF) and 

reversed-phase high performance liquid chromatography (RP-HPLC). Three 

microorganisms, S. aureus, E. coli and C. albicans were used to determine 

antimicrobial activities of QUB-1875. The results showed that it possessed 

antimicrobial potential against S. aureus and C. albicans with MICs both of 8 µM and 

MBCs both of 32 µM, while the MIC against E. coli was 64 µM, and the MBC was 

128 µM. Cytotoxicity testing of QUB-1875 showed that it had haemolytic effects on 

horse red blood cells.   
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Chapter 1. Introduction 

1. 1 The research on Hylarana guentheri   

Hylarana is a genus in the family Ranidae, the Order Anura and the Class Amphibia. 

Unlike the other two groups of amphibians, salamanders and caecilians, frogs from the 

family Ranidae are very common and can be found all around the world. 

1.1.1 The morphology traits of Hylarana guentheri   

Guenther’s frog, Hylarana guentheri, is a medium to large sized frog (Li et al., 2010). 

Male adults grow to 71mm in snout-vent length, and female frogs are 72mm in snout-

vent length (Fei et al., 2009). Its upper surface is brown, and lateral surfaces are 

mottled brown under a whitish or yellowish background. The belly is white. Along the 

dorso-lateral folds, there are two pale brown or gold strips. The skin is relatively 

smooth. White spots can be seen on the lips, dark brown strips on hind legs. (Figure 

1.1) 
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Figure 1.1 Guenther's Frog (Hylarana guentheri). Taken in Sai Kung East Country 

park.  

(https://en.wikipedia.org/wiki/Hylarana guentheri, accessed on 20th December 2016) 

1.1.2 The distribution of Hylarana guentheri   

Hylarana is a very diverse genus, the distribution of which is broad and worldwide, 

mostly in Southeast Asia, tropical Africa and Australasia (Oliver et al., 2015). 

Numerous scientists are interested in it because of its unique distribution and the 

breaking of all the biogeography barriers of Asia, Africa and Australia.. 

https://en.wikipedia.org/wiki/Hylarana%20guentheri
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Even though many amphibian species are in imminent danger, Hylarana guentheri is 

most predominant in the genus Hylarana. Guenther’s frog was first found in 1882 in 

Amoy (now Xiamen), southeast China and named as Rana guentheri (Leong and Lim, 

2011). It has a wide distribution, from Myanmar, the middle of Vietnam, north to south 

and middle of China, including Hong Kong, Macau and Taiwan. It has also been 

introduced to Guam, a small Pacific island, since at least 2001, and has a rapidly 

expanding in population (Christy et al., 2007). (Figure 1.2) 

Figure 1.2 The distribution of Hylarana guentheri (shown as blue points)  

AmphibiaWeb. (http://amphibiaweb.org, accessed on 20th December 2016) 

University of California, Berkeley, CA, USA 

This common frog naturally lives in subtropical or tropical moist lowland, forests, 

scrubland, and may also be found in pools, marshes, ditches, and paddy fields. It can 

tolerate different habitats.   

Guam 
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1.1.3 The research on frog bioactive skin secretions 

As amphibians, frogs are regarded as the bridge across the evolutionary gap between 

vertebrate life in water and on land. They inhabit many different environments, dry 

and moist, with their naked skins directly exposed to the air. The skin is thus very 

important to frogs. With a certain level of moisture in their skin, frogs are able to 

breathe dermally. Also skin can help control the body temperature of a frog (Dathe et 

al., 2001; Clarke, 1997). This animal can also defend itself, and respond to 

environmental factors, such as microbes, parasites, predators, with the secretions from 

the skin (Xu and Lai, 2015). 

 

Figure 1.3 Frog skin glands (The integument, by Dr. Girish Chandra)  

(http://www.iaszoology.com/skin/, accessed on 21st December 2016) 

Fundamentally, frogs have two typical gland types in their skin. One is the poison 

glands (also named granular or serous glands (Brizzi et al., 2001), producing a complex 

http://www.iaszoology.com/skin/
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chemical cocktail of components which have effects on other species but protect the 

frogs (Clarke, 1997). The other one is mucous glands, secreting mucus to keep skin 

moist, and they are involved in respiration and defence (Toledo and Jared, 

1995)(Figure 1.3). The third type of glands, named tubulosaccular or alveolar glands, 

exist in a limited number of frog species.  

The complex components secreted by poison glands have attracted increasing attention 

as they are considered as a new potential source of drugs for clinical applications (Xu 

and Lai, 2015). There are diverse chemical and bioactive components in poison glands 

and these are produced in secretions. Diverse peptides found in frog skin secretions 

include bradykinin, pipinin-related peptides, and ranatensins (Toledo and Jared, 1995). 

There are other categories of skin secretion chemicals produced by poison glands, 

including biogenic amines (Erspamer, 1971) and alkaloids (Daly et al., 2005).  

Biogenic amines found in frog skins are commonly divided into three groups: the 

indolealkylamines, N-methylated derivatives, histamine and related 

imidiazolealkylamines (Erspamer, 1971).  

Nearly 800 different kinds of biologically active alkaloids have been detected in 

amphibian skin. However, the distribution of these compounds is quite limited, and 

poison frogs of the family Dendrobatidae are the major source of alkaloids (Daly et al., 

2005). These compounds are derived from dietary sources (Clark et al., 2012). 

1.1.4 Peptides, an important part of skin secretion 

Peptides in frog skin secretions are often present in huge quantities, which is one 

reason why extensive research has been focused on these (Konig et al., 2015). More 

than 100 families of peptides derived from skin secretions of amphibians have been 
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discovered (Xu and Lai, 2015). Their main functions include: myotropic activity, 

analgesic activity, corticotropin-releasing effects, vasotonia, protease inhibition, 

neuroactive activity, antioxidant activity, agglutination, insulin-release, histamine-

release, wound-healing, immunomodulation, neuronal nitric oxide synthase inhibition, 

as well as antimicrobial, antiviral, anticancer and antiparasite activities (Bevins and 

Zasloff, 1990; You et al., 2009; Xu and Lai, 2015; Laux-Biehlmann et al., 2013).  

1.1.4.1 Peptides found in Hylarana guentheri 

Among these peptides of diverse functions, only four groups of peptides have been 

detected from the species Hylarana guentheri: bradykinins, which belong to the 

myotropic peptides, insulin-releasing peptides, immunomodulatory peptides and 

antimicrobial peptides (AMPs).  

Bradykinin-related peptides derived from Hylarana guentheri, which are analogues of 

mammalian bradykinins, show many kinds of bioactive effects. The main 

physiological functions of these peptides include dilating blood vessels, smooth 

muscle contraction and pain relief. In amphibians, they act as defence against predators 

and infection (Zhou et al., 2007, Chen et al., 2002). 

Insulin-releasing peptides can significantly stimulate the release of insulin and 

improve the tolerance of glucose. Among peptides extracted from Hylarana guentheri, 

only brevinin-2GUb shows notable increase of insulin concentrations in the plasma 

(Ojo et al., 2013). 

Immunomodulatory peptides, such as B2RP-Era and brevinin-2GUb in Hylarana 

guentheri, have a significant effect on cytokines: increasing the release of anti-

inflammatory cytokines like TGF-β, IL-4, and IL-10 and decreasing pro-inflammatory 
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cytokine TNF-α and IFN-γ release in unstimulated peripheral blood mononuclear cells 

(Popovic et al., 2012).
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Table 1.1 Categories and functions of peptides isolated from Hylarana guentheri 

Name Sequence Function  

(Arg0, Trp5, 

Leu8)bradykinin 
RRPPGWSPLR 

1) myotropic peptides 

(Zhou et al., 2007) (Hyp3) bradykinin RP(Hyp)GFSPFR 

(Val1, Thr6) bradykinin VPPGFTPFR 

   

brevinin-2GUb GVIIDTLKGAAKTVAAELLRKAHCKLTNSC 

1) insulin-releasing peptides (Conlon et al., 2008, 

Popovic et al., 2012);  

2) immunomodulatory peptides (Popovic et al., 2012) 

   

B2RP-Era GVIKSVLKGVAKTVALGML-NH2 1) immunomodulatory peptides (Popovic et al., 2012)  

   

guentherin VIDDLKKVAKKVRRELLCKKHHKKLN 

1) Antimicrobial peptides(Zhou et al., 2006)  

 

temporin-GH FLPLLFGAISHLL-NH2 

brevinin-2GHa GFSSLFKAGAKYLLKSVGKAGAQQLACKAANNCA 

brevinin-2GHb GVITDALKGAAKTVAAELLRKAHCKLTNSC 

brevinin-2GHc SIWEGIKNAGKGFLVSILDKVRCKVAGGCNP 
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Antimicrobial peptides (AMPs) exist widely in frog skins, across eleven families: 

Leiopelmatidae, Pipidae, Alytidae, Bombinatoridae, Myobatrachidae, Hylidae, 

Leptodactylidae, Microhylidae, Hyperoliidae, Dicroglossidae and Ranidae (Konig et 

al., 2015).  AMPs play an essential role in innate immune defence, protecting frogs 

against pathogens. They are also called cytolytic peptides, due to the fact that some 

have anti-cancer, anti-viral, immunomodulatory, and insulin-releasing effects (Conlon 

et al., 2014).  

The identification of the structures of peptides with pharmacological effects from frog 

skin secretions can help in developing new clinical therapies. Given that the excessive 

use of antibiotics has resulted in a worldwide emergency of drug resistance, and an 

urgent need for new antimicrobial agents, AMPs were focused on in this study. 

1.2 Antimicrobial peptides (AMPs) from amphibians 

The skin of amphibians is an extraordinarily rich storehouse of AMPs. The AMPs in 

amphibian skin were first detected by Vittorio Erspamer in early 1970s, and then by 

Zasloff, who first isolated magainin from Xenopus laevis (Kumar et al., 2015) in the 

late 1980s. Now more than 1900 peptides have been found. According to their 

similarities of structures, AMPs from different species of amphibians have been 

divided into different families, such as brevinins (derived from Pelophylax porosus 

and some frog species in Europe, Asia and North America (Konig et al., 2015)), 

ranacyclins (first detected in P.esculentus and R. temporaria (Mangoni et al., 2003)) 

and temporins (the largest AMP family, present in all ranid frogs except for 

Glandirana and Babina (Konig et al., 2015)). 
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1.2.1 The tissue distribution of AMPs 

Most AMPs are stored in the cells in the form of granules (Simmaco et al., 1998), in 

granular glands (also named as poison/serous glands) from which they are released in 

a holocrine manner upon stress, adrenergic stimulation or injuries. These glands are 

normally distributed throughout the body surface, and the specific distributions vary 

from different species of amphibians, sometimes representing a function of its ecology 

and natural history (Prates et al., 2012). For example, the poison glands of 

Gastrophryne carolinensis, are located all over the body surface (Toledo and Jared, 

1995). However, the glands in Xenopus tropicalis are distributed very uniformly, on 

both ventral and dorsal skin. In toads (bufonids), granular glands forming macroglands, 

are located in the postorbital regions like the parotoids. Some species can also store 

secretions in granular glands which exist in other regions of body surface, such as 

Physalaemus nattereri, a Brazilian frog. This frog has two black discs of inguinal 

glands, looking like two large black eyes, which are full of peptides and proteins 

(Lenzi-Mattos et al., 2005). While some frogs, such as Rana angolensis, only have a 

few glands in their skin (Toledo and Jared, 1995). 

