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General Abstract

Bioactive peptides have become an important reference in the drug discovery
process in recent years. They can be found in a wide range of organisms, from
vertebrate to bacteria, playing a key role in countless biological processes. Among
them, antimicrobial peptides are one of the most studied. Their activity is not only
restricted to bacteria, but are active against many other different pathogens, such as
fungi, viruses or even cancer cells. Their mechanism of action mainly involves the
interaction with negatively charged membranes which decreases the probability that
microorganisms develop resistance to them. These features have prompted antimicrobial
peptides to be considered as a resourceful strategy for the discovery of new therapeutic
drugs. However, there are hurdles which must be overcome before their in vivo use can
be implemented, such as their poor bioavaibility or their high susceptibility to
enzymatic degradation. Chemical modification of the peptide backbone, cyclization or
introduction of non-natural amino acids can prevent protease recognition resulting in an
enhancement of the peptide stability. These structural modifications require new
versatile strategies suitable for the preparation of a large range of analogues. Towards
this aim, this PhD thesis is focused on the development of new synthetic approaches to

obtain new bioactive peptides.

In the first part of this thesis (Chapter 3) peptide conjugates incorporating an
antimicrobial peptide and a cell-penetrating peptide (CPP) were synthesized and
evaluated for their antitumoral activity. In particular, in collaboration with the
Combinatorial Chemistry Unit of the Institute for Research in Biomedicine from
Barcelona, selected peptides from the CECMEL11 library of antimicrobial peptides
were conjugated to the cell-penetrating y-peptide PEG-1. This CPP prompted the
cellular uptake of the antimicrobial peptides improving their activity against cancer
cells. The best conjugate produced a high growth inhibition percentage of MDA-MB-

231 cells and it was low toxic against non-malignant fibroblasts.

In the second part of this thesis (Chapter 4 and 5) a feasible strategy for the
synthesis of bioactive cyclic lipodepsipeptides produced by Bacillus strains, useful for
plant protection, was envisaged. In Chapter 4 an efficient solid-phase methodology for
the preparation of the macrolactone of eight amino acids present in fengycins was
developed. In this regard, two synthetic routes were designed and evaluated. The key



steps of these strategies were the formation of the ester bond and the on-resin
cyclization. The best approach allowed the preparation of cyclic octadepsipeptides
derived from fengycins A, B and S. In Chapter 5, this methodology was extended to the
preparation of dehydroxy fengycin analogues which differ on the amino acid
composition. This study represents, to the best of our knowledge, the first approach
towards the solid-phase synthesis of this family of cyclic lipodepsipeptides and it can be
easily adapted to the preparation of a wide variety of analogues.



Resum General

En els ultims anys, els peptids bioactius s’han convertit en una referéncia
important en el procés de desenvolupament de nous farmacs. Aquests compostos es
poden trobar en una gran varietat d’organismes, des de vertebrats fins a bacteries, i
tenen un paper important en nombrosos processos biologics. Entre ells, els péptids
antimicrobians son uns dels més estudiats. La seva activitat no es limita Gnicament a les
bacteries, sind que també son actius en front molts altres patogens com fongs, virus o
inclds cél-lules cancerigenes. A més, el seu mecanisme d’accid es basa principalment en
la interacci6 amb les membranes carregades negativament, cosa que redueix la
probabilitat que el microorganisme desenvolupi mecanismes de resistencia. Aquestes
caracteristiques han convertit als peptids antimicrobians en una estrategia prometedora
per al descobriment de nous agents terapeutics. No obstant aixo, hi ha certs obstacles
que s’han de solucionar abans de poder implementar el seu Us in vivo, com per exemple
la seva biodisponibilitat baixa o la seva susceptibilitat elevada a la degradacid
enzimatica. La modificacié quimica de I’esquelet peptidic, la ciclacio o la introduccio
d’aminoacids no naturals sOn estratégies que eviten el reconeixement per proteases
augmentant la estabilitat del péptid. Aquestes modificacions estructurals requereixen de
noves técniques sintetiques més versatils i que permetin la preparacié d’una gran
varietat d’analegs. En aquest sentit, aquesta tesi doctoral s’ha centrat en el
desenvolupament de noves estrategies sintetiques per a I’obtencié de nous peptids

bioactius.

En la primera part d’aquesta tesi (Capitol 3) s’han sintetitzat nous peptids
conjugats incorporant un peptid antimicrobia i un péptid amb capacitat de penetrar la
membrana cel-lular (CPP), i s’ha avaluat la seva activitat antitumoral. Concretament, en
col-laboraci6 amb la Unitat de Quimica Combinatoria de 1’Institut d’Investigacio
Biomédica de Barcelona, sequéncies seleccionades de la quimioteca de péptids
antimicrobians CECMELI11 s’han unit al CPP PEG-1. Aquest CPP ha facilitat la
internalitzacié cel-lular dels peptids antimicrobians augmentant la seva activitat
antitumoral. El péptid conjugat amb un millor perfil biologic ha mostrat un percentatge
elevat d’inhibici6 del creixement de les cel-lules cancerigenes MDA-MB-231 i una

toxicitat baixa enfront fibroblasts no malignes.



En la segona part d’aquesta tesi (Capitols 4 i 5) s’ha desenvolupat una estrategia
uatil per a la preparacié de lipodepsipéptids ciclics produits per soques de Bacillus,
utilitzats en la proteccio de plantes. En el Capitol 4 s’ha establert una metodologia en
fase solida eficac per a la preparacié de la macrolactona de vuit aminoacids present en
la estructura de les fengicines. Amb aquesta finalitat, s’han dissenyat i avaluat dues
rutes sintétiques. Les etapes clau d’aquestes estratégies han estat la formacio de 1’enllag
ester i la ciclacio6 en fase solida. La ruta millor ha permes la preparacio
d’octadepsipeptids ciclics derivats de les fengicines A, B i S. En el Capitol 5, aquesta
metodologia ha estat estesa a la preparacio de dehidroxi analegs de fengicina que
difereixen en la seqiiéncia d’aminoacids que presenten. Aquest estudi representa la
primera estratégia sintética dissenyada per a la preparacido en fase solida d’aquesta
familia de lipodepsipéptids ciclics i pot ser facilment adaptada per a 1’obtencié d’una

gran varietat d’analegs.



Resumen General

En los ultimos afios, los péptidos bioactivos se han convertido en una referencia
importante en el proceso de desarrollo de nuevos farmacos. Estos compuestos se pueden
encontrar en una gran variedad de organismos, desde vertebrados hasta bacterias, y
poseen un papel importante en numerosos procesos bioldgicos. Entre ellos, los péptidos
antimicrobianos son unos de los més estudiados. Su actividad no se limita solo a
bacterias, sino que también son activos frente a muchos otros patégenos, como hongos,
virus o incluso células cancerigenas. Ademas, su mecanismo de accion se basa
principalmente en la interaccion con las membranas cargadas negativamente, lo que
reduce la probabilidad que el microorganismo desarrolle mecanismos de resistencia.
Estas caracteristicas han convertido a los péptidos antimicrobianos en una estrategia
prometedora para el descubrimiento de nuevos agentes terapéuticos. Sin embargo, hay
algunos obstaculos que deben ser superados antes de poder implementar su uso in vivo,
como por ejemplo su biodisponibilidad baja o su susceptibilidad elevada a la
degradacion enzimatica. La modificacion quimica del esqueleto peptidico, la ciclacion o
la introduccion de aminoacidos no naturales son estrategias que evitan el
reconocimiento por proteasas aumentando la estabilidad del péptido. Estas
modificaciones estructurales requieren nuevas técnicas sintéticas mas versatiles y que
permitan la preparacion de una amplia variedad de analogos. En este sentido, esta tesis
doctoral se ha centrado en el desarrollo de nuevas estrategias sintéticas para la

obtencidn de nuevos péptidos bioactivos.

En la primera parte de esta tesis (Capitulo 3) se han sintetizado nuevos péptidos
conjugados incorporando un péptido antimicrobiano y un péptido con capacidad de
penetrar la membrana celular (CPP), y se ha evaluado su actividad antitumoral.
Concretamente, en colaboracion con la Unidad de Quimica Combinatoria del Instituto
de Investigacion Biomédica de Barcelona, secuencias seleccionadas de la quimioteca de
péptidos antimicrobianos CECMEL11 se han unido al CPP PEG-1. Este CPP ha
facilitado la internalizacion celular de los péptidos antimicrobianos aumentando su
actividad antitumoral. EIl peptido conjugado con un mejor perfil biolégico ha mostrado
un porcentaje elevado de inhibicion del crecimiento de las células cancerigenas MDA-
MB-231 y una toxicidad baja frente a fibroblastos no malignos.



En la segunda parte de esta tesis (Capitulos 4 y 5) se ha desarrollado una
estrategia Util para la preparacion de lipodepsipéptidos ciclicos bioactivos producidos
por cepas de Bacillus, utilizados en la proteccién de plantas. En el Capitulo 4 se ha
establecido una metodologia en fase sélida eficaz para la preparacion de la
macrolactona de ocho aminoacidos presente en la estructura de las fengicinas. Con esta
finalidad, se han disefiado y evaluado dos rutas sintéticas. Los etapas clave de estas
estrategias han sido la formacién del enlace éster y la ciclacion en fase sélida. La ruta
mejor ha permitido la preparacion de octadepsipéptidos ciclicos derivados de las
fengicinas A, B y S. En el Capitulo 5, esta metodologia ha sido extendida a la
preparacion de dehidroxi analogos de fengicina que difieren en la secuencia de
aminoacidos que presentan. Este estudio representa la primera estrategia sintética
disefiada para la preparacién en fase solida de esta familia de lipodepsipéptidos ciclicos

y puede ser facilmente adaptada para la obtencion de una gran variedad de analogos.
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General Introduction | Chapter 1

1.1  ANTIMICROBIAL PEPTIDES

Natural products have been considered as an interesting reference in the drug
discovery process. It is no wonder that they play a crucial role in the discovery of leads
and most of the pharmaceutical companies’ efforts have been focused not only on their
discovery, but also on the design of analogues to improve their biological profile
(Newman and Cragg, 2012; Butler et al., 2013). Among them, antimicrobial peptides
(AMPs) have been the focus of numerous research projects, because of their key role in

biological processes as well as for their high efficacy and low toxicity.

Antimicrobial peptides are an assorted group of molecules produced by virtually
all forms of life. They can be found in organisms ranging from bacteria to plants as well
as mammals (Zasloff, 2002; Jenssen et al., 2006; Li et al., 2012; Costa et al., 2015).
Moreover, they are involved in the nonspecific innate immune system of these
organisms and show a broad spectrum of activities towards a wide range of pathogens,
such as bacteria, fungi, virus and even cancer cells (Hancock, 2001; Jenssen et al., 2006;
Li et al., 2012; Pasupuleti et al., 2012). Regarding their structure, antimicrobial peptides
are typically polypeptides of low molecular weight, composed of less than 100 amino
acids. Although the length and composition are both variable, their sequence contains

cationic and hydrophobic residues, having an amphiphilic structure.



1.1.1 Classification of antimicrobial peptides

The increasing interest in antimicrobial peptides has not only prompted the
isolation and characterization of many natural peptides, but also the de novo design and
synthesis of analogues. Up to now, more than 2000 different antimicrobial peptides
have been reported (APD database: Wang et al., 2009
http://aps.unmc.edu/AP/main.php; CAMP  database: Waghu et al, 2014

http://www.camp.bicnirrh.res.in/index.php; peptaibol database: Whitmore and Wallace,

2004 http://www.cryst.bbk.ac.uk/peptaibol). Due to their structural diversity, their

classification is difficult. Several criterions have been proposed in order to sort out this

wide variety of compounds, some of which are detailed below.

1.1.1.1 Classification of antimicrobial peptides according to their

secondary structure

Although antimicrobial peptides are typically unstructured in solution, most of
them can adopt a defined conformation in presence of lipid membranes. According to
their secondary structure, antimicrobial peptides can be classified into four major
groups: a-helical, p-sheet, loop and extended peptides, with the first two classes being
the most common in nature (Figure 1.1) (Hancock, 2001; Powers and Hancock, 2003;
Jenssen et al., 2006; Giuliani et al., 2007; Peters et al., 2010; Baltzer and Brown, 2011).

DC"

4

Figure 1.1. Secondary structure of antimicrobial peptides: (A) a-helical; (B) extended; (C) -
sheet; and (D) looped. Disulfide bonds are represented in green (adapted from Powers and
Hancock, 2003).
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a-Helical peptides are one of the most widely distributed and studied families
(Tossi et al., 2000). These peptides are usually unstructured in an aqueous environment.
Nevertheless, it has been shown that they are able to adopt a secondary helical
conformation upon encountering lipid membranes (Tossi et al., 2000; Zasloff, 2002;
Pasupuleti et al., 2012). Moreover, many of these peptides also display distinct
amphiphilic characteristics that enable their insertion into the lipid membrane. Some
examples of a-helical peptides are cecropins, melittin and magainins (Table 1.1).
Cecropins are a well-known family of cationic linear peptides isolated from the giant
silk moth Hyalophora cecropia (Steiner et al., 1981; Andreu et al., 1983). They are
mainly active against Gram-negative bacteria, but they also show activity towards some
Gram-positive bacteria and fungi. These peptides are 35-40 residues long and their
structure contains a basic N-terminal amphipathic a-helical domain connected to a
hydrophobic C-terminal a-helical stretch by a flexible hinge (Tossi et al., 2000; Li et al.,
2012). Melittin is another family of well-known a-helical peptides. This 26-residue
peptide, which was found in the venom of the European honey bee Apis mellifera,
contains in its structure two well-defined a-helical regions with different polarities
(Terwilliger and Eisenberg, 1982a, 1982b; Terwilliger et al., 1982). The N-terminal
region, predominantly hydrophobic, contains nonpolar, hydrophobic and neutral amino
acids; whereas the C-terminal region is mainly rich in hydrophilic and basic residues.
Melittin induces membrane permeabilization and lyses prokaryotic as well as eukaryotic
cells in a non-selective manner, which is responsible for its antibacterial and its highly
hemolytic activity (Terwilliger et al., 1982; Tossi et al., 2000; Raghuraman and
Chattopadhyay, 2007; Lee et al., 2013). Finally, other examples of well-known cationic
a-helical peptides are magainins. These 20-25-residue peptides have been isolated from
the skin and stomach of the frog Xenopus laevis, and are able to adopt a single rod-like
helix structure in presence of lipid bilayers (Zasloff, 1987; Tossi et al., 2000).
Magainins also exhibit activity towards a broad-spectrum of pathogens, such as

bacteria, fungi, protozoa, cancer cells and even viruses.

In contrast to a-helical peptides, p-sheet sequences are in general cyclic
structures constrained by intramolecular bridges, usually disulfide bonds. Some of the
best studied peptides in this group are defensins and protegrins (Table 1.1). The first
family includes cysteine-rich peptides of 18-45 amino acids which contain several
disulfide bonds in their structure (Nissen-Meyer and Nes, 1997; Ganz, 2003; Li et al.,
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2012; Pasupuleti et al., 2012). Defensins have been isolated mainly from mammals,
although they have also been found in insects and plants, and they show a broad
spectrum of activity towards bacteria and fungi. On the other hand, protegrins are a
family of arginine-rich peptides with 16-18 amino acids isolated from porcine
leukocytes. They contain two intramolecular cysteine disulfide bonds which provide
them with a defined anti-parallel g-hairpirin secondary structure (Kokryakov et al.,
1993; Pasupuleti et al., 2012).

Table 1.1. Examples of natural antimicrobial peptides categorized according to their secondary
structure.

secondary pesrige  Sequence References
structure
Cecropin A KWKLFKKIEKVGQNIRDGIIKAGPAVAVVGQATQIAK-NH, ig:rl]er etal.
Terwilliger
. Melittin GIGAVLKVLTTGLPALISWIKRKRQQ-NH, and Eisenberg
a-Helical 1982b
peptides
Magainin 1 GIGKFLHSAGKFGKAFVGEIMKS-OH Zasloff, 1987
Magainin 2 GIGKFLHSAKKFGKAFVGEIMNS-OH Zasloff, 1987
a-DETeNSIN -+ ¢ RIPAC,IAGERRYGTC,IY QGRLWAFC,C,-OH’ Ganz, 2003
(HNP-3)
[s-Sh_eet B-Defensin  GGIGDPVTC,LKSGAIC,HPVFC;PRRYK- Ganz. 2003
peptides  (4Bp.2)  -QIGTC,GLPGTKC,C,KKP-OH® ‘
) . Kokryakov et
Protegrin-1 RGGRLC,YC,RRRFC,VC;VGR-NH, al. 1993

# Subscript numbers represent amino acids joined by a disulfide bridge.

1.1.1.2 Classification of antimicrobial peptides according to their

biosynthetic pathway

Regardless their structure, natural antimicrobial peptides can also be classified
into two major groups according to their biosynthetic pathway as ribosomal and non-

ribosomal peptides.
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Ribosomal peptides are widely distributed in nature, being produced by
mammals, insects, plants and microorganisms (Nissen-Meyer and Nes, 1997). These
gene-encode peptides are synthesized in the ribosome through a transcription and
translation pathway. Therefore, ribosomal peptides only contain the 20 proteinogenic
amino acids in their sequence. Nevertheless, it has been demonstrated that most of them
are post-translationally modified leading to products with a more complex structure
(Mclntosh et al., 2009). Most of the isolated antimicrobial peptides are ribosomally
synthesized and some examples are the aforementioned cecropins and defensins (Table
1.1).

On the other hand, non-ribosomal peptides comprise f-lactams, glycopeptides,
lipopeptides and peptaibols (Baltz, 2006; Leitgeb et al., 2007; Duclohier, 2007; Zakeri
and Lu, 2013). These peptides are produced in a nucleic acid-independent way through
large multienzyme complexes, so-called non-ribosomal peptide synthetases, which are
able to catalyze stepwise peptide condensations. Unlike ribosomal synthesis, the
substrates of these multienzymes are not restricted to the 20 natural amino acids but also
include non-proteinogenic ones, such as D-isomers or N-methylated residues, and even
heterocyclic rings and fatty acids (Mankelow and Neilan, 2000; Sieber and Marahiel,
2003; Mclintosh et al., 2009). Another common feature of many non-ribosomal peptides
is their constrained structure, usually resulting from cyclization or oxidative cross-
linking (Sieber and Marahiel, 2003). As a result, they show a more diverse chemical
space than ribosomal peptides. One example of these peptides is the antibiotic
daptomycin (Figure 1.2). This lipopeptide contains a cyclic peptide linked to a fatty
chain. It shows interesting bactericidal activity against Gram-positive bacteria and is
used to treat skin infections as well as other infections caused by multi-drug resistant
microorganisms (Micklefield, 2004; Zakeri and Lu, 2013).
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Figure 1.2. Structure of the non-ribosomal peptide daptomycin.

1.1.2  Mechanism of action of antimicrobial peptides

The main mode of action of antibiotics involves their interaction with specific
cellular targets. In contrast, most antimicrobial peptides act through a nonreceptor-
mediated mechanism, being the cell membrane their main target (Shai, 2002; Pasupuleti
et al., 2012; Galdiero et al., 2013; Henderson and Lee, 2013; Costa et al., 2015). The
negative nature of the cell membrane enables the electrostatic interaction with
antimicrobial peptides, which are mainly cationic (Tossi et al., 2000; Hancock, 2001;
Shai, 2002; Zasloff, 2002; Powers and Hancock, 2003; Brogden, 2005; Huang, 2006;
Jenssen et al., 2006; Baltzer and Brown, 2011). Depending on both the peptide and
bilayer composition, different permeabilization models have been proposed, such as the
barrel stave, the carpet, the toroidal pore and the disordered toroidal pore models
(Figure 1.3) (Brogden, 2005; Melo et al., 2009). In the barrel-stave model, peptides
aggregate and insert perpendicularly into the bilayer forming a pore. The hydrophobic
peptide region aligns with the lipid core of the bilayer while the hydrophilic region

forms the lumen of the pore. This peptide orientation allows the phospholipid chains of
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the pore to remain perpendicular to the bilayer plane. In the toroidal-pore model,
peptides also aggregate and insert perpendicularly into the bilayer, but unlike the barrel-
stave model, they induce a membrane curvature. This model suggests that the two lipid
monolayers, the inner and the outer one, continuously bend through the pore. Thus, the
hydrophilic pore is formed by both peptides and phospholipid head groups. A
modification of this model has been reported, called the disordered toroidal pore model.
The latter proposes the same mechanism as the toroidal pore one, but it involves pore
formation through peptides in a more disordered orientation. The carpet-like model
describes a different mechanism. In this case, peptides accumulate parallel to the bilayer
until they reach a high surface coverage. At this point, they start to disrupt the

membrane in a detergent-like manner, even causing the formation of micelles.

Figure 1.3. Mechanisms of membrane cell disruption mediated by antimicrobial peptides: A)
barrel-stave; B) toroidal-pore; C) disordered toroidal-pore; and D) carpet-like models
(adapted from Melo et al., 2009).

Besides their ability to interact with membranes, it has been described that
antimicrobial peptides may also interact with intracellular targets (Shai, 2002; Powers
and Hancock, 2003; Giuliani et al., 2007; Costa et al., 2015). There is increasing
evidence that antimicrobial peptides are able to translocate the membrane, block

essential cellular processes and kill the bacteria without extensively damaging the
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membrane (Figure 1.4). For instance, translocated peptides can inhibit the cell-wall
synthesis (1), the nucleic acid synthesis (E), the protein synthesis (F), and even the
enzymatic activity of the cell (G-H) (Brogden, 2005; Jenssen et al., 2006; Li et al.,
2012; Pasupuleti et al., 2012). These mechanisms of action may occur independently or
synergistically with membrane permeabilization (Giuliani et al., 2007). However, the
interaction with the bacterial membrane appears to be the main mechanism of action for
the vast majority of antimicrobial peptides (Shai, 2002; Powers and Hancock, 2003;
Brogden, 2005; Jenssen et al., 2006; Pasupuleti et al., 2012).
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Figure 1.4. Mode of action of antimicrobial peptides. The bacterial membrane is represented as
a yellow lipid bilayer. The cylinders are peptides, where the hydrophilic regions are colored red
and the hydrophobic regions are in blue. Mechanisms of membrane permeabilization are
indicated in panels A to D, while mechanisms of action of peptides which do not act by
permeabilizing the bacterial membrane are indicated by panels E to | (adapted from Jenssen et
al., 2006).
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1.1.3  Selectivity of antimicrobial peptides

One of the most important characteristics of antimicrobial peptides is their
ability to selectively interact with microbial membranes over that of host cells
(Matsuzaki, 1999; Henderson and Lee, 2013). Although the negative nature of the
microbial membrane seems to be the main factor for the selectivity of antimicrobial
peptides, other elements are also involved. Membrane fluidity, lipid head groups
identity and lipid acyl chain length may further explain how the behaviour of
antimicrobial peptides is tuned to selectively disrupt bacterial membranes over those of

mammals (Pasupuleti et al., 2012; Henderson and Lee, 2013).
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Figure 1.5. Molecular basis for membrane selectivity by antimicrobial peptides (extracted from
Matsuzaki, 2009).

Lipid composition of prokaryotic and eukaryotic cell membranes is significantly
different and seems to be the cause for the preferential binding of antimicrobial peptides
to the former cell membranes (Figure 1.5) (Matsuzaki, 1999; Zasloff, 2002). Bacteria
outer membranes contain large amounts of negatively charged phospholipids, such as
phosphatidylglycerol and cardiolipin (Brogden, 2005; Giuliani et al., 2007; Matsuzaki,
2009; Pasupuleti et al., 2012; Galdiero et al., 2013). In addition, the outer membrane of
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Gram-negative bacteria is covered with a layer of polyanionic lipopolysaccharides that
raise its negative character. In the same way, Gram-positive bacteria contains some
acidic polysaccharides on their outer surface, such as teichoic acids, that also increase
the negative charge of the membrane (Tossi et al., 2000; Shai, 2002; Brogden, 2005;
Matsuzaki, 2009; Galdiero et al., 2013). All these anionic components provide a high
negative charge on the outer leaflet of the bacteria enabling their interaction with
antimicrobial peptides.

In contrast, mammalian membranes are rich in zwitterionic phospholipids,
including phosphatidylethanolamine, phosphatidylcholine and sphingomyelin, which
are neutrally charged at physiological pH (Giuliani et al., 2007; Hoskin and
Ramamoorthy, 2008; Matsuzaki, 2009; Pasupuleti et al., 2012; Galdiero et al., 2013;
Henderson and Lee, 2013). Another important difference between bacterial and
mammalian cell membranes is the presence of cholesterol. While it is absent in bacterial
membranes, cholesterol is an important constituent of mammalian cell membranes,
influencing the selectivity of antimicrobial peptides (Matsuzaki, 1999; Zasloff, 2002;
Galdiero et al., 2013). Cholesterol reduces the membrane fluidicity difficulting the
insertion of antimicrobial peptides and the subsequent membrane deformation (Hoskin
and Ramamoorthy, 2008; Henderson and Lee, 2013).

It is also interesting to note that tumor cells are more susceptible to antimicrobial
peptides than non-malignan eukaryotic cells. The membrane of tumor cells is rich in
anionic molecules such as phosphatydilserine, O-glycosylated mucins, sialylated
gangliosides and heparin sulphates (Hoskin and Ramamoorthy, 2008; Schweizer, 2009).
This composition is responsible for the partial loss of lipid symmetry and architecture,
which in turn leads to an increase of negative membrane potential that enables the
binding of antimicrobial peptides to these membranes (Pasupuleti et al., 2012). Apart
from the differences in cell membrane composition, other factors that have also been
proposed for the antitumor activity of antimicrobial peptides are fluidicity and the
glycosylation pattern of membrane—associated proteins (Hoskin and Ramamoorthy,
2008).
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1.2 ANTIMICROBIAL PEPTIDES AS ANTICANCER
AGENTS

It is well-know that antimicrobial peptides are cytotoxic not only against
bacteria, but also towards different types of human cancer cells, such as breast, bladder,
ovarian and lung cells (Mader and Hoskin, 2006; Hoskin and Ramamoorthy, 2008; Li et
al., 2012; Gaspar et al., 2013; Wu et al., 2014). Due to their physicochemical properties
and their mode of action, antimicrobial peptides are expected to display higher
selectivity and lower toxicity than conventional chemotherapy treatments.

1.2.1 'The disease of cancer

Cancer remains a major cause of death affecting millions of people around the
world. The International Agency for Research on Cancer (IARC) estimates that 14.1
millions of new cancer cases and 8.2 millions of cancer deaths occurred worldwide

during 2012 (Globocan2012. IARC http://globocan.iarc.fr/Pages/fact_sheets_population.aspx).

The international statistics also reveals that among the male population the five more
frequently detected cancers are lung, prostate, colorectum, stomach and liver (Figure
1.6a); whereas breast, colorectum, lung, cervix uteri and stomach ones are the most

common among women (Figure 1.6b).

Although there are more than 100 distinct types of cancer that can affect
different organs and tissues, all of them are characterized by the growth and spreading
of abnormal cells in an uncontrolled manner (Hanahan and Weinberg, 2000). This
disease is initiated by a series of accumulative genetic and epigenetic changes that occur
in normal cells (Harris et al., 2013). As a result, cancer cells acquire unique traits that
alter their physiology, such as the creation of their own growth signals; the capacity to
ignore antiproliferative signals; the resistance to programmed cell death (apoptosis); the
ability to replicate without limits; the development of new blood vessels allowing the
tumor growth; and the ability to invade tissues, at first locally and later through
metastasis (Hanahan and Weinberg, 2000). Recently, other hallmarks have been added



to this list, such as the ability to reconfigure the energy metabolism of cells as well as to

evade the immune system of the organism (Hanahan and Weinberg, 2011).
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Figure 1.6. Graphic of estimate incidence of cancer disease in males (a) and in females (b)
during 2012 (Globocan2012, IARC).

The conventional cytotoxic treatments for cancer management mainly involve
2011;
Riedl et al., 2011; Harris et al., 2013). Both treatments are used against a broad array of

radiotherapy and chemotherapy (Bhutia and Maiti, 2008; Nussbaumer et al.,

cancer diseases. Radiotherapy is a relatively precise treatment and is used to achieve a
local control; whereas chemotherapy exerts a more systemic effect on the organism.
Chemotherapy involves the use of low-molecular-weight drugs that can be classified
according to their mechanism of action (Nussbaumer et al., 2011). Some examples are

detailed below:

(i)

interaction with essential biosynthetic pathways. Some examples are 5-fluorouracil and

Antimetabolites. The mechanism of these anticancer drugs is based on their

mercaptopurine (Figure 1.7). They are structural analogues of pyrimidine and purine,

respectively, and are able to disrupt the nucleic acid synthesis. 5-Fluorouracil is widely
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used for the treatment of breast tumor, gastrointestinal tract cancers, including
colorectal one, and certain skin cancers. Mercaptopurine is mainly used as maintenance
therapy for acute leukemia. Another example of antimetabolite is methotrexate (Figure
1.7). It is able to interfere enzymatic processes of the cell metabolism and is used as
maintenance therapy for acute lymphoblastic leukemia, non-Hodgkin’s lymphoma and

several solid tumors.
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Figure 1.7. Examples of antimetabolites.
(i) DNA-interactive agents. They constitute one of the largest and most

important anticancer drug families which includes alkylating, cross-linking and
intercalating agents as well as topoisomerase inhibitors and DNA-cleaving agents.
Some examples are doxorubicin, cyclophosphamide and cisplatin (Figure 1.8).
Doxorubicin is a natural product extracted from Streptomyces peucetiusor or S.
galilaeus. This intercalating agent is widely used to treat leukemia, lymphomas and a
variety of solid tumors. Cyclophosphamide is a member of the nitrogen mustard family
which displays a broad spectrum of activity in solid tumors, lymphocytic leukemia and
lymphomas. Cisplatin was the first platinum complex used for anticancer treatment and

shows a pronounced activity against testicular and ovarian cancers.
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Figure 1.8. Examples of DNA-interactive drugs.
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(iii) Antitubulin agents. These compounds are characterized to interfere the
division of the nucleus leading to cell death. The main members of this family are
taxanes and the vinca alkaloids, such as paclitaxel and vincristine, respectively (Figure
1.9). Paclitaxel is a compound isolated from the Pacific yew tree Taxus brevifolia and is
used for advanced or metastatic lung and breast cancers. In combination with cisplatin,
paclitaxel is also used for the treatment of ovarian cancer. Vincristine is a natural
alkaloid isolated from the Madagascar periwinkle Vinca rosea. It is used to treat solid

tumors, mainly of lung and breast, as well as lymphomas and acute leukemia.

Paclitaxel Vincristine

Figure 1.9. Examples of antitubulin agents.

Although these treatments are extensively used, they suffer from low therapeutic
indices and a broad spectrum of side effects, which are mainly due to the low or no
selectivity of drugs for cancer cells over healthy ones (Mader et al., 2005; Mader and
Hoskin, 2006; Riedl et al., 2011; Harris et al., 2013). In addition, there are malignant
cells that are inactive or have a slow proliferating rate and, therefore, they respond
poorly to these chemotherapeutic agents (Mader and Hoskin, 2006; Hoskin and
Ramamoorthy, 2008). It has also been observed that cancer cells can develop multiple
drug resistance to anticancer drugs, which makes them not only resistant to the drug
being used in the treatment, but also to a variety of other unrelated compounds,

reducing their therapeutic usefulness (Pérez-Tomas, 2006; Harris et al., 2013).

Based on the above considerations, there is a clear urgent need to develop new
therapies that overcome chemoresistance and that have a higher selectivity for
malignant cells than drugs currently used, being less harmful for patients. In this
context, antimicrobial peptides are considered as a promising alternative to the

conventional chemotherapies.
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1.2.2  Antimicrobial peptides with anticancer activity

Antimicrobial peptides are potential candidates for cancer therapy due to the
advantages that they offer over the traditional chemotherapeutic drugs. The so-called
anticancer peptides show a broad spectrum of activity and are able to kill cancer cells
rapidly, destroy primary tumors, prevent metastasis and do not harm vital organs
(Leuschner and Hansel, 2004; Papo and Shai, 2005; Wu et al., 2014). Moreover, they
are unlikely to cause rapid emergence of resistance and can have the ability to synergize
with current anticancer treatments (Leuschner and Hansel, 2004; Papo and Shai, 2005;
Schweizer, 2009; Feliu et al., 2010).

Based on their spectrum of activity, anticancer peptides can be sorted out into
two categories (Papo and Shai, 2005; Harris et al., 2013). The first one includes
peptides that are active against both bacteria and cancer cells, but not against normal
mammalian cells, such as cecropin B1, magainin 2, lactoferricin, Bacillus lipopeptides
or synthetic peptides (e.g. P18, BPC96). Their structures and activities are summarized
in Table 1.2. As an example, the antimicrobial peptide cecropin B1, an analogue of the
natural peptide cecropin B, not only shows an interesting antimicrobial activity against
different bacteria, such as Escherichia coli or Pseudomonas aeruginosa, but it also
displays cytotoxicity against different leukemia cancer cell lines (ICso from 2.4 to 10.2
UM), whereas it is not cytotoxic against fibroblast cells (Chen et al., 1997). Other
examples are the lipopeptides surfactin and fengycin produced by the marine
microorganism Bacillus circulans. These natural lipopeptides display a selective
antiproliferative activity towards two human colon cancer cell lines (ICs, from 80 to
120 pg ml?h), and show a low cytotoxicity against non-malignant ones
(Sivapathasekaran et al., 2010). One example of synthetic peptide is P18, a derivative of
the hybrid peptide cecropin A(1-8)-magainin 2(1-12). This peptide not only shows good
antimicrobial activity, but also displays anticancer activity against human tumor cells
exhibiting low cytolytic effect against non-malignant fibroblasts (Shin et al., 2001).
Another example of synthetic peptide is the de novo designed cyclic peptide BPC96,
previously described in the LIPPSO group as antimicrobial agent (see section 1.3.2).
Along with other cyclic peptides, the anticancer activity of BPC96 was tested against a
panel of cancer cell lines, being the candidate with the best biological activity profile.

BPC96 shows an interesting inhibitory activity against HelLa cervix carcinoma cells,
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and it is low hemolytic and low cytotoxic against non-malignant fibroblasts. Further
studies also demonstrated that, at low doses, BPC96 is able to synergize with the
cytotoxic anticancer drug cisplatin, improving its activity (Feliu et al., 2010).

The second group of anticancer peptides contains peptides that are cytotoxic
against the three types of cells, bacteria, cancer and non-malignant mammalian cells.
Members of this class are melittin, tachyplesin, the human neutrophil defensin HNP-1
and the human peptide LL-37. In Table 1.2, there is a summary of their structures and
anticancer activities. Melittin shows a broad spectrum of activity against different cell
lines, such as leukemia, lung or ovarian carcinoma cells. However, this peptide also
shows an important lytic activity against normal cells which decreases its therapeutic
potential as a new anticancer agent (Hoskin and Ramamoorthy, 2008; Gajski and Garaj-
Vrhovac, 2013). LL-37 is a member of the cathelicidin family and it is involved in the
tumor growth modulation of various types of cancer. It can enhance the proliferation
and the metastatic capacity of ovarian, breast and lung cancers, and it has been
demonstrated that LL-37 can inhibit the cell proliferation in gastric cancer. Moreover,
LL-37 has also been used as immunostimulant to promote the elimination of cancer

cells by the host immune system (Wu et al., 2010).



Table 1.2. Examples of antimicrobial peptides with anticancer activity.

Peptide Sequence Cancer cells Selectivity  References
Cecropin Bl KWKVFKKIEKMGRNIRNGIVKAGPKWKVFKKIEK-NH, Leukemia cells Yes Chenetal., 1997
Bladder, lung and breast cancer Lehmann et al.. 2006:
Magainin2  GIGKFLHSAKKFGKAFVGEIMNS-OH cells, human melanomas and Yes PR
- Mader and Hoskin, 2006
leukemia
Bovine Leukemia, breast, colon and Mader et al., 2005;
lactoferricin FKCRRWQWRMKKLGAPSITCVRRAF-OH ovarian carcinoma cells Yes Mader and Hoskin, 2006
Surfactin Fatty acid(&)-ELLVDLL(&)? Colon cancer cells Yes Sivapathasekaran et al., 2010
Fengycin Fatty acid-EOY (&) TEAPQYI(&)" Colon cancer cells Yes Sivapathasekaran et al., 2010
Human myelogenous leukemia,
P18 KWKLFKKIPKFLHLAKKF-NH, T-cell leukemia and breast Yes Shin et al., 2001
adenocarcinoma cells
BPC96 C¢(LKLKKFKKLQ) Human cervical carcinoma cells Yes Feliu et al., 2010
Leukemia, ovarian carcinoma,
Melittin GIGAVLKVLTTGLPALISWIKRKRQQ-NH, osteosarcoma, lung, prostate No Gajski and Garaj-Vrhovac, 2013
and renal cancer cells
Human gastric carcinoma, Nakamura et al., 1988;
Tachyplesin  KWC,FRVC,YRGIC,YRRC;R-NH,° hepatocarcinoma and prostate No Li et al., 2000; Ouyang et al., 2002;
carcinoma cells Hoskin and Ramamoorthy, 2008
a-Defensin Human oral squamous McKeown et al., 2006;
HNP-1 AC,YC,RIPAC;IAGERRYGTC, YQGRLWAFC;C,-OH° carcinoma, renal and prostate No Hoskin and Ramamoorthy, 2008;
carcinoma cells Gaspar et al., 2015
Gastric carcinoma cells.
LL-37 LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES-OH Also used in cancer No Wu et al., 2010

immunotherapy

aThe g-carboxyl group of the fatty acid chain forms an ester bond (&) with the carboxylic group of a Leu. ° Ester bond (&) between the phenol group of Tyr and the a-carboxylic group of Ile.
¢ Subscript numbers represent amino acids joined by a disulfide bridge.



The mechanism of action by which anticancer peptides kill cancer cells is still
controversial. However, it has been suggested that they target the cell membrane and
cause the cell death through similar membrane permeabilization/disruption models
described for antimicrobial peptides (see section 1.1.2). Anticancer peptides are able to
preferentially interact with the membrane of malignant cells and insert into it due to its
higher fluidicity and net negative charge compared to those of normal cells (Leuschner
and Hansel, 2004; Mader and Hoskin, 2006; Hoskin and Ramamoorthy, 2008; Riedl et
al., 2011; Gaspar et al., 2013; Harris et al., 2013; Gaspar et al., 2015). Once peptides are
inside the cells, they can also perturb the integrity of the negatively charged
mitochondrial membrane, resulting in the release of the cytochrome c¢ and the
consequent activation of the apoptosis mechanism (Papo and Shai, 2005; Bhutia and
Maiti, 2008). The disruption of the plasma or mitochondrial membrane is not the only
mode of action of anticancer peptides. Other mechanisms involving mediated immunity,
hormonal receptors, DNA synthesis inhibition or anti-angiogenic effects have also been
described (Papo and Shai, 2005; Schweizer, 2009; Gaspar et al., 2013; Wu et al., 2014;
Gaspar et al., 2015).

One potential method to increase peptide activity is its conjugation to a drug
delivery system able to enhance its internalization (Stewart et al., 2008; Fonseca et al.,
2009). The use of cell-penetrating peptides (CPPs) is a promising strategy to promote
the cellular uptake of numerous types of drugs, including small molecules, imaging
agents, oligonuleotides, proteins and other peptides (Mae and Langel, 2006; Stewart et
al., 2008; Fonseca et al., 2009; Koren and Torchilin, 2012; Zhang et al., 2012). They are
usually short cationic sequences that may derive from natural peptides or proteins, e.g.
TAT peptide (RKKRRQRRR) or penetratin (RQIKIWFQNRRMKWKK), or be de
novo designed peptides, as trasportant (GWTLNSAGY LLGKINLKALAALAKKIL) or
polyarginines (e.g. Ry (RRRRRRRRR))(Stewart et al., 2008; Fonseca et al., 2009;
Milletti, 2012). The use of CPPs for the intracellular delivery represents an interesting
strategy to enhance the bioactivity of the anticancer peptides and several examples have
been reported (Mé&e and Langel, 2006; Stewart et al., 2008; Fonseca et al., 2009). This
strategy is particularly straightforward because the drug and carrier share a similar
structure and their total synthesis can be performed completely via solid-phase peptide
synthesis (Stewart et al., 2008).
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An example of this strategy is the cytotoxic peptide r7-kla which was obtained
by conjugating the linear antimicrobial peptide kla to the cell-penetrating domain r7
(Figure 1.10) (Law et al., 2006). Whereas the antimicrobial peptide is not active, the
peptide conjugate r7-kla shows low ICsy values against different tumor cell lines, being
more cytotoxic than other clinically used anticancer agents such as doxorubicin,
paclitaxel or methotrexate. It has been observed that once the antimicrobial peptide is
internalized it can disrupt the mitochondrial membrane inducing apoptosis. Moreover,
r7-kla shows a rapid kinetic of cell killing and also induces apoptosis in vivo (Law et al.,
2006).

Cell Penetrating Bioactive peptide
domain Linker domain
r : 1 (_A_\ r . 1
r7-kla rrrrrrr gg klaklakklaklak

Figure 1.10. Peptide sequence of r7-kla.

Another example of this strategy is the conjugation of peptides C9h and C9 to
the CPP DPT-sh1l. C9h and C9 are involved in the modulation of the caspase-9/PP2A
interaction and, consequently, in the cell death regulation process (Table 1.3) (Arrouss
et al., 2013). Whereas DPT-sh1, C9 and C9h do not induce apoptotic effects in any cell
line, the peptide conjugates DPT-C9h and DPT-C9 show apoptotic effects in several
human and mouse cancer cell lines. These conjugates specifically target caspase-
9/PP2A interaction, leading to mitochondrial membrane permeabilization, cytochrome c
release and induction of the cell death mechanism. They also inhibit tumor growth both
in mouse and in primary human breast cancer models. In addition, DPT-C9h and DPT-
C9 do not affect healthy cells (Arrouss et al., 2013).

Table 1.3. Sequences of DPT-sh1, C9, C9h and of the peptide conjugates DPT-C9 and DPT-C9h.

Peptide Sequence

DPT-shl VKKKKIKREIKI

C9 YIETLDGILEQWARSEDL

C%h YVETLDDIFEQWAHSEDL

DPT-C9 VKKKKIKREIKI-YIETLDGILEQWARSEDL
DPT-C9h VKKKKIKREIKI-YVETLDDIFEQWAHSEDL
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1.3  ANTIMICROBIAL PEPTIDES FOR PLANT
PROTECTION

One of the current biggest challenges in agroscience is the development of
environmentally friendly alternatives to the extensive use of chemical pesticides for
combating crop diseases (Montesinos, 2007; Ongena and Jacques, 2008).
Phytopathogenic bacteria are responsible for great losses in economically important
crops, such as vegetables and fruits, but their control mainly relays on chemical
pesticides. The most common pesticides are copper derivatives and antibiotics.
Although these compounds are effective, they are regarded as environmental
contaminants. In addition, an inappropriate use of antibiotics induces the emergence of
multidrug resistant microorganisms. Due to these limitations, antibiotics are not
authorized in some countries of the European Union prompting the necessity to develop

new agents to control plant diseases.

In particular, the LIPPSO group, in collaboration with the Plant Pathology group
of the University of Girona, is currently studying the development of antimicrobial
peptides active against the phytopathogenic bacteria Erwinia amylovora, Xanthomonas
vesicatoria and Pseudomonas syringae, and the fungi Fusarium oxysporum and
Penicillium expansum, which are responsible for plant diseases of economic importance
(Ferre et al., 2006; Monroc et al., 2006a, 2006b; Badosa et al., 2007, 2009; Ng-Choi et
al., 2014). The bacteria E. amylovora is the causal agent of fire blight in rosaceous
plants, X. vesicatoria is responsible for the bacterial spot of tomato and pepper plants,
and P. syringae causes several blight diseases. The fungus F. oxysporum is the causal
agent of vascular wilt disease in a wide variety of economically important crops and P.

expansum is the main causal agent of blue mould in stored apples.

The main objective of the LIPPSO group is to find peptides with high
antimicrobial activity against these pathogens and, at the same time, with low toxicity
against eukaryotic cells and high stability towards protease degradation. Two families

of peptides, including linear undecapeptides and cyclic decapeptides, have been studied.
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1.3.1 Cecropin A-melittin hybrid linear undecapeptides

Although natural antimicrobial peptides, such as cecropins and melittin, display
an interesting activity against plant pathogens, their use in plant protection is not
suitable because of the high production cost of their long sequences and their
susceptibility to protease degradation. For this reason, several studies have been focused
on the development of shorter and more stable synthetic analogues which retain the
antimicrobial activity of the parent peptides. One example is Pep3, derived from the
well-known hybrid cecropin A(1-7)-melittin(2-9) (Andreu et al., 1992; Giacometti et
al., 2004). Pep3 is an 11-residue sequence which shows a good biological activity
profile against phytopathogenic bacteria and fungi (Table 1.4) (Cavallarin et al., 1998;
Ali and Reddy, 2000).

