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Abstract 

Hundreds of dermaseptin peptides have been isolated from the skins or the skin secre-

tions of Phyllomedusa species and other related frogs and they all possess strong anti-

microbial activity with little or no haemolytic activity, which made it possible for the 

dermaseptin peptides to be considered for clinical development. Phyllomedusa frog 

skins and their secretions have been researched in the quest for novel peptides like the 

dermaseptins, for many years. 

In this study, a novel dermaseptin, named DRS-CA-1, was successfully obtained from 

the skin secretion of Phyllomedusa camba through molecular cloning method. Then, 

this peptide was chemically synthesised by solid-phase peptide synthesis and after the 

cleavage reaction, the structural determination was performed through the use of 

MALDI-TOF mass spectrometry and purity was determined by RP-HPLC. In order to 

perform functional research, including antimicrobial assays and haemolysis assay, it 

was necessary to purify the crude peptide product to obtain the authentic peptide. 

After the functional research was performed, it was found that the novel dermaseptin 

peptide had strong antimicrobial activity against both Gram-positive and Gram-nega-

tive bacteria and a pathogenic yeast (MICs=4μM) and MBC values of 16, 32, 32μM, 

respectively. Besides, low haemolytic activity (HC50=114.7μM) were observed at ef-

fective concentrations, which ensures its safety in clinical use. In the future, after struc-

ture modification, the analogues of the peptide may have potential to be developed into 

novel antibiotic against the infections by drug-resistance bacteria.  
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Chapter 1 

 

Introduction 
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From the discovery of penicillin, small molecules have dominated the pharmaceutical 

market for almost one century, primarily due to their low production cost, oral availa-

bility, ease of determination and excellent pharmacodynamic properties. However, 

there are many obstacles for a small molecule to overcome before its application in the 

clinic. For new drug candidates, their pharmacodynamics, pharmacokinetics, toxicity 

and safety must meet requirements and besides these, economic factors are also essen-

tial (such as market competition, reproducibility). Meeting all of the above criteria, 

leads to the failure of over 90% of novel molecules between their discovery and being 

used in clinical practice. 

Compared to small molecule drugs, although peptides have some disadvantages (Table 

1), such as poor oral bioavailability, low stability, short half-life and high production 

costs, these have not reduced the interest of researchers in peptides as drugs for the 

primary reason that peptides can bind to their in vivo targets with specificity, which 

results in higher potential activity and almost no side effects in clinical use. Besides 

this, many other merits can also be observed, such as high efficiency, high selectivity, 

low tissue accumulation and non-immunogenicity (Baek et al., 2014). These reasons 

have led to many peptide-based drugs being successfully applied in the clinic and in-

creasing numbers of researchers are devoting their efforts to this research area. 
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 Table 1 Advantages and disadvantages of peptides in clinical use. 

 

Due to the lack of efficacy of current antibacterial drugs against increasing numbers of 

pathogens, the health of humans (especially in poorer countries) has been seriously af-

fected. It is thus necessary to develop novel antibiotics which can overcome this drug 

resistance or not induce it in the first place (Conlon et al., 2008). Peptides with potential 

antimicrobial and antifungal activity have drawn the most attention, because of their 

vital roles in the innate immune system which constitutes the first line of defence 

against a wide range of animal-invading pathogens. Meanwhile, the skin secretions of 

diverse types of frogs from all around the world have been proven to be a valuable 

source of antimicrobial peptides (AMPs). To date, more than one thousand peptides of 

several types have been extracted and characterised from frog skin secretions. The gran-

ular skin glands, present mainly in the dorsal skin, are the sites where these bioactive 

peptides are produced and when facing some adverse environmental factors (like mi-

croorganisms, parasites and predators) or some other physical factors, these peptides 

are released in relatively high concentrations to protect the frogs from danger (Hossain 
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et al., 2011). This is the reason why the amphibians could provide valuable information 

about prospective functional molecules. 

Over the past decades, due to the peptides from the skin secretion having superior chem-

ical and physical properties, a unique formation process and advantages for clinical use, 

the skin secretions of frogs have become a hot research topic (Wang et al., 2015). Until 

now, over 100 categories of bioactive peptides have been found and more than 2000 of 

these are found in the skin secretions of frogs. Among those frogs containing different 

types of peptides, members of the subfamily Phyllomedusinae have attracted great at-

tention because large numbers of AMPs have been discovered among these, predomi-

nantly from frogs of the genus, Phyllomedusa. 

The skins of Phyllomedusa frogs have good morphological and functional diversity 

(Barra & Simmaco, 1995; Toledo & Jared, 1993), so that they can survive even when 

the habitat of species contains many unfavorable factors. After ultrastructural charac-

terisation of the skins of Phyllomedusa species, the skin glands, where these bioactive 

peptides are synthesized, were divided into three types, according to their differences 

in size and secretory activity. These are the lipid, mucous and serous (granular or poison) 

glands (Lacombe et al., 2000). These glands produce a wide variety of noxious or pep-

tides with various pharmacological effects on microorganisms. 

1.1 Peptides of Phyllomedusa skin secretions 
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Among the distinct species of frogs found in South America, researchers have mostly 

focused on the Phyllomedusa frogs, for the reason that these species contain large num-

ber of bioactive peptides to help them survive in their complex environments. Scientists 

are widely convinced that the skins of Phyllomedusa frogs contain the most bioactive 

peptides. After the first peptide was isolated from the skin secretion of a Phyllomedusa 

frog, the complex mixture of bioactive peptides existing in this was only revealed after 

a few years (Anastasi, Bertaccini, & Erspamer, 1966; C. L. Bevins & M. Zasloff, 1990). 

These bioactive peptides can be divided into several groups according to their activity, 

and even in one group, the sequences of peptides are significantly different. This situa-

tion forms the diversity of the peptides produced by the glands of Phyllomedusa skin, 

which can be related to the surroundings of these frogs, predators that various species 

of frogs have and other factors that can affect their survival (T. Chen et al., 2003). 

Erspamer made the largest contribution to the discovery of peptides from the skins of 

Phyllomedusa frogs in the first few years, and the first from a Phyllomedusa species 

had the sequence, RPPGFSPFRIY (phyllokinin), and was from Phyllomedusa rohdei 

(Daly et al., 1992). Until 1969, no other peptides from Phyllomedusa were isolated by 

other researchers.  This was mainly due to the limitations of experimental technology, 

as the isolation and the sequence determination of peptides could be only completed 

through traditional methods. Afterwards, the pharmacological activity determination 

could also only be performed using grams of peptides to obtain reliable results. There-
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fore, the researcher needed to kill hundreds of frogs and even more to isolate and char-

acterise the peptides from the skin, which was time-consuming and high risk. Viewing 

this situation, more researchers turned their focus to the evolution of experimental tech-

nology and with these developments, the numbers of frogs required for research was 

significantly reduced. Among these non-invasive technologies, the establishment of 

skin cDNA libraries was the most successful for the reason that it could help to charac-

terise the sequence of bioactive peptides from the skin secretion of frogs without killing 

them. Therefore, this made it possible to identify all existing bioactive peptides from 

only one frog. With this development (Shaw, 2009), many more bioactive peptides were 

isolated and characterised from the skins of Phyllomedusa frogs without affecting the 

ecological balance and the diversity of Phyllomedusa species (Figure 1).  

In this process, some other technologies were also very important, for instance, de novo 

sequencing and molecular cloning, which ensured the continuous growth of the discov-

ery of bioactive peptides. Besides that, new researchers focusing on research of the 

peptides from the skin of Phyllomedusa species, also guaranteed the rapid development 

of this field. Until now, hundreds of bioactive peptides have been characterised from 

the skin of Phyllomedusa species, and these peptides mainly have three different activ-

ities and can be divided into corresponding groups: antimicrobial activity, smooth mus-

cle activity and nervous system activity. In this systematisation, the main activity was 

taken into consideration, however, the secondary activities of peptides were not consid-
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ered. Different groups have different functions in the skin of frogs. The first group con-

stitute the first barrier to protect the frogs from infection and the other two groups help 

to disrupt the dynamic balance of the predator. In this work, the AMPs isolated from 

the skin of Phyllomedusa species is the main focus. 

 

Figure 1. The number of bioactive peptides found in the skins of Phyllomedusa species. 

1.2 Antimicrobial peptides (AMPs) from the skins of Phyllomedusa 

Among the active peptides produced by the skins of Phyllomedusa, although several 

groups can be divided according to their primary activity (Erspamer et al., 1981), the 

peptides with antimicrobial activity are the major group. Based on limited primary 

structural similarity and activities, most of these peptides can be divided into seven 



8 

 

distinct families or subfamilies, which are dermaseptin, dermatoxin, distinctin, phyl-

loseptin, phylloxin, plasticin and Skin Polypeptide YY (J. R. S. A. Leite et al., 2005; 

Vanhoye et al., 2004b). These peptides have significant differences in their activities 

and antibacterial mechanisms and it was revealed that distinct types of AMPs can act 

together in the skin to increase their activities with relatively lower metabolic consump-

tion, so that the Phyllomedusa can survive in even harsh environments. For example, 

when the dermaseptins were combined with other types of AMPs from the skin of Phyl-

lomedusa, their antibacterial activity was significantly enhanced (Giacometti et al., 

2007). 

1.3.1 Dermaseptin 

Dermaseptin (Table 2), the largest family of AMPs identified from the skin or skin 

secretions of Phyllomedusa species, although having some differences in their lengths, 

are obviously related as almost all are K-rich polycationic peptides and their sequences 

are quite similar (Marenah et al., 2004). Meanwhile, peptides belonging to the der-

maseptin family usually have two apparent separated lobes of hyderophobic and posi-

tive charged electrostatic surface, resulting in the coil-to-helix transition upon associa-

tion with lipid bilayers. Although dermaseptins have some differences in length and in 

sequence, they generally contain a W residue at position 3 and a highly-conserved motif 

in the central or C-terminal region. Only a few dermaseptins lack these consensus struc-

tural characteristics, like dermaseptin-S9 from Phyllomedusa sauvagii. 

