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General introduction:

Peptides as a promising source of therapeutic agents

Marcelo F. Masman

C1Chapter 1

Although the important role that pep-
tides and proteins play in almost all biological 
processes was already known by 20th’s century 
scientists, its far fetching consequences were not 
fully understood nor appreciated by most or-
ganic and medicinal chemists at that time. This 
was partly due to the still limited knowledge of 
synthetic amino acids, peptides and peptidomi-
metic compounds. The lack of appreciation of the 
stereo-structural and conformational properties 
of amino acids as building blocks of peptides and 
proteins was probably another reason. However, 
this has changed considerably thanks to the sci-
entific progress of the 20th century. One of the 
most likely reasons for this to happen was the increas-
ing need to produce peptides on a larger scale to study 
their characteristics. This became more urgent after the 
discovery of many new compounds of this kind with 
extremely important biochemical activities, such as 
peptide hormones, neurotransmitters, enzymes, cy-
tokines, growth factors, adhesion proteins, glycopro-
teins, receptors, antigenic sites, antibodies, structural 
proteins, oncogenes, ion channels and so on. In parallel 
major progress in peptide synthesis at the end of the 
20th century (in fact at the end of 1980s) served as a 

stimulus to create and use large peptide libraries. The 
solid-phase method of peptide chemistry initiated by 
Merrifield introduced a tremendous step forward in the 
synthesis of peptides (Merrifield 1986; Merrifield 1963). 
The subsequent development of multiple peptide syn-
thesis by Geysen and colleagues (Geysen 1985; Geysen 
et al. 1984; Geysen et al. 1987), and the “tea bag method” 
by Houghten and coworkers (Houghten 1985) have 
clearly changed the perspectives in the potential use of 
these compounds in the medicinal chemistry field.

Nowadays, at the beginning of the 21st 
century, we may be on the brink of a therapeu-
tic revolution partly as a result of the accelerated 
advance of complex computational techniques 
on the medicinal chemistry field. The use of 
peptides as therapeutic drugs has rapidly grown 
over the last decades, and this trend is likely to be 
continued due to our burgeoning knowledge on 
the activity-structure relationship. It is now well 
known that peptides regulate most physiological 
processes, acting at some sites as endocrine or 

paracrine signals and at others as neurotransmit-
ters or growth factors. Peptides are already being 
used therapeutically in such diverse areas as neurology, 
endocrinology and haematology (Edwards et al. 1999).

 A short history of peptide drug design. Benefits and drawbacks1.1
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One of the fist problems that medicinal 

chemists face in the process of peptide drug dis-
covery is the fact that most peptides cannot be 
administered orally since they are rapidly broken 
down by gastrointestinal enzymes, thus requir-
ing subcutaneous or intravenous application. 
Therefore, great efforts are focused on alternative 
routes of delivery of this type of drugs, including 
inhalation, buccal, intranasal and transdermal 
routes, as well as novel delivery systems such as 
the use of protective liposomes. An exciting fu-
ture area of drug research relate to peptides for 
treatment of brain disorders (Fulop et al. 2004; 
Granic et al. 2009; Hetenyi et al. 2002b; Juhasz et 
al. 2009; Permanne et al. 2002; Soto et al. 1996; 
Soto et al. 1998; Tjernberg et al. 1997; Tjernberg et 
al. 1996). Peptidergic drugs for combatting brain 
diseases are subject to dual problems of local-
ized targeted delivery, and the blood-brain bar-
rier (BBB) that prevent peptide compounds from 
gaining ready access to the required site of action, 
although some solutions are appearing at the ho-
rizon of peptide chemistry. Additional clinical 
value is created with the development of rational 
drug design and specific synthetic modification of 
the peptide molecular structure in order to endow 
the analog ideally with only one specific activity. 
This way new peptides or peptidomimetic com-
pounds can express the desired specific biological 
property. Moreover, by following such rational 
approaches and designs the resistance of the pep-
tide to enzymatic break-down can be increased. 
The most frequently applied approach to render 
a peptide resistant to enzymatic attack has been 
by replacement or modification of chemical func-
tional groups, such as N- and C-terminal groups, 
disulfide bond, N-alkylation, N-arylation, etc. 
The nature of these changes is usually such that 
the hydrophobicity of the peptide is enhanced, 
and as a result the compounds may permeate into 
the cell instead of remaining in the extracellu-
lar system, or may be transported over the BBB 
membranes. However, it is important to realize 
that if these agents cannot be broken down in vivo 

due to an extreme resistance to enzymatic attack 
and accumulate intracellularly, their clinical ap-
plication may cause undesirable consequences in 
patients. Generally speaking however, chemical 
modifications on the peptide molecular structure 
based on conformational considerations, rather 
than on an empirical or intuitive approach, in 
principle should lead to analogs with the required 
properties and biological activity.

Nevertheless, peptides thus far have 
not played a major commercial role as therapeu-
tic agents, at least not at industrial levels, with 
certain exceptions such as insulin and adreno-
corticotropic hormone (ACTH). However, this 
situation may rapidly change as more and more 
naturally occurring or synthetic low molecular 
weight peptides with interesting biological activi-
ties are being discovered or designed.

Attractive examples of rational design of 
potential peptidergic drugs are the neurohypoph-
yseal hormones (Kotelchuck et al. 1972; Marks and 
Walter 1972; Pliska et al. 1967; Urry and Walter 
1971; Walter et al. 1972; Walter et al. 1971; Walter 
and Shlank 1971; Walter et al. 1974), captopril 
and derivatives (Atkinson and Robertson 1979; 
Bull et al. 1985; Ondetti et al. 1979; Patchett et al. 
1980; Wyvratt and Patchett 1985), antifungal pep-
tides (Carotenuto et al. 2007; Cutuli et al. 2000; 
Grieco et al. 2003; Grieco et al. 2005; Masman 
et al. 2009b; Masman et al. 2006; Masman et al. 
2008), anti amyloid peptides or so-called “β-sheet 
breakers” (Fulop et al. 2004; Granic et al. 2009; 
Hetenyi et al. 2002b; Juhasz et al. 2009; Soto et 
al. 1996; Soto et al. 1998; Tjernberg et al. 1997; 
Tjernberg et al. 1996), amongst others. In the case 
of neurohypophyseal hormones their proposed 
preferred conformations (Urry and Walter 1971; 
Walter et al. 1972) suggest that substitutions of 
amino-acid residues in the corners of the 3-turns 
of the hormones (positions 3, 4, 7, and 8, which 
are not primarily involved in the intramolecular 
stabilization of the peptide backbone and, there-
fore, are available for intermolecular interactions) 
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would lead to analogs with a selectively modified 
activity profile. By these modifications certain ac-
tivities will be enhanced while others will be di-
minished or even abolished in these compounds 
(Walter et al. 1971; Walter and Shlank 1971; Walter 
et al. 1974). This example is given to illustrate the 
importance of knowing and understanding the 
conformational behavior as well as the structur-
al intricacies of a potential peptide drug. It is at 
this stage where computational chemistry shows 
its invaluable help in the field of the medicinal 
chemistry.

