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Abstract 

Frog skin secretions play a significant role in defence against pathogenic 

microorganisms, including bacteria, fungi, parasites, enveloped viruses and so on. 

They are a rich source of bioactive compounds, including bufogenins, steroids, 

peptides, etc. To date, many peptides with various bioactivities have been found in 

frog skin secretions. Among these, the majority are antimicrobial peptides and a novel 

one of these was studied in this thesis in order to contribute to the study of biologically 

active peptides. 

In this study, the precursor-encoding cDNA sequence of a novel bioactive peptide 

QUB-3112 was identified in the defensive skin secretion of Hylarana guentheri by 

using a ‘shotgun’ cloning method. To research the biological functions of QUB-3112, 

it was synthesised by using solid phase peptide synthesis (SPPS) according to the 

translated putative mature peptide sequence. The synthetic replicate was used to 

perform some bioactive tests and was found to possess strong antimicrobial activity, 

slight anticancer activity and a relatively weak haemolytic activity.  

The experiments carried out in this study only involved a narrow and superficial range 

of bioactivity identifications. To obtain clearer knowledge about this novel bioactive 

peptide, additional investigations should be warranted.  
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Chapter 1. Introduction 

1.1 Previous research on Hylarana guentheri   

Novel peptides are continually being detected in the skin secretions of amphibians, in 

part due to the large number of species. The number of the known amphibian species 

is approximately 7,000, of which nearly 90% are frogs/toads. 

1.1.1 Brief introduction to Hylarana guentheri 

Hylarana guentheri is a species of amphibian belonging to the Ranidae family, of the 

genus Hylarana, and is commonly known as Günther's frog. Hylarana guentheri has 

characteristic colourations (Figure 1.1), with a white or yellow underside, a brown or 

reddish brown upper surface and two light brown or golden coloured strips on the 

dorsolateral folds, but their legs are earthy yellow and banded dark brown.                        

 

Figure 1.1. The appearance of Hylarana guentheri 

(http://www.wikiwand.com/sv/Hylarana_guentheri, accessed on: 14th March, 2017) 

http://www.wikiwand.com/sv/Hylarana_guentheri
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1.1.2 The habitat and distribution of Hylarana guentheri 

Hylarana guentheri are mostly distributed in central Vietnam, Laos, Cambodia and 

southwestern Chinese Provinces like Guangdong, Guangxi, Hainan, Taiwan, Hong 

Kong, Macau, Sichuan, Yunnan, Guizhou, Hunan, Jiangxi, Fujian, Anhui, Zhejiang, 

Jiangsu, Hubei, amongst others. (Figure 1.2) They can be found in the paddy fields, 

ponds or rivers below an approximate altitude of 300 meters (Li et al., 2014; Cao et 

al., 2010).  

 

Figure 1.2. The distribution of Hylarana guentheri. 

Black zones represent the distribution of Hylarana guentheri, grey zones represent 

areas where no Hylarana guentheri have been found. 

1.1.3 The skin secretion of Hylarana guentheri 

Frog skin is extremely thin but has extensive and essential functions, such as 

respiratory actions, evacuation, disguise, water adjustment, thermoregulation and 

reproduction. Most importantly, frog skin plays a significant role in defence against 

pathogenic microorganisms, like bacteria, viruses, fungi, etc (Clarke, 1997).  The 

defensive substances are found in complex chemical cocktails, namely skin secretions. 
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1.1.3.1 The skin glands of Hylarana guentheri  

Frogs are a popular food in some local regions of East Asia, due to the high nutritional 

value of their meat, which is rich in protein but low in fat (Gu et al., 2014). However, 

while most people are solely interested in the delicacy of frog meat, many biological 

scientists have found many bioactive peptides in the skin secretions of frogs (Liu et al., 

2010; Conlon et al., 2009b; Chen et al., 2011). Frog skin secretions originate from skin 

glands which are normally located in the dermis (the layer below epidermis). The two 

important types of cutaneous glands of Hylarana guentheri are shown in Figure 1.3: 

mucous glands and poison (granular) glands (Glenn and Elmer, 1944). Granular glands 

generate proteins, peptides, alkaloids, steroids, catecholamines, lipids, and 

glycoconjugates; but mucous glands only produce mucus (Regueira et al., 2016). 

 

Figure 1. 3. The two types of skin glands in Hylarana guentheri. 

(http://ehabhanhan.blogspot.co.uk/2013/06/integumentary-system.html, accessed on: 14th March, 

2017) 

1.1.3.1.1 Morphology of the exocrine glands of Hylarana guentheri 

The mucous glands of Hylarana guentheri have a semilunar configuration and are 

filled with tiny granules. They are usually located opposite the ductal end. The granular 

(poison) glands are much larger in size and are surrounded by smooth muscle cells. 

More specifically, they shape up as a coenocytic secretory cubicle within the acinus 

http://ehabhanhan.blogspot.co.uk/2013/06/integumentary-system.html
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(Mills and Prum, 1984). Numerous studies have proposed that the morphology of the 

exocrine glands of frogs is related to their living environment. In other words, 

Hylarana guentheri develop these morphological differences as a consequence of 

adaption to different environments (Seki et al., 1995). 

1.1.3.1.2 Functions of the exocrine glands of Hylarana guentheri 

Mucous glands of Hylarana guentheri produce acidic mucus which is carried with 

carboxylic acids and sulphates. This kind of mucus can protect frog skin from 

excessive water gain or loss, which means the mucus can keep the skin moist, and 

exchange gases as well as water (Dapson, 1970). In addition, it plays an important role 

in other diverse functions, including thermoregulation, reproduction, cutaneous 

respiration and defence. The function of granular glands is supposedly in defence. 

They mainly produce a toxic or repellent secretion which can protect the frogs from 

predators and infection by pathogenic microorganisms (Toledo and Jared, 1999). 

1.1.3.2 Chemical composition of the exocrine secretion of Hylarana guentheri 

The skin secretion of Hylarana guentheri is a rich source of bioactive compounds, 

containing bufogenins, biogenic amines, alkaloids, steroids, proteins and peptide (Daly 

et al., 1987). Frogs produce skin secretions by a holocrine mechanism, whereby 

secretions are produced in the cytoplasm of glandular cells and discharged into the 

lumen by the rupture of the plasma membrane. Cells are destroyed during the process, 

so, 5%-15% of the secretions may be the content of the dead cells, such as protoplasm, 

lysosomes, mitochondria, ribosomes, endoplasmic reticulum and so on; another 5-10% 

is neutral lipids, like fatty acids; while proteinaceous materials account for 78-85% 

(Christian and Parry, 1997). 
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1.1.3.3 Peptides found in skin secretions of Hylarana guentheri 

Frog skin secretion is a predominant source of peptides. To date, many peptides with 

various bioactivities have been found in frog skin secretions. Furthermore, it is rare to 

find the same secretory peptide in skin secretions of different species (Zhou et al., 

2006). As for Hylarana guentheri, many peptides have been discovered in their skin 

secretions, including bradykinin-related peptides (BRPs), temporin-GH, brevinin-

2GHb, brevinin-2GHa, guentherin and so on (Zhou et al., 2007).  Among these 

peptides, BRPs found from Hylarana guentheri comprise a large family with many 

members, such as BK, desArg1-BK, Thr6-BK, Hyp3-BK, Val1-BK, (Val1, Thr6)-BK, 

Thr6-Kallidin, RLS-Thr6-Kallidin and so on (Xi et al., 2015). They share similar amino 

acid sequences, differing only by one or two amino acids. 

1.2 A brief review of antimicrobial peptides (AMPs) 

It is noticeable that the majority of peptides found in frog skin secretions are AMPs. 

Recently, new lines of investigation have focussed on the antibiotic properties of these 

AMPs in order to find alternatives to traditional antibiotics (Sang and Blecha, 2008).  

1.2.1 The sources of AMPs  

During the past few decades, many AMPs have been identified from a wide range of 

animals. 50% of these AMPs are from invertebrates like insects (e.g. cecropin, 

moripin), others are from microorganisms like bacteria (e.g. lantibiotics), viruses and 

fungi (e.g. peptaibol), also from some vertebrates like fish, birds, amphibians, rabbits, 

pigs, sheep, etc (Reddy et al., 2004). For vertebrates, AMPs can be found in blood, 

leucocytes and lymphatic tissues, but are mainly found in the dermis (the deeper layer 

of the epidermis). Peptides produced in the dermis need to be transported to the stratum 

corneum, where they play a vital role in the defence against pathogens (Clausen and 

Agner, 2016). 
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1.2.2 Structure-activity relationships of AMPs 

There are large numbers of AMPs that differ greatly in structure. AMPs have no 

acknowledged classification according to their structural characteristics, but three 

categories that are commonly accepted are linear peptides containing amphipathic α-

helices, linear peptides with an overrepresentation of proline and cyclic peptides with 

a β-sheet (Brogden et al., 2003).  

(1) Linear peptides (e.g. cecropins, magainins), on entering a membrane, adopt an 

α-helical structure in which there is spatial organisation of bunches of 

hydrophobic amino acids in separate sections of the molecule (Zasloff, 2002; 

Frampton, 2010). The majority of α-helical AMPs are cationic and amphipathic 

but some hydrophobic α-helical peptides also possess antimicrobial activity. 

Besides, α-helical AMPs that are modified to a β-structure exhibit stronger 

potency against Gram-negative bacteria and Gram-positive bacteria (Epand and 

Vogel, 1999). 

(2) As a general feature, the linear proline-rich AMPs (e.g. PR39) are only potent 

against Gram-negative bacteria but not Gram-positive bacteria in most cases. 

Degradation by extracellular proteases is suggested to be the main reason for the 

higher resistance of Gram-positive bacteria (Bulet et al., 1999). Additionally, 

the high content of proline prevents the formation of α-helices or β-sheets that 

are possible immunogenic secondary structures, they therefore usually have low 

immunogenicity. 

(3) Cyclic peptides (e.g. brevinin, defensins) are normally cysteine-stabilised AMPs 

with a β-sheet which contain a large arginine-rich subfamily, so that they are 

usually cationic. These peptides normally consist of 20-36 amino acids, with 

cysteine residues forming disulphide bonds that stabilise an antiparallel-β-sheet. 
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This type of structure guarantees some advantages for the peptides, like less 

entropy loss, greater ease of permeation and translocation across lipid bilayers. 

They not only act on some fungi and a great variety of bacteria but also are 

cytotoxic to various host cells (Weinberg et al., 1998). 

1.2.3 The antimicrobial mechanisms of AMPs 

Many studies have been aimed at elucidating the mechanism by which AMPs kill their 

target microorganisms (Grage et al., 2016). Some have suggested that they can 

potentially attach to anionic groups presented on the bacterial membranes because of 

their strong cationic charge. They can then kill bacteria with the help of membrane 

permeabilisation and extensive pore-formation. It is somewhat complicated to 

understand how the AMPs interact with the lipid components of bacterial membranes 

without defining models (Huang, 2006; Kolusheva et al., 2000). 

Three models that could be used to explain precisely the antimicrobial mechanism of 

AMPs are described below. Indeed, different modes of insertion of AMPs into the 

membranes have been demonstrated by determining the peptide alignment with 

respect to the lipid bilayer, which support all these possible models (Grage et al., 2016). 

(1) The barrel-stave model shown in Figure 1. 4 (Lee and Park, 2014) 

In this model, cationic AMPs (e.g. alamethicin) insert into and spread through 

the lipid bilayer (Ehrenstein and Lecar, 1977), arranging into helices and 

associating to form a bundle with a central lumen, like barrel-stave channels 

that span the bacterial membrane (Matsuzaki et al., 1991). In general, 

hydrophilic regions of the AMPs face the pore lumen while the hydrophobic 

regions face the lipid bilayer. Once channels are formed, the cell membrane 

would be disrupted so that the external water would infiltrate into cells, and 

cytoplasmic contents could also leak to the outside of the cells, which results 
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in them being unable to perform their normal functions, such as cell-cell 

interaction, material transport and signal transfer, therefore causing the bacteria 

to die (Christensen et al., 1988). 

(2) The toroidal pore model shown in Figure 1.4 (Lee and Park, 2014) 

In this model, the peptide molecules (e.g. magainins, melittin and protegrins) 

maintain a predominantly parallel orientation to the bacterial membranes. After 

they bind to the interface of lipid bilayers, the membrane can be expanded to 

form a pore which is lined by both the peptides and lipid head groups. In the 

centre of the pore, there is a water core, and the lipid monolayers bend back on 

themselves continuously from the top to the bottom in the fashion of a toroidal 

hole outside the pore (Rashid et al., 2016). In this way, the bacterial membrane 

is also disrupted. 

      (3) The carpet model shown in Figure 1.4 (Lee and Park, 2014) 

In this model, the AMPs are attracted to the surface of the bacterial membranes 

by electrostatic attraction and the transmembrane bioelectric field covering the 

bacterial membranes in a carpet manner. Then the membranes are strained and 

collapsed into micelle-like structures by high concentrations of peptides. 

Afterwards, the peptides transit into another arrangement so as to lower the 

strain but lead to pore formation, with the same consequence as the two models 

described previously (Ganz, 2003). 
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Figure 1.4. The three models used to explain the mechanism of action of AMPs.  