Though most AMPs are produced by skin poison glands,  interestingly, some species 

of amphibians also synthesise and store AMPs inside their body, including stomach 

tissue, intestinal epithelia, and nervous system (Gibson et al., 1991, Rinaldi, 2002). 

For example, an Asian toad, Bufo bufo gargarizans, produces and accumulates AMPs, 

in the mucus coverage of the stomach surface, and these peptides are called buforin I 

and buforin II. These peptides are expressed in gastrointestinal tract and brain which 

have the same embryonic-ectodermal origin, forming the brain-gut-skin peptide 
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triangle together (Bulet et al., 2004). The histological distribution of the AMPs in 

amphibians seems to be similar to this triangular relationship. 

1.2.2 The chemical properties and structures of AMPs  

AMPs are small molecules, the length of which are fundamentally between 12-50 

amino acids. The AMPs isolated from amphibian skin have some similar properties, 

normally two main features: a net positive charge and a high possession of 

hydrophobic amino acids (Nguyen et al., 2011). Most of the AMPs are cationic, which 

means they have two or more positively charged amino acid residues (Arginine and/or 

Lysine residues) at physiological pH. Some AMPs are hydrophobic due to the presence 

of hydrophobic residues. However, the hydrophobic and cationic regions in structures 

of the AMPs are not continuous, which results in the formation of amphipathic 

structures in AMPs.  This chemical feature facilitates their insertion into the anionic 

cell membrane which causes damage to bacteria and kills bacteria efficiently (Pinheiro 

da Silva and Machado, 2012). Finally, C-terminal amidation occurs to reinforce the 

amphipathic character of AMPs. 

On the other hand, size and sequence of AMPs vary greatly, and based on these large 

differences in their size and sequences, AMPs can be divided into several families.  

For example, AMPs from the temporin family, which broadly exist in ranid frogs, are 

almost the smallest AMPs among all the known AMPs found in amphibians. A 46-

amino-acid-residue peptide, esculentin-1, from Rana esculenta, is much larger than 

temporin (Conlon et al., 2004). AMPs also vary in secondary and tertiary structures. 

For example, the linear peptides, magainin 1, from the clawed frog (Xenopus laevi) 

and temporin A, from the common frog, Rana temporaria, have α-helical structures, 

but there are no cysteine residues in their sequences, so it is hard for these linear AMPs 
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to form secondary structures in water. Some cyclic AMPs contain cysteines to form 

multiple disulphide bridges, generally one or two, and then to form secondary 

structures, such as β-sheet, or mixed α-helical/β-sheet structures (Bulet et al., 2004).   

There are also some post-translational modifications after the mature peptides are 

derived from precursor peptides, which will result in some structural differences of 

AMPs, such as C-terminal amidation and isomerisation. Some peptides, such as 

bombinin H isolated from Bombina variegata and Bombina orientalis, contain D-

alloisoleucine and D-leucine in their sequences. Some data has shown that peptides 

with a D-amino acid in their sequences may be found more frequently in amphibians 

than in any other higher animals (Simmaco et al., 1998). Studies also showed that a D-

amino acid is not as important in biological activity for bombinins H as for opioid 

peptides, since bombinins H containing L or D-amino acid have similar levels of 

antibacterial activity, so D-amino acids may not be important for antimicrobial 

function. However, the presence of a D-amino acid might be related to the increase of 

biological stability: in fact, bombinins H containing D-amino acids were rather stable 

under conditions where the L-enantiomers were partly digested by aminopeptidases 

(Mignogna et al., 1993).  

1.2.3 Diversity of AMPs  

1.2.3.1 Structural and categorical diversity 

Amphibians, especially toads and frogs, exist worldwide in different environments. 

They live with naked and moist skins, thus AMPs secreted by the skin glands help 

them to survive. Due to their various habitats, there is an array of diverse AMPs found 

in amphibian skins. These peptides show a great degree of diversity and even within a 

single genus, different species secrete different types of AMPs. This diversity also 
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reflects how the animals evolved with their habitats. Among the thousands of AMPs 

isolated from amphibians, very few AMPs have the same sequences. 

Based on different structures, AMPs can be divided into several groups or families, 

but it is not very clear. Generally, there are four main groups of structures of AMPs: 

α-helical peptides, β-sheet peptides, looped peptides, extended peptides and mixed 

structure peptides as shown in Figure 1.4 (Ong et al., 2014). Here, we focus on α-

helical and β-sheet AMPs which are very common in amphibian secretions. 

 

 

Figure 1.4 An overview of different structures of AMPs 

(a): α-helical peptides; (b): β-sheet peptides; (c): looped peptides; (d): extended 

peptides; (e) mixed structure peptides) (Ong et al., 2014) 
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1.2.3.1.1 α-helical AMPs in amphibians 

Numerous α-helical AMPs have been detected in the skin glands and other body parts 

of amphibians, especially in frogs and toads. The length of these AMPs is generally 

below 30–40 residues. There are no disulphide bonds in their structures, because of 

the lack of cysteine residues. Magainins, isolated from the African clawed frog, 

Xenopus laevis, have been regarded as the prototype AMPs with α-helical structures 

(Bulet et al., 2004). Bombinins, isolated from Bombina variegata and Bombina 

orientalis, were the first α-helical AMPs found in amphibians.  

Linear α-helical AMPs also constitute the majority of α-helical AMPs. For example, 

temporins found in Rana temporaria are typical linear α-helical AMPs and they are 

also the shortest, with a length of 10–13 amino acids. Generally, these linear α-helical 

amphibian AMPs have little secondary structure in solution. However, when they are 

in a hydrophobic environment or exposed to a negatively charged membrane, the 

presence of positively charged and hydrophobic amino acids facilitates the formation 

of amphiphilic structures, thus making it easier for the molecules to adopt a 

transmembrane and α-helical secondary structure.  

Approximately 50% of the α-helical AMPs of anurans (frogs and toads) are C-

terminally amidated. Some of these AMPs even undergo posttranslational 

modification, which is unusual, resulting in the formation of D-amino acids. For 

example, bombinin Hs from Bombina have a D-leucine or a D-alloisoleucine as a 

second amino acid in their sequences.  The amidation at the C-terminus can enhance 

the antimicrobial activity and isomerisation of isoleucine to D-alloisoleucine can help 

improve biological stability. 



 

15 

 

The α-helical AMPs are of relatively small size among the AMPs families, but these 

compounds possess broad-spectrum antimicrobial activity. Though some of these 

peptides are limited in biological activity, most of them are not only efficient against 

Gram-negative and Gram-positive bacteria, but also against fungi and protozoa.  

1.2.3.1.2 β-sheet (β-hairpin) AMPs in amphibians 

Most of these peptides contain cysteine residues in their sequences, forming 

intramolecular disulphide bonds, and in water, often form β-sheet structures, including 

β-hairpin structures. These β-sheet AMPs are also called cyclic AMPs, because of the 

discovery of a perfect cyclic cysteine-rich peptide in the rhesus monkey (Bulet et al., 

2004).  

The genus Rana is a rich source of antimicrobial β-sheet peptides. These peptides 

normally share a cyclic ring at the C-terminal end. The first ones of this class were 

detected in the Japanese frog, Rana brevipoda porsa, and were named brevinin-1 and 

brevinin-2. The β-sheet AMPs isolated from amphibians can be divided into four 

subgroups: 1) brevinins, gaegurins, ranalexins, and short esculentins, with 20-30 

amino acid residues; 2) the longer esculentins, normally containing 36-46 amino acid 

residues; 3) ranatuerins, from Rana catesbeiana and 4) tigerinins, nonapeptides from 

Rana tigerina.  

Different from α-helical AMPs in amphibians, which exist in skin glands, stomach and 

intestinal epithelia glands, the frog β-sheet AMPs are all isolated from the frog skin. 

They have potent antimicrobial activity and are effective at very low concentrations, 

sometimes even at micromolar concentrations. Similar to the α-helical AMPs, β-sheet 

AMPs also have broad-spectrum antimicrobial activity against Gram-positive and 

Gram-negative bacteria, fungi and yeast cells. For their secondary structures, some 
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research suggested that stabilising internal disulphide bonds may not cause much 

improvement in antimicrobial activity (Powers and Hancock, 2003), but these covalent 

bonds are important to maintain antimicrobial activity. Opening the ring of the β-sheet 

structure formed by disulphide bonds of amphibian AMPs may result in the loss of 

antimicrobial activity. Also, there are some posttranslational modifications in these β-

sheet AMPs, such as found in the C-terminally amidated tigerinins. 

Among the great number of AMPs, there is a very special type which is heterodimeric, 

named distinctin, which was isolated from the tree frog, Phyllomedusa distincta 

(Batista et al., 2001).Generally, AMPs have a single chain, however, the distinctins 

contain two distinct chains, linked by an internal disulphide bond. This heterodimeric 

structure is extremely rare in amphibian skin peptides, thus distinctins constitute a 

completely new family of amphibian AMPs. Some structural studies suggested that 

these peptides exhibit anti-parallel β-structures in water, however in a lipid 

environment, one of these two chains can form an amphipathic helix to insert into the 

membrane, accompanied by a decrease in β-structures.  

In addition to most of the cationic AMPs, a few anionic AMPs have also been 

identified from amphibians recently, which enriches the diversity of amphibian AMPs. 

Anionic AMPs have been extracted from the secretions of some species of amphibians: 

Xenopus laevis (PYL activation peptide), Phyllomedusa (AA-2-5, PD-3-6 and PD-3-

7); Rana japonica (temporin-1Ja, a designed peptide), Bombina orientalis (GH-1L, 

GH-1D), Bombina maxima (maximin H5 and AP1, a synthetic homologue of maximin 

H5 (Harris et al., 2009)). 

The most typical amphibian anionic AMPs were isolated from the genus Bombina. 