Peptides, as many other drugs, act by 
binding to specific cell surface receptors. The per-
fect therapeutic agent would be a small-molecular-
mass chemical compound that mimics the natural 
receptor ligand, cheap to manufacture, stable at 
normal storage conditions, with known pharma-
cokinetic and pharmacodynamics, and reach the 
site of action after an easy and non-invasive e.g. 
oral administration. However, receptors are large 
protein complexes with many potential binding 

sites, whereas peptides have a complex secondary 
and tertiary structure, both of which determine 
the peptide’s specificity as well as its sensitivity. 
As a consequence of the complex requirements of 
peptide drugs, the production of successful pep-
tidomimetics using chemical libraries is largely 
unsuccessful. Therefore, large part of the design 
of peptide drugs still relies on the native peptide 

for therapeutic purposes, as will be addressed in 
further chapters of this thesis.

It is well-known that the discovery of 
new lead structures is one of the principal bot-
tlenecks in medicinal chemistry. In this sense 
peptides could be an interesting source of new 
structures for further developments. Because of 
the aforementioned one may ask: why peptides? 
Peptides constitute a class of organic molecules 
that interact with, essentially, all the rest of the 
known chemical world: peptides can control, 
catalyze and modulate most biological processes 
and are highly compatible with and generally 

nontoxic to living systems. In addition, synthet-
ic peptide chemistry is perhaps the most recent 
highly developed domain of biological chemistry, 
with high-yield stereospecific synthetic method-
ologies.

The list of peptides as potential thera-
peutic drugs is huge and space limitations do 

not permit to discuss them all. It is beyond the 
scope of this chapter to focus on peptide therapies 
such as luteinizing-hormone-releasing hormone 
(LHRH), growth hormone, arginine vasopres-
sin or the very interesting peptide, cyclosporine 
(Borel 1989a, b; Borel et al. 1989; Lee et al. 1990). 
Instead, we will shortly address some exciting ar-
eas of research as well as recent developments in 
the use of more established peptide therapies.

Historically, it is well known that in-
sulin was the first peptide to be isolated and ad-
ministered therapeutically, and is still the most 
commonly prescribed peptide. However, it is 
needed yet to find novel analogues and chemical 
mimics, as well as new methods of administra-
tion. Manipulation of the insulin molecule has al-
lowed the development of shorter-acting insulin 
analogs e.g. Lispro insulin which can be rapidly 
absorbed, readily dissociates into insulin mono-
mers, and produces plasma levels that more close-
ly mimic the normal postprandial insulin profile. 
Thus, Lispro can be injected immediately prior to 
a meal, unlike conventional short-acting insulin 
analogs that should be injected half an hour ear-
lier (Puttagunta and Toth 1998).

Peptide antibiotics have been under in-
vestigation for a number of years. Currently one 
family of antibiotic peptides is been distributed, 
the polymyxins, namely; polymyxin B and colis-
tin (polymyxin E). Colistin is occasionally given 
by injection to treat Pseudomonas aeruginosa in 
patients with cystic fibrosis, though more fre-
quently aerosol preparations have been used (Diot 
et al. 1997). Polymyxin B is just used as a topi-
cal preparation for local eye and ear infections. 
Both antibiotics are prescribable for local skin 
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infections. Several classes of other antibiotic pep-
tides including defensins, protegrins, magainins, 
tachyplesins, cecropins, mutacins and clavanins 
are under investigation. The inability of present 
non-peptide antibiotics to kill certain bacteria, 
make it likely that antibiotic peptides will form an 
important part of our fight to defeat multi-drug 
resistance in the twenty-first century.

At the neurological level, especially in 
the central nervous system (CNS), there have 
been described more than 100 peptides acting as 
neurotransmitters, neuromodulators and growth 
hormones. Amongst them, it is worthy to mention 
the angiotensins, neuromedin B, gastrin releas-
ing peptide, bradisin, calcitonin, β-endorphin, 
Leu-encephalin, Met-encephalin, endothelins, 
gastrin, neuropeptide Y, oxitocine, somatostatin, 
substance P, vasopressin, glucagon, etc. In the 
field of medicinal chemistry, there are numer-
ous examples of drugs that were developed on 
the basis of peptide structures. Amongst the best 
known examples we should mention the encepha-
lin and endorphins mimicking drugs, agonists of 
cholecystokinin, agonists and inhibitors of angio-
tensin-converting enzyme (ACE), etc. The better 
known peptide neurotransmitters are, without 
any doubt, the encephalins and the endorphins. 
Thus, the synthesis of peptidomimetic analogues 
with a better agonist activity, higher stability and 
potentially orally administrated is one of the most 
explored subjects in medicinal chemistry. 

Another well-known example is the de-
velopment of captropril and the anti-hypertensive 
drugs acting on angiotensin-converting enzyme 
(or ACE, dipeptidyl carboxi-peptidase I). In 1965, 
Ferreira reported that a mixture of peptides of the 
venom of the South American pit viper Bothops 
jararaca potentiated the action of bradykinin 
by inhibition of some bradykininase activity 
(Ferreira and Rocha e Silva 1965). Bakhle and co-
workers subsequently showed that these peptides 
also inhibited the conversion of angitensin I to 
angiotensin II (Bakhle et al. 1969). Thus, nine ac-

tive peptides were isolated from this venom; the 
structure of a pentapeptide (Pyr-Lys-Trp-Ala-
Pro, where Pyr stands for L-pyroglutamate) was 
identified (Ferreira et al. 1970a). This peptide was 
shown to inhibit the conversion of angitensin I to 
II and bradykinin degradation in vitro (Ferreira 
et al. 1970b) and in vivo (Stewart et al. 1971). The 
structures of six more related peptides were de-
termined by Ondetti and coworkers (Ondetti et 
al. 1971). Some of these peptides have shown a 
significant in vivo potency and were effective in 
lowering blood pressure. Although none of these 
peptides were effective when administrated oral-
ly, they laid the foundation for the design of orally 
active ACE inhibitors nowadays worldwide used.

From the above mentioned finding it ap-
pears that peptides are an excellent new source to 
obtain novel drugs. However, we must be aware 
that there are also serious limitations with respect 
to the use of peptides as new drugs. In terms of 
drug bioavailability, stability, pharmacokinetics 
and pharmacodynamics, most peptides are as 
bad as proteins, and in general do not make good 
drugs unless modifications have been performed 
on their structures. It is clear that in general pep-
tides possess significant limitations to be used di-
rectly as drugs; however many of these peptides 
are excellent starting structures to develop new 
drugs with novel and specific mechanisms of ac-
tion and therefore developing new effective and 
safer therapeutic agents.

Without any doubt, the knowledge 
gained over the last decades regarding electronic 
molecular structure, as well as conformational 
behavior of peptide compounds is one of the 
fundamental factors that have allowed peptides 
to be, nowadays, an important source of new po-
tential therapeutic agents with a wide variety of 
biological activity. This knowledge of the confor-
mational/electronic structure would not be acces-
sible without the great support of computational 
techniques to molecular modeling.
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 Molecular Modeling: A Powerful Tool To Study Peptides 1.2The key to successfully analyzing the 
complex relationship between structure and 
function of peptides requires data and informa-
tion from both experimental and computational 
technologies and the integration of fundamental 
principles from a range of disciplines like for ex-
ample molecular pharmacology, physical chemis-
try, computational chemistry, medicinal chemis-
try and molecular biology amongst others. All in 
all, modern medicinal chemistry has become an 
extremely multidisciplinary field in which chem-
istry, pharmacology, biomedical science, medi-
cine and theoretical physical-chemistry has to be 
integrated.