1.2.4 The development of AMPs 

AMPs usually share common characteristics: strongly cationic (pI 8.9–10.7), small 

size (30–60 aa), heat-resisting (100 °C, 15 min), no known drug resistance and 

variable toxicity to mammalian cells (Li et al., 2012). Scientists believe that AMPs can 

be used as a novel substitute of antibiotics to control pathogens (Ageitos et al., 2016). 

The discovery of AMPs dates back to 1939, when an antimicrobial agent was extracted 

from a soil Bacillus strain. In the following year, this extract was fractionated by 

Hotchkiss and Dubos, and an AMP (gramicidin) was identified (Bahar and Ren, 2013). 

Gramicidin was generated by bacteria, but the first description of an animal AMP was 

considered to be in 1962 (Bagnicka et al., 2011), when bombinin was discovered in 

the skin of a toad, Bombina variegata (Kiss and Michl, 1962). Also in the 1960s, 

lactoferrin, which is an antimicrobial protein, was isolated from milk (Groves et al., 

1965). 
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In the 1980s, the Swedish research group led by Boman used Bacillus cereus to infect 

the insect, Hyalophora cecropia. As a result, some AMPs were produced which were 

named cecropins (Steiner et al., 2009). 

Based on these earlier studies and the rapid development of techniques for peptide 

synthesis, natural AMPs as well as synthetic AMPs have been extensively studied 

during recent decades (Phoenix et al., 2013). Up to now, the number of AMPs isolated 

from organisms or artificially synthesised has exceeded 5000 and continues to grow 

(Blondelle et al., 1999). 

These types of peptides were initially termed antibacterial peptides, meaning peptides 

active against bacteria, but some of these peptides have since been found to possess 

antifungal activity, and they were therefore renamed antimicrobial peptides (AMPs) 

which describes their properties more accurately (Li et al., 2014). 

1.2.5 The importance of AMPs 

Over time, bacteria have become increasingly resistant to antibiotics. Hence, there is 

an urgent need to introduce novel antibiotics. A good source of novel antibiotics which 

may address this urgent need are the AMPs (Hancock and Patrzykat, 2002). 

AMPs are natural molecules and essential in innate immunity (Omardien et al., 2016). 

However,  the importance of AMPs in mammalian immunity was not established until 

the importance of the innate immune defence system of mammals was unveiled (Lai 

and Gallo, 2009). 

On one hand, AMPs have broad spectrum antimicrobial activity, including 

antibacterial and antifungal; on the other hand, they act readily against resistant 

mutants and kill their target cells very rapidly (Hancock and Scott, 2000), therefore 

they are considered as potential novel drugs to fight against pathogenic bacteria. 
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1.2.6 The AMPs from Hylarana guentheri 

Peptides found in skin secretions of Hylarana guntheri were purified by reverse-phase 

high performance liquid chromatography (HPLC) and individual components were 

analysed. The most effective AMPs (e.g. brevinin-2GHa, brevinin-2GHb, brevinin-

2GHc) identified from the secretions belonged to the brevinin-2 family, which is a 

large AMP family (Conlon et al., 2008). The detailed information on 15 definite 

AMPs reported to date from Hylarana guentheri are listed in Table 1.1 (Thomas et 

al., 2012). 
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Table 1.1 AMPs found in the skin secretions of Hylarana guentheri. 

 

Name Database Peptide sequence 

Active 

against 

bacteria 

Brevinin-2GHa UniProtKB - P84860 

GFSSLFKAGAKYLLK

SVGKAGAQQLACKA

ANNCA 

S. aureus 

B. subtilis 

Brevinin-2GHb UniProtKB - A0AEI5 
GVITDALKGAAKTVA

AELLRKAHCKLTNSC 

S. aureus 

B. subtilis 

E. coli 

Brevinin-2GHc UniProtKB - A0AEI6 
IWEGIKNAGKGFLVSI

LDKVRCKVAGGCNP 

S. aureus 

B. subtilis 

E. coli 

Brevinin-2GHd UniProtKB -A0A1B1UZN0 
GLVTDTLKGAAKTVA

AELLRKAHCKLTNSC 

S. aureus 

B. subtilis 

E. coli 

Brevinin-2GHe UniProtKB - A0A1B1UZN1 

GVTFNALKGVAKTV

AAQLLKTARCKLDKS

C 

S. aureus 

B. subtilis 

E. coli 

Brevinin-2GHf UniProtKB -A0A1B1UZN8 
GVITNALKGVAKTVA

AELLKKAHCKLTNSC 

S. aureus 

B. subtilis 

E. coli 

Brevinin-2GHg UniProtKB- A0A1B1UZP0 
GLITDTLKGAAKTVA

AELLRKAHCKLTNSC 

S. aureus 

B. subtilis 

E. coli 

Brevinin-2GHh UniProtKB - A0A1B1UZQ3 
GVITDALKGAAKTVA

AELPRKAHCKLTNSC 

S. aureus 

B. subtilis 

E. coli 

Brevinin-2GHi UniProtKB - A0A1B1UZQ7 
GVIFNALKGVAKTVA

AQLLKTARCKLDKSC 

S. aureus 

B. subtilis 

E. coli 

Brevinin-2GHj UniProtKB - A0A1B1UZP7 

GFSSLFKAGAKYFLK

QVGKAGAQQLACKA

ANNC 

S. aureus 

B. subtilis 

Temporin-GH UniProtKB - P84858 FLPLLFGAISHLL 
S. aureus 

B. subtilis 

Temporin-GHa UniProtKB - A0A1B1UZP1 FLQHIIGALGHLFGK 
S. aureus 

B. subtilis 

Temporin-GHb UniProtKB - A0A1B1UZN5 FIHHIIGALGHLFGK 
S. aureus 

B. subtilis 

Temporin-GHc UniProtKB - A0A1B1UZN4 FLQHIIGALTHIFGK 
S. aureus 

B. subtilis 

Temporin-GHd UniProtKB - A0A1B1UZN2 FLQHIIGALSHFFGK 
S. aureus 

B. subtilis 
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1.3 An overview of the brevinin-2 family  

Frog skin secretions are a good source of AMPs that may produce formulations with 

potential for the treatment of infections (Conlon et al., 2009b). Those found in frog 

skin secretions are grouped into families that share common characteristics such as 

their similar amino acid sequences (Conlon et al., 2007). Several AMPs that belong to 

the brevinin-2 family have already been identified from skin secretions of Hylarana 

guentheri. Apart from Hylarana guentheri, peptides of the brevinin-2 family have also 

been discovered in the skin secretions of other members of the family Ranidae, 

including the genera Amolops, Rana, Odorrana, and Glandirana (Yang et al., 2012). 

1.3.1 Specific features of the brevinin-2 family 

AMP families differ in domains of their sequences (Khamis et al., 2015). The first 

member of the brevinin-2 family was identified from the skin secretions of the frog, 

Rana brevipoda porsa. Since then, about 350 types of brevinins have been identified 

from European and Asian ranid frogs (Conlon et al., 2009a). 

In aspects of function, most AMPs show strong antimicrobial activity. However, 

peptides of the brevinin-2 family not only are active against a wide range of Gram-

positive bacteria including Bacillus subtilis and Staphylococcus aureus, Gram-

negative bacteria like Escherichia coli and strains of pathogenic yeasts (e.g. Candida 

albicans and Candida tropicalis), but also have anticancer activity and low haemolytic 

activity (Novkovic et al., 2012). These anticancer peptides preferentially interact with 

cancer cells as there are additional negative charges on the outer surfaces of cancer cell 

membranes (Savelyeva et al., 2014). 

In terms of structural characteristics, peptides of the brevinin-2 family are amphipathic, 

linear and cationic. Most of them have an important domain (Cys18- (Xaa)4 -Lys-Cys24) 

which was believed to be related to their strong antimicrobial activity (Clark et al., 
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1994). Furthermore, their structures have huge differences from magainin or bombinin, 

despite all being AMPs (Morikawa et al., 1992). 

1.3.2 The medical functions of the brevinin-2 family 

Every member of the brevinin-2 family has its own special putative medical functions, 

with which they could become effective clinical treatments. 

Hylarana erythraea B2-RP (GVIKSVLKGVAKTVALGML-NH2) exhibited potent 

inhibition of multidrug-resistant Acinetobacter baumannii, and its minimal inhibitory 

concentration (MIC) value was between 6 and 12.5 μM (Al-Ghaferi et al., 2010). 

Brevinin-2TSa (GIMSLFKGVLKTAGKHVAGSLVDQLKCKITGGC), discovered 

in the Asian frog (Rana tsushimensis), was found to be active against methicillin-

resistant S. aureus T7/20(MRSA T7/20), with an MIC of 25 μM (Zhang et al., 2014). 

The most abundant peptide, brevinin-2PRa with 37 amino acid residues 

(GLMSLFKGVLKTAGKHIFKNVGGSLLDQAKCKITGEC), which was extracted 

from the Hokkaido frog Rana pirica, showed strong activity against Pseudomonas 

aeruginosa, and its MIC was in the range of 6-12 μM (Conlon et al., 2004b). 

Brevinin-2GUb extracted from skin secretions of Hylarana guntheri, can increase the 

rate of insulin release. The basal rate was up to 139% when using the peptide at a 

concentration of 0.1 μM, thus improving glucose tolerance (Zhou et al., 2014). 

Brevinin-2Ec (GILLDKLKNFAKTAGKGVLQSLLNTASCKLSGQC), previously 

found in skin secretions of Rana esculenta, and another peptide identified to be 

brevinin-2Ef (GIMDTLKNLAKTAGKGALQSLVKMASCKLSGQC) whose 

structure had been deduced from a cloned cDNA from Rana esculenta skin, both 

possessed a similar amino acid sequence and both exhibited strong potency against E. 

coli with a MIC lower than 10 μM (Wang et al., 1998; Conlon et al. 2004a; Ali et al., 

2003). 
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While most brevinin-2 peptides just show strong antibacterial activity, one exception, 

brevinin-2R (KLKNFAKGVAQSLLNKASCKLSGQC), which was discovered in 

Pelophylax ridibundus) skin secretions, appeared to be a promising anticancer 

molecule. It acts via the activation of the lysosomal-mitochondrial death pathway and 

induces an autophagy-like cell death, which exhibits a better therapeutic window than 

the conventional anticancer drugs like doxorubicin (Savelyeva et al., 2014). 

Although other members of the family with medical functions have not been described 

in this introduction, the examples provided here have illustrated the tremendous 

potential of the brevinin-2 family in the development of modern medicines.  

1.3.3 The progress of research in the brevinin-2 family 

In 1992, the term “brevinin-2” was first used (Conlon, 2008). Peptides of the brevinin-

2 family with low haemolytic activity were initially reported to have special activity 

against Gram-negative bacteria, Gram-positive bacteria and strains of pathogenic 

fungi. They were subsequently found to possess antiviral activity, particularly to 

defend mammalian cells from infection by HIV-1 (Bandyopadhyay et al., 2014). This 

was potentially significant progress for the clinical treatment of HIV-1 due to the 

difficulty of controlling the damage caused by the HIV-1 virus. 

It was initially believed that peptides of the brevinin-2 family had antimicrobial 

activity because of their cyclic heptapeptide domain. However, brevinin-2RP 

(GVIKSVLKGVAKTVALGML) which was isolated from skin secretions of the frog 

Hylarana erythraea, was a novel peptide that had no Cys -(Xaa)4-Lys-Cys, and 

exhibited strong activity against a broad spectrum of Gram-negative and Gram-

positive bacteria, demonstrating that the Cys-(Xaa)4-Lys-Cys region in brevinin-2 is 

dispensable for antimicrobial activity (Abdel-Wahab et al., 2010). Although the 
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structural features needed for activity are still unclear, the achievements on the 

understanding of the modes of action of the brevinin-2 family are undeniable. 

1.4. Some obstacles for the therapeutic use of peptides 

With smaller sizes than antibodies and proteins, peptides are able to infiltrate deeper 

into tissues. Furthermore, peptides used in the pharmaceutical field are less 

immunogenic than antibodies and proteins, which is a distinct advantage (McGregor, 

2008). Promoted by these advantages, there is an increased interest in the research and 

development of peptides for potential uses in the pharmaceutical field, with more than 

140 therapeutic peptides currently being evaluated in clinical trials.  

1.4.1 The historical use of peptides in the pharmaceutical field 

Peptides with therapeutic value have three traditional sources: (i) natural peptides 

generated by animals, bacteria, fungi, viruses, humans or plants; (ii) peptides derived 

from genetic or recombinant libraries and (iii) peptides discovered in chemical 

libraries (Latham, 1999; Sato et al., 2006). Three corresponding examples are listed 

below. 

(i) Topical applications of polymyxin which is derived from the bacterium Bacillus 

polymyxa, and gramicidin S which is a derivative of gramicidin, are extremely 

effective and develop little resistance when being used to treat the infections caused 

by Pseudomonas aeruginosa and Acinetobacter baumannii (Marr et al., 2006). 

(ii) PR-39 is obtained by recombinant DNA technology. It is able 

to regulate  inflammatory responses, induces endothelial cell proliferation, promotes 

endothelial cell migration, inhibits endothelial cell apoptosis, accelerates wound 

healing and regulates angiogenesis (Zhang et al., 2016). Moreover, PR-39 obtained 

either by chemical synthesis or by chromatographic purification, showed identical 

syndecan inductive activities (Gallo et al., 1994). 