Table 1.4. Sequence of cecropin A, melittin and two synthetic analogues.

Peptide Sequence
Cecropin A KWKLFKKIEKVGQNIRDGIIKAGPAVAVVGQATQIAK-NH,
Melittin GIGAVLKVLTTGLPALISWIKRKRQQ-NH,

Cecropin A(1-7)-melittin(2-9) KWKLFKKIGAVLKVL-NH,

Pep3 WKLFKKILKVL-NH,

Based on the structure of Pep3, the LIPPSO group designed and synthesized a
library of 125 linear undecapeptides (CECMEL11) with general structure R-X'-Lys-
Leu-Phe-Lys-Lys-1le-Leu-Lys-X*-Leu-NH, (R= H, Ac, Ts, Bz or Bn; X*, X= Leu,
Lys, Phe, Trp, Tyr or Val) (Figure 1.11) (Ferre et al., 2006; Badosa et al., 2007). This
library was tested against the bacteria E. amylovora, X. vesicatoria and P. syringae, and
the fungus P. expansum. The hemolytic activity was also evaluated (Ferre et al., 2006;
Badosa et al., 2007, 2009).



/ I
L) ‘8\\1 ’\ a ,1\')
- A
— fﬂd S / 3 \‘.ﬁ
®© <,/ ©
© ®

Figure 1.11. Edmunson wheel projection of the 125-member peptide library CECMEL11.
Hydrophilic amino acids (Lys) are represented in black background while hydrophobic residues
(Leu, Phe, lle) are in white. X' and X" are represented in grey (X'= Lys, Leu, Trp, Tyr or Phe;
X0= Lys, Val, Trp, Tyr or Phe). R represents the N-terminus derivatization (H, Ac, Ts, Bz or
Bn) (Badosa et al., 2007).

The results obtained demonstrated the importance of the peptide charge on the
activity. In general terms, the most active peptides are those with a net charge of +5 or
+6, a basic N-terminus and an aromatic residue at X'°. Several sequences show a better
biological profile than the parent peptide Pep3. In particular, peptides BP15, BP33,
BP76, BP77, BP100, BP125 and BP126 display an optimal balance between
antimicrobial and hemolytic activities (Table 1.5) (Ferre et al., 2006; Badosa et al.,
2007). Moreover, BP21 exhibits a high activity against P. expansum (Badosa et al.,
2009). These peptides show a good stability towards protease degradation. Moreover,
BP100 exhibits preventive inhibition of E. amylovora infection in detached apple and
pear flowers, being only less effective than streptomycin, antibiotic currently used for
fire blight control (Badosa et al., 2007).
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Table 1.5. Antibacterial and hemolytic activity of several peptides selected from the
CECMEL11 library.

MIC (uM)?

H (%)°
Ea® Ps® Xv®  Pe° (%)

Peptide Sequence

BP15  H-Lys-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Val-Leu-NH,  5.0-7.5 25-50 >7.5 125-25.0 16+2.9

BP33  H-Leu-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Val-Leu-NH,  5.0-7.5 5.0-7.5 >7.5 >25.0 37+2.7

BP21  Ac-Phe-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Val-Leu-NH, >7.5 >7.5 25-50 <6.2 85+1.4

BP76  H-Lys-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Phe-Leu-NH,  2.5-5.0 2.5-5.0 2.5-5.0 >25.0 34+2.1

BP77  Ac-Lys-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Phe-Leu-NH, 5.0-7.5 5.0-7.5 <25 6.2-12.5 40+3.8

BP100 H-Lys-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Tyr-Leu-NH,  2.5-5.0 2.5-5.0 5.0-7.5 >25.0 2242.8

BP125 Ts-Lys-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Lys-Leu-NH, >7.5 25-5.0 25-50 >25.0 8+1.6

BP126 Bz-Lys-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Lys-Leu-NH, 5.0-7.5 2.5-5.0 2.5-5.0 >25.0 14+2.9

#Minimum inhibitory concentration. ® Ea stands for E. amylovora; Ps for P. syringae; Xv for X. Vesicatoria; Pe for P.
expansum. ° Percent hemolysis at 150 uM plus confidence interval (o = 0.05).

1.3.2 De novo designed cyclic decapeptides

Although linear peptides are the most explored antimicrobial peptides, their
practical use has not been completely satisfactory. The conformational flexibility of
their primary structure seems to be associated with a low target selectivity, poor
bioavailability as well as low stability towards protease degradation. Backbone
cyclization is an interesting method to introduce conformational constraints on peptide
secondary structures which generally improves the metabolic stability and can also
increase the activity as well as the selectivity towards specific targets (Gilon et al.,
1991; Fung and Hruby, 2005; Monroc et al., 2006a; Werle and Bernkop-Schnirch,
2006; Ong et al., 2014).

The LIPPSO group focused its attention on the de novo design and synthesis of
cyclic antimicrobial peptides. During the last years, head-to-tail amphipathic cyclic
peptides ranging from 4 to 10 residues have been de novo designed and prepared
(Monroc et al., 2006a, 2006b). These peptides consist of alternating hydrophilic (Lys)
and hydrophobic (Leu and Phe) amino acids with the general formula c(X,-Y-Xy-GlIn)

(X=Lys or Leu, Y= L- or D-Phe, m=n=1 or m=3 and n=0-5). The antimicrobial activity
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of these peptides was evaluated against the economically important plant pathogenic
bacteria X. vesicatoria, P. syringae and E. amylovora. Their hemolytic activity as well
as their proteolytic susceptibility were also evaluated. Among them, the most active
sequence was the cyclic decapeptide BPC16, which exhibits minimum inhibitory
concentration (MIC) values raging from 6.2 to 12.5 uM against X. vesicatoria and 12.5
to 25 UM against P. syringae. However, BPC16 is not active against E. amylovora and
shows a significant hemolytic activity (Monroc et al., 2006a).

In order to improve the biological profile of the lead peptide BPC16, a first
library of 56 cyclic decapeptides based on its structure was synthesized (Library I).
Analysis of the antimicrobial activity against the aforementioned bacteria suggested that
the substructure Lys°PheLysLysLeuGIn*® constitutes a structural requirement for the
activity. In fact, peptides of Library | containing this moiety exhibit low MIC values
against the three plant pathogenic bacteria. Therefore, a second library based on the
structure  c(X*X®X3X*LysPheLysLysLeuGIn) was prepared using a design of
experiments (DOE) methodology (Library I1). It comprised 16 cyclic decapeptides with
all possible combinations of Leu and Lys at positions X' to X*. Evaluation of the
antibacterial activity and hemolysis led to the identification of sequences with a better
biological profile than the parent peptide BPC16 (Table 1.6). In particular, BPC96,
BPC98, BPC194 and BPC198 display a high antimicrobial activity against the three
pathogenic bacteria (MIC values from 1.6 to 25 puM) while maintaining a low
hemolysis. Moreover, DOE analysis showed that all of them fulfill the substitution rule
X?# X® and include Lys at position 4 (Monroc et al., 2006b).

Table 1.6. Antibacterial and hemolytic activity of selected cyclic decapeptides.

MIC (uM)?
Ea° PsP XvP°
BPC16 c(Lys-Leu-Lys-Leu-Lys-Phe-Lys-Leu-Lys-GIn) >100 12.5-25 6.2-12.5 84+6.9

Peptide Sequence H (%)°

BPC96 c(Leu-Lys-Leu-Lys-Lys-Phe-Lys-Lys-Leu-Gln) 12.5-25 6.2-125 3.1-6.2  32+7.2

BPC98 c(Leu-Leu-Lys-Lys-Lys-Phe-Lys-Lys-Leu-Gln) 12.5-25 6.2-125 1.6-3.1  36*3.7

BP194  c(Lys-Lys-Leu-Lys-Lys-Phe-Lys-Lys-Leu-GlIn) 6.2-12.5 3.1-6.2 3.1-6.2 1717

BP198 c(Lys-Leu-Lys-Lys-Lys-Phe-Lys-Lys-Leu-GIn) 12.5-25 3.1-6.2 3.1-6.2 14+14

@Minimum inhibitory concentration. ® Ea stands for E. amylovora; Ps for P. syringae; Xv for X. vesicatoria.
¢ Percent hemolysis at 375 uM plus confidence interval (o = 0.05).
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1.4 BIOACTIVE LIPOPEPTIDES FROM BACII.I.US
SUBTILILS FOR PLANT PROTECTION

The use of microorganisms as biocontrol agents is considered as a rational and
safe crop-management method against plant pathogens (Emmert and Handelsman,
1999; Touré et al., 2004; Ongena and Jacques, 2008). Members of Bacillus genus, and
particularly Bacillus subtilis species, are among the most exploited and studied
beneficial bacteria as biopesticides to control plant diseases (Emmert and Handelsman,
1999; Touré et al., 2004; Stein, 2005; Montesinos, 2007; Ongena et al., 2007; Ongena
and Jacques, 2008; Mora et al., 2015). Bacillus species are mostly isolated from the
plant rhizosphere, although they can also be found in deep-sea sediments, fermented
food or animal gastrointestinal tracts (Raaijmakers et al., 2010). These species are of
particular interest since they are able to survive adverse conditions due to the
development of spores, and to produce compounds that are beneficial for agronomical
purposes (Emmert and Handelsman, 1999; Montesinos, 2007; Ongena and Jacques,
2008; Pueyo et al., 2009). These compounds mainly include ribosomal and non-
ribosomal peptides, as well as non-peptidic compounds, such as polyketides,
aminosugars or phospholipids (Stein, 2005).

Non-ribosomal peptides comprise cyclic lipopeptides of the surfactin, iturin and
fengycin families (Jacques et al., 1999; Stein, 2005; Ongena and Jacques, 2008;
Raaijmakers et al., 2010; Mora et al., 2015). They are amphiphilic structures composed
of a hydrophilic peptide portion and a hydrophobic fatty acid part, which can be either a
B-hydroxy or a -amino fatty acid. They differ in the length and branching of the fatty
acid chain as well as in the amino acid sequence (Akpa et al., 2001; Ongena and
Jacques, 2008; Raaijmakers et al., 2010; Inés and Dhouha, 2015). These cyclic
lipopeptides have well-recognized application in biotechnology and biopharmaceutical
fields, because of their surfactant and bio-active properties. Moreover, it has also been
demonstrated that these cyclic lipopeptides are also able to stimulate plant defence
responses against pathogens, a phenomenon termed induced systemic resistance
(Ongena et al.,, 2007; Ongena and Jacques, 2008; Raaijmakers et al., 2010). For
example, it has been reported that surfactins and fengycins can stimulate the defence

responses of bean and tomato plants (Ongena et al., 2005, 2007).
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1.4.1 Surfactins

Surfactins are cyclic lipodepsipeptides composed of seven a-amino acids and a
B-hydroxy fatty acid. Apart from surfactins, this family encompasses esperin, lichenysin
and pumilacidin derivates, which are represented in Figure 1.12 (Peypoux et al., 1999;
Seydlova and Svobodova, 2008; Raaijmakers et al., 2010). They are powerful
biosurfactants with exceptional emulsifying and foaming properties (Peypoux et al.,
1999; Stein, 2005; Ongena and Jacques, 2008). Surfactins display a detergent-like
action on biological membranes and are distinguished by their hemolytic, antiviral,
antimycoplasma and antibacterial activities (Peypoux et al., 1999; Stein, 2005; Ongena
and Jacques, 2008; Seydlovéa and Svobodova, 2008; Raaijmakers et al., 2010). Unlike
other Bacillus lipopeptides, surfactins do not show a remarkable fungitoxicity. On the
other hand, surfactins are a key factor in the formation of stable biofilms by B. subtilis
strains. Moreover, these cyclic lipopeptides may inhibit the formation of biofilms by

other bacteria, contributing to the protective action of Bacillus strains (Bais et al., 2004).

D-Leu® R2
H ﬁ/DLeu3
/H( HN -
HN
ﬁ/& HNI
by N M
OH
O
M g NH KNH

o N

n o
n=2-4 R7 O /\< \«/4
| 6
D-Leu H/'}(OH
(o]
Surfactin Rl= Glu R2=Val, Leu orlle R*= Ala, Val, Leu orlle R7=Val, Leu or lle D-Leu®

Linchensyin R'=GInorGlu R2= Leu orlle R4=Val orlle R7=Val orlle Esperin
Pumilacidin R!= Glu R2= Leu R4= Leu R7=Val orlle R=Glu R?=Leu R*=Val R’=Leu

Figure 1.12. Structure of surfactins. The S-hydroxy fatty acid can contain iso or anteiso
branches.

1.4.2  Tturins

Iturin A and C, bacillomycin D, F, L and LC, and mycosubtilin are the main
peptide variants that encompass the iturin family (Besson et al., 1978; Besson and

Michel, 1987; Ongena and Jacques, 2008; Raaijmakers et al., 2010). They are composed
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of a heptapeptide cyclised by a $-amino acid (iturinic acid), which has a variety of chain
lengths (C14-C17) (Figure 1.13). Unlike surfactins, iturins are mainly antifungal,
showing a strong in vitro activity against a wide variety of yeast and fungi (Ongena and
Jacques, 2008; Raaijmakers et al., 2010). However, they display a high hemolytic
activity against human erythrocytes (Aranda et al., 2005).

(@]
R} HN/E HNj//\R4 Iturin A R!=Asn R4=GIn R5=Pro R®=D-Asn R’=Ser
ﬁ/go o) O0Z™NH Iturin C Rl=Asp R*=GIn R5=Pro R®=D-Asn R’= Ser
NH NH, Oj)\ Bacillomycin D Rl=Asn R*=Pro RS5=Glu R®=D-Ser R’=Thr
M o R® Bacillomycin F Rl=Asn R*=GIn R5=Pro R®=D-Asn R’=Thr
H NH Bacillomycin L Rl=Asp R*=Ser R5=GIn R®=D-Ser R’=Thr
neas H)H/ 7]_/, 5 D-Asn® Bacillomycin LC R'=Asn R*=Ser R5=Glu R®=D-Ser R’=Thr
R” O R or Mycosubtilin Rl=Asn R4=GIn R5=Pro RS=D-Ser R’=Asn

p-Ser®

Figure 1.13. Structure of iturins. The g-hydroxy fatty acid can contain iso or anteiso branches.

1.4.3 Fengycins

The fengycin family, isolated from several Bacillus strains, comprises closely
related lipopeptides which share a common cyclic structure with several exceptional
features (Vanittanakom et al., 1986; Wang et al., 2004; Stein, 2005; Chen et al., 2008;
Deleu et al., 2008; Ongena and Jacques, 2008; Bie et al., 2009; Pueyo et al., 2009; Pecci
et al., 2010; Raaijmakers et al., 2010; Sang-Cheol et al., 2010; Pathak et al., 2012;
Villegas-Escobar et al., 2013). They consist on a S-hydroxy fatty acid chain connected
to the N-terminus of a decapeptide moiety. Eight of these amino acids form a
macrocycle containing an ester bond between the phenol group of Tyr® and the o-
carboxylic group of Ile'® (Figure 1.14). According to their sequence, fengycins can be
divided into two major groups, fengycin A and B. Fengycin A has a D-Ala at position 6,
whereas fengycin B has a D-Val at this position. The length of the g-hydroxy fatty acid
ranges from 14 to 18 carbons and it can be saturated or unsaturated, and it can contain

IS0 or anteiso branches (Vanittanakom et al., 1986; Wang et al., 2004; Chen et al., 2008;
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Ongena and Jacques, 2008; Bie et al., 2009; Pueyo et al., 2009; Pecci et al., 2010; Faria

etal., 2011; Pathak et al., 2012).

HzNj\ p-allo-Thr* OH
OH
2, T
N ~ N3 ~_N
A~y N 7 NS
n=10-14 OH O o O o >nH D-Ala® or p-val®
3| N o)
6
HO Yo o-Tyr |l RJ\f
o § 7N
o o HN)—Q
0o s
N
(o] O
NH, FengycinA  R6=D-Ala

FengycinB  R6=D-Val

Figure 1.14. Structure of fengycin A and B.

Although fengycin A and B are the most common isoforms, other fengycin
isoforms have also been isolated. For example, Sang-Cheol and collaborators isolated
fengycin S from a Bacillus amyloliquefaciens culture. The analysis of this compound

demonstrated that it differed from fengycin B on the amino acid at position 4
ontaining a Ser instead of an allo-Thr (Figure 1.15) (Sang-Cheol et al., 2010).

HZNW\D—Om2 p-Ser* OH
OH
(@]

NQk WNQk /Y

Ay T
A?\g@

Figure 1.15. Structure of fengycin S according to Sang-Cheol et al., 2010.

Fengycin S
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Another recent example of a fengycin isoform is fengycin C described by
Villegas-Escobar and co-workers (Villegas-Escobar et al., 2013). It was isolated from
the supernatant culture of Bacillus subtilis EA-CB0015, along with some surfactin
analogues. This lipopeptide contains an allo-Thr at position 9 instead of the Tyr usually
present in the structure of fengycins (Figure 1.16A) (Villegas-Escobar et al., 2013).
Nevertheless, it has to be pointed out that one year before Pathak and collaborators had
described a new compound, also called fengycin C, isolated from a culture of Bacillus
subtilis K1 (Pathak et al., 2012). Unlike the fengycin C described by Villegas-Escobar
et al., this compound contains a Leu or an lle at position 6 instead of the Ala or Val
present in fengycin A and B, respectively (Figure 1.16B). In this study, other isoforms
of fengycin A and B were also isolated. They differ on the length and the saturation of
the S-hydroxy fatty acid tail as well as on the amino acid composition. They incorporate
a Val at position 10 and a Glu at position 8 instead of an lle and a GlIn, respectively
(Pathak et al., 2012).

B
allo-Thr* HoN W\D—Orn2 o-Thr* OH
OH
o \/OH o
N
Y\m Sy J*N“m Nﬁr
n=11-15 OH O O 6 NH D-lled or p-Leu’
D-Tyr® O
HO 4 R®
H /\;
HO © 0
allo-Thr® NH,
R=CH3-(CH)n- (n=11-14)
R= CHy-CH=CH-(CHg)r- (n=8-10) RS=D-Leu orD-lle

Figure 1.16. Two different structures of fengycin C described by Villegas-Escobar et al. (A) and
Pathak et al. (B). The amino acid configuration was not described for compound A.

Plipastatins are other well-known analogues of the fengycin family. However,
there has been certain confusion between the terms fengycin and plipastatin in the
literature. Although sometimes they are considered as synonyms (Stein, 2005), most of
the reports refer to plipastatins as diastereoisomers of fengycins differing in the L- and

D- configurations of the Tyr at positions 3 and 9 (Ongena and Jacques, 2008;
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Raaijmakers et al., 2010). Specifically, fengycins contain a b-Tyr® and an L-Tyr® while
plipastatins have the reversed configuration, an L-Tyr® and a D-Tyr® (Figure 1.17)
(Nishikiori et al., 1986a, 1986b; Schneider et al., 1999; Volpon et al., 2000). However,
recent studies show that fengycins and plipastatins could have the same primary
structure, being L-Tyr® and b-Tyr® the unique amino acid configuration (Honma et al.,
2012; Nasir et al., 2013). According to these studies, plipastatins could be the potassium
salt of the peptide whereas fengycins could be the trifluoroacetate salt (Honma et al.,
2012).

Fengycin A Fatty acid-L-Glu'-D-Orn?- D-Tyr3(&) -D-alloThr*-L-Glu®-D-Alaé-L-Pro’-L-GIn&- L-Tyr® -L-1le10(&)

Plipaspatin A Fatty acid-L-Glu!-D-Orn2-L-Tyr3(&) -D-alloThr*-L-Glu>-D-Alaé-L-Pro’-L-GIn3- D-Tyr? -L-lle10(&)

Figure 1.17. Structural differences between fengycins and plipastatins. The “&” symbol
indicates the ester bond between the phenol group of Tyr® and the a-carboxylic group of 11e™.

Fengycin lipopeptides are known to be specifically active against filamentous
fungi (Vanittanakom et al., 1986; Deleu et al., 2008; Ongena and Jacques, 2008;
Raaijmakers et al., 2010). They are active against Fusarium verticillioides, also known
as F. moniliforme, a toxigenic fungal strain in maize (Hu et al., 2007, 2009), against the
blight disease caused by the fungus Fusarium graminearum (Wang et al., 2007; Chan et
al., 2009), against fungal strains responsible for the grey mould disease of apples, such
as Botrytis cinerea (Touré et al., 2004; Ongena et al., 2005), or against the powdery
mildew of melon caused by Podosphaera fusca (Romero et al., 2007). In contrast to the
other lipopeptides produced by Bacillus species, they are low hemolytic (a 40-fold less
that surfactins) (Vanittanakom et al., 1986; Deleu et al., 2008)

64|



General Introduction | Chapter 1

1.5 SYNTHESIS OF PEPTIDES

The amount of peptide that can be generally extracted from natural sources, such
as plants, animals or microorganisms, is usually very low and complex purification and
characterization methodologies are required. For this reason, several alternative
methods for the obtention of these compounds have been developed. In particular,
peptide synthesis is a widely spread methodology that can be carried out both in
solution and on solid-phase (Costa et al., 2015). Nevertheless, in recent years, solid-
phase peptide synthesis (SPPS) has become one of the most used methodologies for the

preparation of peptides (Kates and Albericio, 2000; Pires et al., 2014).

1.5.1 Solid-phase peptide synthesis

Solid-phase peptide synthesis (SPPS) was introduced in 1963 by Robert Bruce
Merrifield (Merrifield, 1963, 1986). It allows the preparation of different sequences
through fast and feasible reactions. This method offers important advantages over the
synthesis in solution, such as fewer by-products, easier and less time-consuming work-
up procedures, and the possibility to be automated (Coin et al., 2007; Pires et al., 2014).
For the discovery of this efficient methodology, R.B. Merrifield was awarded the Nobel
Prize in 1984.

SPPS is based on the sequential incorporation of conveniently protected amino
acids onto a solid support. As shown in Scheme 1.1, the main steps involved in SPPS
are: (i) the attachment to the solid support of the first amino acid, conveniently
protected, through its a-carboxylic acid group; the solid matrix usually incorporates a
linker or spacer to facilitate both the anchoring of the amino acid and the cleavage of the
final peptide; (ii) the selective removal of the N“-amino protecting group of the amino
acid previously incorporated; (iii) the coupling of the next amino acid through its a-
carboxyl group; (iv) sequential cycles of removal and coupling steps until completion of
the desired peptide sequence and (v) cleavage and simultaneous removal of the side-

chain protecting groups to obtain the deprotected peptide (Kates and Albericio, 2000).
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Due to its high efficiency and its feasibility to prepare a large variety of
products, the use of solid-phase synthesis on combinatorial chemistry has been rising in
recent years and, nowadays, its use is not only limited to peptide synthesis, but also to
the preparation of nucleotides, oligosaccharides, oligonucleotides and a wide range of

other organic and pharmaceutical compounds (Kates and Albericio, 2000).

1.5.1.1 Solid support

The term solid support refers to the insoluble matrix onto which the reactions are
carried out when following solid-phase methodologies. An efficient solid support must
contain functional groups that enable the attachment of the first compound, allowing the
beginning of the synthesis. Moreover, there are other features that a solid support must
fulfill to be considered suitable for SPPS. In particular, it must (i) be made of uniform
particles with an appropriate size and shape to perform the reactions; (ii) allow the rapid
filtration of the solvents; (iii) be stable to changes of the temperature; (iv) be inert and
insoluble to all the reagents and chemical conditions used; (v) swell extensively in a
broad range of solvents allowing the access of the reagents to all the reactive sites; and

(vi) also have a good mechanical and physical stability (Martin and Albericio, 2008).

Nowadays, there are available a wide range of solid supports suitable for SPPS.
However, the most typical ones are resin beads made of cross-linked polystyrene with
1% divinylbenzene, polyacrylamide, or polyethyleneglycol grafted onto cross-linked
polystyrene. Some of them are represented in Table 1.7 (Coin et al., 2007; Martin and
Albericio, 2008).
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Table 1.7. Examples of solid supports used in SPPS.

Structure Name

"NH; Cl
’ 4-Methylbenzhydrylamine (MBHA) resin

(Kates and Albericio, 2000)
. CHs

o
HoN o/\e/ \%n\o NH,

o) Aminomethyl ChemMatrix resin
H,oN
: OAQ/O\%”\O N, (Garcia-Ramos et al., 2010)
H,oN O/Jt/ \5/”\0 NH,

s

(H — : OH 4-Benzyloxybenzyl alcohol resin (Wang resin)
o

(Wang, 1973, Kates and Albericio, 2000)

1.5.1.2 Linker

A linker is a bifunctional spacer which, on the one hand, allows the binding of
the peptide sequence to the solid support and, on the other hand, facilitates its cleavage.
Therefore, a suitable linker must be irreversibly anchored to the solid support whereas
its linkage with the peptide sequence must be stable along the synthesis, but labile to the

cleavage conditions (Kates and Albericio, 2000).

Nowadays, a wide range of commercial linkers are available. They are
commonly categorized according to their cleavage conditions and their C-terminus

functionality. Some representative examples are shown in Table 1.8.

Table 1.8. Examples of commonly used linkers.

Cleavage C-terminus

Structure Linker conditions  functionality

NH
’ 4-(2°,4’-Dimethoxyphenylaminomethyl) 95%
O O OH phenoxyacetic acid Trifluoroacetic Amide
MeO ome~ o Yy acid (TFA)
o}

(Rink amide)

O~ COOH 4-Hydroxymethylphenoxyacetic ] )
HO\/©/ acid (HMPA) 95% TFA Carboxyhc acid
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1.5.1.3 Protecting groups

The use of protecting groups is essential to avoid non-desired reactions along the
peptide synthesis. The protecting groups used in SPPS are divided into two categories,
permanent and semi-permanent. The former are employed to protect the side-chain
groups of trifunctional amino acids while the latter are used to protect the N“-amino
group. ldeally, these two categories of groups should be orthogonal, hence they can be
removed in any order and in the presence of the other category (Isidro-Llobet et al.,
2009).

One of the most used SPPS protecting group strategies is the 9-
fluorenylmethyloxycarbonyl (Fmoc)/ tert-butyl (‘Bu) (Coin et al., 2007; Pires et al.,
2014). In this strategy, the base-labile Fmoc group is employed as semi-permanent
group to protect the N“-amino group of amino acids. On the other hand, the ‘Bu or their
derivatives, such as the tert-butyloxycarbonyl (Boc), which are acid-labile, are used as
permanent protecting groups of the amino acid side-chains. Apart from this, other
feasible orthogonal strategies have been described based on protecting groups that are
removed under more specific conditions, such as metal-catalyzed reactions, reductions,
hydrogenolysis or even photolysis (Isidro-Llobet et al., 2009). In fact, the synthesis of
complex peptide sequences generally requires the combination of more than two
orthogonal protecting groups. For example, cyclic peptides are commonly synthesized
following the three-dimensional orthogonal strategy Fmoc/'Bufallyl. The most

representative protecting groups used along this thesis are described in Table 1.9.
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Table 1.9. Protecting groups used in this thesis.

Structure Name General removal conditions
O 20% Piperidine-
. ) J<o 9-Fluorenylmethyloxycarbonyl (Fmoc) N,N-dimethylformamide (DMF)
o 7>
Q 25-50% TFA-CH,CI,
>Lokf tert-Butyloxycarbonyl (Boc) Scavenger: Triisopropylsilane (TIS)
. t 90% TFA-CH,CI,
>kz"( tert-Butyl (Bu) Scavenger: TIS
O . 1% TFA-CH,CI,
Q O Trityl (Tr) Scavenger: TIS
Pd(Phs)4 (0.1 eq)
A Allyl (All) Scavengers: H,O/TIS
O Pd(Phs), cat.
70( Allyloxycarbonyl (Alloc) Scavenger: PhSiH; in CH,Cl,
X
. 6 M SnCl,,
J@A "/ p-Nitrobenzyloxycarbonyl (pPNZ) 1.6 mM HCl/dioxane in DMF
O,N

1.5.1.4 Coupling reagents

The formation of the peptide bond between the a-carboxylic group of one amino
acid and the N“-amino group of another amino acid is performed in presence of
coupling reagents, which allow the in situ activation of the a-carboxylic group under

mild conditions.

The most common coupling reagent families used in SPPS are carbodiimides,
and aminium and phosphonium salts (Figure 1.18). The carbodiimide approach for the
formation of the peptide bond has been used in combination with benzotriazoles, such
as 1-hydroxybenzotriazole (HOBt), as additives to avoid racemisation (Kates and
Albericio, 2000; Subiros-Funosas et al., 2009; Pires et al., 2014). Common
carbodiimides  are  N,N’-diisopropylcarbodiimide  (DIPCDI) and N,N-
dicyclohexylcarbodiimide (DCC).
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Other coupling strategies involve the use of the aminium salts N-
[(dimethylamino)-1H-1,2,3-triazolo-[4,5-b]pyridin-1-yl-methylene]-N-
methylmethanaminium hexafluorophosphate N-oxide (HATU) or N-[(1H-benzotriazol-
1-yD)-(dimethylamino)methylene]-N-methylmethanaminium hexafluorophosphate N-
oxide (HBTU), and of the phosphonium salts benzotriazol-1-yl-N-oxy-
tris(pyrrolidino)phosphonium hexafluorophosphate (PyBOP) or bromo-
tris(pyrrolidino)phosphonium hexafluorophosphate (PyBrOP). The use of these reagents

is also enhanced by the presence of benzotriazoles as additives.

Despite their efficiency, these strategies have some drawbacks. It has been
observed that benzotriazole derivatives can be explosive and can induce chemical
sensitive dermatitis and asthma (Wehrstedt et al., 2005). To overcome these problems,
recently, a family of coupling reagents and additives based on ethyl 2-cyano-2-
(hydroxyimino)acetate has been described as a safer alternative. These coupling
reagents include 1-[(1-cyano-2-ethoxy-2-oxoethylideneaminooxy)-dimethylamino-
morpholinomethylene)]methanaminium hexafluorophosphate (COMU) or [ethyl
cyano(hydroxyimino)acetato-O?]tri-(1-pyrrolidinyl)-phosphonium hexafluorophosphate
(PyOxim), which are used in presence of ethyl 2-cyano-2-(hydroxyimino)acetate
(Oxyma) as additive (Figure 1.18) (El-Faham et al., 2009; Subirds-Funosas et al., 2009;
El-Faham and Albericio, 2010).
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Figure 1.18. Structure of some representative coupling reagents and additives.
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1.5.2  Solid phase synthesis of cyclic depsipeptides

Although peptides mostly contain amide bonds, some natural cyclic peptides can
incorporate other types of linkages in their structure. In particular, cyclic depsipeptides
are characterized by the occurrence of at least one ester bond, which is in the backbone,
or is formed between the hydroxyl group of an amino acid side-chain, usually a Ser or
Thr residue, and the a-carboxyl group of another residue (Davies, 2003; Filip and
Cavelier, 2004). The formation of the ester bond is always a synthetic challenge
(Davies, 2003; Coin, 2010; Pelay-Gimeno et al., 2013). A well-known side reaction that
may take place due to the presence of the ester bond, especially if basic conditions are
used, is the intramolecular O> N acyl shift of B-aminoalcohols, such as Ser or Thr
residues (Scheme 1.2) (Mouls et al., 2004; Stawikowski and Cudic, 2006; Seo and Lim,
2009; Coin, 2010). However, several examples of solid-phase synthesis of cyclic

depsipeptides are found in the literature.

(6]
N
oRi~ -OH
O R H>7 H
H . —»p /Nw)k
e o ey
R, o]

R2

Scheme 1.2. Intramolecular O = N acyl shift in depsipeptides.

Traditionally, the preparation of cyclic peptides or depsipeptides involves the
solid-phase synthesis of the protected linear precursor followed by its cyclization in
solution under high dilution conditions (Stawikowski and Cudic, 2006). In the case of
cyclic depsipeptides, the ester bond is usually formed in the linear precursor prior to the
peptide cyclization through an amide bond (Davies, 2003). One example of this strategy
is the synthesis of the antitumoral peptide Kahalalide F and its analogues (Lopez-Macia
et al., 2001; Lopez et al., 2005; Gracia et al., 2006). Kahalalide F is a cyclic
lipodepsipeptide isolated from Elysia rufescens, a Hawaiian herbivorous marine species
of mollusk, and from the green alga Bryopsis sp. (Lopez-Macia et al., 2001; Gracia et
al., 2006). The synthesis of Kahalalide F involved the elongation of the peptide chain on

the solid support, including the ester bond formation, followed by the cleavage, the
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cyclization in solution and the final deprotection of the product (Scheme 1.3). The
synthesis of Kahalalide F was performed on a 2-chlorotritryl chloride (TrCl) resin using
the Fmoc/'Bu strategy (L6pez-Macia et al., 2001; Lopez et al., 2005) and started with
the preparation of the tetrapeptidyl resin 1, containing a D-allo-Thr with the side chain
deprotected. Next, an ester bond between the hydroxyl group of the p-allo-Thr and the
a-carboxyl group of Alloc-Val-OH was formed using DIPCDI (7 equiv) in presence of
4-(N,N’-dimethylamino)pyridine (DMAP) (0.7 equiv) (L6pez-Macia et al., 2001). Then,
the peptide sequence was elongated and the N-terminal amino acid was acylated with 5-
methylhexanoic acid affording the peptidyl resin 3. The Alloc group of 3 was removed
and the dipeptide Alloc-Phe-Z-Dhb-OH (Z-Dhb: (Z)-didehydro-a-aminobutyric acid)
was coupled leading to 4 (Lopez-Macia et al., 2001; Ldpez et al., 2005). After Alloc
group removal, the protected peptide was cleaved from the resin. The resulting sequence
5 was cyclized in solution through the formation of an amide bond using PyBOP and
N,N -diisopropylethylamine (DIEA) for 1h. Finally, the side-chain protecting groups
were removed yielding Kahalalide F (Lopez-Macia et al., 2001).
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Scheme 1.3. Synthetic strategy for the synthesis of Kahalalide F (L6pez-Macia et al., 2001;
Lépez et al., 2005).

Following a similar strategy, in 2012, Hall and co-workers prepared the cyclic
depsipeptide lysobactin and an analogue (Scheme 1.4) (Hall et al., 2012). Lysobactin is
an 11-amino acid cyclic lipopeptide which shows antibacterial activity against a wide
range of Gram-positive bacteria. Using a 2-chlorotrityl resin and following conventional
Fmoc chemistry, the linear peptidyl resin 6 was prepared using 3-
(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-one  (DEPBT) and DIEA as
coupling reagents. Next, the hydroxyl group of the threo-phenylserine residue in 6 was
esterified with Alloc-Ser('Bu)-OH in presence of DIPCDI and DMAP. After Alloc
removal, a Fmoc--HyAsn-OH residue was incorporated and the Fmoc group was

cleaved providing the peptidyl resin 7. The linear peptide 8 was released from the solid
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support and cyclised in solution using DEPBT and DIEA. Treatment with TFA/H,0
yielded lysobactin in 8% overall yield (Hall et al., 2012).
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Scheme 1.4. Synthetic strategy for the synthesis of lysobactin proposed by Hall et al., 2012.

Unlike the previous examples, other cyclic depsipeptides have been prepared
through cyclization on solid phase. Following this approach, in 2006, Stawikowski and
Cudic synthesized the depsipeptide 9, an analogue of the antimicrobial peptide
fusaricidin A (Scheme 1.5) (Stawikowski and Cudic, 2006). The preparation of 9
included the side-chain anchoring of a conveniently protected Asp residue, the stepwise
Fmoc solid-phase synthesis of the linear peptide precursor followed by attachment of
Fmoc-protected 12-aminododecanoic acid as pentafluorophenyl ester. Next, the
hydroxyl group of a Thr residue in the resulting linear lipopetidyl resin 10 was esterified
with Alloc-D-Ala-OH using DIPCDI and DMAP. After the selective removal of Alloc
and allyl, the linear peptidyl resin was cyclised in presence of PyBOP, HOBt and DIEA
providing resin 11. The Fmoc group of 11 was removed and the amino group was
guanylated by treatment with N,N’-bis(tert-butoxycarbonyl)thiourea and the
Mukaiyama’s reagent. Final deprotection and cleavage from the solid support afforded



the desired cyclic lipodepsipeptide 9 in 60% yield based on the HPLC analysis of the
crude (Stawikowski and Cudic, 2006).
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Scheme 1.5. Total solid-phase synthesis of the cyclic lipodepsipeptide 9 (Stawikowski and
Cudic, 2006).

Similarly, in 2009, Seo and Lim described the total synthesis of the cyclic
depsipeptide halicylindramide A, which contains an ester bond between the hydroxyl
group of a Thr and the carboxyl group of a sarcosine residue (Scheme 1.6) (Seo and
Lim, 2009). The strategy began with the attachment of Fmoc-Asp-OAll via its side
chain to a Rink amide resin followed by stepwise solid-phase synthesis of the linear
peptidyl resin 12 using standard Fmoc chemistry. Next, Alloc-Sar-OH was coupled to
the hydroxyl group of a Thr through an ester bond using DIPCDI and DMAP. The
Alloc and allyl protecting groups of the resulting peptidyl resin 13 were selectively
removed and the deprotected peptide was on-resin cyclized yielding 14. Afterwards, the
remaining amino acids were stepwise coupled following the standard SPPS conditions

providing resin 15. The last steps included the oxidation of the Cys residue to cysteic
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acid, the cleavage of the peptide from the support, and the formylation in solution of the
N-terminal Ala affording halicylindramide A (Seo and Lim, 2009).
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Scheme 1.6. Synthesis of halicylindramide A (Seo and Lim, 2009).

Another recent example is the total synthesis of the cyclic depsipeptide
pipecolidepsin A described by Pelay-Gimeno and collaborators in 2013 (Scheme 1.7)
(Pelay-Gimeno et al., 2013). Pipecolidepsin A shows anticancer activity against lung,
colon and breast human tumor cells, and presents a complex structure with an ester
linkage between the hydroxyl group of a D-allo-(2R,3R,4R)-2-amino-3-hydroxy-4,5-
dimethylhexanoic acid (AHDMHA) and the carboxyl group of an L-pipecolic acid. This
depsipeptide was prepared on solid phase following Fmoc chemistry and using a low-
functionalized  aminomethyl Wang resin  derivatizated with a  3-(4-
hydroxymethylphenoxy)propionic acid linker. The synthesis of the linear precursor
started by the side-chain anchoring of Fmoc-D-Asp-OAll followed by elongation of the
peptide sequence to obtain the octapeptidyl resin 16, which contains an Fmoc-diMeGIn-
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OH residue. Its introduction before ester bond formation was important to avoid the O-
to-N transacylation that can occur during the Fmoc deprotection of the D-allo-
AHDMHA residue. Next, the ester bond was constructed using Alloc-pipecolic-OH,
DIPCDI and DMAP for 2.3 h at 45°C. Stepwise incorporation of the last three residues,
the two later as a pseudodipeptide, resulted on the linear peptidyl resin 17. Allyl and
Alloc groups were then simultaneously removed and peptide cyclization was carried out

on solid phase providing pipecolidepsin A in >95% purity.
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Scheme 1.7. Synthesis of pipecolidepsin A (Pelay-Gimeno et al., 2013).

It is noteworthy to mention that all these examples describe the formation of an

ester bond involving a primary or a secondary aliphatic hydroxyl group. However,
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examples of ester bond formation involving an aromatic hydroxyl group, such as the

phenol of a Tyr residue, are rare to find.

1.5.3 Obtention of Baci/lus cyclic lipopeptides

Cyclic lipopeptides produced by Bacillus spp. are mainly obtained by
fermentation followed by extraction (Jacques et al., 1999; Akpa et al., 2001; Ines and
Dhouha, 2015). However, it has been observed that the Bacillus strain as well as the
nutritional and culture conditions can influence the production of the different

lipopeptide homologous (Akpa et al., 2001; Rangarajan et al., 2015).

Although fermentation is the most extended procedure, some cyclic lipopeptides
have also been chemically synthesized. For instance, surfactin was first prepared in
solution in 1996 (Nagai et al., 1996) and, few years later, Pagadoy and co-workers
developed a more feasible methodology using solid-phase peptide synthesis (Pagadoy et
al., 2005). Their methodology consisted on synthesizing the corresponding linear
lipopeptide precursor on a Sasrin resin, using an Fmoc strategy, which was then
cyclized in solution (Scheme 1.8). Following a similar methodology, the cyclic

lipopeptide iturin-A2 was also chemically synthesized (Scheme 1.9) (Bland, 1996).
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Scheme 1.8. Solid-phase synthesis of surfactin and analogues described by Pagadoy et al.,
2005.
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Scheme 1.9. Solid-phase synthesis of iturin-A2 (Bland, 1996).

In contrast, the total synthesis of fengycins has not yet been reported. However,
it has been described the preparation of analogues through chemoenzymatic cyclization
of the corresponding linear peptide (Scheme 1.10) (Sieber et al., 2003, 2004; Samel et
al., 2006). These linear sequences were synthesized on solid phase using a 2-chlorotrityl
resin derivatized with L-Leu. The synthesis was carried out following an Fmoc/'Bu
strategy (Kohli et al., 2001). The linear peptides were cleaved from the solid support
under mild acid conditions avoiding the removal of the side-chain protecting groups. In
order to enable their insertion into the enzyme complex, the C-terminus of these linear
sequences was derivatizated with a thiophenol group using DCC and HOBt (Samel et
al., 2006). Afterwards, all the side-chain protecting groups were removed and the
resulting deprotected peptidyl thiophenols were purified and cyclized using the enzyme
Fen PCP-TE. This enzyme consisted on a peptidyl carrier protein, onto which the linear
peptide can be bound through a thioester linkage, and a thioesterase domain (TE), which
catalyzes the cyclization and the consequent release of the final product. Using this
methodology Samel and co-workers obtained the desired cyclic lipopeptide together

with other by-products, such as the hydrolyzed peptide (Samel et al., 2006).
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Scheme 1.10. Synthesis of a fengycin analogue through chemoenzymatic cyclization (Samel et
al., 2006).
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The main objectives of this PhD thesis can be summarized as follows:

The first objective was the identification of sequences with anticancer activity
from the CECMELL11 library of antimicrobial peptides and to study their conjugation to
the cell-penetrating y-peptide PEG-1 in order to improve their activity. The

achievement of this objective involves:
a) Solid-phase synthesis and evaluation of the anticancer activity of the selected
peptides from the CECMEL11 library.

b) Solid-phase synthesis of antimicrobial undecapeptide/ y-peptide PEG-1

conjugates.

c) Evaluation of the activity of the conjugates against cancer cells and non-

malignant cells.

NH,

SN . o
i N%N/Y iN/Y ji\l/\( rN/Y i/}r N/\/O\/\O/Y < NH% H/\/O\AO/IN\AO/\/OJNHZ

| 3

Antimicrobial undecapeptide PEG-1

The second objective was the development of a suitable solid-phase strategy for

the synthesis of fengycin derivatives. Towards this aim, we planned to study:

a) A feasible approach to obtain analogues of the macrolactone of eight amino

acids present in fengycins.

L-Thr or L-Ser
D-Thr or b-Ser OH

%{;

L-Phe(4-NH) L-Val or L-Ala
or O~ "NH D-Val or p-Ala
L-Tyr 4 o

D Tyr

X= NHorO g NH,
R?= -CH,OH or -CH(OH)CH, LTyr

Ri= -CH(CHa), or -CHs HO Ty
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b) A methodology for the preparation of dehydroxy fengycin A, B and S

derivatives.
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O™ JH. O Ry o]
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RS= -CH(CHa), or -CH, HO LTy
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CHAPTER 3.

Cell-penetrating y-peptide/antimicrobial
undecapeptide conjugates with anticancer
activity
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In this study, we combined a cell-penetrating y-peptide, PEG-1, with
antimicrobial undecapeptides in order to provide compounds with anticancer properties
against MDA-MB-231 human breast cancer cells. We demonstrated that the conjugates
were more cytotoxic than Ac-PEG-1 and the parent undecapeptides. We also evaluated
the toxicity of the conjugates against non-malignant cells. The peptide conjugate with
the best biological profile was BP77-PEG-1, which, at 10 uM, showed a 71% growth
inhibition in MDA-MB-231 cells and only a 17% inhibition in non-malignant cells.
Therefore, this study suggests that PEG-1 mediated the undecapeptide delivery into
cancer cells and that these conjugates are the proof-of-concept of this strategy to

generate improved anticancer drugs based on peptides.