The ultimate goal of the medicinal 
chemist is to discover by rational design a mol-
ecule which will produce a desired biological 
activity without producing undesirable collat-
eral effects. In this sense it must be noted that 
although the present available techniques of mo-
lecular modeling have allowed more “rational” 
and planned researches with respect to those de-
veloped in the last century, they are still far from 
perfect. One may be forced to seek compromises 
in view of the complexity of the biological system 
and individual variations. On a more positive 
note, however, molecular modeling studies using 
theoretical calculations can be used to select pep-
tides having high probability of success as useful 
drugs after an adequate chemical modification. 
Since the number of peptides and peptide mimet-
ics to choose from synthetic or natural sources 
is astronomically large, any methodology which 
increases the odds of success is greatly welcomed.
Molecular modeling; a powerful tool to study 
peptides.

One of the first references of the use 
of molecular modeling in drug design is from 
1955 (Marshall 1996). Since then, computational 
techniques have initiated a revolution in drug 
design. Researchers use computational tech-
niques to model the therapeutic target in order 

to determine the essential characteristics that the 
new drug must possess. These characteristics are 
known as a pharmacofore. Once a pharmacofore 
is determined and defined, we may proceed on 
one of two routes. Part of this process may in-
volve performing quantitative structure-activity 
relationship (QSAR) analysis on a given set of 
data. Also, based on the pharmacophore, one may 
“invent” potential compounds that may perform 
the required function. Calculations of these “vir-
tual compounds” can be produced, and “virtual 
tests” can be run to assess its suitability before an 
expensive, and sometimes difficult, synthesis at-
tempt is made. Once the candidate compound has 
been determined, molecular modeling can help 
to determine which ones are the most promising 
compounds. Virtual experiments are cheaper, 
faster and safer than real experiments, and data 
can help us eliminate compounds that will not 
successfully perform the required task.

In spite of the technological advances, 
the key information that permits rational ap-
proaches to drug design is knowledge of the 
etiology of a given disease, or at least of the bio-
chemical process which is disturbed. The genetic 
revolution had added a major new dimension to 
the role of computational chemistry in the me-
dicinal chemistry field. The search for key targets 
in genes offers computational medicinal chemists 
the opportunity to fight many diseases at their 
bio-molecular source. Thus, the so-called struc-
ture-based drug design (SBDD) describes the de-
sign of the therapeutic agent (ligand) based on the 
structure of the target or receptor molecule. In 
SBDD, the modeler seeks a molecule to comple-
ment the active site of a 3D structured molecular 
target, which is typically determined from X-ray, 
nuclear magnetic resonance (NMR), or protein 
homology modeling studies. Once the 3D struc-
ture of a receptor protein’s active site is known, 
modelers use that knowledge to find or design a 
corresponding ligand, the potential new drug. 
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The active site must be characterized to determine 
the location of the major functional groups, which 
are typically hydrophobic and hydrogen bonding 
sites. Once the geometry and functional features 
of the active site are known, modelers look for 
the “inverse” shape and feature to describe the 
ligand’s complementary structure.

Modern simulation methods enable to 
study the properties of larger and more complex 
systems than before. Dynamics simulations pro-
vide a tremendous amount of information that 
is not available from a static approach of the sys-
tem. For example, a protein might “open up” to 
reveal an apparently inaccessible active cleft that 
enables a ligand or potential drug candidate to 
bind. Simulating the movements and conforma-
tional behaviors of molecules reveals a deep un-
derstanding of intermolecular interactions and 
the motions responsible for controlling biological 
and chemical activity. While the traditional lock 
and key model for protein-ligand docking is use-
ful as a first approximation for ligand interaction, 
highly accurate docking requires the consider-
ation of conformational changes on the ligand 
and/or the receptor. In addition, solvent effects 
may play a crucial role in the binding of ligands 
(Suvire et al. 2001; Zamora et al. 2003).

In today’s medicinal chemistry labora-
tory, modeling and simulation methods are an 
integral part of developing drugs that optimally 
bind to receptor with great selectivity and im-
proved efficacy. Having an accurate picture of 
what happens at the molecular level includes an 
understanding of how atoms move. By incorpo-
rating simulations into the drug design process, it 
is possible not only help to optimize the potency 
of existing lead compounds, but de novo drug de-
sign.

The exponential increase in power 
and software availability that has occurred with 
molecular modeling in just the past 20 years is 
very promising. Faster computers with superior 
graphics capabilities will become more inexpen-

sive, and molecular modeling software packages 
will be more user friendly. It is clear that the role 
of computational simulation in drug discovery 
analyzing 3D structures of targets gives an un-
precedented insight into the conformational be-
havior and mechanics of drug binding and bio-
logical activity that can be available for almost 
any scientist.

The goal of determining the stereoelec-
tronic feature of a peptide from its constituent 
amino acid sequence stems from the universal 
acceptance that the activity of a peptide is a di-
rect consequence of its folded or unfolded mo-
lecular configuration and its physicochemical 
properties. The capability of describing and un-
derstanding the structure-activity relationship of 
peptides is essential to obtain successful results. 
Nevertheless, the conformational study of pep-
tides is extremely complex due to the structural 
diversity that they posses, not only in terms of 
chemical functionality, but also in terms of con-
formational space research. Each peptide build-
ing block, namely amino acids, has mainly two 
conformational spaces to be taken into account: 
the backbone (φ-ψ Ramachandran space) and the 
side-chain groups (χ space), both of which have a 
considerable high conformational flexibility (fig-
ure 1.1). Hence, a simple hexapeptide not only 
has its unique chemical structure but also has 
hundreds or even tens of thousands of available 
conformations at physiological temperature. In 
fact, it is well established that not only one but 
several of this possible conformational struc-
ture can trigger the activation signal in a given 
biological system, depending on the surrounding 
environment (solvent, temperature, pressure, pH, 
salt strength, concentration, etc) as well as on the 
molecular interactions with the corresponding 
receptor molecule.

Once the biologically relevant struc-
ture of a given peptide is obtained it is necessary 
to carry out an electronic study which has to be 
done at the highest level of theory possible, in 
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and Truhlar 1981). More positive potentials re-
flect nucleus predominance, while less positive 
values represent rearrangements of electronic 
charges and lone pairs of electrons. The funda-
mental application of this study is the analysis of 
non-covalent interactions (Politzer and Truhlar 
1981) mainly by investigating the electronic distri-
bution in the molecule. Thus, this methodology 
was used to evaluate the electronic distribution 
around the molecular surface for peptides report-
ed in this thesis.

It is clear that an astronomical increase 
of computing power will become available in the 
foreseeable future. A retrospective and prospec-
tive view about the developments of softwares 
and hardwares from 1950 to 2050 was previ-
ously reported showing the amazing increase in 
the computer capabilities (Chasse et al. 2001). 
Furthermore, it becomes clear that such an un-
precedented increase in computing capability will 
make it possible to produce more accurate theo-
retical results than can be measured experimen-
tally at a substantially lower cost. It was estimated 
that this will occur around 2020 (Enriz 2005).