Maximin H5 from the Chinese red belly toad, Bombina maxima, is a gene encoded 
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anionic peptide, which was considered as the first example of anionic AMPs from 

amphibians (Lai et al., 2002a). There are three aspartate residues in the sequence of 

maximin H5, without any basic amino acid residues, thus maximin H5 is negatively 

charged at physiological pH. Even though the spectrum and mechanisms of 

antimicrobial activity are not very specific, it is clear that anionic AMPs also possess 

immunostimulatory activity and help in the innate immune system. These may provide 

a new way to design novel antibiotic agents.
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Table 1.2 Different structural classes of AMPs from amphibians 

Structures Name Sequences and structures Species  

α-helical AMPs 

Magainin-1 

(Zasloff, 1987) 

GIGKFLHSAGKFGKAFVGEIMNS 
Xenopus laevis 

Bombinin H4 

(Mangoni et al., 

2000) 

IIDGPVLGLVGSALGGLLKKI-NH2 
Bombina 

variegata 

Bombinin H7 

(Mangoni et al., 

2000)  

ILDGPILGLVSNALGGLL-NH2 

Genus Bombina  

Temporin A 

(Simmaco et 

al., 1996) 

FLPLIGRVLSGIL-NH2 
Rana 

temporaria 

    

β-sheet/ β-hairpin 

AMPs 

 

Brevinin-1 

(Morikawa et 

al., 1992) 

 

FLPVLAGIAAKVVPALFC1KITKKC2 

S-S bond, heptapeptide ring   Rana brevipoda 

porsa 
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Brevinin-2 

(Morikawa et 

al., 1992)  

 

GLLDSLKGFAATAGKGVLQSLLSTAC1KLAKTC2 

S-S bond, heptapeptide ring  Rana brevipoda 

porsa 

Gaegurins-1 

(Won et al., 

2009) 

SLFSLIKAGAKFLGKNLLKQGACYAAC1KASKQC2 

S-S bond, heptapeptide ring   Rana rugosa 

β-sheet/ β-hairpin 

AMPs 

 

Ranalexin 

(Conlon, 2004) 

FLGGLIKIVPAMIC1AVTKKC2 

S-S bond, heptapeptide ring  

Rana  

catesbeiana 

Esculentin-1 

(Conlon, 2004)  

GIFSKLGRKKIKNLLISGLKNVGKEVGMDVVRTGIDIAGC1KIKGEC2 

S-S bond, heptapeptide ring 

Rana esculenta 

 Ranatuerin-1 

(Conlon, 2004)  

SMLSVLKNLGKVGLGFVAC1KINKQC2 

S-S bond, heptapeptide ring  

Rana 

catesbeiana 

Tigerinin-1 

(Sai et al., 

2001) 

FC1TMIPIPRC2-NH2 

S-S bond, nonapeptide ring Rana tigerina 

    

Heterodimeric 

AMPs 

Distinctin 

(Batista et al., 

2001) 

Chain 1:  ENREVPPGFTALIKTLRKC1KII 

Chain 2: NLVSGLIEARKYLEQLHRKLKNC2KVS-S bond 

Phyllomedusa 

distincta 
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Anionic AMPs 

(Harris et al., 

2009) 

 

PYL 

 

ADADDDDDK-OH 

 

Xenopus laevis 

AA-2-5 GLVSGLLNTAGGLLGDLLGSLGSLSG 

Phyllomedua  PD-3-6 GVVTDLLNTAGGLLGNLVGSLSG 

PD-3-7 LLGDLLGQTSKLVNDLTDTVGSIV 

Temporin-1Ja ILPLVGNLLNDLL-NH2 Rana japonica 

GH-1L IIGLPVLGLVGKPLESLLE-NH2 Bombina 

orientalis 

 

GH-1D IIGDPVLGLVGKPLESLLE-NH2 

Maximin H5 
ILGPVLGLVSDTLDDVLGIL-NH2 Bombina 

maxima 
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 1.2.3.2 The diversity in functions  

AMPs from amphibians were originally regarded as antibiotics for their broad-

spectrum antimicrobial activity.  Recently, some studies showed that these amphibian 

AMPs possessed an array of additional bioactive properties, including anticancer, 

antiviral, antiparasitic, immunomodulatory, and insulin-releasing activities (Li et al., 

2012; Leite et al., 2005; Conlon et al., 2014). 

1.2.3.2.1 Antimicrobial activity 

AMPs from amphibians are generally cationic amphiphilic peptides. This property 

allows AMPs to permeate into the cell membrane of microorganisms. Most amphibian 

AMPs show broad-spectrum antimicrobial activity to different kinds of 

microorganisms, including Gram-positive and Gram-negative bacteria, and epiphytes 

like fungi and yeast cells. Some even display antimicrobial activity at micromolar 

concentrations. These low effective concentrations can avoid damage to normal cells, 

such as haemolysis, which may be caused by high effective concentrations of AMPs. 

However, some AMPs have a very limited antimicrobial activity but show good 

antimicrobial specificity. For example, temporins from frogs are active against some 

selected Gram-positive bacteria, such as Staphylococcus aureus. 

1.2.3.2.2 Anticancer activity 

As well as antimicrobial activity, quite a number of AMPs and their analogues display 

cytotoxicity to cancer cells and so there is potential to develop these AMPs into 

anticancer agents. Some peptides are only active against cancer cells without any 

toxicity to normal mammalian cells, while others are toxic to both malignant and non-

malignant cells. This difference may be driven by the variety cell membrane structures 

of cancer cells and normal cells. (Lu et al., 2008; Schweizer, 2009). Furthermore, 
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current anticancer agents need to permeate into the cancer cells, which have developed 

multidrug resistance (MDR) (Papo and Shai, 2005). However, some AMPs as 

anticancer agents may avoid this phenomenon, because of the different mechanisms 

of action. These peptides can disrupt the membrane of the target, instead of insertion 

into the cells. 

Magainins, initially isolated from the skin of Xenopus laevis, are well-established 

examples of these kinds of AMPs. Magainin 2, and its analogues (magainin G and 

pexiganan), are active against many types of cancer cell lines, such as human small 

cell lung cancer cell lines, bladder cancer cell lines, haematopoietic cell lines and 

histiocytic lymphoma cell lines (Conlon et al., 2014). Quite a few magainin analogues 

(magainins A, B and G; MSI-136, MSI-238 and MSI-511) are markedly superior to 

native compounds, displaying cytotoxic activity to cancer cells (Conlon et al., 2014). 

Other antimicrobial and anticancer peptides from amphibians have also been detected 

and isolated, including ascaphin-8, alyteserin-2, magainin-2, hymenochirin-1B, 

peptide XT-7, pentadactylin, dermaseptin L1, phylloseptin L1, dermaseptin B2 & B3, 

aurein-1.2, aurein-3.1, esculentin-2Cha, temporin-CEa and brevinin-1BYa (Conlon et 

al., 2014).  

1.2.3.2.3 Antiviral activity  

Although the study of amphibians AMPs with antiviral activity is still in its embryonic 

stage, it has been reported that some peptides can hopefully be used in topical 

treatments to inhibit viruses. Magainin-1 and magainin-2; CPF-AM1 and PGLa-AM1 

from Xenopus, peptide XT-7 from Systropha tropicalis, dermaseptins S1–S5 from the 

waxy monkey tree frog, Phyllomedusa sauvagei, and brevinin-1 from Pelophylax 

porosus, possess antiviral activity against herpes simplex virus (HSV) (Conlon et al., 
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2014). Some peptides are effective inhibitors of human immunodeficiency virus (HIV). 

Maximin 3, isolated from Bombina maxima, has demonstrated a significant anti-HIV 

activity. This was the first report that some AMPs may have antiviral potential against 

HIV (Lai et al., 2002b). Dermaseptin S4, caerin 1.1, caerin 1.9, and maculatin 1.1 are 

also HIV inhibitors (Conlon et al., 2014). 

1.2.3.2.4 Antiparasitic activity   

AMPs secreted by amphibians protect them against various infections. Compared with 

antibacterial and antifungal targets, parasites are the least important target in AMPs 

research (Rivas et al., 2009). Furthermore, parasites are resistant to most of the normal 

antimicrobial agents. Amphibians AMPs are showing their potential against parasites, 

though so far not all have been found to be active against parasitic disease (Mangoni 

et al., 2005). 

The most extensively studied antiparasite AMPs are two phylloseptins isolated from 

two species of Phyllomedusa. PS-4 and PS-5 secreted by Phyllomedusa 

hypochondrialis and Phyllomedusa oreades, possess antiprotozoan properties with 

IC50 values around 5μM to Trypanosoma cruzi (Leite et al., 2005). It is reported that 

dermaseptins from another species of Phyllomedusa also showed significant 

antiprotozoan activity against Trypanosoma cruzi (Brand et al., 2002). After a 2 h 

incubation with about 6 µM dermaseptin 01 (DS 01), no T. cruzi cells remained alive. 

Dermadistinctin K and dermadistinctin L (DD K and DD L), two chemically 

synthesised analogues of dermaseptins, also had antiprotozoan activity against 

Trypanosoma cruzi. While dermaseptin S4 from this family showed strong 

antimalarial activity with an IC50 at micromolar concentrations against Plasmodium 

falciparum. A synthetic dermaseptin, K4K20-S4, had the greatest potential with an 
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IC50 of 0.2 µM. The peptide dermaseptin S4 and its analogue K4K20-S4, exhibited 

high selectivity as these peptides only attacked infected red blood cells (RBC) but were 

harmless to normal RBCs (Krugliak et al., 2000).  

In addition, temporin A and temporin B, short AMPs with 13 amino acid residues 

which were isolated from the European red frog, Rana temporaria, showed 

antiprotozoal activity at micromolar ranges against Leishmania, but without any 

significant cytolysis of human red blood cells (Mangoni et al., 2005).  

1.2.3.2.5 Immunomodulatory  

Apart from the direct functions on the immune system, some AMPs have been found 

to have effects on the inflammatory response recently, such as modulating the 

production of pro-inflammatory and/or anti-inflammatory cytokines. For example, the 

release of pro-inflammatory cytokines is remarkably inhibited by D4k, a counterpart 

of ascaphin-8; G4K, an analogue of XT-7, isolated from Silurana tropicalis; Brevinin-

2GUb, isolated from Guenther’s frog, Hylarana guentheri; and B2RP-Era, belonging 

to the brevinin family, isolated from the  green paddy frog, Hylarana erythraea 

(Conlon et al., 2014).  

These data showed that AMPs might play an additional role in the innate immune 

system, not only having a direct function of antimicrobial activity. Given that, there 

remains some possible side effects and complications caused by induction of 

autoimmunity in current clinical treatments, this strategy can help in improving the 

first-line of defence without such shortcomings. Such peptides may be regarded as a 

novel therapy to be used in combination with other antimicrobial and/or anticancer 

agents as an immunomodulatory class of molecules. 
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1.2.4 The mechanism of action of AMPs 

Currently, more than 1000 AMPs have been detected in and isolated from amphibians, 

with a large array of diversity in categories and structures. They have broad biological 

activities, including directly inhibiting bacteria, viruses, fungi and parasites, as well as 

modulating the innate immune system. This section will examine the mechanisms of 

action of AMPs.  

Most AMPs are cationic at physiological pH and form amphipathic structures. This 

structure allows AMPs to connect with cell membranes, possessing a certain cell 

selectivity, which means that AMPs have a selective lethality for the microbial targets 

relative to normal cells.  Compared with other traditional antibiotics, their amphipathic 

and cationic properties lead to difficulties in studying the action mechanisms of AMPs.  

Commonly, it is believed that AMPs connect to and disrupt cell membranes. However, 

in recent years, it has also been reported that some AMPs do not destroy cell 

membranes. According to this difference, the action mechanisms of AMPs can be 

divided into two main classes, membrane disruption and non-membrane disruption.  

1.2.4.1 Membrane disruption     

To begin with, AMPs combine with phospholipids of cell membranes and then interact 

with these to form transmembrane ion channels which interfere with membrane 

function and kill bacterial cells. Thus, channel formation is essential to membrane 

permeabilisation and bactericidal effects. Disruption of cell membranes can occur by 

several different action mechanisms, such as the barrel-stave, carpet and toroidal pore 

models, which are currently the most popular to describe AMP modes of action (Chan 

et al., 2006). 
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The barrel-stave model 

Sometimes, the barrel-stave model is referred to as the helical bundle model – a term 

first used to describe the action mechanism of α-helical AMPs (Ehrenstein and Lecar, 

1977). In this model (Figure 1.5), peptides insert into the membrane to form a barrel. 

Their orientation is such that the lipophilic surface of peptide associates with the lipid 

core of the cell membrane and their polar surface constitutes the inside of the 

membrane creating a pore, which is like a barrel made with peptides as the staves 

(Brogden, 2005; Hale and Hancock, 2007).  