 
 

17 
 

(iii) Mifamurtide (liposomal muramyltripeptide phosphatidylethanolamine), a 

synthetic analogue of muramyldipeptide, is used as a treatment for people with 

osteosarcoma. Mifamurtide was approved for use in Europe in March 2009 (Frampton, 

2010). 

Apart from the peptides named above, there are some others shown in Table 1.2 that 

have been used or evaluated for use in the pharmaceutical field.  

Table 1.2. Some other peptides used in the pharmaceutical field. 

 

Name of 

drug 
Source 

Stage of 

development 
Medical use 

    

      

HB-107 Cecropin B Preclinical 
Wound healing (Lee et al., 

2004)   

      

Mersacidin Bacteriocin Preclinical 

Gram-positive infection, 

particularly Staphylococcus 

aureus (Chatterjee et al., 

1992)   

      

Plectasin Fungal defensin Preclinical 

Gram-positive (especially pneumococcal 

and streptococcal) infection (Mygind et al., 

2005) 

      

hLF-1-11 
Human 

lactoferrin 
Phase 2 

Allogeneic bone marrow stem cell 

transplantation-associated infections (Fjell 

et al., 2011) 

      

CZEN-002 

Synthetic 8-mer 

derived from α-

melanocyte-

stimulating 

hormone 

Phase 2b 

Vulvovaginal candidiasis, 

anti-inflammatory (Fjell et 

al., 2011) 

  

      

PAC113 

Histatin 5 

peptide found in 

human saliva 

Investigational 

new drug 

approval 

Oral candidiasis (Zhang and 

Falla, 2010) 
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1.4.2 Some peptides that have not been used in the pharmaceutical field 

Although numerous AMPs that have potential as novel drugs have been tested in the 

clinic, but so far and unfortunately, none of these peptides have been approved by the 

FDA for use (Gordon et al., 2005). 

A well-known example, pexiganan, an analogue of magainin, was expected to be a 

hope in the pharmaceutical field, promoted wound healing with little toxicity and 

succeeded in treating diabetic foot ulcers in clinical studies (Lamb and Wiseman, 

1998). However, it was declined by the FDA in 1999 because the compound was not 

superior to traditional drugs (Steckbeck et al., 2014). 

Omiganan (CPI-226) was a synthetic cationic peptide with broad-spectrum 

antimicrobial activity in vitro. It achieved success in protecting patients from 

infections following catheter insertion (Hancock and Sahl, 2006), but suffered a great 

failure to reduce the incidence of venous catheter-related bloodstream infections 

(Sader et al., 2004). The FDA therefore did not approve CPI-226 for use as a new drug. 

Similarly, IB367 which was an analogue of pig protegrin, showed a complete failure 

in preventing polymicrobial infections when it was applied to treat oral mucositis 

(Trotti et al., 2004), and was also rejected by the FDA decisively. 

Many other peptides have been declined by the FDA. In order to reduce the waste of 

time and resources used in the previous research, it is necessary to determine the causes 

of failure and drawbacks of these peptides, followed by speculating on appropriate 

methods to modify them to permit their consideration for pharmaceutical use. 

1.4.3 Reasons for failure of these peptides as new drugs 

There are numerous reasons for the failure of these peptides in the pharmaceutical field, 

but the main reason could be summarised as haemolytic activity which is dangerous 

to the patient and renders the peptides ineligible for clinical use. Moreover, there are 
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limits to the use of these peptides in the pharmaceutical field. Most fundamentally is 

that insufficient research on the toxicology, pharmacology, dose and functionality of 

these peptides, has been reported which disqualifies them for use as new drugs. 

Furthermore, the unstable nature of these peptides, like salt sensitivity, may be very 

hard to overcome. The real challenge is the poor oral availability of these peptides, 

mainly due to the fact that they can be readily degraded and pass poorly through the 

intestinal mucosa. Another important reason for their failure is the high cost of 

production, as not only does their entry into therapeutic areas require large sums of 

money, but the manufacture of the peptides is also costly (Aoki and Ueda, 2013; Sun, 

2013). 

1.4.4 Solutions to the obstacles for the therapeutic use of peptides 

With the increasing costs for research and development, and with only a small number 

of peptides having obtained approval for use as new drugs, effective methods are 

demanded to increase the productivity of pharmaceutical research and development 

(Vlieghe et al., 2010).           

The direct solution is to develop therapeutic peptides at a cost as low as possible, while 

overcoming these other limitations. The following strategies are available: reducing 

manufacturing expenses of peptides, making it easier for potential peptides to enter 

into therapeutic areas without worrying about costs, resuscitating the interest in peptide 

therapeutics and identifying more bioactivities of such peptides (Zhang and Falla, 

2006). These strategies all form part of the larger picture in the development of 

therapeutic peptides, and may require the expenditure of substantial time and effort to 

bring peptide therapeutics to the clinic.  

With the purpose of reducing manufacturing cost, some significant technologies may 

need to be developed. For instance, resins, protected amino acids and coupling 



 
 

20 
 

reagents, are costly but necessary during procedures in synthesising small peptides, 

hence cheaper methods are demanded, like molecular biology techniques and chemical 

synthesis (Craik et al., 2013). 

Other specific solutions need the support of government, like reducing the entry fee 

for new drug registration, providing financial support to identify more bioactivities of 

such peptides, spreading and popularising the advantages of peptides as new drugs and 

so forth. 

But looking to the longer term, if we want to overcome these obstacles without 

subsequent concerns, we need to proceed from the peptides themselves by using some 

modification methods, such as altering physical and chemical properties, introducing 

unnatural amino acids, methylation, sulphation, hydroxylation, nitration or amidation, 

protein splicing, and referring to modern pharmaceutical strategies like optimising 

drug delivery systems and designing molecular targeted peptides (Kang et al., 2014). 

Although these methods may be very complicated and highly technical, they are 

extremely feasible.  

The Institute of Medicine and the National Academy of Sciences have already 

promulgated some weighty pronouncements about solutions to the obstacles for the 

therapeutic use of peptides, but to little avail due to the lack of action, which has made 

us aware that implementing these sensible solutions requires the efforts of all people.  

1.5 Aims and objectives of this thesis 

1). To acquire the skin secretion of Hylarana guentheri and isolate mRNA for cDNA 

library construction by reverse transcription. 

2). To clone cDNA(s) encoding novel peptide precursors. 

3). To identify putative novel encoded peptides in skin secretion by bioinformatic 

analysis. 
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4). To chemically-synthesise any novel peptide by using solid-phase peptide synthesis 

(SPPS). 

5). To purify the authentic peptide from the synthesis mixture by using reverse phase 

HPLC and mass spectrometry (MS). 

6). To test the bioactive potential of the novel peptide in a range of bioassays 

(antimicrobial activity, haemolysis activity, anticancer activity/toxicity, protease 

inhibition, smooth muscle contraction/relaxation). 

7). To learn and master the methods of early drug discovery as well as develop 

independence in the operation of experimental facilities. 
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Chapter 2. Materials and methods 

2.1 The acquisition of skin secretions from Hylarana guentheri 

Specimens of adult Hylarana guentheri were obtained from commercial sources and 

maintained in a simulated living environment. Their granular gland secretions were 

collected from the dorsal skin by using mild transdermal electrical stimulation (5 V 

DC; 3 ms pulses width, 50 Hz) through platinum electrodes for two periods. Then the 

stimulated secretions were rinsed from the skin using deionised water, snap-frozen in 

liquid nitrogen and lyophilised in a Hetosicc 2.5 freeze drier (Heto, UK). The 

lyophilisates were stored at -20 ºC prior to analyses. 

2.2 ‘Shotgun’ cloning of a cDNA library from Hylarana guentheri skin secretion  

2.2.1 mRNA isolation from lyophilised Hylarana guentheri skin secretion 

This was performed by using a Dynabeads® mRNA DIRECTTM Kit (Invitrogen, 

Lithuania).  

2.2.1.1 Dynabeads mRNA DIRECTTM Kit 

The Dynabeads® mRNA DIRECT™ Kit is designed for simple and rapid isolation of 

pure and intact polyadenylated (poly A) mRNA directly from the crude lysates of 

animal and plant cells and tissues. The procedure relies on adenine-thymine (A-T) base 

pairing. Short sequences of oligo-dT are covalently bound to the surface of the 

Dynabeads oligo (dT)25. Under optimal conditions the poly (A) tail of mRNA will 

hybridise to the bead-bound oligo-dT, allowing a simple and rapid extraction. DNA, 

proteins, rRNA and small RNAs such as tRNA do not bind to the beads and are 

discarded, eliminating the need for post extraction deoxyribonuclease (DNase) 

treatment. 
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2.2.1.2 Preparation of sample lysate 

The sample was prepared by transferring 5 mg of lyophilised skin secretion to a 1.5 

ml microcentrifuge tube, and then a volume of 1 ml of lysis/binding buffer was added 

into the tube. The skin secretion was dissolved by vortexing for 1 min then placed on 

ice for 1 min to protect mRNA from enzymolysis. This step was performed 10 times. 

Then the tube was centrifuged at 18,000 x g for 5 min in an Eppendorf Centrifuge 5424 

(Eppendorf, Germany).  

2.2.1.3 Preparation of Dynabeads 

The Dynabeads oligo (dT) 25 were mixed thoroughly and a volume of 250 µl was 

transferred to another new 1.5 ml microcentrifuge tube that was placed on a magnetic 

rack which can magnetise the beads due to its magnetic properties. When the 

suspension was clear, the supernatant was discarded and the microcentrifuge tube was 

removed from the magnetic rack. Afterwards, the beads were washed with 250 µl 

lysis/binding buffer then the tube was placed on the magnetic rack again until the 

suspension was clear, and the supernatant was removed again. 

2.2.1.4 Mixing sample with Dynabeads  

The washed beads were mixed with 1000 µl sample lysate in the tube containing beads. 

Subsequently, the mixture was rotated gently for 1 min at room temperature and then 

stored in an ice bath for 30 s, and this step was totally about 15 min by repeating 10 

times in order to make the poly A tail of mRNA thoroughly bind to the oligo-dT of 

Dynabeads via hydrogen bonds. After the reaction, the microcentrifuge tube was 

placed on the magnetic rack again for 5 min and the supernatant was removed to obtain 

the beads which were bound with mRNAs. 

To wash the beads/mRNA hybrids, a volume of 500 µl of washing buffer A which 

could wash out dithiothreitol (DTT) was added into the tube and the supernatant was 
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removed. After that, the mixture was washed twice with 500 µl of Washing Buffer B 

to prevent carryover of LiDS which is a strong inhibitor of enzymatic reactions, then 

the supernatant was removed completely. 

2.2.1.5 Isolation of mRNA   

mRNA was eluted from beads with 18 µl of Tris-HCl (10 mM), followed by heating 

at 80 ºC for 2 min precisely to destroy hydrogen bonds which bind mRNA and beads 

together thereby to free the isolated mRNA. Then the tube was placed on the magnetic 

rack immediately. Beads formed sediments at the bottom of the tube as a result of 

being attracted to the magnetic rack, while mRNA was distributed in the supernatant. 

After that, the supernatant containing mRNA was transferred into a new 0.2 ml PCR 

(Polymerase Chain Reaction) tube in an ice bath to avoid mRNA rebinding to beads. 

2.2.2 cDNA library construction 

This was performed using BD SMARTTM RACE cDNA Amplification Kit (BD 

Bioscience Clontech, UK).  

The BD SMART™ RACE cDNA Amplification Kit provides a novel method for 

performing both 5’- and 3’-rapid amplification of cDNA ends (RACE). The involved 

primers in the kit were listed in Table 2.1. 

Table 2.1 Sequences of primers for cDNA library construction. 

 

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) 
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All reagents were taken out of the refrigerator and placed in an ice bath to defrost and 

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

3’-2, 3’-3, 5’-1, 5’-2 respectively and the following reagents as shown in Table 2.2 

were added into each tube. 

Table 2.2 Components for 5 PCR tubes. 

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 

 

These PCR tubes were vortexed to mix the contents well and centrifuged briefly in a 

microcentrifuge then heated at 70 ºC for 2 min to anneal. Afterwards, they were 

quickly cooled on ice for 2 min. After brief centrifugation, to each reaction tube 

(already containing 5 µl) was added the following reagents according to Table 2.3. 
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Table 2.3 Components of each tube for RACE-Ready cDNA. 

Reagent Volume Final concentration 

Previous componants 5 µl  

5X First-Strand Buffer 2 µl 1X  

DTT (20 mM) 1 µl 2 mM 

dNTP Mix (10 mM) 1 µl 1 mM 

BD RTase  (100 Unit/µl) 1 µl 10 Unit/μl 

Total volume 10 µl  

 

BD PowerScript™ Reverse Transcriptase (BD RTase) is a point mutant of Moloney 

murine leukemia virus (MoMLV) reverse transcriptase (RT). It can synthesise longer 

cDNA fragments than wild-type MMLV-RT because of lacking RNase H- enzyme 

which retains wild-type polymerase activity.  

