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ABSTRACT
Natural products are good resources for applications as diverse as scientific research
and gastronomy. Amphibians, including frogs and toads, are rich sources of bioactive
molecules acting against microbial pathogens. These bioactive components, especially
the antimicrobial peptides, which possess antimicrobial and antifungal functions, have
been studied in-depth. Dermaseptin peptides, derived from frogs of the Phyllomedusa
genus, have been found to have broad-spectrum antimicrobial activities and relatively
low haemolytic activities.

Here, one novel dermaseptin, named DS-Du, was discovered from the skin secretion
of the purple and orange leaf frog, Phyllomedusa duellmani through molecular
cloning method. Reversed-phase high-performance liquid chromatography (RP-HPLC)
and matrix-assisted laser desorption ionisation time-of-flight (MALDI-TOF) mass
spectrometry analyses were employed to isolate and structurally-characterise
respective encoded peptides from skin secretions. This peptide exhibited growth
inhibitory activity against E. coli, as a standard Gram-negative bacterium, S. aureus,
as a standard Gram-positive bacterium and C. albicans, as a standard pathogenic yeast,
all as planktonic cultures. The MIC/MBC values were 8/8 μM, 4/32 μM and 4/4 μM,
respectively. At the same time, it showed low haemolytic activity. No obvious
anticancer activity was observed during the cell viability assay. The results not only
highlights the importance of peptide in the hose defense system, but also suggest the
discovered peptide might be promising candidate of novel antibiotic.
VI

CHAPTER ONE
INTRODUCTION
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1.1 Natural products
Natural products are chemical compounds produced by living organisms, which
includes plants, animals and even microbes. Natural products, as rich and varied
resources for the discovery of novel drugs, have been important for human healthcare
systems throughout history. For centuries, plants have been studied widely to find new
compounds for the treatment of various diseases (Clarke, 1997). There has been
remarkable progress, for example, Youyou Tu received the honour of Nobel Prize for
Medicine due to the discovery of artemisinin for the treatment of malaria (Frenzel &
Teschke, 2016), which really inspired the whole Traditional Chinese Medicine (TCM)
industry.

1.1.1 Traditional Chinese Medicine
A．Application
Within clinical medication practice, TCM has been widely used in Asia for more than
two thousand years, and is regarded as a potential resource for developing novel drugs.
It has been reported that more and more people are using phytomedicines across the
world for treatment of various diseases (De Smet, 2002). Compared with chemical
drugs, it is preponderant due to several factors, such as low-cost, safety with fewer
side effects and no reliability of the product. Plants produce secondary metabolites to
protect themselves from the environment and several of these with biology activity
isolated from plants, are known as “lead substances”, such as resveratrol (RES),
berberine (BER), curcumin (CUR) and paclitaxel, which are famous for their
2

neuroprotective, anticancer and cardioprotective effects (Hashemzaei et al., 2016;
Hosseinzadeh et al., 2011).

Resveratrol is a compound isolated from grapes, red wine and some other plants and
fruits. A number of studies have shown this compound has curative effects for many
diseases, including cardiovascular disease, inflammation and cancer (Kuršvietienė,
Stanevičienė, Mongirdienė & Bernatonienė, 2016). This research further was proven
through cellular and animal models. The mechanism of its action is complex and not
clear. For example, the anticancer mechanism is regulated by a serious of signaling
pathways associated with extracellular growth factors and various receptor like
kinases, the sirtuins (Varoni, Lo Faro, Sharifi-Rad & Iriti, 2016).

B． Technique
Although TCM has been widely used clinically and indeed has been proven to be
effective, there still remain a lot of challenging problems to solve. Due to the
complexity of herbal ingredients and formulations, the identification of ingredients
and the mechanism of action are hard to determine with if we just rely on the
traditional research methods (Yuan, 2000; Jiang, 2005). Thus, new advanced
technologies have been introduced to assist in the modernisation of TCM.

Liquid chromatography-mass spectrometry (LC-MS) is now used as a routine
instrument in research of TCM. The function of LC is to separate the ingredients of
3

TCM, while MS is charged with detecting the structures of these. They work together
to assist in the quality analysis of TCM, as well as mechanism research (Wu et al.,
2013). Chang JB (2016) used LC-MS as a tool to analyse the compounds in a
traditional hexa-herbal Chinese medicine formula and the individual herbs, which set
a model of quality control of TCM and also helped to give a better understanding of
the function of the individual herbs in a formulation. Metabolite research has become
a hot spot in the study of TCM. When applied, the combination of the components
from the herb and the receptors from the body may produce a new substance, which
may have a bioactive function (Shen, Jiang, Yang, Wang & Zhu, 2016). Thus, LC-MS
is an excellent choice in consideration of its high sensitivity and selectivity. Wang X
(2015) identified 33 compounds of Fangji Huangqi Tang (FHT) from rat serum with
LC-MS, excepting 8 novel compounds from FHT, the others are metabolites. The
metabolism description of fangchinoline and tetrandrine is demonstrated in that article,
which is useful for further study of the mechanism of FHT.

The- omic technologies are also a promising approach to deal with the complex tasks
in TCM research. The existence of “-omic” studies helps to fill the gap between
sequence information and the potential therapeutic targets (Pelkonen et al., 2012). The
comprehensive levels of -omic studies, including DNA, RNA, proteins, ions,
metabolites and cells, guarantees that this approach will become a powerful tool to
analyse TCM (Sánchez-Vidaña, Rajwani & Wong, 2017). Metabolomics is consistent
with the holistic concept of TCM and has been widely studied (Williams, Lenz,
4

Lowden, Rantalainen & Wilson, 2005). Berberine has been proven to have effects in
diabetes type 2. The mechanism of action is regulated by several signaling pathways,
which was confirmed by using metabolomics analysis (Gu et al., 2010).

Figure 1.1.1: Different levels of omic technologies.
(Pelkonen et al., 2012)
C． Limitations and Prospects
Although TCMs are natural products and known for low side effects, there are still
some problems encountered. Firstly, poor quality control is always a challenging task.
The detection system is based on the unscientific means without authority conclusions
(Chan, 2015). Simultaneously, there are various kinds of the material for processing
without uniform standards, which may lead to the toxicity of TCM (Liu et al., 2014).
5

Thus, to enhance the quality control is the key point and base for the modernisation of
TCM.

Compared to chemical drugs, TCMs have a two-way adjustment to disease, which
will make the body achieve a balance eventually (Er-wei, 2012). Maybe this is the
reason why TCMs can not only be used as medicines but also as health products. On
the other hand, more and more studies on TCMs have imitated the methods of
Western medicine. To some extent, this is a kind of progress, which makes TCM more
visual and material.

1.1.2 Frog skin and skin secretion
Similarly, the frog presents survival strategies in the process of confrontation with the
external environment (Toledo & Jared, 1993). Frogs have a wide range of habitats
from temperate zones to the tropics and subtropics, especially in pathogen-rich
aquatic environments. Such environments typically have slow-flowing rivers, ponds,
ditches and deep leaf-litter, which are all also suitable for the growth of microbes.
Furthermore, the skins also produce mucus, which serves to keep the skin moist. As a
result, the skins of amphibians are generally bare and wet. The harsh environments
where they live provide a natural breeding ground for bacteria and other germs. Thus,
the skin must contain an efficient anti-microbial and anti-fungal defence system
operating on the surface which is vital to the well-being of the animal (Luiselli, 2007;
Ilg & Oertli, 2016).
6

The skin secretions contain a variety of special active substances with special
structures and functions. These also have enormous potential for medical purposes. A
number of research studies on skin secretion have been carried out in order to have a
further understanding of this. In the mid-20th century, investigations of bioactive
compounds of the skin began in earnest. Erspamer and Vialli (1951), as the pioneers,
extracted the skin secretion from four distinct kinds of amphibians with acetone and
found serotonin, a monoamine neurotransmitter. Subsequently, the skin secretions of
amphibians have been intensively studied in order to screen for other compounds.

In the past, due to the limitation of experimental technology, hundreds of frogs had to
be sacrificed for the research. Besides, too much time was spent in determining the
structure of the skin compounds. Nowadays, mild electrical stimulation is used to
obtain the skin secretion, leaving the animal unharmed (Tyler, Stone & Bowie, 1992).
It also alleviates the global amphibian decline to a certain extent. Additionally, thanks
to the rapid development scientific and technical advances, it is now in turn reducing
the amounts of samples needed and time in analysing the sequences and structures of
peptides (Shaw, 2009). Matrix assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF MS), combined with LCQTM, have been widely used as
potent tools for protein identification. The construction of a cDNA library ensured
transcriptome analysis of secretions from a single living specimen (Chen et al., 2003).
Furthermore, with the development of pharmacological screening associated with
7

peptide discovery, analysis of the structural data and the building of peptide sequence
libraries, have all become a reality.

Due to this, more and more researchers have begun to pay close attention to the study
of frog skin secretion. The most striking bioactive substances in these skin secretions
are peptides and the main class of these are the antimicrobial peptides (AMPs), which
will be particularly discussed later.

As a large genus of anurans, Phyllomedusa skin is a complex and multifunctional
organ necessary for survival, including aspects of morphology, biochemistry and
physiology. Therefore, it deserves special attention and penetrating research. After
consulting a number of references from PubMed, the majority of bioactive
compounds from Phyllomedusa frog skin are peptides. Phyllomedusa skin peptides
are comprised of three groups that differ in their different “primary” activity:
antimicrobial peptides; smooth muscle active peptides; and nervous system active
peptides (Erspamer et al., 1981).