 

Figure 1.5 The barrel-stave model. Hydrophilic parts of the peptide are shown in red 

and hydrophobic parts of the peptide are shown in blue. 
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The toroidal pore model 

The toroidal pore model is regarded as a variant of the barrel-stave model. This model 

assumes that AMPs insert into the membrane perpendicularly with their hydrophilic 

surface connecting with the phospholipids of the membrane and the hydrophobic 

surface of the peptide combined with the lipid core. Thus, it induces the lipid 

monolayers to fold inwards continuously and create a channel lined by both associated 

peptides and the lipid head groups. The difference between the barrel-stave model and 

the toroidal pore model is in the insertion of the lipid head groups of the peptides 

(Figure 1.6). Peptides in the toroidal pore model are largely connected with lipid head 

groups, while in the barrel-stave model, the hydrophobic head groups of peptides are 

only initially associated with lipid parts of the cell membrane (Hale and Hancock, 2007; 

Espitia et al., 2012). 
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The carpet model 

Unlike the barrel-stave and toroid pore model, in the carpet model (Figure 1.7), 

peptides do not insert into the membranes directly, but accumulate on the bilayer 

surface. Many peptides electrostatically bind to the negatively charged phospholipid 

head groups at membrane surfaces and cover the cell membrane like a carpet. When 

reaching a threshold concentration, these peptides induce weakness by disrupting the 

membrane electrostatically, eventually causing the formation of micelles and 

disintegration of the membrane (Brogden, 2005, Hale and Hancock, 2007).   

Figure 1.7 The carpet model. 

Hydrophilic regions of the peptide are 

shown in red and hydrophobic regions of 

the peptide are shown in blue. 

 

Figure 1.6 The difference between the barrel-

stave model and the toroidal pore model. 

(a) barrel-stave model. (b) toroidal pore 

model 
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1.2.4.2 Non-membrane disruption 

As mentioned above, there are a certain number of non-membrane active AMPs that 

are aimed at internal targets, such as autolysins and cellular enzymes.  For example, 

although magainin 2 and cecropin are widely considered as membrane-active AMPs, 

magainin 2 can translocate into bacterial cells (Haukland et al., 2001), and cecropin 

causes cell death in Escherichia coli, because of its influence on transcription (Hong 

et al., 2003), suggesting the existence of internal targets. 

1.2.5 The mechanism of drug resistance 

AMPs are active against many microbial pathogens, and have been proposed as 

potential and novel antimicrobial agents (Habets and Brockhurst, 2012). It has been 

reported that drug resistance is much less likely to happen with AMPs peptides than to 

most front-line antibiotics (Perron et al., 2006). However, microbial pathogens may 

also adapt to AMPs and survive in the presence of AMPs. Thus, it is unrealistic to 

expect no drug resistance to AMPs. Rather, it is essential to understand the mechanism 

of the antimicrobial resistance to AMPs, which may guide the use of AMPs as 

therapeutic agents or models in development of new antimicrobial agents to prevent 

or cure infections caused by microorganisms (Yeaman and Yount, 2003). 

The mechanisms of drug resistance are not clear. But there are two main strategies 

employed by microbial pathogens to survive: constitutive resistance and inducible 

resistance. The mechanism of constitutive resistance means that it is inherent in 

organisms to develop drug resistance, no matter whether they are exposed to AMPs or 

not. The inducible resistance refers to the response reaction of organisms upon 

encountering AMPs or the target cell stresses. Generally, these two mechanisms work 

together to provide microbial pathogens with more chance of survival when exposed 

to various AMPs (Yeaman and Yount, 2003). 
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Mechanisms of drug resistance to AMPs have been researched for many years, but 

may be not complete, because of the fundamental changes in structures. However, 

there is no cause for immediate concerns, for AMPs have remained active against 

microbial pathogens for at least 108 years, and we may infer that resistance is very 

unlikely to evolve in the short term (Perron et al., 2006). 
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1.3 Aims and objectives of this thesis 

Frog skin secretion is an enormous source of new drug leads, especially with regard to 

the peptides. A primary reason to study peptides is that they obtain a degree of 

specificity and selectivity for their targets, which can improve their bioactive actions 

and avoid off-target side effects (Craik et al., 2013).  

This project was designed to study and master early drug discovery methods and to 

develop independent laboratory equipment operating abilities through the discovery of 

a novel bioactive peptide from the skin secretion of Guenther’s frog, Hylarana 

guentheri.  

1. To acquire the skin secretion from Hylyrana guentheri and construct a cDNA 

library from this for molecular cloning purposes with the objective of obtaining 

novel nucleotide sequences of biosynthetic peptide precursor-encoding cDNAs 

and to deduce and confirm the encoded mature peptide sequences. 

2. To chemically synthesise the peptide of interest by use of a solid phase peptide 

synthesiser and to establish the authenticity of the synthesised peptide by 

HPLC and mass spectrometry. 

3. To determine the biological activities of the peptide by use of selected 

bioactivity and cytotoxicity assays. 
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Chapter 2. Materials and Methods  

2.1 Cloning strategy for obtaining AMP-encoding cDNA 

2.1.1 Preparation of skin secretions 

All procedures were carried out without the need to sacrifice the specimens. Adult 

Guenther’s frogs, Hylarana guentheri (n=30) were captured in Fujian Province in 

China and cultured and fed in a simulated living environment. After adapting to their 

new surroundings for at least three months, skin secretion was obtained from the dorsal 

skin using mild transdermal electrical stimulation (5 V; 3 ms pulses) for 30 s. Then the 

skin secretions were washed from the skin using de-ionised water, snap-frozen in 

liquid nitrogen, lyophilised and stored at -20°C prior to use.  

2.1.2 Isolation of mRNA from frog skin secretions 

The isolation of mRNA from Hylarana guentheri skin secretion was performed with 

the help of a Dynabeads mRNA DIRECT Kit. 

Five mg of lyophilised skin secretion was dissolved in 1 ml of Lysis/Binding Buffer 

in a 1.5 ml RNase-free tube. The mixture was vortexed for 1 min and cooled on ice for 

30 s. This step was repeated 10 times to ensure the contents of the tube had completely 

dissolved. Then the tube was centrifuged at 18000 x g for 5 min in an Eppendorf 

Centrifuge 5424 (Eppendorf, Germany).   

Dynabeads (5 mg/ml) were suspended in the storage vial and 250 µl of suspension was 

added into a new RNase-free 1.5 ml microcentrifuge tube, and this tube was placed 

onto a magnetic rack. After 30 s of being gently shaken, the supernatant was discarded. 

Then, the tube was removed from the magnet to a normal rack, and 250 µl of 
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Lysis/Binding Buffer was added to wash the beads. The tube was placed on the magnet 

again. When the suspension became clear, the supernatant was discarded.  

After centrifugation, the sample lysate was transferred and mixed with the prepared 

beads quickly. The compounds were incubated with continuous gentle mixing, shaken 

and rotated for 1 min then placed on ice for 1 min. This step was subsequently repeated 

9 times. After this, the tube was placed on the rack for more than 1 min and then the 

supernatant was removed.  

To wash the Dynabeads/mRNA hybrids, 500 µl of washing buffer A was added to the 

tube. Then the liquid was discarded after using a magnet to separate. This was then 

repeated 3 times and 500 µl of washing buffer B was used as per the steps with washing 

buffer A 2 times. Washing buffer A should be removed as completely as possible 

before changing to washing buffer B. 

For eluting mRNA from Dynabeads, the beads/mRNA complex was resuspended in 

18 µl of 10mM Tris-HCl, and the external tube wall was touched gently. The tube was 

then heated at 80°C for 2 min, then immediately placed on the magnetic rack. The 

supernatant with all the desired mRNA was transferred into a new PCR tube and 

cooled on ice quickly. 

2.1.3 cDNA library construction 

The first-strand cDNA was synthesised by use of a BD SMARTTM RACE cDNA 

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

construction are listed in Table 2.1 
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Table 2.1 Sequences of primer for 3’ and 5’-RACE RACE-Ready cDNA synthesis 

Primer Sequence 

BD SMART II 

3'-CDS Primer A 

 

5'-CDS Primer 

5'–AAGCAGTGGTATCAACGCAGAGTACGCGGG–3' 

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

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

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

 

The mRNA solution obtained in the last step was divided into 5 new PCR tubes 

labelled 3’-1, 3’-2, 3’-3, 5’-1, 5’-2 respectively. Three were used for 3’-cDNA 

containing 4 µl of mRNA sample in each. The other two PCR tubes remained for 5’-

cDNA, with 3 µl of mRNA sample in each tube. Other contents were added into the 

tubes described as follows (Table 2.2). The mixture of contents was centrifuged briefly, 

then the tubes were heated at 70°C for 2 min and placed on ice for 2 min to cool.  

Table 2.2 Contents of tubes for preparation of 3’- and 5’-RACE-Ready cDNA 

synthesis 

Reagent 3’-1 3’-2 3’-3 5’-1 5’-2 

mRNA sample 4 µl 4 µl 4 µl 3 µl 3 µl 

3’-CDS primer 1 µl 1 µl 1 µl - - 

5’-CDS primer - - - 1 µl 1 µl 

BD SMART II - - - 1 µl 1 µl 

Total volume 5 µl 5 µl 5 µl 5 µl 5 µl 

 

A Master Mix for RACE-Ready cDNA synthesis was prepared in a new PCR tube. 5X 

First-Strand Buffer, DTT (20 mM), dNTP Mix (10 mM) were added in a new PCR 

tube, gently pipetted and centrifuged. Then 4µl of the mixed solution were added into 
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reaction tubes, along with 1µl BD PowerScript Reverse Transcriptase in each tube. 

Final components in each reaction tube are shown in Table 2.3 and Table 2.4. 

 

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

Reagent Volume Final concentration 

mRNA sample  4 µl 40% 

3’-CDS primer  1 µl 1 µM 

5X First-Strand Buffer 2 µl 1X  

DTT  1 µl 2 mM 

dNTP Mix  1 µl 1 mM 

BD RTase  1 µl 10 Unit/µl 

Total volume  10 µl  

 

 

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

Reagent Volume Final concentration 

mRNA sample 3 µl 30% 

5’-CDS primer  1 µl 1 µM 

BD SMART II  1 µl 1 µM 

5X First-Strand Buffer 2 µl 1X  

DTT  1 µl 2 mM 

dNTP Mix 1 µl 1 mM 

BD RTase 1 µl 10 Unit/µl 

Total volume  10 µl  

After all components in tubes were mixed well, the tubes were centrifuged briefly to 

collect the solution at the bottom. Then, the tubes were heated at 42°C for 1.5 h in a 
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PCR machine (ThermoFisher Scientific, USA).  The products were diluted by 50 µl of 

PCR water. After being centrifuged, the tubes were placed in the PCR machine again 

and incubated at 72°C for 7 min. The products were stored at -20°C. 

2.1.4 Rapid Amplification of cDNA Ends (RACE) 

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. 

The sequences of these two primers were as follows: 

Sense primer, 5’-ATGTTCACCATGAAGAAATC-3’ 

Antisense primer/NUP, 5’-AAGCAGTGGTATCAACGCAGAGT-3’ 

All reagents were taken out of the -20°C freezer and placed on ice in advance to thaw 

thoroughly. These reagents were mixed sufficiently by pipetting and then centrifuged 

briefly. 

