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Abstract 

Amphibian skin secretions have been reported to be unique sources of biologically-

active peptides. It has been generally approved that the defensive peptides derived 

from amphibian skin secretions could be grouped into three broad types in accordance 

with their established biological effects, including antimicrobials, protease inhibitors 

and those with pharmacological activities.  

In this study, a lividin-9b peptide named QUB-2177 (SRVVKCIGFRPGSPDSRQSC), 

which was named after its molecular mass, was identified from defensive skin 

secretion of the Large Chinese Odorous frog, Rana (Odorrana) livida using modern 

molecular cloning techniques. Subsequently, QUB-2177 was chemically-synthesised 

by means of solid phase peptide synthesis and structurally-characterised by application 

of MALDI-TOF MS. After reverse phase HPLC purification, the synthetic replicate 

of QUB-2177 was evaluated for its biological effect through functional assays. The 

results showed that QUB-2177 possessed neither significant antimicrobial nor 

haemolytic activity on horse erythrocytes. Besides, similar negative results were also 

found in the assessments of anti-cancer activity, trypsin inhibitory activity and smooth 

muscle-relaxing activity. The biological actions of this peptide thus remain to be 

established and it may represent a novel prototype peptide. 
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1.1 Acquisition of amphibian skin secretion 

According to previous research, amphibian skin secretion is a rich source of AMPs. 

With the intent of acquiring their skin secretion, investigators adopted various solvent 

extraction methods for acquisition of peptides, a technique frequently involving the 

solvents methanol and acetone. Due to sacrifice of specimens for the acquisition of 

skin and its secretions, solvent extraction methods exerted negative impacts on 

endangered species, contributing in a small way to a global amphibian decline [1]. 

Instead, a new animal-friendly experimental method was applied to the sampling of 

specimens. Michael J. Tyler et al established a more ethical manner 25 years ago, with 

a form of moderate percutaneous electrical stimulation on living specimens [2]. The 

electrical stimulation method induces adrenergic myocytes to contract in the 

surroundings of the syncytial granular glands, which results in content discharge 

completely by holocrine secretion. In this manner, mRNA and peptides are able to be 

isolated from the electrically stimulated skin secretions of specimens.  These 

components should be lyophilised and preserved in a freezing-drying environment, 

after which they can last for several years with proper care [3, 4]. The treatment does 

no damage to the experimental amphibians, and the following advantages are provided 

by this electrical stimulation method [5]:  

Less contamination (peptides in blood, peptides from dissected skin structure); 

No sacrifice of specimen (protect endangered amphibians); 

The skin secretions of the same specimen are collected; 

Makes the construction of cDNA libraries possible. 
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1.2 Odorrana livida 

Odorrana livida, a member of Ranidae family, was reported by Blyth for the first time 

in 1856 [6]. Found in the Oriental region, Odorrana livida is also called the Chinese 

Large Odorous Frog, a name that draws reference to the foul smell of their skin 

secretions [7]. Odorrana livida has a greenish middle-back and brown sides (Figure 

1.1). Their anatomical structures bear a strong likeness to that of the majority of Rana; 

they are found in the vicinity of the fast-flowing rivulets on hillsides located in forest-

covered areas and inhabit altitudes from 400 to 2500 meters, especially in the eastern 

and southern provinces of China. 

 

Figure 1.1 Odorrana livida 

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

(Access: 25/4/2017) 
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1.3 The diversity of anuran skin peptides 

Anuran skin peptides are classified into diverse categories. In accordance with the 

NCBI-BLAST results which form the basis of previous research [8, 9], the bioactive 

peptide in this research may have pharmacological activity on smooth muscle and/or 

against a range of pathogenic microorganisms. With regard to these effects, peptides 

are separately considered as either neuroactive or cytolytic. Thus, here the focus is on 

presenting a brief overview of the two types of peptides.  

1.3.1 Cytolytic peptides  

As an important player in the innate immune system, cytolytic peptides can be found 

in a variety of organisms, including plants and animals, and work to suppress 

pathogenic microbes [10-13]. Those peptides, which are extracted from defensive skin 

secretions of amphibians, represent their defence strategy. 

1.3.1.1 Conformation of cytolytic peptides 

Despite the broad sources and complex sequences of cytolytic peptides, they have been 

categorised into four major groups by differences in their conformation (Figure 1.2): 

α-helices, β-sheets, mixed structures (both α-helical and β-strands structures), or 

extended structures (neither α-helical and β-strands structures), according to their 

three-dimensional structures and composite amino acids. The structures of α-helical 

and β-sheet peptides are most common types among these groups [14]. 
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Figure 1.2 [15]  Structural classes of AMPs. (A) β-sheet structure of the human α-defensins [16] (B) 

Extended structure of indolicidin, isolated from cattle [17] (C) α-helical structure of human cathelicidin 

LL-37[18] (D) Mixed structure of the human β-defensins [19] 

Most cytolytic peptides belong to one of these four groups. However, there are still 

some which do not belong to any group [20]. In some cases, cytolytic peptides are 

comprised of two different structural components. Sometimes, the peptides interact 

additionally with the membrane components of target cells to accomplish the 

formation of active structures. Indolicidin is wedge-shaped in a model of lipid bilayer 

and displays a globular and amphipathic structure in aqueous solutions [21]. The 

conformation is changed when the AMP interacts with DNA and exhibits a slight 

variation in wavelength level of maximum emission [22].  

1.3.1.2 Charge of cytolytic peptides 

As there are many anionic phospholipids in bacterial membranes, the cationic AMPs 

are adsorbed to these [23]. The majority of cytolytic peptides which contain defined 

cationic domains, display a net positive charge, ranging from +2 to +9. In the initial 

stage, cationicity exerts effects on the electrostatic attraction between cytolytic 

peptides and negatively charged membranes of microorganisms or the target host 

tissues. As they are rich in phosphatidylserine, phosphatidylglycerol, cardiolipin and 
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acidic phospholipids, the bacterial membranes possess an overall negative charge 

conferred by these components. The additional negative charges from LPS and 

teichuronic or teichoic acids of Gram-positive and Gram-negative bacteria, 

respectively, are present on the surfaces of these organisms. Compared with most 

mammalian cells, target cell Δψ in prokaryotes is fifty percent higher in concentration. 

Consequently, it has been proposed that positively charged peptides are concentrated 

on the surface of microorganisms by chemiosmotic potential which works in an 

electrophoretic manner [24].   

It has been demonstrated that although there is a relationship between the antimicrobial 

activity and the cationicity of a peptide, an incomplete linear relationship exists 

between them. Also, the antimicrobial potency rises with increasing peptide cationicity 

to some extent. In research on magainin analogues, while other parameters like the 

helicity and hydrophobicity of the peptide were kept constant, and when positive 

charge varied from three to five, antibacterial activities were enhanced against both 

Gram-positive and Gram-negative pathogens [25].  Despite this, antibacterial activity 

enhancement has a limit by increasing positive charge, and for some cytolytic peptides, 

too potent interactions with phospholipid head groups may lead to a reduction in 

antimicrobial activity.  

1.3.1.3 Classification of cytolytic peptides 

Cell debris and pathogens can be eliminated by phagocytes. Peptides and proteins, 

considered to be one of the original effectors of immunity, directly exert antimicrobial 

activity. There exist two classes that have significant differences. The first class, 

produced by nearly all living organisms, consists of ribosomally-synthesised, gene-

encoded oligopeptides or proteins. The second class is represented by non-ribosomally 
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synthesised peptide antibiotics present in fungi and bacteria. Multi-enzyme complexes 

assemble peptide antibiotics which possess cyclic or branched arrangements 

containing D-amino acids and other non-proteinogenic amino acids. In clinical 

applications, some peptide antibiotics have been well-explored, including gramicidin 

S, bacitracin, polymyxin B, and streptogramins similar to teicoplanin and 

tvancomycin, familiar glycopeptide antibiotics. On the basis of being generated by 

bacteria and eukaryotes separately, the ribosomally-synthesised molecules are divided 

into two subclasses. Although the varieties of bacteriocins from bacteria have similar 

functions, the term “cytolytic peptides” is commonly applied exclusively to peptides 

from eukaryotes. A heterogeneous group, including small peptides (with highly 

modified parts) and large proteins, is represented by bacteriocins. Generally, 

bacteriocins exert significant, highly targeted effects at extremely low concentrations. 

On the contrary, there are normally 12 to 50 amino acid residues in peptides from 

eukaryotes (cytolytic peptides). Moreover, the cytolytic peptides from eukaryotes 

exhibit broad-spectrum activity despite the higher prohibitive concentrations 

compared with bacteriocins [13]. 

1.3.1.4 Activities of cytolytic peptides 

Cytolytic peptides, an ancient immune weapon, partially represent the non-specific 

immune response [26]. Cathelicidins (peptides with linear α-helical structures and 

cysteine-free) and defensins (peptides with β-sheet globular stable structures on 

account of their intramolecular disulphide bond) are the two main classes of cytolytic 

peptides in mammals [27, 28] (Figure 1.3).  
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Figure 1.3 Example of basic types of cytolytic peptides. A. Cathelicidins (Peptides Adopting Linear α-

helical Structure and Cysteine-Free) B. Defensins (Peptides with β-sheet Globular Stable Structure on 

Account of Existence of Intramolecular Disulphide Bond) [13] 

Despite the differences in mechanism between cytolytic peptides, antimicrobial 

activity of cytolytic peptides relies on their capacity of increasing membrane 

permeability by disrupting the order of the lipid bilayer and creating pores. Many 

different theories have been applied to illustrate the modes of action of cytolytic 

peptides [24, 29-33]. Not only is the amphipathic nature of the two major types of 

cytolytic peptides similar, but both have a positive net charge. Attacking the 

membrane, including receptor-mediated and electrostatic interactions, is deemed to be 

the initial step. Typically, the charge mediates the initial interaction of cytolytic 

peptides that have target cells. Uncharged and zwitterionic lipids constitute 

predominantly the outer leaflet of the lipid bilayer in eukaryotic cell membranes, while 

phospholipids with negative charge are mainly located in the inner leaflet. 

Consequently, the membranes of eukaryotic cells little or even no net charge. 

Compared with the eukaryotic cell membrane, both inner leaflets and outer leaflets of 

bacterial cell membranes possess a huge percentage of acidic phospholipids which 

produce a negative charge on their surfaces [34].   
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1.3.1.5 Classic mechanisms of cytolytic peptide action  

By the adsorption of cationic peptides to anionic structures caused by electrostatic 

attraction, the cytolytic peptides are adsorbed onto the bacterial cell membrane and 

aggregate in the lipid bilayer, leading to the expansion of the outer leaflet and the 

thinning of local sites in the membranes [35].  

Four models including the toroidal model, the carpet-like model, the barrel-stave 

model and the aggregate channel model (Figure 1.4) have been presented to 

demonstrate the formation of transmembrane pores, ion channels and extensive 

membrane ruptures, caused by the cytolytic peptides in the membrane.   

 

Figure 1.4 Schematic illustration of how the cytolytic peptides disrupt organisation of the lipid bilayers 

[36]. 

1.3.1.5.1 Membrane composition 

All biomembranes are composed of a phospholipid bilayer, which is amphipathic with 

hydrophilic and hydrophobic domains. There are significant differences between the 

biomembranes of eukaryotic and prokaryotic cells based on their composition. For 

instance, phosphatidylethanolamine (PE) and phosphatidylcholine (PC) are neutrally 
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charged.  In addition, sphingomyelin (SM), a PC-like structure, possesses a palmitoyl 

residue and has no net charge. The correlation between PM and PC is inverse in many 

membrane systems. Sterols, which are neutrally charged, are rarely found in 

prokaryotic cells but are commonly found in eukaryotic cells. By comparison, 

cardiolipin (CL), phosphatidylglycerol (PG), and phosphatidylserine (PS) are all 

negatively charged. From this perspective, the net charge of biomembranes depends 

largely on the architecture and stoichiometry of phospholipids. Cell membranes, which 

are principally composed of PS, CL, or PG, are highly electronegative and these 

elements can be found in some bacterial pathogens. In contrast, the zwitterionic 

phospholipids SP, PE or PC are widely found on mammalian cell cytoplasmic 

membranes that have no net charge. The differences between prokaryotic cells and 

eukaryotic cells in electrochemical gradients results in blended charge properties 

possessed by the membrane with aforementioned characteristics. As potential targets 

for cytolytic peptides, prokaryotes can be distinguished from mammalian and fungal 

cells as sterol is a membrane component [24].  