3.1. INTRODUCTION

In spite of great advances in cancer therapy, there is considerable current interest
in developing anticancer agents with a new mode of action due to the development of
resistance by cancer cells toward current anticancer drugs (Naumov et al., 2003; Mader

and Hoskin, 2006; Lage, 2009). A growing number of studies have shown that some
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antimicrobial peptides, which are toxic to bacteria but not to normal mammalian cells,
exhibit a broad spectrum of cytotoxic activity against cancer cells (Jenssen et al., 2006;
Eckert, 2011; Mangoni, 2011; Yeung et al., 2011).

Although antimicrobial peptides display a wide structural diversity, many of
them are short, cationically charged, and able to form amphipathic secondary structures
(Leuschner and Hansel, 2004; Papo and Shai, 2005; Hancock and Sahl, 2006; Hoskin
and Ramamoorthy, 2008; Baltzer and Brown, 2011; Brogden and Brogden, 2011; Mohd
and Gupta, 2011). Their exact mode of action is not completely understood. However,
there is a consensus that antimicrobial peptides act by disrupting negatively charged
bacterial and cancer cell membranes to which they are electrostatically attracted, leading
to cell lysis and death (Mader and Hoskin, 2006; Hoskin and Ramamoorthy, 2008),
unlike currently available conventional drugs, which typically interact with a specific
target protein. Upon binding, they disrupt cell membranes, possibly by transient pore
formation or disruption of lipid packing (Mader and Hoskin, 2006; Hoskin and
Ramamoorthy, 2008). Based on this mode of action, these peptides are unlikely to cause
rapid emergence of resistance because it would require significant alteration of
membrane composition, which is difficult to occur (Yeaman and Yount, 2003; Peschel
and Sahl, 2006; Baltzer and Brown, 2011). In addition, there is increasing evidence that
apart from membrane damage, other mechanisms may be involved including
intracellular targets (Papo and Shai, 2005; Mader and Hoskin, 2006; Hoskin and
Ramamoorthy, 2008; Yeung et al., 2011). Some of these AMPs showed remarkable
selectivity to cancer cells versus untransformed proliferating cells (Leuschner and
Hansel, 2004; Papo and Shai, 2005; Mader and Hoskin, 2006; Hoskin and
Ramamoorthy, 2008).

Despite the excellent properties displayed by antimicrobial peptides, the
development of peptide-based drugs is hampered by their limited access to the
intracellular space. This obstacle has been tried to overcome by using diverse methods
to promote the cellular uptake of exogenous molecules. Cell-penetrating peptides
(CPPs) have become one of the most efficient and explored transporters for achieving
intracellular access (Stewart et al., 2008; Fonseca et al., 2009). CPPs are usually short
cationic sequences and may be derived from [i.e., TAT peptide (Vives et al., 1997)] or

be de novo designed peptides [polyarginine (Mitchell et al., 2000) or transportan (Pooga

102



Cell-penetrating y-peptide/antimicrobial undecapeptide conjugates | Chapter 3

et al., 1998)]. The conjugation of biologically active peptides to CPPs offers
advantages, such as low toxicity and selective and controlled cell delivery compared
with other administration vectors (Stewart et al., 2008; Fonseca et al., 2009), being
considered a promising strategy for the design of anticancer agents. A drawback of this
strategy is the low stability of these CPPs to proteases that it can prevent the drug to
reach its target, forcing an increment of the doses to keep the activity and consequently
generating an increase in the toxicity. Some alternatives with good protease stability
have been described keeping internalizing properties, like diverse oligomers with
foldamer properties, such as peptoids (Simon et al., 1992; Wender et al., 2000),
arylamide oligomers (Iriondo-Alberdi et al., 2010; Som et al., 2012), B- (Rueping et al.,
2002; Umezawa et al., 2002; Potocky et al., 2003, 2005, 2007) and y-peptides (Farrera-
Sinfreu et al., 2004, 2005). Some of these foldamers have not only been explored as
potential CPPs, but also as antimicrobial compounds with highly remarkable results
(Hamuro et al., 1999; Porter et al., 2000, 2005; Tew et al., 2002, 2010; Liu et al., 2004;
Schmitt et al., 2004; Chongsiriwatana et al., 2008; Claudon et al., 2010). Generally both
applications derived in similar sequence pattern that combine hydrophobic/aromatic
residues with cationic groups. In 2004, Farrera-Sinfreu and co-workers described a new
family of y-peptides hexamers based on the trifunctional amino acid cis 4-aminoproline
that adopt a C9 ribbon in H,O (Farrera-Sinfreu et al., 2004). This adopted secondary
structure gives to these peptides a tridimensional pattern with high amphipaticity
character that contribute to their internalization properties. Series of these y-peptide
diversely functionalized on the N* of cis 4-aminoproline were synthesized and have
proven capacity for cellular uptake (Farrera-Sinfreu et al., 2005). These peptides also
showed low cytotoxicity and high resistance to proteases, properties that convert them
in a promising class of CPPs, specially peptide 1 that showed a 40% of internalization

capacity compared to TAT peptide (Figure 3.1) considered a gold standard in the field.
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-3
Peptide: Conjugate:
BP15 KKLFKKILKVL BP15-PEG-1
BP33 LKLFKKILKVL BP33-PEG-1
BP76 KKLFKKILKFL BP76-PEG-1
BP77 Ac-KKLFKKILKFL BP77-PEG-1
BP101 Ac-KKLFKKILKYL BP101-PEG-1
BP125 Ts-KKLFKKILKKL BP125-PEG-1
BP126 Bz-KKLFKKILKKL BP126-PEG-1

Figure 3.1. Structures of the peptide conjugates.

Recently, Badosa and co-workers designed linear undecapeptides (CECMEL11)
to be used in plant protection (Ferre et al., 2006; Badosa et al., 2007). The general
structure of this library was R-X'KLFKKILKX™L-NH,, where X' and X%°
corresponded to amino acids with various degrees of hydrophobicity and hydrophilicity
(Leu, Lys, Phe, Trp, Tyr, Val) and R included different N-terminal derivatizations (H,
Ac, Ts, Bz, Bn). The antimicrobial evaluation of the CECMEL11 library led to the
identification of peptides with high antibacterial activity (MIC<7.5 uM) and with low
hemolysis (2-6% at 50 UM and 8-40% at 150 uM). Based on these properties, these
peptides can be considered as good candidates to explore its anticancer activity.
Moreover, taking profit of the celluptake properties offered by y-peptide 1 (see Figure
3.1), we decided to design new y-peptide 1/CECMEL11 undecapeptide conjugates. The
conjugation of these antimicrobial peptides to 1 can promote its internalization, which
can interact with intracellular targets increasing the cytotoxic effect, i.e., by disruption

of mitochondrial membranes (Horton and Kelley, 2009).

As a linker between the CECMEL11 undecapeptides and y-peptide 1, it was
decided to use a short monodisperse bifunctional polyethylene glycol (PEG) unit (8-
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amino-3,6-dioxaoctanoic acid), generating the peptide PEG-1. Polyethylene glycol has
many properties that make it an ideal carrier for peptides, such as high water solubility,
high mobility in solution and low immunogenicity. PEG is often attached to the N or C
termini of peptides (Jain and Jain, 2008). Besides increasing overall size, this
modification also protects peptides from exopeptidases and therefore increases their

overall stability in vivo.

In this report, we describe the design and synthesis of PEG-1/ antimicrobial
undecapeptide conjugates. The influence of the y-peptide on the anticancer activity is

also discussed.

3.2. RESULTS AND DISCUSSION

3.2.1. Design and synthesis

The undecapeptides were representative examples of the 125-member
CECMEL11 library (Ferre et al., 2006; Badosa et al., 2007). The selected peptides
showed a good balance between antimicrobial and hemolytic activities. Their sequences
differ from the N-terminal derivatization (H, Ac, Ts or Bz) and the residues at positions
1 (Lys or Leu) and 10 (Val, Phe, Tyr or Lys). Peptide conjugates were designed by
linking the corresponding antimicrobial undecapeptide to the cell-penetrating peptide
PEG-1 (Figure 3.1).

The parent CECMEL11 undecapeptides BP15, BP33, BP76, BP77, BP101,
BP125, and BP126 were prepared using a Fmoc-Rink-MBHA resin following a
standard Fmoc/'Bu strategy (Ferre et al., 2006; Badosa et al., 2007). After the synthesis,
peptides were cleaved from the resin by treatment with TFA/triisopropylsilane
(TIS)/H:0. HPLC and ESI-MS analysis of the crude reaction mixtures showed the

formation of the expected peptides in good purities (>75%).
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Scheme 3.1. Solid phase synthesis of PEG-1-MBHA.

The cell-penetrating  peptide PEG-1 was synthesized on a 4-
methylbenzhydrylamine (MBHA) resin following an Fmoc/Alloc/Boc combined solid-
phase strategy, a modified version of the previously described (Scheme 3.1) (Farrera-
Sinfreu et al., 2004, 2005). Instead of the sequential introduction of the alkylation
moiety after each monomer coupling, this new strategy allows the simultaneous
introduction of the same type of alkylation moiety once the backbone synthesis is
finished. This results in a protocol with fewer synthetic steps and cleaner final peptide
crudes. The seven conjugates were obtained by stepwise coupling of the corresponding
Fmoc-amino acids to the growing peptide chain on the PEG-1-MBHA resin (Scheme
3.2). The couplings were mediated by ethyl cyanoglyoxylate-2-oxime (Oxyma) and
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N,N’-diisopropylcarbodiimide (DIPCDI) in N-methylpyrrolidinone (NMP) (Subirds-
Funosas et al., 2009). Once the chain assembly was completed, the N-terminal Fmoc
group was removed by exposure to piperidine-NMP. BP15-PEG-1, BP33-PEG-1, and
BP76-PEG-1 were cleaved from the resin by treatment with HF. In the case of N-
terminal derivatized conjugates, after removal of the Fmoc group, the resulting peptidyl
resins were treated with acetic anhydride (Ac,0)-pyridine-CH,Cl, (BP77-PEG-1 and
BP101-PEG-1), with  p-toluenesulfonyl  chloride  (p-TsCI), and N,N*-
diisopropylethylamine (DIEA) (BP125-PEG-1) or with benzoyl chloride (BzCl) and
DIEA (BP126-PEG-1), and then cleaved with HF. The crude peptides were purified by
preparative reversed-phase HPLC. The purified peptide conjugates were analyzed by
HPLC (>95% purity) and their structures were confirmed by MALDI-TOF (Table 3.1).

For comparison purposes, Ac-PEG-1 was prepared by acetylation of the PEG-1-
MBHA resin with Ac,O-pyridine-CH,CI, followed by acidolytic cleavage. RP-HPLC
purification afforded the pure compound.

H,N-PEG-1-MBHA

1) Fmoc-Leu-OH, Oxyma, DIPCDI
2) Piperidine-NMP

H-Leu-PEG-1-MBHA

1) Fmoc-AA-OH, Oxyma, DIPCDI
2) Piperidine-NMP

H-AA-Lys(Boc)-Leu-Phe-Lys(Boc)-Lys(Boc)-lle-Leu-Lys(Boc)-AAC-Leu-PEG-1-MBHA

HF/anisole

H-AA-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-AA%-Leu-PEG-1-NH,
1) Ac,0O-pyridine-CH,Cl, or
AAl  AAY p-TsCl, DIEA or BzCl, DIEA

2) HF/anisole
BP15-PEG-1 Lys Val

BP33-PEG-1 Leu Val
BP76-PEG-1 Lys Phe

R-AAl-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-AAC-Leu-PEG-1-NH,

R AAl AAY

BP77-PEG-1 Ac Lys Phe
BP101-PEG-1 Ac Lys Tyr
BP125-PEG-1 Ts Lys Lys
BP126-PEG-1 Bz Lys Lys

Scheme 3.2. Solid-phase synthesis of peptide conjugates.
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Table 3.1. Characterization of peptide conjugates.

Peptide conjugate tz*(min)  Purity® (%) ESI

747.95 [M+4H]*

BP15-PEG-1 5.35 93 996,51 [M+3H]*
4+
BP33-PEG-1 7.43 95 ;gi;}l Em:gmg,
s
BP76-PEG-1 7.05 96 Igi;;;'}"l\ﬁ?gﬂy
s
BP77-PEG-1 7.20 99 Igg:g 6“}/'!\;1;]4]3
4+
BP101-PEG-1 7.62 95 1322229[';/'“;1;]4]3
4+
BP125-PEG-1 7.60 98 1227789[?7\;1?34]3
BP126-PEG-1 7.73 98 781.22 [M+4H]™

1041.24 [M+3H]*

4 RP-HPLC retention time. ° Percentage determined by RP-HPLC at 210 nm of pure
compounds.

3.2.2. Cytotoxicity

The anticancer activity of the CECMEL11 undecapeptides and that of the
undecapeptides/PEG-1 conjugates was screened in MDA-MB-231 human breast
adenocarcinoma cells by determining the growth inhibition percentage at 10 and 30 uM
peptide  concentration using the standard  3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay (Liu et al., 1997; Celis, 1998). MTT is a fast,
sensitive, and economical assay that allows to evaluate the antiproliferation properties

of different compounds. Growth inhibition values are summarized in Table 3.2.

The CECMEL11 undecapeptides showed low activity against breast carcinoma
cells at 10 uM. They produced an inhibition percentage of cell growth between 5 and
39%, being the most active compounds BP76 and the N-terminal derivatized peptides
BP77, BP125, and BP126 (24-39%). The inhibition percentage of these four peptides
increased up to 51-81% at 30 uM. The highest activity was observed for BP77 (81%).
These results pointed out that, in general, N-terminal derivatization seems to be
important for the anticancer activity of these peptides.
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The PEG-1/undecapeptide conjugates were much more effective in inhibiting
the growth of MDA-MB-231 adenocarcinoma cells than the CECMEL11 peptides. At
30 uM, the activity of the seven conjugates did not differ from that of Ac-PEG-1
(>90% inhibition). In contrast, at 10 puM, whereas Ac-PEG-1 only caused 3%
inhibition, peptide conjugates were 10-20 times more active, with inhibition percentages
between 34 and 71%. This result indicates that the peptide moiety is responsible for the
anticancer activity. The peptide conjugate with the highest cytotoxic activity was BP77-
PEG-1. As compared with the CECMEL11 parent peptides at 10 puM, conjugation to
PEG-1 increased the activity from 1.2 up to 10-fold. We speculate that the superior
cytotoxicity of the peptide conjugates could be attributed to the cell-internalization
efficiency of PEG-1, which enables the transport of the antimicrobial peptides over the

cell membrane, enhancing their activity.

The activity on non-malignant human cells (fibroblasts N1) was also assessed
for all the compounds at 10 and 30 puM. CECMEL11 peptides were non toxic, and only
BP77 caused significant growth inhibition at 30 uM (73%). These values correlate with
the low hemolytic activity found for these peptides in previous studies (0-6% at 50 uM;
8-40% at 150 uM) (Ferre et al., 2006; Badosa et al., 2007). Modification of the peptides
with PEG-1 resulted in an increase of the cytotoxicity against N1 cells. The percentage
of growth inhibition at 30 uM was of 79% for Ac-PEG-1 and of >90% for all peptide
conjugates, pointing out that the toxicity could be mainly attributed to PEG-1.
Interestingly, at 10 UM the peptide conjugates were not significantly cytotoxic against
non-malignant cells. A growth inhibition <10% was observed for four sequences and
only two conjugates displayed an inhibition percentage >20%. Notably, BP77-PEG-1
only produced a 17% of growth inhibition. This low toxicity together with the marked
anticancer activity displayed by this peptide conjugate, suggest that BP77-PEG-1 can
be considered a proof-of-concept for future studies that will explore the use of these
strategy to produce new anticancer conjugates that combine other anticancer peptides

with peptide 1 or related y-peptides with CPPs properties.
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Table 3.2. Cytotoxicity against MDA-MB-231 cells and non-malignan fibroblast (N1).

MDA-MB-231 growth N1 growth inhibition? MDA-MB-231 growth N1 growth inhibition?
Peptide  inhibition® (%) (%) Peptide conjugate inhibition® (%) (%)

10pM 30 uM 10pM  30puM 10pM  30uM 10pM 30 uM

Ac-PEG-1 3+0.06 93+0.01 na’ 79+0.08

BP15 5+0.04 12+0.03 na° 2+0.14 BP15-PEG-1 34+0.06 93+0.01 16+0.01 92+0.01
BP33 5+0.02 16+0.01 na° na BP33-PEG-1 49+0.06 92+0.01 9+0.05 93+0.01
BP76 39+0.09 51+0.03 na° na BP76-PEG-1 49+0.04 92+0.01 9+0.09 93+0.01
BP77 32+0.03 81+0.02 na° 73+0.07 BP77-PEG-1 71+0.02 92+0.01 17+£0.14 93+0.01
BP101 -P - - - BP101-PEG-1 49+0.09 92+0.01 28+0.10 93+0.01
BP125 28+0.02 62+0.02 na° 5+0.16 BP125-PEG-1 59+0.06 92+0.01 25+0.07 93+0.01
BP126 24+0.05 61+0.05 na° 16+0.10 BP126-PEG-1 47+0.13 92+0.01 na° 93+0.01

2 Percentage of cell growth inhibition plus standard deviation. Values were obtained from duplicate experiments performed in triplicate. ° Not determined. © na: non active.
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3.3. CONCLUSIONS

In summary, we have showed that by combining an antimicrobial peptide and a
cell-penetrating y-peptide effective anticancer agents are obtained. The efficacy of
CECMEL11 undecapeptides toward breast cancers cells was several folds higher when
conjugated to PEG-1 as compared to treatment with antimicrobial peptides alone. This
result suggests that the covalent linking to PEG-1 was able to successfully deliver
peptides into the cancer cells, enhancing their efficiency. Moreover, the most active
peptide conjugate BP77-PEG-1 also showed low toxicity against normal cells. These
results constitute a proof of the usefulness of these y-peptides as cellular transporters
and open the possibility to conjugate them to other therapeutic peptides with the aim to

improve their action.

3.4. EXPERIMENTAL SECTION

3.4.1. General methods

Commercially available reagents were used throughout without purification.
PEG-1, Ac-PEG-1, and peptide conjugates were analyzed under standard analytical
RP-HPLC conditions with a Waters liquid chromatography instrument equipped with a
UV/vis detector. Analysis was carried out with a Symmetry Cig (150 mmx4.6 mm,
5um) column using a 0-100% B linear gradient over 15 min at a flow rate of 1 ml/min.
Solvent A was 0.1% ag TFA, and solvent B was 0.1% TFA in CH3CN. Detection was

performed at 210 nm.

Undecapeptides were analyzed under standard analytical HPLC conditions with
a Dionex liquid chromatography instrument composed of a UV/vis Dionex UVD170U
detector, a P680 Dionex bomb, an ASI-100 Dionex automatic injector, and
CHROMELEON 6.60 software. Detectionwas performed at 220 nm. Analysis was
carried out with a Kromasil 100 Cig (40 mmx4.6 mm, 3.5 pum) column with a 2-100% B
linear gradient over 7 min at a flow rate of 1 ml/min. Solvent A was 0.1% aq TFA, and
solvent B was 0.1% TFA in CHs:CN.
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Undecapeptides ESI-MS analyses were performed with an Esquire 6000 ESI ion
Trap LC/MS (Bruker Daltonics) instrument equipped with an electrospray ion source.
The instrument was operated in the positive ESI(+) ion mode. Samples (5 pl) were
introduced into the mass spectrometer ion source directly through an HPLC
autosampler. The mobile phase (80:20 CH3CN/H,0 at a flow rate of 100 pl/min) was
delivered by a 1100 Series HPLC pump (Agilent). Nitrogen was employed as both the
drying and nebulizing gas.

PEG-1 and the conjugates HPLC-ESI analyses were performed on Waters
Alliance 2695 chromatography system equipped with Waters 995 photodiode array
detector and ESI-MS Waters Micromass ZQ on a Symmetry column with linear
gradients of B: CH3CN (with 0.1% TFA) in A: H,0 (with 0.1% TFA) at a flow rate of

Iml/min.

Mass spectra were recorded on a MALDI Voyager DE RP time-of-flight (TOF)
spectrometer (Applied Biosystems, Framingham). 2,5-Dihydroxybenzoic acid (DHB)
was used as a matrix and was purchased from Aldrich.

3.4.1.1. General method for solid-phase synthesis of CECMEL11

undecapeptides

Peptides were synthesized manually by the solid-phase method using standard
Fmoc chemistry. Fmoc-Rink-MBHA resin (0.56 mmol/g) was used as solid support.
Couplings of the corresponding amino acids Fmoc-Leu-OH, Fmoc-Phe-OH, Fmoc-
Lys(Boc)-OH, Fmoc-lle-OH, Fmoc-Val-OH, and Fmoc-Tyr('Bu)-OH (4 equiv) were
performed using ethyl cyanoglyoxylate-2-oxime (4  equiv), N,N -
diisopropylcarbodiimide (DIPCDI) (4 equiv) in DMF at room temperature for 1 h. The
completion of the reactions was monitored by the Kaiser test (Kaiser et al., 1970). Fmoc
group removal was achieved with piperidine/DMF (3:7, 1x2 min+1x10 min). After each
coupling and deprotection step, the resin was washed with DMF (6x1 min) and CH,ClI,
(3x1 min) and air-dried. Once the peptide sequence was completed, the Fmoc group
was removed and, when required, the resulting peptidyl resin was derivatized.

Acidolytic cleavage was performed by treatment of the resin with
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TFA/H,Oltriisopropylsilane (TIS) (95:2.5:2.5) for 2 h at room temperature. Following
TFA evaporation and Et,O extraction, the crude peptide was dissolved in H,O/CH3CN,
lyophilized, analyzed by HPLC, and characterized by MS-ESI.

KKLFKKILKVL-NH, (BP15). Starting from resin Fmoc-Rink-MBHA (50
mg), sequential couplings of the corresponding Fmoc-protected amino acids and
removal of the Fmoc group, followed by acidolytic cleavage afforded BP15 (24 mg,
89% purity). tr=4.39 min. MS (ESI): m/z=1356.83 [M + H]".

LKLFKKILKVL-NH; (BP33). Starting from resin Fmoc-Rink-MBHA (50
mg), sequential couplings of the corresponding Fmoc-protected amino acids and
removal of the Fmoc group, followed by acidolytic cleavage afforded BP33 (26 mg,
92% purity). tr=4.46 min. MS (ESI): m/z=1341.81 [M + H]".

KKLFKKILKFL-NH; (BP76). Starting from resin Fmoc-Rink-MBHA (50
mg), sequential couplings of the corresponding Fmoc-protected amino acids and
removal of the Fmoc group, followed by acidolytic cleavage afforded BP76 (20 mg,
82% purity). ts=4.20 min. MS (ESI): m/z=1404.87 [M + H]".

Ac-KKLFKKILKFL-NH; (BP77). Synthesis started from resin Fmoc-Rink-
MBHA (50 mg) and after sequential couplings of the corresponding Fmoc-protected
amino acids and removal of the Fmoc group, the resulting resin was treated with acetic
anhydride—pyridine—CH,Cl, (1:1:1, 2x30 min) and then washed with CH,Cl; (3x2 min),
NMP (3x2 min) and CH,Cl, (6x1 min). Acidolytic cleavage afforded BP77 (19 mg,
75% purity). tg=4.72 min. MS (ESI): m/z=1446.91 [M+H]".

Ac-KKLFKKILKYL-NH; (BP101). Synthesis started from resin Fmoc-Rink-
MBHA (50 mg) and after sequential couplings of the corresponding Fmoc-protected
amino acids and removal of the Fmoc group, the resulting resin was treated with acetic
anhydride—pyridine—-CH,Cl, (1:1:1, 2x30 min) and then washed with CH,Cl; (3x2 min),
NMP (3%2 min) and CH,Cl; (6x1 min). Acidolytic cleavage afforded BP101 (22 mg,
82% purity). ts=4.56 min. MS (ESI): m/z=1462.91 [M+H]".

Ts-KKLFKKILKKL-NH; (BP125). Synthesis started from resin Fmoc-Rink-
MBHA (50 mg) and after sequential couplings of the corresponding Fmoc-protected

amino acids and removal of the Fmoc group, the resulting resin was treated with p-
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toluenesulphonyl chloride (40 equiv) and DIEA (80 equiv) in CH,Cl,—NMP (9:1) for 1h
and then washed with CH,Cl, (3x2 min), NMP (3x2 min) and CH,Cl, (6x1 min).
Acidolytic cleavage afforded BP125 (18 mg, 76% purity). tg=4.53 min. MS (ESI):
m/z=1540.06 [M+H]".

Bz-KKLFKKILKKL-NH, (BP126). Synthesis started from resin Fmoc-Rink-
MBHA (50 mg) and after sequential couplings of the corresponding Fmoc-protected
amino acids and removal of the Fmoc group, the resulting resin was treated with
benzoyl chloride (40 equiv) and DIEA (80 equiv) in CH,CI,-NMP (9:1) for 1 h and
then washed with CH,Cl, (3%x2 min), NMP (3x2 min) and CH,Cl, (6x1 min).
Acidolytic cleavage afforded BP126 (19 mg, 77% purity). tg=4.63 min. MS (ESI):
m/z=1489.98 [M+H]".

3.4.1.2. PEG-1-MBHA resin synthesis

PEG-1 peptidyl resin was synthesized manually by the solid-phase method
using MBHA resin (500 mg, 0.63 mmol/g) as solid support following a combined
Fmoc/Boc/Alloc  strategy. Peptide synthesis was performed manually in a
polypropylene syringe fitted with a polyethylene porous disc. Solvents and soluble
reagents were removed by suction. Washings between deprotection, coupling, and
subsequent deprotection steps were carried out with DMF (5x1 min) and CH,Cl, (5x1

min) using 10 mL solvent/g resin for each wash.

Two units of Fmoc-8-amine-3,6-dioxaoctanoic acid were coupled consecutively
to the resin using standard DIPCDI/HOBt coupling system (3 equiv). Then, alternate
incorporations of Fmoc-Amp(Boc)- OH (3 equiv) and Fmoc-Amp(Alloc)-OH (3 equiv)
were carried out with DIPCDI (3 equiv) and ethyl cyanoglyoxyl-2-oxime (3 equiv) in
DMF for 2 h. The resin was washed with DMF (5%1 min) and CH,Cl, (5x1 min) after
each coupling. Couplings were monitored by the Kaiser test (Kaiser et al., 1970). Once
the alternate Boc/Alloc a-amino protected skeleton had been built, the N”-Boc
protecting group was removed, alkylation of the amino group was performed by on-
resin reductive amination using phenylacetaldehyde (5 equiv for each amine) in 1%
HOAc in DMF for 30 min and then treating the resin with NaBH3;CN (5 equiv for each
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amine) in CH3OH for 2 h. After that, the resin was washed with DMF (5x1 min) and
CH,Cl, (5%1 min). Alkylation was monitored by chloranil test (Christensen, 1979).
Then, N“-Alloc protecting group was removed with Pd(PPh3)s/PhSiH (0.1:10) (2x10min
in CH,CI,) and alkylation with isovaleraldenyde was performed as above. After
removal of last Fmoc protecting group (which provided 1-MBHA) an aliquot of PEG-
1-MBHA was cleaved to check the peptidyl resin quality by acidolytic cleavage with
HF and PEG-1 was obtained, which was dissolved in H,O/CH3CN, lyophilized and
analyzed by HPLC (88% purity). tg=6.28 min. MS (MALDI-TOF): m/z=1503.85
[M+H]", 1525.85 [M+Na]". ESI found: 752.8; 502.3.

Finally, an additional unit of Fmoc-8-amine-3,6-dioxaoctanoic acid was ad
added to the 1-MBHA resin as described above rendering PEG-1-MBHA-resin.

Part of the PEG-1-MBHA resin (100 mg) was treated with acetic anhydride-
pyridine-CH,Cl, (1:1:1, 2x30 min) and then washed with CH,Cl, (3%x2 min), NMP (3x2
min), and CH,Cl, (6x1 min). Acidolytic cleavage of the resulting resin afforded Ac-
PEG-1.

3.4.1.3. General method for solid-phase synthesis of peptide

conjugates

PEG-1-MBHA resin was divided on seven parts and on each one was built one
of the antimicrobial peptides selected following an Fmoc/'Bu strategy on a standard
solid-phase peptide synthesis. Couplings of the corresponding amino acids Fmoc-Leu-
OH, Fmoc-Phe-OH, Fmoc-Lys(Boc)-OH, Fmoc-lle-OH, Fmoc-Val-OH, and Fmoc-
Tyr(‘Bu)-OH (4 equiv) were performed using ethyl cyanoglyoxylate-2-oxime (4 equiv),
DIPCDI (4 equiv) in NMP at room temperature for 3 h. The completion of the reactions
was monitored by the Kaiser test (Kaiser et al., 1970). Fmoc group removal was
achieved with piperidine/NMP (3:7, 1x2+2x10 min). After each coupling and
deprotection step, the resin was washed with NMP (6x1 min) and CH,Cl, (3x1 min)
and air-dried. Once the peptide sequence was completed, the N-terminal Fmoc group

was removed and, when required, the resulting peptidyl resin was derivatized.
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Acidolytic cleavage was performed by treating the resin with HF in the presence
of 10% anisole for 1 h at 0 °C. Peptides were precipitated with cold anhydrous TMBE,
dissolved in HOACc, and then lyophilized. Crude peptides were purified by preparative
HPLC using a linear gradient of CH3CN (containing 1% of TFA) and H,O (containing
1% of TFA). The purity of each fraction was verified by analytical HPLC, HPLC-MS,
and MALDI-TOF.

KKLFKKILKVL-PEG-1 (BP15-PEG-1). Starting from resin PEG-1-MBHA
(100 mg), sequential couplings of the corresponding Fmoc-protected amino acids and
removal of the Fmoc group, followed by acidolytic cleavage afforded BP15-PEG-1,
which was purified by preparative HPLC (8 mg, 93% purity). MS (MALDI-TOF):
m/z=747.95 [M+4H]*, 996.51 [M+3H]*".

LKLFKKILKVL-PEG-1 (BP33-PEG-1). Starting from resin PEG-1-MBHA
(100 mg), sequential couplings of the corresponding Fmoc-protected amino acids and
removal of the Fmoc group, followed by acidolytic cleavage afforded BP33-PEG-1,
which was purified by preparative HPLC (16 mg, 95% purity). MS (MALDI-TOF):
m/z=744.11 [M+4H]*, 991.84 [M+3H]*".

KKLFKKILKFL-PEG-1 (BP76-PEG-1). Starting from resin PEG-1-MBHA
(100 mg), sequential couplings of the corresponding Fmoc-protected amino acids and
removal of the Fmoc group, followed by acidolytic cleavage afforded BP76-PEG-1,
which was purified by preparative HPLC (12 mg, 96% purity). MS (MALDI-TOF):
m/z=759.92 [M+4H]*", 1012.82 [M+3H]**.

Ac-KKLFKKILKFL-PEG-1 (BP77-PEG-1). Synthesis started from resin
PEG-1-MBHA (100 mg) and after sequential couplings of the corresponding Fmoc-
protected amino acids and removal of the Fmoc group, the resulting resin was treated
with acetic anhydride-pyridine-CH,Cl, (1:1:1, 2x30 min) and then washed with CH,Cl,
(3%2 min), NMP (3%2 min) and CH,Cl, (6x1 min). Acidolytic cleavage afforded BP77-
PEG-1, which was purified by preparative HPLC (18 mg, 99% purity). MS (MALDI-
TOF): m/z=770.40 [M+4H]*", 1026.96 [M+3H]*".

Ac-KKLFKKILKYL-PEG-1 (BP101-PEG-1). Synthesis started from resin
PEG-1-MBHA (100 mg) and after sequential couplings of the corresponding Fmoc-
protected amino acids and removal of the Fmoc group, the resulting resin was treated
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with acetic anhydride-pyridine-CH,Cl;, (1:1:1, 2x30 min) and then washed with CH,ClI,
(3%2 min), NMP (3x2 min) and CH,Cl, (6x1 min). Acidolytic cleavage afforded
BP101-PEG-1, which was purified by preparative HPLC (2 mg, 95% purity). MS
(MALDI-TOF): m/z=774.29 [M+4H]**, 1032.29 [M+3H]*".

Ts-KKLFKKILKKL-PEG-1 (BP125-PEG-1). Synthesis started from resin
PEG-1-MBHA (100 mg) and after sequential couplings of the corresponding Fmoc-
protected amino acids and removal of the Fmoc group, the resulting resin was treated
with p-toluenesulfonyl chloride (40 equiv) and DIEA (80 equiv) in CH,Cl,-NMP (9:1)
for 1 h and then washed with CH,Cl, (3x2 min), NMP (3x2 min), and CH,Cl, (6x1
min). Acidolytic cleavage afforded BP125-PEG-1, which was purified by preparative
HPLC (17 mg, 98% purity). MS (MALDI-TOF): m/z=793.70 [M+4H]*", 1057.99
[M+3H]*".

Bz-KKLFKKILKKL-PEG-1 (BP126-PEG-1). Synthesis started from resin
PEG-1-MBHA (100 mg) and after sequential couplings of the corresponding Fmoc-
protected amino acids and removal of the Fmoc group, the resulting resin was treated
with benzoyl chloride (40 equiv) and DIEA (80 equiv) in CH,CI,-NMP (9:1) for 1 h and
then washed with CH,Cl, (3%x2 min), NMP (3x2 min), and CH.Cl, (6x1 min).
Acidolytic cleavage afforded BP126-PEG-1, which was purified by preparative HPLC
(18 mg, 98% purity). MS (MALDI-TOF): m/z=781.22 [M+4H]*", 1041.24 [M+3H]*".

3.4.2. Cell lines and cell culture

MDA-MB-231 human breast Caucasian adenocarcinoma cells were obtained
from the ATCC (American Type Culture Collection Rockville, MD, USA). Cells were
routinely grown in Dulbecco’s modified Eagle’s medium (DMEM, Gibco, Berlin,
Germany) containing 10% fetal bovine serum (FBS, Bio-Whittaker, Walkersville, MD,
USA), 1% L-glutamine, 1% sodium pyruvate, 50 U/ml penicillin, and 50 pg/ml
streptomycin (Gibco). The cells remained free of Mycoplasma and were propagated in
adherent culture according to established protocols. Cells were maintained at 37 °C in a
humidified atmosphere of 95% air and 5% CO,.
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3.4.3. Cell growth inhibition assay

Peptides were dissolved in sterile Phosphate Saline Buffer (PBS) to get a final
stock solution of 3200 uM. Sensitivity was determined using a standard colorimetric
MTT assay. Briefly, MDA-MB-231 cells were plated out at a density of 7x10° cells/100
pl/well in 96-well microtiter plates and allowed an overnight period for attachment.
Then, the medium was removed and fresh medium along with the corresponding
peptide concentration (10 or 30 puM) were added to the cultures. Agents were not
renewed during the 48 h of cell exposure, and control cells without agents were cultured
under the same conditions. Following treatment, cells were fed with drug-free medium
(100 pl/well) and MTT solution (10 ul, 5 mg/ml in PBS), and incubation was prolonged
for 3 h at 37 °C. After carefully removing the supernatants, the MTT-formazan crystals
formed by metabolically viable cells were dissolved in dimethyl sulfoxide (DMSO,100
pl/well) and the absorbance was measured at 570 nm in a multi-well plate reader
(Model SPECTRAmax 340 PC (380) reader). Using control optical density (OD)

values®, test OD values (T), and time zero OD values (Ty), the growth inhibition (IC

value) at every concentration was calculated from the equation, 100x[(T-To)/(C-To)]=IC.
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CHAPTER 4.

Solid-phase synthesis of cyclic depsipeptides
containing a phenyl ester bond



This chapter corresponds to a manuscript in preparation:

Cristina Roses, Cristina Camd, Marta Planas, Lidia Feliu. Solid-phase synthesis of

cyclic depsipeptides containing a phenyl ester bond. In preparation.

For this work, C.R. designed the cyclic depsipeptides and performed the synthesis and
characterization of all the compounds. Moreover, C.R. was also involved in argumentations and

discussions of the results, and wrote the manuscript draft.
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An efficient solid-phase strategy for the synthesis of cyclic depsipeptides
containing a phenyl ester linkage in their structure is described. Two different routes
were studied that differed on the site of resin attachment and on the bond involved in
the cyclization step. The key steps of these approaches were the formation of the phenyl
ester bond and the on-resin head-to-side-chain cyclization. It was observed that the
amino acid composition as well as its configuration significantly influenced the
formation and the stability of the cyclic depsipeptides. The presence of a L-Tyr" and of a
D-Tyr’ led to the most stable sequences. This work constitutes the first report on the
synthesis of cyclic depsipeptides containing a phenyl ester bond.

4.1 INTRODUCTION

Fengycins are cyclic lipodepsipeptides isolated from several Bacillus spp. that
were first described in 1986 (Vanittanakom et al., 1986). These cyclic compounds show
interesting antifungal activity mainly against filamentous fungi and, unlike other
lipopeptides produced by Bacillus spp., they are low hemolytic (Vanittanakom et al.,

1986; Deleu et al., 2008). Moreover, they have been described as elicitors of defence
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responses in plants, being a promising alternative for the protection of crops against
phytopathogens (Ongena et al., 2005, 2007).

The fengycin family includes related compounds that share a common cyclic
structure with exceptional features (Vanittanakom et al., 1986; Wang et al., 2004; Chen
et al., 2008; Bie et al., 2009; Pueyo et al., 2009; Pecci et al., 2010; Pathak et al., 2012;
Villegas-Escobar et al., 2013). They are decapeptides acylated at the N-terminus with a
S-hydroxy fatty acid tail (Figure 4.1). Eight of the amino acids form a macrolactone in
which the ester bond occurs between the phenol group of a tyrosine (Tyr) and the o-
carboxylic group of an isoleucine (lle). According to the amino acid sequences,
fengycins A and B are the two major isoforms of this family. The former contains a D-
alanine (D-Ala) at position 6 whereas the latter possess a D-valine (D-Val) at this
position. Fengycin S is another isoform that was isolated by Sang-Cheol and co-workers
from Bacillus amyloliquefaciens (Sang-Cheol et al., 2010). This isoform is analogous to
fengycin B, but it bears a D-serine (D-Ser) at position 4 instead of an D-allo-threonine
(p-allo-Thr). Concerning the Tyr residues at positions 3 and 9, it has to be mentioned
that there has been some confusion over their configuration. Initially, fengycins were
reported to have a D-Tyr*/L-Tyr® configuration (Vanittanakom et al., 1986; Schneider et
al., 1999), whereas a L-Tyr*/p-Tyr’ configuration was assigned to another family of
related lipopeptides named plipastatins (Nishikiori et al., 1986a, 1986b; Volpon et al.,
2000). Nevertheless, a recent study has shown that fengycins and plipastatins have the
same primary structure, that is a L-Tyr’/D-Tyr® configuration (Honma et al., 2012).
Similarly to Nasir et al., we decided to name the peptides of this study as fengycins and
to use the correct configuration, because this term is more widely employed than
plipastatins (Nasir et al., 2013) (Figure 4.1).
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Dp-allo-Thr?

HO YO LTyr3 R6 O p-val®
o) LN
o 0 HNW
e N

10H 8
Fengycin A R*=CH(OH)CH; R®=CH, o o
Fengycin B R*=CH(OH)CH; R®=CH(CHj), . NH;
Fengycin S  R*=CH,OH R®=CH(CHa), HO b-Tyr

Figure 4.1. Structure of fengycins A, B and S.

Most Bacillus cyclic depsipeptides are mainly extracted from the microorganism
that produce them (Jacques et al., 1999; Chtioui et al., 2012; Ceballos et al., 2014;
Rangarajan et al., 2015). However, fermentation has the disadvantage to simultaneously
produce a range of analogues, which limits its application in industry. Therefore, the
development of a general approach for the chemical synthesis of these cyclic
depsipeptides has attracted interest because it would allow the preparation of specific
analogues. The synthesis of these compounds encounters two main issues, i.e. the
cyclization step and the formation of the ester bond. Solid-phase synthesis has been
established as a good strategy for the obtention of cyclic depsipeptides because this
strategy benefits from the avoidance of tedious work-up procedures, the possibility to
employ an excess of reagents and the facile access to a range of analogues. Although
several cyclic depsipeptides have been prepared on solid support (Krishnamoorthy et
al., 2006; Cruz et al., 2007; Seo and Lim, 2009; Stolze et al., 2010; Hall et al., 2012), to
the best of our knowledge, the solid-phase synthesis of fengycins has not yet been
described. Moreover, it has to be taken into account that cyclic depsipeptides that have
been synthesized on solid-phase bear an ester bond involving the S-hydroxyl group of a
Thr or a Ser residue. No general examples have been reported on the formation of ester
bonds involving the phenol group of a Tyr, which can be attributed to the high lability
of phenyl esters. In fact, the formation of such ester bond has only been described by
the group of Tam through a ligation protocol that yields depsipeptides as secondary
products (Zhang and Tam, 1997, 1999). Moreover, up to now, the preparation of
fengycins has only been addressed by the group of Marahiel and Essen, and it involves

the solid-phase synthesis of the linear precursor followed by chemoenzymatic
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cyclization in solution (Sieber et al., 2003, 2004; Samel et al., 2006). Due to the
structural requirements of this last step, this approach is restricted to the obtention of a
limited number of analogues. Based on these considerations, the synthesis of fengycins
constitutes an attractive synthetic challenge, not only for being constrained cyclic

peptides, but also for containing a phenyl ester in their structure.

Herein, we explore a suitable solid-phase approach for the preparation of the
macrolactone of eight amino acids present in fengycins (Figure 4.1). In particular, we
focused our attention on the synthesis of compounds I, Il and Il (Figure 4.2). The
structure of | consists of all L-amino acids; Il contains amino acids with the
configuration described for fengycins; and 111 are analogues of I1, but with b-Tyr and
L-Tyr’. All these compounds are cyclic depsipeptides except for la and Ila that only

contain amide bonds and that were used as model systems.

L-Thi2 orL-ser?  OH o-Thi2 or p-Ser2 ~ OH
¢ty 0 R H e LTyt o R H 0O
HN L N HN I AN
N N
o O~ 'NH r-Ala* orL-val* o O™ "NH b-Ala* or p-Val*
Rm\fo RvJYo
@ N Q N
X X
o=X o o< o
N N N&N
H o} o H 2 o o
NH, @ NH,
HO 7y  lax=NH HO 1y Hax=nH
IbX=0 Ilb X=0
OH

p-Thr? or p-Ser?
o-Ty't o R 4 o)
HoN N/\[TN
H o

RJYO
Q N
o)
O~ o eV
N N
H o] o)
NH,
HO L-Tyr” 1l

Figure 4.2. General structure of fengycin analogues I, 11 and I11.
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4.2 RESULTS AND DISCUSSION

4.2.1 Retrosynthetic analysis

The main concerns when planning a retrosynthetic analysis for cyclic peptides I-
111 are the site of resin attachment and the point of cyclization. For cyclic depsipeptides,
the selection of these issues is determined by the presence of the ester bond. Since esters
are more labile and more difficult to form than amides, they are usually pre-formed in
the linear precursor just before the cyclization step through an amide bond (Davies,
2003). Moreover, in the case of cyclic depsipeptides Ib, 11b and 111, the formation of
the phenyl ester bond is especially challenging due to its high reactivity (Figure 4.2).

Based on the above, we envisaged two retrosynthetic routes for the preparation
of I-111 (Scheme 4.1). In route A, we chose the side chain of GIn® as site of resin
attachment, which would allow the formation of the cycle through an amide bond
between the a-carboxylic acid of GIn® and the a-amino group of Tyr’. In route B, the
side chain of Tyr” would be the anchoring point to the resin and the cyclization would
involve the formation of an amide bond between the a-carboxylic acid of Tyr” and the
a-amino group of Ile®. Therefore, both approaches would require (i) the anchoring of
GIn® (route A) or Tyr’ (route B) to the solid support, (ii) the preparation of the
corresponding linear peptidyl resin, (iii) the ester or amide bond formation between the
side chain of the amino acid at position 1 and the a-carboxylic acid of Ile?, (iv) the
deprotection of the carboxylic and amino groups involved in the cyclization step, and
(v) the final on-resin cyclization and cleavage. Moreover, the N”-amino group
protection of Tyr' and Tyr’ (route A), and of Tyr' and Ile® (route B) needed to be
studied.
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Scheme 4.1. Retrosynthetic analysis of cyclic peptides I-111.