The contents were divided into 2 groups (2 tubes), sample group and negative control 

group. The difference between the sample group and the negative control group was 

the addition of a cDNA library sample. The components in each reaction tube are 

shown in Tables 2.5.  
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Table 2.5 Components in each tube of sample group/negative control in RACE PCR 

Reagent Volume Final concentration 

PCR-Grade Water 2.6 µl  

10X BD Advantage 2 PCR Buffer 1.0 µl  

dNTP Mix 0.2 µl 0.2 mM 

NUP  0.5 µl 1 µM 

Sense Primer  0.5 µl 1 µM 

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

cDNA library/PCR-Grade Water  5 µl  

Total volume 10 µl  

 

The RACE PCR programme was performed as shown in Table 2.6. After the whole 

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

Table 2.6 The parameters of 3’-RACE PCR 

Stage  Parameter 

Stage 1 initial denaturation at 94°C for 1min 

Stage 2 35 cycles (denaturation at 94°C for 30 s, primer annealing at 60°C 

for 30 s, extension at 72°C for 45 s) 

Stage 3 final extension at 72°C for 10 min 

 

2.1.5 Agarose Gel Electrophoresis 

Agarose gel electrophoresis is a simple method of gel analysis used in molecular 

biology, which allows the separation of mixed DNA or other macromolecules by size 

or length. At neutral or alkaline pH, DNA molecules are generally negatively charged. 
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Thus these negatively charged molecules can move to the anode and be separated by 

different lengths in an electrical field. The larger molecules migrate more slowly 

through the gel than the smaller ones. The DNA dyed by Ethidium Bromide (EB) could 

fluoresce under UV light.  

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

Tris/Borate/EDTA (TBE) buffer (Invitrogen, UK) were added into a 250 ml conical 

flask. The flask was placed into and heated in a microwave oven until the agarose was 

melted thoroughly and the solution was transparent. When the agarose was cooled, 2.5 

µl of 10 mg/ml EB (Sigma-Aldrich, USA) was added to the agarose gel, and the flask 

was shaken gently. 

Then the agarose mixture was poured into the electrophoresis apparatus, and a gel 

comb was placed in the gel box to make wells in the agarose gel. The gel was left for 

about 45 min to solidify. When the gel was solidified, the comb was taken out and 1X 

TBE buffer was added to the reaction tank to just near the maximum level line. 

Firstly, DNA sample (1.5 µl) was mixed with 0.5 µl of Loading Dye (Promega, USA, 

6X) and then the mixture was added into the well of the gel.  In the first well of the 

gel, 2.5 µl of 100bp DNA ladder (BioLabs, UK) was loaded. After all the 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. The selected samples were 

applied to the following experiments. 
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2.1.6 Purification of PCR product 

According to the results of agarose gel electrophoresis, the desired DNA molecules 

were identified. A Cycle Pure Kit (Omega Bio-Tek, USA) was used to purify the 

desired DNA. 

Firstly, the negative samples (tube 2 and tube 4) were discarded, then a quintuple 

volume of CP buffer was added into the tubes of desired samples (tube 1 and tube 3). 

The mixture was pipetted well. 

Then the sample mixture was transferred to a cartridge filter. The cartridge was 

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

Germany). The flow-through was discarded. 

Next, a volume of Washing Buffer was added into the cartridge to wash the DNA 

molecules twice (700 µl of Washing Buffer for the first time and 500 µl for the second 

time), and at each time, the cartridge was centrifuged at 15,000 × g for 1 min. The 

liquid was discarded. Then the cartridge was centrifuged at 18,000 × g for 2 min to dry 

the remaining liquid completely. 

Finally, the cartridge was removed from the column to a new 1.5 ml tube and 30µl of 

PCR water was added into the cartridge. Then the cartridge was centrifuged at 15,000 

× g for 1min after a 2-min-incubation at room temperature. The purified products in 

the new tube were removed to a concentrator (Eppendorf, Germany) for 2 h and the 

purified products were stored at -20°C. 

2.1.7 Molecular cloning 

2.1.7.1 Ligation: Cloning purified DNAs into the pGEM®-T Easy Vectors 

A pGEM®-T Easy Vector System (Promega, USA) was used in ligation. Vectors were 

designed to have a 3’-T sticky end gap between Spe I to EcoR I in both strands. The 
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Taq polymerase was able to add a single deoxyadenosine (A) at 3’-terminus in RACE 

PCR. This additional A bound to the 3’-T sticky end in plasmid so that DNAs could 

bind with vectors at the insertion site. Each vector could only carry one DNA, isolating 

one from the other. 

The volume of 8 µl of PCR water was added into each tube with DNA sample. The 

tubes were vortexed for 1 min and cooled down on ice for 30 s, and centrifuged briefly. 

These preparation steps were repeated 4-5 times.   

The 2X Rapid Ligation Buffer needed to be vortexed before used. The contents 

described as follows were added into a new PCR tube (Table 2.7), and were mixed by 

pipetting.  Then the tubes were incubated for 1 h at room temperature and kept at 4°C 

overnight to obtain the maximum number of insertions. 

Table 2.7 Contents in each PCR tube for ligation reactions 

Reagent Volume Final concentration 

2X Rapid Ligation Buffer 2.5 µl 1X 

pGEM®-T Easy Vector  0.5 µl 5 ng 

Diluted PCR products 1.5 µl  

T4 DNA Ligase  0.5 µl 0.3 Unit/µl 

Total volume  5 µl  

 

2.1.7.2 Transformation of recombinant vectors to competent JM109 cells 

JM109 High Efficiency Competent Cells (>108 CFU/µg, Promega, USA) were used in 

transformation.  

The tube of ligation products was taken out of 4°C storage and 2.3 µl of this was added 

to a tube. A tube of JM109 cells was taken out of -80°C storage and left to thaw for 
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about 3 min. After the frozen JM109 cells were thawed completely, 50 µl of cells were 

added into the tubes containing ligation samples. The solution was flicked gently. The 

tubes were placed on ice for 20 min. 

Then the cells were heat-shocked at 42°C for 47 s exactly, and transferred to ice 

quickly. The tubes were cooled down on ice for 2 min. To the sample tubes, 950 µl of 

room temperature S.O.C medium (Invitrogen, USA) was added. Then the tubes were 

incubated at 37°C for 2.5 h with shaking.  

2.1.7.3 Blue and white screening 

The desired DNA molecules might be ligated into the vectors and the vectors were 

transformed into JM109 cells. However, not all of vectors were transformed 

successfully, or not all of transformed vectors may contain the desired DNA. Therefore, 

a method, blue and white screening, was performed to identify the successful insertion 

through the colour of the JM109 cell colonies.  

The principle of this method is based on α-complementation of the β-galactosidase 

gene. A ω-peptide is encoded by the lacZ deletion mutant, JM109. While the lacZα 

sequence carried by vectors can encode the first 59 residues of β-galactosidase, the α-

peptide. When a vector within the lacZα sequence is transformed into a JM109 cell, 

these two peptides can be expressed together, and form a functional β-galactosidase 

enzyme, which can form β-galactoside. However, if a foreign DNA is inserted into a 

vector, this α-complementation process will be disrupted. As a consequence, in cells 

containing the vector with an insert, no β-galactosidase can be formed. 

An active β-galactosidase can be detected by X-gal, and leads cell colonies into blue 

colour through some reactions. Blue colonies therefore show that they may contain a 
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vector without an insert of desired DNA, while white colonies indicate the presence of 

an insert.  

1. Preparation of LB/ampicillin/IPTG/X-Gal plates 

Luria-Bertani (LB) agar (6.4g, Invitrogen, UK) was mixed with 200 ml of DD water 

and the solution was autoclaved before use. After the LB agar was melted and cooled 

down, 550 µl of Ampicillin (Roche, USA) was added into the autoclaved LB agar 

solution and mixed completely. The final concentration of ampicillin was 100 µg/ml. 

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

was swirled in a circular motion to distribute agar completely. Then the dishes were 

left to solidify.  

After the liquid medium was solidified, 100 µl of IPTG (Promega, USA) and 20 µl of 

X-gal (Promega, USA) were added respectively and spread gently over the surface of 

the LB agar. Then the dishes were placed in the incubator at 37°C for 1 h to activate 

X-gal. The Petri dishes must be placed upside down. 

2. Blue and white screening  

To begin with, transformed cells were plated into five LB/ampicillin/IPTG/X-Gal 

dishes: two of the five dishes received 90 µl of cells respectively and spread gently, 

100 µl of cells were added into another two dishes and the last one received 110 µl of 

cells. All dishes were finally put upside down and incubated at 37°C for 20-22 h.  

After incubation, there were blue and white colonies in the plates, and only the pure 

white ones were selected and plated onto a new LB/ampicillin/IPTG/X-Gal Petri dish.  

Before the collection, the LB/ampicillin/IPTG/X-Gal Petri dish needed to be labelled 

with squares (mostly 22 squares) on the bottom and marked with sample details. Then 
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white colonies were numbered in accordance with the numbers of new dishes and 

transferred using sterilised inoculating loops. The new dishes were put upside down 

and incubated at 37°C overnight to let the bacteria continue growing. 

2.1.7.4 Isolation of recombinant plasmid cDNA 

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 and cells from white 

colonies were collected by an autoclaved tip. 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°C 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).  

2.1.7.5 Cloning PCR 

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, 47.25 µl of master mix was added to each PCR tube. 

The isolated DNA products were centrifuged at 20,000 x g for 5 min in an Eppendorf 

Centrifuge 5424 (Eppendorf, Germany) and meanwhile 0.25 µl of Taq polymerase 

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

supernatant were added to the corresponding PCR tube. The components of each 

PCR reaction tube are shown in Table 2.8. 
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Table 2.8 The contents in each tube for cloning PCR 

Reagent Volume Final concentration 

5X Cloning Buffer 10 µl 1X 

dNTP Mix  (10mM) 1 µl 0.2 mM 

M13F (20µM) 2.5 µl 1 µM 

M13R (20µM) 2.5 µl 1 µM 

PCR-Grade water 31 µl  

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

DNA supernatant 2.5 µl  

Total volume  49.75 µl  

 

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 2.9. 

Table 2.9 Cloning PCR programme 

Stage  Parameter 

Stage 1 initial denaturation at 94°C for 1 min 

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

extension at 72 ℃ for 3 min) 

Stage 3 final extension at 72 ℃ for 10 min and storage at 4 ℃ prior to use 

 

2.1.7.6 Agarose gel electrophoresis analysis 

The results of cloned PCR reactions were detected by agarose gel electrophoresis 

analysis. The steps were similar to those described in section 2.1.5. After preparation 
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of agarose gel, the samples were loaded directly into wells without mixing with 

loading-dye as done previously.  

2.1.8 Purification of PCR products 

According to the results of gel analysis, the required cloned PCR products were 

selected. CP buffer (210 µl) was added into tubes and the following steps were as 

described in section 2.1.6. 

2.1.9 DNA sequencing 

The sequencing reaction was aimed at amplifying the purified cloned PCR products 

linked with M13F/M13R. Different from other PCR reactions, the application of 

ddNTPs which lacked an extra oxygen atom in deoxyribose, could stop the extension 

of the new DNA chain. The Sanger method was most commonly used in DNA 

sequencing based on fluorescently-labelled ddNTPs. 

A Big Dye® Terminator v 3.1 Cycle Sequencing Kit (Applied Biosystems, USA) and 

ABI 3730 automated sequencer (Applied Biosystems, USA) were used in this part. 

The Sanger method was used in the sequencing reaction. 

2.1.9.1 Sequencing reaction 

PCR water, diluted M13F or M13R, 2.5X Ready reaction mix, 5X BigDye Sequencing 

Buffer were added into tubes to prepare the Master Mix of the sequencing reaction. 