1.3.1.5.2 The toroidal model 

The toroidal model, first mentioned by Matsuzaki et al, is a stretch of the 

transmembrane helical bundle [37]. In this model, membrane is disordered resulting 

from the perpendicular insertion of cytolytic peptides which induce a continuous bend 

of the lipid monolayer (Figure 1.5). Accordingly, the lumen is formed by hydrophilic 

surfaces of cytolytic peptides accompanied by phospholipid head groups [38]. Recent 

studies proposed a mutual impact of peptide and lipid with respect to the formation of 

a pore: the peptide facilitates development of curvature as the peptide conformation is 

modulated by the lipid organisation [39]. 
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Figure 1.5 Schematic mechanism of toroidal model-induced killing by AMPs [11]. 

1.3.1.5.3 The carpet-like model 

Based on the strong electrostatic interaction between the peptide molecule regions in 

which the positive charges aggregate and the negatively charged phospholipid head 

groups, the pore structure in this model is precarious and the peptide chains are forced 

to lie parallel to the bilayer surface [40] (Figure 1.6). The peptide in the carpet-like 

model has a critical threshold concentration for disrupting the structure of the lipid 

bilayer. When the peptides accumulate over a critical threshold concentration, this 

induces the rupture of the lipid membrane followed by formation of micelles or small 

peptide-lipid aggregates [41-43]. 
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Figure 1.6 Schematic mechanism of carpet-like model-induced killing by AMPs [11]. 

 

1.3.1.5.4 The barrel-stave model 

Aligned with the acyl chains of the membrane lipids, hydrophobic peptide regions are 

inserted into the membrane in a perpendicular fashion, while the hydrophilic peptide 

regions lead to the formation of the pore channel inner surface [44] (Figure 1.7).  To 

realise this model, 22 residues for α-helical peptides and 8 residues for β-sheet peptides 

are the lowest limit in length of peptide [45]. The quantity of AMP molecules 

participating in the formation of pore channels varies from the concentration of AMP. 

For example, the pores formed by alamethicin, a non-ribosomally synthesised peptide 

antibiotic, are constituted by 3 to 11 peptides with the average diameter of 4 nm [46, 

47]. Though the barrel-stave model is regarded as prototypic for peptide-induced 

transmembrane pores, it could only be applied to a restricted number of peptides with 

toxicity to normal cells and low selectivity compared with the toroidal model.  

Generally, barrel-stave type pores have smaller sizes than toroidal pores in which both 

phospholipid head groups and peptides are components of pore wall [11]. 
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Figure 1.7 Schematic mechanism of the barrel-stave model-induced killing by AMPs [11]. 

 

1.3.1.5.5 The aggregate channel model 

According to recent research, additional mechanisms of the aggregate channel model 

are assumed to assist the deficient previous explanations of cell death. In the initial 

action of peptide, a competitive replacement exists between LPS-associated divalent 

cations like Ca2+ and Mg2+, from which peptides gain admittance to both sides of 

membranes and destabilise supramolecular structures [36]. It has been indicated that 

the formation of transverse phase separation of zwitterionic phospholipids from 

anionic phospholipids or even the phases of non-lamellar lipid is related to 

disturbances in the membrane resulting from these peptides. Ions can leak through the 

membrane channels provided by aggregates. Maculatin1.1 is a membrane-active AMP 

from skin secretion of an Australian tree frog which acts via this model [48]. 

1.3.1.6 Cytolytic peptides from Odorrana livida 

 A large number of cytolytic peptides has been isolated from the skin secretion of 

Odorrana livida, including the lividin family stabilised by a disulphide bridge. It had 

been reported that the primary structures of lividins 1-4 were deduced from cloned 

precursors. Moreover, they were noted to be structural homologues of cytolytic 
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peptides families that have been known to investigators for some time [7].                        

The AMP in this study consists of twenty amino acid residues, 

SRVVKCIGFRPGSPDSRQSC, and is a member of the lividin family. There is also a  

disulphide bridge between Cys-6 and Cys-20 [49]. There is also a wide range of other 

cytolytic peptides known from Odorrana livida (Table 1.1). 

PEPTIDE ENTRY ID SEQUENCE 

RAP-L1,T6-
BRADYKININ 
PRECURSOR 

A0A1A7UPA5 MFTLKKSLLLLFFLGAINLSLCEQERDADEEENEREAKVETVKRAPLPPGFTPFRVAPEI
V 

NIGROCIN-2 
PROTEIN 

A1JUI6 MFTLKKSLLLLFFLGMVSLALCEQERDANEEERRDELDERDVEAIKRGLLSKVLGVGK
KVLCGVSGLC 

NIGROCIN-2L 
PROTEIN 

A1JUI7 MFTLKKSLLLLFFLGTINLSLCQEERNAEEERRDEEVAKVEEIKRGILSGILGMGKKLVC
GLSGLC 

LIVIDIN-2A C3RSZ3 MFTMKKSLLLLFFLGTISLSLCQEERGAEEDDGVEMTEEEVKRGLLDTIKNMALNAAKS
AGVSVLNTLSCKLSKTC 

LIVIDIN-2B C3RSZ4 MLTMKKSLLLLFFLGTISLSLCQEERGAEEDDGGEMTEEEVKRGLLDPIKNMALNAAKS
AGVSVVNTLSCKLSKTC 

LIVIDIN-4A C3RSZ5 MFTLKKPLLVLFFLGTISLSLCEEKRDADEEDNGEVEEVKRGVFTLIKGATQLIGKTLGK
ELGKTGLELMACKITKQC 

LIVIDIN-5 C3RSZ6 MFTMKKSLLFLFFLGIVSLSFCEQERDADEEDGGRVTEEEVKRAALRGCWTKSIPPKPC
PGKR 

LIVIDIN-6 C3RSZ7 MFTMKKSLLFLFFLGTVSLSLCEEERSADEEGEVIEEEVKRGLMDAAKNVAKNVAATL
LDKLKCKITGGC 

LIVIDIN-7A C3RSZ8 MFTMKKSLLLLFFLGITNLSFCQEERNAEEERRDEEVAKAEEIKRGILSGILGVGKKLVC
GLSGLC 

LIVIDIN-7B C3RSZ9 MFTMKKSLLLLFFLGTISLSLCEQEGNAEEERRNEEVAKAEEIKRGILSGLLGAGKKIVC
GLSGLC 

LIVIDIN-8 C3RT00 MFTMKKSLLLLFVLGTINLSLCEQERGADEEDGGEAKLEDIKRAVPLIYNRPGIYVTKRP
KGK 

LIVIDIN-9A C3RT01 MFTMKKSLLLLFFLGIISLSLCEQERNADEEGSEENGAEAKIEDIKRSRVVKCIGFRPGSL
DSRQSC 

http://www.uniprot.org/uniprot/A1JUI6
http://www.uniprot.org/uniprot/C3RSZ3
http://www.uniprot.org/uniprot/C3RSZ5
http://www.uniprot.org/uniprot/C3RSZ6
http://www.uniprot.org/uniprot/C3RSZ7
http://www.uniprot.org/uniprot/C3RSZ8
http://www.uniprot.org/uniprot/C3RSZ9
http://www.uniprot.org/uniprot/C3RT00
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LIVIDIN-9B C3RT02 MFTMKKPLLLLFFLGIISLSLCEQERNADEEGSEENGAEAKIEDIKRSRVVKCIGFRPGSP
DSRQSC 

LIVIDIN-9C C3RT03 MFTLKKPLLLLFFLGIVSLSLCEQERNADEEGSEENGAEAKIEAIKRSRVVKCIGFRPGSP
DSRRSC 

LIVIDIN-10 C3RT04 MFTLKKPLLLIVLLGMISLSLCEQERAADEDVGNEIKRGIFSKISGKAIKNLFIKGAKNVG
KEVGMDVVRTGIDVVGCKIKGEC 

LIVIDIN-11 C3RT05 MFTLKKSLLLLFFLGTVSLSLCEEERSADEEGEVIEEEVKRGFMDTAKNVAKNVAATLL
DKLKCKITGGC 

LIVIDIN-12 C3RT06 MFTMKKSLLLLFFLGIISLSLCEQERDANEERRDENEENGGEAKVEEIKRAVKLPFRCKA
VFC 

LIVIDIN-13 C3RT07 MFTMKKSLLLLFFLGTISLSLCEEERDADEEGSEENGVEAKAKDIKRRLFKCYGPNSRGF
QICE 

LIVIDIN-14 C3RT08 MFTMKKSLLLLFVLGTINLSLCEQERGADEEDGGEAKLEDIKRAMRLTYNRPCIYATKR
TKEM 

LIVIDIN-15 C3RT09 MFTMKKSLLLLFFLGTISLSLCEQERDAGEDEENGGQVKEEKIKRMAFHETLARCALYG
EC 

LIVIDIN-16 C3RT10 MFTMKKSLLLLFFLGTISLSLCEQERDADEESNEENGVEADVKELKRTSRCYVYRLKVV
CS 

LIVIDIN-1A 
PROTEIN 

C4MEB5 MFTLKKPLLL LFFLGTINLS LCQEERNADE EERRDERNVE VEKRILPFVA 
GVAAEMMQHV YCAASKKC 

LIVIDIN-3A 
PROTEIN 

C4MEB6 MFTMKKSLLLLFFLGTISLSLCEEERDADEDEGEMTEEEVKRSVLGTVKDLLIGAGKSA
AQSVLTALSCKLSNSC 

LIVIDIN-7C 
PROTEIN 

C4MEB7 MFTMKKSLLL LFFLGIINLS LCQEERNAEE ERRDEEVAKA EEIKRGILSG 
ILGVGKKLVC GLSGLC 

LIVIDIN-4 
PROTEIN 

Q2UXR1 MFTMKKSLLV LFFLGTISLS LCVEERDADE EDNGEVEEVK RGVFTLIKGA 
TQLIGKTLGK ELGKTGLELM ACKITNQC 

LIVIDIN-3 
PROTEIN 

Q2UXR2 MFTLKKSLLL LFFLGTISLS LCEEERDADE DEGEMTEEEV KRSVLGTVKD 
LLIGAGKSAA QSVLTALSCK LSNSC 

LIVIDIN-2 
PROTEIN 

Q2UXR3 MFTLKKSLLL LFFLGTISLS LCQEERNADE EDGGEVTEEE VKRSFLDTLK 
NLAISAAKGA GQSVLSTLSC KLSKTC 

LIVIDIN-1 
PROTEIN 

Q2UXR4 MFTLKKSLLL LFFLGTINLS LCQEERNADE EERRDERNVE VEKRILPFVA 
GVAAEMMQHV YCAASKKC 

Table 1.1 List of cytolytic peptides from Odorrana livida 

 

http://www.uniprot.org/uniprot/C3RT02
http://www.uniprot.org/uniprot/C3RT03
http://www.uniprot.org/uniprot/C3RT04
http://www.uniprot.org/uniprot/C3RT05
http://www.uniprot.org/uniprot/C3RT06
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1.3.2 Neuroactive Peptides  

As a feature of their structural characteristics and biological function, the neuroactive 

peptides can be further distinguished into various families. Specific peptides acting on 

the nervous system are the bradykinins, tachykinins, bombesins, caeruleins, 

tryptophyllins, opioids and miscellaneous peptides. Generally, each of the mentioned 

six main neuropeptide classes, except for opioid peptides, has a broad distribution in 

the anurans which have been investigated.  

1.3.2.1 Bradykinin (BK) 

Bradykinin, belonging to the kinin family, is a vasoactive peptide in numerous 

pathophysiological events, with effects on antihypertension, antiproliferation, 

antithrombosis, and antifibrosis [50]. In accordance with previous studies, as a key 

mediator, bradykinin participates in inflammation, vascular leakage, and septic shock 

[51, 52].   

As a cleavage product, the vertebrate peptide hormone bradykinin which occurs in the 

kallikrein-kinin system, is not involved in this in amphibians [53-55]. The expression 

of anuran kininogens, of which the representative tripartite gene structure is 

distinguished from the cytolytic peptide precursors, is generated in the skin exocrine 

apparatus exclusively. The spacer-peptide organisation in anuran kininogens emerges 

either as single copies or multicopies that are sequentially arranged in tandem [56-59].  