4.2.2  Synthesis of cyclic octapeptides (route A)

Our investigations started with the solid-phase preparation of compounds la
following route A, in particular of cyclic octapeptide 1 (L-Phe(4-NH,)*, L-Thr?, L-Val*,
L-Tyr"), which only contains L-amino acids and amide bonds (Scheme 4.2). This
synthesis served as a model to check the feasibility of our approach. A three-
dimensional orthogonal 9-fluorenylmethoxycarbonyl (Fmoc)/tert-butyl (‘Bu)/allyl (All)
protecting strategy was selected. First, an Fmoc-Glu-OAll residue was anchored to an
Fmoc-Rink-ChemMatrix (0.66 mmol/g) resin through its side chain. This trifunctional
amino acid enables the cyclization onto solid support and results in a glutamine (Gln)

residue after the peptide cleavage. For this purpose, first the Fmoc protecting group of
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Fmoc-Rink-ChemMatrix was removed with piperidine/N,N -dimethylformamide
(DMF) (3:7) and then Fmoc-Glu-OAIl was coupled in presence of N,N'*-
diisopropylcarbodiimide (DIPCDI) and ethyl 2-cyano-2-(hydroxyimino)acetate
(Oxyma) in DMF for 1 h. Elongation of the peptide sequence was performed by
sequential Fmoc removal and coupling steps leading to the pentapeptidyl resin Fmoc-
Thr('Bu)-Glu(O'Bu)-Val-Pro-Glu(Rink-ChemMatrix)-OAll. An aliquot of this resin was
cleaved with trifluoroacetic acid (TFA)/H,O/triisopropylsilane (TIS) (95:2.5:2.5) for 2 h
affording the expected peptide in 93% HPLC purity. After Fmoc removal, Boc-Phe(4-
NHFmoc)-OH was coupled using DIPCDI and Oxyma in DMF. The resulting resin was
subjected to sequential Fmoc removal and coupling steps of Fmoc-lle-OH and Fmoc-
Tyr(‘Bu)-OH vyielding the linear octapeptidyl resin Boc-Phe[4-NH-Ile-Tyr(‘Bu)-Fmoc]-
Thr(‘Bu)-Glu(O'Bu)-Val-Pro-Glu(Rink-ChemMatrix)-OAll. Acidolytic cleavage of an
aliquot of this resin afforded the expected linear peptide in 93% HPLC purity, which
was characterized by mass spectrometry. The C-terminal allyl ester was then removed
by treatment with Pd(PPhz), in CHCI3/AcOH/N-methylmorpholine (NMM) (3:2:1) for 3
h, and it was followed by Fmoc group removal. An aliquot of the resulting linear
peptidyl resin Boc-Phe[4-NH-lle-Tyr(‘Bu)-H]-Thr('Bu)-Glu(O'Bu)-Val-Pro-Glu(Rink-
ChemMatrix)-OH was acidolytically cleaved and the corresponding peptide was

obtained in >99% HPLC purity, being characterized by mass spectrometry.

On-resin cyclization of this linear peptidyl resin was assayed using [ethyl
cyano(hydroxyimino)acetato-O?]tri-1-pyrrolidinylphosphonium  hexafluorophosphate
(PyOxim), Oxyma and N,N -diisopropylethylamine (DIEA) in DMF for 24 h. After
TFA cleavage, the HPLC chromatogram of the crude reaction mixture showed a broad
band and mass spectrometry analysis revealed the presence of the expected cyclic
octapeptide H-Phe(4-NH-&)-Thr-Glu-Val-Pro-GIn-Tyr-lle-& (1) along with a
substantial amount of a dimeric product (the “&” symbol is used to indicate the two
residues that are linked through an amide bond). To try to avoid the formation of this
dimeric compound, the synthesis of 1 was attempted starting with an Fmoc-Rink-
ChemMatrix resin with lower loading (0.16 mmol/g). However, using this resin a

significant amount of dimer was still detected.
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Scheme 4.2. Structure and general synthetic strategy of cyclic octapeptides la and Ila (route
A).

In view of these results, we decided to prepare cyclic octapeptides Ila
incorporating D-amino acids to check if the presence of these residues would favour the
cyclization step and would decrease the dimer formation. Therefore, following route A
as described for compound 1, we synthesized BPC862 bearing b-Thr?, p-Val* and p-

r’. (Scheme 4.2). HPLC and mass spectrometry analysis of the crude peptide revealed

the presence of BPC862 in 39% purity together with the dimeric compound in 61%
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purity. After purification by reverse-phase column chromatography the desired cyclic
octapeptide BPC862 was obtained in 98% of purity.

Similarly, we prepared cyclic octapeptides BPC864 containing D-Thr?, D-Ala’
and D-Tyr’; BPC866 with p-Ser?, pb-Ala* and D-Tyr’; and BPC868 incorporating D-
Ser?, p-Val* and p-Tyr’ (Scheme 4.2). These compounds were obtained in purities
between 41-56% as shown by HPLC analysis of the corresponding crude reaction
mixture. Dimeric compounds were also obtained in 44-57% HPLC purities. Reverse-
phase column chromatography purification rendered the cyclic octapeptides in >99%

HPLC purity, which were characterized by mass spectrometry.

4.2.3 Synthesis of cyclic octadepsipeptides (routes A
and B)

According to our main objective of developing a solid-phase strategy for the
preparation of cyclic depsipeptides, we evaluated the application of route A to the
synthesis of cyclic depsipeptides Ib, containing all L-amino acids and a phenyl ester
bond (Figure 4.2, Scheme 4.3). In particular, we assayed the synthesis of compound 2
(L-Tyr*, L-Thr?, L-Val*, L-Tyr"). Following a Fmoc/'Bu/All strategy as described for 1,
the peptidyl resin Fmoc-Thr(‘Bu)-Glu(O'Bu)-Val-Pro-Glu(Rink-MBHA)-OAIl was
prepared. After Fmoc group removal, Boc-Tyr-OH was incorporated using DIPCDI and
Oxyma in DMF (Scheme 4.3, route Al). An aliquot of the resulting resin Boc-Tyr-
Thr(‘Bu)-Glu(O'Bu)-Val-Pro-Glu(Rink-MBHA)-OAIIl (3a) was acidolytically cleaved
and H-Tyr-Thr-Glu-Val-Pro-GIn-OAll was obtained in >99% purity (Scheme 4.3, route
Al). Then, the unprotected phenol group of Tyr was esterified with the a-carboxylic
group of Fmoc-Ile-OH employing DIPCDI, N,N -dimethylaminopyridine (DMAP) and
DIEA in DMF for 24 h (Gracia et al., 2006). This reaction was repeated twice to obtain
the linear depsipeptidyl resin Boc-Tyr'(O-1le®-Fmoc)-Thr(‘Bu)-Glu(O'Bu)-Val-Pro-
Glu(Rink-MBHA)-OAII (4a). An aliquot of this resin was treated with TFA/H,O/TIS
and the expected depsipeptide was obtained in >99% HPLC purity, which was
characterized by mass spectrometry. Unfortunately, when resin 4a was subjected to the

Fmoc group removal conditions, piperidine/DMF (3:7), HPLC and mass spectrometry
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analysis of the crude reaction mixture after acidolytic cleavage revealed the presence of
H-Tyr-Thr-Glu-Val-Pro-GIn-OAll as major product (83% purity). This result pointed
out that the basic conditions used for the a-amino group deprotection caused the

aminolysis of the ester bond.

An alternative protecting group strategy was planned to avoid this side-reaction.
Thus, route A2 involved the use of p-nitrobenzyloxycarbonyl (pNZ) and Boc groups for
the a-amino protection of Tyr! and 1le®, respectively (Scheme 4.3, route A2). The Boc
group was chosen because it can be selectively removed under mild basic conditions
(Zhang et al., 1998). The pNZ group has been reported to be orthogonal to Fmoc as well
as to tert-butyl and allyl-based protecting groups, and its removal can be achieved under
neutral conditions using SnCl, in presence of catalytic amounts of acid (Isidro-Llobet et
al., 2005). pNZ-Tyr-OH was prepared from commercially available H-Tyr(O'Bu)-OH
by treatment with pNZ-Nj (lIsidro-Llobet et al., 2005), followed by side-chain
deprotection under acidic conditions (68% overall yield). After Fmoc removal, this
amino acid was coupled to the N-terminus of the previously prepared resin Fmoc-
Thr('Bu)-Glu(0'Bu)-Val-Pro-Glu(Rink-MBHA)-OAIl leading to pNZ-Tyr-Thr('Bu)-
Glu(O'Bu)-Val-Pro-Glu(Rink-MBHA)-OAIl  (3b) (74% purity after cleavage).
Subsequent esterification of the Tyr residue with Boc-lle-OH under the conditions
described above for 4a afforded pNZ-Tyr'(O-1le®-Boc)-Thr(‘Bu)-Glu(O'Bu)-Val-Pro-
Glu(Rink-MBHA)-OAII (4b). An aliquot of this resin was cleaved, and HPLC and mass
spectrometry analysis of the crude revealed the formation of the ester bond, the
expected depsipeptide was obtained in 80% purity. Selective Boc removal of 4b was
carried out under mild basic conditions using trimethylsilyl trifluoromethanesulfonate
(TMSOTT) (2 M) and 2,6-lutidine (3 M) in CH,Cl, (2x1 h) (Zhang et al., 1998).
Subsequent incorporation of Boc-Tyr(‘Bu)-OH provided the linear depsipeptidyl resin
PNZ-Tyr'[O-11e%-Tyr(‘Bu)-Boc]-Thr(*Bu)-Glu(O'Bu)-Val-Pro-Glu(Rink-MBHA)-OAIl.
Unfortunately, when this resin was treated with TFA/H,O/TIS the free amino group of
Tyr’
diketopiperazine leading to pNZ-Tyr-Thr-Glu-Val-Pro-GIn-OAll (19% purity), as

prompted the cleavage of the ester bond through the formation of a
observed by HPLC and mass spectrometry. Due to this result, this route was not further

pursued, because the next synthetic step would involve the selective on-resin removal of

the Boc group of Tyr’ which would also result in diketopiperazine formation.
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Scheme 4.3. Synthetic approaches for the synthesis of cyclic depsipeptide 2 (routes A1 and A2).

These results prompted us to assay the synthesis of cyclic depsipeptide 2
following route B (Scheme 4.4). This strategy would avoid the formation of a
diketopiperazine between Tyr’ and 1le® because the linkage between these two amino
acids would occur during the cyclization step. Accordingly, this route involved the
attachment of Tyr’ to the solid support through its phenol group. For this purpose,
Wang resin was selected because it would enable the incorporation of this residue using
a Mitsunobu reaction (Cabrele et al., 1999; Thutewohl and Waldmann, 2003; Kumar et
al., 2006). The allyloxycarbonyl (Alloc) group was chosen for the protection of the o-
amino group of Ile®, because it has been demonstrated that the conditions for the
selective Boc removal (TMSOTT and 2,6-lutidine) could lead to a high percentage of

peptide cleavage when using a Wang resin (Lejeune et al., 2003). Moreover, the a-
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carboxylic group of Tyr” was protected as allyl ester because Alloc/All groups could be
simultaneously removed before the cyclization step using Pd(0) (Thieriet et al., 1997;
Guibé, 1998). Similarly to route A, Tyr* was incorporated as pNZ-Tyr-OH. Therefore,
this route involved the preparation of the linear peptidyl resin pNZ-Tyr*(O-1le®-Alloc)-
Thr('Bu)-Glu(O'Bu)-Val-Pro-GIn(Tr)-Tyr’(Wang)-OAll as precursor of cyclic
depsipeptide 2.

Towards this aim, Fmoc-Tyr-OAlIl was first prepared from Fmoc-Tyr(‘Bu)-OH
by treatment with allyl bromide (Alsina et al., 1998) followed by acidolytic removal of
the tert-butyl group. This amino acid was then anchored to the Wang resin by treatment
with PPh; and diisopropylazodicarboxylate (DIAD) in anhydrous tetrahydrofuran
(THF) under stirring at room temperature for 24 h (Cabrele et al., 1999; Thutewohl and
Waldmann, 2003) (Scheme 4.4). As determined with the Fmoc method, resin Fmoc-
Tyr(Wang)-OAll was obtained with a loading of 0.22 mmol/g (Grant, 1992). Moreover,
according to the Marfey’s test, the Tyr residue did not racemise under these conditions
(Adamson et al., 1992). To reduce the reaction time, the use of microwave irradiation
was evaluated. Resin Fmoc-Tyr(Wang)-OAll was obtained in a similar loading after
only 30 min irradiation at 60° C. These conditions neither promoted the racemization of
the Tyr. To the best of our knowledge, this is the first example of a microwave-assisted
Mitsunobu reaction for the anchoring of a Tyr onto a solid support. Then, the peptidyl
resin  pNZ-Tyr'-Thr(‘Bu)-Glu(O'Bu)-Val-Pro-GIn(Tr)-Tyr'(Wang)-OAll  (5) was
prepared through sequential Fmoc removal and coupling steps as previously described.
Acidolytic cleavage of an aliquot of this resin afforded the expected peptide in 82%
HPLC purity. Then, Alloc-l1le-OH, prepared from H-lle-OH by treatment with Alloc-N3
(Cruz et al., 2004), was incorporated using the conditions described for the ester
formation in route A, i.e. DIPCDI, DMAP and DIEA in DMF (2x24 h). An aliquot of
the resulting resin  pNZ-Tyr*(O-lle®-Alloc)-Thr(‘Bu)-Glu(O'Bu)-Val-Pro-GIn(Tr)-
Tyr’(Wang)-OAll (6) was treated under acidolytic conditions yielding the expected
linear peptide in 70% HPLC purity. Next, the Alloc and allyl protecting groups were
simultaneously removed using a catalytic amount of Pd(PPhs), in presence of PhSiH3in
CH,Cl, for 4 h. After acidolytic cleavage of an aliquot of pNZ-Tyr*(O-lle®-H)-Thr(‘Bu)-
Glu(O'Bu)-Val-Pro-GIn(Tr)-Tyr(Wang)-OH, the corresponding peptide was obtained
in 57% HPLC purity. Subsequent on-resin cyclization was assayed using PyOxim,

Oxyma and DIEA. However, the expected cyclic depsipeptide pNZ-Tyr'(&)-Thr-Glu-
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Val-Pro-GIn-Tyr'-11e®-& (7) was not observed by ESI-MS analysis of the crude reaction
mixture. The mass spectra showed a peak at [M + H,O]" which was assigned to the
linear peptide pNZ-Tyr-Thr-Glu-Val-Pro-GIn-Tyr'-11e®-OH

hydrolysis of 7. This result was confirmed because a sample of this crude reaction

resulting from the

mixture coeluted with a sample of this linear peptide independently prepared on solid-
phase. Therefore, we could conclude that the cyclic depsipeptide 7 was formed but that

it hydrolysed during the cleavage step or during HPLC analysis.
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E Ty
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Wang Resin ¢] j\
O~ N-Tr
H

O-Wang

1) Piperidine/DMF (3:7)
2) pNZ-Tyr-OH or

O-Wang
e 8T 5, KEREaT RN

Boc-Tyr-OH
j/\ Oxyma, DIPCDI, DMF 1 j/\
—_—
0"~ "0'Bu [e] HfTr HO [ogiel:1 [¢] H*Tr
PG!= pNZ (5)
PG'=Boc (9)

Alloc-lle-OH,

(o]

O—-Wang H ©
PG NJ)L
1) Pd(PPhj),, H §
NJL NQL OAll PhSiHg, CH,Cl, NH
PG’ 2) PyOxim, Oxyma,

DIPCDI,DMAP, \{Y
DIEA, DMF (2 x 24 h) /©/ j\ j/\ DIEA, DMF
—_————
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Scheme 4.4. Structure and general synthetic strategy of cyclic depsipeptides 2, 7, 8 and

BPC822 (route B).
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This methodology was then applied to the preparation of cyclic depsipeptides
b containing D-amino acids. In particular, it was studied the synthesis of BPC822
containing D-Thr?, p-Val* and b-Tyr’ (Scheme 4.4). In this case, Fmoc-D-Tyr-OAll was
prepared and anchored to the Wang resin through a microwave-assisted Mitsunobu
reaction under the conditions described above for its enantiomer, affording Fmoc-D-
Tyr(Wang)-OAll in a 0.33 mmol/g loading. Peptide elongation and esterification with
Alloc-1le-OH led to the linear peptidyl resin pNZ-Tyr'(O-lle®-Alloc)-p-Thr?(‘Bu)-
Glu(O'Bu)-b-Val*-Pro-GIn(Tr)-D-Tyr’ (Wang)-OAll. Subsequent Alloc and allyl group
removal and on-resin cyclization yielded the cyclic depsipeptide pNZ-Tyr'(&)-p-Thr?-
Glu-b-Val*-Pro-GIn-D-Tyr’-1le®-& (8) in 31% HPLC purity, as shown by ESI-MS
where a peak at m/z 1195.5 corresponding to [M + Na]® was observed. The linear
peptide precursor was not detected either by HPLC or mass spectrometry. To confirm
the structure of 8, the crude reaction mixture resulting from acidolytic cleavage was
treated with CH3OH/H,O/NH; (4:1:1), conditions that are known to hydrolyse ester
bonds (Kuroda et al., 2001; Stawikowski and Cudic, 2006; Cochrane et al., 2012).
HPLC and mass spectrometry analysis of the resulting crude revealed only the presence
of the linear peptide resulting from the hydrolysis of the ester bond in 8, pNZ-Tyr'-p-
Thr®-Glu-p-Val*-Pro-GIn-D-Tyr’-11e®-OH, and of the corresponding methyl ester pNZ-
Tyr'-p-Thr®-Glu-p-Val*-Pro-GIn-b-Tyr'-11e®-OMe (Scheme 4.5). Therefore, this result
demonstrated the formation of the cyclic depsipeptide 8 and that the presence of D-

amino acids is crucial for the stability of this cyclic structure.

OH
OH OH
H,Q g o HOO Yy o
A 1
pNZ.N%” N oNZ” NQ&N/Y pNZ,N\:)J\H/ZWN
© 07 NH O NH O o N
\%YO CH30H/H20/NH3 \%YO
4
o}
o oy HN)&—Q HO.__O MeO. 0 HN)\—Q
Sy N JVN SN
H > o 0 H o)
D/ NH, NH, Q/ NH,
8

HO HO

Scheme 4.5. Hydrolysis of the ester bond of cyclic depsipeptide 8.

Next, to obtain BPC822 we attempted the pNZ group removal using SnCl, (6
M) in HCl/dioxane (1.6 mM) and DMF. This deprotection resulted to be more
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troublesome than expected. After several treatments, an important amount of the pNZ-

protected cyclic depsipeptide was still observed by mass spectrometry.

To overcome this limitation, synthesis of BPC822 was planned starting from the
linear  peptidyl  resin  Boc-Tyr'-p-Thr?(‘Bu)-Glu(O'Bu)-b-Val*-Pro-GIn(Tr)-D-
Tyr (Wang)-OAll (9), bearing a Boc group at Tyr' (Scheme 4.4). Incorporation of
Alloc-1le-OH through ester bond formation with Tyr! was followed by Alloc and allyl
group removal, and cyclization. Acidolytic cleavage of the resulting resin yielded the
cyclic depsipeptide BPC822. Mass spectrometry analysis showed only a major peak at
m/z 994.5 corresponding to [M + H]" of BPC822, together with a small peak at m/z
1012.5. After treating the crude reaction mixture with CH3;OH/H,O/NH;3; (4:1:1), the
latter peak could be attributed to the linear peptide H-Tyr'-p-Thr?-Glu-p-Val*-Pro-GlIn-
D-Tyr'-1le®-OH, resulting from the hydrolysis of the ester function of BPC822. The
corresponding linear C-terminal methylated peptide H-Tyr'-p-Thr’-Glu-p-Val*-Pro-
GIn-D-Tyr'-1le®-OMe was also detected after this treatment.

Since the use of Boc allowed the preparation of BPC822, this synthetic
methodology was extended to the preparation of the cyclic depsipeptides I1b: BPC824
(D-Ser?, p-Val* and p-Tyr"), BPC826 (D-Thr?, b-Ala* and D-Tyr’) and BPC828 (D-Ser?,
D-Ala* and D-Tyr’) (Figure 4.3). Mass spectrometry analysis showed that these cyclic
depsipeptides were the only products of the synthesis. Similarly to BPC822, hydrolysis
of the crude reaction mixtures confirmed the cyclic structure of these compounds.
Cyclic depsipeptides BPC822, BPC824, BPC826 and BPC828 were purified by
column chromatography and obtained in purities ranging from 88 to >99%.

Finally, the synthesis of cyclic depsipeptides 111 bearing a b-Tyr* and an L-Tyr’
was also attempted following the above methodology. This set included BPC830 (D-
Tyr!, o-Thr?, p-Val*), BPC832 (p-Tyr', p-Ser?, p-Val’), BPC834 (D-Tyr*, p-Thr?, b-
Ala*) and BPC836 (D-Tyr!, p-Ser?, p-Ala®). Contrary to our expectations, the cyclic
depsipeptides were obtained together with a high amount of the corresponding dimeric
product and a linear peptide that did not contain 1le®. The formation of the latter product
revealed that the cyclization was not complete and that the ester bond of the linear
precursor hydrolysed prompting the release of the lle residue. This result demonstrated
that the cyclization of cyclic depsipeptides with a D-Tyr! and a L-Tyr’ is difficult and

that they are not stable, reinforcing the hypothesis by Honma and co-workers that
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postulated a L and D configuration for these residues in natural fengycins (Honma et al.,
2012).

lib: o-Thi2 1B

or or

D-Ser? D-Ser?
LTyt O R H o o-Tytt O R H (e]
HZN%H/YN H,N NWN
E B -Ala®
(¢} 07 NH D-Ala’ o 0" NH p-Alal
or or
R'J\fo p-Val* R O pvar
o N Q N

HO L-Tyr”

BPC824 R=CH,OH R'=CH(CHa), BPC830 R=CH(OH)CH; R'=CH(CHa),
BPC826 R=CH(OH)CH; R'=CHj BPC832 R=CH,OH R'=CH(CHy),
BPC828 R=CH,OH R'=CH, BPC834 R=CH(OH)CH; R'=CHj

BPC836 R=CH,OH R'=CH;

Figure 4.3. Structure of cyclic depsipeptides I1b and I11.

4.3 CONCLUSIONS

Herein, we established a suitable strategy for the solid-phase synthesis of head-
to-side-chain cyclic depsipeptides containing a phenyl ester linkage. Using a
Fmoc/'Bu/Alloc/allyl strategy, a set of cyclic octadepsipeptides derived from fengycins
was successfully prepared. Our studies revealed the significance of the amino acid
configuration on the stability of the cyclic depsipeptides, being those containing a L-
Tyr! and a D-Tyr’ the most stable. This study is the first example on the synthesis of
cyclic depsipeptides incorporating a phenyl ester bond and represents a promising

approach for the total synthesis of fengycins in future studies.

44 EXPERIMENTAL SECTION

441 General methods

Amino acid derivatives and resins were purchased from IrisBiotech,
NovaBiochem or Sigma-Aldrich, except for ChemMatrix resin that was obtained from

PCAS Biomatrix INC (USA). General reagents were purchased from Sigma-Aldrich,
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Fluka, Bachem, Panreac, Merk or IrisBiotech, and were used without further
purification unless otherwise noted. Solvents were purchased from Sigma-Aldrich,
Scharlau, SDS or VWR international. The organic solvents were synthesis grade, except
for CH3CN which was HPLC grade. Solvents were purified and dried using an activated
alumina purification system (mBraun SPS-800) or by conventional distillation
techniques. H,O was deionised and filtered with a COT Millipore Q-gradient system
(COT < 3ppb) with a resistivity of 18 MQ-cm™.

Microwave-assisted reactions were carried out on a Discover® S-Class
microwave from CEM Corporation, equipped with an Explorer autosampler. Time,
temperature and power of the experiments were controlled with the Synergy ™ software.
The equipment was supplied with a multispeed magnetic stirring system with adjustable
speed and an automated power control system based on temperature feedback through a
volume-independent non-invasive infrared sensor control (from 0 to 300 W). The
operating temperature range is from 40 to 300 °C with a heating rate of 2-6 °C/second.

Reactions were performed in a 10 or 35 mL reaction vessel.

All peptides were analysed under standard analytical HPLC conditions. Solvent
A was 0.1% agq. TFA and solvent B was 0.1% TFA in CH3CN. Detection was
performed at 220 nm. Purity was estimated with the integrated area under the peaks.
Method A: Samples were analysed using a Dionex liquid chromatography instrument
composed of an UV/Vis Dionex UVD170U detector, a P680 Dionex bomb, an ASI-100
Dionex automatic injector and CHROMELEON 6.60 software. Analyses were carried
out with a Kromasil 100 C;g (4.6 mm x 40 mm, 3.5 um) column with a 2-100% B linear
gradient over 7 min at a flow rate of 1 mL/min. Method B: An Agilent Technologies
1200 Series instrument was used. Analyses were carried out with a Kromasil 100 Cyg
(4.6 mm x 40 mm, 3.5 um) column with a 2-100% B linear gradient over 6 min at a
flow rate of 1 mL/min. Method C: An Agilent Technologies 1200 Series instrument was
used. Analyses were carried out with a Kromasil 100 Cig (4.6 mm x 40 mm, 3.5 pm)
column with a 2-100% B linear gradient over 15.5 min at a flow rate of 1 mL/min.
Peptide purifications were carried on a reverse-phase column chromatography
CombiFlash Rf200.

MS (ESI) analyses were performed with an Esquire 6000 ESI Bruker ion Trap

LC/MS instrument equipped with an electrospray ion source (Serveis Técnics de
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Recerca, University of Girona). The instrument was operated in both positive ESI
m/z(+) and negative ESI m/z(-) ion modes. Samples (5 pL) were introduced into the
mass spectrometer ion source directly through a 1200 Series Agilent HPLC
autosampler. The mobile phase (80:20 CH3CN/H0 at a flow rate of 100 uL/min) was
delivered by an Agilent 1200 Series HPLC pump. Nitrogen was employed as both
drying and nebulizing gas.

HRMS were recorded under conditions of ESI with a Bruker MicroTOF-Q I
instrument using a hybrid quadrupole time-of-flight mass spectrometer (Serveis Tecnics
de Recerca, University of Girona). Samples were introduced into the mass spectrometer
ion source by direct infusion through a syringe pump and were externally calibrated
using sodium formate. The instrument was operated in the positive ESI m/z(+) ion

mode.

'H- and *C-NMR spectra were recorded on a Bruker Ultrashield Avance 300 or
400 MHz instrument. Chemical shifts were reported as o values (ppm) directly
referenced to the undeuterated residual solvent signal (i.e. CHCIl3 6 = 7.26 ppm). The
following multiplicity abbreviations are used: (s) singlet, (d) doublet, (dd) double
doublet, (t) triplet, (td) triple doublet, (tt) triple triplet, (m) multiplet and (br) broad
peak.

IR spectra were recorded on a Bruker Alpha FT-IR spectrometer equipped with

a Bruker Platinum ATR accessory. Wavenumbers (v) are expressed in cm ™.

The “&” symbol was used on the one-line formula of cyclic octapeptides and
cyclic depsipeptides to indicate two residues that are linked through an amide or ester
bond. The “&” symbol in a given position indicates the location of one end of the

chemical bond and the point to which it is attached (Gracia et al., 2006).

4.4.2  Synthesis of Amino Acids

Allyl N*-(9-fluorenylmethyloxycarbonyl)-O-tert-butyl-L-tyrosinate (Alsina et

al., 1998): To a solution of commercially available Fmoc-L-Tyr(‘Bu)-OH (2 g, 4.35
mmol) and allyl bromide (20 mL, 231.11 mmol) in CH3CN (60 mL), N,N’-
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diisopropylethylamine (DIEA) (0.76 mL, 4.35 mmol) was added dropwise. The mixture
was stirred at room temperature for 24 h and the reaction was monitored by TLC. The
solvent was then removed under reduced pressure and the resulting residue was taken
up in AcOEt (150 mL). The organic layer was washed with 0.1 N HCI (3x75 mL), 10%
NaHCO;3 (3%x75 mL) and brine (3x75 mL), and it was then dried over anhydrous MgSQO,
and filtered. The solvent was removed under reduced pressure and the crude was
purified by flash chromatography. Elution with n-hexane/AcOEt (13:1) vyielded
quantitatively Fmoc-L-Tyr('Bu)-OAIl as a white solid (2.11 g, 97% vyield). R;
(AcOEt/CH30H/H,0, 5:1:1) = 0.90; IR (neat): 3500-3250 (NHs), 2976 (CHy), 1721
(C=0st), 1505 (NH;), 1449 (CHj 5,5), 1365, 1236, 1159 (CO-Ost 45), 1103, 1048 (N-CO-
Oxt sim), 896 (=CHaoop), 758, 739 cm™; *H-NMR (400 MHz, CDCl3) 5 (ppm): 1.32 (s,
9H, (CHj3)3), 3.07 (dd, J = 6.2, 14.0 Hz, 1H, CH-B), 3.11 (dd, J = 6.0, 14.0 Hz, 1H,
CHy-B), 4.21 (t, 1H, J = 7.0 Hz, 1H, CH-Fmoc), 4.35 (dd, J = 7.0, 10.8 Hz, 1H, OCH,-
Fmoc), 4.43 (dd, J = 7.2, 10.8 Hz, 1H, OCH,-Fmoc), 4.61 (d, J = 5.6 Hz, 2H, OCH,-
All), 4.64-4.69 (m, 1H, CH-a), 5.24-5.33 (m, 3H, =CH,, NH), 5.81-5.91 (m, 1H, =CH),
6.90 (d, J = 8.4 Hz, 2H, CHarome-TYr), 7.00 (d, J = 8.4 Hz, 2H, CHaroms-Tyr), 7.32 (tt, J
= 1.2, 7.6 Hz, 2H, CHaromis-Fmoc), 7.41 (t, J = 7.6 Hz, 2H, CHarom19-Fmoc), 7.58 (dd, J
= 3.2, 7.6 Hz, 2H, CHarom17-Fmoc), 7.77 (d, J = 7.6 Hz, 2H, CHaromzo-Fmoc); 2*C-NMR
(75 MHz, CDClz) & (ppm): 28.95 ((CH3)3), 37.82 (CH,-B), 47.30 (CH-Fmoc), 55.00
(CH-a), 66.20, 67.09 (OCH,-Fmoc, OCHy-All), 78.57 (C(CHg)3), 119.23, 120.12
(CHaromo-Tyr, =CH,) 124.32, 125.20, 127.20, 127.85, 129.95 (CHaroms-TYr, CHarom17-
Fmoc, CHaromis-Fmoc, CHaromio-Fmoc, CHaromzo-FMoc), 130.52, 131.51 (Carom-TVT,
=CH), 141.44, 143.87 (Caromis-Fmoc, Caromz1-Fmoc), 154.66, 155.67 (OCarom-Tyr, HN-
C=0), 171.48 (0-C=0); MS (ESI) m/z: 500.1 [M+H]", 522.2 [M+Na]".

Allyl  N*-(9-fluorenylmethyloxycarbonyl)-O-tert-butyl-D-tyrosinate: ~ This

compound was prepared following the procedure described above for Fmoc-L-Tyr(‘Bu)-
OAIl, starting from commercially available Fmoc-b-Tyr('Bu)-OH (3 g, 6.53 mmol).
Elution with n-hexane/AcOEt (12:1) yielded Fmoc-D-Tyr('Bu)-OAll as a white solid
(3.10 g, 95% yield). R (AcOEt/CH3OH/H,0, 5:1:1) = 0.91; IR (neat): 3500-3250
(NHs), 2976 (CHg), 1721 (C=0Os), 1505 (NH5), 1449 (CHjs 5,5), 1365, 1236, 1159 (CO-
Oxt as), 1103, 1048 (N-CO-O sim), 896 (=CHsoop), 758, 739 cm™; *H-NMR (400 MHz,
CDCl3) 6 (ppm): 1.32 (s, 9H, (CHs)3), 3.06 (dd, J = 5.6, 13.6 Hz, 1H, CH»-), 3.11 (dd,
J =5.6, 13.6 Hz, 1H, CH»-B), 4.21 (t, 1H, J = 7.0 Hz, 1H, CH-Fmoc), 4.35 (dd, J = 7.0,
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10.4 Hz, 1H, OCH,-Fmoc), 4.43 (dd, J = 7.0, 10.4 Hz, 1H, OCH,-Fmoc), 4.61 (d, J =
5.6 Hz, 2H, OCH,-All), 4.64-4.69 (m, 1H, CH-a), 5.23-5.32 (m, 3H, =CH,, NH), 5.81-
5.91 (m, 1H, =CH), 6.90 (d, J = 8.4 Hz, 2H, CHarome-Tyr), 7.01 (d, J = 8.4 Hz, 2H,
CHaroms-Tyr), 7.31 (tt, J = 1.2, 7.6 Hz, 2H, CHaromis-Fmoc), 7.40 (td, J = 0.8, 7.6 Hz,
2H, CHarom19-Fmoc), 7.58 (dd, J = 3.2, 7.6 Hz, 2H, CHarom17-Fmoc), 7.77 (d, J = 7.6
Hz, 2H, CHaromz0-Fmoc); *C-NMR (100 MHz, CDCls) & (ppm): 28.94 ((CHs)3), 37.80
(CH,-B), 47.28 (CH-Fmoc), 55.00 (CH-a), 66.18 (OCH,-All), 67.08 (OCH,-Fmoc),
78.56 (C(CHa)s), 119.21, 120.11 (CHarome-Tyr, =CHy), 124.31, 125.19, 127.19, 127.84,
129.94 (CHaroms-Tyr, CHaromi7-Fmoc, CHaromis-Fmoc, CHaromio-Fmoc, CHaromzo-
Fmoc), 130.53, 131.48 (Carom7r-Tyr, =CH), 141.43, 143.86 (Caromis-Fmoc, Caroma21-
Fmoc), 154.61, 155.66 (OCarom-Tyr, HN-C=0), 171.38 (O-C=0); MS (ESI) m/z: 500.1
[M+H], 522.2 [M+Na]", 538.2 [M+K]".

Allyl __N*(9-fluorenylmethyloxycarbonyl)-L-tyrosinate: ~ Fmoc-L-Tyr(‘Bu)-
OAIl (1.71 g, 3.43 mmol) was dissolved in TFA/CH,CI, (1:1) and the mixture was

stirred at room temperature for 3 h. After this time, the solution was concentrated to

dryness in vacuo, followed by repeated washings and evaporations with diethyl ether.
Digestion of the resulting residue with pentane yielded Fmoc-L-Tyr-OAll as a white
solid (1.39 g, 91% yield). IR (neat): 3311 (OHy), 1717 (C=04), 1685 (NH(C=0)-Oyy),
1514 (NHs), 1449 (CHys), 1311, 1254, 1218 (C-Oy, arC-OHy), 1087, 1031, 933, 825,
757, 733 cm™; *H-NMR (400 MHz, CDCls) & (ppm): 3.02 (dd, J = 6.0, 14.0 Hz, 1H,
CH,-B), 3.09 (dd, J = 6.0, 14.0 Hz, 1H, CH,-B), 4.20 (t, 1H, J = 7.2 Hz, 1H, CH-Fmoc),
4.35 (dd, J = 7.2, 10.4 Hz, 1H, OCH,-Fmoc), 4.44 (dd, J = 7.2, 10.4 Hz, 1H, OCH,-
Fmoc), 4.63 (d, J = 6.0 Hz, 2H, OCH,-All), 4.65-4.68 (m, 1H, CH-a), 5.25-5.35 (m, 3H,
=CH,, NH), 5.84-5.93 (m, 1H, =CH), 6.72 (d, J = 8.4 Hz, 2H, CHaromo-TYr), 6.95 (d, J
= 8.4 Hz, 2H, CHaroms-Tyr), 7.31 (td, J = 1.2, 7.2 Hz, 2H, CHarom16-FmMoc), 7.40 (t, J =
7.2 Hz, 2H, CHarom17-Fmoc), 7.56 (dd, J = 3.6, 7.2 Hz, 2H, CHarwmis-Fmoc), 7.76 (d, J
= 7.6 Hz, 2H, CHaromis-Fmoc); *C-NMR (100 MHz, CDCl3) & (ppm): 37.55 (CH,-p),
47.21 (CH-Fmoc), 55.08 (CH-a), 66.32 (OCH»-All), 67.19 (OCH,-Fmoc), 115.63
(CHaromo-Tyr), 119.38 (=CH,), 120.11 (CHaromis-Fmoc), 125.16 (CHaromis-Fmoc),
127,19 (CHaromis-Fmoc), 127.45 (Carom7-Tyr), 127.86 (CHaromi7-Fmoc), 130.62
(CHawoms-Tyr), 131.40 (=CH), 141.41, 143.74 (Caromia-Fmoc, Caromis-Fmoc), 155.11
(OCq-arom TYr), 155.89 (HN-C=0), 171.55 (O-C=0); MS (ESI) m/z: 222.0 [M+2H]*,
444.0 [M+H]", 466.1 [M+Na]".
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Allyl N“-(9-fluorenylmethyloxycarbonyl)-b-tyrosinate: This compound was

prepared following the procedure described for Fmoc-L-Tyr-OAll starting from Fmoc-
D-Tyr(‘Bu)-OAll (2.49 g, 4.99 mmol). Fmoc-D-Tyr-OAll was obtained quantitatively as
a white solid (2.21 g, 99% vyield). IR (neat): 3311 (OHg), 1717 (C=0), 1685
(NH(C=0)-Og), 1514 (NHs), 1449 (CHys), 1311, 1254 (C-Oy, arC-OHg), 1087, 1031,
933, 825, 757, 733 cm™; *H-NMR (400 MHz, CDCl3) & (ppm): 3.02 (dd, J = 6.0, 14.0
Hz, 1H, CHx-P), 3.09 (dd, J = 5.6, 14.0 Hz, 1H, CH»-B), 4.20 (t, 1H, J = 7.2 Hz, 1H,
CH-Fmoc), 4.36 (dd, J = 7.2, 10.4 Hz, 1H, OCH,-Fmoc), 4.43 (dd, J = 7.2, 10.4 Hz, 1H,
OCH,-Fmoc), 4.63 (d, J = 6.0 Hz, 2H, OCH,-All), 4.65-4.69 (m, 1H, CH-a), 5.26-5.35
(m, 3H, =CH,, NH), 5.84-5.92 (m, 1H, =CH), 6.72 (d, J = 8.4 Hz, 2H, CHaromg-TYr),
6.95 (d, J = 8.4 Hz, 2H, CHaroms-TYr), 7.31 (td, J = 1.2, 7.6 Hz, 2H, CHaromis-FMOC),
7.40 (t, J = 7.6 Hz, 2H, CHarom17-Fmoc), 7.56 (dd, J = 3.2, 7.6 Hz, 2H, CHarom15-Fmoc),
7.76 (d, J = 7.6 Hz, 2H, CHaromis-Fmoc); *C-NMR (100 MHz, CDCl3) & (ppm): 37.56
(CH,-B), 47.23 (CH-Fmoc), 55.08 (CH-a), 66.34 (OCH,-Al), 67.18 (OCH,-Fmoc),
115.63 (CHaromo-TYr), 119.40 (=CH-Al), 120.14 (CHarom1s-TYr), 125.25 (CHarom1s-
Fmoc), 127,21 (CHaromis-FMoc), 127.51 (Carom7-TYr), 127.87 (CHarom17-TYr), 130.66
(CHawoms-Tyr), 131.44 (=CH), 141.43, 143.77 (Caromia-Fmoc, Caromis-Fmoc), 155.09
(OCqy arom-Tyr), 155.86 (NH-C=0), 171.56 (O-C=0); MS (ESI) m/z: 222.0 [M+2H]*,
444.0 [M+H]", 466.1 [M+Na]".

N”-(p-Nitrobenzyloxycarbonyl)-O-tert-butyl-L-tyrosine (Isidro-Llobet et al.,
2005): NaN3 (164.37 mg, 2.53 mmol) was dissolved in H,O (0.66 mL) and the mixture
was added to a solution of pNz-Cl (468.3 mL, 2.11 mmol) in 1,4-dioxane (0.92 mL).
The mixture was stirred at room temperature for 2 h until the formation of p-
nitrobenzylazidoformate (pNz-N3). Next, a solution of H-L-Tyr(‘Bu)-OH (500 mg, 2.11

mmols) in 1% Na,COs/1,4-dioxane (1:1, 2.63 mL) was added dropwise. The resulting
white suspension was stirred for 48 h at room temperature keeping the pH between 8
and 10 by addition of 10% Na,COs3; The progress of the reaction was monitored by
TLC. Once the reaction was completed, H,O (30 mL) was added and the resulting
suspension was washed with tert-butyl methyl ether (3x15 mL). The aqueous portion
was acidified to pH 2 with 3 N HCI and a precipitate appeared, which was filtered off
and dried to yield pNz-L-Tyr(‘Bu)-OH as a white solid (653.3 mg, 75% vyield). *H-NMR
(400 MHz, CD30D) 6 (ppm): 1.31 (s, 9H, (CHj3)3), 2.87 (dd, J = 9.6, 14.0 Hz, 1H, CH,-
B), 3.20 (dd, J = 4.6, 14.0 Hz, 1H, CH-B), 4.39 (dd, J = 4.6, 9.6 Hz, 1H, CH-a), 5.09 (d,
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J = 13.8 Hz, 1H, OCH,), 5.19 (d, J = 13.8 Hz, 1H, OCH,), 6.88 (d, J = 8.6 Hz, 2H,
CHaroma-Tyr), 7.14 (d, J = 8.6 Hz, 2H, CHawomz-Tyr), 7.45 (d, J = 8.8 Hz, 2H, CHaromz-
pNz), 8.20 (d, J = 8.8 Hz, 2H, CHaroms-pNz); *C-NMR (100 MHz, CD30D) & (ppm):
29.18 ((CHs)s), 38.26 (CHy-B), 57.30 (CH-a), 65.92 (OCHy), 79.45 (C(CHa)s), 124.54,
125.07 (CHaroma-TYr, CHaroms-pNz), 128.87, 130.87 (CHarom2-TYr, CHaromz-pN2),
133.92 (Carom1-Tyr), 146.11, 148.84 (Caromi-PNZ, Caroma-PNZ), 155.27 (OCaroma-Tyr),
157.82 (HN-C=0), 175.70 (COOH).

N*-(p-Nitrobenzyloxycarbonyl)-L-tyrosine: This compound was prepared

following the procedure described for Fmoc-L-Tyr-OAll starting from pNz-L-Tyr(‘Bu)-
OH (613.3 mg, 1.47 mmol). pNz-L-Tyr-OH was obtained quantitatively as a white solid
(478.1 mg, 90% yield). IR (neat): 3325 (COO-Hy), 1697 (C=Os), 1608, 1512 (NO; s ),
1441, 1343 (NO; & sim), 1201, 1105, 1059 cm™; *H-NMR (400 MHz, CD;0D) & (ppm):
2.82 (dd, J = 9.6, 14.0 Hz, 1H, CH,-B), 3.13 (dd, J = 4.8, 14.0 Hz, 1H, CH.-B), 4.38 (dd,
J=4.8,9.6 Hz, 1H, CH-a), 5.11 (d, J = 14.0 Hz, 1H, OCH,), 5.19 (d, J = 14.0 Hz, 1H,
OCHy,), 6.70 (d, J = 8.4 Hz, 2H, CHaromz-Tyr), 7.05 (d, J = 8.4 Hz, 2H, CHarom2-TYr),
7.45 (d, J = 8.8 Hz, 2H, CHarom2-pN2z), 8.19 (d, J = 8.8 Hz, 2H, CHarom3-pNz); Bc-
NMR (100 MHz, CDs;OD) & (ppm): 37.87 (CH,-B), 57.03 (CH-a), 65.97 (OCHy),
116.16 (CHaroms-Tyr), 124.50 (CHaroms-pNz), 128.77, 129.16 (CHarom2-TYr, CHaromz-
pNz), 131.31 (Caromi-Tyr), 146.06, 148.79 (Carom1-PNZ, Caroma-PNZz), 157.29, 157.94
(OCaroma-Tyr, HN-C=0), 175.17 (COOH); MS (ESI) m/z : 361.0 [M+H]*, 383.0
[M+Na]".