2.7 µl of the purified samples were added into the labelled tubes, respectively, 

followed by the aliquoting of Master Mix. The diluted M13F primer was made up of 

10 µl of M13F and 52.5 µl of PCR water. The same operation of M13R was performed 

to make diluted M13R. All contents were mixed thoroughly and were as shown in Table 

2.10. 
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Table 2.10 All components in each sequencing reaction tube 

Reagents Volume Initial concentration 

PCR-Grade water 12.4 µl  

Diluted M13F or M13R  1.14 µl 3.2 µM 

2.5X Ready reaction mix 2.86 µl 2.5X 

5X BigDye Sequencing Buffer 3.57 µl 5X 

Purified cloned PCR products 2.5 µl  

Total volume  22.47 µl  

 

Before transfer to the PCR machine, all tubes were centrifuged briefly. The programme 

for the sequencing reaction is described in Table 2.11. The products were stored at -

4°C. 

Table 2.11 Sequencing reaction PCR programme 

Stage  Parameter 

Stage 1 initial denaturation at 96°C for 1 min 

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

extension at 60°C for 4 min) 

Stage 3 preservation at 4°C for 7min 

 

2.1.9.2 Purifying extension products 

After the sequencing reaction, 72 µl of 95% ethanol (Sigma-Aldrich, USA) were added 

into sample tubes and mixed well by pipetting. The volume of 10 µl of PCR water was 

added into new 1.5 ml tubes and the tubes were labelled with the same number as the 

sample tubes. Then the liquid in sample tubes was transferred into 1.5 ml tubes. 
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Subsequently, the sample tubes were centrifuged briefly to collect residual liquid and 

transferred again. Finally, the 1.5 ml tubes were vortexed for 30 s. 

All tubes were then incubated at room temperature for 20 min, and centrifuged at 

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

liquid in tubes was poured off quickly and completely.  

Although the DNA molecules were invisible, 260 µl of 70% ethanol were added into 

the tubes. Then the tubes were vortexed for 30 s and subsequently centrifuged at 

20,000 x g for 10min. The supernatant was discarded again as before. 

The final step was to dry the samples. The tubes were placed in the concentrator with 

lids opened for 2-3 h to make sure no ethanol was left. The products were stored at -

20°C before used. 

2.1.9.3 DNA sequencing 

Each dried sample was resuspended in 10.3 µl of HiDi (highly deionised-formamide). 

Then the tubes were vortexed for at least 30 s, and briefly centrifuged, followed by 

heating at 95℃ for 4.5 min. Then the tubes were immediately transferred to ice to cool. 

Finally, the samples were analysed by an ABI 3730 automated sequencer (Applied 

Biosystems, USA). 

2.1.10 Analysis of DNA sequencing 

Chromas software (Version 2.3.3) was used to scan the fluorogram. Then the Expert 

Protein Analysis System (ExpaSy, https://www.expasy.org/, accessed on 5th March 

2017) translate tool was applied to translate base sequences into protein sequence 

while the Basic Local Alignment Search Tool (BLAST, 

https://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on 10th April 2017) was used to 

search for proteins similar to the sequenced product. 

https://www.expasy.org/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
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In this section, the spectrogram was examined manually and incorrect bases were 

modified in Chromas. After that, the sequence was translated into amino acids by the 

ExpaSy translate tool. Subsequently, the translated peptide chain was compared with 

other chains in the database of the National Centre for Biotechnology Information 

(NCBI) by using BLAST. The similarity of the newly sequenced peptide to the other 

known peptides could thus be determined. 

2.2 Solid-phase Peptide Synthesis of QUB-1875 

Solid-phase peptide synthesis (SPPS) is a common and standard method to produce 

peptides in the laboratory. Compared with other chemical or organic synthesis methods, 

SPPS can synthesise the peptides which are difficult to produce by some other methods, 

like chemical synthesis and biological synthesis.  

Unlike the biological synthesis of peptides, solid phase peptide synthesis starts from 

the C-terminal amino acid to the N-terminal amino acid. There are two major forms of 

SPPS-Fmoc and Boc working as protecting groups, and the Fmoc was chosen. The 

first amino acid in the C-terminus with Fmoc is attached to the resin by a covalent 

bond. Different resins can be chosen as solid-phase supports according to the existence 

or not of C-terminal amidation. Wang resin is used for peptide chains with no 

amidation while MBHA resin is used for peptides which are amidated at the C-

terminus.  

The free N-terminal amine of a solid-phase attached peptide is coupled to a single 

amino acid with Fmoc. The Fmoc is then deprotected, providing a free N-terminal 

amine to which a further amino acid may be attached. In the peptide synthesis cycle, 

amino acids are coupled with the chain that has been formed in order. When all amino 

acids have been coupled, the last Fmoc protecting group will be deblocked and the 
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side-chain protection groups are removed in a cleavage step. In this process, HBTU 

(C11H16N5OPF6) is a coupling reagent used to activate the coupling between two amino 

acids.  

2.2.1 Calculations and weighings of amino acids 

Before the synthesis reaction, a reaction vessel and the desired numbers of amino acid 

vials were cleaned and dried in a drying oven. In order to improve the synthetic product 

quality of a 0.3 mmol synthesis, a quadruple molar quantity of each amino acid (1.2 

mmol) was weighed. At the same time, the same quadruple quantity of HBTU was 

weighed (1.2 mmol). The weighed amino acids and HBTU were added into a vial 

together and the vial was sealed tightly with a cap and a septum. 0.3 mmol of resin 

(MBHA was used here, because of the existence of C-terminal amidation) was 

weighed and added into the reaction vessel. The calculation of the weight of resin was 

as follows: 

The weight (g) = (peptide 0.3mmol)/ (loading capacity mmol/g) 

2.2.2 PS4 automated peptide synthesis 

The novel bioactive peptide QUB-1875 (FFPLIFGALSSILPKIL-NH2) was 

chemically synthesised in the laboratory by using a PS4 Tribute peptide synthesiser 

(Protein Technologies, USA). Before the reaction, the reagents used for synthesis were 

checked. The reagents included N,N-Dimethylformamide (DMF) (Fisher Chemical, 

UK), piperidine (Sigma-Aldrich, USA), 4-Methylmorpholine (NMM) (Sigma-Aldrich, 

USA) and Dichloromethane (DCM) (Sigma-Aldrich, USA). The functions of these 

reagents are shown in Table 2.12. Then the reaction vessel was fixed to the synthesis 

machine, and the vials with amino acids were loaded, according to the peptide 

sequence, but in the reverse order (from C-terminus to N-terminus). 
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Table 2.12 Reagents and corresponding functions in synthesis 

Bottle Reagent Function 

1 DMF Wash resin and reaction system 

2 DMF Wash resin 

3 Piperidine : DMF = 1:4 Deprotect the Fmoc  

4 NMM : DMF = 11:89 Dissolve and activate amino acid 

5 DCM Wash the synthesised peptide and remove DMF 

After preparation, the synthesis process was started. The process contained bottle prep 

and systems status, edit programme, wash operations, loading peptide sequence, run 

synthesise and bubbling functions. 

2.2.3 Cleavage 

When the synthesis process had finished, the synthetic peptide with resin was washed 

and weighed and then transferred to a 50ml round-bottomed flask. A cocktail of 

cleavage solution (25ml/g resin) was prepared as follows: 

The cocktail solution was mixed with resin-peptide in the flask, and then the flask was 

placed on a magnetic and stirrer at room temperature for 8 h to cleave the resin from 

the peptide. 

2.2.4 Peptide washing 

After the cleavage reaction was finished, the mixture in the flask was filtered in a 

Buchner funnel. Then about 45 ml of ice-cold diethyl ether (Et2O) was added to the 

flask, and the mixture was transferred to a 50 ml universal tube and kept overnight at 

-20°C.  

94% Trifluoroacetic acid (TFA) + 2% Thioanisole (TIS) + 2% 1,2-Ethanedithiol (EDT) + 2% 

deionised H2O 
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The tube was taken out of the freezer next day, and then centrifuged at 2,900 x g for 5 

min in an Eppendorf Centrifuge 5430 (Eppendorf, Germany). The supernatant was 

discarded carefully. Subsequently, 45 ml of Et2O was added into the tube. The tube 

was shaken gently and centrifuged again as above. This step was repeated 3 times to 

wash the peptide thoroughly. 

When the washing step was finished, the tube was covered by tinfoil with holes and 

placed at room temperature to volatilise Et2O. 

2.2.5 Lyophilisation 

After washing, 15 ml of solution A (80 % ACN + 19.95 % deionised water + 

0.05 %TFA) was added into the tube to dissolve the synthetic peptide. The peptide 

solution was vortexed to ensure dissolving was complete. Then the tube was covered 

by tinfoil with holes again. The solution was frozen in liquid nitrogen first and then 

loaded onto an Alpha 1-2 freeze-drying system (Martinchrist, Germany) for at least 60 

h. The lyophilised peptide was stored at -20°C.   

2.2.6 Identification and purification of QUB-1875 

Although an excess of material had been added to improve the quality of the synthetic 

peptide, the products of SPPS needed to be identified and purified by using the high 

performance liquid chromatography (HPLC) and mass spectrometry.  

2.2.6.1 High Performance Liquid Chromatography (HPLC)  

Here, a Cecil CE 4200 Adept (Cambridge, UK) gradient reversed phase HPLC was 

used to identify the synthetic peptides. 

The system included 6 parts: Pump A and Pump B, Degasser, Injector, UV-Vis 

Detector, Mixer and Recorder. For RP-HPLC analysis, the factors and conditions were 

as shown in Table 2.13. 
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Table 2.13 The factors and conditions of RP-HPLC 

 Factors & Conditions 

RP-HPLC 

Column: Jupiter C-18 semi preparative column  

Size: 250×10 mm, Phenomenex, U.K 

Detector and wavelength: UV-Vis detector, 214 nm 

Pumps: Pump A connected with solution A 

Pump B connected with solution B 

Solution A: 0.5/99.5(v/v) TFA/water 

Solution B: 0.05/9.95/90.0(v/v/v) TFA/water/acetonitrile 

Volume of injection: 1mg/ml 

Data system: the programme of PowerStream which runs in the 

computer 

Run time: 80 min 

Flow rate: 1ml/min 

1. After the detector was self-checked, the wavelength was adjusted to 214nm. 

2. Firstly, the system was balanced by washing the column with solution A for 30 min 

at a flow rate of 1 ml/min. 
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3. After that, 1 mg of synthesised peptide was reconstituted in 500µl solution A and 

500µl solution B The tube was vortexed to dissolve the peptides and then centrifuged 

for 15 min at 18,000 ×g in an Eppendorf Centrifuge 5424 (Eppendorf, Germany). 

4. The clear supernatant was transferred into a new tube, and injected directly into a 

reverse phase HPLC column. Then the column was eluted with a gradient elution 

formed from 0.05/99.95 (v/v) TFA/water (solution A) to 0.05/9.95/90.0 (v/v/v) 

TFA/water/acetonitrile (solution B) in 80 min at a flow rate 1 ml/min. The column 

effluent was continuously monitored to detect peptide bonds at a wavelength of 214 

nm.   

5. After the completion of programme and fraction collection, the column was 

thoroughly washed again with solution B. 