Dermaseptin S1 was the first peptide belonging to this class (A. Mor, Delfour, & 
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Nicolas, 1991), and was first isolated from the dried skin secretion of Phyllomedusa 

sauvagii with 34 amino acids. It can act on Gram-positive and Gram-negative bacteria, 

and some other bacteria without damaging normal cells, and it was also found to be the 

first peptide with deadly actions against filamentous fungi associated with immunode-

ficiency syndrome or immunosuppressed individuals. Following this, dermaseptin-B1 

and dermaseptin-B2 (A. Mor, Amiche, & Nicolas, 1994), were proven to be related by 

the presence of the canonical precursor during cloning of their precursor polypeptides 

(Vouille, Amiche, & Nicolas, 1997). The latter peptide was also named adenoregulin 

as it interacted with the adenosine receptor. Both were isolated from the skin of Phyl-

lomedusa bicolor. Then, the dermaseptin family expanded quickly, with more der-

maseptins being isolated and identified from the skins or skin secretions of different 

Phyllomedusa frogs (O. Lequin et al., 2006), for instance Phyllomedusa azurea, Phyl-

lomedusa oreades, Phyllomedusa bicolor, Phyllomedusa tarsius, Phyllomedusa 

sauvagii, Phyllomedusa hypochondrialis, Phyllomedusa burmeisteri, Phyllomedusa to-

mopterna and Phyllomedusa distincta. 

The dermaseptin peptides usually have lytic activity in vitro and are cidal against Gram-

positive and Gram-negative bacteria (Rivas, Luque-Ortega, & Andreu, 2009), fungi, 

protozoa (Leishmania and Trypanosoma genus) at micromolar concentrations. Despite 

dermaseptin peptides having almost identical amino acid sequences, they show signif-

icant differences in their efficiency and cytolytic activities for various agents and the 

antimicrobial potency of these peptides was originally thought to be independent of the 
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envelope structure of bacteria. When dermaseptin S was used together with other anti-

bacterial small molecules or peptides, the antibiotic potency of the mixture increased 

greatly, even more than 100-fold. The antimicrobial potency of dermaseptin S3 was not 

affected after shortening its chain length, and only keeping the first to sixteenth amino 

acid, its antimicrobial activity was be reduced if the characteristic sequences were bro-

ken.  It could be seen that even cutting the peptide to only 10-12 amino acids, it still 

retained complete lytic activity against some bacteria (Shepherd, Vogel, & Tieleman, 

2003). Dermaseptin S3 and dermaseptin S4 can act on the intracellular membrane sys-

tems of parasites to exhibit destructive activity on the plasma membrane site, without 

affecting the membrane of other cells. Although most dermaseptin peptides were pri-

marily discovered by their antimicrobial activity, they still had some other biological 

functions which were not directly related to the killing of pathogens. The first peptide 

of the dermaseptin family, dermaseptin B2, was first identified as acting on adenosine 

receptors (Daly et al., 1992) to increase the activity of agonists and after two years, the 

peptide was also found to have the same function on G-protein coupled receptors. 
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Table 2. The structures of dermaseptins from Phyllomedusa species. 

Source                     Name                            sequence 

 

 

P. hypochondrialis Demaseptin H1 GLWKSLLKNVGVAAGKAALNAVTDMVNQ-NH2 

 Demaseptin H2 ALWKSLLKNVGVAAGKAALNAVTDMVNQ-NH2 

 Demaseptin H3 GLWSTIKNVAAAAGKAALGAL-NH2 

 Demaseptin H5 GLWSTIKNVGKEAAIAAGKAVLGSL-NH2 

 Demaseptin H7 GLWSKIKDVAAAAGKAALGAVNEAL-NH2 

 Demaseptin 1/H4 GLWSTIKNVGKEAAIAAGKAALGAL-NH2 

 Demaseptin 2 GLWKSLLKNVGVAAGKAALNAVTDMVNQ 

 Demaseptin 3 ALWKDVLKKIGTVALHAGKAAFGAAADTISQGGS 

 Demaseptin 4 GLWSTIKQKGKEAAIAAAKAAGKAVLNAASEAL-NH2 

 Demaseptin 5/H6 GLWSTIKQKGKEAAIAAAKAAGQAALGAL-NH2 

 Demaseptin 6 GLWSTIKQKGKEAAIAAAKAAGQAVLNSASEAL-NH2 

 Demaseptin 7 GLWSTIKQKGKEAAIAAAKAAGQAVLNAASEAL-NH2 

 Demaseptin AZ2 GLWSKIKDVAAAAGKAALGAVNEALGEQ 

 

P. distincta Dermaseptin 01 GLWSTILKQKGKEAAIAAAKAAGQAALGAL-NH2 

 Dermaseptin V GLWSKIKTAGKSVAKAAAKAAVKAVTNAV 

 DD Q1 ALWKNMLKGIGKLAGQAALGAVKTLVGAES 

 DD Q2 GLWKSLLKNVGVAAGKAALNAVTDMVNQ 

 DD K GLWSKIKAAGKEAAKAAAKAAGKAALNAVSEAV 

 DD L ALWKTLLKNVGKAAGKAALNAVTDMVNQ 

 DD M ALWKTMLKKLGTMALHAGKAAFGAAADTISQ 
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1.3.2 Dermatoxin 

Dermatoxin (Table 3) was discovered in the skin secretion of Phyllomedusa as a pre-

proprotein. Since the prepropeptide it exhibited was almost the same as the preproder-

maseptins, the dermatoxin was characterised originally as a structurally and function-

ally different peptide to the dermaseptin followed by hypervariable C-terminal se-

quences (T. Chen, B. Walker, M. Zhou, & C. Shaw, 2005). In contrast to the dermasep-

tin family, dermatoxins have a G/R residue at position 3, instead of the W residue at the 

P. burmeisteri DRS-DI4-like 

peptide 

ALWKNMLKGIGKLAGQAALGAVKTLVGA 

 DS VIII-like 

peptide 

ALWKTMLKKLGTVALHAGKAALGAAADTISQGA 

 dermaseptin III-

like peptide 

ALWKNMLKGIGKLAGKAALGAVK 

 

P. oreades Dermaseptin-01 GLWSTIKQKGKEAAIAAAKAAGQAALGAL-NH2 

 

P. nordestina DRS H9 GLWSTIKQKGKEAAIAAAKAAGQAALNAASEAL-NH2 

 DRS 01/H7 GLWSTIKQKGKEAAIAAAKAAGQAALGAL-NH2 

 DRS H15 GLWSKIKDVAAAAGKAALGAVNEAL-NH2 

 DRS H3/H12 GLWSTIKNVGKEAAIAAGKAALGAL-NH2 

 DRS H10 GLWSTIKNVAAAAGKAALGAL-NH2 
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same place in dermaseptins, and all contain the conserved –KGVG- sequence. The char-

acterised sequence was apparently conserved from the middle of the C-terminal se-

quence. 

Although dermatoxins cannot be connected to any other families of bioactive peptides 

which were isolated from the skin secretions of frogs, the sequences of dermatoxins 

were previously predicted to provide insight into the antimicrobial activity of these pep-

tides, and the prediction was then confirmed that peptides belonging to the dermatoxin 

family, usually have a relatively narrow, but significant antimicrobial activity spectrum. 

The dermatoxins have particular activity on the cell wall-less bacteria, like mollicutes, 

and can selectively function on Gram-positive bacteria other than on Gram-negative 

bacteria. This is mainly because the dermatoxin targets the plasma membrane and relies 

on its permeability enhancement for antimicrobial activity and might associate with ion 

channels through the peritrophic membrane. The outer membrane surrounding Gram-

negative bacteria, leads to a higher resistance to dermatoxin.  

 

 Table 3 The structures of dermatoxins from Phyllomedusa species. 
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1.3.3 Distinctin 

Distinctins (Table 4), which are also found in the skin secretions of Phyllomedusa frogs 

(Batista et al., 2001), were previously unrecorded because distinctins have a 22-amino 

acid residue chain A and a 25-amino acid residue chain B, which are connected by a 

disulphide bond between C-19 of chain A and C-23 in chain B (Dalla Serra et al., 2008; 

Evaristo et al., 2013). To date, only two distinctins have been discovered from Phyl-

lomedusa frogs, and only one peptide has been determined from P. azurea and owing 

to its similar amino acid sequence to the chain B of distinctin, it was named ppdis-H1, 

a distinctin-like peptide (Resende et al., 2008). They both possess a highly-conserved 

N-terminal sequence.  

Distinctin peptides in aqueous solution exhibit a fold of a fully symmetric parallel four 

helical bundle comprising a concealed hydrophobic pocket and exposed alkaline resi-

due. This feature can help to protect the distinctin from proteases and thus maintain its 

bioactivity after interacting with membranes (Raimondo et al., 2005). Preclinical assays 

revealed that distinctins and a mixture of distinctin with generally-used antibiotics, can 

avoid the harmful effects in central venous catheters caused by Staphylococcus aureus 

or other infections. Both the entire distinctin and its separated chains exhibit remarkable 

membrane interaction activities according to the amphipathic nature of the helical pep-

tide (Cirioni et al., 2008; Simonetti et al., 2012). The mechanism of the membrane in-

teraction of distinctin is still unknown, although many experiments have been per-
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formed and the structural identification of distinctin has been achieved. It is also sug-

gested that the peptides of the distinctin family, as well as other peptides, could selec-

tively form a transmembrane channel through their amphipathic α-helices (Becucci et 

al., 2011). 

Table 4. The structures of distinctins from Phyllomedusa species. 

 

 

1.3.4 Phylloseptin 

The first peptide belonging to the phylloseptin family was isolated from Phyllomedusa 

hypochondrialis. This was the prototype of a novel family of cationic antimicrobial 

peptides with 19-21 amino acid residues that belong to the dermaseptin superfamily 

Source Name Sequence 

P. burmeisteri Distinctin A 

chain 

ENREVPAGFTALIKTLRKCKII 

 Distinctin B 

chain 

NLVSGLIEARKYLEQLHRKLKNCKV 

P. distincta Distinctin A 

chain 

ENREVPPGFTALIKTLRKCKII 

 Distinctin B 

chain 

NLVSGLIEARKYLEQLHRKLKNCKV 

P. azurea ppdis H1 NLVSALIEGRKYLKNVLKKLNRLKEKNKAKNSKENN 
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(Table 5) (Conlon et al., 2007). Like the archetypal dermaseptins, the amino acid se-

quences of phylloseptins are almost the same, all include the highly-conserved sequence 

in the N-terminal region and an amidated C-terminal region (J. R. Leite et al., 2005). 