N*-Allyloxycarbonyl-L-isoleucine (Cruz et al., 2004): NaN; (1.49 g, 22.89

mmol) was dissolved in H,O (4 mL) and the mixture was added to a solution of Alloc-

Cl (2 mL, 18.31 mmol) in 1,4-dioxane (5 mL). The mixture was stirred at room
temperature for 1 h until the formation of allylazidoformate (Alloc-N3). Afterwards, a
solution of H-L-lle-OH (2 g, 15.26 mmols) in 1% Na,CO3/1,4-dioxane (1:1, 44.5 mL)
was added dropwise and the mixture was stirred for 48 h at room temperature. The
progress of the reaction was monitored by TLC and the pH was kept between 8 and 10
by addition of 10% Na,CO3. Once the reaction was completed, H,O (44 mL) was added
keeping the pH between 9 and 10 by addition of 10% Na,COj3. The resulting suspension
was washed with tert-butyl methyl ether (3x60 mL), the aqueous layer was acidified to
pH 2 with 2 N HCI and extracted with AcOEt (3x60 mL). The combined organic layers
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were dried over anhydrous MgSO, and filtered. The solvent was removed under
reduced pressure to afford Alloc-L-1le-OH as a colorless oil (3.25 g, 99% vyield), which
was immediately used without purification. R; (AcOEt/CH3OH/NHg, 5:1:1) = 0.27; IR
(neat): 3500-3250 (NHs;), 2965 (COO-Hs;), 1703 (C=0s), 1520 (NH;), 1407, 1209 (CO-
Oy), 1120, 1041 cm™; *H-NMR (400 MHz, CDCls) & (ppm): 0.93 (t, J = 7.2 Hz, 3H,
CHs), 0.97 (d, J = 6.8 Hz, 3H, CHj), 1.16-1.28 (m, 1H, CHy-lle), 1.42-1.50 (m, 1H,
CHo-1le), 1.93-1.95 (m, 1H, CH-P), 4.36 (dd, J = 4.8, 9.2 Hz, 1H, CH-0), 4.57 (d, J =
5.6 Hz, 2H, OCH,-Alloc), 5.22 (dd, J = 1.2, 10.4 Hz, 1H, =CH,), 5.31 (dd, J = 1.2, 13.2
Hz, 1H, =CH,), 5.86-5.96 (m, 1H, =CH), 6.21 (d, J = 7.6 Hz, 1H, NH), 9.02 (br, 1H,
COOH); *C-NMR (75 MHz, CDCls) & (ppm): 11.60 (CHs), 15.51 (CHs), 24.82 (CH,-
lle), 37.72 (CH-B), 58.23 (CH-a), 66.01 (OCH,-Alloc), 118.01 (=CH,), 132.52 (=CH),
156.14 (HN-C=0), 176.71 (O-C=0); MS (ESI) m/z: 216.0 [M+H]*, 238.0 [M+Na]".

4.4.3 Solid-Phase Synthesis of cyclic octapeptides

4.43.1 General method for the synthesis of linear peptidyl resins

Peptides were synthesized manually by the solid-phase method starting from
Fmoc-Rink-ChemMatrix (0.66 mmol/g) resin. Peptide synthesis was performed in a
polypropylene syringe fitted with a polyethylene porous disc. Solvents and soluble
reagents were removed by filtration. Sequential Fmoc group removal and couplings
steps were carried out. The Fmoc group was removed using piperidine/DMF (3:7, 1x2 +
3x%10 min). Couplings of the corresponding Fmoc- or Boc-amino acids (4 equiv) were
carried out with ethyl 2-cyano-2-(hydroxyimino)acetate (Oxyma) (4 equiv) and N,N -
diisopropylcarbodiimide (DIPCDI) (4 equiv) in N,N’-dimethylformamide (DMF) at
room temperature for 3 h. The completion of the reactions was checked by the Kaiser
(Kaiser et al., 1970) or the chloranil test (Adamson et al., 1992). After each coupling
and deprotection step, the resin was washed with DMF (6x1 min) and CH,Cl, (3x1
min), and air-dried. An aliquot of the resulting peptidyl resin was treated with
trifluoroacetic acid (TFA)/H,O/triisopropylsilane (TIS) (95:2.5:2.5) for 2 h at room

temperature. Following TFA evaporation and diethyl ether extraction, the crude peptide
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was dissolved in H,O/CH3CN, lyophilized, analyzed by HPLC and characterized by
mass spectrometry.

Boc-Phe[4-NH-1le-Tyr(‘Bu)-Fmoc]-Thr('Bu)-Glu(O'Bu)-Val-Pro-Glu(Rink-
ChemMatrix)-OAll. Starting from Fmoc-Rink-ChemMatrix resin (0.66 mmol/g), the
peptidyl resin  Fmoc-Thr(‘Bu)-Glu(O'Bu)-Val-Pro-Glu(Rink-ChemMatrix)-OAll was
prepared following the procedure described above. Acidolytic cleavage of an aliquot of
this peptidyl resin afforded Fmoc-Thr-Glu-Val-Pro-GIn-OAll in 93% purity. HPLC (1 =
220 nm, Method A) tg = 7.55 min. Further elongation of the peptide sequence provided
the peptidyl resin Boc-Phe[4-NH-lle-Tyr(‘Bu)-Fmoc]-Thr(‘Bu)-Glu(O'Bu)-Val-Pro-
Glu(Rink-ChemMatrix)-OAll. Acidolytic cleavage of an aliquot of this peptidyl resin
afforded H-Phe(4-NH-lle-Tyr-Fmoc)-Thr-Glu-Val-Pro-GIn-OAll in 93% purity. HPLC
(A = 220 nm, Method A) tz = 7.68 min; MS (ESI) m/z(+): 1273.7 [M+H]", 1295.7
[M+Na]", 1311.7 [M+K]".

Boc-Phe[4-NH-1le-D-Tyr(‘Bu)-Fmoc]-b-Thr(‘Bu)-Glu(O'Bu)-p-Val-Pro-Glu(Rink-
ChemMatrix)-OAll. Starting from Fmoc-Rink-ChemMatrix resin (0.66 mmol/g), this
peptidyl resin was prepared following the general procedure described above.
Acidolytic cleavage of an aliquot of this peptidyl resin afforded H-Phe(4-NH-1le-D-Tyr-
Fmoc)-D-Thr-Glu-b-Val-Pro-GIn-OAll in 94% purity. HPLC (4 = 220 nm, Method A) tr
= 7.66 min.

Boc-Phe[4-NH-1le-D-Tyr(‘Bu)-Fmoc]-D-Thr('Bu)-Glu(O'Bu)-b-Ala-Pro-Glu(Rink-
ChemMatrix)-OAll. Starting from Fmoc-Rink-ChemMatrix resin (0.66 mmol/g), this
peptidyl resin was prepared following the general procedure described above.
Acidolytic cleavage of an aliquot of this peptidyl resin afforded H-Phe(4-NH-1le-D-Tyr-
Fmoc)-D-Thr-Glu-p-Ala-Pro-GIn-OAll in 96% purity. HPLC (4 = 220 nm, Method A) tr
= 7.51 min.

Boc-Phe[4-NH-1le-D-Tyr(‘Bu)-Fmoc]-p-Ser(‘Bu)-Glu(O'Bu)-b-Ala-Pro-Glu(Rink-
ChemMatrix)-OAll. Starting from Fmoc-Rink-ChemMatrix resin (0.66 mmol/g), this
peptidyl resin was prepared following the general procedure described above.
Acidolytic cleavage of an aliquot of this peptidyl resin afforded H-Phe(4-NH-lle-D-Tyr-
Fmoc)-D-Ser-Glu-D-Ala-Pro-GIn-OAll in 95% purity. HPLC (1 = 220 nm, Method A) tr
=7.52 min.
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Boc-Phe[4-NH-1le-D-Tyr(‘Bu)-Fmoc]-p-Ser(‘Bu)-Glu(O'Bu)-b-Val-Pro-Glu(Rink-
ChemMatrix)-OAll. Starting from Fmoc-Rink-ChemMatrix resin (0.66 mmol/g), this
peptidyl resin was prepared following the general procedure described above.
Acidolytic cleavage of an aliquot of this peptidyl resin afforded H-Phe(4-NH-1le-D-Tyr-
Fmoc)-D-Ser-Glu-D-Val-Pro-GIn-OAll in 96% purity. HPLC (1 = 220 nm, Method A) tr
= 7.64 min.

4.4.3.2 General method for the allyl and Fmoc group removal from

linear peptidyl resins

The corresponding linear peptidyl resin was treated with Pd(PPhs)4 (5 equiv) in
CHCI3/AcOH/N-methylmorpholine (NMM) (3:2:1) under nitrogen for 3 h. Then, the
resin was washed with tetrahydrofuran (THF) (3%2 min), DMF (3%x2 min),
DIEA/CH,CI; (1:19, 3%2 min), sodium N,N’-diethyldithiocarbamate (0.03 M in DMF,
3x15 min), DMF (1x10 min) and CH.Cl, (3%x2 min). Next, the Fmoc group was
removed with piperidine/DMF (3:7, 1x2 + 2x10 min) followed by washes with DMF
(6x1 min) and CH,Cl, (3%x1 min). An aliquot of the resulting resin was exposed to
TFA/H,O/TIS (95:2.5:2.5) for 2 h at room temperature. The resulting crude peptide was

analized by HPLC and characterized by mass spectrometry.

Boc-Phe[4-NH-1le-Tyr(‘Bu)-H]-Thr('Bu)-Glu(O'Bu)-Val-Pro-Glu(Rink-

ChemMatrix)-OH.  Starting from  Boc-Phe[4-NH-lle-Tyr('Bu)-Fmoc]-Thr(‘Bu)-
Glu(O'Bu)-Val-Pro-Glu(Rink-ChemMatrix)-OAll resin, the allyl and Fmoc groups were
cleaved following the general procedure described above. Acidolytic cleavage of an
aliquot of the resulting peptidyl resin afforded H-Phe(4-NH-Ille-Tyr-H)-Thr-Glu-Val-
Pro-GIn-OH in >99% purity. HPLC (4 = 220 nm, Method A) tg = 5.70 min; MS (ESI)
m/z(+): 506.2 [M+2H]*?, 1011.6 [M+H]", 1033.6 [M+Na]*, 1049.5 [M+K]".

Boc-Phe[4-NH-1le-D-Tyr(‘Bu)-H]-D-Thr(‘Bu)-Glu(O'Bu)-D-Val-Pro-Glu(Rink-

ChemMatrix)-OH. Starting from Boc-Phe[4-NH-Ile-D-Tyr(‘Bu)-Fmoc]-D-Thr(‘Bu)-
Glu(O'Bu)-b-Val-Pro-Glu(Rink-ChemMiatrix)-OAll, the allyl and Fmoc groups were
cleaved following the general procedure described above. Acidolytic cleavage of an
aliquot of the resulting peptidyl resin afforded H-Phe(4-NH-lle-D-Tyr-H)-D-Thr-Glu-D-
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Val-Pro-GIn-OH in 94% purity. HPLC (4 = 220 nm, Method A) tg = 6.03 min; MS
(ESI) m/z(+): 506.2 [M+2H]*?, 1011.6 [M+H]*, 1033.6 [M+Na]".

Boc-Phe[4-NH-1le-D-Tyr(‘Bu)-H]-D-Thr('Bu)-Glu(O'Bu)-D-Ala-Pro-Glu(Rink-
ChemMatrix)-OH. Starting from Boc-Phe[4-NH-Ile-D-Tyr(‘Bu)-Fmoc]-D-Thr(‘Bu)-
Glu(O'Bu)-D-Ala-Pro-Glu(Rink-ChemMiatrix)-OAll, the allyl and Fmoc groups were
cleaved following the general procedure described above. Acidolytic cleavage of an
aliquot of the resulting peptidyl resin afforded H-Phe(4-NH-Ile-D-Tyr-H)-D-Thr-Glu-D-
Ala-Pro-GIn-OH in 91% purity. HPLC (4 = 220 nm, Method A) tz = 5.86 min; MS
(ESI) m/z(+): 983.6 [M+H]", 1005.5 [M+Na]".

Boc-Phe[4-NH-1le-D-Tyr(‘Bu)-H]-p-Ser(‘Bu)-Glu(O'Bu)-p-Ala-Pro-Glu(Rink-
ChemMatrix)-OH. Starting from Boc-Phe[4-NH-Ile-D-Tyr(‘Bu)-Fmoc]-D-Ser(‘Bu)-
Glu(O'Bu)-D-Ala-Pro-Glu(Rink-ChemMatrix)-OAll the allyl and Fmoc groups were
cleaved following the general procedure described above. Acidolytic cleavage of an
aliquot of the resulting peptidyl resin afforded H-Phe(4-NH-Ile-D-Tyr-H)-D-Ser-Glu-D-
Ala-Pro-GIn-OH in >99% purity. HPLC (4 = 220 nm, Method A) tz = 5.86 min; MS
(ESI) m/z(+): 485.1 [M+2H]**, 969.5 [M+H]", 991.5 [M+Na]".

Boc-Phe[4-NH-1le-D-Tyr(‘Bu)-H]-p-Ser(‘Bu)-Glu(O'Bu)-p-Val-Pro-Glu(Rink-
ChemMatrix)-OH. Starting from Boc-Phe[4-NH-lle-D-Tyr(‘Bu)-Fmoc]-b-Ser(‘Bu)-
Glu(O'Bu)-D-Val-Pro-Glu(Rink-ChemMatrix)-OAll, the allyl and Fmoc groups were
cleaved following the general procedure described above. Acidolytic cleavage of an
aliquot of the resulting peptidyl resin afforded H-Phe(4-NH-Ile-D-Tyr-H)-D-Ser-Glu-D-
Val-Pro-GIn-OH in 99% purity. HPLC (4 = 220 nm, Method A) tg = 6.02 min; MS
(ESI) m/z(+): 499.1 [M+2H]**, 997.5 [M+H]", 1019.5 [M+Na]".

4.4.3.3 General method for the synthesis of cyclic peptides

The corresponding linear peptidyl resin was treated with [ethyl
cyano(hydroxyimino)acetato-O?]tri-(1-pyrrolidinyl)-phosphonium hexafluorophosphate
(PyOxim) (5 equiv), Oxyma (5 equiv) and DIEA (10 equiv) in DMF under stirring for
24 h. Afterwards, the resin was washed with DMF (6x1 min) and CH,Cl, (3%x1 min).
The completion of the cyclization was checked with the Kaiser test (Kaiser et al., 1970).
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The resulting peptidyl resin was treated with TFA/H,O/TIS (95:2.5:2.5) for 2 h at room
temperature, followed by TFA evaporation and diethyl ether extraction. The resulting
crude peptide was dissolved in H,O/CH3;CN, lyophilized, analyzed by HPLC and

characterized by mass spectrometry.

H-Phe(4-NH-&)-Thr-Glu-Val-Pro-GIn-Tyr-lle-& (1). Starting from Boc-Phe[4-NH-
lle-Tyr("Bu)-H]-Thr('Bu)-Glu(O'Bu)-Val-Pro-Glu(Rink-ChemMatrix)-OH  resin, this
cyclic octapeptide was prepared following the general procedure described above.
Acidolytic cleavage of the resulting peptidyl resin afforded H-Phe(4-NH-&)-Thr-Glu-
Val-Pro-GIn-Tyr-lle-& (1) as a broad peak by HPLC (4 = 220 nm, Method A, tz = 6.66
min). MS (ESI) m/z(+): 993.6 [M+H]"+[Mpime+2H]**, 1015.6 [M+Na]*, 1031.6
[M+K]", 1987.2 [MpimertH]".

H-Phe(4-NH-&)-D-Thr-Glu-D-Val-Pro-GIn-D-Tyr-lle-& (BPC862). Starting from
Boc-Phe[4-NH-Ile-D-Tyr(‘Bu)-H]-p-Thr(‘Bu)-Glu(O'Bu)-b-Val-Pro-Glu(Rink-
ChemMatrix)-OH, this cyclic octapeptide was prepared following the general procedure
described above. Acidolytic cleavage of the resulting peptidyl resin afforded H-Phe(4-
NH-&)-D-Thr-Glu-D-Val-Pro-GIn-D-Tyr-lle-& (BPC862) (39% purity) together with
the dimeric compound (61% purity). Reverse-phase column chromatography eluting
with H,O/CH3CN (65:35) afforded the expected cyclic octapeptide BPC862 in >99%
purity. HPLC (1 = 220 nm, Method A) tg = 6.34 min. MS (ESI) m/z(+): 993.6 [M+H]",
1015.6 [M+Na]".

H-Phe(4-NH-&)-D-Thr-Glu-D-Ala-Pro-GIn-D-Tyr-lle-& (BPC864). Starting from
Boc-Phe[4-NH-Ile-D-Tyr(‘Bu)-H]-D-Thr(‘Bu)-Glu(O'Bu)-D-Ala-Pro-Glu(Rink-
ChemMiatrix)-OH, this cyclic octapeptide was prepared following the general procedure
described above. Acidolytic cleavage of the resulting peptidyl resin afforded H-Phe(4-
NH-&)-D-Thr-Glu-D-Ala-Pro-GIn-D-Tyr-lle-& (BPC864) (41% purity) together with
the dimeric compound (57% purity). Reverse-phase column chromatography eluting
with H,O/CH3CN (68:32) afforded the expected cyclic octapeptide BPC864 in >99%
purity. HPLC (1 = 220 nm, Method A) tg = 6.24 min. MS (ESI) m/z(+): 965.5 [M+H]",
987.4 [M+Na]".

H-Phe(4-NH-&)-D-Ser-Glu-D-Ala-Pro-GIn-D-Tyr-lle-& (BPC866). Starting from
Boc-Phe[4-NH-Ile-D-Tyr(‘Bu)-H]-D-Ser(‘Bu)-Glu(O'Bu)-D-Ala-Pro-Glu(Rink-
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ChemMatrix)-OH, this cyclic octapeptide was prepared following the general procedure
described above. Acidolytic cleavage of the resulting peptidyl resin afforded H-Phe(4-
NH-&)-D-Ser-Glu-D-Ala-Pro-GlIn-D-Tyr-lle-& (BPC866) (53% purity) together with
the dimeric compound (47% purity). Reverse-phase column chromatography eluting
with H,O/CH3CN (68:32) afforded the expected cyclic octapeptide BPC866 in >99%
purity. HPLC (1 = 220 nm, Method A) tz = 6.11 min. MS (ESI) m/z(+): 951.6 [M+H]",
973.6 [M+Na]".

H-Phe(4-NH-&)-D-Ser-Glu-D-Val-Pro-GIn-D-Tyr-lle-& (BPC868). Starting from
Boc-Phe[4-NH-Ile-D-Tyr(‘Bu)-H]-D-Ser(‘Bu)-Glu(O'Bu)-D-Val-Pro-Glu(Rink-
ChemMatrix)-OH, this cyclic octapeptide was prepared following the general procedure
described above. Acidolytic cleavage of the resulting peptidyl resin afforded H-Phe(4-
NH-&)-D-Ser-Glu-D-Val-Pro-GIn-D-Tyr-lle-& (BPC868) (56% purity) together with
the dimeric compound (44% purity). Reverse-phase column chromatography eluting
with H,O/CH3CN (66:34) afforded the expected cyclic octapeptide BPC868 in >99%
purity. HPLC (1 = 220 nm, Method A) tg = 6.29 min. MS (ESI) m/z(+): 979.6 [M+H]",
1001.6 [M+Na]".

4.4.4  Solid-Phase Synthesis of cyclic octadepsipeptides

4.4.4.1 Synthesis of Fmoc-L-Tyr(Wang)-OAll or Fmoc-D-
Tyr(Wang)-OAll

Wang resin (450 mg, 1.1 mmol/g) was placed on a 35 mL reaction vessel and
swollen in dry THF for 30 min. Fmoc-L-Tyr-OAll or Fmoc-D-Tyr-OAll (878.11 mg,
1.98 mmol) and PPh3 (519.35 mg, 1.98 mmol) were dissolved in dry THF (3 mL), and
added to the resin. The resulting mixture was cooled at 0 °C and a solution of
diisopropyl azodicarboxylate (DIAD) (410 pL, 1.98 mmol) in dry THF (0.5 mL) was
then added dropwise. After 1 h at 0 °C, the mixture was left to warm to room
temperature and either shaken for 24 h (Cabrele et al., 1999; Thutewohl and Waldmann,
2003) (conditions A) or heated in a microwave reactor at 60 °C for 30 min (conditions

B). Next, the reaction mixture was transferred to a polypropylene syringe and filtered
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off. The resulting resin was washed with THF (3x2 min), CH,Cl, (3%2 min), DMF/H,0
(1:1, 3x2 min), DMF (3%2 min), CH3OH (3x2 min), CH,ClI; (3x2 min) and diethyl ether
(3%x2 min), and dried in vacuo. The loading of the resulting resin was determined by the
Fmoc test (Grant, 1992), being 0.22 mmol/g for Fmoc-L-Tyr(Wang)-OAll and 0.33
mmol/g for Fmoc-D-Tyr(Wang)-OAll. The racemization of the anchored amino acid
was evaluated using the Marfey’s reagent (Adamson et al., 1992). Finally, the resin was
acetylated with acetic anhydride/pyridine/CH,Cl, (86:7:7, 2x30 min), washed with
CH,Cl, (3%x2 min), DMF (3x2 min), CH30H (3%1 min), CH,Cl, (3%x2 min) and diethyl
ether (3 x 2 min), and dried in vacuo (Thutewohl and Waldmann, 2003).

4.4.4.2 Synthesis of the linear peptidyl resins

Starting from resins Fmoc-Rink-MBHA resin, Fmoc-L-Tyr(Wang)-OAll or
Fmoc-D-Tyr(Wang)-OAll, the following peptidyl resins were synthesized according to

the general solid-phase procedure described in section 4.4.3.1.

Boc-Tyr-Thr('Bu)-Glu(O'Bu)-Val-Pro-Glu(Rink-MBHA)-OAIl (3a). This peptidyl
resin was prepared starting from Fmoc-Rink-MBHA resin (0.40 mmol/g). Acidolytic
cleavage of an aliquot of this peptidyl resin afforded H-Tyr-Thr-Glu-Val-Pro-GIn-OAll
in >99% purity. HPLC (1 = 220 nm, Method A) tg = 6.33 min.

pNZ-Tyr-Thr('Bu)-Glu(O'Bu)-Val-Pro-Glu(Rink-MBHA)-OAIll (3b). This peptidyl
resin was prepared starting from Fmoc-Rink-MBHA resin (0.40 mmol/g). Acidolytic
cleavage of an aliquot of this peptidyl resin afforded pNz-Tyr-Thr-Glu-Val-Pro-Glin-
OAll in 74% purity. HPLC (4 = 220 nm, Method B) tg: = 3.51 min. MS (ESI) m/z(+):
955.4 [M+H]", 977.5 [M+Na]*, 993.4 [M+K]".

pNZ-Tyr-Thr('Bu)-Glu(O'Bu)-Val-Pro-GIn(Tr)-Tyr(Wang)-Oall (5). This peptidyl
resin was prepared starting from Fmoc-L-Tyr(Wang)-OAll (0.22 mmol/g). Acidolytic
cleavage of an aliquot of the resulting resin afforded pNZ-Tyr-Thr-Glu-Val-Pro-Glin-
Tyr-OAll in 82% purity. HPLC (4 = 220 nm, Method B) tg = 3.97 min; MS (ESI)
m/z(+): 1118.6 [M+H]", 1140.6 [M+Na]", 1156.5 [M+K]".
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pNZ-Tyr-D-Thr('Bu)-Glu(O'Bu)-D-Val-Pro-GIn(Tr)-D-Tyr(Wang)-OAll. This
peptidyl resin was prepared starting from Fmoc-D-Tyr(Wang)-OAll (0.33 mmol/g).
Acidolytic cleavage of an aliquot of the resulting resin afforded pNZ-Tyr-D-Thr-Glu-D-
Val-Pro-GIn-D-Tyr-OAll in 65% purity. HPLC (4 = 220 nm, Method A) tg = 7.28 min;
MS (ESI) m/z(+): 1118.5 [M+H]", 1140.4 [M+Na]", 1156.4 [M+K]".

Boc-Tyr-D-Thr('Bu)-Glu(O'Bu)-bD-Val-Pro-GIn(Tr)-b-Tyr(Wang)-OAIl  (9). This
peptidyl resin was prepared starting from Fmoc-D-Tyr(Wang)-OAll (0.33 mmol/g).
Acidolytic cleavage of an aliquot of the resulting resin afforded H-Tyr-D-Thr-Glu-D-
Val-Pro-GIn-D-Tyr-OAll in 77% purity. HPLC (4 = 220 nm, Method A) tg = 6.60 min;
MS (ESI) m/z(+): 939.5 [M+H]"; MS (ESI) m/z(-): 937.4 [M-H]", 959.4 [M+Na-2H]".

Boc-Tyr-D-Ser(‘Bu)-Glu(O'Bu)-D-Val-Pro-GIn(Tr)-d-Tyr(Wang)-OAll. This
peptidyl resin was prepared starting from Fmoc-D-Tyr(Wang)-OAll (0.33 mmol/g).
Acidolytic cleavage of an aliquot of the resulting resin afforded H-Tyr-D-Ser-Glu-D-
Val-Pro-GIn-D-Tyr-OAll in 87% purity. HPLC (4 = 220 nm, Method A) tg = 6.58 min;
MS (ESI) m/z(+): 925.5 [M+H]", 947.5 [M+Na]*; MS (ESI) m/z(-): 923.4 [M-H], 945.3
[M+Na-2H]".

Boc-Tyr-D-Thr('Bu)-Glu(O'Bu)-b-Ala-Pro-GIn(Tr)-D-Tyr(Wang)-OAll. This
peptidyl resin was prepared starting from Fmoc-D-Tyr(Wang)-OAll (0.33 mmol/g).
Acidolytic cleavage of an aliquot of the resulting resin afforded H-Tyr-D-Thr-Glu-D-
Ala-Pro-GIn-D-Tyr-OAll in 77% purity. HPLC (4 = 220 nm, Method A) tg = 6.38 min;
MS (ESI) m/z(+): 911.5 [M+H]", 933.4 [M+Na]"*; MS (ESI) m/z(-): 909.4 [M-H], 931.3
[M+Na-2H]".

Boc-Tyr-D-Ser(‘Bu)-Glu(O'Bu)-bD-Ala-Pro-GIn(Tr)-b-Tyr(Wang)-OAll. This
peptidyl resin was prepared starting from Fmoc-D-Tyr(Wang)-OAll (0.33 mmol/g).
Acidolytic cleavage of an aliquot of the resulting resin afforded H-Tyr-D-Ser-Glu-D-
Ala-Pro-GIn-D-Tyr-OAll in 83% purity. HPLC (4 = 220 nm, Method A) tg = 6.28 min;
MS (ESI) m/z(+): 897.4 [M+H]", 919.4 [M+Na]"*; MS (ESI) m/z(-): 895.3 [M-H], 917.3
[M+Na-2H]".

Boc-D-Tyr-b-Thr(‘Bu)-Glu(O'Bu)-b-Val-Pro-GIn(Tr)-Tyr(Wang)-OAll. This
peptidyl resin was prepared starting from Fmoc-L-Tyr(Wang)-OAll (0.22 mmol/g).
Acidolytic cleavage of an aliquot of the resulting resin afforded H-D-Tyr-D-Thr-Glu-D-
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Val-Pro-GIn-Tyr-OAll in 68% purity. HPLC (1 = 220 nm, Method C) tg = 4.33 min;
MS (ESI) m/z(+): 939.5 [M+H]", 961.5 [M+Na]*; MS (ESI) m/z(-): 937.4 [M-H], 959.3
[M+Na-2H]".

Boc-D-Tyr-b-Ser(‘Bu)-Glu(O'Bu)-p-Val-Pro-GIn(Tr)-Tyr(Wang)-OAll. This
peptidyl resin was prepared starting from Fmoc-L-Tyr(Wang)-OAll (0.22 mmol/g).
Acidolytic cleavage of an aliquot of the resulting resin afforded H-D-Tyr-D-Ser-Glu-D-
Val-Pro-GIn-Tyr-OAll in 64% purity. HPLC (1 = 220 nm, Method C) tg = 4.33 min;
MS (ESI) m/z(+): 925.5 [M+H]", 947.4 [M+Na]*; MS (ESI) m/z(-): 923.4 [M-H], 945.3
[M+Na-2H]".

Boc-D-Tyr-D-Thr('Bu)-Glu(O'Bu)-b-Ala-Pro-GIn(Tr)-Tyr(Wang)-OAll. This
peptidyl resin was prepared starting from Fmoc-L-Tyr(Wang)-OAll (0.22 mmol/g).
Acidolytic cleavage of an aliquot of the resulting resin afforded H-D-Tyr-D-Thr-Glu-D-
Ala-Pro-GIn-Tyr-OAll in 82% purity. HPLC (4 = 220 nm, Method A) tg = 6.17 min;
MS (ESI) m/z(+): 911.4 [M+H]", 933.4 [M+Na]"; MS (ESI) m/z(-): 909.4 [M-H], 931.3
[M+Na-2H]".

Boc-D-Tyr-b-Ser(‘Bu)-Glu(O'Bu)-D-Ala-Pro-GIn(Tr)-Tyr(Wang)-OAll. This
peptidyl resin was prepared starting from Fmoc-L-Tyr(Wang)-OAll (0.22 mmol/g).
Acidolytic cleavage of an aliquot of the resulting resin afforded H-D-Tyr-D-Ser-Glu-D-
Ala-Pro-GIn-Tyr-OAll in 66% purity. HPLC (1 = 220 nm, Method C) tgr = 3.95 min; MS
(ESI) m/z(+): 897.4 [M+H]", 919.4 [M+Na]*; MS (ESI) m/z(-): 895.3 [M-H], 917.3
[M+Na-2H]".

4.4.4.3 General method for the solid-phase synthesis of the linear
depsipeptidyl resins

Each peptidyl resin was treated with the corresponding protected isoleucine
residue Fmoc-lle-OH, Alloc-lle-OH or Boc-lle-OH (7 equiv), DIEA (1.4 equiv),
DIPCDI (7 equiv) and DMAP (0.7 equiv) in DMF for 24 h. The treatment was repeated
twice. After each treatment the resin was washed with DMF (6x1 min), CH,Cl, (3%1
min) and air-dried. An aliquot of the resulting peptidyl resin was exposed to
TFA/H,O/TIS (95:2.5:2.5) for 2 h at room temperature. Following TFA evaporation and
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diethyl ether extraction, the crude peptide was dissolved in H,O/CH3CN, lyophilized,
analyzed by HPLC and characterized by mass spectrometry.

Boc-Tyr(O-lle-Fmoc)-Thr('Bu)-Glu(O'Bu)-Val-Pro-Glu(Rink-MBHA)-OAIl  (4a).
Starting from Boc-Tyr-Thr('Bu)-Glu(O'Bu)-Val-Pro-Glu(Rink-MBHA)-OAIl (3a), this
peptidyl resin was prepared following the general procedure described above using
Fmoc-lle-OH. Acidolytic cleavage of an aliquot of this peptidyl resin afforded H-
Tyr(O-lle-Fmoc)-Thr-Glu-Val-Pro-GIn-OAll in >99% purity. HPLC (4 = 220 nm,
Method A) tx = 7.93 min. MS (ESI) m/z(+): 1111.6 [M+H]", 1133.5 [M+Na]*; MS
(ESI) m/z(-): 1109.5 [M-H]".

pNZ-Tyr(O-lle-Boc)-Thr('Bu)-Glu(O'Bu)-Val-Pro-Glu(Rink-MBHA)-OAIl  (4b).
Starting from pNZ-Tyr-Thr('‘Bu)-Glu(O'Bu)-Val-Pro-Glu(Rink-MBHA)-OAIl (3b), this
peptidyl resin was prepared following the general procedure described above using Boc-
Ile-OH. Acidolytic cleavage of an aliquot of this peptidyl resin afforded pNZ-Tyr(O-lle-
H)-Thr-Glu-Val-Pro-GIn-OAll in 80% purity. HPLC (4 = 220 nm, Method B) tr = 3.45
min. MS (ESI) m/z(+): 1068.6 [M+H]", 1090.5 [M+Na]".

pNZ-Tyr(O-lle-Alloc)-Thr('‘Bu)-Glu(O'Bu)-Val-Pro-GIn(Tr)-Tyr(Wang)-OAll  (6).
Starting from pNZ-Tyr-Thr(‘Bu)-Glu(O'Bu)-Val-Pro-GIn(Tr)-Tyr(Wang)-OAll (5), this
peptidyl resin was prepared following the general procedure described above using
Alloc-lle-OH. Acidolytic cleavage of an aliquot of the resulting resin afforded pNZzZ-
Tyr(O-lle-Alloc)-Thr-Glu-Val-Pro-GIn-Tyr-OAll in 70% purity. HPLC (4 = 220 nm,
Method A) tg = 8.10 min; MS (ESI) m/z(+): 677.3 [M+H+K]*?, 1315.6 [M+H]", 1337.6
[M+Na]", 1353.5 [M+K]".

pNZ-Tyr(O-lle-Alloc)-d-Thr(‘Bu)-Glu(O'Bu)-b-Val-Pro-GIn(Tr)-D-Tyr(Wang)-
OAIl. Starting from pNZ-Tyr-D-Thr(‘Bu)-Glu(O'Bu)-b-Val-Pro-GIn(Tr)-b-Tyr(Wang)-
OAl, this peptidyl resin was prepared following the general procedure described above
using Alloc-lle-OH. Acidolytic cleavage of an aliquot of the resulting resin afforded
pPNZ-Tyr(O-lle-Alloc)-D-Thr-Glu-b-Val-Pro-GIn-D-Tyr-OAll in 87% purity. HPLC (4
= 220 nm, Method A) tz = 8.21 min; MS (ESI) m/z(+): 1315.6 [M+H]", 1337.6
[M+Na]* 1353.5 [M+K]".

Boc-Tyr(O-lle-Alloc)-d-Thr('Bu)-Glu(O'Bu)-b-Val-Pro-GIn(Tr)-b-Tyr(Wang)-
OAIl. Starting from Boc-Tyr-b-Thr(‘Bu)-Glu(O'Bu)-D-Val-Pro-GIn(Tr)-p-Tyr(Wang)-
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OAII (9), this peptidyl resin was prepared following the general procedure described
above using Alloc-lle-OH. Acidolytic cleavage of an aliquot of the resulting resin
afforded H-Tyr(O-lle-Alloc)-D-Thr-Glu-pD-Val-Pro-GIn-D-Tyr-OAll in 64% purity.
HPLC (4 = 220 nm, Method A) tg = 7.48 min; MS (ESI) m/z(+): 1136.6 [M+H]", 1158.6
[M+Na]"; MS (ESI) m/z(-): 1134.5 [M-H]".

Boc-Tyr(O-lle-Alloc)-b-Ser('Bu)-Glu(O'Bu)-D-Val-Pro-GIn(Tr)-b-Tyr(Wang)-
OAIl. Starting from Boc-Tyr-D-Ser(‘Bu)-Glu(O'Bu)-b-Val-Pro-GIn(Tr)-b-Tyr(Wang)-
OAl, this peptidyl resin was prepared following the general procedure described above
using Alloc-1le-OH. Acidolytic cleavage of an aliquot of the resulting resin afforded H-
Tyr(O-lle-Alloc)-D-Ser-Glu-D-Val-Pro-GIn-D-Tyr-OAll in 80% purity. HPLC (1 = 220
nm, Method A) tg = 7.55 min; MS (ESI) m/z(+): 1122.6 [M+H]", 1144.5 [M+Na]*; MS
(ESI) m/z(-): 1120.5 [M-H]".

Boc-Tyr(O-lle-Alloc)-D-Thr('‘Bu)-Glu(O'Bu)-b-Ala-Pro-GIn(Tr)-b-Tyr(Wang)-
OAIl. Starting from Boc-Tyr-b-Thr(‘Bu)-Glu(O'Bu)-D-Ala-Pro-GIn(Tr)-p-Tyr(Wang)-
OAl, this peptidyl resin was prepared following the general procedure described above
using Alloc-1le-OH. Acidolytic cleavage of an aliquot of the resulting resin afforded H-
Tyr(O-lle-Alloc)-D-Thr-Glu-b-Ala-Pro-GlIn-D-Tyr-OAll in 77% purity. HPLC (4 = 220
nm, Method A) tg = 7.43 min; MS (ESI) m/z(+): 1108.6 [M+H]", 1130.5 [M+Na]*; MS
(ESI) m/z(-): 1106.5 [M-H]".

Boc-Tyr(O-lle-Alloc)-D-Ser(‘Bu)-Glu(O'Bu)-D-Ala-Pro-GIn(Tr)-b-Tyr(Wang)-
OAIl. Starting from Boc-Tyr-b-Ser('Bu)-Glu(O'Bu)-D-Ala-Pro-GIn(Tr)-p-Tyr(Wang)-
OAIl, this peptidyl resin was prepared following the general procedure described above
using Alloc-1le-OH. Acidolytic cleavage of an aliquot of the resulting resin afforded H-
Tyr(O-lle-Alloc)-D-Ser-Glu-D-Ala-Pro-GlIn-b-Tyr-OAll in 75% purity. HPLC (1 = 220
nm, Method A) tg = 7.27 min; MS (ESI) m/z(+): 1094.5 [M+H]", 1116.5 [M+Na]*; MS
(ESI) m/z(-): 1092.4 [M-H]".

Boc-D-Tyr(O-lle-Alloc)-D-Thr(‘Bu)-Glu(O'Bu)-p-Val-Pro-GIn(Tr)-Tyr(Wang)-

OAIl. Starting from Boc-D-Tyr-D-Thr(‘Bu)-Glu(O'Bu)-D-Val-Pro-GIn(Tr)-Tyr(Wang)-
OAlI, this peptidyl resin was prepared following the general procedure described above
using Alloc-1le-OH. Acidolytic cleavage of an aliquot of the resulting resin afforded H-
D-Tyr(O-l1le-Alloc)-D-Thr-Glu-D-Val-Pro-GIn-Tyr-OAll in 52% purity. HPLC (1 = 220
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nm, Method C) tz = 5.57 min; MS (ESI) m/z(+): 1136.6 [M+H]", 1158.6 [M+Na]*; MS
(ESI) m/z(-): 1134.5 [M-H]".

Boc-D-Tyr(O-1le-Alloc)-b-Ser(‘Bu)-Glu(O'Bu)-p-Val-Pro-GIn(Tr)-Tyr(Wang)-
OAIl. Starting from Boc-D-Tyr-D-Ser(‘Bu)-Glu(O'Bu)-D-Val-Pro-GIn(Tr)-Tyr(Wang)-
OAIl, this peptidyl resin was prepared following the general procedure described above
using Alloc-1le-OH. Acidolytic cleavage of an aliquot of the resulting resin afforded H-
D-Tyr(O-lle-Alloc)-D-Ser-Glu-D-Val-Pro-GIn-Tyr-OAll in 56% purity. HPLC (1 = 220
nm, Method C) tg = 5.55 min; MS (ESI) m/z(+): 1122.6 [M+H]", 1144.5 [M+Na]*; MS
(ESI) m/z(-): 1120.5 [M-H]".

Boc-D-Tyr(O-lle-Alloc)-d-Thr('Bu)-Glu(O'Bu)-p-Ala-Pro-GIn(Tr)-Tyr(Wang)-
OAIl. Starting from Boc-D-Tyr-D-Thr(‘Bu)-Glu(O'Bu)-D-Ala-Pro-GIn(Tr)-Tyr(Wang)-
OAl, this peptidyl resin was prepared following the general procedure described above
using Alloc-1le-OH. Acidolytic cleavage of the resulting resin an aliquot of afforded H-
D-Tyr(O-lle-Alloc)-D-Thr-Glu-D-Ala-Pro-GIn-Tyr-OAll in 80% purity. HPLC (1 = 220
nm, Method A) tg = 7.17 min; MS (ESI) m/z(+): 1108.6 [M+H]", 1130.5 [M+Na]*; MS
(ESI) m/z(-): 1106.5 [M-H]".

Boc-D-Tyr(O-lle-Alloc)-b-Ser(‘Bu)-Glu(O'Bu)-p-Ala-Pro-GIn(Tr)-Tyr(Wang)-
OAIl. Starting from Boc-D-Tyr-p-Ser(‘Bu)-Glu(O'Bu)-b-Ala-Pro-GIn(Tr)-Tyr(Wang)-
OAl, this peptidyl resin was prepared following the general procedure described above
using Alloc-1le-OH. Acidolytic cleavage of an aliquot of the resulting resin afforded H-
D-Tyr(O-l1le-Alloc)-D-Ser-Glu-D-Ala-Pro-GIn-Tyr-OAll in 62% purity. HPLC (4 = 220
nm, Method C) tz: 5.33 min; MS (ESI) m/z(+): 1094.5 [M+H]*, 1116.5 [M+Na]*; MS
(ESI) m/z(-): 1092.4 [M-H]".

4.4.4.4 General method for the allyl and Alloc group removal from
linear depsipeptidyl resins
The corresponding peptidyl resin was treated with Pd(PPh3); (0.1 equiv) and
PhSiH; (10 equiv) in CH,CIl, under nitrogen for 4 h. After this time, the resin was

washed with THF (3x15 sec), CH,Cl; (3%x2 min), DMF (10x1 min) and CH,CI, (3x2
min). An aliquot of the resulting peptidyl resin was exposed to TFA/H,O/TIS
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(95:2.5:2.5) for 2 h at room temperature. Following TFA evaporation and diethyl ether
extraction, the crude peptide was dissolved in H,O/CH3CN, lyophilized, analyzed by

HPLC and characterized by mass spectrometry.

pNZ-Tyr(O-lle-H)-Thr(‘Bu)-Glu(O'Bu)-Val-Pro-GIn(Tr)-Tyr(Wang)-OH. Starting
from  pNZ-Tyr(O-lle-Alloc)-Thr(‘Bu)-Glu(O'Bu)-Val-Pro-GIn(Tr)-Tyr(Wang)-OAll,
this peptidyl resin was prepared following the general procedure described above.
Acidolytic cleavage of an aliquot of the resulting resin afforded pNZ-Tyr(O-lle-H)-Thr-
Glu-Val-Pro-GIn-Tyr-OH in 57% purity. HPLC (1 = 220 nm, Method A) tr = 6.68 min;
MS (ESI) m/z(+): 615.2 [M+H+K]* 1191.5 [M+H]", 1213.5 [M+Na]’, 1229.4
[M+K]".

pNZ-Tyr(O-lle-H)-D-Thr('‘Bu)-Glu(O'Bu)-b-Val-Pro-GIn(Tr)-d-Tyr(Wang)-OH.
Starting from  pNZ-Tyr(O-lle-Alloc)-D-Thr(‘Bu)-Glu(O'Bu)-b-Val-Pro-GIn(Tr)-D-
Tyr(Wang)-OAll, this peptidyl resin was prepared following the general procedure
described above. Acidolytic cleavage of an aliquot of the resulting resin afforded pNZ-
Tyr(O-lle-H)-D-Thr-Glu-b-Val-Pro-GIn-D-Tyr-OH in 72% purity. HPLC (4 = 220 nm,
Method A) tz = 6.77 min; MS (ESI) m/z(+): 615.2 [M+H+K]*?, 1191.5 [M+H]", 1213.5
[M+Na]", 1229.5 [M+K]".

Boc-Tyr(O-1le-H)-p-Thr('Bu)-Glu(O'Bu)-b-Val-Pro-GIn(Tr)-b-Tyr(Wang)-OH.
Starting  from  Boc-Tyr(O-lle-Alloc)-D-Thr('Bu)-Glu(O'Bu)-b-Val-Pro-GIn(Tr)-D-
Tyr(Wang)-OAll, this peptidyl resin was prepared following the general procedure
described above. Acidolytic cleavage of an aliquot of the resulting resin afforded H-
Tyr(O-lle-H)-D-Thr-Glu-b-Val-Pro-GIn-D-Tyr-OH (BPC821) in 75% purity. HPLC (4
= 220 nm, Method A) tg = 6.01 min; MS (ESI) m/z(+): 506.7 [M+2H]"?, 1012.5
[M+H]", 1034.5 [M+Na]"; MS (ESI) m/z(-): 1010.4 [M-H]".

Boc-Tyr(O-lle-H)-D-Ser('Bu)-Glu(O'Bu)-b-Val-Pro-GIn(Tr)-d-Tyr(Wang)-OH.
Starting  from  Boc-Tyr(O-lle-Alloc)-p-Ser(‘Bu)-Glu(O'Bu)-b-Val-Pro-GIn(Tr)-D-
Tyr(Wang)-OAll, this peptidyl resin was prepared following the general procedure
described above. Acidolytic cleavage of an aliquot of the resulting resin afforded H-
Tyr(O-lle-H)-D-Ser-Glu-D-Val-Pro-GIn-D-Tyr-OH (BPC823) in 76% purity. HPLC (4
= 220 nm, Method A) tz = 5.96 min; MS (ESI) m/z(+): 499.7 [M+2H]**, 998.5 [M+H]",
1020.4 [M+Na]"; MS (ESI) m/z(-): 996.4 [M-H]".
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Boc-Tyr(O-lle-H)-D-Thr(‘Bu)-Glu(O'Bu)-p-Ala-Pro-GIn(Tr)-d-Tyr(Wang)-OH.
Starting  from  Boc-Tyr(O-lle-Alloc)-d-Thr('Bu)-Glu(O'Bu)-b-Ala-Pro-GIn(Tr)-D-
Tyr(Wang)-OAll, this peptidyl resin was prepared following the general procedure
described above. Acidolytic cleavage of an aliquot of the resulting resin afforded H-
Tyr(O-lle-H)-D-Thr-Glu-D-Ala-Pro-GlIn-D-Tyr-OH (BPC825) in 56% purity. HPLC (4
= 220 nm, Method A) tz = 5.84 min; MS (ESI) m/z(+): 492.7 [M+2H]*", 984.5 [M+H]",
1007.4 [M+Na]"; MS (ESI) m/z(-): 982.4 [M-H]".