In the present thesis, the studies on 
synthesis, bioassays and molecular modeling of 
small-size peptides have been directed towards 
two problems that are of great interest in today’s 
medicinal chemistry; (i) the search of new pep-
tides with antifungal activities and (ii) the devel-
opment of novel anti-amyloid peptides with po-
tential therapeutic properties for  the treatment of 
Alzheimer’s disease. Hereinafter, a brief descrip-
tion, as well as the importance and necessity of 
the above mentioned study goals is given.

1.3

Figure 1.1: Schematic representation of an L-amino acid 
containing peptide. The ω dihedral angles represent the 
torsion of the peptide linkage itself. All ω dihedral angles 
are represented in their trans (ω ≈ 180º) configuration. The 
main dihedral angles that define the peptide backbone (φ 
and ψ) are also shown. R stands for the side chain moiety 
which can include multiple χ dihedral angles depending 
on the nature of the residue, e.g.: the side chain of the resi-
due Arg has 5 χ torsions while the side chain of a residue 
Gly does not possess this type of dihedral angle.

order to have the optimal description of its elec-
tronic distribution. Of course, to achieve this 
goal it is mandatory to use quantum mechanics 
approaches. Knowledge of the stereoelectronic at-
tributes and properties of peptides will contribute 
significantly to the elucidation of the molecular 
mechanism involved in the biological activity. 
Molecular Electrostatic Potentials (MEPs), which 
are the visualization of the molecular electrostatic 
fields, offer an informative description of the ca-
pacity of peptides to generate stereoelectrostatic 
forces. MEPs have been shown to provide reliable 
information, both on the interaction sites of mol-
ecules with point charges and on the compara-
tive reactivity of those sites (Murray and Politzer 
1998; Naray-Szabo and Ferenczy 1995; Politzer 

 The need for new antifungal drugs
Fungal infections have continued to 

be a major medical problem during the past two 
decades especially involving immunocompro-
mised patients (Georgopapadakou and Tkacz 
1995; McNeil et al. 2001; Pfaller and Diekema 
2007; Walsh et al. 2004). Invasive fungal infec-

tions, as well as dermatomycoses produced by 
fungal organisms with even low virulence can be 
life-threatening (Nagiec et al. 1997) for patients 
such as neonates, cancer patients receiving che-
motherapy, organ transplant patients, and burn 
patients, apart from those with acquired immu-
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nodeficiency syndrome (AIDS). Other risk factors 
include corticosteroid and antibiotic treatments, 
diabetes, lesions of epidermis and dermis, mal-
nutrition, neutropenia and surgery (Walsh et al. 
2004). Many fungal infections are caused by op-
portunistic pathogens that may be endogenous 
(Candida infections) or acquired from the envi-
ronment (Cryptococcus and/or Aspergillus infec-
tions). Patients with significant immunosuppres-
sion frequently develop Candida esophaguitis. 
Criptococcosis, caused by the encapsulated yeast 
Cryptococcus neoformans, which has been the 
leading cause of fungal mortality among HIV-
infected patients. This organism has predilec-
tion for the central nervous system and leads to 
severe, life-threatening meningitis. In addition, 
an increasing number of normal individuals, in-
cluding children in third-world nations that suf-
fer deficient sanitation and education, have fungal 
infections, specially those involving the skin and 
mucosal surfaces (Ablordeppey et al. 1999; Freixa 
et al. 1998).

Although it appears that many drugs 
are available for the treatment of systemic and su-
perficial mycoses, there are in fact only a limited 
number of efficacious antifungal drugs (Walsh et 
al. 2004). Many of the drugs currently available 
have undesirable effects or are very toxic (e.g.: 
amphotericin B); are fungistatic and not fun-
gicidal (e.g.: azoles), or can lead to the develop-
ment of resistance as in flucytocine (also called 
5-fluorocytosine or 5-FC) (White et al. 1998). 
Amphotericine B, developed in the late 50’s, still 
remains a widely used antifungal drug, most re-
cently gaining renewed life through lipid based 
formulations. According to Polak ideal drugs to 
cure fungal infections have not been discovered 
yet (Polak 1999). Certain conditions are required 
for a compound to be a good antifungal agent: it 
must be fungicidal rather than fungistatic and 
have a good broad spectrum of activity, a mini-
mum emergence of resistant strains, and a selec-
tive mechanism of action. In addition, the agent 
should have minor toxic side effects and good 

availability (Ablordeppey et al. 1999; Polak 1999; 
Zacchino et al. 2003). In the meantime, resistance to 
currently available antifungal agents continues to grow 
(Bartroli et al. 1998a). Although combination therapy 
has emerged as a good alternative to bypass these dis-
advantages (Bartroli et al. 1998b; Polak 1999), there 
is a real need for a next generation of safer and more 
potent antifungal agents (Bartroli et al. 1998b; Walsh 
et al. 2004). This event resulted in the identification of 
novel molecules, which could result useful for a future 
development.

In the course of a screening program for 
new and selective antifungal compounds, the molecu-
lar modeling group of the National University of San 
Luis, Argentina has previously reported the antifungal 
activity of different compounds obtained from natu-
ral (Bisogno et al. 2007; Freile et al. 2003; Zacchino et 
al. 1999; Zacchino et al. 1997; Zacchino et al. 1998) and 
synthetic (Giannini et al. 2004; Karolyhazy et al. 2003; 
Kouznetsov et al. 2000; Kouznetsov et al. 2008; Lopez 
et al. 2001; Sortino et al. 2007; Suvire et al. 2006; Vargas 
M et al. 2003; Villagra et al. 2003) sources. Among them 
a series of 4-aryl-or 4-alkyl-N-arylamino-1-butenes 
(“homoallylamines”) and related tetrahydroquinolines 
and quinolines (Kouznetsov et al. 2000; Vargas M et al. 
2003) display a range of antifungal properties against 
dermatophytes, fungi that produce most of the derma-
tomycoses in humans. This study was extended intro-
ducing a new series of 4-N-arylamino-1-butenes con-
taining the pyridinyl or quinolinyl moieties at C4 and 
other structurally related compounds (Kouznetsov et 
al. 2008). Regarding their mode of action, active com-
pounds showed in vitro inhibitory activities against 
(1,3) β-D-Glucan-synthase and mainly against chitin-
synthase, enzymes that catalyze the synthesis of ma-
jor fungal cell wall polymers (Kouznetsov et al. 2008; 
Sortino et al. 2007; Suvire et al. 2006). Since fungal but 
not mammalian cells possess a cell wall, these struc-
tures appeared as promising leads for the development 
of selective antifungal compounds. Other classes of 
structure possessing interesting potential as antifungal 
agents are the peptides. Some of the most relevant an-
tecedents about these compounds are discussed in the 
next section.