In 1949, a nonapeptide like canonical bradykinin was separated from the venom of the 

Brazilian pit viper (Bothrops jararaca)  for the first time [60].  The skin extracts of 

Rana temporaria were also a source for the canonical bradykinin before its 

identification while many other bradykinin-related peptides from eight anuran families 
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have been discovered. Bradykinin-related peptides, acting rather slow as myotropic 

effectors, can lead to either contraction or relaxation of smooth muscles. In addition, 

the inflammatory reactions in injured tissues are mediated by bradykinin receptors 

through which the pain response can be regulated through releasing other endogenous 

hormones directly or indirectly, that indicate bradykinin has a competitive role in those 

processes [61]. Each group within the vertebrates is in possession of structurally 

individual bradykinin-related peptides as each class has almost identical counterparts 

among the bradykinin-related peptides from anuran skin. However, on account of the 

post-translational modifications, such as hydroxylation and sulphation and some C- 

and N-terminal extensions, the counterparts have longer action than their vertebrate 

analogues [62]. The substitution of highly conserved Pro3 is natural and causes a 

definite decrease in the efficiency of two bradykinin-related peptides from the skin 

secretion of Bombina variegata [63]. Obviously, for the purpose of turning these 

agents against predators into a defensive agent, the neuroactive compounds of the 

anuran skin secretion have a tendency to target themselves with their respectice 

predator receptors [64].  

1.3.2.2 Bradykinin-related peptides from frog skin 

It has been proven that amphibian skin is a rich resource of regulatory peptides [65]. 

Bioassays of blood pressure and standard smooth muscles were employed by Erspamer 

and co-workers who investigated bradykinin-related peptides in extracts of skins from 

an extensive range of frogs from Europe [66], America [67], Africa [68] Australia and 

Papua New Guinea [69]. High concentrations of bradykinin, being found in the skin 

of ranid frogs with an identical amino acid sequence to the mammalian peptide [70], 

have a diverse distribution in particular species. 
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1.3.2.3 The kallikrein-kinin system and pharmacological activities of BRPs 

The kallikrein-kinin system (KKS) was discovered in 1909 from a decrease in blood 

pressure observed by Abelous and Bradier that resulted from the intravenous injection 

of human urine extracts (Abelous, 1909). After that, numerous investigators were 

engrossed with the exploration of mechanisms in this system which could be found in 

many species as a vital endogenous and spontaneous metabolic cascade.  The actions 

of the kallikrein-kinin system are designed for the delivery of BK, as a vasoactive 

kinin, which participates in the mediation of inflammatory, blood pressure and 

cardioprotective processes [71]. The promising treatment of inflammation and some 

cancers has been demonstrated in recent studies, based on the bradykinin receptor B1 

and B2 and Ras/Raf/MEK/MAPK signalling pathways, as one further clinical 

application [72, 73].  

Bradykinin-related peptides, with either potent antagonist or agonist activity, will be 

the primary focus in the Introduction. DesArg9, Leu8-BK could exert effects on the 

aorta and artery of rabbit as a B1 receptor antagonist [74]. In addition, vascular 

relaxation was induced by two bradykinin-related peptides, pGlu1, Ile2, Leu5, Gly6, 

Leu8-BK and Arg0, Trp5, Leu8-BK that induced inhibitory activity against bradykinin. 

The response to bradykinin was inhibited by the former through the B2 receptor almost 

entirely, which has been confirmed, while the latter reduced relaxation to 30% [58, 

75]. Hall found that as one of the vital sites, the position 8 of bradykinin substituted 

by Leu, could induce antagonist activity and the substitution of Phe at the same site 

would activate the bradykinin receptors [76]. However, it was reported that a 10-fold 

EC50 decrease and a 336-fold EC50 decrease on rat ileum were produced by Thr6, Leu8-

BK as an agonist with which the contractions of uterus increased by comparison with 

bradykinin [77]. The similarity between Thr6, Leu8-BK with conventional bradykinin 
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amino acid sequence was higher when compared to the above-discussed antagonists. 

Although tissues had already been isolated, Thr6, Leu8-BK may also remain potent to 

activate, which enables the multiple distributions and types of receptors in rat uterus 

and ileum by comparison with arterial smooth muscles.   

Disparate bioactivities were shown in bradykinin-related peptides containing C-

terminal and N-terminal extensions.  Isolated from Amolops wuyiensis, RVA-Leu1, 

Thr6-BK and RAA-Leu1, Thr6-BK were recorded as having activities of bradykinin 

antagonists [78]. However, similar analogues, RAP-Val1, Thr6-BK from Amolops 

loloensis, a member of the same genus as Amolops wuyiensis and RAEA-Val1, Thr6-

BK from Hylarana nigrovittata were proven to be bradykinin agonists on ileum of 

guinea pigs [79]. Hence, diversity of pharmacological actions may result from 

different subtypes of bradykinin-related peptide receptors in mammalian species.  

Currently, it is unknown why the bradykinin-related peptides from skin secretions of 

amphibians have diverse pharmacological effects. To explain the unknown reason 

behind the diversity of ligand-receptor binding pathways caused by structural 

conformations of bradykinin-related peptides, numerous hypotheses were raised for 

providing explanations. One possibility is the substitution and extension of amino 

acids, which provided endogenous enzymes with the purpose of preventing the 

degradation of peptides, and also, for which the metabolic effects are down-regulated 

[71, 80].  
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1.4 Bacterial resistance to antimicrobial peptides (AMPs)  

Even though it is known that AMPs may not lead to widespread resistance due to their 

prior attack on cell membranes, some specific identified protein targets provide the 

possibility of bacterial resistance. Bacteria which inhabit host microorganisms are 

capable of defeating or coexisting with the AMPs. Therefore, it is essential to have a 

better understanding of the mechanisms that are involved in bacterial resisitance, in 

order to facilitate the development of AMPs for clinical applications.  

The first step in bacterial resistance to AMPs is usually the modification of both the 

AMP molecule and bacterial cell membrane, even though this mechanism is not well-

understood [81, 82]. Generally, bacterial resistance can occur because the bacterium 

is able to exert impact on the AMP target site, the bacterial membrane, itself, by 

decreased AMP susceptibility or AMP removal from the active site [83, 84]. Normally, 

the permeability and fluidity of bacterial membranes also decline due to a changed 

configuration of the inner and outer membranes [83, 85]. 

 

Figure 1.8 Schematic of AMPs resistance mechanisms 

https://www.dreamstime.com 

(Access: 25/4/2017) 

https://www.dreamstime.com/
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1.4.1 Proteolytic Processing of AMPs 

AMP proteolytic processing depends on proteases which are in bacterial secretions, 

including gingipains that are secreted by the oral pathogen P. gingivalis [86]. The 

resistance to proteolytic degradation of AMP is increased because of the substitution 

of some or all of the amino acids in AMPs by D-amino acids, including M33, GL13K, 

DJK-5 and DJK-6 [87-89]. 

1.4.2 Modification of surface charge  

The surface bacterial membrane, to which cationic AMPs are attracted, carries more 

net negative charges than eukaryotic cell surfaces do. Due to the added number of 

positively charged molecules, the cell surfaces of bacterial pathogens are less 

negatively charged and therefore the electrostatic attraction between cationic AMPs 

and bacterial membranes decreases. Surface structures of Gram-negative bacteria are 

modified by phosphoethanolamine and 4-aminoarabinose, which leads to electrostatic 

repulsion. In Gram-positive bacteria, adding lysine residues to membrane 

phospholipids or D-Alanine residues to polymers of cell walls can also achieve a 

similar result.  

1.4.3 Active Efflux 

With intracellular action, AMPs experience active efflux, which is the effect used on  

traditional antibiotics, as well [90-92]. The surface active peptides that are not 

susceptible to the efflux pumps can be screened by the immobilised AMPs [93]. Thus, 

it is possible to immobilise AMPs on microparticles in a new design that aims to 

defend AMPs from bacterial active efflux [94]. 
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1.4.4 Trapped by surface proteins 

Typically, it is hard for an AMP to access the cell surface because of either a polymer 

matrix of polysaccharide or DNA surrounding bacteria in the form of a biofilm. The 

polymer matrix, by which peptides are entrapped to be kept away from the embedded 

bacteria, produce electrostatic repulsion of cationic peptides. Given that it is difficult 

to eradicate the well-established biofilms, researchers devote themselves to strategies 

which prevent the formation of biofilms or eliminate the existing biofilms[95, 96].   

1.4.5 Strategies for overcoming AMP resistance 

As two main groups of mammalian AMPs, cathelicidins and cysteine rich defensins 

play essential roles in the innate immune system. On the one hand, bacterial infections 

are frequently caused by gene mutations that are relevant in AMP production in mice 

and humans; on the other hand, high amounts of human defensin 5 expressed in 

transgenic mice could protect them from certain bacterial infections [97]. Current 

research has found that the mechanisms of bacterial resistance are related to alterations 

in bacterial properties, which could be applied to the majority of AMPs. Consequently, 

a debatable issue in regard to whether or not the bacterial resistance would generate as 

a result of the employment of AMPs has been proposed. Also, it has to be questioned 

whether the naturally occurring AMPs may lead to confusion within the innate 

immune system in the fight against pathogens [98]. However, no definite answer has 

been given to date. One study has presented findings that suggest that stronger 

resistance to some peptides emerges from pre-exposure to one peptide when there is 

cross resistance between them [99]. Besides this study, for the identical strains there 

was no resistance discovered for LL-37 while gentle cross resistance has been found 

between the Ifcin B resistant S.aureus and indolicidin or a derivative of magainin 

[100].  
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On the other hand, it has also been claimed that no cross-resistance appears between 

different AMPs. An assumption, speculated by scientific research, revealed that there 

is cross resistance in the case of peptides that share identical mechanisms of action and 

this should be further evaluated [101]. In accordance with previous studies, in some 

specific cases, the removal of AMPs leads to the abolition of the resistance to them 

[102-104]. The transient resistance, induced by the alteration of environment, is a 

consequence of an activated bacterial system. Therefore, the utilisation of AMPs as a 

therapeutic approach to bacterial infections is truly possible by inducing resistance to 

innate AMPs. For years, investigators struggled to study AMPs, in order to enable their 

use as first line therapies for infectious diseases. Furthermore, the combination of 

different AMPs or those with regular antibiotics may be effective in conquering the 

cross resistance between AMPs.  
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1.5 Aims and objectives of this thesis 

Isolation of mRNA from lyophilised skin secretion derived from Odorrana 

livida by high-performance liquid chromatography.  

 

Construction of a cDNA library from skin secretion of Odorrana livida and 

interrogation of the cDNA library for peptide-encoding transcripts using 

degenerate primers in a shotgun cloning strategy. 

 

Identification of the primary structure of mRNA-encoded peptide isolated from 

defensive skin secretions of Odorrana livida by mass spectrometry and modern 

molecular technology. 

 

Chemical synthesis of sufficient peptide according to the identified primary 

structure using a PS3 automated solid phase peptide synthesiser. 

 

Evaluation of the antimicrobial activity, haemolytic activity, anticancer 

activity, protease inhibition and smooth muscle contraction of the peptide. 

 

Acquirement of the ability of operating experimental equipment independently 

and understanding drug research and development methods.  
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Chapter 2: The determination of 

QUB-2177 peptide sequence using 

molecular cloning 
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2.1 Materials and methods 

2.1.1 Biological material preparation  

2.1.1.1 Experimental animals 

Adult specimens of wild Odorrana livida were acquired in China. They were housed 

in a designated terrarium at 18~25°C under a 12h-light/12h-dark cycle and fed with 

multivitamin-loaded crickets three times per week for at least 4 weeks prior to 

secretion harvesting.  

2.1.1.2 Frog skin secretion acquisition  

The dorsal skin surface was stimulated by gentle transdermal electrical stimulation 

(140ms pules width, 100Hz, 5V) through platinum electrodes for two periods of 20s 

duration or the skin secretion was obtained via mild squeezing and massaging of the 

glands. The stimulated secretion was washed from the skin by deionised water, snap-

frozen in liquid nitrogen, lyophilised and stored at -20°C prior to analysis. All the 

procedures were subject to ethical approval and carried out under appropriate UK 

animal research personal and project licenses.  