Reagents contained in these tubes were mixed by pipetting and centrifuged briefly to 

be collected at the bottom of tubes. After that, these tubes were incubated in a PCR 

machine (ThermoFisher Scientific, USA) to perform reverse transcription at 42 ºC for 

90 min since reverse transcriptase (RT) is most active at 42 ºC. Then, the first-strand 

reaction products were diluted with 50 µl PCR-grade water and briefly centrifuged 

until there were no bubbles and no drops on the wall of tubes. Subsequently, these 

tubes were placed at 72 oC for 7 min. Once these steps were completed, the first-strand 

cDNA library was obtained then stored at -20 oC before use.  
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2.2.3 RACE-PCR 

This was performed by use of a BD SMARTTM RACE cDNA Amplification Kit (BD 

Bioscience Clontech, UK).  

Table 2.4. Components in each tube of RACE-PCR reaction. 

Reagent Volume Final concentration 

PCR-Grade Water 2.6 µl  

10X BD Advantage 2 PCR Buffer 1 µl 1X 

dNTP Mix (10 mM) 0.2 µl 0.2 mM 

NUP  (20 µM) 0.5 µl 1 µM 

Sense Primer (20 µM)/Anti-sense 

primer 

0.5 µl 1 µM 

50 X BD Advantage™ 2 Polymerase 

Mix 

0.2 µl 1 X 

cDNA library/PCR-Grade Water 5 µl  

  Total volume                                             10 µl 

The first-strand cDNA was used as the DNA template for the RACE-PCR reaction. 

The sample group was prepared according to Table 2.4. The difference between the 

sample group and the negative control group was the existence of a cDNA library 

sample.  

50 X BD Advantage 2 Polymerase Mix is an optimised blend of PCR enzymes that 

includes a Thermus aquaticus (Taq) DNA polymerase and a proofreading DNA 

polymerase.  

The 3’-RACE reactions employed a sense primer with a nucleotide sequence 5’-
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ATGTTCACCATGAAGAAATC-3’ and a Nested Universal Primer (NUP) (5’-

AAGCAGTGGTATCAACGCAGAGT-3’). The tubes were subjected to PCR 

reaction which was carried out in a thermocycler with a PCR Programme (Table 2.5). 

After the whole programme was finished, PCR products were stored at 4 oC prior to 

use.  

Table 2.5 The details of the 3’/5’-RACE PCR programme. 

Stage Parameter 

Stage 1 initial denaturation at 94 oC for 1 min 

Stage 2 

22 cycles (denaturation at 94 oC for 30 s, primer annealing at 

60 oC for 30 s, extension at 72 oC for 45 s) 

Stage 3 final extension at 72 oC for 10 min 

 

2.2.4 Gel electrophoresis for analysing RACE PCR products 

Gel electrophoresis was applied to separate and analyse DNAs by their different sizes 

and charges. Since DNAs are negatively charged, they tend to move to the anode in an 

electrical field. Furthermore, the smaller molecules migrate more quickly through the 

gel than the larger ones. The DNA dyed by Ethidium Bromide (EB) could fluoresce 

under UV light. 

2.2.4.1 Preparation of agarose gel 

The obtained agarose gel should be at least 1% w/v, so a weight of 0.45 g agarose 

powder (Invitrogen, UK) was poured into a conical flask and dissolved in 35 ml of 

freshly prepared 1X Tris/Borate/EDTA (TBE) buffer (Invitrogen, UK). The mixture 

was heated in a microwave oven until particles melted thoroughly, then the flask was 

cooled to room temperature. After that, a volume of 2.5 µl of 10 mg/ml Ethidium 
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Bromide (EB) (Sigma-Aldrich, USA) was added into the solution. The flask was 

swirled gently to disperse the EB, then well-forming combs were inserted into the gel 

electrophoresis tank and the solution was poured into the gel-forming tray which was 

placed into the gel electrophoresis tank. After the bubbles were driven to corners, the 

gel was left at room temperature for 45 min until the gel was solidified. The well-

forming combs were carefully removed and the cycled 1×TBE was added into the 

reaction tank to submerge the gel to the maximum level line. 

2.2.4.2 Loading samples and analysis 

A volume of 0.5 µl loading dye (Promega, USA, 6X) which mainly avoided the DNA 

running entirely off the gel was mixed with 1.5 µl of RACE PCR product respectively. 

The first well was loaded with 2.5 µl of DNA ladder (BioLabs, UK, 0.5 µg/laneto) 

while other wells were loaded with different mixtures (2 µl) prepared before. After all 

PCR products in different tubes were added into different wells, the gel electrophoresis 

tank was covered and the electrophoresis was charged to 90 V for about 30 min. During 

the time, the DNA moved toward the positive anode due to the negative charges on its 

phosphate backbone. After that, the gel was observed under a UV Transilluminator 

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

could be estimated. Selected samples were applied to the following experiments. 

2.2.5 Purification of RACE PCR products 

A Cycle Pure Kit (Omega Bio-Tek, USA) was used in this section. The Rapid PCR 

Purification System is designed for rapid purification of PCR products. Binding 

solution is added to the amplification reaction and the mixture is applied to a spin 

cartridge containing silica-based membranes where the double-stranded DNA is 

selectively adsorbed. Adsorption to the membranes is influenced by buffer 

composition and temperature. DNA polymerases, buffer, unreacted primers and 
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deoxynucleotides (dNTPs) are removed with an alcohol-containing wash buffer. Since 

the DNA is eluted at high concentration in TE Buffer, no precipitation is necessary. 

All solutions passed through the cartridge with brief centrifugation. This product 

eliminates the use of hazardous chemicals such as phenol and chloroform.  

Firstly, selected sample was mixed with 95 µl Quintuple CP buffer and centrifuged 

briefly, then the well-mixed solution was transferred to the filter of the cartridge. The 

mixture was washed by 700 µl washing buffer then centrifuged at 15,000 x g for 1min 

in an Eppendorf Centrifuge 5424 (Eppendorf, Germany). After that, the flow-through 

was discarded as DNA was still left in the filter instead of dissolving in washing buffer. 

Then the mixture was washed again by another 500 µl washing buffer, also centrifuged 

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

flow-through was discarded as in the former operation. Afterwards, the cartridge was 

centrifuged at 18,000 x g in an Eppendorf Centrifuge 5424 (Eppendorf, Germany) for 

2 min to remove the remaining liquid completely, then the supporter containing liquid 

was replaced by a new 1.5 ml tube to collect eluted products. Then the DNA was eluted 

by 30 µl PCR-Grade water and incubated at room temperature for 2 min followed by 

centrifugation at 18,000 x g in an Eppendorf Centrifuge 5424 (Eppendorf, Germany) 

for 1min. The cartridge was discarded because the DNA was dissolved in the PCR-

Grade water which was collected in the bottom of tube. Finally, the tube containing 

DNA was sealed and stored at -20 ºC after being concentrated for 50min. 
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2.2.6 Ligation of purified RACE PCR products into pGEM®-T Easy Vectors 

Ligation is the joining of two nucleic acid fragments through the action of an enzyme.  

 

 

 

 

 

 

Figure 2.1 A PCR fragment ligates into a plasmid. 

 

In this section, pGEM®-T Easy Vector Systems were employed for the cloning of 

PCR(c) products. The vectors are prepared by cutting the pGEM®-T Easy Vectors, 

with EcoR V and adding a 3’ terminal thymidine to both ends. These single 3’-T 

overhangs at the insertion site greatly improve the efficiency of ligation of a PCR 

product into the plasmids by preventing recircularisation of the vector and providing a 

compatible overhang for PCR products generated by certain thermostable polymerases 

(Taq polymerase). The Taq polymerases often add a single deoxyadenosine (A) to the 

3’-ends of the amplified fragments. The high-copy-number pGEM®-T and pGEM®-T 

Easy Vectors contain T7 and SP6 RNA polymerase promoters flanking a multiple 

cloning region within the α-peptide coding region of the enzyme β-galactosidase. 
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Insertional inactivation of the α-peptide allows recombinant clones to be directly 

identified by colour screening on indicator plates.  

 

Figure 2.2 pGEM®-T Easy Vector Circle Map and Sequence Reference Points. 

 

At first, the tubes containing pGEM®-T Easy Vectors were briefly centrifuged to 

collect contents at the bottom of the tubes and 2X Rapid Ligation Buffer was 

vigorously vortexed before use. The diluted products were mixed with 8 µl PCR water 

and centrifuged briefly. Master mix was prepared by adding reagents according to 

Table 2.6. 
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Table 2.6 Components in each tube of sample group in ligation. 

Reagent Volume Final concentration 

2X Rapid Ligation Buffer 2.5 µl 1X 

pGEM®-T Easy Vector 

(50 ng/µl) 

0.5 µl 5 ng/µl 

Diluted PCR products 1.5 µl  

T4 DNA Ligase (3 

Unit/µl) 

0.5 µl 0.3 Unit/µl 

               Total volume                           5 µl 

The mixtures were incubated at room temperature for 1 h then stored at -4 ºC overnight 

(16-20 h). During the process, the DNA molecules were inserted into the multiple 

cloning site (MCS) of pGEM®-T Easy Vectors in the help of T4 DNA Ligase. 

2.2.7 Transformation  

Transformation is injection of recombinant DNA into the host bacterium. 

2.2.7.1 Preparation of plates 

A volume of 6.4 g Luria-Bertani (LB)-Agarose (Invitrogen, UK, agar solution: 100 

Unit/ml) was dissolved in 200 ml of deionised water in a flask and autoclaved. The 

autoclaved LB- Agarose was allowed to cool at room temperature to around 50 ºC 

before ampicillin (Roche, USA, 50 mg/ml) was added to a final concentration of 100 

µg/ml. Each 10-11 ml LB/ ampicillin agarose was poured into one Petri-dish (9 cm) 

and was allowed to solidify in a fume hood. After solidification, Isopropyl β-D-1-

thiogalactopyranoside (IPTG) (Promega, USA, 0.1 M), which is a non-metabolisable 

analogue of galactose that induces the expression of lacZ gene, was spread over the 
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surface of LB-ampicillin plates by a spreader. Then, 5-Bromo-4-chloro-3-indolyl β-D-

galactopyranoside (X-gal) (Promega, USA, 50mg/ml) which is a chromogenic 

substrate was spread above the IPTG for visual screening purposes. These plates were 

incubated at 37 ºC for 30-45 min, upside down, to activate IPTG. 

2.2.7.2 Transformation of pGEM®-T Easy Vector to JM109 cells  

Here, the Gram-negative bacterium, E. coli, was prepared and used as competent cells 

(JM109 cells). The competent cells are cells with the ability to take up extracellular 

DNA from their environment. 

Frozen JM109 High Efficiency Competent cells (>108 CFU/µg) (Promega, USA) were 

taken from -80 ºC storage and placed in an ice bath until just thawed, then the cells 

were mixed by gently flicking the tube several times. Then a volume of 50 µl of the 

cells was transferred to 2.3 µl recombinant DNA in a sterile 1.5 ml micro centrifuge 

tube. After that, the tube was gently flicked to mix and placed in an ice bath for 20 

min. The cells were subjected to heat-shock in a heating block set to exactly 42 ºC for 

47 s to intensify the permeability of cell membranes of JM109 cells and let 

recombinant DNA enter into cells. Then the tube was quickly returned to ice for 2 min 

to stop transformation. Subsequently, 950 µl Super Optimal broth with Catabolite 

repression medium (SOC medium) (Invitrogen, USA) was added into the tube, after 

which, the final mixture was incubated in an orbital incubator at 37 ºC, 160 rpm for 

2.5 h to ensure more transformation products were generated in a short time. Later on, 

the prepared 100 µl of transformation products were spread on each prepared plate 

with a spreader. Then these plates were incubated at 37 ºC overnight (upside down) in 

order to help the growth of JM109 cells. 



 
 

35 
 

2.2.7.3 Blue/white screening   

Blue-white screening is a rapid and efficient technique for the identification of 

recombinant bacteria.  

There is a lacZΔM15 gene in JM109 cells that can encode the β-galactosidase’s C-

terminal domain which can be complemented by a functional α-peptide encoded by 

the lacZ gene of a pGEM®-T Easy Vector. If the α-complementation does occur, the 

bacteria can assemble a functional β-galactosidase.  

However, to insert the foreign DNA, a multiple cloning site (MCS), which is present 

within the lacZ sequence in the plasmid vector, will be nicked by restriction enzymes. 

When a plasmid vector containing foreign DNA is take up by the host E. coli, the α-

complementation will not occur, therefore, a functional β-galactosidase enzyme will 

not be produced.  

 

Figure 2.3 A schematic representation of a typical plasmid vector that can be used 

for blue-white screening.  

If β-galactosidase is produced, X-gal will be hydrolysed to form 5-bromo-4-chloro-

indoxyl, which spontaneously dimerises to produce an insoluble blue pigment called 

5,5’-dibromo-4,4’-dichloro-indigo. Therefore, the colonies formed by non-

recombinant cells appear blue in colour while the recombinant ones appear white.  

Petri-dishes were prepared as per procedures described in section 2.2.7.1. Then, the 

plates incubated overnight, were taken out to select visible white clones because they 
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were the products of successful ligation. After that, the inoculation loop was burned to 

sterilise and shaken aside a flame to cool down before use. The selected white colonies 

were transferred to separate grids of new Petri-dishes by gently dipping and drawing 

lines. Finally, these dishes were put upside down and incubated at 37 ºC overnight to 

let the bacteria continue growing. 

