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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 



5 

 

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 
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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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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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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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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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Chapter 2 
 

Materials and Methods 
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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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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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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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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 3.5. 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 3.8. 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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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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