2.2.6.2 Matrix-assisted laser desorption/ionisation time-of-flight mass 

spectrometry (MALDI-TOF MS) 

Mass spectrometry is a technology that ionises chemical compounds and sorts the 

resulting ions based on their mass-to-charge ratios, through which the masses of 

molecules and composition of samples are determined.  

In this section, a MALDI-TOF MS was used to identify the peptides in fractions 

collected from HPLC. The MALDI-TOF MS system consisted of a MALDI ion source 

and a TOF mass analyser. MALDI is quite suitable for ionising large mass molecules 

like peptides and proteins, which are not stable when ionised by other methods. There 

are 3 steps in the process of MALDI. Firstly, the sample is mixed with matrix and 

added to a plate, then a laser irradiates and ionises the sample with matrix, finally, the 

analyte molecules can be accelerated into the mass analyser.  
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The full name of TOF is time-of-flight mass spectrometer. After ionisation, the analyte 

molecules are accelerated in an electrical field and access the flight tube. According to 

the formula of kinetic energy and potential energy, the flight time depends on the mass-

to-charge ratio of ions. It means that the analyte molecules will have the same flight 

time as any other ions with the same mass-to-charge ratio, which can detect the ions. 

Here, a MALDI-TOF mass spectrometer (Voyager DE, version 5.10.3, PerSeptive 

Biosystems, Framingham, MA, USA) was used. Samples from each RP-HPLC 

fraction (2 µl) were added onto the MALDI-TOF plate and air-dried. Then 1 µl of 

matrix, α-cyano-4-hydroxycinnamic acid (CHCA) (Sigma-Aldrich, USA), was spotted 

onto the surface of the dried fraction and dried at room temperature again. Finally, the 

plate was inserted into the MALDI-TOF MS to analyse.  

2.3 Bioactivity and cytotoxic assays of the novel peptide, QUB-1875 

Antimicrobial assays and anticancer cell assays were carried out in this section to 

determine biological activities, while a haemolysis assay was used to evaluate the 

cytotoxicity of the novel peptide, QUB-1875.  

2.3.1 Antimicrobial assays 

In these experiments, minimum inhibitory concentrations (MICs) and minimum 

bactericidal concentrations (MBCs) of the peptide were assessed to measure activity 

against Staphylococcus aureus (S. aureus, NCTC 10788), Escherichia coli (E. coli, 

NCTC 10418) and Candida albicans (C. albicans, NCPF 1467). Here, MIC represents 

the lowest concentration of an antimicrobial agent which can effectively inhibit the 

growth of microorganisms, and MBC is defined as the minimum concentration which 

kills a microorganism. In these assays, the minimum peptide concentration leading to 

a significant absorbance decrease and a transparent solution was the MIC and the 
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minimum peptide concentration without microbial growth on an MHA plate, was the 

MBC. 

2.3.1.1 Incubation of microorganisms 

The frozen beads of microorganisms (S. aureus, E. coli, C. albicans) were incubated 

in labelled flasks of 100ml of Mueller-Hinton broth (MHB), respectively, and 

incubated overnight (16-20h) in a shaking incubator at 37°C. At least two McCartney 

bottles of 20ml MHB were pre-warmed in the 37°C incubator overnight. 

2.3.1.2 Preparation of peptide QUB-1875 

The peptide was weighed and a volume of dimethyl sulphoxide (DMSO) (Fisher 

Chemical, UK) was added to solve peptide, making final concentrations of 512, 256, 

128, 64, 32, 16, 8, 4, 2, 1 µM. 

2.3.1.3 Subculture of microorganisms 

A volume of 500 µl cell suspension was transferred to a McCartney bottle of MHB 

(20ml), and incubated until the required optical density (OD) was achieved (Table 

2.14).  

During the period of cell subculture, Mueller-Hinton agar (MHA) was melted and then 

poured into a Petri dish to prepare MHA Petri dishes for viable cell counting. 

Table 2.14 The required optical density (OD) of the three microorganisms 

(λ=550nm)  

Microorganisms OD Concentration (cfu/ml) 

S. aureus 0.23 108 

E. coli 0.41 108 

C. albicans 0.15 5 × 106 
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The value of OD was measured at the wavelength of 550 nm and when it reached the 

required growth phase, the cell culture was diluted to the required concentration, 5× 

105cfu∙ml-1/well in a sterile Petri dish. For the subculture of S. aureus or E. coli, 100 

µl of cell suspension was added into 19.9 ml of fresh MHB. For the subculture of C. 

albicans, 2ml of the cell suspension was added and mixed with 18 ml of MHB. After 

this, the dishes were shaken gently to mix well.  

2.3.1.4 MIC determination and calculation of cell viability 

The 96-well plate was divided into 4 groups: blank control, growth control, vehicle 

control and sample control. The contents of these 4 groups are shown in Table 2.15. 

The plate was put in the shaking incubator to make the mixture distribute well and then 

transferred to a 37°C incubator and incubated overnight (16-20 h). Next day, the 96-

well plate was read at 550nm by the ELX808TM Absorbance Microplate Reader 

(BioTek, USA).  

Table 2.15 Contents of each group in 96-well plate format for the MIC assay. The 

blank control was used to detect whether the cell suspension was uncontaminated. 

The growth control was used to eliminate the normal growth of microorganisms. The 

vehicle control was used to detect the influence of 1% DMSO towards 

microorganisms. 

Group name Components/well 

Blank control 100 μl of MHB 

Growth control 100 μl of diluted subculture cell suspension 

Vehicle control 1 μl of DMSO and 99 μl of diluted subculture cell suspension 

Sample  1 μl of peptide solution and 99 μl of diluted subculture cell suspension 
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2.3.1.5 Viable cell counting 

For each microorganism, 6 x 1.5 ml tubes were required. To the first tube, 900 µl of 

phosphate buffered saline (PBS) solution was mixed with 100 µl of the diluted 

subculture cell suspension to make a 10-fold dilution. Then 100µl of suspension from 

the first tube was transferred to the second one with 900 µl of PBS to make a 102 -fold 

dilution. The remaining dilutions were made in the same manner until a 106-fold 

dilution. Then 20 µl of suspension from each tube was dropped onto the MHA Petri 

dish and each concentration had three replications. MHA dishes were incubated at 

37°C overnight. After incubation, a suitable grid was chosen to count the number of 

the subcultured cells. Then the original colony-forming units (CFUs) were calculated 

according to the following formula: 

CFU = number of cells in one concentration / 3 × dilution ratio × 50 

2.3.1.6 MBC determination 

Before determining the MIC, 20 µl of cell suspension from clear wells was dropped 

onto the MHA Petri dishes. After the drops were dried, the MHA dishes were incubated 

at 37°C for 8h. The minimal concentration of bacterial suspension without bacterial 

growth was the MBC. 

2.3.2 Haemolysis assay  

Haemolysis is the breakdown of red blood cells. It may occur in vivo or in vitro. Some 

categories of peptide have haemolytic activity against red blood cells or other cells and 

are not safe to inject intravenously. Thus a haemolysis assay must be performed to 

determine the safety of a novel peptide. It plays an important role in drug discovery 

especially in dosage form design. 
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2.3.2.1 Preparation of erythrocytes 

Whole horse blood (2 ml) was added into a 50 ml universal tube and 30 ml of PBS 

was added into the tube slowly. The cell suspension was mixed thoroughly by a 

rotating mixer. Then the tube was centrifuged at 930 × g for 5 min in an Eppendorf 

Centrifuge 5430 (Eppendorf, Germany). After centrifugation, the supernatant was 

removed slowly and 30 ml of PBS was added slowly. Then cells were centrifuged at 

930 × g for 5 min after they were mixed thoroughly. The steps of PBS washing and 

centrifugation were repeated till the supernatant became clear. Finally, enough volume 

of PBS was added to reach a volume of 50 ml.  

2.3.2.2 Preparation of peptide solutions and control groups 

Peptide was weighed and dissolved in PBS to a concentration of 1024 µM. The peptide 

solution was then double-diluted to form a series of concentrations from 512 µM to 1 

µM. PBS and 2% Triton X-100 were prepared as negative controls and positive 

controls. 

2.3.2.3 Loading erythrocytes and peptide solutions 

1.5 ml tubes were prepared in advance and 200 μl of different concentrations of peptide 

solutions were added into tubes respectively. Each concentration was replicated 5 

times. Then 200 µl of PBS and 200 µl of Triton X-100 were added respectively to 

prepare negative groups and positive groups. Finally, 200 µl of erythrocyte suspension 

was loaded to each tube dropwise. The components in each group are shown in Table 

2.16. 
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Table 2.16 Components in each tube for haemolysis assay 

Group  Components 

Negative control 200 μl PBS + 200 μl erythrocytes 

Positive control 200 μl 2% TritonX-100 + 200 μl erythrocytes 

Sample 200 μl peptide solution + 200 μl erythrocytes 

2.3.2.4 Incubation and detection  

After erythrocytes were loaded, all tubes were incubated at 37°C for 2 h. Then the 

tubes were centrifuged at 900 × g for 5 min in an Eppendorf Centrifuge 5424 

(Eppendorf, Germany), after which, 100 µl of supernatant from each tube was 

transferred to the corresponding wells in a 96-well plate. Subsequently, the 96-well 

plate was analysed at a wavelength of 570 nm.  

The formula for calculation of haemolysis is shown below: 

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

S represents the average absorbance of sample groups. N represents the average 

absorbance of supernatants in the negative control group, while P represents the 

average absorbance of supernatants in the positive control group. 
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Chapter 3. Results 

3.1 ‘Shotgun’ cloning of Hylarana guentheri skin antimicrobial peptide QUB-

1875 

The mRNA was derived from skin secretion of Hylarana guentheri, and then a cDNA 

library was constructed from this. A cDNA consistently cloned from this cDNA library 

using the ‘shotgun’ cloning strategy described, encoded the precursor of a novel AMP, 

named QUB-1875. Then this DNA sequence was analysed bioinformatically by the 

ExPASy translate tool and NCBI-BLAST programme.  

The nucleotide sequence and translated amino acid sequence of the open-reading 

frame of this cDNA are shown in Figure 3.1. This deduced open reading frame 

consisted of 65 amino acid residues and could be divided into 3 parts: a putative signal 

peptide, an acidic spacer peptide and a mature peptide. Cys 22 was a possible cleavage 

site of signal peptide. The region from Cys 22 was the spacer peptide which consisted 

of abundant acidic amino acid residues. Lys 45 and Arg 46 (-KR-) represented a typical 

site of cleavage of a prohormone convertase. After these, there was a region encoding 

a mature peptide and Gly 65 at the end of the sequence was the site for posttranslational 

modification, acting as a nitrogen donor for C-terminal amide formation. Comparing 

this peptide sequence to others in the database using NCBI-BLAST, the sequence of 

QUB-1875 (FFPLIFGALSSILPKIL-NH2) was found found to be similar to temporin-

RN (FFPLLFGALSSLLPKF-NH2) isolated from Sylvirana nigrovittata. The different 

residues between these two AMPs are shown in boldface. The similarity of these two 

peptides is 87%. Therefore, this peptide derived from skin secretion of Hylarana 

guentheri can be presumed as a novel member of the temporin family. 
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Figure 3.1 The nucleotide sequence of the cloned cDNA-encoding peptide and the 

translated amino acid sequence of the open-reading frame from the skin of the frog, 

Hylarana guentheri. The putative signal peptide is double-underlined, the mature 

bioactive peptide is single-underlined, and the region between signal peptide and 

mature peptide is the acidic spacer peptide. The stop codon is marked by an asterisk. 