2.1.2 Molecular cloning 

2.1.2.1 mRNA isolation  

A Dynabeads
 
mRNA DIRECT

 
Kit (Invitrogen, Lithuania) was utilised in mRNA 

isolation. The poly A tail of poly A mRNA from eukaryotic total RNA can hybridise 

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

2.1.2.1.1 Preparation of skin secretion 

Five mg of crude lyophilised skin secretion from Odorrana livida were dissolved in 1 

ml of lysis/binding buffer in a 1.5 ml RNase-free tube. Afterwards, the tube was 

vortexed for 1 min and then kept on ice for 1 min for 20 min in total. Finally, the tube 

was centrifuged for 5 min at 18,000 x g in an Eppendorf Centrifuge 5425 (Eppendorf, 
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Germany) to acquire a clear cell lysate. The supernatants were prepared and stored 

cold until the beads were ready. 

2.1.2.1.2 Preparation of Dynabeads® Oligo (dT)25 beads  

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

were transferred into a 1.5ml RNase-free tube and put on a magnetic rack. Then the 

clear storage buffer was removed and discarded completely. Subsequently, 250 μl of 

fresh Lysis/Binding Buffer was transferred into the 1.5 ml tube to wash and resuspend 

the beads by gentle shaking. Ultimately, the supernatants were removed and discarded 

thoroughly from the 1.5 ml tube on the magnetic rack when the lysate was prepared to 

avoid drying the beads and lowering beads capacity. 

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

dT  

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

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

covalent binding. The mixture of lysate and beads were blended by slow and gentle 

shaking for 1 min and kept on ice for 30 s for 18 min in total, which made the poly A 

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

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

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

2.1.2.1.4 Washing 

The beads/mRNA complex was washed slowly and gently three times using 500 μl of 

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

washing solution was discarded with the assistance of the magnetic rack after each 

washing step. Similarly, the beads/mRNA complex was washed slowly two times 

using 500 μl of Washing Buffer B.  
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2.1.2.1.5 Elution 

Eighteen μl of Tris-HCl (10 mM) was added drop by drop into the 1.5 ml tube 

containing the well-washed beads and the 1.5 ml tube was flicked gently to make every 

droplet carry the beads down to the bottom until all the solution ran through. Then, the 

1.5 ml tube was incubated in the 80°C heating block for 2 min to remove the mRNA 

from the beads.  All supernatant containing the mRNA was carefully transferred into 

a 0.2 ml RNase-free PCR tube on the magnetic rack immediately to avoid 

recombination between mRNA and beads. Finally, the 0.2 ml PCR tube was cooled on 

ice for 2 min and then the solution was allocated into 5 chilled-prepared 0.2 ml PCR 

tubes which included 4 μl of mRNA product for three PCR tubes and 3 μl of mRNA 

product for two PCR tubes respectively.  

2.1.2.2 cDNA library construction  

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

applied to construct the first strand cDNA and amplify primary cDNA. 5’-RACE 

Ready cDNA was synthesised using a 5’-RACE CDs Primer (5'–(T)25VN–3') and the 

BD SMART IITM 
A Oligonucleotide which contained a terminal stretch of G residues 

to pair dC-rich cDNA tail at the end.  3’-RACE Ready cDNA was synthesised using 

3’-RACE CDs Primer (5'–AAGCAGTGGTATCAACGCAGAGTAC(T)30VN–3') by 

a reverse transcription reaction. 
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2.1.2.2.1 Preparation of sample mixture 

Preparation for 3’-RACE Ready cDNA synthesis 

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

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

to ensure sufficient volume for the reaction. 

 

 

Table 2.1 The components of 3’-RACE cDNA reaction 

 

Preparation for 5’-RACE Ready cDNA synthesis 

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

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

sufficient volume for the RT-PCR reaction. 

 

 

 

 

 



30 
 

 

Table 2.2 The components of 5’-RACE cDNA reaction 

 

2.1.2.2.2 Reverse transcription polymerase chain reaction (RT-PCR) 

All of five tubes containing sample mixture, were micro-centrifuged, incubated in the 

70°C heating block for 2 min to combine the primer and templates and then cooled on 

ice for 2 min. Afterwards, 4 μl of prepared Master Mix was divided into each 0.2 ml 

PCR tube and pipetted completely. Additionally, 1 μl of Reverse Transcriptase was 

added into each 0.2 ml PCR tube and pipetted completely. After adding all solutions, 

five 0.2 ml tubes were micro-centrifuged to collect all contents at the bottom without 

bubbles and incubated in the thermal cycler (Applied Biosystems, UK) at 42°C for 1.5 

h to complete the reverse transcription reaction.  

2.1.2.2.3 Concentration dilution and fault correcting 

Fifty μl of PCR water was added into each 0.2 ml PCR tube to lower the concentration.  

Subsequently, the five 0.2 ml tubes were pipetted, centrifuged briefly and then 

incubated in the thermal cycler at 72°C for 7 min to correct faults in the reaction and 

kill some enzymes such as Reverse Transcriptase. Ultimately, 3’-and 5’-RACE Ready 

cDNA templates were obtained and stored at -20°C in the freezer.  
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2.1.2.3 Polymerase chain reaction (PCR) amplification of cDNA 

A BD SMARTTM RACE cDNA Amplification Kit (BD Bioscience Clontech, UK) 

was employed in RACE-PCR 

2.1.2.3.1 Preparation of mixture for RACE-PCR reaction 

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

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

PCR reaction. 

 

 

Table 2.3 The components of one RACE-PCR reaction 

 

2.1.2.3.2 3’ RACE-Ready cDNA amplification 

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

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

Grade water was added into another two PCR tubes as negative controls. All of the 

reagents were pipetted completely and micro-centrifuged to collect all contents at the 
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bottom without bubbles. Finally, the RACE-PCR programme with a gradient 

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

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

with different conditions were set up and each cycle included 96°C denaturation for 

20s to obtain single-stranded DNA templates, 63°C and 64.9°C annealing for 30s 

between primer and single-strand DNA templates and 60°C extension for 4 min. All 

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

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

cDNA template and one negative control at 63°C, whereas it was set at 64.9°C in 

another group. All of the four samples after RACE-PCR reaction were stored at -20°C 

in the freezer.  

2.1.2.4 Agarose gel electrophoresis  

2.1.2.4.1 Preparation of 1.5% agarose gel 

At first, 0.45 g of agarose powder (Invitrogen, UK) was transferred into a 200-ml flask 

with 35 ml of freshly prepared 1X Tris/Borate/EDTA (TBE) buffer (Invitrogen, UK) 

(Agarose gel: ≥ 1% w/v). The flask was heated in a microwave oven without foaming 

until all the agarose was dissolved completely, and then it was cooled to around 65°C. 

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

flask to bind to the DNA and make DNA visible under ultraviolet light. Then, the 

melted agarose was poured into the gel box with one straight-inserted comb and two 

well-placed blocks in the gel electrophoresis tank. After the solidification of the 

agarose gel at room temperature for 30 min, the comb was vertically removed and the 

loading wells were obtained. Ultimately, the gel tank was filled with recycling 1X TBE 

Buffer within the maximum lines.  
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2.1.2.4.2 Sample loading and electrophoresis 

At first, 0.5 µg of 100bp DNA ladder (BioLabs, UK) composed of several fragments 

of known molecular weight, was loaded carefully into first lane of the agarose gel to 

measure the size of DNA fragments. 1.5 μl of sample and 0.5 μl of 6X Loading Dye 

(Promega, USA) were mixed evenly and loaded in the other lanes in order. After that, 

the electrophoresis was run at 90 V and the samples travelled through the gel from the 

negative electrode to the positive electrode for about 30 min until the yellow colour 

indicator reached two-thirds of the gel. Finally, the power was stopped and the gel was 

transferred into a large weigh boat for later detection of bands.  

2.1.2.4.3 Detection of bands and gel analysis 

The electrophoresis gel was placed under the UV trans-illuminator BioDoc-It® 

Imaging System (NVP, Cambridge, UK) and a photographic image was recorded as 

the result. The DNA bands of the samples were compared with those of the ladder to 

determine whether the DNA amplification was successful or not. The 1X TBE Buffer 

was recycled and the samples were stored at -20°C in the freezer. 

2.1.2.5 PCR products purification 

A Cycle Pure Kit (Omega Bio-Tek, USA) was employed in PCR product purification, 

in which DNA was bound to silica-based filter membranes during washing steps and 

eluted for collection.  

2.1.2.5.1 DNA binding with the filter membranes 

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

transferred into a 1.5 ml Dnase-free tube. Then, 95 μl of CP Buffer was added into the 

1.5 ml tube where quintuple CP Buffer corresponded with one volume PCR product 

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

the solutions were transferred drop by drop onto the centre of a filter cartridge with a 
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1.5 ml supporting tube. Subsequently, the filter cartridge was centrifuged at 13.000 x 

g for 1 min to bind the DNA to the silica-based filter membranes and remove the 

impurities. Ultimately, the filtrate was discarded and the supporting tube was placed 

back in the cartridge.  

2.1.2.5.2 DNA washing 

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

the cartridge and centrifuged at 13,000 x g for 1 min for DNA washing. Afterwards, 

the filtrate was discarded and the collection tube was placed back in the bottom of the 

cartridge. Similarly, this washing step was carried out again by using 500 μl of DNA 

Washing Buffer. Then the cartridge with supporting tube was centrifuged at 14,000 x 

g for 2 min to remove the remaining liquid completely as it could interfere with the 

downstream applications.  

2.1.2.5.3 DNA elution 

A new clean 1.5 ml DNase-free tube was used instead of the supporting tube before 

DNA collection. Subsequently, 30 μl of PCR water was added directly into the centre 

of the cartridge for DNA elution and incubated at room temperature for 2 min. After 

that, the cartridge with the 1.5 ml supporting tube was centrifuged at 13,000 x g for 1 

min to collect all DNA products. The cartridge was then discarded and the 1.5 ml 

supporting tube with DNA purification products was retained. Finally, the DNA 

purification products were placed for 1 h in a concentrator (Eppendorf, Hamburg, 

Germany) to dry the DNA sample and drive the ethanol away thoroughly. After 

evaporation, the DNA sample was sealed with parafilm and stored at -20°C in the 

freezer.  
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2.1.2.6 Ligation  

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

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

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

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

2.1.2.6.1 Reagent preparation 

Four μl of PCR grade water were added into the 1.5 ml tube containing DNA 

purification product to dissolve DNA and then tube was vortexed intermittently for 1 

min and placed on ice to cool for 30 s and then micro-centrifuged briefly to collect all 

contents at the bottom. This step was repeated five times for DNA preparation. 2X 

Rapid Ligation Buffer was vortexed vigorously without centrifuging as the Buffer was 

so heavy. Also, the pGEM®-T Easy Vector were micro-centrifuged briefly without 

pipetting to avoid damaging the fragile vectors. The T4 DNA Ligase was also micro-

centrifuged briefly without pipetting as the enzyme was susceptible to inactivation 

under the changes of environment.  

2.1.2.6.2 Ligation between DNA and vector 

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

DNase-free PCR tube.  

 

 

Table 2.4 The components of the ligation reaction 
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A new 0.2 ml tube with ligation reaction product was incubated for 1 h at room 

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

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

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

Polymerase through A-T base pairing.  

2.1.2.7 Transformation  

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

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

(Promega, USA). 

2.1.2.7.1 Preparation of LB/Ampicillin/ ITPG/ X-Gal plates 

LB agar (Invitrogen, UK) was weighed and dissolved in 200 ml double deionised 

water in a 400 ml glass bottle to obtain the LB agar solution (100 Unit/ml).  The bottle 

was then autoclaved for sterilisation. 550 μl of Ampicillin (Roche, USA) was added 

into the heated agar solution and mixed completely aiming to select the bacteria with 

the specific antibiotic resistance gene. Subsequently, 10 ml of melted agar solution 

was allocated and poured into each Petri dish. After the solidification of agar, 110 μl 

of Isopropyl β-D-thiogalactoside (IPTG) (Promega, USA) was added and spread 

symmetrically and lightly as an inducer, which induced the expression of lacZ gene. 

Subsequently, 20 μl of 5-Bromo-4-chloro-3-indolyl β-D-galactopyranoside (X-Gal) 

(Promega, USA) was added and spread over the surface completely in a dark 

environment and this reacted with β-galactosidase which was detected by a colour 

change. Ultimately, all the plates were incubated upside down keeping the water inside 

the agar for 45 min at room temperature, and then the plates were ready for cell or 

bacterial culture.  