Since the first peptide (Phyllokinin [RPPGFSPFRIY], a bradykinyl-isoleucyl-tyrosine
O-sulphate from P.rohdei) obtained from Phyllomedusa skin was isolated in 1966,
many peptides have been extracted from several species of this genus (Anastasi,
Bertaccini & Erspamer, 1966). Among all the peptides isolated from Phyllomedusa,
the antimicrobial peptides (AMPs) have the broadest range of types and are the
worthiest to be studied.
8

1.2 Antimicrobial peptides (AMPs)
Peptides are formed from two or more amino acids linked by a covalent bond – the
peptide bond. They carry out important biological functions and are essential to life.
As bioactive compounds, peptides have been studied widely. Some of them have
potent cytolytic activities against a wide range of pathogenic bacteria in vitro
(Ashcroft, Zalinger, Bevier & Fekete, 2007). AMPs are a member of the cytolytic
peptide group, which are characterised by a potent and broad-spectrum antimicrobial
activity and low antibiotic resistance (Bell, 2003).

Since the first AMP was purified from H.cecropia pupae in 1980, the number of
AMPs from insects has risen to 150 (Wang & Lai, 2010). Moreover, the study has
been extended to other species, and many AMPs have been found in amphibians. The
irrational use of antibiotics and the bacterial drug resistance are two serious problems
in the field of medicine today. Thus, the need for finding novel approaches for the
treatment of infections has never been greater (Lakshmaiah Narayana & Chen, 2015).
Due to their structural features and unique modes of action, AMPs show
highly-effective antibacterial activities and low antibiotic resistance (Pushpanathan,
Gunasekaran & Rajendhran, 2013). Besides that, subsequent findings further support
that AMPs have multiple roles in anti-cancer, anti-biofilm and immunomodulatory
activities (Lakshmaiah Narayana & Chen, 2015). Thus, AMPs have been regarded as
a promising alternative for traditional antibiotics or synergistic agents and have an
important application value in biomedicine.
9

1.2.1 Structure-based classification
The activities of AMPs are based on their structure, and recent studies of
structure-function relationships have made considerable progress (Bhattacharjya &
Ramamoorthy, 2009). Thus, it is clear that the structure-based classification of AMPs
is needed. There are several approaches for classification. For instance, Leonard (2011)
suggested the AMPs can be divided into three groups: α-helical peptides, β-sheet
peptides and extended peptides. However, some peptides with antimicrobial activities
are not assigned to any group. Hence, according to their secondary structures
associated with function, AMPs are generally split into four clusters: (Lee, Lee, Yang,
Lai & Chang, 2015)
Group I: Linear peptides typically with α-helical structure. These peptides are charged
by Lys and Arg, and have hydrophobic residues (50% or more). The functional
characteristics of these peptides are broad-spectrum antimicrobial activity and
immunocompetence (Powers & Hancock, 2003). LL-37 and hCAP-18 are simple
linear peptides without any cysteine residues, with a propensity to form α-helices
(Wang et al., 2017).
Group II: Linear peptides with an extended structure, characterised by over
representation of one or more amino acids. Bac5 is also a simple peptide without any
cysteine residues, but with an over representation of proline residues, which leads to
the formation of a type II polyproline helix (Xibin et al., 2003).
Group III: Peptides with β-hairpin or loop structures due to the presence of a single
disulphide bond and/or cyclisation of the peptide chain. Bactenicin dodecapeptide
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contains two cysteine residues and adopts a looped structure (Shestakov, Jenssen,
Hancock, Nordström & Eriksson, 2013).
Group IV: Cyclic peptides with β-sheet structure. The β-sheet structure is formed by
coupled β-strands connected by intramolecular disulphide bridges. The majority of
these peptides are defensins, which are a hot research topic in medical biology and
molecular biology. Protegrins contain four cysteine residues, leading to a folded
β-sheet structure (Choi et al., 2014).

Figure 1.2.1: Different secondary structures of AMPs.
https://en.wikipedia.org/wiki/Antimicrobial_peptides

1.2.2 Mechanisms of AMPs
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A comprehensive understanding of the mechanisms of AMPs will contribute to future
studies. Firstly, recognising the mechanisms of AMPs will give us a brief impression
of diverse processes such as binding to cell membranes. Secondly, a better
understanding of these mechanisms is helpful to extend research ideas and promote
the approaches to discover pharmacologic agents (Yeaman, 2003). In the past,
research on AMPs focused on their biophysical characterisation and structure-function.
In fact, recent studies show more evidence that antimicrobial activities relate to the
amino acid composition of a peptide and its physicochemical properties (Wimley,
2010). It is called “interfacial activity” and described as “the ability of a molecule to
bind to a membrane, partition into the membrane-water interface, and to alter the
packing and organisation of the lipids” (Rathinakumar & Wimley, 2008).

A．Interactions with target cells
The first interaction with target cells is essential to the antimicrobial activities of
AMPs and is typically mediated by the charge. The feature of AMPs is that the
membrane is amphipathic, with both hydrophilic and hydrophobic groups. In
eukaryotic cell membranes, the phospholipids with negative charges are
predominantly arranged in the inner leaflet of the lipid bilayer, while the outer leaflet
mainly consists of zwitterionic and uncharged lipids. Furthermore, inner and outer
leaflets of bacterial cell membranes are composed of a considerable proportion of
acidic phospholipids, giving the cell a negative charge. As the result of the
electrostatic interactions, AMPs are adsorbed onto the bacterial cell membrane.
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Subsequently, they gather in the cell membrane and are aggregated into the lipid
bilayer, which leads to expansion of the outer leaflet and in turn, thinning of local
membrane. Much evidence has been produced to prove this hypothesis that peptide
charge and cell membrane binding have a strong correlation (Gallo, 2013). For
instance, an assumption was put forward by Hancock (1997) that a mechanism of
peptide interaction existed with membranes, which he called self-promoted uptake in
Gram-negative organisms. On the other hand, many negatively charged teichoic and
teichuronic acids are observed in the cell membranes of Gram-positive organisms
(Peaschel et al., 1999).

Figure 1.2.2 A: AMPs interacting with different cell membranes.
https://en.wikipedia.org/wiki/Antimicrobial_peptides

B. Different modes of initial membrane binding
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As mentioned above, countless research studies have shown that there is interaction
between AMPs and lipid bilayer membranes in vitro. However, it is not entirely clear
how the AMPs bind to the target cell membrane and sometimes different peptides may
have different mechanisms. Generally speaking, the essential function of these
peptides is to permeabilise cell membranes. As a consequence, different models have
been proposed to explain this phenomenon.

i.

The Barrel-Stave Mechanism

According to the membrane permeabilisation, the so-called “barrel-stave” mechanism
presents the overall topology of a membrane channel. This pore-formation model
relies on the hypothesis that hydrophobic peptides get together to bind to the lipid
bilayers and face outward, which makes hydrophilic peptides become the inner
surface of the pore channel. Eventually, a specific aqueous pore like a “barrel-like”
ring is formed. There is an example of this model, which has been proven for
alamethicin. In that study, researchers proceeded with the conductance of a membrane
in a mode of multistate conductance levels. At the same time, this membrane was
alamethicin induced. The results showed the pores differed in diameters. In other
words, it also indicates that four or more peptides with transmembrane transporting
capability form these channels. This model has been put forward for more than a
decade, however, only a few peptides appear to support this mechanism. Numerous
recent studies have focused their attention on the toroidal pore or wormhole model
(Boman, 2003).
14

ii.

The Wormhole Mechanism

The wormhole pore is another transmembrane pore model. There is a large body of
evidence that the mechanism of most AMPs is associated with this model. In this
mechanism, antibacterial peptide is inserted in the spiral structure of the cell
membrane, the phospholipid monolayer is induced by continuous pore bending, so
that the insertion of antibacterial peptide and phospholipid headgroups are arranged
along the inner surface of the water core (Yeaman, 2003). Compared with the
barrel-stave model, they are essentially different. The inner surfaces of pores in this
model are formed by the hydrophilic part from phospholipid headgroups as well as
AMPs, while in the barrel-stave model, they are only composed of the hydrophilic
parts of AMPs. The peptides using this mechanism, are mostly α-helical peptides, like
magainins and PGLa (Hara et al., 2001).

iii.

The Carpet Mechanism

The third model is known as the carpet model, which includes diffuse effects like
detergents. It is termed by the peptides covering the surface of cell membranes
through electrostatic interaction. In this model, the negatively charged phospholipid
headgroups on cell membranes and positively charged antibacterial peptides are
attracted to each other. The peptides lie parallel to the surface of the cell membrane
and then adjust the hydrophobic groups toward the hydrophobic core, just like a
carpet. This action changes the position of phospholipid, and then affects the
15

membrane permeability and the defence ability of cell membranes. As a result, the
membrane is disrupted. At this point, when the density of a threshold peptide is
reached, the membrane will be covered and the integrity is lost (Shai & Oren, 2001).
It is suggested that the formation of a pore is not necessary for the mechanisms of
anti-microbial effects. For example, cecropin P1, isolated from moth haemolymph,
may employ this mechanism. FTIR spectroscopy indicated that these peptides may
remain in a parallel orientation to the membrane but do not insert into the membrane.
This orientation destroys the phospholipid packing and subsequently leads to the
membrane disruption (Sitaram & Nagaraj, 1999).

Although research has stated the possible mechanisms of AMPs on binding to the
surfaces of target cells, the results are still complex and may be analysed by mixing
different models. Therefore, to have a comprehensive understanding of interaction
and reveal the mechanisms between these, will be helpful to study the antibacterial
activity of AMPs and the drug resistance of bacteria.

16

Figure 1.2.2 B: Different transmembrane pore models of AMPs.
(Scorciapino et al., 2017)

1.2.3 Application prospects for AMPs
Drug resistance is becoming more widespread, which suggests that the
“post-antibiotic era” is coming, if not already here. The majority of treatments have
become useless (Gupta, 2013). The mechanisms of AMPs have been demonstrated
clearly in recent studies. They differ from the mechanisms of traditional antibiotics in
that AMPs do not lead to the production of resistant strains. Thus, we believe that the
AMPs are appropriate candidates in the evaluation of newer and safer drugs in the
future due to the therapeutic value. The antibacterial activity of gentamicin and
streptomycin is significantly lower than that of many AMPs. Traditional antibiotics
are generally narrow spectrum antibiotics, usually only effective for bacteria, fungi,
viruses and other specific pathogens (Office, 2015). While AMPs like magainins, are
17

peptides with broad-spectrum antimicrobial activity which have been isolated from
the skin of the African clawed frog Xenopus laevis. They not only have effects on
Gram-positive and Gram-negative bacteria, but also have the function of killing fungi
and protozoa (Chopra, 1993). From Amira Zairi’s research (2009), dermaseptins and
magainins, AMPs isolated from frog skin, were used as a contraceptives due to their
spermicidal action, and on the other hand, have antimicrobial/antiviral properties
against various STI-causing pathogens.