  

Figure 2.4 The correct method to draw a line for inoculation. 

2.2.8 Isolation of recombinant DNA from JM109 cells 

The pure white colonies were collected by the tip from each grid and transferred to 

each corresponding 1.5 ml tube containing 20 µl PCR-Grade water. These tubes were 

first heated in a heating block at 100 ºC for 5 min to destroy the cell membrane of 

JM109 cells, then they were placed on ice for 5 min to form channels through which 

the recombinant DNA could come out from JM109 cells. After that, all tubes were 

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

5424 (Eppendorf, Germany) to break the cell wall and release more recombinant DNA. 

The supernatant containing the recombinant plasmid was used as a template for 

cloning PCR. 

2.2.9 Cloning PCR  

The reagents for PCR in PCR tubes were prepared as in Table 2.7. 
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Table 2.7 Components of each tube in cloning PCR. 

Reagent Volume Final concentration 

5X Cloning Buffer 10 µl 1X 

dNTP Mix  (10 mM) 1 µl 0.2 mM 

M13F (20 µM) 2.5 µl 1 µM 

M13R (20 µM) 2.5 µl 1 µM 

PCR-Grade water 31 µl  

Taq polymerase (5 

Unit/µl) 

0.25 µl 0.025 Unit/µl 

DNA supernatant 2.5 µl  

  Total volume                       49.75 µl 

The contents of PCR tubes were mixed by pipetting and centrifuged briefly to collect 

contents to the bottom. After completing the preparation, these tubes were placed into 

a PCR machine which had set a special cloning PCR programme (Table 2.8). 

Table 2.8 The cloning PCR programme. 

Stage  Parameter 

Stage 1 initial denaturation at 94 oC for 1 min 

Stage 2 

31 cycles (denaturation at 94 oC for 30 s, annealing at 55 oC for 30 

s, extension at 72 oC for 3 min ) 

Stage 3 final extension at 72 oC for 10 min and storage at 4 oC prior to use 
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Finally, the cloned PCR products were stored at 4 °C for subsequent processing. 

2.2.10 Gel analysis of cloned PCR products 

For this, refer to section 2.2.4 ‘Gel analysis for RACE-PCR products’, only with one 

difference: when loading cloning PCR products, it was unnecessary to mix with 

loading dye as these recombinant DNAs were 200 bp more than before because of the 

M13F/M13R. 

2.2.11 Purification of cloned PCR products 

For this, refer to section 2.2.5 ‘Purification for RACE-PCR products’, but there were 

some differences: The volume of CP buffer was 210 µl, and a volume of only 20 µl 

PCR-Grade water was added to elute DNA on the filter. 

2.2.12 Sequencing reaction 

This was performed by using a Big Dye® Terminator v 3.1 Cycle Sequencing Kit 

(Applied Biosystems, USA).  

The Big Dye® Terminator v3.1 Cycle Sequencing Kit provides the required reagent 

components for the sequencing reaction in a ready reaction, pre-mixed format.  

DNA sequencing is the process of determining the precise order of nucleotides in a 

sample of DNA. In this research, dye-terminator cycle sequencing was employed. The 

DNA strand was denatured and oligo-nucleotide was annealed at one end of the 

sequence of DNA template. The DNA polymerase extended the DNA strands using 

deoxynucleotides dATP, dGTP, dCTP and dTTP. Once in a while, one of 

dideoxynucleotides (ddATP, ddGTP, ddCTP and ddTTP) became the chain-

terminating nucleotides and because of lacking a 3’-hydroxyl group which was 

required for the formation of a phosphodiester bond between two nucleotides during 

DNA strand elongation, the DNA strand extension was terminated. Furthermore, as 

ddNTPs were chemically synthesised to contain different fluorescent dyes, each 
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ddNTP fluoresces at a different wavelength allowing identification. Therefore, each 

terminated DNA strand can be coloured according to the nucleotides at its end.  

At first, M13 Forward primer (10 μl) and PCR-Grade water (52.5 μl) were added to a 

1.5 ml tube and pipetted to prepare a lower concentration M13 Forward primer in 

advance. Diluted M13R was prepared using the same method. Then the following 

reagents (Table 2.9) were prepared in separate PCR tubes for each reaction: 

Table 2.9 Components in each sequencing reaction tube. 

Reagents Volume Initial concentration 

PCR-Grade water 12.4 µl  

Diluted M13F or M13R  1.14 µl 3.2 µM 

2.5X Ready reaction mix 2.86 µl 2.5X 

5X Big Dye Sequencing 

Buffer 

3.57 µl 5X 

Purified cloned PCR products 2.5 µl  

  Total volume                              22.47 µl 

 

The tubes were centrifuged briefly to collect the contents on the bottom. After the 

preparation, these tubes were incubated in a PCR machine which had set a special 

sequencing PCR programme (Table 2.10). 
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Table 2.10 The sequencing reaction PCR programme. 

Stage  Parameter 

Stage 1 initial denaturation at 96 oC for 1 min 

Stage 2 

26 cycles (denaturation at 96 oC for 20 s, annealing at 55 oC for 10 

s, extension at 60 oC for 4 min ) 

Stage 3 preservation at 4 oC for 7min 

 

2.2.13 Purification of extension products 

DNA is polar (phosphate backbone). Its polarity makes it water-soluble according to 

the principle of "like dissolves like".  

Ethanol is less polar than water. If enough ethanol (over 64%) is added, the electrical 

attraction between phosphate groups and any positive ions present in solution becomes 

strong enough to form stable ionic bonds and DNA precipitation. 

Here, 95 % and 70 % ethanol were used to purify the sequencing reaction products. 

Firstly, a volume of 10 µl PCR-Grade water was added to sterile 1.5 ml 

microcentrifuge tubes for later use, then samples were prepared by adding 72 µl of 95% 

Ethanol and mixed by pipetting, where after, all liquid in the PCR tube was transferred 

to the corresponding 1.5 ml microcentrifuge tube. To purify the samples thoroughly, 

these tubes were vortexed for 30 s followed by a brief centrifugation. Then, they were 

incubated at room temperature for at least 20 min to precipitate the extension products. 

After that, all tubes were centrifuged at 20,000 x g in an Eppendorf Centrifuge 5424 

(Eppendorf, Germany) for 20 min so that the samples could gather at the bottom of 

tubes, then the supernatant was discarded immediately and completely. Afterward, the 
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products were washed again with 260 µl of 70% ethanol and these tubes were 

centrifuged at 20,000 x g for 10 min in an Eppendorf Centrifuge 5424 (Eppendorf, 

Germany). The supernatant was also discarded immediately and completely, then the 

tubes were placed in the vacuum concentrator to volatilise the remaining ethanol. 

2.2.14 DNA Sequencing  

This was performed with an ABI 3730 automated sequencer (Applied Biosystems, 

USA). 

A volume of 10.3 µl highly deionised-formamide (HiDi) was added into tubes 

containing purified extension DNA products, then they were vortexed for 30 s and 

briefly centrifuged. After that, these samples were heated at 95 ºC for 4.5 min in order 

to denature DNAs by destroying the hydrogen bonds that bind the double strands. After 

heating, the samples were quickly transferred on ice and chilled for 3 min. Finally, the 

products were briefly centrifuged again and transferred to corresponding wells of a 96-

well sequencing plate without introducing air bubbles. The following PCR reactions 

were carried out on a 96 well Thermal Cycler (ThermoFisher Scientific, USA) and 

DNA was sequenced by an ABI 3730 automated sequencer (Applied Biosystems, 

USA). 

2.2.15 Bioinformatic analysis 

After DNA sequencing, the DNA sequence was input into Chromas software (version 

2.6.4) and DNA sequence corresponding to the bases with different peaks in different 

colours could be seen. DNA sequences were checked whether poly A or poly T was 

present, and they were translated into amino acid sequences by Expert Protein Analysis 

System (ExPASY) (https://www.expasy.org, accessed on: 14th April, 2017). Then, the 

amino acid sequences were analysed through the structural characters of start codon 

https://www.expasy.org/
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(ATG), signal peptides, acidic spacer peptide, specific cleavage or release site -Lys-

Arg-(-KR-) and mature peptide.  

The open-reading frames of desirable sequences were compared with databases of 

sequences previously-characterised in other amphibian species through the NCBI-

BLAST research (https://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on: 14th April, 

2017). The similarity of the newly sequenced peptide to other known peptides could 

thus be determined. 

2.3 Solid-phase peptide synthesis of QUB-3112 

QUB-3112 (GVITDTLKGVAKTVAAELLKKAHCKLTNSC) was chemically-

synthesised by solid-phase fluorenylmethoxycarbonyl (Fmoc) chemistry using a PS4 

automated solid-phase synthesiser (Protein Technologies, Inc., AZ, USA) in order to 

assess its various biological activities. 

Several solvents were employed in this synthesis procedure: two solvent bottles 

contained N, N-dimethylformamide (DMF), piperidine/ DMF (1/4, v/v) was put in the 

deprotection solvent bottle, 4-methylmorpholine (NMM)/ DMF (11/89, v/v) was 

placed in the coupling bottle, and dichloromethane (DCM) was used to remove the 

impurities. 

Two types of resin could be applied as supports: Wang Resin was used for sequences 

with an exposed carboxyl (C’) terminus, while the Rink Amide MBHA Resin was 

employed for those peptides with amidation at the C’-terminus. In this experiment, 

Fmoc- Cys (Trt) -Wang resin was employed.  

In Fmoc-based solid-phase peptide synthesis, HBTU is a coupling reagent used to 

activate the coupling between two amino acids. In the synthesis reaction, the first 

amino acid is de-protected to remove Fmoc, providing a free amino group to react with 

the C-terminus of the second activated amino acid. In the peptide synthesis cycle, 
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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 

side-chain protection groups are removed in a cleavage step.  

2.3.1 Preparation of amino acids 

To synthesise 0.3mmol peptide, each amino acid was used in a 4-fold molar excess. 

First of all, the amino acid vials were washed, and then they were dried in a drying 

oven for 2 h. After that, 1.2 mmol of every protected amino acid and at least 0.3 mmol 

HBTU (C11H16N5OPF6) (≥0.4552 g) which was employed to catalyse each coupling, 

were weighed in vials prior to initiating chemical synthesis. After weighing all of the 

amino acids, the vials were sealed with caps and a septum. 

2.3.2 Solid-phase peptide synthesis by using a PS4 automated peptide synthesiser 

The in-line solvent filters and nitrogen supply were checked. The reagent bottles were 

vented and sufficient reagents for the synthesis were added. A clean 40ml reaction 

vessel was prepared, and because the resin was used to protect the C-terminus group, 

the peptide should be synthesised from C-terminus to N-terminus and the final amino 

acid of the sequence is Cysteine. 0.3 mmol/L resin Fmoc-Cys(Trt)-OH was weighed 

out then poured into the prepared vessel. The weight was calculated by the equation: 

The weight (g) = (peptide 0.3 mmol) / (loading capacity 0.57 mmol/g) = 0.5263 g 

The reaction vessel with resin was fitted and the amino acid vials were loaded onto the 

carousel in the reverse order of the sequence (from C’-terminus to N’-terminus). After 

checking the airtightness of equipment and the amount of solvents (the functions of 

these solvents are shown in Table 2.11.)  
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Table 2.11 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 the synthesis, the product was unloaded from the machine and the weight of the 

product was measured then the product was transferred to a 50ml round-bottomed 

flask. 

2.3.3 Cleavage cocktail 

Cleavage buffer was prepared by adding 94% Trifluoroacetic acid (TFA), 2% 

Thioanisole (TIS), 2% 1,2-Ethanedithiol (EDT) and 2% H2O. The total volume should 

be 25 times the weight of the product. After adding all of these reagents, the cocktail 

was stirred for 3 h at room temperature with the help of a magnetic rotor to perform 

cleavage and deprotection. Then, the cleavage mixture was filtered into another 50 ml 

round-bottomed flask. The filtrate was divided into two 50 ml universal tubes and 

diethyl ether was added to 45 ml respectively, then they were refrigerated at -20 oC 

overnight to complete the peptide precipitation. 

2.3.4 Peptide-washing 

The tubes containing synthetic peptide were vortexed and centrifuged at 2900 x g in 

an Eppendorf Centrifuge 5430 (Eppendorf, Germany) for 5 min to collect the peptide 

precipitate at the bottom of tubes. After the supernatant was decanted and discarded 
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carefully, a volume of 45 ml of fresh diethyl ether was added into tubes again to wash 

the peptide, and this step was repeated three times then they were exposed to the air in 

the fume hood for 1 h to evaporate the remaining diethyl ether. 

2.3.5 Dissolving the synthetic peptide with HPLC solution A/B 

HPLC solution A was made up of a portion of 99.95% H20 and 0.05% TFA, and HPLC 

solution B was composed of 80% ACN, 19.95% H20 and 0.05% TFA. The peptide was 

dissolved with 5 ml HPLC solution A, then HPLC solution B was added into tubes to 

a total volume of 15 ml. Finally, H2O2 was added at a portion of 0.2% of the whole 

volume in order to facilitate the formation of a disulphide bond which was performed 

by cysteines in the sequence. 