The peptides of the phylloseptin family are K/H-rich, most containing more than 2 His 

residues, resulting in a significant net charge and biological activity under physiological 

acidic conditions. All phylloseptins can form amphiphilic α-helix structures in mem-

brane simulation environments (Wieprecht et al., 1997). 

Although the sequence differences between the phylloseptins are small, the differences 

in their antibacterial activity and selectivity for bacteria are considerable. For example, 

the minimal inhibitory concentration (MIC) against Escherichia coli for phylloseptin-

1, isolated from Phyllomedusa hypochondrialis, was 8 μM (Zhang et al., 2010). How-

ever, when for PSN-1 (from Phyllomedusa sauvagii) (Raja et al., 2013), the MIC was 

significantly higher (80 μM). It was also found that phylloseptins have some other bio-

logical activities, such as phylloseptin-H1 from Phyllomedusa azurea, which can con-

trol the growth of and cause in vitro damage to Leishmania amazonensis and Plasmo-

diun falciparum, making phylloseptins a potential candidate drug for diseases caused 

by these organisms. Besides, the effect of phylloseptins on erythrocytes is negligible 

and they only exhibit cytotoxicity at relatively high concentrations (Kuckelhaus et al., 

2009). 
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Table 5. The structures of phylloseptins from Phyllomedusa species. 

Source                      Name                                sequence 

 

 

 

 

 

P. azurea Phylloseptin-H1 FLSLIPHAINAVSAIAKHN-NH2 

 

P. bicolor phylloseptin-B1 FLSLIPHIVSGVAALAKHL-NH2 

 phylloseptin-B2 FLSLIPHIVSGVASIAKHF-NH2 

 

P. sauvagii phylloseptin-S1 FLSLIPHIVSGVASIAKHF-NH2 

 phylloseptin-S2 FLSLIPHIVSGVASLAKHF-NH2 

 phylloseptin-S3 FLSLIPHIVSGVASLAIHF-NH2 

 phylloseptin-S4 FLSMIPHIVSGVAALAKHL-NH2 

 phylloseptin-S5 LLGMIPVAISAISALSKL-NH2 

 phylloseptin-S6 FLSLIPHIVSGVASIAKHL-NH2 

 

P. sauvagei PSN-1 FLSLIPHIVSGVASIAKHF-NH2 

 

P. tarsius phylloseptin-1 FLSLIPKIAGGIASLVKNL 

 phylloseptin-2 FLSLIPHIATGIAALAKHL 

 phylloseptin-3 FFSMIPKIATGIASLVKNL 
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1.3.5 Phylloxin 

Phylloxins are a novel family of peptides with a prototype narrow spectrum antimicro-

bial activity, both cationic and amphipathic. Only two peptides belonging to the phyl-

loxin family have been isolated from Phyllomedusa frogs, phylloxin-B1 from P. bicolor 

and phylloxin-S1 from P. sauvagii (T. B. Chen, B. Walker, M. Zhou, & C. Shaw, 2005). 

Both contain 19 amino acid residues and have extremely highly-conserved primary 

structures (only one amino acid difference at position 17), as well as similar sequences 

in their N-terminals (Table 6). Although there is no significant similarity between the 

primary structures of phylloxins and dermaseptins (T. B. Chen, Gagliardo, Walker, 

Zhou, & Shaw, 2005; T. B. Chen, B. Walker, et al., 2005), the polypeptide precursors 

of phylloxins and preprodermaseptin-B1 are quite similar and the identity in the peptide 

P. nordestina phylloseptin-H5 FLSLIPHAINAVSAIAKHF-NH2 

 phylloseptin-H6 FLSLIPTAINAVSALAKHF-NH2 

 phylloseptin-H8 FLSLLPSLVSGAVSLVKKL 

 phylloseptin-H8b FLSLLPSLVSGAVSLVKK 

 

P. burmeisteri Phylloseptin-Bu1 FLISIPYSASIGGTATLTGTA-NH2 

 Phylloseptin-Bu2 FLLSLPHLASGLASLVLSK-NH2 

 

P. tomopterna Phylloseptin-8 FLSLIPHAINAVSALAKHF-NH2 
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sequences and the cDNA 5’-untranslated regions are all higher than 60 %. So, phylloxin 

is also known as a unique member of the dermaseptin superfamily, which exhibits sim-

ilarity in the N-terminal region but remarkably difference C-terminal sequences, result-

ing in variable biological activity profiles. 

Circular dichroism spectra of phylloxin-B1 showed it has 60-70% α-helical confor-

mation and could predict that it contains amphipathic helix spanning residues 1-19. It 

is noteworthy that the antimicrobial activity of phylloxin-B1 appears to rely on the en-

velope structure of the bacteria. For instance, phylloxin-B1 had significant inhibition 

against Staphylococcus aureus and Pseudomonas aeruginosa. It was also observed that 

the antimicrobial activity of phylloxin-B1 against Gram-positive bacteria, was much 

higher than against Gram-negative bacteria (Fleury et al., 1996).  

 

Table 6. The structures of phylloxins from Phyllomedusa species. 

 

 

1.3.6 Plasticin 

The plasticin family belongs to the dermaseptin superfamily of gene-encoded AMPs. 

Only two plasticins have been found in Phyllomedusa frogs (Table 7), plastictin-B1 

from P. bicolor and plasticin-S1 from P. sauvagii (Amiche, Ladram, & Nicolas, 2008; 
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Vanhoye et al., 2004a). They usually contain 23-29 amino acid residues, are G/L-rich 

and have almost the same sequences, hydrophobicities and amphipathicities (Bruston 

et al., 2007; El Amri et al., 2006), but have significant differences when it comes to 

their spectra of activity and anionic and zwitterionic membrane-interactions. Plasticins 

have greater conformational flexibility than amphipathic helical dermaseptins because 

plasticins can adopt helices, unstable helix states, β-hairpins, β-sheets, and disordered 

states. Also, these structural features allow the plasticins to bind to and destroy cell 

membranes and modulate intracellular targets, resulting in various functions. Both pep-

tides are cationic, contain K residues, and display potent broad spectrum antimicrobial 

activity and haemolytic activity. Besides, they both contain the zipper motif with two 

glycine residues, which was reported as the main factor in building the transmembrane 

and peptide helices (El Amri, Bruston, Joanne, Lacombe, & Nicolas, 2007; Joanne et 

al., 2009).  

The residue at position 8 of the plasticins, which is necessary for the structural mallea-

bility, determines that plasticins can sometimes fold into β-hairpin-like structures 

(Bruston et al., 2007), like other peptides from Phyllomedusa frogs. Generally, the con-

formational stability of peptides has no major influence on antimicrobial activity, how-

ever, marked differences in antimicrobial abilities could be observed in plasticins with 

different conformations. The β-hairpin-like structures in the plasticins can act as a lock 

to help prevent the structure of the plasticin in solution transfering to α-helix, which 
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could reduce its antibacterial activity and leads to the difference between different pep-

tides of the plasticin family. In addition, the distinct interfacial behaviours of plasticins 

are also influenced by the distribution of charges and their structural tautomorphism at 

the membrane interface. For instance, the antimicrobial activity of plasticin-B1 was 

reduced when lowering its positive net charge. 

 

Table 7. The structures of plasticins from Phyllomedusa species. 

 

 

1.3.7 Skin polypeptide YY 

Until now, only one peptide isolated from Phyllomedusa bicolor, belongs to the skin 

polypeptide YY family (A. Mor & P. Nicolas, 1994), which is contained in the Neuro 

Peptide Y family. The peptides belonging to this large family usually have several sig-

nificant pharmacological effects, not only antimicrobial activity but also some regulat-

ing functions in vivo, which are all essential to our health (Vouldoukis, Shai, Nicolas, 

& Mor, 1996). 

In the species of Phyllomedusa, no other peptides of the neuropeptide Y family were 

found except for the skin polypeptide YY, which has 36 amino acid residues (Table 8). 

Although no other types of neuropeptide Y family peptides were found, it can be clearly 
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seen from the amino acid residues of the skin polypeptide and the peptide YY isolated 

from other species, that their sequences are very similar, more than 90% (Conlon, 

Chartrel, & Vaudry, 1992). Besides this, only in positions 7 and 18, are the amino acid 

sequences of the former two peptides different.  

 

Table 8. The structure of polypeptide YY from Phyllomedusa species. 
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1.3 Aims and objectives of this research 

1) The skin secretion of Phyllomedusa camba will be collected through the method 

of electrical stimulation. 

2) mRNA  in the skin secretion will be separated. 

3) 3’-cDNA  and 5’-cDNA  libraries of Phyllomedusa camba skin secretion will 

be constructed. 

4) The cDNA  sequences will be obtained through molecular cloning and a 

potential bioactive peptide will be chosen. 

5) The novel peptide encoded will be synthesised via solid phase peptide synthesis 

and structurally determined through use of MALDI-TOF-MS. Then  the crude 

peptide will be purified  through use of RP-HPLC, to  a level of purity permitting 

biological evaluation. 

6) Antimicrobial assays and haemolysis assays will be performed to assess the 

bioactivities of the chosen novel peptide. 

 This study aims to develop a novel peptide with potential antimicrobial activity or 

some other activities from Phyllomedusa camba, and to make it possible to develop 

it into clinical use. Through all of this work, my research abilities in both conducting 

experiments and using instruments will be improved greatly and will be invaluable 

to me in my future career.
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Chapter 2 

 

Materials and Methods 
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1.1 Specimen biodata and secretion harvesting 

Adult specimens of Phyllomedusa camba (n=3) were obtained from commercial 

sources (PeruBiotech E.I.R.L., Lima, Peru). Before harvesting the skin secretion, all 

frogs were cultivated in the purpose-designed amphibian facility for at least four months, 

conditioned at 20-25°C with 12 h/12 h light/dark cycle and the frogs were fed with 

multivitamin-loaded crickets three times per week. All the experimental animal proce-

dures were performed in the animal facility in Queen’s University Belfast.  