37 
 

2.1.2.7.2 Transformation 

At first, 2.3 μl of ligation products were transferred into a 1.5 ml DNase-free tube 

without pipetting and the JM109 cells (Promega, USA) were removed from -80°C 

storage and defrosted on ice for 4 min until all were thawed and clarified. Then, 50 μl 

of JM109 cells were transferred quickly into the 1.5 ml tube containing ligation 

products. Both were mixed by gentle flicking and tapping at the bottom of the tube 

and then kept on ice for 20 min. After that, the 1.5 ml tube was heat-shocked at exactly 

42°C for 47s and returned back to ice immediately for 2 min. Finally, 950 μl of S.O.C 

medium (Invitrogen, USA) was added to the 1.5 ml tube gently and the tube was then 

incubated at 37°C for 2.5 h at a shaking rate of 150 rpm in the shaking incubator. 

2.1.2.7.3 Plating and culture for amplification 

In this step, 80 μl, 90 μl and 100 μl of transformation suspensions were transferred and 

spread over the surface of LB/Ampicillin/ ITPG/ X-Gal plates respectively in two 

replicates and all plates were incubated upside down at 37°C overnight (16-24 h) for 

bacterial culture and DNA amplification.  

 

2.1.2.8 Blue and white colony screening 

There were three kinds of colonies found growing on the LB/Ampicillin/ ITPG/ X-Gal 

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

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

which the vectors were inside the competent cell and contained the recombinant DNA, 

were selected and subcultured in the solid medium for further identification. The 1.5 

cm length squares were divided by drawing lines at the bottom of the Petri dish, then 

the pure white colonies and white colonies with blue dots were picked up and 

transferred into three new LB/Ampicillin/ ITPG/ X-Gal plates by streaking without 
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touching the edge of the lines using an inoculating loop under a sterile environment. 

All of the three plates were incubated upside down at 37°C overnight (16-24 h) for 

subculture and further selection.  

2.1.2.9 Isolation of recombinant DNA by cloning PCR 

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

M13 Forward Primer and M13 Reverse Primer bound to the 5’ and 3’ ends of inserted 

DNA, respectively by use of an Advantage® 2 PCR Kit (Clontech Inc, USA).  

2.1.2.9.1 Bacterial harvesting  

The bacteria in the white colonies were harvested from the plates and transferred into 

each 1.5 ml tube containing with 20 μl deionised water for dispersion. After that, 10 

samples of bacteria were selected for recombinant DNA isolation.  

2.1.2.9.2 Vector release 

The 1.5 ml tubes containing samples were incubated in the 100°C heating block and 

then cooled on ice for 5 min in order to make the cells fragile. Subsequently, each tube 

was vortexed for 30 s and centrifuged at the maximum speed of 8000 x g for 5 min to 

break the cell walls and release the vectors. Finally, the supernatants which contained 

recombinant DNA were ready for use.   

2.1.2.9.3 Preparation of reagent mixture for cloning PCR 

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

extra volume of reagents was calculated and added. 
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Table 2.5 The components of each tube in cloning PCR reaction 

 

2.1.2.9.4 Isolation of recombination DNA by cloning PCR  

At first, 47.25 μl of Master Mix was allocated into each PCR tube respectively and 

pipetted completely. Afterwards, 0.25 μl of Taq Polymerase enzyme and 2.5 μl of 

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

proper order and pipetted completely and evenly. All of the ten 0.2 ml PCR tubes were 

micro-centrifuged briefly to collect all contents at the bottom. The isolation of target 

DNA from the vector and target DNA amplification relied on a cloning PCR reaction 

in which the M13 Forward Primer and M13 Reverse Primer could bind to the 5’ and 

3’ ends of inserted DNA, respectively. Finally, the cloning PCR reaction was set and 

commenced using the following programme, and each cycle in the thermal cycler 

included: 94°C denaturation for 30s, 55°C annealing for 30 s and 72°C extension for 

3 min, repeated 31 times over a total in 3 h 15 min. After this reaction, the 10 samples 

tubes were stored at -20°C in the freezer. 
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2.1.2.10 Agarose gel electrophoresis analysis 

The products of cloning PCR were mostly subjected to gel electrophoresis as described 

in former section 2.4 except for no need to add loading dye in this section.  

2.1.2.11 Selected PCR products purification 

The selected PCR products were then purified and washed out according to the 

procedure described for PCR products purification in section 2.5. Instead of 30 μl of 

PCR water, 20 μl of PCR water was utilised in the DNA elution.  

2.1.2.12 DNA sequencing reaction  

A BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, USA) was 

used in the DNA sequencing reaction in which the sequence was detected by 

fluorescence during DNA extension and termination process.  

2.1.2.12.1 Preparation of mixture for sequencing PCR reaction 

Six optimal DNA samples were chosen for the sequencing reaction. The following 

components were combined and mixed completely by pipetting, and an extra volume 

was calculated and added to ensure sufficient volume for the sequencing PCR reaction. 

 

Table 2.6 Components in each sequencing reaction tube 
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2.1.2.12.2 DNA sequencing reaction 

Master Mix and 2.5 μl of sample were allocated into 0.2 ml PCR tubes. The sequencing 

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

in the thermal cycler included: 96°C denaturation for 20s, 55°C annealing for 10 s and 

60°C extension for 4 min, repeated 26 times over a total in 2 h 5 min. After this 

reaction, the 6 samples tubes were stored at -20°C in the freezer.  

2.1.2.13 Extension product purification by ethanol 

2.1.2.13.1 Reagent preparation  

Six ml of PCR-Grade water and 14 ml of ethanol were mixed for the 70% ethanol 

preparation and 1 ml of PCR-Grade water and 19 ml of ethanol were mixed completely 

to produce a 95% ethanol preparation. 

2.1.2.13.2 Ethanol purification  

At the beginning, 72 μl of 95% ethanol (Sigma-Aldrich, USA) were added into the 

PCR tube with sequencing reaction products and pipetted vigorously. Subsequently, 

all the solutions are transferred into a 1.5 ml tube with10 μl PCR-Grade water. Each 

of the 4 tubes was vortexed for 30 s and incubated at room temperature for 20 min and 

then centrifuged at the maximum 20,000 x g for 20 min in an Eppendorf Centrifuge 

5424 (Eppendorf, Germany). Immediately after this, the supernatants were discarded 

completely. Similarly, 260 μl of 70% ethanol were added into each 1.5 ml tube with 

sequencing reaction products and mixed, vortexed for 30 s and then centrifuged at 

20,000 x g for 10 min in an Eppendorf Centrifuge 5424 (Eppendorf, Germany). Then 

the supernatants were discarded immediately. Afterwards, all 1.5 ml tubes were heated 

in the 95°C heating block for 1 min and cooled on ice for another 1 min with the lid of 

each tube open. This thermal cycle was repeated 3 times. After thermal cycling, the 
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contents of the 1.5 ml tubes were concentrated for 3 h to dry the DNA and to drive the 

ethanol off. Finally, the 4 samples were stored at -20°C in the freezer. 

2.1.2.14 Sequencing 

At first, 10.3 μl HiDi (highly deionised-formamide) was added to each sample which 

had been concentrated for 1 h before use. Then, all the tubes were vortexed for 30 s 

and then centrifuged briefly. Afterwards, the tubes were heated in the 95°C heating 

block for 4.5 min and cooled on ice for 3 min.  Subsequently, 9 μl of well-prepared 

sample mixture was loaded into a 96-well sequencing plate in odd or even rows. 

Ultimately, the DNA was sequenced using an ABI 3730 automated sequencer 

(Applied Biosystems, USA). The elongation of DNA strands in the solution was 

terminated by the modified ddNTPs randomly and detected by fluorescence.  

 

 

2.2 Results 

By applying the ‘shotgun’ cloning technique described previously, a cDNA encoding 

a biosynthetic peptide precursor was successfully cloned from the skin secretion, 

derived from cDNA library of Odorrana livida.  

The nucleotide and translated open reading frame amino acid sequence of cDNA 

encoding the precursor is shown in Figure 2.1. The open reading frame of the 

precursor is comprised of 67 amino acid residues, which was divided into four definite 

domains including, (1) A highly-conversed putative signal region of 22 amino acid 

residues; (2) An acidic amino acid residue-rich region followed by the putative signal 

peptides; (3) A typical Lys-Arg (-K-R) propeptide convertase processing site between 

the acidic amino acid rich region and the deduced mature peptide sequence; (4) A 

deduced mature active peptide region of 20 amino acid residues. The deduced mature 
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peptide was named QUB-2177 systematically, reflecting its molecular mass of 2177 

Da.  According to the NCBI BLAST search, the alignment of the top 5 research results 

is shown in Figure 2.2. The amino acid sequences of these biosynthetic precursors 

demonstrated more than 80% identity and confirmed the primary structure of QUB-

2177.  

 

Figure 2.1 The nucleotide and translated open-reading frame amino acid sequence of a cloned cDNA 

encoding the biosynthetic precursor of a peptide from Odorrana livida skin secretion. The putative 

signal peptide sequence is double-underlined, the following spacer peptide sequence ends with a –KR- 

cleavage site, the mature peptide sequence is single-underlined and the stop codon is indicated by an 

asterisk. 

 

 

Figure 2.2 The alignment of QUB-2177 and the top 5 hits from BLAST analysis using the NCBI 

database. The accession numbers are displayed in the front of each sequence. The asterisks indicate 

identical amino acid residues in each sequence. The ‘.’ and ‘:’ represent low similarity and high 

similarity, respectively.  
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Chapter 3:  

Synthesis and purification of the 

peptide QUB-2177 
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3.1 Materials and methods 

3.1.1 Chemical synthesis of QUB-2177 through solid-phase peptide synthesis  

The target peptide QUB-2177 was synthesised efficiently by solid phase 

Fluorenylmethoxycarbonyl (Fmoc) chemistry in a PS3 synthesiser (Protein 

Technologies, USA). The unequivocal primary structure of the peptide was as follows: 

SRVVKCIGFRPGSPDSRQSC.  

3.1.1.1 Peptide synthesis  

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

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

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

Then, 0.3 mmol rink amide resin which contained an amide group for the C-terminus 

was also weighed 0.5263g [weight (g) = 0.3mmol / loading capacity (0.57mmol/g)] 

into the reaction vessel. During the peptide synthesis reaction, the reaction vessel and 

pipeline were washed by dimethylformamide (DMF) first, and then the Fmoc 

protecting groups were deprotected using 20% (v/v) piperidine in DMF. Each amino 

acid residue was activated and coupled using 11% (v/v) N-Methylmorpholine(NMM) 

in 89%(v/v) DMF combined with activator HBTU. After that, the peptide was 

synthesised from C-terminal to N-terminal by the PS3 synthesiser. Finally, degassed 

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

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

3.1.1.2 Peptide cleavage and rotary evaporation 

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

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

cocktail was chosen and calculated according to the weight. Subsequently, 41.3 ml 

94%(v/v) trifluoroacetic acid(TFA), 0.88 ml 2% (v/v) phenol, 0.88 ml 2% (v/v) water 
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and 0.88 ml 2%(v/v) TIPS were added into the 50 ml round-bottomed flask to 

deprotect the protecting groups of side chains including Trp (W). The cleavage 

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

was suction filtered using the Buchner funnel to remove the resin in the upper layer. 

The solution in the lower layer was transferred and evaporated to remove the 

remaining TFA and TIPS using the rotary evaporator (VWR, Pennsylvania, USA). 

Finally, the remaining solution was transferred into a 50-ml universal tube and the 

Et2O was supplemented up to 50 ml for the peptide precipitation in the freezer 

overnight. 

3.1.1.3 Peptide washing and lyophilisation  

The 50-mL universal tube was centrifuged at 2500 x g for 5 min to collect the 

precipitated peptide at the bottom and then the supernatants were discarded as cleanly 

as possible. Then, 45ml of Et2O was refilled and the washing step was repeated three 

times. Afterwards, the evaporation of the Et2O took place in a vacuum desiccator with 

the covering foil pierced by a needle. 15ml TFA/H2O (0.05/99.95, v/v) (Buffer A) and 

15ml TFA/H2O/acetonitrile (0.05/19.95/80, v/v) (Buffer B) were added into the dried 

peptide. Then, the tube was then frozen in liquid nitrogen and then transferred into an 

Alpha 1-2 freeze-dryer (SciQuip, UK). Finally, the lyophilised peptide was weighed 

and stored at -20°C in the freezer. 