10 

general introduction1.4 Cationic peptides acting as antifungal compounds
With an understanding of the pivotal 

role that cationic host defense (antimicrobial) 
peptides play in preventing infections by micro-
bial pathogens in many organisms, it has been 
proposed that these peptides might form the 
foundation for a new class of clinically useful an-
timicrobials. To date, more than 700 peptides (in 
virtually all species of life) have been described 
that not only kill pathogenic microorganisms, 
including Gram-positive and Gram-negative 
bacteria, viruses, protozoa and fungi, but also 
play a central role in recruiting and promoting 
elements of the innate immune system (Bowdish 
and Hancock 2005; Brown and Hancock 2006; 
Hancock 2001; Hancock 1997). This enormous 
peptide diversity is achieved through several 
structural classes, whereby all peptides, regardless 
of class, share a net positive charge and approxi-
mately 50 % hydrophobic residues, which confers 
the ability to fold into amphiphilic conformation 
upon interaction with membranes (Zasloff 2002). 
Although, it was in the early 80’s when the use 
of amphipathic structures from the structural 
analyses of complement toxins was settled as a 
non-enzymatic way of cell membrane disruption 
(Bhakdi et al. 1983; Bhakdi and Tranum Jensen 
1983), its mechanisms of action, at the molecular 
level, was not fully understood by then.

A major motivation for therapeutic pep-
tide use is their diverse potential application: they 
can be used as single antifungal, in combination 
with other antifungals for a synergistic effect, 
or as immunomodulatory and/or endotoxin-
neutralizing compounds (Powers and Hancock 
2003). Although the potency of these amtimicro-
bial peptides against the more susceptible patho-
gens is normally not as strong as certain conven-
tional antifungals, one of their major strengths is 
their ability to kill multi-drug-resistant fungi at 
similar concentrations.

Some natural peptides have been re-
cently reported as antifungal compounds; they 

showed to inhibition of a broad spectrum of 
pathogens and microorganisms (Bulet and 
Stöcklin 2005; Hancock et al. 1995; Hancock and 
Lehrer 1998; Lee et al. 2003). It has been reported 
that a group of cationic antimicrobial peptides 
are major players in the innate immune response. 
These peptides are very ancient elements of the 
immune response of all species of life, and the 
induction pathways for these compounds in ver-
tebrates, insects and plants (Boman et al. 1993; 
Ganz and Lehrer 1995; Hoffmann et al. 1999; 
Zasloff 1992) are highly conserved. Furthermore, 
it is becoming increasingly apparent that cationic 
antimicrobial peptides have many potential roles 
in inflammatory responses, which represent an 
orchestration of the mechanisms of innate im-
munity.

Small cationic peptides are abundant 
in nature and have been described as “naturé s 
antibiotics” or “cationic antimicrobial peptides” 
(Hancock 2001; Hancock and Patrzykat 2002). 
These peptides are 12-50 amino acids long with a 
net positive charge of +2 or +9, which is due to 
an excess of basic arginine and lysine residues, 
and approximately 50% hydrophobic amino acids 
(Hancock 2001). These molecules are also folded 
in three dimensions so that they have both a hy-
drophobic face comprising non-polar amino acid 
side-chains, and a hydrophilic face of polar and 
positively charged residues: these molecules are 
amphipathic. Despite these two similarities these 
compounds vary considerably in length, amino acid 
sequence, and secondary structure. The different spa-
tial orderings include small β-sheets stabilized by di-
sulphide bridges, amphipathic α-helices and, less com-
monly, extended and loop structures.

In this thesis two families of peptides with 
antifungal properties have been studied: (i) pep-
tides that are structurally related of the α-MSH hor-
mone (chapters 2, 3) and (ii) pepdides analogues of 
Penetratin, a cell penetrating peptides (CPP) of 16 ami-
no acid long (chapter 4).
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chapter 11.5 A l z h e i m e r  di se a se ,  t h e  ph a n t om  t h r e at
Alzheimer’s disease (AD) is a com-

plex multifactorial neurodegenerative syndrome 
characterized by the patient’s memory loss and 
impairment of cognitive abilities. This devastat-
ing disease affects more than 37 million people 
worldwide and, as a consequence of the worlds 
aging population, the prevalence of AD is expect-
ed to increase in an exponential fashion within 
decades (Blennow et al. 2006; Melnikova 2007; 
Pratico and Delanty 2000). AD is the most stud-
ied amyloid-based disease, whose main hallmarks 
are characterized by pathological high levels of 
brain lesions (senile plaques) and neurofibrillary 
tangles in dead and dying neurons, and also by 
abnormally elevated numbers of amyloid deposits 
in the walls of cerebral blood vessels (Haass and 
Selkoe 2007; Holtzman and Mobley 1991). 

This degenerative brain syndrome was 
described by first time by the German neurolo-
gist and psychiatrist Alois Alzheimer in 1906. 
A. Alzheimer was a specialist of neuropathology 
who by observation of postmortem human brain 
tissue described the possible hallmarks of a de-
generative syndrome which leads to a progressive 
decline in memory with concomitant abatement 
of thinking, comprehension and learning capa-
bilities (Citron 2004). Thus, Alzheimer is cred-
ited with identifying the first published case of 
“pre-senile dementia”, which the influential E. 
Kraepelin would later name as Alzheimer’s dis-
ease. AD accounts for most cases of dementia that 
are diagnosed after the age of 60 (Verdon et al. 
2007; WHO-WebSite 2009). Numerous hypoth-
eses have been put forward to explain the etiology 
of AD but for the vast majority of AD patients the 
cause of this disease remains unknown. However 
the best known and acknowledged hypothesis is 
the so-called amyloid hypothesis (figure 1.2). 
This hypothesis is based on the fact that the ma-
jor component of senile plaques is a small pep-
tide of 39-43 amino acids called β-amyloid (Aβ). 
Aβ40 is the most prevalent species, while Aβ42 is 
the more toxic one; other lengths are rare. Aβ is 

produced through endoproteolysis of the amyloid 
precursor protein (APP) which was first cloned 
and characterized in the late eighties (Muller-
Hill and Beyreuther 1989). During the patho-
genesis of AD the equilibrium of Aβ generation 
and Aβ clearance is disturbed, which eventually 
leads to elevated Aβ levels, increased Aβ aggre-
gation and impaired memory function (Citron 
2004; Wasling et al. 2009). Due to the above de-
scribed processes AD is at least at the molecular 
level, a protein/peptide misfolding disease. For 
several years it was believed that the fibrillar fi-
nal product, namely the plaques itself, of the am-
yloid-cascade was the main responsible element 
of the neuronal toxicity of Aβ aggregates. Recent 
evidence however for the involvement of soluble, 
non-fibrillar Aβ in AD has been gathered through 
four distinct experimental approaches that utilize 
(i) synthetic Aβ peptides; (ii) cell culture systems 
in which APP is over-expressed; (iii) APP trans-
genic mice; and (iv) human CSF and postmortem 
brain. In the case of human brain, it has long been 
recognized that amyloid plaque number does not 
correlate well with severity of dementia (Dickson 
et al. 1995; Katzman 1986; Terry et al. 1991); indeed 
this has been frequently cited as a critical flaw in 
the amyloid cascade hypothesis.