In addition to antibacterial function, many AMPs play roles in other areas. The AMPs,
associated with epithelial cells, phagocytic cells and lysosomes, form the nonspecific
defence system. It is reported that AMPs significantly contribute to immune system
function. The azurocidin can regulate the immune response, while cathepsin G is able
to degrade extracellular matrix proteins (Wiesner & Vilcinskas, 2010). Furthermore,
research indicated that dermaseptins and magainins, might be new candidates for a
promising spermicide (Zairi et al., 2009). The tumor cell cytoskeleton system is
underdeveloped, and the cholesterol content in the cell membrane is low, which
suggests that the antibacterial peptides could play a significant role in the treatment of
cancer (Du et al., 2015).
AMPs have promising therapeutic characteristics. They are rapidly bactericidal and
the typical structure of bacterial membranes, what is known as the lipid bilayer, makes
it difficult to develop resistance to AMPs. However, there are still some disadvantages
of AMPs notably, including haemolysis, high production cost and high elimination
18

rate from the circulation (Bahar & Ren, 2013). These disadvantages limit their clinical
promotion. Thus, some strategies are being developed to reduce these drawbacks like
peptide modification.

1.3 Aims and objectives of this thesis

Additionally, to master the operation and manipulation of the instruments used in the
experiments in an expert fashion, and familiarise with concepts of early drug
discovery.
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CHAPTER TWO
METHODS AND MATERIALS
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2.1 Specimen biodata and secretion harvesting
Specimens of purple and orange leaf frog, Phyllomedusa duellmani (n=3), were
obtained from commercial sources in the PeruBiotech E.I.R.L., Lima, Santiago de
Surco, Peru and had been captive bred. They were acclimatised through 4 months
before secretion harvesting. They were kept at room temperature of 22℃ and in a
cycle of 12h under light and 12h darkness in the animal facility in Queen’s University,
Belfast. They were fed with multivitamin-loaded crickets 2 or 3 times a week. The
frog skin secretions were collected by using an electrical stimulation method for 3
periods of 10s duration (5V, 100 Hz and 140 ms pulse width). Secretions were quickly
washed from the skin with deionised water into a chilled beaker, then snap frozen in
liquid nitrogen and lyophilised. This method is considered to be kind to animals. The
viscous white skin secretion was washed from the skin using deionised water,
snap-frozen in liquid nitrogen, lyophilised and stored at -20°C prior to analysis. All
the procedures were subject to ethical approval and carried out under appropriate UK
animal research personal and project licences.

2.2 Molecular cloning
2.2.1 Designing of primers and synthesis
A primer is a short strand of RNA or DNA that serves as a starting point for DNA
synthesis. Computer packages are available for primer design and here were used for
this purpose. However, by using an elegant software package or obeying all the
following criteria, some primers still will not work. In this instance, other primers
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must be designed and tested.
All primers were custom-synthesised by Invitrogen life Technologies (UK).

To ensure the success of outcomes in PCR procedures, some rules must be obeyed in
the design of primers.
1) The optimal length of primers is generally accepted as 18-24 bp in length.
Longer primers will take longer to hybridise, longer to extend, and longer to
remove, thus they produce fewer amplicons. Primers also should have 40-60%
of GC content and a melting temperature (Tm) of about 50-65℃. If the
primers are rich in AT, they will not anneal efficiently due to their low melting
temperature (Tm). On the other hand, if the GC content makes up a relatively
significant proportion of the primers, they may anneal to more sites than
expected, which will result in non-specific products.
2) The last 3-4 bases should be AT rich in the 3’ end of the primer as
AT-richness decreases aberrant priming caused by strong G-C binding.
3) Ensure that the two primers in a pair have a similar Tm.
Ensure that each primer does not contain any palindromic sequences. For example,
self-complementarity that could lead to “hairpin” formation in the primer. In addition,
a complementary 3’ end is also not allowed in primers, which may lead to the
formation of primer-dimers.
4) Avoid repetitive sequences in primers.
The following is a simple formula to calculate a primer’s Tm:
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Tm = 2×( An + Tn ) + 4 × ( Cn + Gn )
“ n” is the total number of a given base in an oligonucleotide
So the primer can be specific to a particular DNA nucleotide sequence or for general
usage like universal primers, complementary to several nucleotide sequences.

In

this

study,

the

degenerate

sense

primer

(S1;

5’-ACTTTCYGAWTTRYAAGMCCAAABATG-3’) (Y=C+T, W=A+T, R=A+G,
M=A+C, B=T+C+G) applied in the RACE reactions were designed according to the
highly conserved domain of the 5’-untranslated region of dermaseptin cDNAs from
Phyllomedusa species.

2.2.2 Isolation of mRNA
A Dynabeads® mRNA DIRECT™ Kit (Dynal Biotech Ltd, UK) was utilised in
mRNA isolation.
Under optimal conditions, the polyA tail of mRNA will hybridise to the bead-bound
oligo-dT, allowing a simple and rapid extraction
1. The bench and pipettes were sprayed using 70% ethanol.
2. 5 mg of the lyophilised skin secretion were dissolved in 1ml of the
lysis/binding buffer, then vortexed and cooled for 20 min. This was followed
by a centrifugation at 5000 x g for 5-10min.
3. Then the sample was poured into two 1.5ml tubes that were labelled A and B.
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4. The Dynabeads were resuspended by shaking well before 250 µl were added
to tube A.
5. Tube A was placed on a magnetic rack (Dynal MPC-S) and when the
suspension became clear, the supernatant was removed from tube A.
6. 250 µl lysis/binding buffer was added to tube A before tube A was turned
upside down and placed in the rack.
7. The sample was removed from the centrifuge and without shaking, placed on
ice. Then the supernatant was removed.
8. The sample lysate was transferred to tube A, gently shaken for 8-10 min and
put on ice at intervals to avoid enzyme activity.
9. Tube A was replaced in the rack and it was observed that the beads were larger
than before (because mRNA was bonded to beads). Then as much liquid as
possible was removed, followed by washing 3 times with 500 µl buffer A and
3 times with 500ul buffer B. The beads were not allowed to dry but gently
washed slowly to avoid breaking the bond between A and T, before putting A
into the rack.
10. 18 µl of the elution solution were added to tube A dropwise, to ensure all the
beads went to the bottom of tube A (the outside was tapped after each drop).
Then the tube was heated in a heating block (80°C) for 2min to break the A-T
bonds.
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11. A new 0.2 ml PCR tube was used to transfer the liquid.

Figure 2.1: Isolation of poly-A mRNA
(Magnetic mRNA Isolation Kit)

2.2.3 cDNA library construction
A BD SMART™ RACE cDNA Amplification Kit (BD Biosciences, UK) was used in
cDNA library construction and primary cDNA amplification. 5’ RACE Ready cDNA
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was synthesised using a 5’-RACE CDs Primer and the BD SMART II™ A
Oligonucleotide which contained a terminal stretch of G residues to pair dC-rich
cDNA tails at the end. 3’-RACE-Ready cDNA was synthesised using a 3’-RACE
CDs Primer by a reverse transcription reaction.

2.2.3.1 Preparation of sample mixture
1) Preparation of mixture for 3’ RACE Ready cDNA synthesis

Three 0.2 ml PCR tubes were prepared and reagents were added to each tube as
follows. 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

dNTP Mix

1 μl

4 mM

DTT

1 μl

4 mM

5X First-Strand Buffer,30mM MgCl2

2 μl

1X

Reverse Transcriptase

1 μl

20 unit

*The Master Mix includes dNTP Mix, DTT and 5X First-Strand Buffer for 5
reactions
2）Preparation of mixture for 5’ RACE Ready cDNA synthesis
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The reagents were then added to the tubes for 5'-RACE-Ready cDNA (2 tubes) as
follows. 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

dNTP Mix

1 μl

4 mM

DTT

1 μl

4 mM

5X First-Strand Buffer,30mM MgCl2

2 μl

1X

Reverse Transcriptase

1 μl

20 units

*The Master Mix includes dNTP Mix, DTT and 5X First-Strand Buffer for 5
reactions

2.2.3.2 Reverse transcription polymerase chain reaction (RT-PCR)
Five PCR tubes, containing sample mixture, were micro-centrifuged and incubated in
the heating block at 70°C for 2 min to combine the primer and templates. Then, five
0.2 ml PCR tubes were cooled on ice for 2 min. After that, 4 µl of Master Mix was
added to each of the PCR tubes, followed by mixing by gently pipetting.
Subsequently, 1 μl Reverse Transcriptase was then added to each tube and mixed
thoroughly, before subjecting the PCR tubes to a brief centrifugation. The tubes were
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then transferred into the PCR machine-TC 512 (Barloworld Scientific, Stone, UK),
and the progarmme for 1.5 h at 42 ˚C was chosen.

2.2.3.3 Concentration dilution and fault correcting
After this, 50 µl of PCR-grade water were added to each tube. The products were
finally extended in the PCR machine-TC 512 for 7 min at a temperature of 72 ˚C at
the bottom to correct the faults in the reaction and kill some enzymes such as Reverse
Transcriptase and 100 ˚C on the lid. At this point, 3’- and 5’-RACE Ready cDNA
templates were obtained and stored at -20°C in the freezer.