3.1.1.4 Peptide yield calculation 

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

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

of the peptide synthesis. 
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3.1.2 Reversed-phase high performance liquid chromatography (RP-HPLC)  

One mg of synthesised peptide was weighed and dissolved in a 1.5 ml tube with 500 

μl Buffer A and 500 μl Buffer B. Then the tube containing the sample was vortexed 

and centrifuged at maximum speed for 5 min. The clear supernatant was transferred 

into another 1.5ml universal tube. An analytical reverse phase HPLC Jupiter C5 

column (250nm*4.6mm, Phenomenex, UK) was washed with Buffer B for 30 min and 

equilibrated in Buffer A for 30 min before use. Subsequently, the clear supernatant 

was pumped onto the Jupiter C5 column on a Cecil Adept CE4200 HPLC system 

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

detection. Then the column was eluted with a linear gradient formed from 100% Buffer 

A mixed 0% Buffer B to 100% Buffer B over 80 min at a flow rate of 1ml/min. The 

fractions were collected at every peak in polypropylene tubes (Sarstedt, Germany) 

using an Amersham Biosciences Frac-920 fraction collector and utilised for 

identification.  

3.1.3 Peptide analysis by matrix-assisted, laser desorption, ionisation, time-of-

flight (MALDI-TOF) mass spectrometry 

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

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

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

verified using the standard peptides corresponding with standard molecular masses to 

ensure high accuracy of ±0.1%. 2 μl of HPLC fraction was loaded and spotted onto 

the MALDI ground-steel target plate, and 1 μl excess matrix solution (10 mg/ml) 

which contained α-cyano-4-hydroxycinnamic acid (CHCA) diluted in 

acetonitrile/water/TFA (50/49.7/0.3, v/v/v) was also loaded and spotted after air-

drying of the fraction. The configuration of the system was set at 120ns, 18.8kV grid 
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voltage, 10V guide wire and delayed extraction and the linear mode was chosen to 

record the mass spectra. The peptide was identified by mass measurement according 

to its mass-to-charge ratios. Finally, the pure peptide was obtained and subjected to 

lyophilisation and biological activity assay. 

 

3.2 Results 

3.2.1 RP-HPLC analysis of crude synthetic peptide (QUB-2177) 

QUB-2177 was chemically synthesised and then examined by reverse phase-high 

performance liquid chromatography. The mass spectrum is shown in Figure 3.1 and 

the purity of the synthesised QUB-2177 was high and satisfied the requirements for 

assessing its biological functions in this study.  

 

Figure 3.1 Region of reverse phase HPLC chromatogram of crude synthetic peptide (QUB-2177) 

indicating elution position/retention time of all the components from crude synthetic peptide (QUB-

2177). The Y-axis shows the relative absorbance at 214 nm and the X-axis shows the retention time. 
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3.2.2 MALDI-TOF analysis of crude synthetic peptide (QUB-2177) 

The solid phase peptide synthesis of QUB-2177 was accomplished successfully using 

the PS3 automated synthesiser. The product was subjected to MALDI-TOF mass 

spectrometry that indicated a remarkably high degree of purity of the crude synthetic 

peptide (QUB-2177) as shown in Figure 3.2. 

 

Figure 3.2 MALDI-TOF mass spectrum of crude synthetic peptide (QUB-2177). The major single 

charged ion (M+Na)+ was resolved at an m/z of 2185.72. The intensity of the spectrum of QUB-2177 

was 3.6e4. 
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4.1 Materials and methods 

4.1.1 Antimicrobial assays  

Three model microorganisms were employed in this thesis: Staphylococcus aureus (a 

Gram-positive bacterium), Escherichia coli (a Gram-negative bacterium) and Candida 

albicans (a yeast).  

4.1.1.1 Microorganism inoculation 

A bead of each microorganism stock culture was taken from frozen storage and placed 

into separate marked flasks containing 100 ml MHB (Mueller Hinton Broth) medium. 

The cultures were labelled and flasks were incubated overnight in the 37°C orbital 

incubator. 

4.1.1.2 Peptide preparation  

At first, 1.56 mg of lyophilised peptide was weighed and dissolved in 14 μl of dimethyl 

sulphoxide (DMSO) to make the stock solution at a final concentration of 512 μM. 

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

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

4.1.1.3 Subculture 

Five hundred μl of culture was transferred and cultured in a pre-warmed McCartney 

bottle with 20 ml MHB medium. Subsequently, the McCartney bottle was incubated 

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

logarithmic phases of growth had been reached.  The optical density (OD) value of the 

subcultured bacteria was measured using a UV spectrometer at 550 nm wavelength. 

In the following table, the appropriate OD values of the three kinds of microorganism 

cultures and their corresponding concentrations are given. 100 μl of subculture 

suspensions of S. aureus or E. coli were transferred into 19.9 ml of pre-warmed MHB 

medium and dispersed thoroughly in the Petri dish. In terms of C. albicans, 2 ml of 
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subculture suspension was transferred into 18 ml of pre-warmed MHB medium and 

mixed evenly to obtain the final concentration of 5*105 cfu/ml.  

 

Table 4.1 The appropriate OD values for the three microorganisms used in this assay 

 

4.1.1.4 Minimum inhibitory concentration (MIC) measurements 

One μl of prepared peptide solution at each concentration was arranged in the wells of 

a 96-well plate in 5 replicates and 99 μl of adjusted culture were also added into the 

wells. 100 μl of adjusted culture were added in 5 replicates as growth controls which 

indicated the growth of the organisms and 100 μl of pre-warmed MHB medium was 

added in 5 replicates as negative controls. Besides, 1 μl of DMSO with 99 μl of 

adjusted culture were added in 5 replicates as vehicle controls to evaluate the impact 

of 1% DMSO on the growth of organisms in the 96-well plate. 

The prepared peptide solutions and adjusted cultures were loaded into each well of a 

96-well plate following the scheme below:  
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Growth control group (1A-1E): 100 μl of adjusted culture. 

Negative control group (12A-12E): 100 μl of pre-warmed MHB medium. 

Vehicle control group (F1-F5): 1 μl of DMSO and 99 μl of adjusted culture. 

Sample group (2A-11E): 1 μl of prepared peptide solution and 99 μl of adjusted 

culture. 

Afterwards, the 96-well plate was incubated in the orbital incubator (Stuart, UK) for 5 

min and then cultured in the incubator (Genlab Limited, UK) at 37°C 

overnight(16~20h). Subsequently, the absorbance of each well was monitored by the 

EL× 808
TM 

Absorbance Microplate Reader (Bio Tec, USA) at 550 nm wavelength. 

Ultimately, the graph was drawn according to the calculated average and MIC value 

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

4.1.1.5 Viable cell counts 

One hundred μl of adjusted culture was transferred into the microtube with 900 μl of 

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

were prepared from 10-1 M to 10-6 M. After that, 20 μl of culture at each concentration 

were transferred and spotted onto the dried Mueller Hinton Agar (MHA) plate in 3 

replicates separately and all the liquid drops were air-dried near the Bunsen burner. 

Then the MHA plate was incubated in the incubator (Genlab Limited, 

UK) at 37°C overnight (16-20 h). Afterwards, the numbers of the bacteria in each drop 

were counted. Finally, the exact concentrations of bacteria were calculated using the 

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

organisms at each concentration while n was the radio of dilution. 
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4.1.2 Anti-cancer cell proliferation assays 

4.1.2.1 Cell line resuscitation  

The cell lines used for this bioassay included PC-3 (human prostate carcinoma, GIV), 

MDA-MB-435S (melanoma), NCI-H157 (non-small cell lung cancer) and U251MG 

(Human neuronal glioblastoma). The frozen cells were removed from a -80°C freezer 

and thawed in a pre-warmed 37°C water bath. Cell suspensions were transferred into 

a 75 cm2 culture flask with pre-warmed 15 ml culture medium and swayed gently to 

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

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

4.1.2.2 Cell subculture and passage 

Initially, the spent culture medium was discarded after the cell examination and then 

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

swaying gently to wash cells. Afterwards, 1000 μl 1X Trypsin/EDTA solution was 

added into the culture flask containing 10% FBS without Ca2+ and Mg2+, and then the 

culture flask was incubated for approximately 2 min to digest and detach the cells 

adhered on the culture flask surface. Subsequently, 10 ml of pre-warmed medium was 

added into the above flask and pipetted to cease the digestion, followed by cell 

aspiration. After that, all the cell suspension was transferred into a 15 ml universal 

tube, and centrifuged for 5 min at 200 x g. The supernatants were then discarded and 

5 ml of pre-warmed medium was added into the 15 ml universal tube to mix with cells 

thoroughly. Finally, 2 ml of cell suspension was transferred into a new 75 cm2 culture 

flask with 15 ml of pre-warmed medium and then incubated at 37°C in a humidified 

environment containing 5% CO2 after cell examination. Additionally, the collected 

cells could be employed in cell line cryopreservation, MTT viability assay or 

continuous passage after the first passaging. 
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4.1.2.3 Cell quantification 

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

90% of the surface of the culture flask. The AS1000 Improved Haemocytometer 

(Hawksley, UK) was applied here for cell quantification. 7 ml of pre-warmed medium 

was added to resuspend cells by pipetting thoroughly. After that, 50 μl of the cell 

suspension and an equal volume of Trypan Blue were mixed and then loaded onto the 

haemocytometer. The distribution of cells was observed under a microscope. The 

successfully-stained (dead) cells were counted in the specific chamber with assistance 

of a counter. All cells existing in the culture can be quantified according to the formula: 

The number of cells = n/m × D ×104. [n = the number of counted cells; m = the number 

of grids; D = 2 (dilution factor)]  

4.1.2.4 Cell seeding 

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

diluted to the final concentration of 5×103 cells/100 μl. A 96-well plate was required 

and 100 μl samples of cell suspension were seeded in each well. Afterwards, the 96-

well plate was incubated at 37°C under 5% CO2 in humidified surrounding for 24 h. 

4.1.2.5 Cell starvation 

The nutrient medium from each well was removed and replaced by 100 μl of pre-

warmed FBS-free medium. Subsequently, the 96-well plate was incubated at 37°C 

under 5% CO2 in humidified atmosphere for 6-12 h in order to starve the cells which 

can eliminate the impact of FBS in the parallel assay.  

4.1.2.6 Peptide preparation 

Five mg of peptide QUB-2177 was weighed and dissolved in 230 μl DMSO to prepare 

a stock solution in the concentration of 10-2 M. Then 60μl of the stock solution was 
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10-fold diluted in 540 μl of pre-warmed FBS-free medium to achieve a range of 

concentrations from 10-3
 
M to 10-9 M. 

4.1.2.7 Peptide loading 

After removing all the medium, 100 μl of peptide dilutions at each concentration were 

loaded to each well of 96-well plate in 5 replicates. 100 μl of pre-warmed FBS-free 

medium was used as a positive control and an equal volume of 1% DMSO solution 

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

cell growth. Lastly, the 96-well plate was incubated at 37°C in humidified surrounding 

with 5% CO2 treated for 24 h.  

4.1.2.8 MTT assay 

Ten μl of MTT were added to each well in a dark environment and incubated for 4~6 

h. After all liquid was discarded completely by a needle connected to a vacuum pump, 

100 μl DMSO was added into each well quickly followed by gentle agitation in the 

shaking incubator for 10 min for purpose of dissolving the insoluble purple formazan 

crystals. Finally, the absorbance of each well was measured at λ=570 nm using a 

microplate reader. The statistical results were analysed by Student’s t-test. A p value 

of < 0.05 was considered statistically significant. 

 

4.1.3 Haemolysis assay  

4.1.3.1 Peptide and control preparation 

Initially, 4.46 mg of pure lyophilised peptide were weighed and dissolved in DMSO 

solution to make 2.2 ml stock solution with the final concentration of 1024 μM. Then 

1.1 ml stock solution was 2-fold diluted in the ratio of 1:1 in the PBS solution to 

achieve a range of gradient concentrations including 1024, 512, 256, 128, 64, 32, 16, 

8, 4, 2 μM. Meanwhile, 22 μl of Triton X-100 (Sigma Aldrich, St. Louis, MO, USA) 
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was diluted in 1078 μl of PBS solution as a positive control in which 1% (v/v) non-

ionic detergent Triton X-100 can produce a 70% haemolytic effect. Also, PBS solution 

was regarded as a negative control for the comparison of non-haemolytic effects. 22 

μl of DMSO was diluted in 1078 μl of PBS solution as a vehicle control to assess the 

influence of 1% (v/v) DMSO solution on the erythrocytes. 