By using aqueous buffer free of deter-
gents or chaotropes, Kuo et al. isolated a range of 
non-fibrillar forms of Aβ from both AD and con-
trol human brain (Kuo et al. 1996), with the major 
contribution coming from low-n oligomers rang-
ing from dimers to octamers (up to ca. 100 kDa 
oligomers). In a complementary study, McLean 
and colleagues extracted samples of frontal cor-
tex and putamen in PBS and after centrifugation 
and western blot analysis of the supernates from 
AD brain, the presence of variable proportions 
of monomeric, dimeric and trimeric Aβ species 
was revealed (McLean et al. 1999). Moreover, it 
was demonstrated that synthetic Aβ peptides 
are toxic to hippocampal and cortical neurons, 
both in vitro and in vivo (Busciglio et al. 1992; 
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Deshpande et al. 2006; Hartley et al. 1999; Hoshi 
et al. 2003; Lambert et al. 1998; Pike et al. 1991). 
Despite the above mentioned, it is important to 
be aware of the fact that Aβ is a natural biological 
product and is present in the brain and cerebro-
spinal fluid (CSF) of normal humans throughout 
life (Haass et al. 1992b; Ida et al. 1996; Seubert 
et al. 1992; Vigo-Pelfrey et al. 1993; Walsh et al. 
2000) and just the mere presence of this product 
in brain does not necessarily lead to AD.  Further 
evidence supporting soluble forms of Aβ as the 
principal mediators of neuronal toxic challenge 
comes from a report using PDAPP mice in which 
Aβ-mediated deficits of memory were reversed 
by a single intraperitoneal injection of an anti-
Aβ antibody (Dodart et al. 2002). Using another 
well-characterized APP transgenic mouse model, 
Tg2576, Lesne and colleagues searched for the ap-
pearance of an Aβ species that coincided with the 
first observed changes in spatial memory (Lesne 
et al. 2006). It has been previously documented 
that the same Tg2576 mice show impaired perfor-
mance in a hippocampal dependent contextual 
fear conditioning assay, decreased spine density in 
the dentate gyrus, and impairment of long-term 
potentiation (LTP) at ages long before the first 
apparent detection of Aβ dodecamer (Dineley et 
al. 2002; Jacobsen et al. 2006; Lesne et al. 2006). 
Thus, while the appearance of dodecamer corre-

lates with the impairment of spatial memory in 
Tg2576 mice, it does not correlate with changes in 
other forms of memory, nor does it correlate with 
changes in synaptic form and function. Therefore, 
it seems likely that other lower-n oligomers may 
be responsible for the observed effects. We ad-
dress the conformational behavior of low-n oligo-
mers (specifically tri- and penta- Aβ42 aggregates) 
in aqueous solution in chapter 5 by using an in 
silico approach.

Expressing overt fear of dementia in 
the later phase of life, the dark humour about 
Alzheimer’s disease, making so-called fun when 
someone starts to forget facts of daily life or mild 
signs of loss of decorum, signs of late onset de-
pression, leads me to use a term like “the phantom 
threat” for this devastating human disease. When 
considering the current statistics on prospective 
projections of AD in our societies it is only logi-
cal that one feels certain threat by the possibility 
of becoming a victim of this disease, especially 
due to the very silent and almost asymptomatic 
beginning of it. Obviously, one of the first ques-
tions I would like to address is:  which are the 
therapeutic possibilities that exist currently to 
deal with this threat? And what are the possibili-
ties to design a new putative drug to fight against 
the phantom threat?

 Acetylcholinesterase inhibitors, the first generation of promising therapeutics agents
In the beginning of the ‘80s, biochemical 

and neuropathological evidences revealed the im-
plications of the degeneration of basal forebrain, 
acetylcholinergic neurons in AD (Bartus 2000; 
Bartus et al. 1982), which became the basis of the 
so-called ‘‘cholinergic hypothesis’’. According to 
this hypothesis, the deterioration of cholinergic 
neurons in the basal forebrain and the associated 
loss of cholinergic neurotransmission in the cere-
bral cortex and other areas, significantly contrib-
ute to the neurodegeneration in AD (Bartus et al. 
1982). Since acetylcholine in the forebrain was long 

known to be essential to memory function and 
attention, the so-called “cholinergic hypothesis” of 
AD held that cholinergic dysfunction in AD pa-
tients causes cognitive decline and that dementia 
therefore might be mitigated by the augmentation 
of acetylcholine activity in brain. The most logical 
therapeutic objective was to boost the levels of the 
transmitter, acetylcholine, by inhibiting its cata-
bolic enzyme, acetylcholinesterase. Historically, 
acetylcholinesterase inhibitors were the first 
group of drugs marketed for AD treatment. 
Nowadays, several acetylcholinesterase inhibitors 
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are marketed and investigated for the treatment 
of mild-to-moderate dementia (Silvestri 2009). 
They have been demonstrated to mildly improve, 
relative to placebo, various cognitive and func-
tional capacities (Scarpini and Cogiamanian 
2003; Scarpini et al. 2003), and there is evidence 
that they may slow down the pathogenesis of AD 
(Hashimoto et al. 2005). Furthermore, a new drug 
called memantine, an inhibitor of the ionotropic 
receptor NMDA sensitive to the neurotransmit-
ter glutamate, was recently approved for use in 
moderate-to-severe dementia (Koch et al. 2005). 
However, due to the severe damage that multiple 
neuronal systems undergo in AD, the benefits of 
agents that selectively target the activity of certain 
neurotransmitters offer poor and only temporary 

improvements. The limitations of the current gen-
eration of AD therapies led to recent reports not 
encouraging drugs like donepezil, rivastigmine, 
galantamine or memantine for the treatment of 
dementia (Kmietowicz 2005a, b; Mayor 2006). 
Even though, the improvements are modest and 
mainly acting at the symptomatic level of the dis-
ease, these drugs offered, and still do, hope to pa-
tients and their families. Nevertheless, they must 
eventually face the reality that the drugs cannot 
halt the unyieldingly severe deterioration of the 
patient’s mental capacities. Fortunately, several 
extensive research programs on the fundamental 
molecule based pathogenesis of AD reveal prom-
ising new strategies for arresting the disease.

 Targeting the amyloid hypothesis, a new generation of therapeutics agents
The amyloid cascade hypothesis 

was proposed in 1991 by John Hardy and David 
Allsop. This hypothesis states that the deranged 
metabolism of APP is the initiating event in AD 
pathogenesis, subsequently leading to the ag-
gregation of Aβ, specifically Aβ42, since Aβ was 
identified in the 8o’s as the main component of 
amyloid plaques (Glenner 1980a, b; Glenner and 
Wong 1984). Formation of neuritic plaques would 
then give rise to further pathological events, in-
cluding the disruption of synaptic connections, 
which would lead to a reduction in neurotrans-
mitters, death of tangle-bearing neurons and fi-
nally dementia (Hardy and Allsop 1991). As it was 
discussed in section 1.5, at the beginning it was 
believed that the fibrillar final product, namely 
the plaques itself, of the amyloid cascade was the 
main element responsible of the neuronal toxicity 
of Aβ. Nevertheless, recent evidence convincingly 
shows the involvement of soluble Aβ aggregates 
(see section 1.5 of this thesis). Thus, this hypoth-
esis serves different points where the disease can 
be, at least in part, arrested at the very beginning 
of the molecular trigger events (figure 1.2).

Five major points of interference are 
easily seen on the pathway of this hypothesis; (i) 

blocking the Aβ production, (ii) preventing the 
self-assembly of Aβ monomers (aggregation), (iii) 
promoting the Aβ catabolism, (iv) stimulating the 
Aβ clearance and (v) blocking the cytotoxicity of 
multimeric Aβ aggregates. A brief description of 
each of the above mentioned points now will be 
given.