2.3.6 Lyophilisation 

When all the above steps were completed, the tube was covered by tinfoil with holes 

and was placed in Liquid Nitrogen for 20 min to freeze the peptide solution. Then it 

was lyophilised in a Hetosicc 2.5 freeze dryer (Heto, UK) for at least 3 days to facilitate 

lyophilisation and a dry peptide powder could be obtained. 

2.3.7 Identification of the synthetic peptide by using HPLC  

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

Powerstream HPLC software was used, with the aid of a Waters 2489 UV/Visible 

detector and Waters 1525 Binary HPLC pump.  

2.3.7.1 Preparation of mobile phase and sample solution 

High polar solution A was composed of 1000 ml HPLC grade water and 500 μl 

trifluoroacetic acid (TFA) and low polar solution B was made up on a portion of 80% 

acetonitrile (ACN), 19.95% HPLC grade water and 0.05% TFA. The TFA was used 

to improve the chromatographic peak shape and to provide a source of protons. The 
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sample solution was prepared by dissolving 1mg of synthetic peptide in 500 µl solution 

A and the same volume of solution B to make a final concentration of 1 mg/ml. 

2.3.7.2 Running the machine 

Solution A was used to wash the column for 30 min at a flow rate of 1 ml/min, and the 

wavelength was set at 214 nm in which the peptide bonds were detected by UV 

absorption. Afterwards, the syringe was washed by solution B three times followed by 

solution A three times. Then the decanted supernatant of sample solution was injected 

slowly by pumping directly onto the column and subjected to HPLC fractionation by 

using a linear gradient elution formed from 100% A (0% B) to 0% A (100% B) in 80 

min at a flow rate of 1 ml/min. All peaks were collected, and these fractions were 

analysed by MALDI-TOF MS. All collected fractions were lyophilised and stored at -

20 oC. 

2.3.8 Examining the synthetic replicate for the presence of novel putative peptide 

by using mass spectrometry (MS) 

Throughout the study, a matrix assisted laser desorption ionisation-time of 

flight (MALDI-TOF) mass spectrometer (Voyager DE, PerSeptive Biosystems, 

Framingham, MA, USA, version 5.10.3) was used for mass analysis by using a matrix 

solution -cyano-4-hydroxycinnamic acid (CHCA) that was prepared as a 10mg/ml 

solution of CHCA in acetonitrile/TFA/Water (50/0.05/49.95, v/v/v).   

CHCA is a kind of small molecule that has a certain ability to absorb laser light. 

Heating sublimation and acid gives protons so that the sample carries a positive charge. 

At first, laser wavelength was set at 337 nm. A volume of 2 µl of dissolved sample 

was spotted onto the MALDI plate and left to dry, then 1 µl of the matrix solution was 

added to the same spot and left to dry again. Different mass-to-charge ratios of the 
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material in the electromagnetic field have different running times, so different signals 

would be detected to reflect different components. 

2.3.9 Purification of the synthetic peptide by using reverse phase HPLC  

Foe details of this, refer to section 2.3.7 [Identification of the synthetic peptide by 

using HPLC], but with one difference: Only the peak representing the purest peptide 

was collected, and it was lyophilised to obtain a pure peptide powder. 

2.4 Antimicrobial assays of QUB-3112 

2.4.1 Antimicrobial susceptibility assays  

Antimicrobial assays were carried out to detect the minimum inhibitory concentration 

(MIC) of each peptide on the following microorganisms: the Gram-positive bacterium 

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

Escherichia coli (E. coli NCTC 10418) and the yeast Candida albicans (C. albicans 

NCPF 1467). Based on MIC values, minimum bactericidal concentrations (MBCs) 

could also be detected. 

2.4.2 Preparation of microbial cultures 

Phosphate Buffer Saline (PBS) solution was made up by dissolving each tablet in 200 

ml distilled deionised H2O and autoclaved. For each microbe, 100 ml MHB in flask 

and three McCartney Bottles of 20 ml MHB were placed at 37 °C to warm up overnight.  

2.4.3 Germiculture  

First of all, both the 100 ml MHB flask and frozen stock that contained bacterial beads 

were opened near flame, then sterilised by burning the edge of flask, the neck of bottle 

and their caps. After that, one bead of culture was transferred from frozen stock into a 

flask of sterile 100 ml MHB by using an inoculation loop (after sterilisation). The 

operation should always be close to the fire. The frozen stock was then properly sealed 
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and stored at -20 °C. The 100 ml MHB flask was incubated overnight (16-20 h) in a 

shaking incubator at 37 °C, 200 rpm.  

2.4.4 Subculture of microorganisms 

A volume of 500 µl of microbe culture from 100 ml of MHB was transferred into a 

new McCartney bottle of 20 ml warm MHB. Then the bottle was placed in the shaking 

incubator at 37 °C, 200 rpm to continue growth to log phase. After a certain time, to 

assess the growth of microbes, the 20 ml MHB bottle was taken out from the shaking 

incubator and a UV spectrophotometer was used to measure the optical density (OD) 

at 550 nm. MHB was the solvent blank while microbial culture was the sample. As the 

growing conditions of various microorganisms were different, the times to reach log 

phase were different and the approximate times to reach log phase growth and the 

optimal density of the test microorganisms are shown in Table 2.12. The microbes 

were cultured sequentially if the optical density (OD) was lower than standard or 

diluted with 500 µl fresh MHB over and over until reaching the log phase if the OD 

was higher than standard. 

Table 2.12 The standard OD for each kind of bacterium. 

 

Table 2.12 The standard OD for each kind of bacterium. 

 

 

 

 

 

Bacterium Subculture 

incubate time 

OD Concentration 

(cfu/ml) 

S.aureus 1.5 h 0.23 108 

E.coli 1.0 h 0.41 108 

C.albicans 1.0 h 0.15 5×106 
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2.4.5 Sample preparation 

QUB-3112 was weighed and dissolved in a 1.5 ml microcentrifuge tube with 

dimethylsulphoxide (DMSO) to prepare a peptide stock solution with a concentration 

of 51200 µM, which was then diluted by the microbial subculture to get final 

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

2.4.6 Dilution of subcultured microbial suspensions 

Both S. aureus and E. coli were diluted by mixing 100 µl of sub-culture with 19.9 ml 

fresh MHB into Petri-dishes to make a concentration of 5.0×105 colony forming units 

(cfu)/ml. While C. albicans was diluted by mixing 2 ml of sub-culture with 18 ml fresh 

MHB into a Petri-dish also to make a concentration of 5.0×105 cfu/ml. 

2.4.7 Loading samples and controls 

In this step, a 96-well plate was used to load gradient peptide solutions and control 

solutions with 5 replicates. 

The 96-well plate used in the MIC assay was divided into four parts, negative control 

group, positive control group, vehicle control group and sample group. The 

components in each group are shown in Table 2.13. Negative control was used to 

eliminate the influence of solvent. Positive control was used to detect the normal 

growth of microorganisms. Vehicle control was used to detect the influence of 1% 

DMSO towards microorganisms. 

Table 2.13 Components of control and sample groups. 

Group name Components/well 

Negative control 100 μl of MHB 

Positive control 100 μl of diluted microbial suspension 

Vehicle control 1 μl of DMSO + 99 μl of diluted microbial suspension 

Sample 1 μl of peptide solution + 99 μl of diluted microbial suspension 
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After completing the loading, the plate was placed at 37 oC in an orbital incubator for 

10 min to make the peptide well-distributed and then statically-incubated at 37 oC 

overnight.   

2.4.8 Preparation of viable cell counts 

This experiment was carried out in a Mueller-Hinton Agar (MHA) plate. Some 

autoclaved tubes were prepared and labelled to indicate dilutions from 10-1 to 10-6. 

First of all, 900 µl PBS solution was mixed with 100 µl adjusted sub-culture at the first 

tube to make a 10 times dilution. Then 100 µl mixture was transferred from the first 

tube to the second tube to make the 102 times dilution. The remaining dilutions were 

made in the same manner.  

After 6 diluted suspensions with different concentrations were prepared, 20 µl of 

suspension from each tube was dropped onto MHA plate and each concentration had 

three replicates (Figure 2.5). Finally, the MHA plate was placed upside down at 37 oC 

for 16-20 h. 

 

 

 

 

 

 

 

 

 

Figure 2.5 An MHA plate after loading different concentrations of cultures. 

10-1 

10-6 

10-3 

10-4 

10-5 

10-2 
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2.4.9 Viable cell count detection 

After 16-20 h, a countable grid was chosen and colony quantity of each drop was 

counted, the average of the counted number and the original colony forming units 

(cfu)/ml of cultures were calculated according to the following equation: 

cfu / ml =counted number×50×dilution times 

The result was reliable and available if the cfu/ml was calculated to be about 5.0×105. 

Otherwise, the MIC value was invalid and these experiments had to be repeated. 

2.4.10 MIC and MBC detection 

A Synergy HT plate reader (BioTek, USA) was used to detect the absorbance of each 

well at 550 nm. Then the absorbance was used to make a graph by using GraphPad 

Prism (version 6.0) software to provide a direct reflection.     

The peptide solutions seem to have no growth of microorganisms were pipetted and 

20 µl were transferred to an MHA plate in order. Then, this plate was incubated in a 

37 °C incubator overnight to check whether the peptide had the ability to kill 

microorganisms and to observe the MBC value.  

2.5 Anticancer cell activity assays of QUB-3112 

The MTT assay involves the conversion of the water soluble MTT (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) to an insoluble formazan. 

The formazan is then solubilised, and the concentration is determined by optical 

density at 570 nm. In the MTT cell proliferation assay, two cancer cell lines (Table 

2.14) were used: Human Prostate Carcinoma (PC-3) cell line and non-small cell lung 

cancer (NCI-H157) cell line. 
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Table 2.14 Cell lines used in the anticancer cell assay. 

Cell line Cancer type Medium 

H157 Non-small cell lung cancer RPMI-1640 

PC-3 Human Prostate Carcinoma (GIV) RPMI-1640 

 

2.5.1 Resuscitation of frozen cell lines 

The medium used for cell resuscitation contained foetal bovine serum (FBS) (Sigma-

Aldrich, USA) and penicillin-streptomycin (P-S) (Sigma-Aldrich, USA). The final 

concentrations of FBS, penicillin and streptomycin in the medium were 10%, 100 

Units/ml and 100 μg/ml respectively.  

Before the experiment, the UV light of the fume hood was opened for 15 min to 

sterilise. The frozen cells were placed in a water bath at 37 ºC usually for 1-2 min to 

thaw. When the ampoule was taken out from water bath, the water on the outer surface 

of the ampoule was wiped off with a tissue moistened with 70% alcohol. Afterwards, 

10 ml pre-warmed medium was sucked to a 45 cm2 culture flask (Nunc, Denmark) 

prepared before, then the cell-line contained in the ampoule was pumped to the bottom 

of flask. The flask was shaken gently to mix medium and cells thoroughly. Finally, the 

cells were cultured at 37 ºC under 5% CO2 and the remaining medium was put back 

into the 4 ºC refrigerator. 

2.5.2 Subculture of adherent cell lines and cell quantification 

The medium was removed, then the cell monolayer was washed with 10 ml PBS 

(Invitrogen, UK) which removed Ca2+/Mg2+, the flask was rotated gently to wash 

completely. After that, the used PBS was removed from flask and a volume of 1ml 

1×trypsin/EDTA (Invitrogen, UK) solution (in PBS) was pipetted onto the washed cell 
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monolayer. The flask was rotated again to cover the monolayer with trypsin. 

Afterwards, it was returned to the incubator at 37 ºC and left for 2-10 min, during the 

time, its situation was observed in every 2 min, until there was white flocculent 

sediments. Then the flask was taken out and 10 ml serum-containing Roswell Park 

Memorial Institute (RPMI)-1640 medium (PC-3 and NCI-H157) was added to stop 

trypsin digestion. Thereafter, the cell suspension was transferred to a sterile 15 ml 

centrifuge tube then centrifuged at 380 x g in an Eppendorf Centrifuge 5430R 

(Eppendorf, Germany) for 5 min at room temperature to collect cells at the bottom of 

the tube so that supernatant was easily removed. Meanwhile, the culture flask was 

washed by 10 ml of PBS, then 15 ml of new medium was added to it. After 

centrifugation, the supernatant was poured out quickly, and a volume of 5 ml serum-

containing RPMI-1640 medium (PC-3 and NCI-H157) was added. No less than 1/4 

cell suspension was transferred to the cleaned flask to continue growing at 37 oC with 

5% CO2. 

2.5.3 Cell seeding 

These procedures were the same as those in subculture. After 5 ml of medium 

containing FBS and P-S was added and mixed well in centrifuged tube, 50 µl of cell 

suspension and 50 µl volume of 0.5% trypan blue were transferred to a clean well of 

96-well plate and mixed by gentle pipetting. A clean haemocytometer was prepared 

and both sides of the chamber were filled with cell suspension (approx. 30-50 µl), and 

then observed under a light microscope using ×100 magnification. The number of 

viable cells within the designated 3 different big grids was counted then the 

concentration was calculated: 

Concentration (cells/ml) =2×104×counted number/3   
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After that, a new 96 well plate was prepared, and a required volume (5×104×12ml÷ 

concentration of viable) of cell suspensions were diluted by fresh medium to ensure 

that the cell number in 100 μl of suspension was 5000. Finally, a volume of 100 µl of 

mixture was added to every well of a 96 well plate by a multichannel pipette. The plate 

was shaken gently then incubated at 37 ºC, 5% CO2 for 24 h before starvation. In this 

process, approximately 1/4 volume of the cells in the growth medium were sub-

cultured and incubated for other uses and the other cells were disposed. 