4.1.3.2 Horse blood preparation  

Two ml of fresh defibrinated horse blood (TCS Biosciences Ltd, Buckingham, UK) 

were transferred into a 50-ml universal tube and centrifuged at 930 x g for 5 min to 

separate the serum from erythrocytes. The supernatants were discarded completely and 

30 ml PBS solution was added. Then the washing steps were repeated until the 

supernatants were clear. Subsequently, the supernatants were discarded thoroughly 

and PBS solution was refilled to the 50-ml volume. Ultimately, gentle shaking was 

needed to obtain an even 4% (v/v) erythrocyte suspension.  

4.1.3.3 Haemolysis assay 

Two hundred μl of prepared peptide dilutions at each concentration, 1% Triton X-100 

dilution, PBS solution and 1% DMSO dilution were arranged in 1.5 ml tubes in 5 

replicates. Afterwards, an equal volume of erythrocyte suspension was added slowly 

into each 1.5 ml tube and incubated in the incubator (Genlab Limited, UK) at 37°C for 

2 h. After incubation, all the 1.5 ml tubes were centrifuged at 500 x g for 5 min and 

100 μl of supernatant from each tube were transferred into wells of a 96-well plate. 

Finally, the absorbance of the supernatants was measured using a Synergy HT plate 

reader (BioTek, USA) at 550 nm wavelength. The percentage of haemolysis was 

calculated using the following formula and a graph was drawn. The haemolysis assay 

was repeated at least three times and the datapoint SEMs of three experiments were 

calculated to show the variability and repeatability. 
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Haemolysis% = (ODQUB-2177 – ODNegative) / (ODPositive –ODNegative) *100% 

 

4.1.4 Smooth muscle pharmacological assays  

4.1.4.1 Preparations for this bioassay 

Adult Wistar rats (200 – 250 g) were used here and were kept in the Animal House of 

Queen’s University for 12 weeks. All the tissues were placed in ice-cold Kreb’s 

solution immediately after removal from rats before being mounted on the transducer. 

4.1.4.1.1 Kreb’s solution 

118 mM NaCl, 4.7mM KCl, 25mM NaHCO3, 1.15 mM NaH2PO4, 2.5 mM CaCl2, 1.1 

mM MgCl2 and 5.6 mM glucose were prepared for the Kreb’s solution. All the 

components were mixed thoroughly using a magnetic stirrer. A gas mixture containing 

95%O2 and 5%CO2 was vented through this solution for at least 10 min before use. 

4.1.4.1.2 Bladder 

The bladder was prepared by opening the intact organ from the bladder neck towards 

the dome and subsequent removal of the inner urothelium lining. Small strips 

comprising parallel muscle bundles about 2 mm in width and 10 mm in length were 

dissected using a dissection microscope. Each end of the strip was tied with 0.2 mm 

diameter hooks and mounted longitudinally in the organ bath under 0.5 g of basic 

tension. 

4.1.4.1.3 Proximal rat tail artery 

The proximal rat tail artery was prepared by cutting a 2-mm width ring and then the 

obtained proximal rat tail artery was gently connected to a triangular hook attached to 

a thread. The inside endothelium lining was removed by gentle rubbing using hooks. 

Then the proximal rat tail artery with hooks was hung on the transducer and mounted 
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in an isometric contractile recording organ bath. 0.5 g of basic tension was applied to 

vessel preparations.  

4.1.4.1.4 Ileum 

Two preparation methods for the ileum were used. 

1. An approximate 1 cm length ring was cut and the lumen was opened. Afterwards, it 

was tied with 0.2 mm diameter hooks at both ends and mounted longitudinally in the 

organ bath under basic tension of 0.5 g. This preparation was applied to detect 

longitudinal smooth muscle contraction.  

2. An approximate 0.5 cm length ring was cut and mounted horizontally by inserting 

hooks gently to the lumen of tissue. A tension of 0.5 g was applied. This method was 

used to detect circular smooth muscle contraction. 

4.1.4.1.5 Uterus 

The uterine horns were removed in their entirety and placed in ice-cold Kreb’s solution 

which was vigorously aerated with mixture gas containing 95%O2 and 5%CO2. Each 

uterine horn was halved and individual strips were mounted in a 2ml organ bath, 

perfused with Kreb’s solution at 37°C for 10 min with no tension. The uterus strips 

were gradually exposed to increasing tension until 0.5 g was reached and maintained.  

 

4.1.4.1.6 Peptide solutions 

1 mg of peptide was dissolved in 459 μl of Kreb’s solution to make concentration of 

10-3 M. Due to the 10-fold dilution in the final organ bath (2ml), this stock solution 

should be diluted to concentrations of 10-4 M. 
 

4.1.4.1.7 Bradykinin and phenylephrine solutions 

Following the same operation protocol, bradykinin and phenylephrine were weighed 

and an exact volume of Kreb’s solution was calculated to make each solution at a 
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corresponding stock concentration: Bradykinin: cBK = 10-3 -10-9 (M), Phenylephrine: 

cPhe= 10-3 M.  

4.1.4.1.8 Configuration of the isometric contractile apparatus 

An isometric contractile apparatus consisting of an organ bath, a peristaltic pump, a 

control personal computer and a tension-change detection system was used in these 

pharmacological experiments. Prepared tissues were mounted in the 2 ml organ bath, 

which was perfused with 37°C Kreb’s solution. A gas mixture containing 95% O2 and 

5% CO2 was constantly bubbled through the solution in the organ bath. Tissues were 

placed by the force transducer under a proper basic tension from 0.5 g to 1 g and this 

was changed after 20-30 min equilibration. The pressure transducer detected the 

changes in tissue tension, amplified the responses and was connected to a PowerLab 

System (AD Instruments Pty Ltd.). Digitized signals were stored and analysed after 

this study.  

4.1.4.2 Functional screening assays 

All tissues were washed with 37°C Kreb’s solution at a flow of 2 ml/min for 15 min 

and then equilibrated for 5-15 min. 20 μl of 10-4 M peptide QUB-2177 were added 

directly into the organ bath with bladder, ileum and uterus for functional screening. 

While for rat tail artery, 20 μl of 10-3 M phenylephrine was added prior to experiments. 

After 5 min, the peristaltic pump was opened to wash preparations for 8-10 min. The 

effects of peptide on different tissues was digitised and captured by the PowerLab 

system (AD Instruments Pty Ltd.). Data analysis was performed using a Labchart 

Reader (V7.0) as well as GraphPad Prism (V5.0).  

4.1.4.3 Construction of dose-response curves of bradykinin 

Solutions of bradykinin ranging in concentration from 10-9 to 10-3M, were prepared in 

Kreb’s solution and were used to construct separate dose–response curves. At first, 20 
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μl of 10-3 M phenylephrine were added prior to experiments. Then the solutions of 

bradykinin in different concentrations were added to the arterial smooth muscle 

preparations in increasing concentrations with 5 min washes and 5 min equilibration 

periods between each dose. Changes in tension of the artery muscle rings were 

recorded and amplified through force transducers connected to a PowerLab System. 

Data were analysed to obtain the mean and standard error of responses by Student’s t 

test and dose–response curves were constructed using a best-fit algorithm through the 

data analysis package provided. Responses were plotted as negative changes in grams 

of tension against final molar concentrations of peptides present in the organ baths. 

4.1.4.4 Pharmacological assay of QUB-2177 using the rat tail artery smooth 

muscle preparation 

Twenty μl of 10- 4 M peptide were added to the arterial smooth muscle preparations 

with 5 min equilibration periods. Then, 20 μl of 10-3 M phenylephrine were added and 

5 min equilibration periods were needed. Subsequently, 20 μl of 10-4 M bradykinin 

were added to the arterial smooth muscle preparations. Changes in tension of the artery 

muscle rings were recorded and amplified through force transducers connected to a 

PowerLab System. Data were analysed to obtain the mean and standard error of 

responses by Student’s t test and responses were plotted as negative changes in grams 

of tension against final molar concentrations of peptides present in the organ baths. 

4.1.5 Trypsin inhibitory assay  

Z-Gly-Gly-Arg 7-amino-4-methylcoumarin hydrochloride was employed as substrate 

to determine the tryptic activity and the FLUOstar OPTIMA (BMG Labtech, UK) was 

applied to detect the fluorescence intensity aiming to evaluate the combining capacity 

of trypsin with substrate in different surroundings. 
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4.1.5.1 Reagent preparation 

At first, 1 mg of lyophilised peptide was weighed and dissolved in 459 μl of PBS to 

achieve a concentration of 10-3 M peptide solution. Then the peptide solution was 10-

fold-diluted in the radio of 1:9 in PBS to obtain a series of gradient concentrations 

including 10-4 M, 10-5 M and 10-6 M. Afterwards, 1 mg of trypsin powder (Sigma-

Aldrich, catalogue number: T4700) was weighed and dissolved in 1 ml HCl (1 mM) 

and then diluted to 0.001 mg/mL as working solution. After that, 6.16 mg of substrate 

(Z-Gly-Gly-Arg 7-amino-4-methylcoumarin hydrochloride, Sigma-Aldrich, catalogue 

number C9396) was weighed and dissolved in 1 mL of DMF to obtain 10 mM substrate 

stock solution. Subsequently, 50 μl of substrate stock solution was diluted using 9.95 

mL of PBS to acquire the final working solution.  

4.1.5.2 Loading 

Corresponding volumes of PBS and prepared peptide solutions at each concentration 

were arranged in the wells of a black 96-well plate and were 20 μl in total each well. 

Then, 180 μl of substrate working solution were also added into each well. 10 μl of 

trypsin working solution were added into wells as positive controls and 10 μl of HCl 

(1 mM) were added as blank controls to evaluate the impact of HCl (1 mM) on the 

substrate. 

The PBS, prepared peptide solutions, substrate working solution, 1 mM HCl and 

trypsin working solution were loaded into each well of a 96-well plate following the 

scheme below and the volume of the system was 210 μl in total. 
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Blank control group (1A-2D): 20 μl of PBS, 180 μl of substrate working solution 

and 10 μl of 1mM HCl 

Positive control groups (3A-4D): 20 μl of PBS, 180 μl of substrate working 

solution and 10 μl of trypsin working solution 

Sample group 1(5A-6D): 20 μl of prepared peptide solutions in different 

concentrations, 180 μl of substrate working solution and 10 μl of trypsin working 

solution 

Sample group 2(7A-8D): 15 μl of prepared peptide solutions in different 

concentrations, 180 μl of substrate working solution and 10 μl of trypsin working 

solution 

Sample group 3(9A-10D): 10 μl of prepared peptide solutions in different 

concentrations, 180 μl of substrate working solution and 10 μl of trypsin working 

solution 

Sample group 4(11A-12D): 5 μl of prepared peptide solutions in different 

concentrations, 180 μl of substrate working solution and 10 μl of trypsin working 

solution 
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4.1.5.3 Measurement of trypsin inhibitory activity  

The well-loaded black 96-well plate was transferred and automatically read in the 

FLUOstar OPTIMA (BMG Labtech, UK). After that, the data were obtained and then 

analysed using OPTIMA analysis.  

 

4.2 Results 

4.2.1 Antimicrobial assays 

The synthetic peptide QUB-2177 demonstrated insignificant antimicrobial activity 

against the Gram-positive bacterium: Staphylococcus aureus, Gram-negative 

bacterium: Escherichia coli, and the yeast: Candida albicans, at the tested 

concentrations up to 512 µM (Figure 4.1) 
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                                     (B) 
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Figure 4.1 MICs of QUB-2177 against (A) Gram-positive bacterium: Staphylococcus aureus, (B) 

Gram-negative bacterium: Escherichia coli, (C) and the yeast: Candida albicans. Sterilised MHB 

medium was employed as the negative control and the microorganism culture without the treatment of 

peptide QUB-2177 was employed as the growth control. G and N represents growth control and 

negative control respectively. Each column represents the mean ±SEM of 3 replicates. Student t-test of 

sample group compared controls (asterisks indicate *: P<0.1, **: P<0.01, ***: P<0.001, ****: 

P<0.0001, ns: no significantly difference; One-way ANOVA result showed that P<0.0001) 
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4.2.2 Anti-cancer cell proliferation assays 

The selected cell lines were treated with 100 µM of QUB-2177 for 24 h and their 

proliferation is shown in Figure 4.2. NCI-H157, MDA-MB-435S and U251MG cells 

were prompted in growth by QUB-2177, however, after treatment with QUB-2177, 

the proliferation of PC-3 cells was nearly equal to the blank control.  
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Figure 4.2 The effect of QUB-2177 on the cell viability of human cancer cell lines, MDA-MB-435S 

(melanoma), PC-3 (human prostate carcinoma, GIV), NCI-H157 (non-small cell lung cancer) and 

U251MG (Human neuronal glioblastoma). All the QUB-2177 treated groups were compared with blank 

controls respectively. Each column represents the mean ±SEM of 3 replicates. Student t-test of sample 

group compared controls (asterisks indicate *: P<0.05, ns: no significantly difference) 
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4.2.3 Haemolysis assay  

The haemolytic activity of QUB-2177 was assessed at gradient concentrations up to 

512 µM. The level of QUB-2177 induced haemolysis of horse erythrocytes was lower 

than 10% of the haemolytic activity of TritonX-100 at the concentration of 512 µM 

(Figure 4.3).  