Boc-Tyr(O-lle-H)-D-Ser('Bu)-Glu(O'Bu)-b-Ala-Pro-GIn(Tr)-d-Tyr(Wang)-OH.
Starting  from  Boc-Tyr(O-lle-Alloc)-p-Ser(‘Bu)-Glu(O'Bu)-b-Ala-Pro-GIn(Tr)-D-
Tyr(Wang)-OAll, this peptidyl resin was prepared following the general procedure
described above. Acidolytic cleavage of an aliquot of the resulting resin afforded H-
Tyr(O-lle-H)-D-Ser-Glu-D-Ala-Pro-GIn-D-Tyr-OH (BPC827) in 62% of purity. HPLC
(4 = 220 nm, Method A) tz = 5.83 min; MS (ESI) m/z(+): 485.7 [M+2H]**, 970.5
[M+H]", 992.4 [M+Na]"; MS (ESI) m/z(-): 968.4 [M-H]".

Boc-D-Tyr(O-1le-H)-d-Thr('Bu)-Glu(O'Bu)-D-Val-Pro-GIn(Tr)-Tyr(Wang)-OH.
Starting  from  Boc-D-Tyr(O-lle-Alloc)-D-Thr(‘Bu)-Glu(O'Bu)-D-Val-Pro-GIn(Tr)-
Tyr(Wang)-OAll, this peptidyl resin was prepared following the general procedure
described above. Acidolytic cleavage of an aliquot of the resulting resin afforded H-D-
Tyr(O-lle-H)-D-Thr-Glu-b-Val-Pro-GIn-Tyr-OH (BPC829) in 69% purity. HPLC (1 =
220 nm, Method A) tz = 5.98 min; MS (ESI) m/z(+): 506.7 [M+2H]**, 1012.5 [M+H]",
1034.5 [M+Na]*; MS (ESI) m/z(-): 1010.5 [M-H]".

Boc-D-Tyr(O-lle-H)-b-Ser('Bu)-Glu(O'Bu)-b-Val-Pro-GIn(Tr)-Tyr(Wang)-OH.
Starting  from  Boc-D-Tyr(O-lle-Alloc)-D-Ser(‘Bu)-Glu(O'Bu)-D-Val-Pro-GIn(Tr)-
Tyr(Wang)-OAll, this peptidyl resin was prepared following the general procedure
described above. Acidolytic cleavage of an aliquot of the resulting resin afforded H-D-
Tyr(O-lle-H)-D-Ser-Glu-D-Val-Pro-GIn-Tyr-OH (BPCB831) in 66% purity. HPLC (1 =
220 nm, Method A) tg = 5.96 min; MS (ESI) m/z(+): 499.7 [M+2H]*, 998.5 [M+H]",
1020.5 [M+Na]"; MS (ESI) m/z(-): 996.4 [M-H]".

Boc-D-Tyr(O-1le-H)-d-Thr('Bu)-Glu(O'Bu)-D-Ala-Pro-GIn(Tr)-Tyr(Wang)-OH.
Starting  from  Boc-D-Tyr(O-lle-Alloc)-D-Thr(‘Bu)-Glu(O'Bu)-p-Ala-Pro-GIn(Tr)-
Tyr(Wang)-OAll, this peptidyl resin was prepared following the general procedure
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described above. Acidolytic cleavage of an aliquot of the resulting resin afforded H-D-
Tyr(O-lle-H)-D-Thr-Glu-D-Ala-Pro-GIn-Tyr-OH (BPC833) in 73% purity. HPLC (1 =
220 nm, Method A) tg = 5.80 min; MS (ESI) m/z(+): 492.7 [M+2H]*, 984.5 [M+H]",
1006.4 [M+Na]"; MS (ESI) m/z(-): 982.4 [M-H].

Boc-D-Tyr(O-lle-H)-b-Ser('Bu)-Glu(O'Bu)-D-Ala-Pro-GIn(Tr)-Tyr(Wang)-OH.
From the peptidyl resin Boc-D-Tyr(O-lle-Alloc)-D-Ser(‘Bu)-Glu(O'Bu)-D-Ala-Pro-
GIn(Tr)-Tyr(Wang)-OAll, this peptidyl resin was prepared following the general
procedure described above. Acidolytic cleavage of an aliquot of the resulting resin
afforded H-D-Tyr(O-lle-H)-D-Ser-Glu-D-Ala-Pro-GIn-Tyr-OH (BPC835) in 61%
purity. HPLC (4 = 220 nm, Method A) tg = 5.72 min; MS (ESI) m/z(+): 485.7
[M+2H]%, 970.5 [M+H]", 992.5 [M+Na]*; MS (ESI) m/z(-): 968.4 [M-H]".

4.4.4.5 Synthesis of cyclic depsipeptides

PNZ-Tyr(&)-D-Thr-Glu-b-Val-Pro-GIn-D-Tyr-lle-& (8). Starting from pNZ-Tyr(O-
lle-H)-D-Thr('Bu)-Glu(O'Bu)-b-Val-Pro-GIn(Tr)-b-Tyr(Wang)-OH, this cyclic
depsipeptide was prepared following the general procedure described in section 4.4.3.3.
Acidolytic cleavage afforded pNZ-Tyr(&)-D-Thr-Glu-b-Val-Pro-GIn-D-Tyr-lle-& (8) in
31% purity. HPLC (12 = 220 nm, Method A) tg = 7.55 min; MS (ESI) m/z(+): 1195.5
[M+Na]", 1211.4 [M+K]"; MS (ESI) m/z(-): 1171.5 [M-H]".

H-Tyr(&)-D-Thr-Glu-D-Val-Pro-GIn-D-Tyr-lle-& (BPC822). Starting from Boc-
Tyr(O-lle-H)-D-Thr('Bu)-Glu(O'Bu)-b-Val-Pro-GIn(Tr)-p-Tyr(Wang)-OH, this cyclic
depsipeptide was prepared following the general procedure described in section 4.4.3.3.
Acidolytic cleavage of the resulting peptidyl resin afforded H-Tyr(&)-D-Thr-Glu-D-Val-
Pro-GIn-D-Tyr-lle-& (BPC822) in 27% purity. Reverse-phase column chromatography
eluting with H,O/CH3CN (67:33) afforded the expected cyclic depsipeptide BPC822 in
>99% purity. HPLC (1 = 220 nm, Method A) tg = 6.79 min; MS (ESI) m/z(+): 994.6
[M+H]", 1016.6 [M+Na]"; MS (ESI) m/z(-): 992.5 [M+H]"; HRMS (ESI) m/z (+):
calcd. for CygHgsNgO14 994.4880, found 994.4867; calcd. for CsgHezNgNaO;4
1016.4700, found 1016.4697.
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H-Tyr(&)-D-Ser-Glu-p-Val-Pro-GIn-D-Tyr-lle-& (BPC824). Starting from Boc-
Tyr(O-lle-H)-D-Ser(‘Bu)-Glu(O'Bu)-D-Val-Pro-GIn(Tr)-p-Tyr(Wang)-OH, this cyclic
depsipeptide was prepared following the general procedure described in section 4.4.3.3.
Acidolytic cleavage of the resulting peptidyl resin afforded H-Tyr(&)-D-Ser-Glu-D-Val-
Pro-GIn-D-Tyr-1le-& (BPC824) in 43% purity. Reverse-phase column chromatography
eluting with H,O/CH3CN (68:32) afforded the expected cyclic depsipeptide BPC824 in
>99% purity. HPLC (A = 220 nm, Method A) tr = 6.73 min; MS (ESI) m/z(+): 980.6
[M+H]", 1002.5 [M+Na]®, 10185 [M+K]"; HRMS (ESI) m/z (+): calcd. for
Ca7HssN9O14 980.4724, found 980.4740; calcd. for C47HssNgNaO;14 1002.4543, found
1002.4561.

H-Tyr(&)-D-Thr-Glu-D-Ala-Pro-GIn-D-Tyr-lle-& (BPC826). Starting from Boc-
Tyr(O-1le-H)-D-Thr(‘Bu)-Glu(O'Bu)-D-Ala-Pro-GIn(Tr)-D-Tyr(Wang)-OH, this cyclic
depsipeptide was prepared following the general procedure described in section 4.4.3.3.
Acidolytic cleavage of the resulting peptidyl resin afforded H-Tyr(&)-D-Thr-Glu-D-Ala-
Pro-GIn-D-Tyr-lle-& (BPC826) in 19% purity. Reverse-phase column chromatography
eluting with H,O/CH3;CN (68:32) afforded the expected cyclic depsipeptide BPC826 in
93 % purity. HPLC (4 = 220 nm, Method A) tg = 6.64 min; MS (ESI) m/z(+): 966.5
[M+H]", 988.5 [M+Na]®, 1004. 5 [M+K]"; HRMS (ESI) m/z (+): calcd. for
Ca6HesNgO14 966.4567, found 966.4549; calcd. for CssHesNgNaO14 988.4387, found
988.4383.

H-Tyr(&)-D-Ser-Glu-D-Ala-Pro-GIn-D-Tyr-lle-& (BPC828). Starting from Boc-
Tyr(O-lle-H)-p-Ser(‘Bu)-Glu(O'Bu)-D-Ala-Pro-GIn(Tr)-p-Tyr(Wang)-OH, this cyclic
depsipeptide was prepared following the general procedure described in section 4.4.3.3.
Acidolytic cleavage of the resulting peptidyl resin afforded H-Tyr(&)-D-Ser-Glu-D-Ala-
Pro-GIn-D-Tyr-lle-& (BPC828) in 20% purity. Reverse-phase column chromatography
eluting with H,O/CH3CN (70:30) afforded the expected cyclic depsipeptide BPC828 in
88% purity. HPLC (1 = 220 nm, Method A) tr = 6.56 min; MS (ESI) m/z(+): 476.7
[M+2H]*?, 952.5 [M+H]", 974.5 [M+Na]", 990.5 [M+K]*; MS (ESI) m/z(-): 950.4 [M-
H]'; HRMS (ESI) m/z (+): calcd. for C4sHg2NgO14 952.4411, found 952.4419; calcd. for
C4sHg1NgNaO14 974.4248, found 974.4249.

H-D-Tyr(&)-D-Thr-Glu-D-Val-Pro-GIn-Tyr-lle-& (BPC830). Starting from Boc-D-
Tyr(O-1le-H)-D-Thr(‘Bu)-Glu(O'Bu)-D-Val-Pro-GIn(Tr)-Tyr(Wang)-OH, this cyclic
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depsipeptide was prepared following the general procedure described in section 4.4.3.3.
Acidolytic  cleavage afforded  H-D-Tyr(&)-D-Thr-Glu-D-Val-Pro-GIn-Tyr-lle-&
(BPCB830) as a broad peak by HPLC (4 = 220 nm, Method A, tg = 6.75 min). MS (ESI)
miz(+): 921.4 [Miinear-lle+Na]*, 994.4 [M+H]*+[Mpimer+2H] 2, 1012.5 [M+H,0+H]",
1988.7 [MpimertH]; MS (ESI) m/z(-): 919.3 [MLiinear-lle-H], 992.4 [M-H]', 1010.4
[M+H,0-H], 1985.7 [Mpimer-H] .

H-D-Tyr(&)-D-Ser-Glu-p-Val-Pro-GIn-Tyr-lle-& (BPC832). Starting from Boc-D-
Tyr(O-1le-H)-D-Ser(‘Bu)-Glu(O'Bu)-D-Val-Pro-GIn(Tr)-Tyr(Wang)-OH, this  cyclic
depsipeptide was prepared following the general procedure described in section 4.4.3.3.
Acidolytic  cleavage afforded  H-D-Tyr(&)-D-Ser-Glu-D-Val-Pro-GIn-Tyr-lle-&
(BPCB832) as a broad peak by HPLC (4 = 220 nm, Method A, tg = 6.72 min). MS (ESI)
m/iz(+): 907.4 [Miinea-lle+Na]*, 980.4 [M+H]*+[2Mpimer+2H]*, 998.4 [M+H,0+H]",
1960.8 [MpimertH]"; MS (ESI) m/z(-): 905.3 [Miinear-lle+Na-H]", 978.4 [M-H], 996.3
[M+H,0-H]", 1958.7 [Mpimer-H]

H-D-Tyr(&)-pD-Thr-Glu-p-Ala-Pro-GIn-Tyr-lle-& (BPC834). Starting from Boc-D-
Tyr(O-1le-H)-D-Thr(‘Bu)-Glu(O'Bu)-D-Ala-Pro-GIn(Tr)-Tyr(Wang)-OH, this  cyclic
depsipeptide was prepared following the general procedure described in section 4.4.3.3.
Acidolytic  cleavage afforded  H-D-Tyr(&)-D-Thr-Glu-D-Ala-Pro-GIn-Tyr-lle-&
(BPCB834) as a broad peak by HPLC (1 = 220 nm, Method A, tg = 6.55 min). MS (ESI)
m/iz(+): 966.50 [M+H]*+[Mpimer+2H] ™2, 984.47 [M+H,0+H]", 1931.87 [MpimertH]";
MS (ESI) m/z(-): 964.40 [M-H], 982.44 [M+H,0-H]", 1930.79 [Mpimer-H] .

H-D-Tyr(&)-D-Ser-Glu-D-Ala-Pro-GIn-Tyr-lle-& (BPC836). Starting from Boc-D-
Tyr(O-1le-H)-D-Ser(‘Bu)-Glu(O'Bu)-D-Ala-Pro-GIn(Tr)-Tyr(Wang)-OH, this cyclic
depsipeptide was prepared following the general procedure described in section 4.4.3.3.
Acidolytic  cleavage afforded H-D-Tyr(&)-D-Ser-Glu-D-Ala-Pro-GIn-Tyr-lle-&
(BPCB836) as a broad peak by HPLC (4 = 220 nm, Method A, tr = 6.45 min). MS (ESI)
m/z(+): 879.4 [Miinear-lle+Na]*, 952.4 [M+H]*+[Mpime+2H] 2, 970.4 [M+H,0+H]",
1904.6 [MpimertH]"; MS (ESI) m/z(-): 877.3 [Miinear-lle+Na-H]', 950.3 [M-H], 968.3
[M+H,0-H]", 1901.6 [Mpimer-H]".
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4.4.4.6 General method for the hydrolysis of cyclic depsipeptides

Cyclic depsipeptides 8, BPC822, BPC824, BPC826 and BPC828 were treated
with a solution of CH30H/H,O/NH3; (4:1:1) for 24 h at room temperature (Cochrane et
al., 2012). Next, the mixture was evaporated and the crude residue was dissolved in
H,O/CH3CN, lyophilized, analyzed by HPLC and characterized by mass spectrometry.

PNZ-Tyr-D-Thr-Glu-D-Val-Pro-GIn-D-Tyr-lle-OH. The hydrolysis of the peptide 8
was perfomed following the methodology described above. pNZ-Tyr-D-Thr-Glu-D-Val-
Pro-GIn-D-Tyr-1le-OH (tg = 7.34 min, 26% purity) together with the methyl ester
derivative pNZ-Tyr-D-Thr-Glu-D-Val-Pro-GIn-D-Tyr-1le-OMe (tg = 7.49 min, 20%
purity) were obtained; HPLC (1 = 220 nm, Method A). MS (ESI) m/z(+): 1191.5
[M+H]", 1205.5 [M(OMe)+H]", 1213.5 [M+Na]", 1227.5 [M(OMe)+Na]*; MS (ESI)
m/z(-): 1189.5 [M-H]", 1203.5 [M(OMe)-H]J".

H-Tyr-D-Thr-Glu-D-Val-Pro-GIn-D-Tyr-1le-OH. The hydrolysis of the peptide
BPC822 was perfomed following the methodology described above. H-Tyr-D-Thr-Glu-
D-Val-Pro-GIn-D-Tyr-lle-OH (tz = 6.65 min, 15% purity) together with the methyl ester
derivative H-Tyr-D-Thr-Glu-D-Val-Pro-GIn-D-Tyr-l1le-OMe (tz = 6.90 min, 34% purity)
were obtained; HPLC (1 = 220 nm, Method A). MS (ESI) m/z(+): 1012.5 [M+H]",
1026.5 [M(OMe)+H]", 1048.5 [M(OMe)+Na]*; MS (ESI) m/z(-): 1010.5 [M-H],
1024.5 [M(OMe)-H]'.

H-Tyr-D-Ser-Glu-D-Val-Pro-GIn-D-Tyr-l1le-OH. The hydrolysis of the peptide
BPC824 was perfomed following the methodology described above. H-Tyr-D-Ser-Glu-
D-Val-Pro-GIn-D-Tyr-lle-OH (tr = 6.63 min, 14% purity) together with the methyl ester
derivative H-Tyr-D-Ser-Glu-D-Val-Pro-GIn-D-Tyr-l1le-OMe (tr = 6.86 min, 37% purity)
were obtained; HPLC (4 = 220 nm, Method A). MS (ESI) m/z(+): 998.5 [M+H]", 1012.5
[M(OMe)+H]*, 1034.5 [M(OMe)+Na]*; MS (ESI) m/z(-): 996.4 [M-H], 1010.4
[M(OMe)-HT'.

H-Tyr-D-Thr-Glu-D-Ala-Pro-GIn-D-Tyr-lle-OH. The hydrolysis of the peptide
BPC826 was perfomed following the methodology described above. H-Tyr-D-Thr-Glu-
D-Ala-Pro-GIn-D-Tyr-lle-OH (tz = 6.40 min, 16% purity) together with the methyl ester
derivative H-Tyr-D-Thr-Glu-D-Ala-Pro-GIn-D-Tyr-l1le-OMe (tz = 6.66 min, 33% purity)
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were obtained; HPLC (1 = 220 nm, Method A). MS (ESI) m/z(+): 984.48 [M+H]",
998.51 [M(OMe)+H]", 1020.45 [M(OMe)+Na]"; MS (ESI) m/z(-): 982.42 [M-HT,
996.42 [M(OMe)-H]".

H-Tyr-D-Ser-Glu-D-Ala-Pro-GIn-D-Tyr-1le-OH. The hydrolysis of the peptide
BPC828 was perfomed following the methodology described above. H-Tyr-D-Ser-Glu-
D-Ala-Pro-GIn-D-Tyr-lle-OH (tr = 6.36 min, 16% purity) together with the methyl ester
derivative H-Tyr-D-Ser-Glu-D-Ala-Pro-GIn-D-Tyr-1le-OMe (tr = 6.61 min, 31% purity)
were obtained; HPLC (1 = 220 nm, Method A). MS (ESI) m/z(+): 970.5 [M+H]", 984.5
[M(OMe)+H]"; MS (ESI) m/z(-): 968.4 [M-H], 982.4 [M(OMe)-H]".
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CHAPTER 5.

Total solid-phase synthesis of dehydroxy
fengycin derivatives
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A rapid and efficient solid-phase strategy for the synthesis of dehydroxy
fengycins derivatives is described. This synthetic approach involved the linkage of a
Tyr to a Wang resin via a Mitsunobu reaction and the elongation of the peptide
sequence followed by subsequent acylation of the N-terminus of the resulting linear
peptidyl resin, esterification of the phenol group of a Tyr with an lle, and final
macrolactamization. The amino acid composition as well as the presence of the N-
terminal acyl group significantly influenced the stability of the macrolactone. Cyclic
lipodepsipeptides with a L-Tyr*/p-Tyr® configuration were more stable than those
containing the Tyr residues with an opposite configuration. This work constituted the
first approach on the total solid-phase synthesis of dehydroxy fengycin derivatives.

51 INTRODUCTION

Cyclic lipodepsipeptides are a structurally diverse group of nonribosomal
metabolites typically produced by bacterial and fungal species, such as Pseudomonas or
Bacillus strains (Stein, 2005; Ongena and Jacques, 2008; Raaijmakers et al., 2010;
Bionda and Cudic, 2011). This class of compounds have raised interest due to their
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wide range of biological activities and to their structural complexity. The main
structural feature of these cyclic peptides is the occurrence of an ester bond between the
side-chain of an amino acid and the C-terminal end of the sequence. The fatty acid
moiety is commonly attached to the N-terminus of this macrolactone. Moreover, the
complexity of the structure of these lipodepsipeptides is increased by the combination
of L- and D-amino acids as well as of other unnatural residues present in their sequence
(Sieber and Marahiel, 2003; Sarabia et al., 2004).

Fengycins are a family of natural cyclic lipodepsipeptides isolated from Bacillus
strains (Vanittanakom et al., 1986). They consist of an eight-residue macrocycle with a
phenyl ester linkage between the phenol group of a tyrosine (Tyr) and the a-carboxylic
group of an isoleucine (lle) (Figure 5.1). This cyclic depsipeptide bears at its N-
terminus a dipeptidyl tail acylated with a g-hydroxy fatty acid. Different fengycin
isoforms have been described, being fengycins A and B the most common
(Vanittanakom et al., 1986; Chen et al., 2008; Bie et al., 2009; Pueyo et al., 2009; Pecci
et al., 2010; Pathak et al., 2012; Villegas-Escobar et al., 2013). These two isoforms
differ on the amino acid at position 6, which is a D-alanine (D-Ala) in fengycin A and a
D-valine (D-Val) in the B isoform (Figure 5.1). Sang-Cheol et al. isolated from Bacillus
amyloliquefaciens fengycin S (Sang-Cheol et al., 2010). Compared to fengycin B, this
isoform bears a D-serine (D-Ser) at position 4 instead of a D-allo-threonine (D-allo-Thr).
Concerning the configuration of Tyr residues at position 3 and 9, it was first reported to
be D and L, respectively (Vanittanakom et al., 1986; Schneider et al., 1999). However, it
has been recently confirmed that the configuration of these amino acids is L and D,
respectively, and that this structure is the same than that of the previously isolated
fengycin isoforms named as plipastatins (Nishikiori et al., 1986; Volpon et al., 2000;
Honma et al., 2012). Since the term fengycins is most widely used than plipastatins,
herein we employed the former term for the peptides of this study, but using the correct

configuration.
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Bioactive peptides have been an important focus of research over the last
century due to their broad spectrum of activity (Jenssen et al., 2006; Bionda and Cudic,
2011; Henderson and Lee, 2013). Among them, antimicrobial peptides are considered
as a promising alternative to traditional antibiotics. They can be found in numerous
organisms, from vertebrate to bacteria, and are active towards a wide range of
pathogens (Li et al., 2012; Pasupuleti et al., 2012). Their ability to interact with
negatively charged membranes decreases the probability that microorganisms develop
resistance mechanisms (Hancock, 2001; Baltzer and Brown, 2011). Although bacteria
are the most studied targets, some of these peptides are also toxic against cancer cells,
constituting interesting candidates as new anticancer agents (Papo and Shai, 2005;
Mader and Hoskin, 2006; Hoskin and Ramamoorthy, 2008; Gaspar et al., 2013).

Despite the interest of antimicrobial peptides, several limitations must be
overcome to be used in vivo, such as their high susceptibility to protease degradation.
Several structural modifications have been described to prevent protease recognition,
I.e. introduction of non-natural amino acids, modification of the peptide backbone or
cyclization (Hancock and Sahl, 2006; Zakeri and Lu, 2013). Therefore, new synthetic
strategies that allow the access to a wide range of analogues are required.
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Solid-phase peptide synthesis (SPPS) has been established as the main
methodology for the obtention of new peptide sequences (Coin et al., 2007; Pires et al.,
2014). Through easy and low time-consuming sequential steps, SPPS allows the
preparation of a large variety of analogues containing natural and non-natural amino
acids as well as other moieties, such as fatty acids or nucleotides. This methodology can
be applied to the preparation of short linear peptides as well as of large sequences with
high structural complexity, such as cyclic or branched peptides.

This PhD thesis is focused on the development of new synthetic approaches to
obtain bioactive peptides. With this objective in mind, the first part of this thesis deals
with the synthesis of new anticancer agents by conjugating an antimicrobial
undecapeptide with a cell-penetrating peptide (CPP) (Chapter 3). Next, our work was
focused on devising a feasible strategy for the synthesis of bioactive cyclic
lipodepsipeptides produced by Bacillus strains, useful for plant protection (Chapters 4
and 5).
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¢ Cell-penetrating y-peptide/antimicrobial undecapeptide conjugates

- Antimicrobial undecapeptides from the CECMELL11 library showed an
Interesting anticancer activity against breast carcinoma cells while being non
toxic against non-malignant cells. In particular, BP76 and the N-terminal
derivatized peptides BP77, BP125, BP126 were identified as the most active
undecapeptides. In general, these results suggested that the N-terminal
derivatization is an important feature for the anticancer activity of these

compounds.

- Seven antimicrobial undecapeptide/cell-penetrating y-peptide 1 conjugates with
general structure R-Aa'-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Aa'®-Leu-PEG-1 (R
= H, Ac, Ts or Bz; Aa' = Leu or Lys, Aa'® = Val, Phe, Tyr or Lys) were
satisfactorily synthesized and obtained in 93-99% HPLC purity.

- The conjugation of the undecapeptides to PEG-1 led to an improvement of their
anticancer activity from 1.2 up to 10-fold. Results denoted that the peptide
moiety is mostly responsible for this activity. Interestingly, at 10 uM the

conjugates did not display significant cytotoxicity.

- BP77-PEG-1 was the conjugate that displayed the best balance between toxicity
and anticancer activity. BP77-PEG-1 can be considered a proof of the
usefulness of this strategy to design new anticancer drugs based on the

conjugation between an antimicrobial peptide and a cell-penetrating y-peptide.

¢+ Cyclic lipodepsipeptides derived from fengycins

- Cyclic octapeptides analogous to the macrocycle of fengycins, with general
structure H-Phe'(4-NH-&)-Aa’-Glu-Aa’*-Pro-GIn®-p-Tyr'-1le-& (Aa® = p-Thr or
D-Ser; Aa* = p-Ala or p-Val), were synthesized. The route devised involved the
use of GIn® as site of resin attachment and the cyclization of the corresponding
linear peptidyl resin Boc-Phe'[4-NH-Ile-D-Tyr'(‘Bu)-H]-Aa?-Glu(O'Bu)-Aa*-
Pro-Glu®(Rink-MBHA)-OH through formation of an amide bond between Glu®
and Tyr’. Cyclic octapeptides BPC862, BPC864, BPC866 and BPC868 were

obtained in >98% HPLC purity after purification. It was observed that when the
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sequence contained only L-amino acids, the cyclization step mainly led to a

significant amount of a dimeric compound.

The lability of the phenyl ester bond precluded the use of a similar route for the
synthesis of cyclic octadepsipeptides. Aminolysis of the ester bond or the

formation of diketopiperazines was observed.

Cyclic octadepsipeptides with general structure H-Tyr'(&)-Aa?-Glu-Aa*-Pro-
GIn-D-Tyr'-lle-& (Aa®> = D-Thr or D-Ser; Aa* = D-Ala or D-Val) were
synthesized. In this case, Tyr’ was linked to the support via a Mitsunobu
reaction, the corresponding linear peptidyl resin Boc-Tyr'-Aa*-Glu(O'Bu)-Aa’-
Pro-GIn(Tr)-D-Tyr’(Wang)-OAll was prepared and esterified with Alloc-1le-OH
to yield Boc-Tyr'(O-lle-Alloc)-Aa’-Glu(O'Bu)-Aa’-Pro-GIn(Tr)-b-Tyr’ (Wang)-
OAII. Final allyl and Alloc group removal, and cyclization between Tyr’ and Ile®
provided the cyclic octadepsipeptides BPC822, BPC824, BPC826 and BPC828
from 88 to >99% HPLC purity after purification.

The synthesis of cyclic octadepsipeptides containing an opposite configuration at
the Tyr residues (D-Tyr'/L-Tyr’) was assayed following the above synthetic
route. However, a high amount of a dimeric compound was formed together
with a linear peptide resulting from the hydrolysis of the phenyl ester bond.
These findings showed that the formation of this cyclic octadepsipeptides was

more difficult than that of the ones bearing a L-Tyr'/ b-Tyr’ configuration.

A straightforward strategy for the solid-phase synthesis of dehydroxy fengycin
derivatives with the general formula Fatty acid-Glu'-p-Orn-Tyr¥(&)-Aa*-Glu-
Aa’-Pro-GIn-p-Tyr’-1le'®-& (Aa* = b-Thr or b-Ser; Aa® = p-Val or D-Ala) was
developed. This strategy involved the anchoring of Tyr® through its side-chain
phenol group to the solid support, followed by synthesis of the corresponding
linear peptidyl resin and acylation of the N-terminus. The resulting resin Fatty
acid-Glu*(O'Bu)-p-Orn(Boc)-Tyr*-Aa*-Glu(0'Bu)-Aa’-Pro-GIn(Tr)-b-

Tyr’(Wang)-OH was then esterified at Tyr® with Alloc-1le-OH. Subsequent
Alloc and allyl group removal, and final on-resin cyclization rendered the
dehydroxy fengycin analogues BPC838, BPC840, BPC842 and BPC844,
bearing an octanoyl group, as major products. Derivatives BPC854 and BPC856
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containing a lauroyl or a palmitoyl group, respectively, were also prepared and
obtained in 89 and 92% of purity after RP-HPLC analysis.

The synthesis of dehydroxy fengycin derivatives BPC846, BPC848, BPC850,
BPC852, BPC858 and BPC860 bearing an opposite configuration at the Tyr
residues (D-Tyr’/L-Tyr®) afforded the expected compound together with a
substantial amount of a linear byproduct resulting from the hydrolysis of the

macrolactone.

Taking together the results obtained in the synthesis of the cyclic
octadepsipeptides and those of the cyclic lipodepsipeptides, we concluded that
the presence of the fatty acid tail favoured the cyclization of the sequences
containing a D-Tyr®/L-Tyr® configuration. Moreover, cyclic octadepsipeptides
and cyclic lipdepsipeptides bearing a L-Tyr¥/p-Tyr® configuration were more
stable than those with the opposite configuration. These findings strengthen the

recently hypothesis of a L-Tyr*/p-Tyr® configuration for natural fengycins.

1233



234|









APPENDIX

SUPPORTING INFORMATION OF DOCTORAL THESIS:

Solid-phase synthesis of cell-penetrating
v-peptide/antimicrobial peptide conjugates

and of cyclic lipodepsipeptides derived from fengycins

Table of contents

Supporting Information Chapter 3: Cell-penetrating y-peptide/antimicrobial
undecapeptide conjugates with anticancer activity..........cccccccevveevieeiieesiiee e, S3

Supporting Information Chapter 4: Solid-phase synthesis of cyclic depsipeptides
containing a phenyl ester DONd ...........ocooiiiiiiii S9

Supporting Information Chapter 5: Total solid-phase synthesis of dehydroxy
TENGYCIN EIVALIVES ... S117






Supporting Information Chapter 3

Cell-penetrating y-peptide/antimicrobial

undecapeptide conjugates
with anticancer activity

Cristina Roses, Daniel Carbajo, Gloria Sanclimens, Josep Farrera-Sinfreu,
Adriana Blancafort, Gloria Oliveras, Anna Diaz-Cirac, Eduard Bardaji,
Teresa Puig, Marta Planas, Lidia Feliu, Fernando Albericio and Miriam

Royo
Table of contents

1. Synthesis Of peptide CONJUUALES. .......coiuiiiieiiiiiie it S5
1.1 Lys-Lys-Leu-Phe-Lys-Lys-1le-Leu-Lys-Val-Leu-PEG-1 (BP15-PEG-1).......cccocvvrvrruiinennn. S5
1.2. Leu-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Val-Leu-PEG-1 (BP33-PEG-1)........cccocevrveniinnnnnn. S6
1.3 Lys-Lys-Leu-Phe-Lys-Lys-1le-Leu-Lys-Phe-Leu-PEG-1 (BP76-PEG-1)........cccocvvrvvniincnnnn. S6
1.4, Ac-Lys-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Phe-Leu-PEG-1 (BP77-PEG-1)........c.ccccveueenee. S7
1.5 Ac-Lys-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Tyr-Leu-PEG-1 (BP101-PEG-1) ......c.cccovrrueenee. S7
1.6. Ts-Lys-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Lys-Leu-PEG-1 (BP125-PEG-1)........cccccverueenene S8
1.7. Bz-Lys-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Lys-Leu-PEG-1 (BP126-PEG-1) .........cccccveneeee. S8

|S3



S4]



1. Synthesis of peptide conjugates

1.1. Lys-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Val-Leu-PEG-1 (BP15-PEG-1)
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1.2. Leu-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Val-Leu-PEG-1 (BP33-PEG-1)

HPLC (A =220 nm) | MS (MALDI-TOF)
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1.3. Lys-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Phe-Leu-PEG-1 (BP76-PEG-1)

HPLC (A =220 nm) | MS (MALDI-TOF)
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1.4. Ac-Lys-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Phe-Leu-PEG-1 (BP77-PEG-1)

HPLC (A =220 nm) | MS (MALDI-TOF)
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1.5. Ac-Lys-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Tyr-Leu-PEG-1 (BP101-PEG-1)
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1.6. Ts-Lys-Lys-Leu-Phe-Lys-Lys-lle-Leu-Lys-Lys-Leu-PEG-1 (BP125-PEG-1)

HPLC (A =220 nm) | MS (MALDI-TOF)
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BC.NMR (400 MHz), CDCl,
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3C-NMR (400 MHz), CDCl,
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3C-NMR (400 MHz), CDCl,
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pNZ-L-Tyr(‘Bu)-OH
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B3C-NMR (400 MHz), CD;0D
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BC-NMR (400 MHz), CDCl,
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BC-NMR (300 MHz), CDCl,
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2. Synthesis of cyclic octapeptides
2.1. Linear peptides

2.1.1. Fmoc-Thr-Glu-Val-Pro-GIn-OAll

HPLC (4 = 220 nm) (Method A)

600 Cristina\Cris_Camo'\2011 Setembre/19-09-2011 volum injectat 20,0 pl
|mAU WVL:220 nm
3
e
] ~
500
400+
QS: 1
£ 300
FR ‘
o
c
® |
=
Q 200+ ‘
2 -
< |
100 | ®
1 ‘ ‘ x
| L
ot S ——— St —
min
-100 —— T 1 7T — i T
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencio [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 755 505,273 39,414 93,46
2 842 35434 2,758 6,54
Total: 540,706 42172 100,00

S28|




2.1.2.

H-Phe(4-NH-lle-Tyr-Fmoc)-Thr-Glu-Val-Pro-GIn-OAll

HPLC (4 = 220 nm) (Method A)

1200 Cristina\Cris_Camo0\2011 Setembre/29-09-2011 [modified by Administrador]
T ImAUu % WVL:220 nm
| N
1.000+
800
5 i
T 600
© 7
3] i
=4
@
_Q i
5 400
=} 4
<
200+ | |
4 ©« ("')cn
J =||33
i ™~ %
0_7 \r_ A M",_, i
i min
20— ] L T
0,0 2,0 4.0 6,0 8,0 10,0 12,5
Temps de retencié [min]

No. | Temps retencié alcada Area Area relativa
min mAU mAU*min %
1 7,41 28,118 2,834 2,64
2 7,68 1068,674 99,770 93,06
3 8,01 25,556 3,060 2,85
4 8,25 14,867 1,547 1,44
Total: 1137.215 107,211 100,00
MS (ESI) m/z (+)
Intens. | +MS, 0.4-1.0min #(27-62)
x108
1273.7
5 In:(ne‘r[\}ss w2737 +MS, 0.4-1.0min #(27-62)|
4
4
2 ' 1285.7
1 12337 \n,\_ ﬂf\, e
3 0 1240 1260 1280 1300 1320 m/z
2.
1_
6003 s 901.6 1095.6
ol w4l [ et eoe  19P%wmers | [l 1476 |
600 800 1000 1200 1400 m/z
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2.1.3.

H-Phe(4-NH-lle-D-Tyr-Fmoc)-D-Thr-Glu-D-Val-Pro-GIn-OAll

HPLC (4 = 220 nm) (Method A)

Cristina\Cris_Camo'2012 Febrer/27-02-2012 [modified by Administrador] volum injectat 30,0 pl

2.000 {mAU WVL:220 nm
: 3
1.750 L
] ~
1.500—
_ 1.250
5 ]
z ]
E ]
2 1.000
c
© 4
Lo 4
5} ]
8 7504
< ]
500 |
] |
250 2|l
4 3 -
< | o
] ~lla
] [
77‘.[\ - N . .
7 min
.100Jr“".““‘|“.‘.““..‘
0,0 2,0 4.0 8,0 8,0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 7,44 60,573 5,864 3,92
2 7,66 1643,785 141,105 94,38
3 8,00 24,600 2,533 1,69
Total: 1728,959 149,502 100,00




2.14.

HPLC (4 = 220 nm) (Method A)

H-Phe(4-NH-lle-D-Tyr-Fmoc)-D-Thr-Glu-D-Ala-Pro-GIn-OAll

2.000

Cristina\Cris_Camo\2012 Febrer/27-02-2012 [modified by Administrador]

volum injectat 30,0 pl

mAU

1.750

1.500

-
]
o
T

Absorbancia [mAU]

7,507

WVL:220 nm

min

1
8.0

Temps de retencié [min]

10,0 12,5

No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 7.30 32,298 2,987 1,87
2 7.51 1778,110 154,244 96,31
3 7.84 28,078 2923 1.83
Total: 1838.485 160,154 100.00
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2.1.5. H-Phe(4-NH-lle-D-Tyr-Fmoc)-D-Ser-Glu-D-Ala-Pro-GIn-OAll

HPLC (4 = 220 nm) (Method A)

Cristina\2012_Mar¢/23-03-2012 [modified by Administrador]

volum injectat 20,0 pl

500 mAU WVL:220 nm
o~
] PN
v
~
400+
_. 300+
=)
< ]
E i
o©
o 4
c
AT
£ 200+ ‘
(=]
w 4
o
{ ] ‘
100+ ﬂ ‘
] | |
I <
J \ |
| ‘\ M‘.'l"
‘ min
HonHT—F 5
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 7,52 416,578 32,825 94,84
2 7,75 8,038 0,530 1,53
3 7.84 16.729 1.256 3,63
Total: 441,345 34,611 100,00




2.1.6.

HPLC (4 = 220 nm) (Method A)

H-Phe(4-NH-lle-D-Tyr-Fmoc)-D-Ser-Glu-D-Val-Pro-GIn-OAll

800 Cristina\2012_Mar¢/23-03-2012 [modified by Administrador] volum injectat 20,0 pl
mAU WVL:220 nm
1 <
500 3
| ~
400+
5 4
< |
E
@ 300
o 4
c
g
¢ |
5} | ‘
3
< 200+
100 ﬂ |
I 2
| @
i ‘ | N
1 min
-50 T — —
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencié [min]

No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 7,64 462,039 37,713 96,09
2 7.90 11,878 0,878 2,24
3 7.96 10,169 0.657 1,67
Total: 484,086 39.249 100.00

w
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2.1.7.

HPLC (4 = 220 nm) (Method A)

H-Phe(4-NH-lle-Tyr-H)-Thr-Glu-Val-Pro-GIn-OH

350 Cristina\Cris_Camo'2011 Octubre/28-10-2011 volum injectat 30,0 pl
{mAU WVL:220 nm)|
] 2
] ~
300+ w
250-]
= 200-| ‘
< ]
£ ]
o 4
2 150+
@ 1
2 4
g _ ‘
2 ]
< 100 |
] |
50+ \
] ‘.
ol J{ e A N — _
] “ .
1 min
ot
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 5,70 283,187 22,562 100,00
Total: 283,187 22,562 100.00
MS (ESI) m/z (+)
Intensé +MS, 0.4-0.9min #(26-58)
x10 10116
Intens. +MS_ 0.4-0 Smin #(26-58)
34 X108 10116
3
2
‘ 10336
1 ! 10495
2 o738 I I ], 10715
960 ) 1000 1020 1040 1060 1080 1100 miz
1.
506.2 768.4
669.3 l L
L Lo 1, s 1L 1201.4 |
400 600 800 1000 1200 miz

S34



2.1.8.