2.2.4 Polymerase chain reaction (PCR) amplification of cDNA
2.2.4.1 Preparation of mixture for RACE-PCR reaction
The following components were combined and mixed completely by pipetting and an
extra volume was calculated and added to ensure sufficient volume for the
RACE-PCR reaction.
Table2.3 The components of one RACE-PCR reaction
Component

Final Volume Final Concentration

PCR-Grade water

3.1 μl

-

10X BD Advantage 2 PCR Buffer

1.5 μl

1.5 X

dNTP Mix

0.2 μl

0.2 mM
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NUP Primer

0.5 μl

20 μM

Sense Primer

0.5 μl

20 μM

BD Advantage 2 Polymerase Mix

0.2 μl

15 μM

3’ RACE-Ready cDNA templates

5 μl

10-1000 ng

*The 3’ RACE-Ready cDNA templates were substituted with water in the negative
control.
*The Master Mix includes PCR-Grade water, 10X BD Advantage 2 PCR Buffer,
dNTP Mix, NUP Primer, Sense Primer and BD Advantage 2 Polymerase Mix for 4
reactions.

2.2.4.2 3’ RACE-Ready cDNA amplification
Twenty-four microliter Master Mix were allocated into four well-prepared PCR tubes.
Then, 10 μl of 3’ RACE-Ready cDNA templates were added into two PCR tubes. 10
μl of PCR-Grade water were added into another two PCR tubes as negative controls.
0.5 μl NUP primer (supplied with the kit) and 0.5 μl specific degenerate sense primer
(S1; 5’- ACTTTCYGAWTTRYAAGMCCAAABATG-3’) (Y=C+T, W=A+T, R=A+G,
M=A+C, B=T+C+G) were added into each PCR tube. All of the reagents were
pipetted completely and micro-centrifuged 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. The appropriate annealing temperature was
determined in the RACE-PCR reaction. Three steps of PCR reaction with different
conditions were set up with 94°C initial denaturation for 1 min and each cycle
included denaturation at 94°C for 30s to obtain single-stranded DNA templates, 58°C
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annealing for 30 s between primer and single-strand DNA templates and 72°C
extension for 3 min. The final extension was at 72°C for 2 min 42s. All the
procedures were repeated over 40 thermal cycles to obtain double-stranded DNA
amplification. All of the four samples after RACE-PCR reaction were stored at -20°C
in the freezer.

Figure 2.2: Rapid Amplification of cDNA Ends (RACE) PCR
http://users.ugent.be/~avierstr/principles/pcr.html
2.2.5 Agarose gel electrophoresis
1. The agarose gel (Invitrogen, UK) was prepared by adding 0.45 g to a 200ml flask,
followed by 35ml of 1×TBE Buffer (Invitrogen, UK) then the suspension was
microwaved to dissolve the agarose. Once dissolved after 30s, then the flask was
cooled to 65 ˚C.
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2. 2.5 µl of ethidium bromide (EB) were added then it was poured into a gel tray
with a comb and allowed to solidify for 1h.
3. The comb was removed and 1×TBE Buffer was added to the gel electrophoresis
tank to just cover the surface of the gel. 2.5 µl of sample and 0.7ul of loading dye
(0.25% bromophenol blue, 15% Ficoll 400 in TAE) were added to the well (Figure
2.3). 3.5 µl of a suitable sized DNA ladder (Invitrogen, UK) were added into a
separate side well.
4. The gel electrophoresis tank was covered and developed with a current of
95-105V for about 30min. After this, the gel was transferred to a UV
trans-illuminator-BioDoc-It® Imaging System (NVP, Nuffield Road, Cambridge, UK)
for detection of bands.

2.2.6 PCR product purification
An E.Z.N.A.® Tissue DNA Kit (Omega, Norcross, UK) was employed in PCR
product purification, in which DNA was bound to silica-based filter membranes
during washing steps and eluted for collection.
1. 5× binding buffer was added before being transferred to the purification tube
which was then centrifuged at 5000 × g for 1min. After stopping and quickly
removing the liquid, 700 µl of the washing buffer were added and then
centrifuged again at 5000 × g for 1min.
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2. The liquid was removed and then 500 µl of washing buffer (containing ethanol)
were added then centrifuged at 5000 x g for 1min.The procedure was repeated
again.
3. A 1.5ml tube was prepared and 30 µl of dd H2O were added, then this was
transferred to heating block at 70˚C for 2min. After this, it was centrifuged as
in 2.
4. A new tube was prepared with an extraction cartridge and the contents of the
previous sample tube were added to the cartridge and centrifuged again.
Supernatant was decanted and the column contents were eluted then
transferred to the concentrator (Eppendorf, Hamburg, Germany) to dry for 2 h.

2.2.7 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.

2.2.7.1 Reagent preparation
Twenty-eight microliters of deionised water were added into the 1.5 ml tube to
dissolve the DNA and then tube was vortexed completely by tapping and centrifuged
briefly to collect all contents at the bottom and then placed on ice to cool. This step
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was repeated four times for DNA preparation. 2X Rapid Ligation Buffer was vortexed
vigorously without centrifuging as the Buffer was so heavy. Also, the pGEM®-T Easy
Vectors were micro-centrifuged briefly without pipetting to avoid damaging the
fragile vectors. The T4 DNA Ligase was also micro-centrifuged briefly without
pipetting as the enzyme was susceptible to inactivation under the changes of
environment.

2.2.7.2 Ligation between DNA and vector
The following prepared reagents were combined and mixed without pipetting in a
RNase-free PCR tube:
Table 2.4 The components of the ligation reaction
Component

Volume

2X Rapid Ligation Buffer,20mM MgCl2 2.5 μl

Final Concentration
1X

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

A 0.2 ml PCR tube with ligation reaction product 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
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with a single guanosine (A)-ending DNA sequence derived from Taq DNA
Polymerase through A-T base pairing.

Figure 2.3: DNA ligation
(http://ocw.mit.edu/courses/biological-engineering/20-109-laboratory-fundamentals-in
-biological-engineering-fall-2007/labs/mod1_3/)

2.2.8 Transformation
The recombinant vectors were transformed into the competent cells and selected by
ampicillin, IPTG and X-Gal using the pGEM®-T and pGEM®-T Easy Vector kit
(Promega, USA).

2.2.8.1 Preparation of LB/ampicillin/IPTG/X-Gal plates
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1. 3.2 g of LB agar (Invitrogen, UK) were transferred to a bottle containing 100 ml
of double-deionised water (using a ratio of 32 g LB agar: 1L double deionised water).
A magnetic stirrer bar was added to the bottle before being placed on a stirrer to
facilitate the LB agar dissolving. The bottle containing the LB agar medium was then
autoclaved.
2. The button H-MAT fume cupboard was turned on.
3. The autoclaved LB agar medium was cooled to about 65 ˚C prior to adding
ampicillin to prevent the ampicillin being inactivated at high temperature. 200µl of
ampicillin (50 mg/ml) were added to the LB agar medium in the ratio: 200 µl
ampicillin to 100 ml LB agar medium. The glass bottle was cooled.
4. 10ml of the medium were added to each Petri dish and gently shaken to ensure
through mixing.
5. The lip of the top was opened and they were placed at 4 ˚C.
6. 100 µl of IPTG (100 mM, Promega, USA) and 20 µl of X-Gal (50 mg/ml,
Promega, USA) were added to each plate, spread over the surface and let absorb for
30 min at 37 ˚C before use. At this point, the plates were ready for incubating the
E.coli transformation products.

2.2.8.2 Transformation
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1. A 1.5ml tube was taken, 3 µl of sample were added to this in the fume hood. A
tube of frozen competent E. coli cells (Promega, USA) was then taken from -80 ˚C
storage and placed on ice until it was just thawed (about 5 min). The cells were mixed
by gently tapping the tube since the competent cells are extremely fragile. 50 µl E.coli
cells were transferred to the 1.5 ml tube (which contained ligation product) without
pipetting, and the contents mixed by gently flicking the tube with a finger.
2. The tube was kept on ice for 20 min and then was heat-shocked for exactly 47 s at
42 ˚C in a heating block. The tube was then removed immediately and rapidly placed
back on the ice for 2 min without shaking.
3. 950 µl of the culture medium were added to the sample in the tube placing it
along the tube wall and not directly on to the liquid.
4. The sample was placed in a vibrating incubator at 37 ˚C for 2.5 h.
5. 100 µl of the transformation products were spread over the surface of each LB
plate with ampicillin/IPTG/X-Gal.
6. Finally, the plates were incubated upside down in the incubator (37 ˚C) for about
20 h.

2.2.8.3 Plating and culture for amplification
Ninety microliters of transformation suspensions were transferred and spread over the
surface of LB/ampicillin/IPTG/X-Gal plates with two replications, and 100 μl
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transformation suspensions with two replications, while the last one was 110 μl
transformation suspension. All plates were incubated upside down at 37°C overnight
(16-24 h) for bacterial culture and DNA amplification.

2.2.9 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. Pure white colonies and, in which the vectors were inside the
competent cell and contained the recombinant DNA, were selected and subcultured in
the solid medium for further identification. The 1.5 cm length squares were divided
by drawing lines at the bottom of the Petri dish, then the pure white colonies and
white colonies with blue dots were picked up and transferred into three new
LB/ampicillin/IPTG/X-Gal plates by streaking without touching the edge of the lines
using an inoculating loop under a sterile environment. All of the three plates were
incubated upside down at 37°C overnight (16-24 h) for subculture and further
selection.
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Figure 2.4: An agar plate divided into 18 regions with marker pen

2.2.10 Isolation of recombinant DNA by cloning PCR
A single DNA was isolated and amplified by the cloning PCR reaction, in which the
M13 Forward Primer (5’-GTAACGCCAGGGTTTTCCCAG-3’) and M13 Reverse
Primer (5’-TGTGAGCGGATAACAATTTCAC-3’) bound to the 5’ and 3’ ends of
inserted DNA, respectively by use of an Advantage® 2 PCR Kit (Clontech Inc, USA).

2.2.10.1 Bacterial harvesting
The bacteria in the white colonies were harvested from the plates and transferred into
each 0.5 ml tube containing with 20 μl deionised water for dispersion. Then, 14
samples of bacteria were obtained for recombinant DNA isolation.