The method which was used to obtain secretions from frog skin was gentle transdermal 

electrical stimulation (6V DC; 4 ms pulse-width; 50Hz) through platinum electrodes 

for two periods of 20 s duration. In particular, a bipolar electrode of 21 G platinum was 

employed on the moistened dorsal skin surface to facilitate the generation process. This 

method could induce glands to release secretions without hurting animals. Bipolar elec-

trodes were used to stimulate the skin to generate the secretions. Then the skin secre-

tions were washed from the skin surface by deionised water, snap-frozen in liquid ni-

trogen, lyophilised and stored at -20 °C prior to analysis. The study was performed 

according to the guidelines in the UK Animal (Scientific Procedures) Act 1986, project 

license PPL 2694, issued by the Department of Health, Social Services and Public 

Safety, Northern Ireland. Procedures had been vetted by the IACUC of Queen’s Uni-

versity Belfast, and approved on 1st March, 2011. 

1.2 Molecular cloning 

1.2.1 mRNA isolation 
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Isolation of polyadenylated mRNA from the obtained secretion was using a Dyna-

beads® mRNA DIRECT™ Kit (Dynal Biotech Ltd, UK). The poly-A mRNA was iso-

lated from the lyophilised skin secretion through hybridising to the bead-bound oligo-

dT and eluting from the Dynabeads afterwards in several steps as follows. To avoid 

ribonuclease contamination, all the equipment that used for the experiment was steri-

lized with 70% ethanol, and gloves were required to be worn at all times. 

Preparation of skin secretion 

Five milligrams of crude lyophilised skin secretion of Phyllomedusa camba were dis-

solved in 1 ml Lysis/Binding Buffer in a 1.5ml tube (Ambion, USA). The 1.5 ml tube 

was vortexed for 1 min and put on ice from time-to-time for cooling and inhibiting the 

activity of RNase. After repeating 10 times (20 min in total), the dissolved sample was 

centrifuged at 14000 x g for 5 min in the centrifuge 5424 (Eppendorf, Germany) to 

make sure any sediment was at the bottom of the tube, and the tube was put on ice for 

subsequent experiments. 

Preparation of Dynabeads® Oligo (dT)25 beads 

Dynabeads® Oligo (dT)25 (5 mg/ml) beads were resuspended by gently circling before 

transferring 250 μl of the suspension to a 1.5 ml RNase-free tube. The tube was put on 

the magnetic rack and shaken for bead washing. Then, the supernatants were removed 

and 250 μl Lysis/Binding Buffer were added. The bead washing process was repeated 

two times before all the supernatants were discarded. After that, the tube was put back 

on the magnet bar. 
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Hybridisation between the poly-A mRNA and bead-bound oligo-dT  

The prepared secretion sample was totally transferred into the 1.5 ml tube with the pre-

pared beads. For mixing of the beads and the sample lysate, the tube was blended by 

slowly and gently shaking for 1 min at room temperature for the hybridization of the 

poly-A tail of mRNA and oligo-dT on beads, then put on ice for 30 s. This step was 

repeated 12 times (18 min in total). After that, the supernatants were discarded com-

pletely by placing on the magnetic rack. 

Washing 

The beads hybridized with mRNA were washed by Washing Buffer A three times and 

Washing Buffer B two times at room temperature, respectively. The buffer in the tube 

was totally removed after the last wash to ensure the successful of the following exper-

iments. 

Elution 

Tris-HCl was chosen as the elution buffer. 18 μl Tris-HCl was added to the 1.5 ml tube 

dropwise, to ensure all the beads were dispersed into the fluid. After flicking gently, the 

mixture was incubated in a heating block (Grant, Cambridge, UK) at 80°C for 2 min to 

separate the mRNA from the beads. Then, the tube was placed on the magnetic rack 

immediately and the supernatant was transferred into a new 0.2 ml RNase-free PCR 

tube on ice as soon as possible for 2 min. 

1.2.2 cDNA library construction 
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To avoid the degradation of mRNA, synthesis of first-strand cDNA was required. Con-

struction of cDNA libraries were performed with A BD SMART™ RACE cDNA Am-

plification Kit (BD Biosciences, UK). The cDNA for 5’-RACE was synthesised using 

a modified lock-docking oligo (dT) and the BD SMART II™ A Oligonucleotide. The 

modified lock-docking oligo (dT), termed the 5’-RACE CDS Primer (5’-CDS), has two 

generate nucleotide positions which can help to eliminate the 3’ heterogeneity inherent 

with conventional oligo (dT) priming. The 3’-RACE-Ready cDNA was synthesised by 

a reverse transcription reaction with 3’-RACE CDS Primer, which also contains the 

lock-docking nucleotide positions. 

1.2.2.1 Preparation of Sample 

Preparation of mixture 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 RT-PCR reaction.  

 

Table 2.1. The components of the 3’ RACE cDNA reaction. 

Component Final Volume Final Concentration 

RNA sample 4 μl 10-1000 ng 

3’-RACE CDS Primer 1 μl 12 μM 

Master Mix 4 μl - 

Reverse Transcriptase 1 μl 10 unit 
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Preparation of mixture 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.  

 

Table 2.2. The components of the 5’ RACE cDNA reaction. 

Component Final Volume Final Concentration 

RNA sample 3 μl 10-1000 ng 

5’-RACE CDS Primer 1 μl 12 μM 

BD SMART II™ A Oligonucleotide 1 μl 12 μM 

Master Mix 4 μl - 

Reverse Transcriptase 1 μl 10 units 

 

Preparation of Master Mix  

Table 2.3. The components of the Master Mix. 

Reaction Component Final Volume Final Concentration 

5 × First-Strand Buffer 2 μl 1 × 

Dithiothreitol (DTT; 20 mM) 1 μl 2 mM 

dNTP Mix (10 mM) 1 μl 1 mM 

 

1.2.2.2 Reverse transcription polymerase chain reaction (RT-PCR) 

The mRNA sample and 3’-RACE CDS primer or the mRNA sample, 5’-RACE CDS 

primer and BD SMART II™ A Oligo were mixed well in the tube without air bubbles. 
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After a brief centrifugation, the mixture was incubated in the heating block at 70°C for 

2 min, and then put on ice for 2 min. In the meantime, the Master Mix solution was 

prepared and mixed well, 4 μl prepared Master Mix was added to each tube and pipetted 

completely. After that, the Reverse Transcriptase was employed, and directly added 

into each 0.2 ml PCR tube and pipetted completely. Finally, the tubes were micro-cen-

trifuged to collect all contents at the bottom without bubbles and incubated in the ther-

mal cycler (Applied Biosystems, UK) at 42°C for 1.5 h to complete the reverse tran-

scription reaction. 

1.2.2.3 Concentration dilution and fault correcting 

When the reverse transcription reaction was finished, the first-strand samples were di-

luted by 50μl deionised water. Then, five PCR tubes were micro-centrifuged and incu-

bated in the thermal cycler at 72 °C for 7 min to proofread the faults in the reaction and 

inactivate some enzymes such as Reverse Transcriptase. At this point, 3’- and 5’-RACE 

Ready cDNA templates were obtained and stored in a universal tube to prevent the 

cross-species contamination at -20 °C for up to three months.  

1.2.3 Rapid amplification of cDNA ends-Polymerase chain reaction (RACE PCR) 

Preparation of Master Mix for RACE PCR reaction 

The following components were combined and mixed well by pipetting and an extra 

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

tion. 
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Table 2.4. The components of one RACE-PCR reaction. 

Component Final Volume Final Concentration 

PCR-Grade water 3.1 μl - 

10X BD Advantage II PCR Buffer 1.5 μl 1 X 

dNTP Mix 0.2 μl 0.2 mM 

NUP Primer 0.5 μl 20 μM 

Sense Primer 0.5 μl 20 μM 

50 × BD Advantage II Polymerase Mix 0.2 μl 15 μM 

3’ RACE-Ready cDNA templates 10 μl 10-1000 ng 

*The 3’ RACE-Ready cDNA templates were substituted with water in the neg-

ative control. 

*Sense primer: 5′- ACTTTCYGAWTTRYAAGMCCAAABATG-3′ (Y=C + T, 

W = A + T, R = A + G, M = A + C, B = T + C + G); primer annealing temper-

ature is 58 oC. 

 

3’ RACE-Ready cDNA amplification 

Twenty-four microliters prepared Master Mix was allocated into two well-prepared 

PCR tubes, which contain 10 μl of 3’ RACE-Ready cDNA templates and 10 μl PCR 

water, respectively. After mixing completely, the solutions in the two tubes were di-

vided into four PCR tubes. All the reagents were pipetted completely and micro-centri-

fuged to collect all contents at the bottom without bubbles. Finally, the RACE-PCR 

programme with a gradient temperature was set and commenced in the thermal cycler 

as follows. After all the cycles above wrre completed, the samples were stored at 4°C 

until used. 
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Table 2.5. The PCR programme of the RACE-PCR reaction. 

Stage Parameter 

1 Initial denaturation at 94°C for 1 min 

2 40 cycles (denaturation at 94 °C for 20 s, primer annealing at 

(54±1 °C) for 10 s, extension at 72 °C for 4 min) 

3 Final extension at 72 °C for 10 min 

 

1.2.4 Agarose gel electrophoresis 

The PCR products were analysis by gel electrophoresis. DNA chains have a negative 

charge and would move to the positive charge under in an electrical field. Different 

sizes of DNA fragments will move at different rates in the electrical field and hence 

PCR products could be separated. 

Preparation of 1.5% agarose gel 

Thirty-five microliters fresh working 1X TBE Buffer (Invitrogen, UK) and 0.45g aga-

rose were mixed in an Erlenmeyer flask and dissolved in a microwave oven for 2min 

until the agarose was dissolved completely. After cooling to around 60 °C, 2.5 μl eth-

idium bromide (EtBr, 10 mg/mL) (Invitrogen, UK) was added into the flask and mixed 

completely when the agarose had cooled. The agarose was poured into a gel tray with 

well combs and black blocks settled in place, then the tray was filled with TBE buffer. 

When the agarose was solidified totally (about 20min), the well combs and black blocks 

were taken out vertically and gently, so the integrity of the agarose could be ensured. 