2.5.4 Starvation 

A tube of new serum-free medium was pre-warmed at 37 ºC, and then poured into the 

reservoir to be prepared for use. The 96 well plate used for subculture was taken from 

the incubator, then all the used medium was discarded and 100 µl serum-free medium 

was added along the wall by a multichannel pipette so that cells would not be too dry. 

After that, the 96 well plate was incubated at 37 ºC for at least 6 h. This step aims at 

synchronisation of the cell cycle.  

2.5.5 Peptide challenge 

2.5.5.1 Preparation of peptide solutions in gradient concentrations 

For concentration gradients, serial dilutions were made resulting in a series of solutions 

of desired concentration. The concentrations of peptides were in the range of 10-4 M 

to10-9 M. At first, a concentration of 10-2 M was prepared by dissolving peptide in 

DMSO. Then a volume of 6 µl sample stock (10-2 M) was added to 594 µl FBS-free 

medium to make a concentration of 10-4 M. After that, 60 µl of 10-4 M sample stock 

was transferred to 540 µl fresh medium to make a concentration of 10-5 M. Then, 60 

µl of 10-5 M sample stock was added to 540 µl fresh medium to make a concentration 

of 10-6 M. The remaining concentrations were made in the same manner to 109 times 

dilution so that there were 6 sample stocks with different concentrations but in a 
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gradient: 10-4, 10-5, 10-6, 10-7, 10-8 and 10-9 M. In addition, 10-5 M peptide was used to 

screen the anti-cancer activity of the peptide before carrying out this approach and the 

steps were totally the same. 

2.5.5.2 Loading samples and controls 

The serum-free medium was removed from all the wells of plate and the various 

peptide solutions were added. Vehicle control group was loaded with 1 µl DMSO and 

99 µl serum-free medium. Blank control group was loaded with only 100 µl serum-

free medium. Gradient groups were loaded with 100 μl of peptide solution. All groups 

were made of 5 replicates. After that, the plate was placed back in the incubator at 37 

ºC under 5% CO2 for 24 h. 

2.5.6 MTT Cell Proliferation Assay 

After 24 h incubation, the 96 well plate was taken out and the MTT solution (5 mg/ml, 

ThermoFisher Scientific, USA) was removed from the 4 ºC fridge and this step was 

performed in a dim place. A volume of 10 µl of the 5 mg/ml MTT stock solution was 

added into each well by the multichannel pipette. When completed, the plate was 

incubated at 37 °C for another 4 h. Then the solution in all wells was removed by using 

a 10 ml vacuum syringe and a volume of 100 µl DMSO was supplemented. Finally, 

the plate was placed in a shaking incubator for 10 min until the formazan crystals had 

dissolved completely. 

2.5.7 Measurements of cell viability 

A Synergy HT plate reader (BioTek, USA) was used to detect the absorbance of each 

well at 570 nm. The cell viability (%) was counted with respect to vehicle control cells 

(cells treated with 1 % DMSO) using this equation: 

Viability% = A / A0 × 100% 
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The A represents the absorbance of sample group. A0 represents the average 

absorbance of vehicle control. After that, the half inhibition concentrations (IC50) of 

QUB-3112 to different cells was analysed in GraphPad Prism (version 6.0) software 

to evaluate the potency of QUB-3112 (Li et al., 2015). 

2.6 Haemolysis assay of peptide 

2.6.1 Preparation of horse red blood cells 

After mixing on a rotating mixer (Labnet International, Inc), a volume of 2 ml of horse 

blood was transferred to a new 50 ml centrifuge tube and centrifuged at 930 x g in an 

Eppendorf Centrifuge 5430R (Eppendorf, Germany) for 5 min. The supernatant was 

carefully discarded. After that, a volume of 30 ml PBS was slowly added into the tube 

along the wall to wash the red cells then the tube was gently shaken on the rotating 

mixer, then centrifuged as above. The PBS washing and centrifugation procedures 

were repeated several times until the supernatant was clear. A volume of 50 ml of PBS 

was added to cells which were shaken gently to mix well and to make a 4% suspension. 

2.6.2 Preparation of peptide solutions  

QUB-3112 was weighed and dissolved in 1% DMSO in PBS to a concentration of 

1024 µM. This peptide solution was then double-diluted to form a series of 

concentrations: 1024, 512, 256, 128, 64, 32, 16, 8, 4, 2 µM.  

2.6.3 Loading horse blood cells and peptide solutions 

A volume of 200 µl of peptide solution was transferred to corresponding 1.5 ml 

microcentrifuge tube. Each concentration was made 5 with replicates. Afterwards, a 

volume of 200 µl of horse blood cell suspension was added to these 1.5 ml 

microcentrifuge tubes. The positive controls were 200 µl blood cells with 200 µl PBS 

with 2% Triton X-100. The negative controls were 200 µl blood cells with 200 µl PBS. 

All suspensions were incubated for 120 min at 37 °C.  
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2.6.4 Detection and evaluation of haemolysis effect of QUB-3112 

These tubes were taken out and centrifuged at 930 x g in an Eppendorf Centrifuge 

5424 (Eppendorf, Germany) for 5 min. Subsequently, 100 µl of supernatants from each 

tube were transferred to the corresponding wells of the 96-well plate. The plate was 

then placed in the Synergy HT plate reader and read at 570 nm. The half haemolysis 

concentration (HC50) of QUB-3112 was analysed by GraphPad Prism (version 6.0) 

software to assess the toxicity of QUB-3112 toward mammalian cells (Punia et al., 

2015). 

The formula for calculation of haemolysis rate is shown below: 

Haemolysis% = (A - A0) / (A1 - A0) x 100% 

A represents the average absorbance of sample groups. A0 represents the average 

absorbance of supernatants in the negative control group, while A1 represents the 

average absorbance of supernatants in the positive control group. 
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Chapter 3. Results 

3.1 ‘Shotgun’ cloning of a novel peptide precursor-encoding cDNA 

The obtained precursor-encoding cDNA sequence was translated into amino acid 

sequence with the help of Expert Protein Analysis System (ExPASY) (Available at: 

https://www.expasy.org, accessed on: 25th April, 2017).  

As shown in Figure 3.1, the open-reading frame consisted of 72 amino acid residues. 

The first amino acid was methionine (M) which was encoded by a start codon (ATG). 

The following region was the putative signal peptide containing 22 amino acid residues, 

followed by a spacer domain which was rich in acidic amino acid residues. After a 

specific cleavage site or release site -Lys-Arg- (-KR-), the sequence of the mature 

peptide started and then ended with the termination codon (TAG). 

Then, the open-reading frames of desirable sequences were compared with databases 

of sequences previously-characterised in other amphibian species through NCBI-

BLAST (Available at: https://blast.ncbi.nlm.nih.gov/Blast.cgi, assessed on 14th April, 

2017.). The similarity of the newly sequenced peptide to other known peptides could 

thus be determined. 

According to the BLAST analysis, the primary structure of the putative mature peptide 

(GVITDTLKGVAKTVAAELLKKAHCKLTNSC) was 88.4% identical to brevinin-

2Hf (GVITNALKGVAKTVAAELLKKAHCKLTNSC) which was previously 

identified from Sylvirana guentheri. 

https://www.expasy.org/
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Figure 3.1 The nucleotide sequence of the cDNA-encoding the novel peptide, QUB-

3112, precursor and translated amino acid sequence of the open-reading frame. The 

putative signal peptide sequence is double underlined. The mature peptide sequence 

is single underlined and the termination codon (TAG) is marked by an asterisk. 

 

3.2 Isolation and structural identification of the novel peptide QUB-3112 

3.2.1 The HPLC chromatogram of the synthetic peptide 

The synthetic peptide was not pure enough so it was necessary to further purify it by 

reverse phase HPLC. The HPLC Chromatogram of the synthetic peptide is shown in 

Figure 3.2. 

 

 

 

 

 

  M  F  T  M   K  K  S   L  L  L   L  F  F  L   G  T  V · 

       1ATGTTCACCA TGAAGAAATC CCTGTTACTT CTTTTTTTTC TTGGGACCGT 

 TACAAGTGGT ACTTCTTTAG GGACAATGAA GAAAAAAAAG AACCCTGGCA 

 · S  L  S   L  C  E  Q   E  R  G   A  D  E   D  D  G  G · 

      51CTCCTTATCT CTCTGTGAGC AAGAGAGAGG TGCTGATGAA GACGATGGAG 

 GAGGAATAGA GAGACACTCG TTCTCTCTCC ACGACTACTT CTGCTACCTC 

 ·  E  M  T   E  E  L   K  R  G  V   I  T  D   T  L  K 

     101GGGAAATGAC AGAAGAACTA AAAAGAGGTG TCATTACAGA TACGCTCAAG 

 CCCTTTACTG TCTTCTTGAT TTTTCTCCAC AGTAATGTCT ATGCGAGTTC 

  G  V  A  K   T  V  A   A  E  L   L  K  K  A   H  C  K · 

     151GGTGTAGCCA AGACTGTGGC CGCGGAGTTG CTGAAGAAGG CTCACTGTAA 

 CCACATCGGT TCTGACACCG GCGCCTCAAC GACTTCTTCC GAGTGACATT 

 · L  T  N   S  C  * 

     201ACTTACGAAC AGTTGTTAGA ATATTAATAT TAAGTCATTG GATGTGGAAT 

 TGAATGCTTG TCAACAATCT TATAATTATA ATTCAGTAAC CTACACCTTA 

     251ATCATTTAGC TGAATGCAAA ATGTCTGATA AAAAATAAAA ATATCACAAA 

 TAGTAAATCG ACTTACGTTT TACAGACTAT TTTTTATTTT TATAGTGTTT 

     301AAAAAAAAAA AAAAAAAAAA 

 TTTTTTTTTT TTTTTTTTTT 
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Figure 3.2 The HPLC chromatogram of QUB-3112 indicating elution position/ 

retention time of the target peptide with an arrow. Solution A, 0.05% TFA; Solution 

B, 80% acetonitrile, 0.05% TFA with a gradient formed from 100% A, 0% B to 0% 

A, 100% B in 80 min. UV monitoring wavelength: 214 nm; flow rate, 1 ml/min. 

3.2.2 MALDI-TOF analysis of the synthesised peptide 

The purified material was further analysed by MALDI-TOF MS (Figure 3.3). The peak 

with the highest intensity (%) should contain a peptide with a molecular mass of 

3111.711 (av.) Dalton (Da) representing the identical molecular mass of the desired 

peptide QUB-3112, which is 3112.711 Da due to protonation. However, due to bad 

calibration, Figure 3.3 shows the highest peak with a molecular mass of 3109 Da and 

there was a peak with a molecular mass of 3146.21 Da which was 38 Da higher than 

the main peak. It was predicted to represent the peptide with a potassium ion. The 

excitation volume was 9.7×103 and the intensity (%) of impurities was under 20 %. 

This result illustrated that the peptide was relatively pure after the second purification.  
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3.3 Antimicrobial activity assays of QUB-3112 

As shown in Figure 3.4, QUB-3112 was active against all three microorganisms. Each 

microorganism was tested three times by a series of QUB-3112 solutions of different 

concentrations ranging from 512 µM to 1 µM. The antimicrobial activities of QUB-

3112 on S. aureus, E. coli and C. albicans were expressed as cell viability columns 

illustrated in Figures 3.4 (A), 3.4 (B), 3.4 (C), respectively. The MBC values of QUB-

3112 against the tested three microorganisms were showed in Table 3.1. 

From Figure 3.4 (A), QUB-3112 exhibited a strong potency against C. albicans with 

a MIC of 16 µM. To E. coli (Gram-negative bacterium), the MIC of QUB-3112 was 

also 16 µM [Figure 3.4 (B)]. It displayed a relatively lower activity against S. aureus 

(Gram-positive bacterium) with a MIC of 32 µM [Figure 3.4 (C)]. All data were 

analysed by GraphPad Prism (version 6.0) software. Combine the results of MIC assay 

and MBC assay, the peptide was considered to precipitate at high concentrations, 

leading to the higher absorbance of solutions. 
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Figure 3.4 The absorbance of three microorganisms C. albicans (A), E. coli (B) and 

S. aureus (C) treated by QUB-3112 with different concentrations. The horizontal axis 

is concentration of peptide solution (µM) while the ordinate axis is the absorbance at 

550 nm. Vehicle control was 1% DMSO, growth control and sterile control were 

microorganism and fresh MHB, respectively. The data represent means ± SEM 

(standard error of mean) of three independent experiments 5 replicates in each. 

Table 3.1 MBC values of QUB-3112 against the tested three microorganisms. 