2.2.10.2 Vector release
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Two temperature extremes were used from heating up to 100°C for 5 min then
cooling on ice for 5 min in order to make the cells fragile. Then, each tube was
vortexed for 30 s and centrifuged at the maximum speed of 8000 x g for 5 min to
break the cell walls and release the vectors. Finally, the supernatants which contained
recombinant DNA were ready to use.

2.2.10.3 Preparation of reagent mixture for cloning PCR
The following components were combined and mixed completely by pipetting. One
extra volume of reagents was calculated and added.
Table 2.5 The components in each cloning PCR reaction
Component

Final Volume

Final Concentration

dNTP Mix

1 μl

0.2mM

PCR-Grade water

31 μl

-

Cloning PCR Buffer

10 μl

1X

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.
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2.2.10.4 Isolation of recombinant DNA by cloning PCR
Forty-seven microliters Master Mix were aliquoted into each PCR tube respectively
and pipetted completely. Then, 0.25 μl Taq Polymerase enzyme and 2.5 μl
supernatants containing recombinant DNA were added into each 0.2 ml PCR tube in
proper order and pipetted completely and evenly. All of the fourteen 0.2 ml 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 was set and commenced using the following programme, initial
denaturation at 94°C for 1 min, and each cycle in the thermal cycler included: 94°C
denaturation for 30 s, 55°C annealing for 30 s and 72°C extension for 35 s, repeated
31 times, final extension at 72°C for 10 min and storage at 4°C prior to use. After this
cloning PCR reaction, the 14 samples tubes were stored at -20°C in the freezer.

2.2.11 Agarose gel electrophoresis analysis
2.2.11.1 Preparation of 1.5% agarose gel
This step was the same as that described in section 2.2.5.1.

2.2.11.2 Sample loading and agarose electrophoresis performance
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The DNA ladder consisted of several fragments of DNA of known molecular weight
and this was loaded carefully into the first lane of the agarose gel to measure the size
of DNA fragments. Then, 1.5 μl coloured-samples from fourteen tubes were loaded
carefully in the other lanes in order. Afterwards, the electrophoresis was run at 90 v
for 30 min until the indicator colour reached two-thirds of the way along the gel.
Finally, the power was cut and the gel was transferred into a large weigh boat
carefully for later detection of bands.

2.2.11.3 Detection and gel analysis
This step was the same as that described in section 2.2.5.3.
2.2.12 Selected PCR product purification
This step was the same as that described in section 2.2.6.

2.2.13 DNA sequencing reaction
A BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, California,
USA) was utilised in the DNA sequencing reaction in which the sequence was
detected by fluorescence during DNA extension and termination process.

2.2.13.1 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
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components were combined and mixed completely by pipetting, and an extra volume
was calculated and added to ensure sufficient volume for the sequencing PCR
reaction.
Table 2.6 The components of a sequencing PCR reaction
Component

Final Volume

Final Concentration

PCR-Grade water

12.4 μl

-

5X Sequencing Buffer

3.57 μl

1X

M13 Forward Primer

1.14 μl

0.8 μM

Terminator Ready Reaction Mix

2.86 μl

13.68%

DNA template

2.7 μl

10-1000 ng

*The Master Mix includes PCR-Grade water, 5X Sequencing Buffer, M13 Forward
Primer and Terminator Ready Reaction Mix for 4 reactions.

2.2.13.2 DNA sequencing reaction
Master Mix and 2.5 μl sample were aliquoted into 0.2 ml PCR tubes and the
sequencing PCR reaction was set and commenced using the following programme.
The parameters included initial denaturation at 96°C for 1 min, and each cycle in the
thermal cycler consisted of: 96°C denaturation for 20 s, 55°C annealing for 10 s and
60°C extension for 4 min. Cycles were repeated 26 times. Stage 3 was preservation at
4°C for 7 min. Finally, the four sequencing products were stored at -20°C in the
freezer.
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2.2.14 Extension product purification by ethanol
2.2.14.1 Reagent preparation
One ml PCR-Grade water and 19 ml ethanol were mixed completely to produce a 95%
ethanol preparation and 6 ml PCR-Grade water and 14ml ethanol were mixed for the
70% ethanol preparation.

2.2.14.2 Ethanol purification
All the solutions were transferred into a 1.5 ml tube with 10 μl PCR-Grade water.
After that, 72 μl of 95% ethanol were added into the PCR tube with sequencing
reaction products and pipetted vigorously. Each of the 4 tubes was vortexed for 30 s
and kept at room temperature for 20 min and then centrifuged at the maximum speed
of 10000 x g for 20 min. Immediately after this, the supernatants were discarded as
cleanly as possible. Similarly, 260 μl 70% ethanol were added into each 1.5 ml tube
with sequencing reaction products and mixed, vortexed for 30 s and centrifuged again
as before. Then the supernatants were discarded quickly with tips. Afterwards, the
contents of the 1.5ml tubes were concentrated for 3-4 h to dry the DNA and to drive
the ethanol away. Finally, the 4 samples were stored at -20°C in the freezer.

2.2.15 Sequencing
Ten microliters highly-purified HiDi formamide were added to each DNA sample
which had been concentrated for 1 h before use. Then, the 1.5ml tubes were vortexed
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for 30 s and then centrifuged briefly as before. Afterwards, the tubes were heated to
95°C for 4-5 min in the heating block and cooled on ice for 3 min. Subsequently, 9 μl
of well-prepared mixture sample were loaded into the 96-well plate in odd or even
rows. Finally, the sequencing results were obtained using 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.

2.2.15.1 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 on the website Expasy (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 were obtained and
subjected to further mass spectrometry identification.

2.3 Solid phase peptide synthesis
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The

novel

mature

peptide

was

chemically-synthesised

by

solid

phase

Fluorenylmethoxycarbonyl (Fomc) chemistry in a PS4 automated solid-phase
synthesiser (Protein Technologies, Inc, Tucson, AZ, USA). The unequivocal primary
structure

of

the

novel

peptide

was

as

follows:

ALWKSLLKNVGKAAGKAALNAVTDMVNQ-NH2.

2.3.1 Synthesis
The reagents required for this procedure were N, N-Dimethylformamide (DMF),
4-methylmorpholine (NMM) and piperidine.
The following programmes (Table 2.7 and 2.8) were performed on the PS3:
Table 2.7: Programme for single coupling
Step

Reagent

Time

Repeat Comments

1

DMF

5 min

3

Wash resin

2

Piperidine in DMF (1:4)

10 min

3

Deprotect N-terminus

3

DMF

5 min

5

Wash resin

4

NMM in DMF (11:89)

1 min

1

Dissolves amino acid/Activation

5

AA

1h

1

Coupling

6

DMF

5 min

3

Wash resin
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Table 2.8: Programme for deprotection of the final Fmoc of the terminal amino acid
Step

Reagent

Time

Repeat Comments

1

DMF

5 min

3

Wash resin

2

Piperidine in DMF (1:4)

10 min

3

Deprotect N-terminus

3

DMF

5 min

6

Wash resin

The peptide was automatically synthesised using a PS3 automated solid-phase
synthesiser (Protein Technologies, Inc, AZ, USA) through the method of solid-phase
Fluorenylmethoxycarbonyl (Fmoc) chemistry. The peptide was synthesised from
C-terminal to N-terminal.
1. To synthesise 0.3mmol of peptide, a 4-fold molar excess of each amino acid was
used. Likewise, a 4-fold molar excess of HBTU was used to catalyse the coupling.
2. The resin used was 0.3mmol, where the weight (g) = (peptide 0.3mmol)/ (loading
capacity mmol/g). Amino acid vials consisted of a cap, crimp cap, septum and an
O-ring. A clean 30ml reaction vessel was prepared to contain the resin.
3. The nitrogen gas and reagent bottles were checked for quantity to ensure there
were sufficient of each for the synthesis.
4. The reaction vessel was loaded with resin and the carousel was loaded with
amino acid vials. A reaction vessel was selected and coupled with a selected
programme for each amino acid. After preparation and checking, the synthesis
procedure was initiated.
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2.3.2 Peptide cleavage and rotary evaporation
The resin linked with synthesised peptide was weighed and transferred into a 50 ml
round-bottomed flask with a magnetic rotor. Then, the appropriate volume of
cleavage cocktail was chosen and calculated in according to the weight. Subsequently,
32.62 ml 90.5% (v/v) trifluoroacetic acid (TFA), 0.692 ml 5% (v/v) phenol, 0.694 ml
2.5% (v/v) water and 0.694 ml 2% (v/v) TIPS were added into the 50 ml
round-bottomed flask to deprotect the protecting groups of side chains. The cleavage
reaction was performed by stirring at room temperature for 2 h. After that, the mixture
was suction filtered using the Buchner funnel to remove the resin in the upper layer.
Finally, the remaining solution was transferred into a 50 ml universal tube and the
ether was supplemented up to 50 ml for the peptide precipitation in the freezer
overnight.

2.3.3 Peptide washing
The 50 ml universal tube was centrifuged at the speed of 5000 x g for 5 min to collect
the peptide precipitate at the bottom and then the supernatants were discarded as
cleanly as possible. Then, 45 ml ether was refilled and the washing step was repeated
three times. Afterwards, the peptide was dried and the remaining ether was evaporated
at room temperature.

2.3.4 Peptide lyophilisation
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The dry peptide was diluted in 15 ml TFA/water/acetonitrile (0.5/19.95/80, v/v)
(Buffer B) and 5 ml TFA/water (0.5/99.95, v/v) (Buffer A). Then, the peptide solution
was lyophilised using the Alpha 1-2 freeze-drying system (Martinchrist, Germany).
Finally, the lyophilised peptide was weighed and stored at -20°C in the freezer.

2.3.5 Peptide yield calculation
The molecular weight of the peptide was calculated by an online tool called Peptide
Property Calculator (http://biotools.nubic.northwestern.edu/proteincalc.html). The
yield of the peptide was then calculated to assess the success of the peptide synthesis.