More TBE buffer was transferred into the tray to make sure the gel was submerged. 
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Sample loading and electrophoresis 

Two-point-five microliters of a standard DNA ladder (Invitrogen, UK) composed of 

several fragments of known molecular weight, were loaded carefully into the first well 

of the agarose gel to measure the size of DNA fragments. 1.5 μl of samples and 0.5 μl 

of loading dye (0.25% bromophenol blue, 15% Ficoll 400 in TAE) were mixed well 

and loaded carefully into the other lanes in order. After that, the electrodes were inserted 

and charged to 90 v and the samples travelled through the gel from the negative elec-

trode to the positive electrode for 30 min until the dye front migrated approximately 

two-thirds of the way down the gel. The gel was then removed and analysed by a UV 

Transilluminator (Davidson & hardy, UK). 

1.2.5 PCR product purification 

Rapid purification of PCR products was performed in an E.Z.N.A.® Tissue DNA Kit 

(Omega, Norcross, UK), in which the double-stranded DNA could be selectively bound 

to the cartridge containing silica-based filter membranes after the DNA products were 

mixed with the binding solution, and the DNA polymerases, remaining primers and 

other impurities were removed during washing steps and purified DNA products could 

be collected. 

DNA binding with the filter membranes 

The DNA amplification samples from the previous steps were mixed together and trans-

ferred into a 1.5 ml RNase-free tube. Then, quintuple CP Buffer was added into the 1.5 



34 

 

ml tube with pipetting completely, all the solutions were transferred drop by drop to the 

centre of the filter cartridge of the Hi-Bind® DNA Mini Column with a 2 ml collection 

tube outside. Afterwards, the tube was centrifuged at a speed of 13000 x g for 1 min to 

combine the DNA to the surface of the silica-based filter membranes and the impurities 

were removed with the solution. The filtrate was discarded and the collection tube was 

placed back into the cartridge. 

DNA Washing 

Seven-hundred microliters of DNA Washing Buffer (diluted with absolute ethanol) 

were added into the cartridge and centrifuged at 13000 x g for 1 min for DNA washing. 

Subsequently, the filtrate was discarded and the collection tube was reused. 500 μl DNA 

Washing Buffer were added and the washing procedure was repeated. Finally, the 

empty cartridge with collection tube was centrifuged at the maximum speed of 13000 

x g for 2 min to dry the column matrix and remove ethanol completely which may 

interfere with the downstream applications, and the collection tube was discarded. 

DNA elution 

The Hi-Bind® DNA Mini Column was transferred into a fresh 1.5 ml RNase-free tube 

for DNA collection. Then, 30 μl of deionised water were added directly to the centre of 

the cartridge for DNA elution. After putting the tube at room temperature for 2 min, the 

cartridge with the new 1.5 ml collection tube was centrifuged at 13000 x g for 1 min to 

collect all DNA products in the filtrate. Then, the Hi-Bind® DNA Mini Column was 
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discarded and the collection tube with purified DNA products was retained and concen-

trated in a concentrator (Eppendorf, Hamburg, Germany) for about 50 min to dry the 

DNA sample and drive the ethanol away thoroughly. After evaporation, the DNA sam-

ple was stored at -20°C. 

1.2.6 Ligation 

A pGEM®-T and pGEM®-T Easy Vector (Promega, USA) kit was used 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 and one 

vector can only take up one piece of DNA. So the ligation procedure allowed the DNA 

to be separated from each other.  

Reagent preparation 

An appropriate amount of PCR water (2-8μl) was added to purified products for resolv-

ing according to the brightness of the DNA bands through gel electrophoresis. The 

brighter the DNA bands were, the more water the sample needed. The mixture was 

vortexed briefly for 1 min and kept on ice for 30 s. After that, it was micro-centrifuged 

briefly to collect all contents at the bottom. This step was repeated five times for resus-

pension. 2 × Rapid Ligation Buffer was vortexed vigorously without centrifuging to 

avoid frequent changes in temperature to prevent the degradation of ATP. The pGEM®-

T Easy Vectors were micro-centrifuged briefly without vortexing to avoid damaging its 
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cyclic structure. The T4 DNA Ligase was also micro-centrifuged briefly without vor-

texing as the enzyme may be broken. 

Ligation between DNA and vector 

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

RNase-free PCR tube.  

 

Table 2.6. The components of the ligation reaction. 

Component Volume Final Concentration 

2X Rapid Ligation Buffer,20mM MgCl2 2.5 μl 1 X 

pGEM®-T Easy Vectors 0.5 μl 50 ng/μl 

PCR Products 1.5 μl 10-1000 ng 

T4 DNA Ligase 0.5 μl 3 Weiss units 

 

The ligation reaction product in tube was incubated for 1 h at room temperature and 

then incubated at 4°C overnight (16-18 h) in the thermal cycler. The vectors with a 3’ 

single terminal thymidine (T) in the insertion site were re-cyclised with a single guano-

sine (A)-ending DNA sequence derived from Taq DNA Polymerase through A-T base 

pairing. 

1.2.7 Transformation 

For gene expression, the recombinant vectors were used to transform the activated cells. 

Preparation of LB/ampicillin/IPTG/X-Gal plates 
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6.4 g LB agar (Invitrogen, UK) was weighed and dissolved in 200 ml deionised water 

in a flask. Then, the flask was autoclaved for sterilisation. 550μl ampicillin were added 

into the heated agar solution and shaken well to a final concentration of 100 μg/ml. This 

was to select the bacteria with the specific antibiotic resistance gene. Then, 10~11 ml 

of melted agar solution were poured into each Petri dish and the Petri dishes were 

swirled in a circular motion to distribute agar evenly. After drying, 100 μl IPTG as an 

inducer was added and spread over the surface evenly which induced the expression of 

lacZ gene. Subsequently, 20 μl X-Gal as a chromogenic substrate, were added and 

spread over the surface completely in a dark environment and this reacted with β-ga-

lactosidase and was detected by a colour change. Finally, all the plates were activated 

in an incubator for 30 min at 37°C (upside down), and then the plates were ready for 

cell or bacterial culture. In addition, the LB agar plates without IPTG and X-Gal could 

be stored at 4°C for up to one month. 

Transformation 

Ligation reaction products were transferred into a 1.5 ml RNase-free tube without pi-

petting and the competent cells of E. coli were removed from -80°C storage and de-

frosted on ice for 4 min until all were thawed and clarified. Then, 60 μl of E. coli were 

transferred quickly into the 1.5 ml tube containing 2.3μl ligation reaction products. Af-

ter mixing by gently flicking and tapping at the bottom of the tube three times, then the 

tube was placed back to ice for 20 min. Next, the 1.5 ml tube was heat-shocked at ex-

actly 42°C for 47 s and returned immediately onto ice for at least 2 min. Finally, 950 μl 
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SOC medium were added into the 1.5 ml tube slowly and gently and the tube was in-

cubated at 37°C for 2.5 h at a shaking rate of 150 rpm to grow bacteria. 

Plating and culture for amplification 

One-hundred microliter of transformation suspensions were transferred and spread over 

the surface of LB/ampicillin/IPTG/X-Gal plates with three replications and all plates 

were incubated upside down at 37°C overnight (14-15 h) for bacterial culture and DNA 

amplification.  

1.2.8 Blue and white colony screening 

There were three kinds of colonies found growing on the LB/ampicillin/IPTG/X-Gal 

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

colonies with a blue dot. Only pure white colonies, 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 were picked 

up and transferred into three new LB/ampicillin/IPTG/X-Gal plates by streaking with-

out 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 (14-15 h) for 

subculture and further selection. 

1.2.9 Isolation of recombinant DNA by cloning PCR 
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A single DNA was isolated and amplified by the cloning PCR reaction, in which the 

M13 Forward Primer (5’-GTAACGCCAGGGTTTTCCCAG-3’) and M13 Reverse 

Primer (5’-TGTGAGCGGATAACAATTTCAC-3’) bound to the 5’ and 3’ ends of in-

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

Bacterial harvesting 

Each plot with bacteria in the pure white colonies was harvested from the plates and 

transferred into a 0.5 ml tube containing with 20 μl deionised water for suspension. 

Then, several samples of bacteria were obtained for recombinant DNA isolation.  

Vector release 

The tubes were heated to 100°C for 5 min and then placed in the ice bath immediately 

for 5 min to cool down. Then, each tube was vortexed for 30 s and kept on ice. After 

centrifuging at the maximum speed for 5 min, the cell walls were broken up and the 

vectors were released, thus the supernatants containing recombinant DNA were ob-

tained. 

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 2.7. The components in each cloning PCR reaction. 

Component Final Volume Final Concentration 

dNTP Mix 1 μl 0.2mM 

PCR-Grade water 31 μl - 

5 × Cloning PCR Buffer 10 μl 1 X 

M13 Forward Primer 2.5 μl 5 μM 

M13 Reverse Primer 2. 5 μl 5 μM 

Taq Polymerase enzyme 0.25 μl units 

DNA template  2.5 μl 10-1000 ng 

*The Master Mix includes PCR-Grade water, dNTP Mix, Cloning PCR Buffer, 

M13 Forward Primer and M13 Reverse Primer for 14 reactions. 

 

Isolation of recombinant DNA by cloning PCR 

Master Mix was allocated into each PCR tube respectively and pipetted completely, 

and 2.5 μl supernatants containing recombinant DNA were added into each tube in 

proper order and pipetted symmetrically. All of the PCR tubes were micro-centrifuged 

briefly to collect all contents at the bottom without bubbles. 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 programme was set up 



41 

 

and involved three main steps: denaturation, primer annealing and extension (Table 2.8). 

After all the cycles above were completed, the samples were stored at -20°C until use. 

 

Table 2.8. The PCR programme of the cloning-PCR reaction. 

Stage Parameter 

1 Initial denaturation at 94°C for 1 min 

2 31 cycles (denaturation at 94 °C for 30 s, primer annealing at 55 °C 

for 30 s, extension at 72 °C for 3 min) 

3 Final extension at 72 °C for 3 min 

 

1.2.10 Agarose gel electrophoresis analysis 

The procedure was the same as that described in section 2.2.4. 

1.2.11 Purification of selected PCR product  

The procedure was almost the same as that in section 2.2.5, the only difference was that 

the PCR water with the products of cloning PCR was retained without concentrating. 