3.2 Solid phase peptide synthesis of QUB-1875 

The amino acid sequence of a putative bioactive peptide was obtained and its 

computed molecular mass was 1875.351 Da (av.) and thus it was named QUB-1875. 

It was then synthesised by SPPS and the products were detected by an RP-HPLC 

system. In order to locate the pure authentic peptide QUB-1875, the fractions from 

different chromatographic peaks were collected and analysed by MALDI-TOF MS. 

The fraction containing the peptide with the molecular mass of 1875 Da was the target 

peptide. The result of RP-HPLC is shown in Figure 3.2 and the highest peak shown in 

the chromatogram was the peak of target peptide. The result of MALDI-TOF MS is 

shown in Figure 3.3. The ion excitation signal was 1.7×104 and the intensity (%) of 
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impurities was under 30 %, which suggested that this fraction of peptide was relatively 

pure. 
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3.3 Antimicrobial activity assays of QUB-1875 

The antimicrobial activities of QUB-1875 were evaluated by minimal inhibitory 

concentration (MIC) and minimal bactericidal concentration (MBC) assays against 

three common microorganisms, E. coli, S. aureus and C. albicans. Each test of 

microorganisms was repeated three times respectively with a series of concentrations 

of QUB-1875 peptide solutions, which ranged from 512 µM to 1 µM. The MICs values 

and MBCs values of tested microorganisms are summarised in Table 3.1, and the 

antimicrobial activities of QUB-1875 are also displayed as absorbance curves shown 

in Figures 3.4 - 3.6, respectively.  

It is suggested that the novel peptide QUB-1875 was shown not only possess 

antimicrobial properties against the Gram-positive bacteria, S. aureus, with an MIC of 

8 μM and an MBC of 32 μM, but also possess good activity against the yeast, C. 

albicans, with an MIC of 8 μM and an MBC of 32 μM. However, the peptides did not 

have a strong effect on the Gram-negative bacterium, E. coli, with a relatively higher 

MIC and MBC of 64 μM and 128 μM, respectively. 

Table 3.1 The MIC and MBC values of QUB-1875 against three kinds of 

microorganisms 

Microorganism MIC (μM) MBC (μM) 

S.aureus 8  32 

E.coli 64 128 

C.albicans 8 32 
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Figure 3.4 The activity of peptide QUB-1875 against C. albicans at different 

concentrations. The data represent means ± SEM (standard error of mean) of three 

independent experiments 5 replicates in each. The Blank control, growth control and 

vehicle control are indicated in the figure as B, G and V groups, respectively. 

  

Figure 3.5 The activity of peptide QUB-1875 against S. aureus at different 

concentrations. The data represent means ± SEM of three independent experiments 5 

replicates in each. The Blank control, growth control and vehicle control are 

indicated in the figure as B, G and V groups, respectively. 
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Figure 3.6 The activity of peptide QUB-1875 against E. coli at different 

concentrations. The data represent means ± SEM of three independent experiments 5 

replicates in each. The Blank control, growth control and vehicle control are 

indicated in the figure as B, G and V groups, respectively. 

 

3.4 Haemolytic activity assay of QUB-1875 

The haemolytic activity of QUB-1875 was measured against horse erythrocytes. The 

peptide QUB-1875 was determined as having haemolytic activity. The haemolytic 

activity of QUB-1875 at a concentration of 8 µM (the MIC value against S. aureus and 

C. albicans) was 4.0%, while at 64 µM, the MIC value against E. coli, the haemolysis 

was 65.0%. The results of the haemolytic activity assay are shown in Figure 3.7.  
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Figure 3.7 Haemolytic activity of the novel peptide QUB-1875. The data represent 

the average haemolytic means ± SEM of five replicates at each concentration. The 

haemolysis of positive and negative controls are indicated in the figure as P and N 

groups, respectively. 
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Chapter 4. Discussion  

AMPs possess unique activities against all living microorganisms (Kang et al., 2017). 

The emergence of many antibiotic-resistant organisms made research into alternative 

antibiotics an intensive concern worldwide. AMPs have become the most promising 

therapeutic replacements of antibiotics (Raja et al., 2017). Thousands of AMPs have 

been found in Nature, and they have diverse sequences and categories, however, there 

still exists a striking and common feature among them, their conservation of secondary 

structures and charge. These AMPs can establish basic amphipathic structures in 

aqueous solution, and are usually positively charged at physiological pH (Yeaman and 

Yount, 2003). Moreover, in most cases, there exists a direct relationship between the 

antimicrobial function and their common properties of structure and charge.  

In respect to charge, the cationicity of AMPs is undoubtedly important in the 

electrostatic attraction to negatively charged membranes of microorganisms. For 

example, some research on temporins showed that temporin-1Ja and temporins-C, D, 

E, 1AUa, 1PRa, 1PRb (carrying zero or one net charge) were short of activity against 

any bacteria or other microorganisms (Mangoni, 2006). Studies with magainin 2 

analogues also suggested that if the cationic charge of magainin 2 analogues increased 

from +3 to +5, it would enhance the bactericidal effects accordingly (Dathe et al., 

2001).  

As for the basic amphipathic structures of AMPs, many studies showed that most 

AMPs could establish amphipathic structures when they interact with cell membranes 

via different conformations. One of the simplest structures was the amphipathic helix. 

In fact, this amphipathic helicity improved the antimicrobial activity of AMPs against 

negatively charged bacterial membranes, and might have an even more significant 
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effect in leading AMPs to possess haemolytic activity against normal cells and 

reducing the selective toxicity (Yeaman and Yount, 2003). All in all, these two 

properties enable AMPs to interact with the microbial membranes and penetrate cells.   

Peptide QUB-1875 has been synthesised successfully by SPPS with a high purity. As 

mentioned in section 3.1.1, according to the result of BLAST, the peptide QUB-1875 

isolated from Hylarana guentheri may belong to the AMP family of temporins. 

Mature AMPs from the temporin family share unique characteristics, which can easily 

distinguish them from others: (1) This AMPs family contains the smallest linear α-

helical AMPs isolated from natural biological sources, and they normally consist of 

13-14 residues. There is even an 8 residue AMP, temporin-SHf, which is currently 

considered as the shortest linear AMP known (Guani-Guerra et al., 2010). Some are 

slightly longer with 16-17 amino acids residues (Mangoni and Shai, 2011).  (2) Most 

of these AMPs have lower positive charges (ranging from 0 to +3) than other AMP 

categories, because they contain fewer basic amino acid residues, usually one or two. 

Temporins are generally active against a limited spectrum of microorganisms, mainly 

against Gram-positive bacteria. However, some research also found that a few 

temporins have a wider spectrum, with potential against Gram-negative bacteria, fungi 

and parasites (Raja et al., 2017). The results of antimicrobial tests of QUB-1875 

demonstrated that this peptide also had a narrow spectrum of activity against S. aureus 

(a Gram-positive bacterium) and C. albicans (a yeast).  

Focusing on this special membrane activity, a key point is to understand the basic 

mechanism of the membrane-selectivity of AMPs, for example, these AMPs 

distinguish between Gram-positive versus Gram-negative bacteria and pathogens 

versus mammalian cells (Rinaldi et al., 2002). 
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4.1 The mechanism of action of selective antimicrobial activity  

The mechanism by which AMPs can specifically target different microorganisms 

requires further elucidation. The consideration in this regard is relevant to the ability 

of AMPs to differentiate between microbial targets. Some evidence showed that the 

intrinsic structures of microbial cells resulted in the selective antimicrobial activity of 

some peptides.  

The composition of cell walls is one of the most important determinants in this regard. 

Firstly, it is clear that most AMPs kill microbial targets via membrane damage. The 

main difference between these two classes of bacteria is the existence of a second outer 

membrane in Gram-negative bacteria. This outer membrane consists of phospholipids 

and lipopolysaccharide (LPS), which serves as the first barrier encountering AMPs. 

There is no such outer membrane in Gram-positive bacteria. Thus, the cell wall of 

Gram-negative bacteria is much thicker and more complex than in Gram-positive 

bacteria. This second outer membrane decreases the sensitivity of AMPs to Gram-

negative bacteria (Nikaido and Nakae, 1980). Research on temporins has been carried 

out to verify this and results showed that mutant E. coli cells with progressively 

decreased content of LPS in their cell walls were accordingly more sensitive to 

temporins (Rinaldi et al., 2002).  

Moreover, some research also shows that Gram-positive bacteria possess a higher 

percentage of negatively charged phosphatidylglycerol (PG) in their membranes, 

however, Gram-negative bacteria contain more neutral phosphatidylethanolamine (PE) 

(Malanovic and Lohner, 2016b), but a smaller fraction of PG. This influence 

contributes to the higher affinity for AMPs to bind with cells, and the easier transport 

into the inner membrane of cells.   
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All of the above factors may result in the selectivity of AMPs to different bacteria. The 

reason for the selective activity of the peptide QUB-1875, which has a stronger 

potency to kill S. aureus instead of E. coli may be the same. 

4.2 The mechanism of action of selective toxicity  

A basic and important requirement for any AMP serving as a therapeutic agent is that 

it must have a selective toxicity between the microbial targets versus the normal host 

cells. The therapeutic index (TI) refers to the therapeutic potential of AMPs. This 

selectivity involves several complex factors. 

When interacting with their targets, AMPs may interact with a number of possible sites 

(Malanovic and Lohner, 2016a), one of which may be the bacterial surface. Interaction 

of AMPs and bacterial surfaces is predominantly determined by the electrostatic 

function between the cationic peptides and anionic cell membranes. Clearly, lipid 

properties of cell membranes are crucial in this step (Lohner, 2009). Although the cell 

membranes both consist of (phospho) lipid, the membranes of bacterial and eukaryotic 

cells differ significantly. Most bacteria cell membranes are composed mainly of 

negatively charged lipids, like PG, phosphatidylserine (PS), and cardiolipin (CL) (Op 

den Kamp, 1979). Whereas, membranes enriched in zwitterionic or neutral 

phospholipids, such as phosphatidylcholine (PC) and PE generally exist in mammalian 

cells. The cationic AMPs initially bind electrostatically with the anionic cell membrane, 

which stabilises their amphipathic hybrid structures, and aids the subsequent 

membrane damage (Shai, 2002). Thereby, the effects of QUB-1875 against S. aureus 

and C. albicans (both at 8 µM) were stronger than on horse red blood cells, as results 

showed. 
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However, the haemolytic activity of QUB-1875 does exist. This haemolytic activity 

against erythrocytes may be driven by inherent and complicated properties of AMPs, 

including cationicity, hydrophobicity, α-helicity and amphipathicity (Conlon et al., 

2007). For instance, for some AMPs acting via the barrel-stave mode, an increase in 

hydrophobicity correspondingly increases the potency of insertion into the lipid 

membranes, and thereby damaging cells. Cytolytic activity is also affected by 

increases in both helical structures (Dathe et al., 1996) and amphipathicity (Maloy and 

Kari, 1995). 

In conclusion, the novel peptide QUB-1875 isolated from Hylarana guentheri 

possesses significant antimicrobial activity. It has strong effects on C. albicans and S. 

aureus. MICs against these two microorganisms are both at a concentration of 8 µM. 

However, its MIC against E. coli is higher with a concentration at 64 µM. Moreover, 

it has a haemolytic effect on horse red blood cells. Therefore, QUB-1875 may be a 

potential replacement to cure illnesses caused by C. albicans and S. aureus.  
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