2.4 Reversed-phase high performance liquid chromatography (RP-HPLC)
Ten milligrams of crude lyophilised peptide was weighed and diluted in a 15 ml
universal tube with 10 ml Buffer A. Then, the 15 ml universal tube was vortexed and
centrifuged at the maximum speed for 15 min. The clear supernatants were transferred
into another 15 ml universal tube. An analytical reverse phase HPLC Jupiter C5
column (250nm * 4.6 mm, Phenomenex, UK) was washed with Buffer B for 30 min
and equilibrated in Buffer A for 30 min before use. Subsequently, 1 ml of clear
supernatant was pumped onto the Jupiter C5 column on a Cecil Adept CE4200 HPLC
system (Cecil, Cambridge, UK) for peptide elution and purification with 214nm
wavelength detection. The peptide was eluted from the column with a linear gradient
from 100% Buffer A to 100% Buffer B over 80 min at a flow rate of 1 ml/min. The
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fractions were collected in polypropylene tubes (Sarstedt, Germany) at every peak
using an Amersham Biosciences Frac-920 fraction collector and utilised for
identification.

2.5 Peptide analysis by matrix-assisted laser desorption ionisation time-of-flight
(MALDI-TOF) mass spectrometry
MALDI-TOF mass spectrometry was used for peptide identification by mass analysis
using a linear time-of-flight mass spectrometer (Voyager DE, PerSeptive Biosystems,
Framingham, MA, USA) in positive detection mode. Internal mass calibration was
verified using the standard peptides corresponding with standard molecular masses to
ensure high accuracy of ±0.1%. 2 μl of HPLC fractions were loaded and spotted onto
the MALDI ground-steel target plate, and 1 μl excess matrix solution (10 mg/ml)
which

contained

alpha-cyano-4-hydroxycinnamic

acid

(CHCA)

diluted

in

acetonitrile/TFA/water (70/0.02/30, v/v) was also loaded and spotted after drying the
fractions. The samples were ionised and flew through the electrical field in the
instrument to reach the detector. The peptide was identified by mass measurement,
which depended on its mass-to-charge (m/z) ratio. Finally, the pure peptide was
obtained and subjected to lyophilisation and biological activity assay.

2.6 Antimicrobial assays
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In this research, we used three types of microorganism including the 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) to assess the peptide antimicrobial and
bactericidal activity.

2.6.1 Microorganism inoculation
All stock cultures were stored at -20°C. The beads from frozen stock were taken and
placed in a flask containing 100ml MHB. This was incubated at 37°C for 16-20h in a
vibrating incubator. For each organism, at least two McCartney bottles of 20ml MHB
were placed in the 37°C incubator to warm up overnight. (Each bottle was labelled
with the organism’s name, the operator’s name and date).

2.6.2 Peptide preparation
Lyophilised peptide was weighed and dissolved in dimethyl sulphoxide (DMSO) to
make the stock solution at a final concentration from 512×102 to 100 μM in 2-fold
dilution. The final concentrations of tested peptides were achieved as 512, 256, 128,
64, 32, 16, 8, 4, 2 and 1 μM.

2.6.3 Subculture
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500 µl of the organism cultures were transferred from the overnight flask to the
McCartney bottle containing MHB medium and placed in the vibrating incubator,
with continued growth until the Log phase was reached as shown in Table 2.9. 100 μl
of subculture suspensions of S. aureus or E.coli were transferred into 19.9 ml of
pre-warmed MHB medium and dispersed completely in the Petri dish. In terms of C.
albicans, 2 ml subculture suspension was transferred into 18 ml of pre-warmed MHB
medium and mixed evenly to achieve the acquired concentration of 5*105 cfu/ml
Table 2.9: The appropriate OD values for the three microorganisms used.

Organism

Subculture

incubation

time

OD

Concentration (cfu/ml)

S. aureus

1.5 h

0.2

5*105

E. coli

1.0 h

0.4

5*105

C. albicans

0.5 h

0.15

5*105

* The UV spectrophotometer was used to detect OD at λ=550nm.

2.6.4 Minimum inhibitory concentration (MIC) measurements
One microliters of peptide dilution in 7 replicates at each concentration were arranged
in the wells of a 96-well plate and 99 μl adjusted bacterial suspension were also added
into the wells. 100 μl of adjusted bacterial suspension in 7 replicates were added as
positive controls which tested the growth of the organisms and 100 μl of pre-warmed
MHB medium in 7 replicates were added as negative controls (blank control). In
addition, 1 μl DMSO which and 99 μl adjusted bacterial suspensions in 7 replicates
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were added as vehicle controls to observe the impact of 1% DMSO on the growth of
bacteria in the 96-well plate. Subsequently, the 96-well plate was incubated in the
orbital incubator (Stuart, UK) for 5 min and then transferred into the incubator
(Genlab Limited, UK) to culture at 37°C overnight (16-20 h). Afterwards, the 96 well
plates were removed from the incubator and the absorbance of each well was
measured at 550nm using the Synergy HT plate reader (BioTek, USA). The MIC was
the concentration of peptide in which no visible growth was detected. Finally, the
graph was drawn using the calculated average and the minimum inhibitory
concentration (MIC) value was obtained as the wells in which no growth of organism
was detectable. The sample size for antimicrobial assay is 21 for each concentration.

2.6.5 Viable cell counts
For each organism, 6 micro tubes were required. 900 µl of PBS solution were mixed
with 100 µl of the subculture in the first micro tube to make a 10-fold dilution. This
ten-fold dilution step was repeated until a 106 dilution was obtained. 20 µl of solution
from each tube were spotted on the MHA plate and 3 replications of each
concentration were made. Incubation of the MHA plate was at 37°C overnight. A
suitable concentration was chosen that could easily be counted and colonies in each
drop were counted and averaged. The original CFU in the subculture was then
calculated using the following formula: C= N/3 * 50 * 10n , where N represented the
total quantity of the bacteria at each concentration while n was the ratio of dilution.
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2.6.6 Minimum bactericidal concentration (MBC) measurements
The clear solution at the MIC value at the concentration was chosen for the
assessment of minimum bactericidal concentration (MBC). 20 μl clear solution in 7
replicates were transferred, spotted onto a new MHA plate and then incubated at 37°C
overnight (16-20 h). Finally, the MBC value was obtained as that in which no
colonies grew at the lower concentration. The antimicrobial assays should be repeated
at least three times and the standard error of the mean (SEM) of three experiments
was calculated to show the variability and repeatability.

2.7 Haemolysis assay
2.7.1 Peptide and control preparation
The lyophilised peptide was weighed and dissolved in DMSO to make an initial
maximum concentration of 512 μM. This peptide solution was then diluted with
DMSO to obtain a range of gradient concentrations including 256, 128, 64, 32, 16, 8,
4, 2 μM. Also, 22 μl Triton X-100 (Sigma Aldrich, St. Louis, MO, USA) was diluted
in 1078 μl PBS solution as a positive control in which 1% (v/v) non-ionic detergent
Triton X-100 (Sigma-Aldrich) can produce a 70% haemolytic effect. Meanwhile, PBS
solution was regarded as a negative control (blank control) for the comparison of
non-haemolytic effects. 22 μl DMSO was diluted in 1078 μl PBS solution as a vehicle
control to assess the influence of 1% (v/v) DMSO solution on the erythrocytes.
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2.7.2 Horse blood preparation
1. The horse blood was placed in a 50 ml centrifuge tube which was gently shaken
on a vibrating bed to ensure a complete suspension of cells.
2. 2ml of this blood was then placed in a 50ml centrifuge tube and centrifuged at 100
× g for 5 min. The supernatant was removed and 30ml of sterile saline (PBS) were
added. The centrifugation procedure was repeated as before until the supernatant was
clear.
3. After washing, the red blood cells (RBC) were diluted with sterile saline (PBS) to
make a 4% suspension.

2.7.3 Haemolysis assay
A range of peptide solutions were prepared in DMSO. 200µl of the peptide solution
was added to 200µl of the 4% RBC suspension and replicated in 5 wells. 1% Triton
X-100 dilution, PBS solution and 1% DMSO dilution were arranged in 1.5 ml tubes
and each was replicated in 5 wells. All samples were incubated for 120min at 37 ˚C.
After 120min, all tubes were centrifuged at 100 x g for 5min. The supernatants were
transferred to wells in a 96-well plate and the optical density (OD) was measured at
570nm on a Biotek plate reader. The percentage haemolysis was calculated using the
following equation:

% haemolysis = (A-AO) / (AX-AO) *100

(Where A is the OD of the peptide solution, AO is the negative control reading and
AX the positive control reading).
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2.8 MTT cell viability assay
The human prostate cancer cell line (PC3) was cultured in RPMI-1640 medium
(Invitrogen, Paisley, UK), whereas the human breast cancer non-tumorigenic
mammary gland cell line (MCF-7) and the human neuronal glioblastoma cell line
(U251MG) were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) with
high glucose (25 mM) (Sigma, St. Louis, MO, USA) in a humidified environment
containing 5% CO2 at 37°C. Importantly, both the 10% foetal bovine serum (FBS)
(Sigma, UK) which provided nutrition for cells growing and 1% penicillin
streptomycin solution (Sigma, UK) which inhibited the growth of bacteria, were also
added into the medium.

2.8.1 Resuscitation of frozen cell lines
The pipettes were sprayed with 70% ethanol before being placed in the fume
cupboard with the rack and beakers. The UV light was switched on for 30 min to
sterilise. The medium and PBS were pre-heated in a 37 ˚C incubator. Then, a flask
was taken and filled with 37˚C water. The cell tube was taken from the freezer and the
cells were thawed quickly to maintain viability. 70% ethanol was used to spray the
tube before it was placed into the fume cupboard. Finally, 15ml of medium were
added to the flask. 1ml of cells were added into the flask and gently shaken to
disperse. The flask was placed in the incubator at 37 ˚C under 5% CO2.