1.2.12 DNA sequencing reaction 

A Big Dye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, California, 

USA) and an ABI 3100 automated capillary sequencer were utilised in the DNA se-

quencing reaction in which the sequence was detected by fluorescence during DNA 

extension and termination processes. The main advantage of the dye-terminator se-

quencing method is that only one reaction is needed, which is much more convenient 

than the labelled-primer method. 
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Preparation of mixture for sequencing PCR reaction 

Four optimal DNA samples were chosen for the sequencing reaction and 10 μl of M13 

Forward Primer were diluted in 52.5 μl PCR-Grade water. 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 2.9. The components of a sequencing PCR reaction. 

Component Final Volume Final Concentration 

PCR-Grade water 12.4 μl - 

5X Sequencing Buffer 3.57 μl 1 X 

M13 Forward Primer 1.14 μl 0.8 μM 

Terminator Ready Reaction Mix  2.86 μl - 

DNA template  2.5 μl 10-1000 ng 

 

DNA sequencing reaction 

Prepared master mix and 2.5 μl sample were mixed well in 0.2 ml PCR tubes and the 

sequencing PCR reaction was set and commenced using the following programme. Fi-

nally, the four sequencing products were stored at -20°C. 

 

Table 2.10. The PCR programme of sequencing reaction PCR. 

Stage Parameter 

1 Initial denaturation at 96°C for 1 min 
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2 31 cycles (denaturation at 96 °C for 20 s, primer annealing at 55 °C 

for 10 s, extension at 60 °C for 4 min) 

3 Preservation at 4°C for 7 min 

1.2.13 Purification of extension products 

Ethanol purification 

The sequencing reaction tubes were centrifuged to collect the solution on the bottom, 

and 72 μl of 95% ethanol were added into the tube with sequencing reaction products 

and pipetted vigorously. After that, all the solutions were transferred into a 1.5 ml tube 

with 10 μl PCR-Grade water. After vortexing for about 20 s, the tubes were kept at 

room temperature for 20 min to precipitate the extension products and then centrifuged 

at the maximum speed of 10000 x g for 20 min. The supernatants were immediately 

discarded as cleanly as possible with separate pipette tips for each sample, because the 

unincorporated dye terminators were contained in the solution. After that, 260 μl 70% 

ethanol were added into each 1.5 ml tube with sequencing reaction products and mixed 

well, and the tubes were vortexed for 30 s, then centrifuged as in former steps. Then the 

supernatants were discarded quickly with tips. Afterwards, the tubes were kept in a 

heating block at 95°C for 2 min, then placed on the ice box for another 2 min, repeating 

this step 3 times. Finally, the samples were dried in a concentrator for 3 h and the re-

mained ethanol was driven away. All tubes were then sealed with parafilms and kept at 

room temperature until use. 

1.2.14 Sequencing 
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The purified DNA products were heated in the heating block at 95°C for 1 min and then 

placed at room temperature for 1 min with the caps open. After repeating 3 times, 10 μl 

HiDi formamide were transferred to each tube for denaturation of DNA. Then, the mix-

tures were vortexed and centrifuged. After that, the tubes were heated at 95°C for 4.5 

min and placed on ice immediately for 3 min with the caps closed at each step. The 

samples were transferred to a 96-well plate and sequenced on an ABI 3100 automated 

sequencer (Applied Biosystems, Foster City, CA, USA). The elongation of DNA 

strands in the solution was terminated by the modified ddNTPs randomly and detected 

by fluorescence.  

Sequence analysis 

The exact recognition site with the sequence AATTCGATT from the pGEM®-T Easy 

Vectors and a series of guanosine endings were recognised in the results. The middle 

sequences were regarded as targeted sequence and translated into amino acid sequence 

through the translation tool on ExPASy Molecular Biology Server 

(http://web.expasy.org/translate/). Besides, some useful bioinformatics websites 

(http://heliquest.ipmc.cnrs.fr/; http://www.uniprot.org/) can be utilised in prediction 

and analysis of the signal peptide, mature peptide and secondary structure. At this point, 

the putative nucleotide and translated open reading frame amino acid sequences of 

cloned cDNA encoding precursor was obtained and subjected to further mass spectrom-

etry identification. 

1.3 Solid phase peptide synthesis 
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Solid phase peptide synthesis (SPPS) is a standard method for synthesising peptides in 

the laboratory. The mechanism of SPPS is one of the repeated cycles of deprotection-

coupling-final deprotection. The deprotection process is performed with an alkaline sol-

vent, like piperidine, to remove the protecting group (Fmoc) from the amino acid mon-

omers. The coupling process is mainly about the carboxyl group of the next amino acid 

is activated by the activator (HBTU) and then can bind to the deblocked amino acid to 

form an amide bond. The final deprotection will be performed until all the amino acid 

are attached to remove the protection group of the last amino acid with TFA. After each 

reaction, the washing step will be performed to remove excess reagents and other re-

siduals. 

The novel mature peptide was chemically-synthesised by solid phase Fluorenylmethox-

ycarbonyl (Fomc) chemistry in a PS4 automated solid-phase synthesiser (Protein Tech-

nologies, Inc, Tucson, AZ, USA). The unequivocal primary structure of the novel pep-

tide was established as follows: ALWKDLLKNVGKAAGKAVLNKVTDMVNQ-

NH2.  

1.3.1 Peptide synthesis 

For synthesising 0.3 mmol of peptide, each amino acid and the activator HBTU [2-(1H-

benzotriazol-1-yl)-1,1,3,3-tetramethyluronium] should be four times excess (1.2 mmol). 

After weighing the needed amino acids and HBTU, 0.3 mmol rink amide resin was 

weighed into the reaction vessel just before synthesis. Before the carousel was loaded 

with amino acid vials, the inline solvent filters and source of nitrogen needed to be 
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checked as were the reagent bottles to ensure that sufficient reagent vessel and amino 

acid vials were loaded. The dimethylformamide (DMF) was used to wash the vessel, 

and 20% (v/v) piperidine in DMF was used to deprotect the Fmoc protecting groups. 

Each amino acid residue was activated and coupled using 11% (v/v) N-Methylmorpho-

line (NMM) in 89% (v/v) DMF combined with activator HBTU. Finally, degassed di-

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

synthesis reaction. 

1.3.2 Peptide cleavage and rotary evaporation 

The washed and dried resin was taken off the reagent vessel for weighing, then it was 

transferred into a flask with a stirrer. According to the weight of resin, the cleavage 

cocktail (25ml/g resin) was prepared by the mixture of 94% (v/v) trifluoroacetic acid 

(TFA), 2% (v/v) phenol, 2% (v/v) water and 2% (v/v) TIPS. The cleavage and depro-

tection reaction was allowed to proceed at room temperature for 2 h. After that, the 

mixture was suction filtered using the Buchner funnel and the solution was evaporated 

by the rotary evaporator (VWR, Pennsylvania, USA).  

1.3.3 Peptide washing 

The mixture was transferred to a 50ml universal tube, then 45ml diethyl ether was added. 

The tube was covered with pierced tinfoil and placed at 4oC overnight. After that, the 

tube was centrifuged at the speed of 5000 x g for 5 min to remove the supernatants as 

cleanly as possible. Holes were made in the tinfoil and the tube was placed at room 

temperature for drying the remaining ether.  
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1.3.4 Peptide lyophilisation 

The mixture of 10 ml TFA/water/acetonitrile (0.5/19.95/80, v/v) (Buffer B) and 10 ml 

TFA/water (0.5/99.95, v/v) (Buffer A) were added to the tube. After the mixture was 

vortexed until all solid was dissolved. Tinfoil with holes was used to seal the tube before 

the sample was placed into an Alpha 1-2 freeze-drying system (Martinchrist, Germany). 

Finally, the lyophilised peptide was weighed and stored at -20°C in the freezer.  

1.3.5 Peptide yield calculation 

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

Property Calculator (http://pepcalc.com/). The yield of the peptide was then calculated 

to assess the success of the peptide synthesis. 

1.4 Reversed-phase high performance liquid chromatography (RP-HPLC) 

Reversed-phase high performance liquid chromatography (RP-HPLC) is widely used 

to separate, identify and quantify each component in a mixture though a stationary and 

a mobile phase. It works though pumping a pressurized liquid mobile phase and a sam-

ple mixture through a column filled with a solid phase stationary phase. Depending on 

different adsorptive characteristics, the components of the sample mixture are separated 

from each through interaction with solid support and elution at different concentrations 

of mobile phase. 
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Here, the RP-HPLC was applied to purify the crude lyophilized peptide. 1mg/ml of 

crude peptide was prepared with the buffer A and B. The clear supernatants were ob-

tained after centrifuging and subjected to RP-HPLC. Jupiter C5 column (250nm * 4.6 

mm, Phenomenex, UK) was used on a Cecil Adept CE4200 HPLC system (Cecil, Cam-

bridge, UK) with 214nm wavelength detection. The gradient was from 100 % Buffer A 

to 100% Buffer B over 80 min at a flow rate of 1 ml/min. The fractions were collected 

and the column was washed by Buffer B for 30min before the system was switched off 

1.5 Peptide analysis by matrix-assisted laser desorption ionisation time-of-flight 

mass spectrometry 

The molecular masses of each peak were further analysed using MALDI-TOF mass 

spectrometry (Voyager DE, PerSeptive Biosystems, Framingham, MA, USA), on a lin-

ear time-of-flight Voyager DE mass spectrometer 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%. For each 2μl fraction, 1μl excess 

matrix was needed for enhancing the intact desorption and ionization of sample and to 

isolate individual sample molecules depending on its mass-to-charge (m/z) ratio. 

Through the result, the fraction containing the pure peptide could be collected and sub-

jected to lyophilisation and biological activity assays. 

1.6 Antimicrobial assays 

According to the antimicrobial assays, the minimum inhibitory concentration (MIC) 

and the minimum bactericidal concentration (MBC) of peptide against Gram positive 
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bacteria, Gram negative bacteria and yeast will be calculated. MIC is defined as the 

lowest concentration of a bacteriostatic that will inhibit the visible growth of a micro-

organism after overnight incubation. It is a basic method to determine the potency of 

antimicrobial peptides. MBC was applied to test the lowest concentration of agent ca-

pable of killing more than 99.9% of a microorganism. 