 

 

 

3.4 MTT cell viability assays of QUB-3112 

The MTT assay determined the effects of various concentrations of QUB-3112 on the 

growth of the two cancer cell lines, human prostate cancer (PC-3) cells and human 

non-small cell lung cancer NCI-H157 cells. The viability of cancer cells at different 

concentrations of QUB-3112 are shown in Figures 3.5 (A) and (B). The curve graphs 

that provided a more direct reflection of IC50 values are shown in Figure 3.6 (A) and 

(B) and IC50 values for QUB-3112 against the two cancer cell lines are summarised in 

Table 3.2. All data were analysed by GraphPad Prism (version 6.0) software.  

 

 

Bacterium C. albicans E. coli S. aureus 

MBC (µM) 32 32 64 
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Figure 3.5 The antiproliferative effects of QUB-3112 on the H157 cell lines (A) and 

PC3 cell lines (B). The results are expressed as cell viability (%) at different peptide 

concentrations from 10-4 M to 10-9 M. Vehicle control was 1% DMSO, Medium 

control was fresh medium. The data represent means ± SEM of three independent 

experiments 5 replicates in each. The significance of group difference was tested by 

Dunnett's multiple comparisons of one-way ANOVA in GraphPad Prism (version 

6.0) software, the significance was expressed as p values. The asterisk “****” 

indicates p < 0.0001 compared with vehicle control and “ns” indicates p > 0.05 

which means no significance. 
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(B) 

Figure 3.6 The antiproliferative effects of QUB-3112 on the H157 cell line (A) and 

PC-3 cell line (B). The data represent means ± SEM of three independent 

experiments 5 replicates in each.  

 

Table 3.2 IC50 values of QUB-3112 against test cancer cell lines. 
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3.5 Haemolysis activity assay of QUB-3112 

The haemolytic activity of QUB-3112 was tested on horse erythrocytes. QUB-3112 

was active against the Gram-positive bacterium S. aureus with a minimal inhibitory 

concentration of 32 µM, at which the haemolytic activity of this peptide was low, only 

6.65% (Figure 3.6). At the MIC against the Gram-negative bacterium E. coli (16 µM) 

and the yeast C. albicans (16 µM), the peptide exhibited a lower haemolytic activity 

(2.35%). In general, if peptides at certain concentrations cause less than 10% 

haemolytic ratio, it means they are relatively safer at these concentrations. All data 

were analysed by GraphPad Prism (version 6.0) software. The HC50 value of QUB-

3112 was 191.1 µM which was much higher than the IC50 value for QUB-3112 against 

the two cancer cell lines. It means that there is a safe margin between effective 

concentration and hazardous concentration. 
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Figure 3.7 Haemolytic activity of QUB-3112. The horizontal axis is concentration of 

peptide solution (µM) while the ordinate axis is haemolytic ratio (%). The negative 

and positive controls were PBS and 1 % Triton X-100, respectively. Data illustrate 

means ± SEM of 5 replicates.  
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Chapter 4. Discussion 

Hylarana guentheri, a species of the Ranidae family, is widely distributed in south 

China like Chongqing, Sichuan, Hunan and Hainan provinces, from which abundant 

cationic AMPs have been identified. These AMPs differ in structures and functions, 

but most of them have small sizes with 12-50 amino acids, an amphipathic structure 

and positive charges (Lai and Gallo, 2009). In this study, the precursor-encoding 

cDNA sequence of a novel bioactive peptide QUB-3112 

(GVITDTLKGVAKTVAAELLKKAHCKLTNSC) was identified in the defensive 

skin secretion of Hylarana guentheri by using a ‘shotgun’ cloning method. To research 

its structural characterisation, the obtained precursor-encoding cDNA sequence was 

translated into amino acid sequences by ExPASy tool, then putative mature peptide 

sequence was submitted to compare with other subjected peptides in NCBI-BLAST 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on: 17th April, 2017) (Dong et al., 

2017). The result revealed that QUB-3112 was a novel peptide and the sequence of 

QUB-3112 had a huge similarity to that of the members of the brevinin-2 family.  

Brevinin-2 family peptides not only show high potency against Gram-positive bacteria, 

Gram-negative bacteria and pathogenic fungi, but also have multiple anticancer 

properties and different levels of haemolytic activity (Novkovic et al., 2012). For 

example, brevinin-2GUb (GVIIDTLKGAAKTVAAELLRKAHCKLTNSC) which 

differs only in 3 amino acid residues from QUB-3112 

(GVITDTLKGVAKTVAAELLKKAHCKLTNSC), inhibited the growth of E. coli, S. 

aureus and C. albicans with MICs of 32 μM, 64 μM and 64 μM, respectively, but had 

a weak haemolytic activity against human erythrocytes (HC50 = 700 μM) (Conlon et 

al., 2008). 

https://blast.ncbi.nlm.nih.gov/Blast.cgi,%20accessed
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To contrast brevinin-2GUb and QUB-3112, some of their parameters were predicted 

by using ProtParam (http://web.expasy.org/protparam/, accessed on: 14th April, 2017). 

The result reported that they have the same net of charge at pH 7, similar theoretical 

pI and grand average of hydropathicity (GRAVY), and that both are cationic AMPs 

with slight hydrophobicity. In addition, the online HNN (Heirarchical Neural Network) 

secondary structure prediction method (https://npsa-prabi.ibcp.fr/cgi-

bin/npsa_automat.pl?page=/NPSA/npsa_hnn.html, accessed on: 8th April, 2017) 

suggested that brevinin-2GUb and QUB-3112 are very likely to possess an α-helix 

secondary structure. Additionally, both contain two cysteines that can form a 

disulphide bond leading to cyclisation of the peptides. This secondary structure might 

contribute to the stability of the peptide to slow their degradation when they function. 

Above all, QUB-3112 was predicted to possess some similar bioactivities to the 

brevinin-2GUb.  

To provide evidence for the prediction, it was necessary to research the biological 

functions of QUB-3112. At first, it was synthesised by using solid phase peptide 

synthesis (SPPS) method according to the translated putative mature peptide sequence. 

Then the synthetic replicate was used to perform some bioactive tests and was found 

to possess strong antimicrobial activity, slight anticancer activity and a relatively weak 

haemolytic activity.  

Specifically, QUB-3112 exhibited potency against all three microorganisms. It was 

active against the model S. aureus (Gram-positive bacterium) with a minimal 

inhibitory concentration (MIC) of 32 µM, at which its haemolytic activity was low 

(6.65%). Additionally, it displayed a relatively strong activity against E. coli (Gram-

negative bacterium) and C. albicans (yeast) with an MIC of 16 µM. The haemolytic 

activity of QUB-3112 at the concentration of 16 µM was slight (2.35%). In 

http://web.expasy.org/protparam/
https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_hnn.html
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combination, QUB-3112 was a perfect candidate to be considered for using as an 

antimicrobial. Furthermore, QUB-3112 could inhibit the growth of PC-3 human 

prostate cancer cells and non-small cell lung cancer NCI-H157 cells at concentrations 

between 10-4-10-5M which were lower than the HC50 value of QUB-3112 (191.1 µM). 

The IC50 of QUB-3112 to PC-3 cell lines was the smallest (12.71 µM) which means 

QUB-3112 exhibited the best potency against PC-3 cells, but the anticancer result of 

the peptide was still less-than-ideal.  

As for the mechanism of the different bioactivities of QUB-3112, both the peptide 

structure and the target cell membranes need to be analysed. The Gram-positive 

bacterium (S. aureus) has multiple thick peptidoglycan layers (teichoic acids and 

lipoteichoic acids) while the Gram-negative bacterium (E. coli) possesses a double 

membrane (lipopolysaccharides). Their cell membranes consist of negatively charged 

phospholipids so that cationic QUB-3112 could attach to them by electrostatic 

attraction. The peptide was then induced to adopt amphipathic conformations, 

allowing it to lyse the lipid bilayer of bacterial cell membranes, leading to cell 

depolarisation, pore-formation, leakage of cellular contents, and ultimate death 

(Giangaspero et al., 2001; Chan et al., 2006). Finally, QUB-3112 showed a higher 

potency against the Gram-negative bacterium (E. coli) than the Gram-positive 

bacterium (S. aureus) probably due to the fact that the Gram-positive bacterium (S. 

aureus) has a thicker peptidoglycan layer which might require more positive charges 

to form pores and channels on the cell membranes.  

Unlike bacterial cell walls and membranes, which are composed predominantly of 

negatively charged phospholipids, fungal cell walls are generally characterised by 

chitin, glucans, mannans and glycoproteins that are covalently cross-linked 

together (Bowman and Free, 2006). QUB-3112 exhibited a relatively strong potency 
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(MIC: 16 µM) against C. albicans (yeast/fungus) which might result from the fact that 

the peptide was able to bind to glucans thereby interfering with the cross-linking of 

cell wall components (Choi and Lee, 2014). 

Erythrocytic cell membranes consist of zwitterionic phospholipids and cholesterol and 

if the zwitterionic phospholipids were found to favour the interactions with the 

hydrophobic region of the peptide, then the peptide may penetrate deep into the 

hydrophobic core of the cell membrane resulting in the increase of pore-formation rate, 

pore size, and pore unstability of the target cell membranes, ultimately promoting the 

release of haemoglobin from erythrocytes into the plasma (haemolytic activity) 

(Takahashi et al., 2010; Hollmann et al., 2016; Tachi et al., 2002). Besides, the helicity 

appears to be another important factor in determining haemolytic activity as this kind 

of secondary structure can enhance the hydrophobicity of peptide. However, the 

carbohydrate moieties (glycoprotein and glycosphingolipids) of sialic acids distributed 

on the membranes of erythrocytes form an outer glycocalix barrier and the online HNN 

secondary structure prediction method suggested that QUB-3112 adopted only 60% α-

helix, furthermore, the peptide possesses a good water solubility, as a result, it showed 

a low haemolytic activity, making it a possible candidate for potent clinical 

applications. 

Because of the low hydrophobicity of QUB-3112, the asymmetrically distributed 

zwitterionic phospholipids in the cytoplasmic membrane of eukaryotic cells hardly 

interacted with the peptide but behaved as protection which contributed to the 

insensitivity of eukaryotic cells to AMPs. Though there were also some negatively 

charged phospholipids that can attach to QUB-3112, the cholesterols distributed on the 

membrane of erythrocytes and sterols of cancer cells could cause condensation of 

phospholipid bilayers and so prevent attachment of QUB-3112 and its penetration into 
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the cytoplasmic membrane of cells (Nakajima et al., 1987; Rothman and Lenard, 1977). 

MTT cell viability assay of the two human cancer cell lines in this project assessed the 

anticancer activity of QUB-3112. According to experimental results, QUB-3112 just 

exhibited a mild potency against cancer cells.  

In this study, the broth dilution method was used to discover MICs of the peptide 

against different microorganisms, but there are several other well-known and 

commonly used bioassays like disk-diffusion, well diffusion and agar dilution 

(Balouiri et al., 2016).  

To characterise anticancer activity of the peptide, the common MTT assay was used 

in this study. XTT-PMS methodology which involves 2,3-bis (2-methoxy-4-nitro-5-

sulfophenyl)-5-[(phenylamino)carbonyl]-2H-tetrazolium hydroxide (XTT) and 

phenazine methosulfate (PMS) reagents can lead to a similar result in the MTT assay, 

but still share many of the limitations of the MTT assay (Scudiero et al., 1988). 

Another assay named the sulforhodamine B (SRB) assay appears to be faster, simpler, 

and more sensitive than the MTT and XTT assays, but more expensive (Alley et al., 

1988, Skehan et al., 1990). Other assays like count kit-8(CCK-8), detection of 

intracellular reactive oxygen species (ROS), kinase enzyme inhibition and apoptosis 

induction (AO/EB staining) assays are also able to evaluate the anticancer activity (Ma 

et al., 2013), but they are comparatively costly. 

The haemolytic activity of the peptide was tested to evaluate the cytotoxicity of the 

peptide and there are other available assays for various cell functions such as cell 

adherence, cell membrane permeability, enzyme activity, co-enzyme production, ATP 

production and nucleotide uptake activity (Adan et al., 2016).  For example, a 

clonogenic assay based on proliferation of cells can accurately measure long-term 

cytostatic effects of drugs and toxic agents (Sumantran, 2011). 
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The experiments carried out in this study only involved a narrow and superficial range 

of bioactivity identifications. So, more investigations should be carried out to obtain 

clearer pictures of bioactivity spectra and to further our knowledge of this novel 

bioactive peptide. 

In the future, it is necessary to use some modification methods to improve the 

anticancer property but keep the low haemolytic activity of the peptide, QUB3112. 

Optimising hydrophobicity and cationicity can be employed, in particular, substituting 

acidic and neutral amino acid residues with cationic amino acids (Lys) can enhance 

the cationicity of the peptide thus promoting the attachment of the peptide to target 

cell membranes. In addition, substituting acidic and neutral amino acid residues with 

hydrophobic amino acids (Leu) on the nonpolar face of the α-helix can enhance the 

hydrophobicity of the peptide, resulting in penetrating further into the target cells. 

Besides, there are still many other methods which could be tried, such as, introducing 

D-amino acids into the amino acid sequence of QUB3112, encapsulating QUB3112 

into nanoparticles, optimising delivery routes and systems, etc. 
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