2.8.2 Cell subculture and passage
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After the cell confluence examination, the spent culture medium was discarded and
then 10 ml pre-warmed PBS solution were added into the culture flask followed by
gentle swaying to wash the cells. Afterwards, 1000 μl 1X Trypsin/EDTA (Invitrogen,
UK) were added into the culture flask containing 10% FBS without Ca2+ and Mg2+,
and then the culture flask was incubated for 2-5 min to digest and detached the
monolayer cells. Subsequently, 10 ml pre-warmed medium were added into the
culture flask to cease the digestion, followed by cell aspiration. After that, all the
solution from the culture flask was transferred into a 15 ml universal tube and
centrifuged gently for 5 min. The supernatants were then discarded and 5 ml
pre-warmed medium were added into the 15 ml universal tube. The cells in the tube
were mixed thoroughly. Finally, 2 ml of cell suspension were transferred into a new
75 cm2 culture flask with 15 ml pre-warmed medium and then incubated at 37°C in a
humidified environment containing 5% CO2 after cell examination. After this, the cell
concentration was checked using a microscope and if 90% confluency had been
achieved, the subculture could be processed. Additionally, the cells could be
employed in cell line cryopreservation, MTT viability assay or continuous passage
after the first passaging.

2.8.3 Cell quantification
The previous procedures including cell washing, digestion, transfer, centrifugation
and discarding of media were used with all subsequent cell passages. The medium
was taken from the flask and cells were washed with PBS. 50 µl of trypsin solution
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were added to the flask gently and then 10 ml of medium were added to stop the
reaction. Cells were mixed well and the tubes were centrifuged at 200 x g for 5min.
The liquid was removed and 5 ml of medium were added and vortexed. 50 µl of
trypan blue were added to the plates followed by 50ul of cells, following which a
viable cell count was performed using a haemocytometer. 50 µl of the cell suspension
were added to the haemocytometer. The cells were counted under a microscope to
ensure that each well of the 96 plates contained 5000 cells/100 µl. The medium was
added to the flask and mixed thoroughly. 100ul of the cells were transferred to the
plates and incubated for 24h.

50 microliters of cell sample were transferred to the AS1000 Neubauer
haemocytometer (Hawksley, UK) and mixed with 50ul of trypan blue. A drop of the
mixture was applied to the coverslip using a pipette and the sample was viewed
immediately under a microscope. The number of cells was counted in the 4 sections
of the chamber’s 16 squares (Figure 2.5).

Figure 2.5: View of the haemocytometer as seen from the lens of a microscope

No. of viable cells/flask=T ÷4 × 104 × 2 × 10
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Where T = No. of viable cells
2 = Dilution in trypan blue
10 = vol. of original cell suspension

2.8.4 Cell seeding
An appropriate volume of cell suspension and pre-warmed medium were mixed and
diluted to the final concentration of 5000 cells/100μl in the tray. Then, 100 μl samples
of cell suspension were seeded in each well of the 96-well plate for cell attachment.
After that, the 96-well plate was incubated at 37°C under 5% CO2 in a humidified
atmosphere for 24 h.

2.8.5 Cell starvation
The medium was removed from the 96-well plates. After removing this from 2 lines,
the medium without FBS was added to avoid cell death. The sample was incubated
for 12 h in order to starve the cells which can eliminate the impact of FBS in the
parallel assay.

2.8.6 Peptide preparation
Five milligrams of pure lyophilised peptide were weighed and dissolved in 198 μl
DMSO to make a stock solution with a final concentration of 10-2 M. Then, 70 μl of
this stock solution was 10-fold diluted in 630 μl of pre-warmed FBS-free medium to
achieve a range of concentrations of 10-4, 10-5, 10-6, 10-7, 10-8, 10-9 M.
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2.8.7 Peptide loading
All media from the wells was removed, discarded and 100 μl of peptide dilutions at
each concentration were loaded in 5 replicates in the 96-well plate. Then, 100 μl of
pre-warmed FBS-free medium was used as a positive control and an equal volume of
1% DMSO solution was also added as a vehicle control which reflected the impact of
1%DMOS on the cell growth. Lastly, the 96-well plate was incubated at 37°C in a
humidified environment containing 5% CO2 for 24 h.

2.8.8 MTT assay
The MTT assay involved the conversion of the water soluble MTT (3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) to an insoluble purple
formazan by mitochondrial reductase enzymes inside the cell. Hence only the living
cells are capable of catalysing this reaction to produce the formazan crystals. These
crystals are insoluble in aqueous solutions but can be dissolved in DMSO. Their
purple colour can be detected at a wavelength of 570 nm.
MTT should not be subjected to light. Thus, after turning off the lab light, the 96 -well
plate was removed from the incubator.
1. The medium without FBS was removed from the 96-well plate. 10 µl of MTT
were added to each well protected from the light and incubated for 4 h. 100 µl DMSO
were then added and the plates shaken for 10 min at 37 ˚C.
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2. The plates were then placed on an ELx808TM Absorbance Microplate Reader
(Bio Tek, USA) and the absorbance measured at λ550nm. Graph Prism software (San
Diego, CA) was used to analyse the data. The results were considered to be
statistically significant at the value of <0.05. The sample size for MTT assay is 15 for
each concentration.
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CHAPTER THREE
RESULTS
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3.1 DNA sequencing and biodata analysis
A dermaseptin peptide precursor-encoding cDNA was successfully cloned from the
frog skin secretion library of Phyllomedusa duellmani (Figure 3.1). The deduced
open-reading frame consisted of 76 amino acid residues, which contained a putative
signal peptide of 22 residues, a mature peptide of 28 residues and an acidic spacer
peptide between these two regions. The mature peptide was named DS-Du.

Figure 3.1: Nucleotide and translated amino acid sequence of the cDNA cloned from
Phyllomedusa duellmani skin secretion and its predicted mature peptide sequence.
The putative signal peptide (double-underlined), mature peptide (single-underlined)
and stop codon (asterisk), are indicated.
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3.2 Solid-phase peptide synthesis of the novel peptide
The peptide was successfully synthesised using the Tribute automated synthesiser.
Reversed phase high-performance liquid chromatography (RP-HPLC) was used to
purify and isolate the synthetic peptide. Then its molecular mass was confirmed by
MALDI-TOF MS.
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Figure 3.2: MALDI-TOF mass spectrum of synthetic peptide.

3.3 Antimicrobial assays
The synthetic replicate of DS-Du exhibited growth inhibition of Gram-positive
S.aureus (Figure 3.3), of Gram-negative E.coli (Figure 3.4) and of yeast C.albicans
(Figure 3.5). The exact concentrations of bacteria in each well was diluted at 5x105
CFU/ml. MICs were 4 μM, 8μM and 4 μM, respectively. The MBC against the three
micro-organisms was also tested and established with values of 8, 32, and 4 μM,
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respectively.The OD values rose in some experiments at 512 μM due to peptide
precipitation.

S.aureus

Figure 3.3: MIC of DS-Du against S.aureus
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Figure 3.4: MIC of DS-Du against E.coli

C.albicans

Figure 3.5: MIC of DS-Du against C.albicans
The growth control was established by growth culture, the negative control consisted
of 1μl DMSO and 99μl growth culture and the blank control was represented by
culture medium.

3.4 Haemolysis assay
The peptide, DS-Du was found to be non-haemolytic at its MIC values.
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Figure 3.6: Haemolytic activity of synthetic DS-Du.

3.5 Anti-cancer cell assay
As is shown in Figure 3.7-3.9, Synthetic DS-Du had no observable effects on the
growth of PC-3, U251G and MCF-7 human cancer cell lines.

Figure 3.7: Anti-cancer activity against PC-3 of synthetic DS-Du
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Figure 3.8: Anti-cancer activity against U251G of synthetic DS-Du

Figure 3.8: Anti-cancer activity against MCF-7 of synthetic DS-Du
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CHAPTER FOUR
DISCUSSION
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Natural products are good resources for drug discovery because they have better
curative effects and lower side effects. The research on natural drug discovery has
increased dramatically, accelerating the screening and biosynthesis of bioactive
compounds with better pharmaceutical potential from natural products. Amphibians,
including frogs and toads, are rich in bioactive components against microbial
pathogens. These bioactive components, especially the AMPs, possess antimicrobial
and antifungal functions, and studies on such have been carried out in-depth. To date,
2883 AMPs have been found and 2806 AMPs from six kingdoms (296 bacteriocins
and peptide antibiotics from bacteria, 4 from archaea, 8 from protists, 13 from fungi,
343 from plants, and 2142 from animals) have been recorded in the Antimicrobial
Peptide Database.

In recent years, the problem of antibiotic resistance and the prevalence of multiple
super pathogenic bacteria have aroused universal concern, which accelerated the
search for alternatives to treat infections. Many drug companies are dedicated to
screening natural compounds for new drug discovery and design. During the past
decades, small molecules were widely considered superior to peptide drugs as the
latter are labile and easily degraded, which indicated that peptide drugs are likely to
have poor pharmacokinetic properties (Uhlig et al., 2014). With the progress of
science and technology, some strategies, such as the utilisation of D-enantiomers,
have been used against to highlight their functions as therapeutics (Fjell, Hiss,
Hancock & Schneider, 2011). In the future, peptide drugs with putative therapeutic
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potential will become the most competitive drugs. Cationic AMPs from natural
sources have been considered to be one of the most promising alternatives. AMPs
have wide spectrum antibacterial ability. Although the mechanisms are varied, the
same and key point is they adhere to the target cell membrane, disrupt and
permeabilise the membrane, which is the strategy of AMPs use against microbes
without them developing resistance. In addition, the possibility of microbial
membranes acquiring resistance through mutation is low because the composition of
it is evolutionarily stable (Zasloff, 2002). AMPs also play a significant role in immune
systems. Recent research has shown that AMPs are capable of interfering with host
cells and tissues. Through the aggregation of leukocytes at the sites of infection,
AMPs can modulate the inflammatory response while stimulating the immune system
(Conlon, 2010).