Three typical model microorganisms, Gram-positive bacterium Staphylococcus aureus 

(S. aureus, NCTC 10788), the Gram-negative bacterium Escherichia coli (E.coli, 

NCTC 10418) and the pathogenic yeast Candida albicans (C. albicans, NCPF 1467), 

were used in the antimicrobial assay to determine the antimicrobial potency of the dis-

covered peptide. 

1.6.1 Microorganism inoculation 

For each microorganism, one bead of frozen culture was taken from the freezer into a 

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

a McCartney bottle with 20ml MHB were incubated in the orbital incubator (Stuart, 

UK) at a speed of 150 rpm at 37°C overnight. 

1.6.2 Peptide preparation  

Synthetic peptide was prepared in dimethyl sulphoxide (DMSO), and a doubling dilu-

tion gradient was made from 512μM to 1μM.  

1.6.3 Subculture 
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Five-hundred microliters of organism suspension was transferred to the pre-warmed 

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

in the orbital incubator (Stuart, UK) at the same situation to cultivate until log phase 

growth was reached. At log phase, the optical density (OD) of each microbial subculture 

was shown in Table 2.10. A colorimeter (Biochrom, UK) was used to detect the OD of 

each microbial subculture. The machine was set to 550nm wavelength before samples 

were read. 1ml MHB was transferred to a plastic cuvette as a blank, and the equivalent 

subculture solution was added to another plastic cuvette. After adjusting baselines ac-

cordingly, the sample were analysed. Each of the microbial subcultures was transferred 

in appropriate volume to a Petri dish and MHB was added until the bacteria concentra-

tion reached 5*105 cfu/ml 

Table 2.11. The appropriate OD values for the three microorganisms used. 

Organism Incubation time OD Final Concentration (cfu/ml) 

S. aureus 1.5 h 0.23 108 

E. coli 1.0 h 0.41 108 

C. albicans 0.5 h 0.15 106 

*cfu: colony-forming units 

1.6.4 Minimum inhibitory concentration (MIC) measurements 

For each concentration, the experimental group contained five samples, which con-

sisted of 1μl of peptide solution and 99μl microbial suspension. The control groups 

include 100 μl of bacterial suspension as growth control, 1μl DMSO mixed with 99 μl 

microbial suspensions vehicle control and 1μl DMSO plus 99μl MHB constituted the 
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negative control. Both experimental groups and control groups were loaded into 96-

well plates followed by 37°C incubation overnight (except E.coli that was incubated at 

room temperature). After that, the OD of the wells of 96-well plate were read at 550nm 

using the Synergy HT plate reader (BioTek, USA). 

 

1.6.5 Viable cell counts 

Six tubes were prepared with 900μl phosphate buffered saline (PBS) and 100μl micro-

bial suspension was transferred to the first tube. Then, ten-fold dilutions were per-

formed from the first tube to the last tube. After mixing, 20μl of each concentration 

were transferred to a Petri dish with solidified Mueller-Hinton agar (MHA) in triplicate, 

and then were incubated at the same situation. Then the numbers of the bacteria in each 

drop were counted, and the exact concentrations of each microbial could be calculated.  

1.6.6 Minimum bactericidal concentration (MBC) measurement 

After the MIC assay, the concentrations of peptide solution which were bacteriostatic 

were sampled and transferred to a new a petri dish with MHA. 10 μl clear solution were 

transferred from each well to a new MHA plate and the dish was incubated overnight 

after the solution containing the bacteria were totally dried to give the MBC values. The 

antimicrobial assays were repeated three times. 

1.7 Haemolysis assay 

1.7.1 Peptide and control preparation 
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The purified peptide was weighed and dissolved in DMSO solution to obtain a concen-

tration of 1024μM. Another eight containers were prepared and double dilution pro-

duced a range of concentrations between 512μM and 2 μM. 1% Triton X-100 (Sigma 

Aldrich, St. Louis, MO, USA) were prepared with PBS as a positive control. The PBS 

solution was regarded as a negative control (blank control) and 1% DMSO in PBS was 

used as the vehicle control.  

1.7.2 Horse blood preparation 

Two milliliters of sterile horse blood (TCS Biosciences Ltd, Buckingham, UK) were 

transferred into a 50ml tube and centrifuged at 930 x g for 5 min. Then, the supernatants 

were discarded completely, and 30 ml PBS solution were added gently. The contents 

of the tube were mixed gently and thoroughly. After a 5min centrifugation, the super-

natant was discarded and another 30ml PBS was added gently. The washing steps were 

repeated until the supernatants were clear and transparent. The transparent supernatant 

was discarded and 50ml PBS was added gently to the red blood cell pellet followed by 

gently shaking and totally mixing to give the 4% (v/v) erythrocyte suspension for hae-

molysis assay. 

1.7.3 Haemolysis assay 

For each concentration of peptide solution, 200μl peptide solutions at each concentra-

tion, 1% Triton X-100 dilution, PBS solution and 1% DMSO dilution were added to 

each of five 1.5ml tube and an equivalent volume of 4% red blood cell suspension was 

added gently. After incubation for 2 h, these tubes were centrifuged at 500 × g for 5 
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min, and 100μl of supernatant solutions from each tube were transferred to a 96-well 

plate and the plate was read in a Synergy HT plate reader (BioTek, USA) at 550nm.  
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Chapter 3 

 

Results 
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3.1 DNA sequencing and biodata analysis 

Through the molecular cloning method, a novel peptide from the skin secretion of Phyl-

lomedusa camba, which belongs to the dermaseptin family, was consistently cloned 

from the cDNA library. The novel peptide contains 28 amino acid residues, and it had 

high identical with other dermaseptins according to the NCBI-BLAST tool (Figure 3.1 

and 3.2). After that, the novel dermaseptin was named as DRS-CA-1. 

 

Figure 3.1. Translated amino acid sequence of the open-reading frame and nucleotide 

sequence of cloned cDNA encoding the biosynthetic precursor of DRS-CA-1 from 

Phyllomedusa camba. The putative signal peptide and the mature peptide are single-

underlined and the stop codon is indicated by an asterisk. 
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Figure 3.2. Alignment of mature peptide sequence of DRS-CA-1 and other dermaseptin 

peptides characterized from other species. Conserved amino acid residues are shaded 

in black. 

 

3.2 Synthesis and purification of the novel peptide 

The structure determination of the crude peptide synthesised by SPPS was performed 

by MALDI-TOF MS and the mass spectrum of the crude product is shown in Figure 

3.3. The peak m/z of the mass spectrum is at 3032.55, which is consistent with the 

calculated value and the error is within acceptable limits. After purification through 

HPLC, the mass spectrum of purified peptide is shown in Figure 3.4 and this purified 

peptide was used in later experiments, like antimicrobial assays and haemolysis assay. 

 

 

Figure 3.3. The mass spectrum of crude peptide. 
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Figure 3.4. The mass spectrum of purified peptide. 

 

3.3 Antimicrobial assays 

The synthetic peptide had significant activity against the three micro-organisms used in 

the antimicrobial assay. The exact concentrations of bacteria in each well was diluted 

at 5x105 CFU/ml. The MICs of the peptide against the Gram-positive bacterium (S. 

aureus), the Gram-negative bacterium (E. coli) and the yeast (C. albicans), were all 4 

μM, and the data are shown in Figures 3.5 to 3.7. These show that at a high concentra-

tion, the peptide could precipitate from the solution, but had no effect on its antimicro-

bial potency because of its relatively low MIC values. The MBC against the three mi-

cro-organisms was also tested and established with values of 16, 32, and 32 μM, re-

spectively. 
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Figure 3.5. MIC of DRS-CA-1 against S.aureus (n=15). 

 

Figure 3.6. MIC of DRS-CA-1 against E.coli (n=15). 

S. aureus 
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Figure 3.7. MIC of DRS-CA-1 against C.albicans (n=15). 

 

3.4 Haemolysis assay 

Obvious haemolytic activity could only be observed when the peptide was at high con-

centration, with the HC50 of 114.7μM. While the concentration reduced gradually, the 

haemolytic activity of the peptide decreased rapidly, and at the lowest concentration, 

almost no haemolytic activity was found (Figure 3.8). 

C. albicans 
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Figure 3.8. Haemolytic activity of DRS-CA-1 (n=15). 
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Chapter 4 

 

Discussion 
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After the discovery of the broad-spectrum antibiotics, the threat of bacterial infections 

seemed to have been completely solved in the past few decades. However, due to the 

evolution of bacteria through mutation, most bacteria have become resistant to most of 

these antibiotics (Neu, 1992). This unavoidable resistance problem pushed researchers 

to discover novel antibacterial agents that are effective against the bacteria with re-

sistance to current drugs. In recent years, the AMPs isolated from amphibian skin se-

cretions have become a hot topic in both academic and drug research, because their 

mechanism of antimicrobial action is completely different from traditional antibiotics. 

This makes it possible for the peptides to be developed into novel antimicrobial agents 

for the treatment of infections resulting from pathogens with drug-resistance  (Charles 

L Bevins & Michael Zasloff, 1990). The mechanisms of action of traditional antibiotics 

have been determined as inhibiting critical enzymes in the pathogens, whereas although 

that of peptides is not clear, it is believed that most AMPs act on the cell membrane, 

and can distinguish target from host cells through the differences in the fluidity and the 

negative charge density of their membranes. Besides this, researchers have also re-

vealed that all D-amino acids are the same as the L-amino acids in the peptide, without 

affecting the physicochemical properties, like amphipathy and positive charge and an-

timicrobial activity, indicating that the mechanism of such peptides is not through ste-

reospecific receptors. In addition, unlike the proteins with hundreds of amino acids, the 

peptides isolated from the skin secretions of amphibians usually are much smaller. All 

of these properties make it unlikely for the bacterial pathogens to become resistant to 

AMPs. 
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These AMPs are synthesised by the granular glands as the prepro-peptides with signal 

peptides and mature peptides and they are stored in the glands. When facing threats, the 

signal peptide is removed, and the mature peptide can be released into the skin secretion 

to protect the amphibian against different microorganisms. The mature peptides are the 

AMPs and have been given names and divided into different families according to their 

structural features. Although different amino acid sequences, net positive charges and 

lengths are observed in different AMPs, there are still some common features, for in-

stance, amphipathicity and helical structures. 