HPLC (4 = 220 nm) (Method A)

H-Phe(4-NH-lle-D-Tyr-H)-b-Thr-Glu-p-Val-Pro-GIn-OH

2,000 Cristina\Cris_Camo'2012 Marg/14-03-2012 [modified by Administrador] volum injectat 20,0 pl
’ -mAU WVL:220 nm)|
7 ~
] &
R e
1.750+ ©
1.500
1.250-
5 4
< ]
] 1.000
o o
c
& 4
o 4
S 750
2
< ]
500 |
250: “
| e
1 |\&2
4 ©w
D SN Y Y| .
7 min
200f———"+—F+F—F+—F—————
0,0 2,0 40 8,0 8,0 10,0 12,5
Temps de retencio [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 6,03 1696,703 147,111 93,99
2 6,29 44 495 3,754 2,40
3 6,49 63,343 5,652 3,61
Total: 1804.541 156,516 100,00
MS (ESI) m/z (+)
Intens. +MS, 0.5-1.1min #(22-56)
x107 10118
4, B
Intens. +MS, 0.5-1.1min #(22-56)|
‘m: 10116
3
3
24 4 /’ 10336
', L‘ 1055.6
920 840 960 980 1000 1020 1040 1060 1080 1100 mz
14
50[6.2 7685 35:-5
0 T T T T t Ay el T T T T
200 400 600 800 1000 1200 1400 1600 miz
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2.1.9. H-Phe(4-NH-lle-D-Tyr-H)-b-Thr-Glu-p-Ala-Pro-GIn-OH

HPLC (4 = 220 nm) (Method A)

2.000 Cristina\Cris_Camo\2012 Marg/14-03-2012 [modified by Administrador] volum injectat 20,0 pl
: 4mAU .
| w
B @
w
1.750—
1.500—
1.250]
5 4
pe ]
E 1.000 ‘
o -
c
T R
e ]
g 750+
o
< ]
500 \
250 -
=
| ©
4 0| '\
I __A_M_\VLFA_,_ -
-200-+— ——— —
0,0 8,0 8,0 10,0
Temps de retencié [min]
Ret.Time (detected) Height Area Rel.Area
mAU mAU*min %
39,807 3,937 2,56
1752,514 140,057 91,10
101,333 9.750 6.34
1893,654 153,744 100,00
MS (ESI) m/z (+)
Intens. +MS, 0.5-1.2min #(23-62)
xt07 9836
3.
983.6
2.
14 mcnrs.s
| -
940 60 980 1000
833.5
ol -l . ; ; .
800 1000 1400 1600 1800
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2.1.10. H-Phe(4-NH-Ile-D-Tyr-H)-D-Ser-Glu-p-Ala-Pro-GIn-OH

HPLC (4 = 220 nm) (Method A)

Cristina\Cris_Camo'2012 Abril/23-04-2012 [modified by Administrador] volum injectat 20,0 pl
700
mAU 2 WVL:220 nm
1 H
600+
500+
= 400
z |
E |
8 1
2 300
-0 4
2
B 4
(7]
2 o |
< 200 ‘
1004 p \
1 i
1 ‘ \ ‘ |
0+ - - — J_\\J\-\,v__/___vfﬁ,ﬁ —— S
1 ‘ min
-100 r—— 7T —
00 2,0 4.0 6,0 8,0 10,0 125
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 5,86 610,972 44,579 100,00
Total: 610,972 44,579 100.00
MS (ESI) m/z (+)
Intens,_ +MS, 0.4-1.0min #(24-64)
x108 %695
0.8 iens +MS. 0.4-1.0min #(23-64)]
%108 9695
0.8
06{
02 L %915
0.4- "0 g% E %0 830 E 10 02 | 160 100 mz
0.2
485.1
| 693.3 819.4 |
0.0-+— T T e i y T T
200 400 600 800 1000 1200 1400 miz
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2.1.11. H-Phe(4-NH-Ile-D-Tyr-H)-b-Ser-Glu-p-Val-Pro-GIn-OH

HPLC (4 = 220 nm) (Method A)

1100 Cristina\Cris_Camo\2012 Abril/23-04-2012 [modified by Administrador] volum injectat 20,0 pl
' mAU © WVL:220 nm
b 5
] <
875
750
2 625+
E ]
@ ]
2 500+
.G E
= ]
‘C-’ 4
2 375]
<
250
] “
125+ ]
1N 8
] \ ©
1 | /\
ij| — — — S
T B S LLLL
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 6,02 948,898 76,119 98,73
2 6.32 15.080 0.981 1.27
Total: 963,978 77,100 100,00
MS (ESI) m/z (+)
Il'lter'lsé +MS, 0.4-0.9min #(23-59)
x10°7 9975
Intens. +M3, 0.4-0.%min #(23-59)
0.8{ = 9975
08
06
06 * I
o2 10195
o I :
920 940 960 980 1000 1040 1060 miz
0.4+
0.2
aen-1 7543 8475 |
00— T T s T T
200 400 600 800 1000 1200 1400 miz
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2.2. Cyclic

2.2.1.

octapeptides

HPLC (4 =220 nm) (Method A)

H-Phe(4-NH-&)-Thr-Glu-Val-Pro-GIn-Tyr-lle-& (1)

200 Cristina\Cris_Camo'\2011 Octubre/14-10-2011 [modified by Administrador] volum injectat 30,0 pl
|mAU WVL:220 nm
150+
=)
z 100+
g 4
8 E
o @
c wn
-G 1 «
2 ] <
o
5 50 A
. A\
1 /
1 j - nfMAﬂrw— S—
o ( T
] |
1 |
il H min
-50 — T T — —
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencio [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 6,66 50,874 28,613 100,00
Total: 50.874 28,613 100,00
MS (ESI) m/z (+)
|nt€"55-* +MS, 0.4-0.9min #(22-48)
x10
9936 Intens, +MS, 0.4-0.9min #(22-48)|
x10% 9936
4 4
3
3,
2 1015.6
1
965.7 901 || 10048 )\ 10230 111?1 &
9566 9724 981.7 | so8.8 a \ ,
21 ol A ,-J’\w-"fmwwm\w«ﬁw{“h u\u'tﬂ'wfﬂ’J“WMM %W’\\/"'u.w{\}w\'lwm-'u"
960 970 280 990 1000 1010 1030 mz
1
817.4 894.6
1833.2 1987.2
ol [TYRER T Soidasifhod ot bk i il
800 1000 1200 1400 1600 1800 2000 miz
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2.2.2. H-Phe(4-NH-&)-D-Thr-Glu-p-Val-Pro-GIn-D-Tyr-lle-& (BPC862)

HPLC (4 = 220 nm) (Method A)

1900 Cris Camd'2014 Novembre/06-11-2014 [modified by Administrador] volum injectat 50,0 pl
i |mAU WVL:220 nm
| 8
“
1.000+ ©
] 2
1 ©
o
800
= |
L 600
& 7
Q -
c
M 4
£
2 400+
Qo 4
<
200
0_
1 min
200ty T
0,0 2,0 4,0 6.0 8,0 10,0 12,5
Temps de retencio [min]

No. |Temps retencio alcada Area Area relativa
min mAU mAU*min %
1 6,33 949,433 126,534 39,28
2 6.69 781,668 195,595 60.72
Total: 1731.101 322,129 100,00
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Purification of BPC862

HPLC (4 =220 nm) (Method A)

600 Cris Camd\2014 Novembre/06-11-2014 [modified by Administrador] volum injectat 70,0 pl
{mAU WVL:220 nm|
500+ ©
E ©
400+
= 300+
= 1
E ]
© 1
9 2004 \
-® ]
e} |
5 ]
@ B |
2 |
< 100+ \
1 | \\ ©
0 {,’— - — A -
1 |
1 |
-100+ ‘
1|
] ‘ min
20—ty
0,0 2,0 4.0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. |Temps retencio alcada Area Area relativa
min mAU mAU*min %
1 6,34 435,567 48,714 97,91
2 8,25 15,213 1,038 2,09
Total: 450,780 49,752 100,00
MS (ESI) m/z (+)
|l'lt6ﬂ5? +MS, 0.5-0.8min #(20-33),
x1 04_ 993.6 Img“nDs?‘ +MS, 0.5-0.8min #(20-33)
x107] 2936
3 %
2
21 10158
1
1 10376
EBES
850 900 950 1000 ST 1100 miz
880.5 1
600 800 1000 1200 1400 1600 1800 2000 2200 2400 m/z
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2.2.3.

H-Phe(4-NH-&)-D-Thr-Glu-D-Ala-Pro-GIn-D-Tyr-lle-& (BPC864)

HPLC (4 = 220 nm) (Method A)

S42|

300

Cris Cam$12014 Octubre/15-10-14 [modified by Administrador]

volum injectat 40,0 pl

1mAU WVL:220 nm|
250+
1 &
i ~
| ©
200+ '
2 ol |
£ 150 ©
= 1 b
c 4
g |
2 |
5 100 ‘ ‘I
2 1 |
< ] | ‘I‘
| . ‘
| I | (|
50 || 1
\ [=2]
1 NN
| \ ~
1 1 | \
I / N
0 ﬂj _ - o \""HF"\' o e
1 ‘ min
*oe )Y
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. |Temps retencio alcada Area Area relativa
min mAU mAU*min %
1 6,22 198,688 18,870 40,96
2 6,51 116,123 26,173 56,81
3 7,85 13,321 1,026 2,23
Total: 328,131 46,069 100,00




Purification of BPC864

HPLC (4 =220 nm) (Method A)

1.200 Cris Cam6'2014 Octubre/15-10-14 mostra Tub 10 volum injectat 50,0 pl
’ mAU WVL:220 nm
) ~
i &
o
1.000 @
800+ ‘
? il
E 600
s |
[} 4
c
- 4
2
g 400+ ‘
Q -
) |
b [
200 ‘
: I
1 a .\
0___,1\ _ B E o _
-200“‘-|‘--\--‘\-“|‘-‘\-“|mm
0,0 2,0 4.0 6,0 8,0 10,0 12,5
Temps de retencio [min]
No. |Temps retencio alcada Area Area relativa
min mAU mAU*min %
1 6,24 958,853 89,274 100,0
Total: 958,853 89,274 100,00
MS (ESI) m/z (+)
Intens. _ +M$S, 0.5-0.8min #(33-54)
B Intens. [ +MS, 0.5-0 8min #{23-54)
x10! x108] 9655
104 1zl
| %655
1.001
0.8 |
U?S"
0.6 |
050
0.41 | 987.4
0259
027 ol l \
as0 900 850 1000 1050 100 mz
s 777 T T
200 300 400 500 600 700 800 900 1000 1100 m/z
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2.2.4. H-Phe(4-NH-&)-D-Ser-Glu-D-Ala-Pro-GIn-D-Tyr-lle-& (BPC866)

HPLC (4 = 220 nm) (Method A)

800 Cris Camdé\2014 Desembre/22-12-2014 [modified by Administrador] volum injectat 40,0 pl
|mAU WVL:220 nm|

6,262

Absorbancia [mAU]

]l min
{045
0,0 20 4.0 6,0 8,0 10,0 12,5

Temps de retencié [min]

No. |Temps retencié alcada Area Area relativa
min mAU mAU*min %
1 6,26 494,820 57,207 53,18
2 6.58 255,478 50,365 46,82
Total: 750,299 107,572 100,00
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Purification of BPC866

HPLC (4 =220 nm) (Method A)

600 Cris Camé'2014 Novembre/06-11-2014 volum injectat 70,0 pl
mAU WWVL:220 nm
T ©w
1 e
500 ©
400+ ‘
= 300+
z ]
£ 1
5 1
2 200+
k] 1 |
o
S 1 |
w
2 1 |
< 100+ \
] |
0 \" f- — : o a
g |
1 |
-100+ |‘
1 ‘ min
20007
0,0 2,0 4.0 6,0 8,0 10,0 12,5
Temps de retencio [min]
No. |Temps retencié alcada Area Area relativa
min mAU mAU*min %
1 6,11 479,275 51,685 100.0f
Total: 479,275 51,685 100,00
MS (ESI) m/z (+)
Inten% +MS, 0.5-0.8min #(21-31)
x10 Inle‘vg; +MS, 0.5-0.8min #(2131)]
54 x
951.6
5
9516
4_
4
3_ 3
2
8736
2.
1
l 9955
14 0 T
800 850 900 950 1000 1050 1100 miz
0 : : L : — : : :
600 800 1000 1200 1400 1600 1800 2000 2200 2400 m/z
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2.2.5.

H-Phe(4-NH-&)-D-Ser-Glu-D-Val-Pro-GIn-D-Tyr-lle-& (BPC868)

HPLC (4 = 220 nm) (Method A)

S46 |

Cristina\Cris_Camo'2012 Mar¢/29-03-2012 [modified by Administrador]

200 volum injectat 30,0 pl
1mAU WVL:220 nm
250+
] ©
] g
] ©
4 1
200+ |
1 |~
1 | 2
] | &
2 10 |
\
£ 150+ | |
T ] |
S 4 |
e ‘ ‘\
© |
E I
S 100+ i
< 1 | \TJ I
1 |
1 | |
1 | |
50 {‘ “ \
| | \
I \ I \
| f‘ \
| | / N
8 | B ———
1 ” min|
50 T — T T
0,0 2,0 4,0 6,0 8.0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 6,43 214,938 51,287 56,07
2 6.80 164.084 40.180 43.93
Total: 379,022 91,467 100,00




Purification of BPC868

HPLC (4 =220 nm) (Method A)

400 Cris Cam$'2014 Novembre/06-11-2014 volum injectat 70,0 pl
mAU WVL:220 nm
B 2
300-| '~
| h
] |
. 200+ [
5 |
< 1 |
E | ‘ {
o !
‘© J |
5 \
£ 100 ‘\
o
g \
o
< |
] } |
4 1 1
I B
0 *H ~ —L— \P—'*f i S
1]
1 |
1
ail
| min
-150 — T T T T T T
0,0 2,0 4.0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. |Temps retencio alcada Area Area relativa
min mAU mAU*min %
1 6,29 308,375 66,111 100,00
Total: 308.375 66.111 100,00
MS (ESI) m/z (+)
Inten? +M$S, 0.5-0.8min #(20-31),
x10 Intens, +MS. 0.5-0.8min #(20-31)
x107
6.
979.6 &
5] 4796
4 4
3-
2 10016
‘2,
l 102l35
1 i 0 8s0 900 950 1000 1050 1100 1150 miz
0 ; . Ll : ; ; ; . . .
600 800 1000 1200 1400 1600 1800 2000 2200 2400 m/z
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3. Synthesis of cyclic octadepsipeptides

3.1. Linear peptides

3.1.1. H-Tyr-Thr-Glu-Val-Pro-GIn-OAll

HPLC (4 = 220 nm) (Method A)

Cristina\2010_setembre/24-09-2010 [modified by Administrador]

volum injectat 30,0 pl

S48 |

1.400 |mAU WVL:220 nm
| &
)
m ©
1.200
1.000+
5 800
z 4
£
o 1
2 600+
@ 4
e
5}
173
2 i
< 400+
200+ |
i ‘\
ol N —"--LLM-—«—— e ]
] min
2004————————————————— .
0,0 2,0 4,0 8,0 8,0 10,0 12,5
Temps de retencié [min]
Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
6,33 1203,853 83,807 100,00
1203.853 83,807 100,00




3.1.2.  pNZ-Tyr-Thr-Glu-Val-Pro-GIn-OAll

HPLC (4 = 220 nm) (Method B)

"MWD1 A, Sig=220,4 Ref=360,100 (C\CHEM32\T\DATA\CRISTINAIMARGC 2011\28-03-20111004-0401.D - CACHEM32\1\DATA\CRISTINAM
mAU %
800 “
600 ‘
400 ‘ ‘
200 ‘ o
] | \ 8
I <
J o i
8 [ =3 g
] o [\ 31 3
0+ | S N N N\ b
| \/ = VA A B
R T R R R R
1 2 3 4 5 mirg
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s3] [mAU] %
il et [l === |—=— |-====- I
1 2.860 Vv 0.0792 270.49011 46.9499¢ 5.9663
2 3.512 vv 0.0539 3361.18140 934.85895 74.1387
3 3.950 vv 0.0555 145.12778 40.77485 3.2011
4 4.055 vv 0.0580 543.85529 144.16953 11.8960
5 4.402 vv 0.0767 212.98369 39.64968 4.6979
MS (ESI) m/z (+)
Intens. +MS, 0.4-0.8min #(36-70),
K07 955.4
1.0 )
Intens. *MS, 0.4-0.8min #{36-70)|
”’PZ 9554
08] o §
06 ‘
0.4 975
I 2034
02
061 ool 284 s S, el M —
820 840 <z 880 1 1020 mz
0.4
753.5
0.2
o0 a102 4972 5820 6687 8583 i 10955 12593
' 400 600 800 1000 1200 miz
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3.1.3.  pNZ-Tyr-Thr-Glu-Val-Pro-GIn-Tyr-OAll

HPLC (4 = 220 nm) (Method B)

"MWDT A, Sig=220,4 Ref=360,100 (C:\CHEM32\ TIDATAICRISTINA2011_NOVEMBRE26-11-20111013-0401.D - C\CHEM32 1DATACRISTI
mAU{
1200
1000}
800
600
400
200
0] —— — — ———
T T T T T T
1 2 3 4 5 mil
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
- [—= = == [ |- |
1 3.973 VvV 0.0539 5012.18506 1395.41443 82.0916
2 4.123 vV 0.0589 746.24805 185.55293 12.2224
3 4.198 Vv 0.0636 347.l16812 78.45352 5.6861
Totals : €105.60123 1€59.42088
MS (ESI) m/z (+)
|“ter|56- +MS, 0.4-0.8min #(36-73)
x10
1140.6
e, WS, 040 Brmin A(36-73)
x
5 1188 11408
41 4
3
4 |
’ m ‘ 11565
}h\ 1130.0 mlu‘,’l, l.}l 1190.6
2 100 1120 140 1150 1180 mz
1 B
12246
5788 @725  756.1 872.4 10125
0 . ul . P L ; T TN X
400 600 800 1000 1200 1400 miz
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3.14.

HPLC (4 = 220 nm) (Method A)

pNZ-Tyr-D-Thr-Glu-D-Val-Pro-GIn-D-Tyr-OAll

1,000 Cristina\2012_Desembre/03-12-2012 [modified by Administrador] volum injectat 60,0 pl
' {mAU o WVL:220 nm
] =
875+
750
625-]
5 4
] |
‘s 500+
o 4
c
kS -
o i
S 375
R}
2] ‘
250+ |
] | e
| bl
] @~
125+ I 2
] 55 0 2
| ‘{{I \ o
1 Wy il \
] \ x / \ / E f
_77 /“ [ SE— _— — —_— S —— —
b H min
-100 r—r 7T T T —
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencio [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 6,35 46,923 7,996 6,15
2 6,73 59,082 8,098 6,23
3 6,85 88,136 10,904 8,39
4 7,28 879,556 84,335 64,90
5 7.46 114,568 15,302 11,78
6 8,00 31,665 3.304 2,54
Total: 1219,930 129,939 100,00
MS (ESI) m/z (+)
Intens?, +MS, 0.5-1.1min #(15-35)
x10 11185
Intens. { +MS, 0.5-1, 1min #(15-35)|
0.8 m7: 11185
084
06:
0.6 o4] '
Ezj 1078.4 LN ':j,,c_m "5‘?_'4 1205 12245
1040 1060 1080 1100 1120 1140 1180 1180 1200 1220 mz
0.44
0.2
578.7 8724 h \ 1460.5
00 T —dy e il A v T T T v v T
500 1000 1500 2000 2500 m/z
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3.15.

HPLC (4=220n

H-Tyr-D-Thr-Glu-D-Val-Pro-GIn-b-Tyr-OAll

m) (Method A)

2500 Cristina\2014_Mar¢/12-03-2014 [modified by Administrador] volum injectat 50,0 pl
’ mAU WVL:220 nm
7 2]
] 8
| ©
2.000+
= 1.500+
=)
2 J
E 1
© i
o
= 4
8
5 1.000+
123 4
Q
< ]
500
1 min
-200 T T T T T T
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 572 85,425 11,264 3,58
2 5,85 57,902 6,182 1,97
3 6,60 2062,499 243174 7737
4 6,94 359,082 44,106 14,03
5 7.18 55,986 9.590 3.05
Total: 2620.895 314,316 100.00
MS (ESI) m/z (+)
Intens. +MS, 0.6-0.7min #(19-25)
X107 9395
6
5]
4]
3
2
1_
10455
ol , : - L ; ,
200 400 600 800 1000 1200 1400 mfz
MS (ESI) m/z (-)
Intens. ] -MS, 0.6-0.8min #(20-28)|
X106 937.4 Ir\:inus.s “NIS, 0.6-0.8min #(20-28)]
5_
6
9374
4
o
3]
2]
2
9594
10434
4 L 1000410273 || 1085.4
o 800 850 900 850 1000 1050 mwz
L 1043.4
00— T T S A T T
200 400 600 800 1000 1200 1400 miz



3.1.6. H-Tyr-D-Ser-Glu-D-Val-Pro-GIn-D-Tyr-OAll

HPLC (4 =220 nm) (Method A)

1.400 Cristina\2014_Marg¢/12-03-2014 [modified by Administrador] volum injectat 30,0 pl
’ |mAU WVL:220 nm|
] o
R =
1.200— &
1.000—
5 800+
2 1
£ 1
< ]
2 600+
© 1
2
F ]
Qo
< 400
] o
200+ 2
D‘
] min|
200 T T T T T T T T T
0,0 2,0 4.0 6.0 8,0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 6,58 1130,144 99,362 87,17
2 6.91 125.281 14.620 12,83
Total: 1255425 113,982 100,00
MS (ESI) m/z (+)
IntensT. +MS, 0.6-0.8min #(19-29),
10
X 9235 mons| W GEaE 2]
x
4
5
9255
4
3
3
24 2
1
s 10315
14 b 976
850 900 950 1000 1050 mz
10315
7223 l
0 T T i t Ly v T
200 400 600 800 1000 1200 1400 miz
MS (ESI) m/z (-)
Intenss. -MS, 0.5-0.9min #(18—30)|
x1 04_ 923.4 '"‘e\r,‘,% S, 0.5-0.9min #(16-30)
5
4 9234
34
3
2 2
1
9453
10294
1 [ 9013 9773 954 10133 | 10524
800 850 200 950 1000 1050 mz
l 1029.4
ol : : s ‘ A — e ,
200 400 600 800 1000 1200 1400 miz
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3.1.7.

HPLC (4 =220 nm) (Method A)

H-Tyr-D-Thr-Glu-D-Ala-Pro-GIn-b-Tyr-OAll

volum injectat 30,0 pl

1600 Cristina\2014_Marg/12-03-2014 [modified by Administrador]

mAU WVL:220 nm
i N
1.400-] b
1200
1,000
= ]
< i
E 800
o 1
(5} 4
2
g ]
S 600
3 i
< 4
400
20(%7
.
1 min
-200 T T T T T T
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencio [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 4,88 55,329 4,253 284
2 513 29,064 2,142 1,43
3 5,36 51,730 4,551 3,04
4 5,85 29,212 3,279 2,19
5 6,38 1331,938 115,351 76,93
6 6,65 55,224 5,447 3,63
7 6,78 165,685 14,929 9.96
Total: 1718,183 149,951 100.00
MS (ESI) m/z (+)
Intens. +MS, 0.5-0.9min #(17-33)
x107 9115
4
34
2]
14
1017.5
| os3s |
0 T T T " T
500 600 700 800 900 1000 1100 1200 m/z
MS (ESI) m/z (-)
Intens. -MS, 0.5-0.9min #(18-30)
x106
5
909.4
4,
3]
2
1
10154
. | | | L b ‘ ,
200 400 600 800 1000 1200 1400 m/z
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3.1.8.

HPLC (4 =220 nm) (Method A)

H-Tyr-D-Ser-Glu-D-Ala-Pro-GIn-D-Tyr-OAll

2500 Cristina\2014_Febrer/14-02-2014 [modified by Administrador] volum injectat 50,0 pl
T JmAU WVL:220 nm
7 ~
2.000 8
] ©
— 1.500
=)
2 ]
£ |
® |
[}
= |
8
;;) 1.00(%_
Qo
< |
500+ o~
] ©
©
| £
1 8
| ©
2004}
0.0 2,0 4,0 6.0 8.0 10,0 12,5
Temps de retencio [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 6,28 1837,551 163,359 82,83
2 6,58 74,968 6,671 3,38
3 6,66 244,378 22,027 117
4 6.89 39,918 5167 262
Total: 2196.816 197,224 100,00
MS (ESI) m/z (+)
Intens. +MS, 0.5-0.8min #(18-28)
x107
4
897.4
3
2
1
1003.5
o 694.4 Loy
200 400 600 800 1000 1200 1400  miz
MS (ESI) m/z (-)
Intens. -MS, 0.6-0.9min #(19-31)
x108 -
Intens. MS, 0.6-0,9min #13-31
8953 o
&
3 8853
5
2 .
'
1 9173
mr
[ sy 532%74 a5y 10243
[ 10014 %= &= w0 ] TR
200 400 600 800 1000 1200 1400 miz
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3.1.9. H-D-Tyr-b-Thr-Glu-b-Val-Pro-GIn-Tyr-OAll

HPLC (4 =220 nm) (Method C)

*MWD1 A, Sig=220,4 Ref=360,100 (C:\CHEM32\1\DATA\CRISTINA\2014_GENER'24-01-20141008-0801.D - C:\CHEM32\ \DATA\CRISTINA\
mAU ] 8
T
1400 T
1200+
10004
800 ‘
600~ H
400+ ‘ ‘
2 8
200 I | \ 3
I M
/1 U
0 N N WA |
| L T —_— e
L B T L e e e B LA S LA e e
2 4 6 8 10 12 14 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %
el R [====] == === [—mmmm s R [
1 3.338 VV 0.1505 2649.76685 229.88855 16.7259
2 4.330 vV 0.0957 1.07004e4 1607.08350 €7.5432
3 4.792 vV 0.1323 2492.12817 249.89232 15.7309
Totals 1.58423e4 2086.8643¢6
MS (ESI) m/z (+)
Intens, +MS, 0.6-0.8min #(19-27)
X107
\nle'nus?, #MS, 0.5-0.8min #(19-27)|
*
9395 ]
4] 1
1 9395
4
31 3
2
2 1
1
9615 10455
1 L 10125 L
800 850 900 950 1000 1050 1100 m'z
1045.5
736.3 l
0 T T ! T . T T
200 400 600 800 1000 1200 1400 miz
MS (ESI) m/z (-)
Intens. -MS, 0.5-0.9min #(18-30)|
x108 s, WS, 05:0.0min #(18-30)
937.4 s
44
937.4
4
34
3
2
2
1
859.3 10434
' , ‘L L 1008.410273 L 1085.4

850 950 1000

400 800 1200 1400  miz
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3.1.10. H-D-Tyr-b-Ser-Glu-D-Val-Pro-GIn-Tyr-OAll

HPLC (4 =220 nm) (Method C)

“MWD1 A, Sig=220,4 Ref=380,100 (C:\CHEM32\1\DATA\CRISTINA\2014_GENER!24-01-20141008-0601.D - C:\CHEM32\1\DATAICRISTINAL
mAU 3
1000 T
|
800
600 ‘
I
400
I
200 > |
g |
| = | @
| i | ~
o-{—" — A\ &
T T T T T T
2 4 3 8 10 12 14 mi
Peak RetTime Type Width Area Height Area
* [min] [min] [mAU*s] [mAU] 2
- e |————— [ == |- |
1 3.319 W 0.1637 1603.37207 126.64928 14.8137
2 4.332 W 0.0871 ©940.79883 1107.32080 64.1267
3 4.786 VWV 0.1271 1442.97803 154.30269 13.3318
4 5.752 W 0.1542 836.42023 70.59526 7.7278
Totals 1.08236e4 1458.86803
MS (ESI) m/z (+)
lntens? +MS, 0.5-0.7min #(17-25)'
X‘IDS* 925.5 melnﬂs?; WIS, 0.5-0.7min #(17-25]
o]
| w55
4 B
“
3 |
|
2
2 |
9474 10315
i s N
19 3 e B3 P E3 o5 [ T T R e
1031.5
7223 l
ol ‘ ; L : ) ‘ ,
200 400 600 800 1000 1200 1400 m/z
MS (ESI) m/z (-)
Intens. -MS, 0.5-0.8min #(18-28)
x108
5 e S, 0.5-0.8min #(18-28)]
9234
5
4 8234
4
31 E
2
2]
1
8453 1029.4
| 1 w1
1 85 850 875 900 925 950 975 1000 1025 1050 mz
1029.4
7203 l |
0 ; . L . Aok . )
200 400 600 800 1000 1200 1400 miz
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3.1.11. H-D-Tyr-D-Thr-Glu-p-Ala-Pro-GIn-Tyr-OAll

HPLC (4 =220 nm) (Method A)

Cristina\2014_Febrer/05-02-2014 [modified by Administrador]

volum injectat 40,0 pl

1.400 _mAU ha WVL:220 nm|
] M
1.200
1.000
5 8004
2 |
E |
hud ]
2 6004
-G 4
2
3 ]
e}
<
min|
200 —_— 11— —————
0.0 2,0 4,0 6.0 8.0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 5,06 39,438 4,072 3,17
2 6,17 1234,611 105,576 82,15
3 6,44 40,064 3,305 2,57
4 6,55 120,430 11,180 8,70
5 6,78 15,691 1,800 1,40
6 7.54 20.775 2,582 2,01
Total: 1471,008 128,515 100,00
MS (ESI) m/z (+)
|n!ens7. +MS, 0.6-0.8min #(1 9-27)|
x1 05 s +HIE, 5.0 Bmin #(15-27)
5]
g11.4
o114
44 J
3]
31 ]
4
2 !
1
] saas s
| @5 b‘
11 B L T TN T e e e
1017.5
7083 j \
0 . T A ; . L ; : }
200 400 600 800 1000 1200 1400 m'z
MS (ESI) m/z (-)
Intens. -MS, 0.5-0.8min #(IS-ZB)I
X106 Intens, S, 0,50 Bmin #{16-28))
x108
909.4 5
44
“wed
N
34
3
2 2
1_ @13 10153
1015.3 A w3 W3 woy | e
800 825 850 s 900 25 950 s 1000 1025 mz
706.2 l 1 [
4] T T = T I — v T
200 400 800 800 1000 1200 1400 miz
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3.1.12. H-D-Tyr-b-Ser-Glu-D-Ala-Pro-GIn-Tyr-OAll

HPLC (4 =220 nm) (Method C)

"MWD1 A, Sig=220 4 Ref=360,100 (C:CHEM32\ T DATAICRISTINA2014_GENER|24-01-20141002-0201.0 - C\CHEM321DATACRISTINA|
maAU ] Iy
2000} 3
1750 I|
1500]
\
1250
1000 |
750 ‘
] |
500 8
| =
[
250 § I
1 [+
o —— o 1
h T T T T T T
2 4 6 8 10 12 14 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
= e |—————— [————- [————— |
1 2.746 VV 0.2128 3476.40405 210.36153 17.0367

2 3.954 v
3 4.465 VW

0.0939 1.34629e4 2124.78662

0.1159 3406.12598 404.72244

65.9770
16.9863

Totals 2.04054e4 2739.87059
MS (ESI) m/z (+)
Intens7. +MS$, 0.5-0.8min #(13-28)'
x10 Intens. | TS 05-0.6min #18.28]
x107]
8974 4
3 aore
3|
2 2
W
11
5194 10035
8685
oo 23 o afs 900 B3 & s 1600 wz
1003.5
N 6043 .
200 400 600 800 1000 1200 1400 miz
MS (ESI) m/z ()
|ntensé M3, 0.6-0.8min #(1 s»zﬁ
x10° Intens, M5, 0.6-0.8min #19-29)
X105
895.3
"
3 853
3
2
2
B 1
"3 1001.3
1001.3 L ‘l w32 ossz 9673 sz |
l 30 C3 0 B3 %00 E3 0 7 1600 mz
0 adi ]
200 400 600 800 1000 1200 1400 mz
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3.2. Linear depsipeptides

3.2.1.

HPLC (4 =220 nm) (Method A)

H-Tyr(O-lle-Fmoc)-Thr-Glu-Val-Pro-GIn-OAll

800 Cristina\2010_Novembre/09-11-10 [modified by Administrador] volum injectat 20,0 pl
mAU WVL:220 nm
q 2
700 ~
500 |
500 ‘
=)
P4 ]
E 400
@ 1
g |
F ]
£ 3004
2 ]
< ]
200 ‘
] \
100+ IWI |
Ck-r— — L ,,A/L‘ — S—
100+ T T T T T T Imin
0,0 2,0 4,0 6,0 8,0 10,0 12,8
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 7,93 687,951 66,204 100,00
Total: 687,951 66,204 100,00
MS (ESI) m/z (+)
IntenST.. +MS, 0.5-0.8min #(21-35)
x10 1116
5] w107 +MS, 0.5-0.Bmin #21-35)
o 1116
4
4
3]
11335
: |
2 _ I
10715 I 11555
1060 1080 1100 120 140 160 1180 1200 mz
1]
567.2 776.3 |
ol ; n A . N . . . . .
200 400 600 800 1000 1200 1400 1600 1800 2000 m/z
MS (ESI) m/z (+)
Intensé -MS, 0.5-0.8min #(22-35)
x10°] 11005
3
2.
1,
7743 l 12234
01— : . sl SN BN Tt . . . ; .
200 400 600 800 1000 1200 1400 1600 1800 2000 miz

S60 |



3.2.2.

PNZ-Tyr(O-lle-H)-Thr-Glu-Val-Pro-GIn-OAll

HPLC (4 = 220 nm) (Method B)

*MWD1 A, Sig=220,4 Ref=360,100 (C:\CHEM32\\DATA\CRISTINAWMARC 2011\31-03-20111006-0201.D - C:\CHEM32\1\DATA\CRISTINAM

mAU b
700 F
600 ‘
500 H
400 H
300 “
\
200 ‘ | 2
\ &
100 g 8| \ I8
N of A <
0] N—— - S SV A W N A S — -
T T T T T
1 2 3 4 5 mil
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s3] [mAU] 3
el e R — [ == [—=—mm- |- [
1 2.861 vv 0.0534 117.46292 33.08478 3.3609
2 3.363 VvV 0.0489 55.18627 17.43038 1.5790
3 3.451 vv 0.0534 2788.41772 785.92554 79,7842
4 3.913 Vv 0.0527 450.95483 129.15253 12,9030
5 4.223 VWV 0.0599 82.92767 20.21841 2.3728
Totals : 3494.94941 985.81163
MS (ESI) m/z (+)
Intens? +MS, 0.4-0.9min #(37-80)
x107]
1068.6
5-
4
3_
24
1] 1080.5
785.4
o 53{47 ‘{0[58 g55 .4 141‘0.5
"500° 's00 700 800 ‘000 1000 1100 1200 1300 1400 iz
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3.2.3.

HPLC (4 = 220 nm) (Method A)

pPNZ-Tyr(O-lle-Alloc)-Thr-Glu-Val-Pro-GIn-Tyr-OAll

1.200 Cristina'2011_Desembre/19-12-2012 [modified by Administrador] volum injectat 30,0 pl
i mAU WVL:220 nm
7 )
1.000— g
] P
800
= 1 |
£ 600+
= 1 |
Qo -
=
@ ]
2
Q 400 ‘
o2 4
) \
] o
g ~
200*7 '{E \‘ s
AT
4 \\ JI‘ f ‘ Vo5
04—\ _ S — Yt \*A N -
1 min
200—m—m8m ——4—————————————— ]
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 722 139,804 12,919 9,63
2 7,51 77,363 10,507 7,83
3 8,10 919,575 94,438 70,41
4 8,44 40,821 4,807 3,58
5 8.59 99,138 11,446 8,53
Total: 1276.701 134,116 100,00
MS (ESI) m/z (+)
Intens. +MS, 0.4-1.0min #(22-49)
x108
1315.6
1.01 X108 13156
10
6773 08
13535
0.8 06 13376
04 l |
) a0 rares f]h Nlﬂl M 1ams  1sses
0.6 1260 1280 1300 1320 1340 1360 1380
04 7532
0.2 886.2 1118.5
1019.2
578.7 I l l 1619.4
0o il il o) Y T VL1 | IR . ‘ .
’ 600 800 1000 1200 1400 1600 1800 miz
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3.2.4.

HPLC (4 = 220 nm) (Method A)

pNZ-Tyr(O-lle-Alloc)-D-Thr-Glu-b-Val-Pro-GIn-D-Tyr-OAll

1400 Cristina\2012_Desembre/03-12-2012 [modified by Administrador] volum injectat 40,0 pl
! |mAU WVL:220 nm
R )
il 8
1.200- ©
1.000
5 800+
z ]
R |
8 b
2 600+
@ 4
2 |
5 |
w
2 ]
< 400+ |
i \
] ﬂ
200 | cn
1 %J | 2
| b \‘ Pypest
/\,\ RN
_ e A N«M_\H/Arﬁ I R
0i7 _” -
] min|
-200 r— 7T 7T —
0,0 2,0 4,0 6,0 8,0 10,0 12,56
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 8,03 31,452 2,514 1,80
2 8,21 1155,142 121,076 86,78
3 8,72 45,686 4,293 3,08
4 8,85 72,298 6,561 4,70
5 9,03 37,286 3,012 2,16
6 9.24 21,079 2,065 1,48
Total: 1362.943 139.521 100,00
MS (ESI) m/z (+)
Intenss +MS, 0.5-1.0min #(15-33),
x10 1315.6
257 Intens. +MS, 0.5-1.0min #(15-33)|
x10% 13156
20 2
4
1.5 13376 13535
N 12756 AL " 1387.6 14216
1240 1260 1280 1300 1320 1340 1360 1380 1400 1420 miz
1.07
0.5 6774  g704
4549 LL 1069.4 I.ﬂ 1618.5
0.0 iy I et e — — — ;
500 1000 1500 2000 2500 m/z
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3.2.5.

HPLC (4 =220 nm) (Method A)

H-Tyr(O-lle-Alloc)-D-Thr-Glu-D-Val-Pro-GIn-p-Tyr-OAll

1.800 Cristina\2014_Febrer/14-02-2014 [modified by Administrador] volum injectat 40,0 pl
T mAU 2 WVL:220 nm
] NS
1,500
1.250-
= ]
2 1.000-
E ]
© 1
é} 4
5 750
8 ]
- ]
< ]
500 5
, &
250 e
] 52 2
1 Boas )
4 P o
@ka—— A
20——7——————————F———
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencio [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU min %
1 6,54 42,279 4,200 1,61
2 6,70 93.735 9,778 3.75
3 6,87 92,699 6,953 2,67
4 6.96 85,783 11,277 4,33
5 7.48 1608,738 167,967 64.46
] 7.67 204,696 23,691 9,09
7 8,14 338,564 30.116 11.56
8 8.36 61.844 6.584 2,53
Total: 2528,338 260,566 100.00
MS (ESI) m/z (+)
Intens, +MS, 0.5-1.0min #(1 4—30)|
x107 ens, WS, 051 0min #14-30)
€107
1136.6
113866
6 5]
o
4
11586
2]
2
10600 1080 100 Ve 1200 1250 00 mz
. 5803 933.5 12428 1440.7
400 500 800 1000 1200 1400 1600 1800 miz
MS (ESI) m/z (-)
Intens. -MS, 0.5-1.1min #(13-31)
x108
1134.5
6
41
2
931.4
. 607.2  fdos 14387
400 600 800 1000 1200 1400 1600 1800 'miz
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3.2.6.

H-Tyr(O-lle-Alloc)-D-Ser-Glu-b-Val-Pro-GIn-p-Tyr-OAll

HPLC (4 =220 nm) (Method A)

Cristina\2014_Marg/12-03-2014 [modified by Administrador]

volum injectat 30,0 pl

1.600 JmAU WVL:220 nm)|
1 g
1.400{ N
1.200
1.000-]
S 4
< i
E 800
K] 1
o 4
=
= ]
§ 6ODT
Qo
< i
400+
20(%7
o
i min
-200 -————
0,0 2,0 4,0 0 8.0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 6,89 63,968 4779 2,92
2 6,99 63,144 6,017 3,68
3 7,55 1327,644 130,962 80,05
4 7,73 158,287 14,723 9,00
5 7,95 32,318 3,186 1,95
6 8,45 43,448 3,933 2,40
Total: 1888.807 163,600 100,00
MS (ESI) m/z (+)
Intens. | +MS$, 0.5-1.0min #(14-28),
x107
Inbens. +MS, 0.5-1.0min #(14-28)|
x107
112286
6. i Frd
&
44 4
11445
2|
2
11665 11948 *2i9-5|;scﬁ
o 1000 1050 1100 150 1200 1250 mz
5727 9195 12296
0 L. . u | adpala . , : .
600 800 1000 1200 1400 1600 1800 m/z
MS (ESI) m/z (-)
Intens. -MS, 0.5-1.0min #(15-29)
x108
1120.5
5
4]
3]
2
1]
917.4
0 593.1 l Lol 1423.6
400 600 200 1000 1200 1400 1600 1800 miz
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3.2.7.

HPLC (4 =220 nm) (Method A)

H-Tyr(O-lle-Alloc)-D-Thr-Glu-D-Ala-Pro-GIn-p-Tyr-OAll

Cristina\2014_Marg/12-03-2014 [modified by Administrador]

volum injectat 30,0 pl

2.000 4mAU WVL:220 nm)|
] o~
1.750- 2
] ~
1.500
1.250
S‘ 4
< ]
E 1.00(%7
[} 4
= 4
8 ]
G 70
o
< ]
500
] o
1 2 B
=, £ s
] min|
20—
0,0 2.0 40 X 8,0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 6,90 77,653 4,411 2,00
2 6,96 131,089 14,867 6,74
3 743 1640,191 170,612 77,35
4 7863 192,448 24,053 10,91
5 835 59430 6,615 3,00
Total: 2101.711 220,558 100,00
MS (ESI) m/z (+)
Intens ] +MS, 0.6-1.0min #(16-30)
x10!
Intens +MS, 0.5-1 Omin #{16-30]|
%107 11088
051 1108.6
L3
0.6
4
041 1305
2
0.2 1525 11808 ’?‘:6
0 950 1000 1050 1100 150 1200 1250 mz
565.7 905.5
0.0 : ty - > | gl : ! :
400 600 800 1000 1200 1400 1600 1800 m/z
MS (ESI) m/z (-)
Intens. | -MS, 0.5-1.1min #(15-31)
x108
1106.5
6.
4]
2.
903.4
. 807.2 12124 14105
400 600 800 1000 1200 1400 1600 1800 'miz

S66 |



3.2.8.

H-Tyr(O-lle-Alloc)-D-Ser-Glu-D-Ala-Pro-GIn-D-Tyr-OAll

HPLC (4 =220 nm) (Method A)
2500 Cristina\2014_Febrer/14-02-2014 [modified by Administrador] volum injectat 30,0 pl
’ |mAU WVL:220 nm
1 [
] S
~
2.000+
— 1.500
=)
2 ]
£ ]
o ]
o
b= 4
3
5 1.000+
B 4
< ]
500+
4 s’l -
4
] ¢ I3 8
] © T
] ~ @
1 min
-200 T T T T T T
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 6,79 201,893 20,512 9,28
2 7,27 1973,340 238,102 74,91
3 7,48 298,504 31,142 9,80
4 7,66 73,773 10,513 3,31
5 8.19 78,976 8,591 2,70
Total: 2626485 317,859 100,00
MS (ESI) m/z (+)
|ﬂtéﬂss +M8, 0.6-1.1min #(17-31 )|
x10 1094.5  intens S 08 T #(1731)
1.0
125
0.8 10045
100
0.6 0TS
0.50
0.4
11165
025
02 \IL 11505 11666 12005
0o 1000 1025 1050 1075 1100 125 1150 175 1200 125 m2z
891.4
0.0 - : . . " W t T y T
400 600 800 1000 1200 1400 1600 1800 m/z
MS (ESI) m/z (-)
Intensﬁ. -MS, 0.6-1.0min #(18-30)
x10%1 1002.4
6
4
2
889.3
. 593.2664.2 1198.4 13966
400 600 800 1000 1200 1400 1600 1800 miz
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3.2.9.

HPLC (4 =220 nm) (Method C)

H-D-Tyr(O-lle-Alloc)-D-Thr-Glu-D-Val-Pro-GIn-Tyr-OAll

"MWD1 A, Sig=220,4 Ref=380,100 (- CHEM321TDATAICRISTINAZ014_GENERI24-01-20141008-0901.0 - CACHEM32\ 1\DATACRISTINAL
mAU | %
800
| I
600 |
1 \
400 ‘I
1 |
200
04— — — ]
* T T T T T T
2 4 5 3 10 12 14 ming
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il R [——— ] | —————— [ == | ————— |
1 4.574 Vv 0.1307 1507.73401 150.75711 12.3038
2 4.971 VWV 0.1777 1871.50659 138.47758 15.2724
3 5.565 Vv 0.0918 6389.54590 1010.26642 52.1418
4 5.806 Vv 0.1291 1341.04382 138.34393 10.9436
5 6.730 vV 0.2256 1144.33667 64.32008 9.3383
Totals 1.22542e4 1502.16513
MS (ESI) m/z (+)
Intens. +MS, 0.6-1.0min #(16-30)
x107
1136.6
Intens. +MS, 0.6-1 Omin #(16-30)|
6- x107 11386
&
4 4 11586
2
2 3 - i ) u 1g0s 12086 12426 4a655 .
T e Tids0 Tri00 s im0 4dsa | 1300 ma
. 6092 gaf'f 12426 1439.6
400 600 800 1000 1200 1400 1600 1800 miz
MS (ESI) m/z (-)
Intens. -MS, 0.5-1.1min #(15-33)
x108]
11345
5
4
3,
2.
931.4
1
607.1 1240.5
ol— . 1 ; . ; e ot : ‘ . ; . .
400 600 800 1000 1200 1400 1600 1800 miz
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3.2.10. H-D-Tyr(O-lle-Alloc)-D-Ser-Glu-D-Val-Pro-GIn-Tyr-OAll

HPLC (4 =220 nm) (Method C)

*MWD1 A, Sig=220,4 Ref=380,100 (C:\CHEM32\1\DATAICRISTINA\2014_GENER)24-01-2014\007-0701.D - C:\CHEM32\1\DATAICRISTINA\

mAU 23
t
800
600
|
400
|
200 |
04— — e
i
I
T T T
2 4 5

mil

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
- [ I [ [————— |
1 4.560 vV 0.1428 1617.77551 146.58409 14.8006
2 4.951 vv 0.1803 1907.00049 137.11357 17.4466
3 5.550 vv 0.0900 €084.38770 985.98712 55.6644
4 5.793 vv 0.1294 1321.31250 135.99600 12.0883
Totals 1.09305e4 1405.68079
MS (ESI) m/z (+)
Intens. +MS, 0.6-1.1min #(15-31 )l
x107
Intens | S, 061, Tmin #(15-31
112z %) nzs
6
4 11445
4
2
2 ol ~ R - 11665 11956 __123.95 12505
“1000 1050 oo qrso Tido a0 me
o 5727 919':' 12295 1426.7
400 600 800 1000 1200 1400 1600 1800 miz
MS (ESI) m/z ()
Intens. | -MS, 0.5-1.1min #(14-32)
x108
5] 11205
4]
3_
2]
917.4
1,
5931 122[6;5
0 T T T i y T T T T - T T T T T T T
400 600 800 1000 1200 1400 1600 1800 m/z
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3.2.11. H-D-Tyr(O-lle-Alloc)-D-Thr-Glu-D-Ala-Pro-GIn-Tyr-OAll

HPLC (4 =220 nm) (Method A)

*NIS, D 5-1 Omin #{12-28)|

1800 Cristina\2014_Febrer/10-02-2014 [modified by Administrador] volum injectat 40,0 pl
T amAU WVL:220 nm
: 3
i N
1.500+
1.250-|
2 1.000
E ]
8 4
Q 4
5 o]
§ ]
2 ]
< i
500+
250 2 |E g
4 u,‘ -
] £
O_
1 min
20— T T T
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. |mps retenc alcada Area Area relativa
min mAU mAU*min %
1 6,74 84,012 10,884 513
2 717 1539,938 169,632 80,02
3 7,37 165,108 22,865 10,79
4 8,11 54,340 5,345 2,52
5 8.21 30,609 3,254 1,53
Total: 1874007 211,981 100,00
MS (ESI) m/z (+)
Intens. +MS, 0.5-1.0min #(12-28)
x107 Intents,
x107
1108.6
67 8
4 4
11305
2
21
11816 “‘L‘ﬁ
b U . ST S N
905.4 950 1000 1050 100 1150 1200 1250
609.3 X L 14117
0 400 600 800 1000 1200 1400 1600 1800 m/z
MS (ESI) m/z (-)
Intens, -MS, 0.5-1.1min #(13-33)
x108
5 1106.5
4
3
2
903.4
1
60;“&7]3,2 12125
0 400 600 800 1000 1200 1400 1600 1800 miz
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3.2.12. H-D-Tyr(O-lle-Alloc)-D-Ser-Glu-D-Ala-Pro-GIn-Tyr-OAll

HPLC (4 =220 nm) (Method C)

mAU

*MWD1 A, Sig=220,4 Ref=360,100 (C:\CHEM32\1\DATA\CRISTINA\2014_GENER\24-01-20141003-0301.D - C:\CHEM32\1\DATAICRISTINA\

&
T
1000 -

800 |

600 \

400 - |

200

mi

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s5] [mAU] %
il Bttt | ===l | == [—mmmm [ == I
1 4.584 VW 0.1734 2945.10840 218.27769 24.9068
2 5.331 W 0.0860 7280.00732 1212.71277 61.5670
3 5.610 VW 0.1329 1599.41956 162.34128 13.5263

Totals : 1.18245e4 1593.33174
MS (ESI) m/z (+)
Intensfi +MS, 0.6-1.0min #(15-29)
"1100_ 1004.5
In:;r;]ss +MS, 0.7-1.1min #(19-31)
08 10 10945
0.8
08 06
04 11165
0.4+ o
o o ) ) 1665 qIEDOG - .
0z ’ " 000 T 100 BT T I ! " mz
801.4
00 595.2 ) L 13076 |
’ 600 800 1000 1200 1400 1600 1800 ‘miz
MS (ESI) m/z ()
Intens, MS, 0.6-1.0min #(16-28)
X106 1092.4
5_
4
3_
2_
889.3
1 4
59316542 7782 1198.4 13955
0 . . S : ; s ) ; . ; . .
400 600 800 1000 1200 1400 1600 1800 m/z
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3.3. Deprotected linear depsipeptides

3.3.1.  pNZ-Tyr(O-lle-H)-Thr-Glu-Val-Pro-GIn-Tyr-OH

HPLC (4 =220 nm) (Method A)

500 Cristina\2013_Gener/15-01-2013 [modified by Administrador] volum injectat 30,0 pl
mAU = WVL:220 nm
e
400+
— 300
2
= ]
E
: |
o ]
[~
@
£ 200
2 ]
=1
<
\
100+ l2g
S
i I2ire &
Al RS IRED
| IRESIIRIS
A o KM
- ) \;, - BN ~— N
| min
SN ]
0,0 2,0 4,0 6,0 8.0 10,0 12,5
Temps de retencid [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 6,56 43,170 3,506 473
2 6,68 443,047 42,103 56,83
3 6,92 78,349 10,061 13,58
4 7,08 21,983 2,105 2,84
5 7.21 64,306 6,457 8,72
6 7,37 42,638 4,721 6,37
7 7,55 13,390 1,846 2,49
8 7.81 22,000 3.280 443
Total: 728,885 74,079 100,00
MS (ESI) m/z (+)
Intens, +MS, 0.4-0.9min #(27-68)
x106] 11915
Intens. { +NIS, 0.4-0.9min #(27-68)
x10 11915
3{ 9
14 12135 12204
ol 11583 Ll 12055 |, Iy 1252.4 12635
27 1120 1140 1160 1180 1200 1220 1240 1260 1280 mz
1,
615.2
7853
1028.51078.4 l l 1287.5
0 Ill; A T . R S NN, | 13814 ‘
600 700 800 900 1000 1100 1200 1300 1400 miz
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3.3.2.