1.7.1 Blocking the Aβ production. This ap-
proach aims to decrease the biological production 
of Aβ by controlling the cleavage of the APP. APP is 
usually cleaved within the Aβ sequence by the enzyme 
α-secretase, which splits Aβ, leading the non-amy-
loidogenic pathway (figure 1.3A). Alternatively, this 
protein can be also cleaved by the enzyme β-secretase 
(β-amyloid cleaving enzyme, or BACE) and γ-secretase 
at the Aβ N- and C-termini, respectively, thus yield-
ing monomeric Aβ (figure 1.3B). These Aβ monomers 
may then aggregate and form neurotoxic products. This 
amyloidogenic pathway is the core of the amyloid cas-
cade (figure 1.2). Therefore, the main targets of this 
approach are obviously the cleavage enzymes α-, β-, 
and γ-secretases. Most pharmacological efforts to re-
duce the production of Aβ have been directed towards 
inhibiting β- or γ-secretase by the action of peptide and 
non-peptide inhibitors (Black et al. 2005; Brunkan and 
Goate 2005; Eriksen et al. 2003; Kornacker et al. 2005; 
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Figure 1.2: Schematic representation of the amyloid hypothesis. Five major points of interference are shown on the path-
way of this hypothesis; (1) blocking the Aβ production (section 1.7.1), (2) preventing the self-assembly of Aβ monomers 
(aggregation, section 1.7.2), (3) promoting the Aβ catabolism (section 1.7.3), (4) stimulating the Aβ clearance (section 1.7.4) 
and (5) blocking the cytotoxicity of multimeric Aβ aggregates (section 1.7.5).

Lanz et al. 2005; Maiorini et al. 2002; Pollack and Lewis 
2005; Silvestri 2009; Singer et al. 2005). Even though 
blocking the γ-secretase complex lowers Aβ formation 
in experimental systems, this can also play an impor-
tant role in the receptor/signalling system of the protein 
Notch. The reduction of Notch activity could interfere 
with important cellular proliferation and differentia-
tion pathways (Pollack and Lewis 2005). Reducing Aβ 
production by enhancing α-secretase cleavage also is 
a plausible, yet complex, strategy (Lichtenthaler and 
Haass 2004), and there is evidence that statins, which 
might reduce the risk of AD, partly act in this manner 
(Parvathy et al. 2004).

1.7.2 Preventing the self-assembly of Aβ mono-
mers. This strategy aims to interfere with the aggrega-
tion of Aβ into oligomeric and/or fibrillar assemblies 
(Mason et al. 2003). Several attempts to design a drug 
with these properties have been devoted to this aspect 
of the pathogenesis e.g.: Tramiprosate (Alzhemed™) 
which recently reached phase III clinical trials (Aisen 
2005). Although it is a theoretically very appealing 
tactic, impeding protein–protein interactions can be 

extremely difficult pharmacologically (Walker and 
LeVine Iii 2002). On the other hand, it is very important 
to mention that there is a need of interrupting the Aβ 
self-assembly process very early in the cascade, since 
inhibiting just the fibril formation conceivably could 
cause the accumulation of prefibrillar soluble oligo-
mers and thereby could exacerbate neurocytotoxicity.

1.7.3 Promoting the Aβ catabolism. As many 
other peptides, Aβ can be broken down by endopep-
tidases, notably neprilysin and insulin-degrading en-
zyme (IDE) (Tanzi et al. 2004). There is evidence that 
by increasing the activity of these enzymes in APP-
transgenic mice reduces brain Aβ levels and senile 
plaque load (Leissring et al. 2003). However, it is impor-
tant to be mindful that selective up-regulation of en-
zymatic activity can be dangerously problematic, since 
other substrates might be adversely affected. Therefore, 
to interfere the enzymatic liberation of Aβ remains a 
more attractive approach.

1.7.4 Stimulating the Aβ clearance. This is a 
very ambitious and auspicious strategy for halting AD 
pathogenesis. Either immunologically (Billings et al. 
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Figure 1.3: Schematic representation APP and its metabo-
lites biochemical pathways relevant to Alzheimer’s disease 
(not drawn to scale). The non-amyloidogenic (A) and the 
amyloidogenic (B) biochemical pathways are depicted. In 
pathway A, α-secretase cleaves in the middle of the Aβ 
region to release a large soluble APP fragment, α-APPs. 
The C-terminal C83 peptide is metabolized to p3 and C59 
(APP intracellular domain) by γ-secretase. In pathway B, 
β-secretase releases a large soluble fragment, β-APPs. The 
C-terminal C99 peptide is then metabolized to Aβ and C59 
by γ-secretase. β-Secretase inhibitors block the formation 
of β-APPs and C99; γ-secretase inhibitors block the forma-
tion of p3, Aβ and C59.

2005; Gilman et al. 2005; Hock et al. 2003) or by en-
hancing the transcellular efflux (Cirrito et al. 2005; Lam 
et al. 2001; Vogelgesang et al. 2004; Zerbinatti and Bu 
2005) of Aβ out of the brain, this approach has shown 
some promising results. However, some adverse events, 

particularly aseptic meningoencephalitis, have hin-
dered the clinical application of Aβ-immunotherapy in 
AD (Orgogozo et al. 2003a), but the effectiveness of im-
munisation in preclinical models justifies the current 
intensity of research on this matter. Nevertheless, this 
approach should be undertaken cautiously.

1.7.5 Blocking the cytotoxicity of multimeric 
Aβ aggregates. The biochemical pathways of how Aβ 
multimers aggregate exert their neurocytotoxic effects 
remains uncertain, and thus several hypothesis have 
been proposed. Two plausible possibilities have drawn 
mayor attention; (i) abnormal interactions of globular 
oligomers with cellular elements (Demuro et al. 2005) 
and (ii) the formation of membrane pores that act as 
anomalous ion channels (Quist et al. 2005). Thus, selec-
tive Aβ-channel-blocking agents could be useful for a 
future AD therapy if Aβ pores are proven to form in 
membranes of degeneration-prone cells. On the other 
hand, for instance, if a drug can be designed with the 
property of binding Aβ oligomers and by this mean to 
inactive their cytotoxicity properties, this drug should 
be able to bind selectively Aβ and specifically soluble 
low-n Aβ oligomers. This last opens an attractive field 
of opportunities to design peptidergic drugs based on 
the natural sequence of Aβ.

I would like to remark that so far none 
of the above mentioned strategies have led to 
more than promising treatments of AD, either 
by reducing the symptomatic implications or by 
slowing down the course of the disease. The de-
finitive cure of this phantom threat seems to be as 
phantasmagoric as the disease itself.