Among the amphibians, the sub-family, Phyllomedusinae, which contains more than 50 

species of frogs, is renowned for its large number of bioactive peptides. The Phyllome-

dusa genus is the best known and its member species contain the largest variety of 

bioactive peptides, and until now, hundreds of peptides have been discovered from the 

skin secretions of these species, and, as described in the Introduction, these peptides 

can be classified into seven main families according to the similarities of their amino 

acid sequences. In particular, the peptides of the dermaseptin family are the largest 

group. The dermaseptins usually have 27-34 amino acid residues with several lysine 

residues and a conserved W residue in the third position of the N-terminal (Brand et al., 

2002; Olivier Lequin et al., 2006). All of these peptides display broad spectrum antimi-

crobial activity against Gram-positive and Gram-negative bacteria and fungi, and alt-

hough the structures of the dermaseptin peptides are very similar, their antimicrobial 

activities show remarkable differences. This feature can help to protect frogs against 
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different microorganisms in the environment with relatively low metabolic cost. It is 

believed that the skin or the skin secretion of frogs plays a vital role in physiological 

regulation, including the basic processes of respiration and osmotic adjustment, espe-

cially when the frogs are infected by different bacteria. Dermaseptin was the first pep-

tide from the skin secretion of frogs that was shown to have lethal activity against the 

filamentous fungi associated with severe infections of immunosuppressed patients, im-

plying that these peptides are very important for the survival of the frogs. These pep-

tides of the dermaseptin family usually exhibit strong antimicrobial activity with little 

or no haemolytic activity, and the mechanism of the antimicrobial activity is believed 

to relate to the interaction with the membranes of target cells. Unlike other types of 

peptides isolated from the skin secretions of frogs, like bradykinins and tachykinins, 

which exert their functions through acting on specific receptors on the cell membrane, 

the AMPs, such as the dermaseptins, can maintain their antimicrobial activity even 

when structural mutations occur. 

In this thesis, a novel dermaseptin peptide with 28 amino acids was discovered by the 

molecular cloning method from the skin secretion of Phyllomedusa camba, and it is the 

first dermaseptin peptide isolated from this frog species. Many reported AMPs occur in 

the carboxyamidated form and many studies have shown that the amidation of the C-

terminals of peptides can maintain or increase their antimicrobial activity. Taking der-

maseptin S3 as an example, after amidation, its antimicrobial potency increased greatly, 

which indicated the importance of the amide group at the C-terminal of the peptide  
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(Amram Mor, Hani, & Nicolas, 1994). Therefore, this modification was applied to the 

current peptide. This phenomenon can be explained by the increase of positive charge 

and the reduced sensitivity to carboxypeptidases (C. Chen, Seow, Guo, Yaw, & Lin, 

1999; Dykes, Aimoto, & Hastings, 1998). 

Alignment of DRS-CA-1 found in this study (Figure 3.2), with some other dermaseptins 

from Phyllomedusa tomopterna, Phyllomedusa tarsius, Phyllomedusa bicolor and 

Phyllomedusa distincta, showed that the sequences were quite similar. The high simi-

larity of the amino acid sequences could also be found in the signal and the acidic spacer 

areas, which indicated that these peptides may share the same origin as well as the frogs 

all belonging to the Phyllomedusa genus. 

DRS-CA-1, with the amide group in its C-terminal, possesses 4 net positive charges 

due to several lysine residues present in its sequence, which considerably influences its 

hydrophobicity. The structural feature of amidation in the C-terminal of these peptides 

was considered as a conserved feature, and most of the peptides with this structural 

feature form an amphipathic α-helical secondary structure (Balla, Bowie, & Separovic, 

2004; Wegener, Carver, & Bowie, 2003). This led to the prediction that DRS-CA-1 also 

forms an α-helix. Garnier-Osguthorpe Robson and Chou-Fasman methods were used to 

predict its secondary structure and the results showed that DRS-CA-1 is most likely to 

form an α-helical conformation. When DRS-CA-1 was put into the α-helical wheel of 

the Schiffer-Edmunson model, the α-helical structure performed very well in which the 
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basic and the polar amino acid residues could be found in the helical cylinder, and the 

other space on the surface was occupied by the lipophilic residues. 

It has been proven that the α-helical structure of AMPs plays a key role in their potency 

(Segrest, De Loof, Dohlman, Brouillette, & Anantharamaiah, 1990), because this struc-

tural feature with a positive net charge can help the peptide to combine well with the 

cell membranes of bacteria with negative charge. After combination, the hydrophobic 

surface of the peptide with the α-helical structure can ensure the peptide could enter the 

membrane, and then cause a series of reactions to exert its antimicrobial activity (Huang, 

2000; Shai, 2002). In addition, the mechanism relative to this structural feature makes 

the peptides absolutely different from other antibiotics, and makes it possible for the 

peptides to preserve their potency even if  mutations happen in the bacteria (Papo, Oren, 

Pag, Sahl, & Shai, 2002). 

Although it is proven that the mechanism of AMPs is different from the traditional 

antibiotics, the certain mechanism is unclear, and several models were established to 

explain the possible mechanism. Among these modes, three models were widely ac-

cepted, the “Barrel-Stave” model, the “Carpet” model and the “Toroidal” pore model 

(Duclohier, 2002; Epand & Vogel, 1999). The first model suggests that the AMPs lead 

to cell death through depolarisation when the spanning pores of the membrane are pro-

duced, and this model could be applied to the large peptides that can span the cell mem-

brane. The second model indicates that the peptides act first by direct attraction to the 

cell membrane to exhibit their antimicrobial activity. The last model is the combination 
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of the former two models, which considers that the binding of the peptides with the 

membrane does not directly lead to the death of the microorganisms, but through the 

intermediate effect to exert their antimicrobial functions. 

When it comes to DRS-CA-1, it is obvious that the basic and amphiphilic residues in 

the N-terminal of the peptide are strongly related to the binding of the peptide with the 

membrane, which has been previously established for dermaseptin S1. Firstly, the pep-

tides with a positive net charge could be combined to the membrane surface with the 

polar head groups, then the hydrophobic residues of the peptides with α-helical struc-

ture could be dehydrated, therefore, the peptides can absolutely combine with the mem-

brane and after several reactions in the cell membrane, the antimicrobial activity can be 

exerted. 

In comparison with other peptides of the dermaseptin family, several common points 

could be found as the amino acid sequences are very similar (more than 40%), the po-

tency against bacteria is high and the antimicrobial effect can be induced suddenly and 

irreversibly.  

Future work 

The high production costs of the peptides is one of their main disadvantages and alt-

hough the amino acid sequence of DRS-CA-1 is not too long, it may be necessary to 

reduce the chain length to save in the costs of production. According to the recent re-

search on the structure-activity relationships of other dermaseptin peptides, it is possi-
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ble to synthesise shorter peptides derived from DRS-CA-1 with no effects on the sec-

ondary structure of the parent peptide, thus maintaining its antimicrobial activity. Tak-

ing dermaseptin S1 as an example (Savoia, Donalisio, Civra, Salvadori, & Guerrini, 

2010), after removing two residues from the N-terminal, its antimicrobial potency was 

significantly reduced, especially against yeasts. Dermaseptin S1-(1-18) completely re-

tained the antimicrobial potency of the parent peptide, while on the other hand, the 

antimicrobial activity of dermaseptin S1-(16-34) disappeared (Amram Mor & Pierre 

Nicolas, 1994). Besides that, the importance of the modification of adding an amide 

group to the C-terminal was further verified since the potency of dermaseptin S1-(1-18) 

with amidation at its C- terminal, increased obviously. This could also be observed with 

dermaseptin S4, K4-S4, which was the smallest derivative of dermaseptin S4, which 

had only 13 amino acids but maintained the N-terminal of dermaseptin S4 (Kustanovich, 

Shalev, Mikhlin, Gaidukov, & Mor, 2002), and had broad-spectrum antimicrobial ac-

tivity against Gram-positive and Gram-negative bacteria and yeast, and low haemolysis 

activity. All of these characteristics imply the importance of the N-terminal of the der-

maseptins and this led us to preserve the N-terminal of DRS-CA-1 when designing 

shorter peptides in the future while maintaining or increasing the antimicrobial activity 

of parent peptides and low haemolysis activity. The literature also reported that adding 

appropriate numbers of hydrophilic residues to the N-terminal of dermaseptin peptides 

could also lead to an increase in antimicrobial potency without destroying the structural 

features. 
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As the mechanism of AMPs is not yet clear, it is however widely accepted that they act 

on the cell membrane of target cells. Although such a mechanism helps the AMPs too 

avoid drug resistance, it also leads to non-selective actions against a large number of 

cells, not only the broad-spectrum antimicrobial activities against Gram-positive and 

Gram-negative bacteria, and yeasts, but also to parasites and some cancer cells (Ganz, 

2003; Mai, Mi, Kim, Ng, & Robbins, 2001; Papo, Braunstein, Eshhar, & Shai, 2004). 

This could lead to unexpected side effects, therefore, in order to bring the AMPs into 

the clinic, it is necessary to modify the natural peptides to increase their selectivity 

against target cells. After reducing the chain length of DRS-CA-1 while maintaining its 

antimicrobial activity, it would be the intention to perform further modifications by 

general methods or in combination with other short AMPs to increase its selectivity 

(Lockwood, Haseman, & Tirrell, 2004; Navon-Venezia, Feder, Gaidukov, Carmeli, & 

Mor, 2002). 

In addition, from previous research, it has also been found that the natural peptides 

contain all L-amino acids, and when these were replaced by D-amino acids, the antimi-

crobial potency of the peptides was not influenced, which also suggests the peptides are 

not functional on specific receptors again ensuring their potency against multidrug re-

sistant microorganisms. Furthermore, the peptides with D-amino acids are more stable 

to degradative enzymes, which is also a key factor relating to their potential to develop 
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into the clinic. Compared to the former modification methods, it is obvious that replac-

ing the L-amino acids with D-amino acids is much easier without consideration of the 

reduction of the antimicrobial potency or enhancing haemolysis activity. 
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