P e p tid e  c o n c e n tra t io n (µ M )

H
a

e
m

o
ly

s
is

(%
)

P
5 1 2

2 5 6
1 2 8 6 4 3 2 1 6 8 4 2 1 N

0

2 0

4 0

6 0

8 0

1 0 0

1 2 0

****
**** **** **** **** **** **** **** **** ****

 

Figure 4.3 Haemolytic activity of QUB-2177 against horse erythrocytes. All percentages of haemolysis 

were compared to the positive control, which was treated by 1% TritonX-100. The haemolytic activity 

of QUB-2177 was lower than 10% at a concentration of 512 µM. Each column represents the mean 

±SEM of 3 replicates. Student t-test of sample group compared controls (asterisks indicate ****:  

P<0.0001; One-way ANOVA result showed that P<0.0001) 

 

4.2.4 Smooth muscle pharmacological assays 

The smooth muscle pharmacological assays demonstrated that QUB-2177 possess no 

activity on different tissues removed from rats (Figure 4.4) and insignificant activity 

in inhibiting the relaxation of the smooth muscle of rat tail artery induced by 

bradykinin (Figure 4.5)  
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Figure 4.4 The comparison of tension change tendency of artery, ileum, uterus and bladder from rats 

prior to and after treatment with QUB-2177. 
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Bradykinin inhibiting activity 

 
 Figure 4.5 The comparison of tension change tendency of the smooth muscle of rat tail artery 

induced by bradykinin prior to and after pre-treatment with QUB-2177. 

 

4.2.5 Trypsin inhibitory assay 

The trypsin inhibitory activity was assessed at gradient concentrations of QUB-2177. 

As shown in Figure 4.6, QUB-2177 did not exhibit inhibitory activity against trypsin.  

 

Figure 4.6 Trypsin Inhibitory activity of QUB-2177. Z-Gly-Gly-Arg 7-amino-4-methylcoumarin 

hydrochloride was employed as substrate. All percentages of QUB-2177 were compared to the blank 

control and positive control. Curves in different shapes and colors represent different concentrations of 

QUB-2177 ( Positive control, 95.24 µM, 71.43 µM, 47.62 µM, 23.81 µM, 

9.524 µM, 7.143 µM, 4.762 µM, 2.381 µM, 0.9524 µM,  0.7143 µM, 

0.4762 µM, 0.2381 µM).  
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5.1 An available source for bioactive peptides — amphibian skin  

Skin, the largest organ, plays an essential role in survival of amphibians. Often 

colourful and covered by a variety of glands, skin is a barrier that protects the 

amphibian body from hostile environments and predators [105, 106]. It can regulate 

body temperature to a limited extent and guard against noxious substances from 

invading the body through secretory activities [65, 107, 108]. 

There is a two-layer structure to amphibian skin: the outer epidermis and the inner 

dermis.  The epidermis, the outermost layer of skin, is thin and prevents harmful 

substances from entering the body [109]. Dermis, the inner layer of skin, consists of 

vessels, capillaries, blood, muscle fibres, nerve fibres, chromatophores, glands and 

other relevant tissues. The main glands on the skin are mucous glands and granular 

glands (poison glands).  Regardless of their small size and marginal appearance, 

mucous glands are widespread across the amphibian body, especially on the back, 

secreting transparent mucous that forms a thin membrane with functions relevant to 

defence, reproduction, moisture, and beyond [110]. In contrast to the mucous glands, 

the granular glands, large in size and unevenly distributed, are small in quantity and 

controlled by sympathetic nerves [111]. These glands protect the organism from attack 

by bacteria and fungi through secretions.  

Amphibian skin secretions have been reported to be a unique source of biologically 

active peptides. It has been generally approved that the defensive peptides derived 

from amphibian skin secretions could be grouped into three broad types in accordance 

with their established biological effects, including antimicrobials, protease inhibitors 

and those with pharmacological activities.  
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5.2 Discoveries in this study 

In this study, a peptide with a molecular mass of 2177 Da was found in skin secretions 

of the Large Chinese Odorous frog, Rana (Odorrana) livida. The full-length precursor-

encoding cDNA was identified and the deduced mature peptide was sequenced using 

degenerate primers by the application of a “shotgun” cDNA library cloning strategy. 

The cDNA sequence, labelled as a host defence peptide, was aligned by means of 

NCBI-BLAST research and the result showed that a peptide precursor derived from 

Odorrana livida was 100% identical to the cDNA sequence. The putative signal 

peptide consisted of 22 amino acid residues, followed by the spacer peptide constituted 

by 25 amino acid residues terminating in a typical Lys-Arg (-K-R) propeptide 

convertase processing site and in the C-terminus, the mature peptide QUB-2177 was 

comprised of 20 amino acid residues, SRVVKCIGFRPGSPDSRQSC. 

Lividins are an AMP family which consists of diverse peptides. The peptide QUB-

2177, which exhibited 100% identity to lividin-9b that belongs to the lividin family 

and was categorised as a host defence peptide, has been shown to have antimicrobial 

activity against the Gram negative bacterium (E. coli), the Gram positive bacterium 

(S.aureus) and the yeast (C.albicans). Surprisingly, the peptide was found to be 

inactive in the antimicrobial activity assay against all tested organisms. The lack of 

QUB-2177 antimicrobial activity may be due to its specific secondary structure and 

positive charge which enables peptides to adhere to the bacterial cell membrane and 

aggregate into the lipid bilayer, leading to the expansion of the outer leaflet and a 

thinning of the local membrane.  

It is believed that host defence peptides derived from frogs and toads could be a source 

of antimicrobial agents. Nevertheless, some AMPs without antimicrobial properties 
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might be active in haemolysis [112-114]. However, in the haemolysis assay, peptide 

QUB-2177 was also found to lack haemolytic activity. In 1997, Patel et al. 

demonstrated that the hydrophobicity of peptides could be the most crucial factor in 

determining their haemolytic activities [115]. Heliquest was employed to predict the 

hydrophobicity of peptide QUB-2177 and the value was only 0.269, which may 

provide the explanation of its absence of haemolytic activity.  

To date, various functional active peptides derived from frog skin secretions function 

as AMPs, as well as anticancer peptides. The anticancer activity of peptide QUB-2177 

was tested in an MTT bioassay and the result revealed that the MB435s cell line, PC-

3 cell line and U251MG cell line were promoted in growth to different degrees. In 

addition, the peptide had no obvious inhibitory activity against the H-157 cell line. It 

is possible that the varying inhibitory impacts on these four cancer cell lines might be 

attributed to the relatively unstable conformation of QUB-2177.  

Vasorelaxin, an identified arterial smooth muscle-relaxing eicosapeptide derived from 

skin secretions of the Chinese Piebald Odorous Frog, Odorrana schmackeri, was 

reported to have a similar effectiveness to bradykinin in relaxing rat tail artery smooth 

muscle. In addition, Yuxin Wu and co-workers performed experiments in order to 

determine whether vasorelaxin acts due to its inherent cytotoxicity and vasorelaxin 

was believed to act through the bradykinin B2 receptor, but to not be involved in the 

action of nitric oxide (NO) [9]. An NCBI-BLAST search suggests that there may be a 

link between QUB-2177 and vasorelaxin as a consequence of 85% identity in the 

sequence, which indicates relatively high similarity between them (Figure 5.1), 

including a predicted disulphide-bridge formed between Cys-6 and Cys-20. In this 

study, four types of tissues from the rat: namely ileum, bladder, uterus and tail artery, 

were employed to assess the pharmacological activity of QUB-2177. Nevertheless, it 
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is surprising to notice that even at the highest concentration of 1mM, no tension 

changes were found after the stimulation by QUB-2177. The results indicated that 

QUB-2177 may lack smooth muscle-relaxing activity and bradykinin-inhibitory 

activity. The significant difference between both the peptide studied in the research 

and vasorelaxin implied that perhaps α-helical structure is a requirement for myotropic 

activity. Moreover, amino acid substitution at sites 7, 18 and 19 might contribute to 

the variation of peptide conformation, which probably has suppressed the combination 

of QUB-2177 with the receptors in smooth muscle preparations.  

 
QUB-2177 

    Vasorelaxin 
 

QUB-2177 
Vasorelaxin 

 
 

Figure 5.1 Primary and secondary structural similarities between QUB-2177 and vasorelaxin. The 

asterisks indicate identical amino acid residues in each sequence. The “:” represents high similarity. 

“C”, “S” and “H” represent strand, coli and helix, respectively.  

 

It has been reported that some peptide inhibitors of serine proteinases derived from 

amphibian skin secretions are responsible for inhibiting the undesired proteolysis of 

other bioactive peptides [8, 116-121]. Therefore, the defence system against pathogens 

could be constituted. The results of the NCBI-BLAST research revealed that no 

similarity was found between the sequence of trypsin inhibitory loop and QUB-2177, 

which explains why it did not display trypsin inhibitory activity. In the assessment of 

trypsin inhibitory activity, the peptide QUB-2177 did not exert inhibitory ability 

against trypsin as was expected.  
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5.3 Possible activities of inactive QUB-2177 

Firstly, although QUB-2177 is an inactive peptide when performing an action alone, 

it may provide assistance to other AMPs in order to heighten their antimicrobial 

activity. It is noteworthy that the synergistic effect in broadening the antimicrobial 

spectrum of bactericides is commonly observed among host defence peptides derived 

from one specific species [122, 123]. Moreover, the synergistic effect among the 

peptides can have up to 100-fold increase in antibiotic activity compared to the 

peptides working independently [124, 125].  

Secondly, numerous volatile components in skin secretions of amphibians can exert 

chemical signals[126]. Peptides in skin secretions contribute to dispelling predators 

and foul odours can assist in achieving this purpose, as was ascertained in the odorous 

frogs, which release identifying smells with peptides after electrical stimulation [127]. 

Consequently, it is possible that the inactive QUB-2177 plays a role in distinguishing 

odours.  

Thirdly, keratinocyte differentiation factor 1 (KDF1) plays a role in the modulation of 

the epidermis formation at an early developing stage. Both inhibitors of basal cell 

proliferation and promoters of differentiation of basal progenitor cell progeny are 

required in the epidermis development regulated by KDF1. NCBI-BLAST research 

indicated a segment similarity between QUB-2177 and KDF1-like peptide derived 

from zebra mbuna, Maylandia zebra and suggested that the epidermis formation could 

be affected by QUB-2177.  
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5.4 Future work 

Previous studies of peptides derived from amphibian skin secretions have not 

uncovered all of the concealed peptides that may exert potential therapeutically effects 

in clinical cases. Therefore, further research on these amphibians and peptides from 

their skin secretions needs to focus on discovering novel peptides that could be used 

for the latest cancer clinical treatments and antibiotic resistance. For a comprehensive 

understanding of these functional mechanisms, secondary structure and other physical 

properties exploration can be researched through the use of circular dichroism (CD) 

spectroscopy, nuclear magnetic resonance (NMR) and other advanced techniques. It 

is possible to accomplish the amino acid modification to increase their functional 

activities and the potential receptor identification based on the identified structural 

information.  

As for QUB-2177, the peptide studied in this research, modification and optimisation 

should be explored to improve our understanding of its biological activities and 

numerous experiments must be performed in order to verify the structure-activity 

relationships of the peptide that are relevant to its mechanisms of action. 

Unfortunately, the research in this thesis was discontinued as a result of time 

limitations. 
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