Phyllomedusa duellmani is a species in the Phyllomedusa genus. This species has not
been widely studied and only a few bioactive peptides have been reported from it.
Phyllomedusa duellmani is still shown as data deficient on the Red List of
Endangered Species (Angulo, Arizabal, Lehr & Martinez, 2014). Phyllomedusa
duellmani, which has amazing biological potential, deserves high attention from
humans. According to BLAST (Basic Local Alignment Search Tool), the DS-DU
showed high similarity with peptide in dermaseptin family, which is most studied in
Phyllomedusa genus. These peptides share several common features both in structure
as well as function. They are composed of 28-34 amino acids, including 3-6 lysine
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residues, which make these peptides cationic. Tryptophan residues can be observed in
the third position from the N terminus. They can form α-helices and amphipathic
structures when interacting with lipid bilayers. Moreover, although they are capable of
acting against Gram-negative and Gram-positive bacteria, fungi and yeasts at
micromolar concentrations, they differ in potencies (Silva et al., 2008).

This thesis deals with the characteristics and function of a new AMP called DS-Du.
The precursor of DS-Du consists of a signal peptide, an acidic spacer peptide (flanked
by typical amino acids lysine-arginine) and a mature peptide. The signal peptide is
highly-conserved with 22 amino acid residues, which is almost the same as other
peptides from Phyllomedusa duellmani. However, the mature peptides are varied and
have different coding sequences. The signal peptide is destined towards the secretory
pathway and will send the peptide precursor to the gland. Subsequently, the signal
peptide is removed by endoprotease (Nicolas, 1995). Until they receive external
stimulation, the remainer of the peptide will remain untouched. After the cleavage of
acidic spacer, the mature peptide can be secreted onto the surface of the frog skin. The
sequence is consistent with the common characteristics of dermaseptins. Between the
signal peptide and mature peptide is the acidic spacer peptide, which is also
highly-conserved among most AMPs, but the function of this has not been studied
widely.

As DS-Du is a member of the dermaseptin family, its antimicrobial activities were
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assessed. The antimicrobial ability of this peptide was tested against three different
species of microorganisms, C. albicans, S. aureus and E. coli respectively. The MIC
values of DS-Du against C. albicans, S. aureus and E. coli were 4 μM, 4 μM and 8
μM, respectively. The results indicated that DS-Du showed a broad spectrum
antibacterial activity and the inhibited both the Gram-positive and Gram-negative
bacteria. DS-Du exhibited a highly-conserved sequence with other dermaseptin
peptides, which may be the reason for its remarkable antimicrobial ability. The MIC
value of DS-Du against Gram-negative bacteria was highest, which means DS-Du
was more potent against Gram-positive bacteria. Comparing cell membranes of
Gram-positive and Gram-negative, the latter have an outer membrane containing
outer leaflet and inner leaflet. Lipopolysaccharide (LPS) accounts for a large
proportion of its outer leaflet, which consists of lipid A, core polysaccharide, and O
antigen (Baggot, 1985). Thus, it is more difficult for AMPs to insert into and disrupt
the cell membranes of Gram-negative bacteria (Resende et al., 2008).

There four lysine residues in this peptide, which ensured its cationicity. Undoubtedly,
cationicity is an important parameter contributing to antimicrobial activities. During
the initial process, the interaction between peptides and cell membranes of target cells,
which are negatively charged, is modified by electrostatic attraction. A number of
acidic phospholipids phosphatidylglycerol (PG), phosphatidylserine (PS), and
cardiolipin (CL) are in the bacterial membranes, making these negatively charged. In
addition, LPS and teichoic or teichuronic acids from Gram-negative and
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Gram-positive bacteria can add extra negative charges to the surfaces of cell
membranes. Based on these facts, it demonstrates that there is a positive correlation
between the cationicity of a peptide and its antimicrobial ability (Yeaman, 2003).

As documented before, dermaseptin peptides can form amphipathic α-helical
structures when interacting with lipid bilayers. Thus, there is a high possibility for
DS-Du to form such a structure. Amphipathic helices are one of the simplest and most
elegant protein conformations. A periodicity of three to four residues is perfect upon
interaction with bacterial amphipathic membranes. As is known, a large portion of all
biomembranes is constituted by the phospholipid bilayer, which is amphipathic,
containing both hydrophilic and hydrophobic components. Amphipathic α-helical
structures play a vital role through the whole antibacterial process, and ensure that
AMPs could adhere to phospholipids and then insert into the cell membranes. Thus,
amphipathic helicity has considerable influence against negatively charged
membranes (Yeaman, 2003).

Although various studies on AMPs have been carried out for decades, their
mechanisms are not clear even now. How do AMPs insert into and permeabilise the
cell membranes, eventually leading to cell death? This question remain to be solved.
The available data support that the mode of action of dermaseptin peptides is via the
carpet-like model (Shai, 2002). Pouny (1992) labeled the N-terminal of dermaseptin S
and tested the labeled peptide with a fluorescence spectrometer upon binding to small
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unilamellar vesicles. The results showed that membrane-bound peptide monomers
gathered in acidic but not in zwitterionic vesicles. It was suggested that dermaseptin
peptides can bind to the acidic membrane components and disrupt the cell membrane.

The haemolysis assay showed that DS-Du had relatively low haemolytic activity
when it was at the same concentrations as the MICs for the microbes. Compared with
other AMPs, the dermaseptins showed little or no toxicity to mammalian cells since
they can distinguish mammalian cells from microbial cells (Brand, 2002). The cell
membranes of many bacterial pathogens are composed of PG, CL, or PS, leaving the
cell

with

net

charges.

In

contrast,

phosphatidylcholine

(PC),

phosphatidylethanolamine (PE) and sphingomyelin (SM), normally with no net
charge, are found in mammalian membranes. Furthermore, sterols, including
cholesterol and ergosterol, are also neutral and mainly found in eukaryotic cell
membranes, which could differentiate mammalian cells from prokaryotes (Yeaman,
2003).

The dermaseptins can form α-helical conformations upon binding to bacterial
membranes and a mountain of evidence supports that this invariable structure may
impact the toxicity against host cells. Human cathelicidin LL-37 was found to form an
α-helical configuration and oriented parallel with the surface of zwitterionic
phospholipid membranes (mammalian-like membranes). This result supported that
helical conformations may reduce the ability of AMPs to exhibit selective toxicity
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(Yeaman, 2003).

DS-Du exhibited potent antimicrobial ability against both Gram-positive and
Gram-negative bacteria. However, minimum inhibitory concentration (MIC) assays
are not good enough and there are still in-depth studies which need to be carried out
and to reveal the mechanism of antimicrobial activities. Biofilm is the extracellular
matrix structures of pathogen and its function is to protect the microorganism from
the harmful environment. Minimum biofilm inhibitory concentration (MBIC) and
minimum biofilm eradication concentration (MBEC) assays can be used to investigate
the impact of peptide on biofilm. Furthermore, DNA leakage assays can also been
carried out to estimate the lysis of cell membranes. In addition, to evaluate stability of
the peptides, peptides could be incubated with serum and then the loss of
antimicrobial activity could be examined.

Although DS-Du displayed antimicrobial activity against both Gram-positive and
Gram-negative pathogens, the percentage of haemolysis was still large especially at
512 μM. To enhance the antimicrobial activities and reduce the toxicity toward
mammalian cells, structure-activity relationships must performed alongside circular
dichroism (CD) analysis which can be used to determine the secondary structure of
DS-Du. There are several main parameters affecting the antimicrobial activity,
including conformation, charge, amphipathicity, hydrophobicity and polar angle. As
documented above, amphipathic α-helical structures and positive charges both
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contribute to the antimicrobial activity. Hydrophobicity plays an essential role during
the interactions between AMPs and target cell membranes, because it takes charge of
the extent to which the peptides can insert into the lipid bilayer. However, there is a
strong relationship between the hydrophobicity and cell toxicity. It is suggested that
the increasing levels of hydrophobicity can lead to the increasing toxicity to
mammalian cell (Yeaman, 2003). The polar angle is used to measure the relative
proportion of the polar face and non-polar face of a peptide through formation of
amphipathic α-helical conformations. Numerous studies have proven that the smaller
polar angle, which means the greater hydrophobic surface, makes it easier for peptides
to permeabilise membranes. However, the possibility of the pore collapsing was high
when the polar angle was small (Uematsu & Matsuzaki, 2000). Thus, finding optimal
factors for a peptide is most important during the modification of a peptide.

Several strategies have been adopted during research, such as AMP modification
according to secondary structure or synthetic combinatorial libraries. Ziqing Jiang
(2014) proposed the concept of “specificity determinant”, which means substituting
positively charged residue(s) in the center of the non-polar face that could result in the
decrease of haemolytic toxicity but with an increase or no change in antimicrobial
activity. This hypothesis has been applied on D-dermaseptin S4 when two lysine
residues were substituted in the centre of the non-polar face, decreasing the
haemolytic activity and enhancing the antimicrobial activity. The positively-charged
lysine residues in the center of the non-polar face stopped the peptide forming a
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transmembrane pore in eukaryotic cells, but the peptide could lie perpendicular to the
membrane of prokaryotic cells. Here, the peptide could form an amphipathic α-helical
conformation and then it could disrupt the cell membrane, leading to DNA leakage
and cell death. Another method to apply to the design of DS-Du analogues, would be
to cut off the C-terminal hydrophobic domain since this portion could bind to
membranes but not disrupt them. These strategies set good examples for the
modification of DS-Du (Kustanovich, Shalev, Mikhlin, Gaidukov & Mor, 2002).

In conclusion, a novel peptide was discovered in Phyllomedusa duellmani. The data
from antimicrobial and haemolysis assays, showed that this peptide possesses a broad
antimicrobial spectrum and low cell toxicity at the same concentration as its MICs.
However, the data from the anticancer assay indicated that DS-Du may not have
anticancer activity. These peculiarities made DS-Du a subject for further investigation,
such as intensive study of antimicrobial mechanism or peptide modification, which
could make it possible to become a rational candidate as an alternative antibiotic.
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