HPLC (4 = 220 nm) (Method A)

pPNZ-Tyr(O-lle-H)-D-Thr-Glu-p-Val-Pro-GIn-b-Tyr-OH

2500 Cristina\2013_Gener/15-01-2013 [modified by Administrador] volum injectat 40,0 pl
T mAU WVL:220 nm
7 £
2,000 R
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— 1.500—
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@ 4
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500 L"
4 B
H; g
4 @ EER
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+— ey W
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200 ——V—— " 7T T T T T
0,0 2,0 4,0 6,0 8,0 10,0 12,56
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 6,29 67,793 9,703 3.50
2 6,77 1853,683 201,018 72,49
3 6,94 296,736 29,890 10,78
4 7.19 85,297 12,706 4,58
5 7.47 128,808 19,352 6.98
6 7.68 48,566 4,643 1.67
Total: 2480.883 277,312 100,00
MS (ESI) m/z (+)
Intens? +MS, 0.4-0.8min #(28-61),
X104 11915
Intens. +MIS. 0.4-0.8min #(28-61
1.04 o’ 11915
10
os] ©°
: 0s
04
0.61 12135
02 12205
L N 20 25
1120 140 1160 1180 1200 1220 1240 1260 1280 1300 mz
0.4
0ol 6152
1297.5
\ 7058 7853 10104 l l L 13813
00— ud e o b g ——t——r Tt ——r—r e Tt i —
600 700 800 900 1000 1100 1200 1300 1400 m/z
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3.3.3.

HPLC (4 = 220 nm) (Method A)

H-Tyr(O-lle-H)-b-Thr-Glu-p-Val-Pro-GIn-D-Tyr-OH (BPC821)

1.400 Cristina\2014_Gener/31-01-2014 [modified by Administrador] volum injectat 40,0 pl
: {mAU WVL:220 nm|
1.200 §
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5 800
2 |
£ |
.8 ]
2 6004
© |
2
2 ]
e}
< 400
7] ~
1 &
200 o8 |,
1 ] &
0 0,
] % ©
O‘ T
1 min
-200 T T T T T T
0.0 2,0 4,0 i 8,0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 5,51 40,488 3,823 2,39
2 5,81 66,347 6,357 397
3 6,01 1087,111 119,807 74,82
4 6,30 137,253 23,204 14,49
5 6,54 39,752 6,935 433
Total: 1370,951 160,127 100,00
MS (ESI) m/z (+)
Intens. +MS, 0.5-0.9min #(19-31)
x107 1012.5
5
4]
3]
2
! 506.7 899.4
| 606.3 849.4 l t 1118511805
ol Lo L " e bk o2 .
400 600 800 1000 1200 1400 m/z
MS (ESI) m/z (-)
Intens. -M$, 0.6-0.9min #(20-32)
x108 1010.4
8
6
4
2]
8473 1052.5
~2897.4 1116.4 1179.4
ol . I L l T .
400 600 800 1000 1200 1400 m/z

S74|



3.3.4.

HPLC (4 = 220 nm) (Method A)

H-Tyr(O-lle-H)-D-Ser-Glu-D-Val-Pro-GIn-D-Tyr-OH (BPC823)

Absorbancia [mAU]

Cristina\2014_Gener/31-01-2014 [modified by Administrador]

volum injectat 40,0 pl

2,000

mAU

1.750

5,962

WVL:220 nm

min
-200 T T T T T T
0,0 20 4,0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 542 45,393 4,455 1,91
2 574 71,417 5,937 2,55
3 5,96 1662,396 176,693 75,78
4 6,28 221,463 23,942 10,27
5 6,36 143,720 13,134 5,63
6 6,51 53,166 9.012 3,88
Total: 2197555 233,173 100,00
MS (ESI) m/z (+)
Intens. +MS, 0,5-0.9min #(18-30)
x107 998.5
6
5]
4]
3_
2_
1] 499.7
071 [ 5023 835-43315-4 |, 1104511685
it e . | N N SETUUN YRR — ;
400 600 800 1000 1200 1400 m/z
MS (ESI) m/z ()
Intens. -MS, 0.6-1.0min #(19-35)
x1061 996 4
64
4
2
833.4 1164.4
ol | e PRI |
400 600 800 1000 1200 1400 miz
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3.35

H-Tyr(O-lle-H)-D-Thr-Glu-p-Ala-Pro-GIn-D-Tyr-OH (BPC825)

HPLC (4 = 220 nm) (Method A)

Cristina\2014_Gener/31-01-2014 [modified by Administrador]

volum injectat 40,0 pl

1600 1ImAU WVL:220 nm
1.4004 3
] w
1.20(}7
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E 800+
© J
o 4
e
= ]
S 600
1 )
400+
2001
o
2004 T T T L
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencid [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 5,68 384,217 59,682 25,06
2 5,84 1275413 133,013 55,86
3 6,16 199,791 27,022 11,35
4 6,28 72,420 6,050 254
5 6,38 88,281 12,341 518
Total: 2020,121 238,108 100,00
MS (ESI) m/z (+)
Intens. +MS, 0.6-0.9min #(19-31)|
x107 9845 e WS 0TI RIS
s
4]
s 9845
B
3]
3
2. 2
! a4 s
1 214 8833 1007.4 L{MGS
&71.4 T e
4927 21 4 10905
] : Lol
ol it abn, okt 4 i al " ;
400 600 800 1000 1200 1400 miz
MS (ESI) m/z (-)
Intens. -MS, 0.5-1.0min #(18-34)
x106 982 4
4.
3.
2.
1.
819.3860.3 10244 4og55
01— ; ; : Al L ——" ;
400 600 800 1000 1200 1400 miz
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3.3.6.

HPLC (4 = 220 nm) (Method A)

H-Tyr(O-lle-H)-D-Ser-Glu-D-Ala-Pro-GIn-bD-Tyr-OH (BPC827)

1600 Cristina\2014_Febrer/18-02-2014 [modified by Administrador] volum injectat 50,0 pl
’ 1mAU WVL:220 nm
1.400—_ §
o w
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] gl e
| el s
1 ofP
200 5
| ©
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-200-] T T T T T L
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 5,65 222,387 33,838 15,86
2 5,83 1258,984 131,700 61,72
3 6,08 98,747 7,770 3,64
4 6,18 201,045 28,219 13,22
5 642 84082 11.859 5,56
Total: 1865,244 213,386 100,00
MS (ESI) m/z (+)
Intens. +MS, 0.5-0.9min #(17-31),
x107 970.5
4_ M:r;% #MS, 0.5-0.9min #(17-31)
5
9705
3 4
3
2 2
]
8573 9924
11 829.4 8093 102s 3 10565 "315'5[
850 200 950 1000 1050 1100 mz
485.7 857.3 1765
564.3 807 4 l 2 1139.5
‘42]‘2 LL . A " .‘Jl i W A .
400 600 800 1000 1200 1400 miz
MS (ESI) m/z (-)
Intens. -MS, 0.5-1.0min #(18-34)
x108 968.4
5
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2
1
805.3855.2 l 1081.4
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3.3.7.  H-D-Tyr(O-lle-H)-D-Thr-Glu-p-Val-Pro-GIn-Tyr-OH (BPC829)

HPLC (4 =220 nm) (Method A)

1.800 Cristina\2014_Febrer/3-02-2014 [modified by Administrador] volum injectat 30,0 pl
T 4mAU WVL:220 nm
] 5
i w
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1.250-]
2 1.000
£ 1
© ]
g 4
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< 1
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i of| =
] !
250 5 9 [&
i w <
1 o
] ©
o
1 min
-200 T T T T T T
0,0 2,0 4,0 6.0 8,0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 5,37 132,725 10,159 4,58
2 5,81 197,508 16,753 7,55
3 5,98 1557,242 152,720 68,83
4 6,20 174,408 16,499 744
5 6,29 201,770 21,180 9,55
6 8.51 41,708 4,557 2,05
Total: 2305,360 221,867 100,00
MS (ESI) m/z (+)
Intens. +MS, 0.5-0.9min #(17-33)
x107
1012.5
6
4
2
506.7 849.4
U7 e0e3 | 1m8e iz
o T T rk T . T L —L T
200 400 600 800 1000 1200 1400 m/z
MS (ESI) m/z (-)
Intens. -MS, 0.5-1.0min #(18-34)
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8- 10105
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4
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200 400 600 800 1000 1200 1400 miz
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3.3.8.

HPLC (4 = 220 nm) (Method A)

H-D-Tyr(O-lle-H)-D-Ser-Glu-p-Val-Pro-GIn-Tyr-OH (BPC831)

1,600 Cristina\2014_Febrer/3-02-2014 [modified by Administrador] volum injectat 30,0 pl
: JmAU WVL:220 nm
-
] 8
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-200 T T T T T T
0,0 20 4.0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 512 17.498 1,772 0.89
2 5,35 135,511 9,626 4,83
3 580 170,962 14,785 742
4 5,96 1370,385 131,017 65,77
5 6,19 162,087 17,725 8,90
6 6,28 184,132 19,443 9,76
7 6,50 42,435 4.844 243
Total: 2083.009 199,210 100.00
MS (ESI) m/z (+)
Intens. +MS, 0.5-0.8min #(17-29)
x1D7_
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6.
41
24
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200 400 600 800 1000 1200 1400 miz
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3.3.9.

HPLC (4 = 220 nm) (Method A)

H-D-Tyr(O-lle-H)-D-Thr-Glu-p-Ala-Pro-GIn-Tyr-OH (BPC833)

900 Cristina\2014_Febrer/17-02-2014 [modified by Administrador] volum injectat 30,0 pl
—mAU WVL:220 nm|
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100 T T ]
0,0 20 4,0 6.0 8,0 10,0 125
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 5,55 41,298 3,61 3,76
2 567 51,879 3,933 4,09
3 5,80 744,776 70,344 73,21
4 6,03 35,097 2,709 2,82
5 6,16 103,135 12,609 13,12
6 6,40 23,494 2,876 2,99
Total 999 679 96,081 100.00
MS (ESI) m/z (+)
Intens. | +MS, 0.6-0.7min #(18-24)
x107
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20
1.51
1.0
0.5
1090.5
4927 5461 6022 871.4913.4 | |, 1152512035
0.0+— B S S S o R e e
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3.3.10. H-D-Tyr(O-lle-H)-D-Ser-Glu-D-Ala-Pro-GIn-Tyr-OH (BPC835)

HPLC (4 = 220 nm) (Method A)

2500 Cristina\2014_Febrer/3-02-2014 [modified by Administrador] volum injectat 40,0 pl
77 jmAU WVL:220 nm
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-200 T T T T T T
0,0 20 4,0 6,0 8,0 10,0 12,5
Temps de retencio [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 535 184,948 12,292 3,73
2 551 307,449 28,659 8,69
3 5,60 264,955 18,315 5,55
4 572 2008,986 199,643 60,53
5 596 171,233 15,239 4,62
6 6,08 361,633 40,021 12,13
7 6.33 103,219 15,649 4.74
Total: 3402.424 329,819 100,00
MS (ESI) m/z (+)
Intens. +MS, 0.6-1.0min #(18-34)
x107
5] 9705
4
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2
"1 807.4 9925
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200 400 600 800 1000 1200 1400 m/z
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3.4. Cyclic depsipeptides
3.4.1. pNZ-Tyr(&)-D-Thr-Glu-b-Val-Pro-GIn-D-Tyr-lle-& (8)

HPLC (4 = 220 nm) (Method A) (crude reaction)

800 Cristina\2013_Gener/23-01-2013 [modified by Administrador] volum injectat 50,0 pl
mAU WWVL:220 nm|
3
700 ~
600
500
=)
<
E 4004
8
2
£ 300 \
8 @
200+ =
Flg
8 W \°
100+ o
A \
0 \r— — B = —
v
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0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. |Temps retencio alcada Area Area relativa
min mAU mAU*min %
1 7,26 53,443 22,905 11,07
2 7,55 667,242 63,462 30,66
3 7,69 184,172 16,607 8,02
4 7,83 132,609 15,890 7,68
5 8,00 191,299 41,801 20,19
6 8,26 101,703 46,336 22,38
Total: 1330,467 207,002 100,00
MS (ESI) m/z (+)
Intens. +MS, 0.4-0.8min #(28-54),
x108] 11955
4.
3,
2.
1
0 6062 6712 967.3 Chh o 1P aees
600 800 1000 1200 1400 miz
MS (ESI) m/z (-)
|ﬂt€ﬂfé-7 -MS, 0.5-0.9min #(31-56)
x10 1171.48
1.0
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Hydrolysis of the crude reaction (8)

HPLC (4 = 220 nm) (Method A)

200 Cristina\2013_Febrer/07-02-2013b [modified by Administrador] volum injectat 40,0 pl
{mAU WVL:220 nm
175
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125 @
7 ] \
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20 T
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. |Temps retencio alcada Area Area relativa
min mAU mAU*min %
1 6,00 4,393 1,054 2,23
2 6,41 9,344 1,778 3.75
3 6,66 16,673 2,666 5,63
4 6,89 19,524 3,489 7,37
5 7,01 22,424 1,641 3,47
6 712 22,431 2,146 4,53
7 721 35,707 3,209 6,78
8 7,34 109,389 12,452 26,29
9 7.49 82,490 9,251 19,54
10 7.7 68,423 8,146 17,20
11 7.86 14,308 1,523 3.22
Total 405,106 47.357 100.00
MS (ESI) m/z (+)
Intens {7 S— +MS, 0.5-0.8min #(21-38)
x1300_ ! 12135
3 12135
2.5
12275
2
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1 5 1 1815
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| \ | 12435
vol olvme e b b W Do, e
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MS (ESI) m/z (-)

Intens. -MS, 0.5-0.8min #(21-38)
x108] 11895
e WS, 0.5-0.8min #(Z1-38]
1.07 125
: 11885
081 '
0.7
DAG- 12035
050
0.44 oz 12114
. 11445 11613 . jl,“ 12264 12454 12615 755
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3.4.2.  H-Tyr(&)-D-Thr-Glu-p-Val-Pro-GIn-D-Tyr-lle-& (BPC822)

HPLC (4 =220 nm) (Method A) (crude reaction)

700 Cristina\2014_Febrer/10-02-2014 [modified by Administrador] volum injectat 120,0 pl
_mAU WVL:220 nm|
600
500 2
4 @
©
400+

Absorbancia [mAU]
w
o
2

100+
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A0 1 T 1
0,0 20 4.0 6,0 8.0 10,0 12,5
Temps de retencié [min]
No. [Temps retencié algada Area Area relativa
min mAU mAU*min %
1 5,68 16,890 3,104 1,12
2 6,38 78,309 46,306 16,69
3 6,69 437,766 75,491 27,20
4 6,87 193,057 12,380 4,46
5 6,95 206,197 19,096 6,88
6 7,05 224,806 117,166 42,22
7 842 29 566 3,947 142
Total: 1186.591 277,490 100,00
MS (ESI) m/z (+)
Intens. +MS8, 0.5-0.9min #(18-34)
x107 9945
251 \n::rasr +NIS, 0.5-06min #(18-39]
sl
2.0 9045
2|
154 |
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. N
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MS (ESI) m/z (-)

Intens. s -MS, 0.5-0.9min #(20-34),
X106_ o -MS, 0.5-0.9min #(20-34) 99243
20 992.43
1.5
15
10{
05 1019,43
1128.33
0.54 o 84736 mil‘_"z gj:“ 047,48 i 105246 ‘wi"‘i k]
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Purification of BPC822

HPLC (4 = 220 nm) (Method A)

5pp._Cris Camo\Eila/13-04-2015 [modified by Administradior] volum injectat 50,0 pl
mAU WVL:220 nm
s
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-100 : — — . — — . min
0,0 2,0 40 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. |Temps retencio alcada Area Area relativa
min mAU mAU*min %
1 6,79 403,598 39,182 100,00
Total: 403,598 39,182 100.00
MS (ESI) m/z (+)
Intens.| B _ +MS, 0.5-0.7min #(30-45)
x107] o’
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& 946
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2
2_ 1
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HRMS (ESI) m/z (+)

Intens.
%104
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+MS, 0.1-0.3min #(8-19)|
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Hydrolysis of the crude reaction (BPC822)

HPLC (4 =220 nm) (Method A)

3DD_Crislina\2014 Marg/17-03-2014 [modified by Administrador] volum injectat 120,0 pl
ImAl | WVL:220 nm|
2501 g
200-] ‘
= 3
z 1507 s:i-‘
E ;’! |
5 100+ U
- ILd:
] g A\J " &
50 «=" I
1 IR A c
] Wl B
0 o - ————
|
-80 1 U 1 . r . ‘min
00 20 40 6.0 8,0 10,0 12,5
Temps de retencié [min]
No. [ Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 576 31,293 4,724 470
2 6,35 52,495 12,663 12,60
3 6,46 109,586 12,476 12,41
4 6,65 124,601 15,516 15,44
5 6,90 226,093 34,091 33,92
6 7,16 52,342 7171 7,14
7 7.60 32,119 7,265 7.23
8 7.68 27,253 4,722 4,70
9 8.61 18,344 1,868 1,86
Total: 674,126 100,496 100,00
MS (ESI) m/z (+)
Intens.{ | .ne D ETeRR] +MS, 0.6-0.9min #(20-30)
x108] x0® 10265
s 10265
5_
4 4
10125
3.
2
2 10485 1325
9004 9694 L Ju }. 10644 10?16 “fﬁ L ™
900 950 1000 1050 1100 miz
1 o
736.3 11325
2823 43529976 56726273 1775'3 900.4 J‘L ,L 1216.4
0 . by - i II..A. gk ki o ‘.I A 4 i ‘.J.‘J " oot . .
200 400 600 800 1000 1200 1400 miz
MS (ESI) m/z (-)
Intensé -MS, 0.6-0.9min #(21-31)
x10 10245
1 25 Intens. -MS, 0.5-09min #(21-31)
3:1 5 1024.5
10105
1.009 1w
075
0.751 %
025
8884 '0?75 [ 1111051
0504 °® 900 %0 1000 1060 1100 mz
0.254
734.3 11305
0001 : , | _ B “uull.lu' .
200 400 600 800 1000 1200 1400 miz
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3.4.3.

HPLC (4 =220 nm) (Method A) (crude reaction)

H-Tyr(&)-D-Ser-Glu-D-Val-Pro-GIn-D-Tyr-lle-& (BPC824)

1,000 Cristina\2014_Febrer/11-02-2014 [modified by Administrador] volum injectat 120,0 pl
: “mAU WVL:220 nm
] 2
875 ©
750
625
5‘ 4
2 ]
E 5ODT
o 4
c
3 -
_E 4
g 3757
2 j
< i
250
125
1 min|
a0
0,0 2,0 4.0 6,0 8,0 10,0 12,5
Temps de retencio [min]
No. | Temps retencié alcada Area Area relativa
min mAU mAU*min %
1 6,59 829,919 202,610 43,43
2 6,87 358,327 75,045 16,00
3 7,14 400,230 135,843 29,12
4 7,58 171,144 45,145 9,68
5 8.07 45,023 7,864 1,69
Total: 1804.643 466,506 100,00
MS (ESI) m/z (+)
Weﬂ%_ +MS, 0.5-0.9min #(14-24)|
x10 980.48 Inlerlns?:' +M5, 0.5-0 Smin #(14-24)
1
1.0 1254
] 980 48
08 100]
0?55
0.6 i
0501 100247
0.4 0255 |
kit A l\lm o ,JJ"”‘.\A oee L
0.2 0 840 260 580 1000 1020 1040 mz
1086.45
©08.30
40064 625.86722.36 819.92 . 138454
0.0- i bbb it Mttt ; .
400 600 800 1000 1200 1400 1600 1800 2000 m/z
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MS (ESI) m/z (-)

Inten%._ -MS, 0.6-0.8min #(1 5-23)'
x10 978.44 mter:}se “MS, 0.6-0.Bmin #{15-23]
X1
1.5 e s78.44
15
10 10
0s
b 111438
0‘5_ 7 108235
0.0 gtﬁ's i Ll J‘;x L.
111438 as0 800 850 1000 1050 1100 miz
1380.58 1500.55
00l . el "-.l " llll odal i ok, . b . .

i
400 600 800 1000 1200 1400 1600 1800 2000 m/z
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Purification of BPC824

HPLC (4 = 220 nm) (Method A)

500 Cris Camd\Eila/14-04-2015 [modified by Administrador] volum injectat 50,0 ul
mAU WVL:220 nm
1 3
4 ~
@
400
300+
< ]
< ]
E
L] 1 ‘
2 200+
N |
S J
£ \
< 4
100 ~
o —
-100 e — — . — — min
0,0 20 40 6,0 8,0 10,0 12,5
Temps de retencio [min]
No. |Temps retencio alcada Area Area relativa
min mAU mAU*min %
1 6,73 421,544 47,069 100,0f
Total: 421,544 47.069 100,00
MS (ESI) m/z (+)
Intens. +MS, 0.5-0.7min #(29-42)|
x107 980.6 '"";;‘]‘; A5, 0 5.0 7min #25-42)]
8806
20
20
1.54 15
1.0_ 10
as
0.5 10025
101.&5
509 7 J 00 a50 1000 1050 | 1100 mz
001+ : . ; s I ; : - : . : ‘
600 800 1000 1200 1400 1600 m/z
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HRMS (ESI) m/z (+)

Intens.
x104

0.5

0.0

1002.4561

+M$, 0.1-0.5min #(8-30)|

200 400

1000

1200

1400

1600 1800 miz

Intens.

30004

20004

1000+

980.4740

981.4764

982.4804

+MS, 0.1-0.5min #(8-30)

20004

15004

10004

5004

980.4724

981.4756

982.4790

983.4824

C4THB5N90O14, M+nH ,980.47

980 9

983

984

miz

Intens. |
x10%

0.5+

0.0

1002.4561

1003.4571

1004.4625

+MS, 0.1-0.5min #(8-30)

20004

15004

10004

5004

1002.4543

1003.4576

1004.4609

1005.4643

C47HE5N90 14, M+nNa ,1002.45]

0
1001

1002 1003

1004

1005

1006

1007 1008 miz




Hydrolysis of the crude reaction (BPC824)
HPLC (4 =220 nm) (Method A)

300

Cristina\2014_Marg/17-03-2014 [modified by Administrador]

volum injectat 100,0 pl

mA

Absorbancia [mAU]

6,865

WVL:220 nm

-80 T T T T T T
00 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 5,69 13,511 2,226 387
2 6,43 51,922 12,711 22,08
3 6,63 67,142 8,300 14,42
4 6,86 142,212 21,434 37,23
5 713 31,610 4,427 7,69
] 7.61 17,990 6,794 11,80
7 8,61 13,959 1,682 292
Total: 338,346 57.574 100.00
MS (ESI) m/z (+)
Intens. +\MS, 0.6-0.9min #(20-30)
x109] 10125
Intens, +MS, 0.6-0.9min #(20-30))
®1 10125
3_ 3
2 998.5
2_ 1
L 10145 10504 10706 10845 11045 “‘.Fs
900 925 950 75 1000 1025 1050 1075 1100 mz
I -
722.3 11185
ol 2781 4202 5003 5658 N . s Ll . . .
200 400 600 800 1000 1200 1400 miz
MS (ESI) m/z (-)
Intensﬁ._ -MS, 0.6-0.9min #(19-31)
x10 1010.4
Intens, -MS, 0.6-0.9min #(19-31)|
0.8 ¥%° 10104
08
0‘6- 086 89964
04
02
0.41 9273 9534 T84 X 10526 10885 foss 11028 11188
200 925 50 975 1000 1025 1050 1075 1100 miz
0.2
720.2 1116.5
001+ ; : 207 . ‘ ;e | NPT I . ‘
200 400 600 800 1000 1200 1400 miz
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3.4.4.

HPLC (4 =220 nm) (Method A) (crude reaction)

H-Tyr(&)-D-Thr-Glu-D-Ala-Pro-GIn-D-Tyr-lle-& (BPC826)

500 Cristina\2014_Febrer/10-02-2014 [modified by Administrador] volum injectat 70,0 pl
mAU WVL:220 nm
400
. 300 g
2 i &
E ] P -
3 iy
o 4 -
=
v o |12
£ 200 -] "5
2 ] © N\
2 \
< ] ‘\ \
‘I‘
] i
1004 | \
4 | \ @
/ Lo
4 o«
1 JJ \ A
Flyr— S
i \f
v .
min
S0 T T T T T T
0,0 2,0 4.0 6,0 8,0 10,0 12,5
Temps de retencio [min]
No. | Temps retencié algcada Area Area relativa
min mAU mAU*min %
1 6,26 161,266 40,568 18.47
2 6,50 255,866 42285 19,25
3 6,63 182,297 20,363 9,27
4 6,78 200,723 113,801 51,81
5 842 28,692 2616 1.19
Total: 828,845 219,633 100,00
MS (ESI) m/z (+)
Intens. | +MS, 0.6-0.8min #(16-24)
x108 966,50
Intens. +MS, 0.6-0.8min #(16-24)|
x107
104
61 08 966,50

600

1000

0864

23703

a9 .43 o165

900

925

103244 yomp 53‘0'..50

1050 1075

1100 miz.

1200

1377.59 4 489,57
Rkt b b i ..ll‘ ' by nara b ' i . -
1400 1600 1800 2000 m/z
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MS (ESI) m/z (-)

964.40

Intens.
x105
8_
6,
4
2
862.42
706.20 “
0 N mL‘..Lu.L ikl "
400 600 800

S96 |

1000

1137.53

1200

Intens,

-MS, 0.6-0.9min #(15-27)|

-MS, 0.6-0 Smin #(15-27)

106
1.0
964,
08
982.40
06
04
02 113753
B62.42 o 1078.37
90634 102440
Nl L. uih. B .._u.‘ T T muwhkllhnu. .HL
850 900 950 1000 1050 1100 mz
1375.48
1784.62 1931.64

1600

1800
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Purification of BPC826

HPLC (4 = 220 nm) (Method A)

Absorbancia [mAU]

350

Cris Camé\Eila/17-04-2015 [modified by Administrador]

volum injectat 30,0 pl

JmAU
300—5
250—5
200
150
100

50

-50-]

6,643

WWVL:220 nm

min|

T
40

6.0
Temps de retencié [min]

8.0

T T
10,0 12,5

No. |Temps retencio alcada Area Area relativa
min mAU mAU*min %
1 6,45 7,892 0,972 4,42
2 6,64 285,367 20,466 93,10
3 6,81 5,241 0,213 0,97
4 6,99 4594 0,332 1.51
Total: 303,094 21,983 100,00
MS (ESI) m/z (+)
Intens. +MS, 0.5-0.8min #(28-45)
K107 966.5
6_
4
2
988.5
I 1056.6 1110.5
0t—r— T = Ty L e B e e e B L I
700 750 800 850 800 850 1000 1050 1100 1150 m/z
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HRMS (ESI) m/z (+)

Intens.
x10%

088.4383

+MS, 0.1-0.2min #6-14)|

Intens
104

966.4549

988.4383

1008.4491

Y N

+MS, 0.1-0.2min 2(6-14)

1000 1020 1040

200

400

00

800

1000

1200

1400

1800 miz

1080

Intens..

8000+

6000+

4000

2000+

066.4549

967.4585

+MS, 0.1-0.2min #(6-14)

2000+

1500+

1000

500+

966.4567

967.4600

968.4633

969.4668
A

C46HB3N9O14, M+nH ,966.46}

965

966

%68

969 970

972

m/:z

Intens. |
x104

988.4383

989.4417

990.4452

+MS, 0.1-0.2min #(6-14)

25004

20004

1500

1000+

5004

988.4387

989.4419

990.4453
991.4487

C46HE3NSO14, M+nNa ,988.44
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Hydrolysis of the crude reaction (BPC826)

HPLC (4 = 220 nm) (Method A)

Absorbancia [mAU]

300

Cristina\2014_Marc¢/17-03-2014 [modified by Administrador]

volum injectat 100,0 pl

mA

6,656

WVL:220 nm

-80 T T T T T T
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retenci6 [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 5,41 16,050 1,525 2,42
2 5,82 11,665 2,087 3,31
3 6,06 36,765 5,286 8,39
4 6,21 57,396 6,368 10,10
5 6,40 86,116 10,264 16,29
6 6,66 143,101 20,796 33,00
7 6,86 22,976 1,832 2,91
8 6,98 32,082 4,876 7,74
9 7,16 15,310 2,115 3,36
10 7,61 20,712 5415 8,59
11 8.61 23119 2,456 3.90
Total: 465291 63,020 100,00
MS (ESI) m/z (+)
Inten%— ntens WIS D50 Emn ACT9ET)| +M8S, 0.6-0.8min #(19-29)
x10 xi08 998.51
5_
6
998.51
4.
4 984 48
3.
2
2.
102086 110457
090,48
o P . o, L torose R L
11 900 920 940 980 960 1000 1020 1040 1060 1080 100 mz
420,08 708.34 1104.57
. X 579.19 l
0- 0019 Bt -.".“;LL e
400 500 600 700 800 900 1000 1100 1200 m/z
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MS (ESI) m/z (-)

Intens, { e, S, 050 6min #E30) -MS, 0.6-0.9min #(20-30)
x108] 996.42
1251 .
906,42
1.007 10 86242
0.751
05
0.50+ s || 4!1 10521 106854 |0&eﬁ |mssu‘-
o 875 900 925 950 a7s 1000 1025 1050 1075 1100 mz
0.251
706.23 L 1052.41 10813;40 \
0.00 N .l. NN VL NN T PR T IR VL WL NI .".j‘."!"*ﬂ“*? q‘t.‘.‘.‘H
850 700 750 800 850 900 950 1000 1050 1100 1150 miz
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3.4.5.

H-Tyr(&)-D-Ser-Glu-D-Ala-Pro-GIn-D-Tyr-lle-& (BPC828)

HPLC (4 =220 nm) (Method A) (crude reaction)

400 Cristina\2014_Febrer/11-02-2014 [modified by Administrador] volum injectat 100,0 pl
mAU WVL:220 nm
_ ©
] i
w
300
2 200
E ]
8
o 4
c
@
e 4
?
] 100+
D_
min
-100 — 7
0,0 2,0 4,0 6,0 8.0 10,0 12,5
Temps de retencié [min]
No. | Temps retencié alcada Area Area relativa
min mAU mAU*min %
1 5,67 19,359 3,752 1,77
2 5,90 24 518 4,262 2,01
3 6,02 39,874 4,991 2,35
4 6,21 159,871 24,963 11,78
5 6.44 316,413 41,696 19,67
6 6,60 185,722 24,461 11,54
7 8,77 188,356 92,255 43,52
8 7.44 58,197 15,595 7.36
Total: 992310 211,975 100,00
MS (ESI) m/z (+)
Intens, +MS, 0.6-0.8min #(15-23)|
x108 952.47
\n:‘elras?_ +M5, 0.6-0.8min #(15-23)|
8_
1.04
95247
51 081
061
4 0.44 970.45
02
] 1 7. 72102445 103808
2 ol g e, ene ] i, =z e e |
880 900 920 840 960 980 1000 1020 1040 mz
ol .j:l.l‘. o piom. bk paddedud .1?0.43.4? L 179;"42 .
600 800 1000 1200 1400 1600 1800 2000 m/z
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MS (ESI) m/z (-)

Intensé— -MS, 0.6-0.9min #(16-26)]
x10 950.38 Imenoa M3, 0.6-0.9min #(16-26)|
X1
0.8 10
08
06
085
968.41
0.4 04
02 112351
0.2 a7 37 106439
' Sl PN OO AU ) YT WY W
850 1000 1050 1100 miz
1349.50
bbbt st sl e
400 600 1000 1200 1400 1800 2000 m/z
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Purification of BPC828

HPLC (4 = 220 nm) (Method A)

600 Cris Camo!\Eila/21-04-2015 (2) [modified by Administrador] volum injectat 50,0 pl
mAU WVL:220 nm|
1 ©
500+ 2
] ©
400
5 ]
T 300
@ 1
5 ]
2
—‘rés i
S 200
o 4
< -
100+
| 32
| %
gfﬂ AN
-100 ! T I . , . Imm
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. [Temps retencio algada Area Area relativa
min mAU mAU*min %
1 6,39 18,560 1,752 4,21
2 6,56 454 770 36,583 87,84
3 6.80 26,199 3312 7.95
Total: 499 529 41,646 100,00
MS (ESI) m/z (+)
Intens. +MS, 0.5-0.7min #(31-47)
x107 9525
: Intans, S, 650 Tmin #3147
x107
3 25
o
24 N
1
1 + 9745
N k 99()'_5‘ 10426
E £ E 1000 050 me
. 4767 6238 o |
200 400 600 800 1000 1200 1400 miz
MS (ESI) m/z (-)
Intens. | -MS, 0.5-0.7min #(31-45)
x108 950.4
4
3
2
11
1018.3
u 1086.3
04— T T T T T v
200 400 600 800 1000 1200 1400 miz
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HRMS (ESI) m/z (+)

Intens. +MS, 0.1-0.2min #(4-14)

x10%
974.4248
1.04

0.8

0.6+

0.49

0.2q

0.0 L.
200 400 600 800 1000 1200 1400 1600 1800 miz

Intens. +MS, 0.1-0.2min #(4-13)
2000+ 952.4419

1500+
1000

953.4452
5004

C45HB1N9O 14, M+nH ,952.44

20001 952.4411

1500+

953.4443
1000

5004 954.4477

955.4511
950 951 952 953 954 955 956 957 958 miz

Intens. +MS, 0.1-02min #@-13)
x105 974.4249

1.0 I

0.8

0.6
975.4265
0.4
02
976.4281

A65] +MS, 0.1-0.2min #(4-14)
974.4248

0.8
0.6
975.4264
0.4

0.2q

076.4280

0.0 T T T T T
973 974 975 976 977 978 miz
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Hydrolysis of the crude reaction (BPC828)

HPLC (4 = 220 nm) (Method A)

Cristina\2014_Marg/17-03-2014 [modified

by Administrador]

Absorbancia [mAU]

6,609

300 volum injectat 80,0 pl
JmAl WVL:220 nm

250-]

200

-80 ————— ——
0,0 2,0 40 6,0 8,0 10,0 12,5
Temps de retencioé [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 5,30 14,576 1,703 2,12
2 5,81 14,867 3,211 4,01
3 8,01 39,003 5,081 746
4 6,16 57,849 7,316 9,13
5 6,36 90,741 13,126 16,38
6 6,61 158,435 24,640 30,74
T 6,93 40,723 8,943 11,16
8 715 20,247 3,053 3,81
9 7.59 31,505 5,708 712
10 7.66 26,536 4,800 5,99
11 8.60 18,062 1,667 2,08
Total: 512,545 80,145 100,00
MS (ESI) m/z (+)
Intens +MS, 0.6-0.8min #(19-29)
x10° 984.5
Intens, +MS, 0.6-0.8min #(19-29)|
X105
5_
6 9845
4.
4 9705
3.
2
2] sara o i llu 10064 10225 mf‘ﬁ 10565 'Olss‘|m[5|
875 800 825 950 “ars 1000 1025 1050 1075 1100m'z
14
694.2 1080.5
4202 492.7 5632 [ 860.1 \ 11725
0 . kot g Y 1 e ke s lllu i kb a .
200 400 600 800 1000 1200 1400 m/z
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MS (ESI) m/z (-)

Intens. -MS, 0.6-1.0min #(20-34)
x108 982.4
1.2
Intens. -MS, 0.6-1.0min #(20-34))
x108
1.50
1.0
125 9824
081 100 w684
075
0.6
0.50
044 ¥
5241 ! ms s w3 ]
880 200 920 880 1000 1020 1040 1060 mz
0.2
0923 J 1096.4
ool | oomezees  f) il e
200 400 600 800 1000 1200 1400 m/z
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3.4.6. H-D-Tyr(&)-D-Thr-Glu-p-Val-Pro-GIn-Tyr-lle-& (BPC830)

HPLC (4 =220 nm) (Method A) (crude reaction)

600 Cristina\2014_Febrer/3-02-2014 [modified by Administrador] volum injectat 40,0 pl
|mAU WVL:220 nm|
500
400+
=) ]
T 3004 3
‘s — ©
(5} 4
c
© 4
£
S 200
Q -
< 4
100
0,4/\
1 min
-100 T T T T T T
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencio [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 5,64 44707 8,472 4,64
2 6,34 116,545 21,102 11,55
3 6,49 183,864 19,283 10,56
4 6,75 248,757 40,561 22,21
5 6,85 175,866 29,321 16,06
B8 7.09 159,359 63.885 34,98
Total: 929,098 182,623 100,00
MS (ESI) m/z (+)
Intens. +MS, 0.5-1.0min #(19-37)
x107 994.4
1.04
0.8
0.6 921.4
0.4
0.2
597.2 703.7
0.0
400 500 600 700 800 900 1000 1100 1200 1300 m/z
Intens. T +MS, 0.5-1.0min #(19-37)|
x107
1.25
994.4
1.004
0.754
921.4
050+
0.25
1047.9
8653 8803 904.4 944.4 957.9 1067.0 4gg45

0.00-
850 900 950 1000 1050 1100  m/z
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Intens, +MS, 0.5-1.0min #(18-36)
x108
1251
1988.7
1.001
0.751
0.50
19157
0.251
1983.2 4965.7
0.00 HPlsaalupl o .‘mmm LML T AW I, il ! A
1850 1875 1900 1925 1950 1975 2000 2025 2050 2075 miz
MS (ESI) m/z (-)
Intens. | -MS, 0.5-1.0min #(18-38)
x106 9193 9924
0.8
0.6
0.4
1195.4
0.2 734.2
595.2 847.3
’ 1247.41302.4
660. - 13945
0.0 Als 110 &-L SPRNRIFIRIITNT S ‘.k*.“.'ﬂrl“l-*.d. I."L“'l‘l ‘
400 500 600 700 800 900 1000 1100 1200 1300 miz
Intens, -MS, 0.5-1.0min #(18-38)
X108
91 9193 9924
0.8
06
0.4
1010.4
0.24
32 8473 o538 900.3 93339473 9703 10284 000y 10823 1106.4
0.0-LL [ - Al v lLLJL.h LN ) iy "‘. AI.L“AJI m.LI.LI ik ll..JuMull\ll.
850 900 950 1000 1050 1100 miz
Intens, MS, 0.5-0.9min #(19-35)
x105 1985.7
3.
2
1727.6
1]
14608 15175 2778
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3.4.7. H-D-Tyr(&)-D-Ser-Glu-p-Val-Pro-GIn-Tyr-lle-& (BPC832)

HPLC (4 =220 nm) (Method A) (crude reaction)

400 Cristina\2014_Febrer/3-02-2014 [modified by Administrador] volum injectat 40,0 pl
mAU WVL:220 nm)
300+
| >
=
200+ ©

Absorbancia [mAU]

min
-100 T T T T T
0,0 2,0 4.0 6,0 8,0 10,0 12,5

Temps de retencio [min] ' '

No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 5,64 39,216 6,674 4,42
2 5,80 14,084 1,938 1,28
3 595 9,344 1,585 1,05
4 6,29 78,076 11,404 7,56
5 6,36 80,275 7,352 4,87
6 6,50 136,667 14,454 9,58
7 6,72 188,002 57,536 38,12
8 7.07 130,608 49,985 33,12
Total: 676,363 150,929 100,00
MS (ESI) m/z (+)
Intens. +MS, 0.5-0.9min #(18-34)
x108 980.4
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3.4.8.

HPLC (4 =220 nm) (Method A) (crude reaction)

H-D-Tyr(&)-D-Thr-Glu-pD-Ala-Pro-GIn-Tyr-lle-& (BPC834)

Cristina\2014_Febrer/21-02-2014 [modified by Administrador]

volum injectat 100,0 pl

mAU WVL:220 nm)|
300+
5 ] g
2 200 3
E ]
©
o 4
e
@
2 il
o
4 100+
<
D—J
-100 T T T T T o
0,0 2,0 4,0 6,0 8,0 10,0 12,5
Temps de retencié [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 6,12 74,415 12,192 7.27
2 6,32 130,338 20,483 12,21
3 6,55 170,545 30,090 17,94
4 6,61 169,352 36,142 21,54
5 6,98 130,220 65,977 39,33
5] 849 26,214 2872 1,71
Total: 701,085 167,757 100,00
MS (ESI) m/z (+)
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3.4.9. H-D-Tyr(&)-D-Ser-Glu-D-Ala-Pro-GIn-Tyr-lle-& (BPC836)

HPLC (4 =220 nm) (Method A) (crude reaction)

Absorbancia [mAU]

Cristina\2014_Febrer/3-02-2014 [modified by Administrador]
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Temps de retencio [min]
No. | Ret.Time (detected) Height Area Rel.Area
min mAU mAU*min %
1 524 40,206 5,450 2,46
2 5,58 15,896 2,448 1,11
3 570 24131 2,388 1,08
4 577 26,002 2,231 1,01
5 6,03 149,687 20,911 9,44
6 6,28 158,655 21,848 9,87
7 6,48 248,345 56,170 25,36
8 6,68 186,696 24,049 10,86
9 6,79 171,507 17,088 7.72
10 6.88 170,863 68,867 31.10
Total: 1191,987 221,452 100,00
MS (ESI) m/z (+)
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