 A β - t o x i c i t y  o f f s e t t i n g  p e p t i d e s
Due to the great incidence that AD has 

over the human aging population, there is an 
evident need of therapeutic agents that could at 
least significantly delay the progressive course of 
the disease (Hardy and Selkoe 2002; Wolfe 2002). 
Currently, several research groups attempt to de-
velop therapies that aim at reducing Aβ produc-
tion, enhancing its clearance and/or preventing 

or retarding the amyloidogenesis processes, as it 
was briefly discussed in section 1.7 of this thesis. 
Particularly appealing is the use of peptides or 
peptidomimetic molecules derived from the same 
Aβ sequence (Granic et al. 2009; Soto et al. 1998; 
Tjernberg et al. 1996; Wolfe 2002). Promising pu-
tative treatments may be those designed to inhibit 
steps that precede Aβ peptide aggregation, by 
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blocking production of the toxic soluble Aβ oligo-
mers in the first place, or by reversing, somehow, 
the toxic effect of these oligomers. In fact, some 
short peptide derivatives from Aβ peptide have 
already been reported to specifically interact with 
Aβ and cause interferences in its neurotoxic ef-
fects. Leu-Pro-Phe-Phe-Asp (Soto et al. 1996; Soto 
et al. 1998), Lys-Leu-Val-Phe-Phe (Hetenyi et al. 
2002b; Tjernberg et al. 1997; Tjernberg et al. 1996), 
Arg-Ile-Ile-Gly-Leu-NH2 (Fulop et al. 2004) and 
Leu-Pro-Tyr-Phe-Asp-NH2 (Datki et al. 2003; 
Datki et al. 2004; Granic et al. 2009; Juhasz et al. 
2009; Szegedi et al. 2005) are some of the promis-
ing starting points to develop potential drugs that 
can somehow reverse the devastating impact of 
Aβ aggregates. Specifically, the case of Leu-Pro-
Tyr-Phe-Asp-NH2 is addressed in chapter 6. In 
order to increase the anti-amyloidogenic proper-
ties of these peptides, some groups have recently 
explored a new strategy consisting of the intro-
duction of N-methyl amino acids in these se-
quences (Cruz et al. 2005; Gordon and Meredith 
2003; Gordon et al. 2001; Gordon et al. 2002). 
N-Methyl amino acids have been used in several 
systems to control or prevent the aggregation of 
β-sheet and β-strand peptides (Chitnumsub et al. 
1999; Clark et al. 1998; Doig 1997; Hughes et al. 
2000; Nesloney and Kelly 1996; Rajarathnam et 

al. 1994). The main goal is to block the hydrogen 
bond network that stabilizes the β-sheet amyloid 
structure and hopefully inhibit the formation of 
toxic oligomers and/or amyloid aggregates. A se-
ries of N-Methyl amino acids containing peptides 
has been described in chapter 7.

I would like to propose the use of the 
term Aβ-Toxicity Offsetting Peptides (Aβ-TOP), 
since to our opinion some of the peptides men-
tioned in this section have been erroneously 
named as β-sheet breaker peptides. The term 
β-sheet breaker peptides was introduced firstly by 
C. Soto and coworkers (Soto et al. 1998), thus this 
term was widely used for almost all peptides de-
rived of the Aβ sequence as a generic term. Some 
studies using CD spectrometry studies have been 
carried out on some of these so-called β-sheet 
breaker peptides (Datki et al. 2004; Hetenyi et al. 
2002a; Hetenyi et al. 2002b; Laczko et al. 2008) 
but none of them so far have demonstrated proof 
at the molecular level of the β-sheet breaking 
properties of these peptides. Thus, we propose the 
use of this novel term based on the fact that this 
peptides, somehow, can protect neuron cells from 
the toxicity of Aβ, even though the mechanisms 
of how Aβ oligomers exert their toxicity are not 
yet clear and fully understood.

 Scope of this thesis
Finally, I would like to spend a few 

words on the principal scope of this interdisci-
plinary thesis topic. It must be pointed out that 
we are looking not for another potential peptide 
drug, which can be made relatively easily, or even 
a more or less sophisticated potential peptider-
gic drug requiring a more laborious synthesis. In 
any case, we are not aiming to find a panacean 
compound, which might be a definite cure for a 
given disease. For many chronic diseases, like the 
two conditions that are the focus of this thesis, 
we need a totally new form of therapy, as peni-
cillin, beta-blockers or H2-antagonists were in 
their time. Of course, everybody is looking for, 

and hoping to obtain these “panacean drugs”. 
We have to remain realistic and we have to be 
content with only a partial approach to these 
ideal drugs, at least for the time being. Our aim 
is therefore more modest. Thus, we would like 
to place the minimum requirement to be able to 
generate a series of compounds that will provide 
the necessary guidelines to set out the route to a 
better understanding of the molecular bases of a 
given disease, in this case; fungal infections and 
Alzheimer’s disease, by the useful approach of 
molecular modeling combined with techniques 
of molecular biology techniques. The question 
is: how do we generate this sort of compounds? 

1.9
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Structure based drug design (SBDD) provides a 
way to escape from molecular roulette, and this 
promising strategy represents a new chemothera-
peutic revolution; however, at the moment there 
is no strategy (even the most rational one) totally 
free from serendipity.

On the other hand there are many 
sources where we can look for new structures to 
obtain new potential candidates to convert to 
leader compounds. It appears that the study of 
peptide structures as a starting point is a promis-
ing source in order to obtain such “leader struc-
tures”.

In this thesis the results of synthesis, 
bioassays and molecular modeling on small-size 
peptides are presented. The structures obtained 
displayed potential applications on two burning 
topics in medicinal chemistry (i) the developing 
of new structures possessing antifungal activity 
and (ii) the development of new peptides display-
ing effective activity against Aβ toxicity. In these 
studies both theoretical and experimental tools 
have been used.

A brief description of what the reader 
will find in the following chapters of this multi-
disciplinary thesis is given here. Chapters 2 and 
3 address the antifungal properties of peptides re-
lated to the sequence of the α-MSH. In chapter 
2 the synthesis, in vitro evaluation and conforma-
tional study of the tetrapeptide His-Phe-Arg-Trp-

NH2 and related derivatives acting as antifungal 
agents, specifically against Cryptococcus neo-
formans, are reported. Chapter 3 discusses the 
implications in the antifungal properties of the 
octapeptide His-Phe-Lys-Trp-Gly-Arg-Phe-Val-
NH2 based on the conformational and electronic 
study, as well as the synthesis and in vitro evalu-
ation. Chapter 4 presents also the synthesis, in 
vivo evaluation, conformational and electronic 
investigations of a series of cell penetrating pep-
tides of 16 amino acid residues named penetratin 
and their derivatives.

Chapter 5 explores the contributions 
of the different structural elements of the trimeric 
and pentameric full-length Aβ42 aggregates in 
solution to their stability and conformational dy-
namics. In chapter 6 the neuroprotect ive prop-the neuroprotective prop-
erties of the pentapeptide Leu-Pro-Tyr-Phe-Asp-
NH2 in vitro, as well as its memory preserving 
capacity against Aβ42-induced learning deficits in 
vivo is investigated. Also, a conformational study 
and docking experiments were used to reveal part 
of the putative its mechanism of action. Finally, 
chapter 7 presents a novel N-Methyl amino acid 
containing peptide with anti-Aβ toxicity prop-
erties Ac-Lys-(Me)Ile-Ile-(Me)Gly-Leu-NH2. A 
complete in silico design, as well as its in vitro 
neuroprotective properties and memory preserv-
ing capacity against Aβ42-induced learning defi-
cits in vivo are reported. ■
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“Ojalá pudiera haber reducirdo la rigidez de tus manos, 
haberte conocido mejor, haberme sabido quien soy”

(M.F.M.)   


