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The apelin receptor (APJ) is a member of the GPCR superfamily. Its cognate ligand is
apelin and together with the receptor it forms the so-called “apelinergic system”, a
system which is widely distributed in the central nervous system and peripheral
tissues, and which emerged as an important regulator of cardiovascular functions via
its actions on the heart, vasculature, and kidneys. Even though patent activity around
the apelinergic system has gone up over the past years, clinical validation remains
problematic and no pharmaceutical targeting the apelinergic system is currently on
the market.
As a basis of this thesis, it was assumed that modifications of the apelin peptide via
application of χ-space constraints and/or modified amino acids, would give an
additional handle over receptor signaling, stability, affinity etc. Herein, several
strategies are presented by which the C-terminus of [Pyr1]-apelin-13 has been
chemically modified, in casu by the use of constrained dipeptides and modified amino
acids. At first, the focus was placed on the synthesis of local constraints at both the
Pro12 and the Phe13 positions of apelin-13. These ligands proved to possess
subnanomolar binding affinity for the APJ receptor, as well as significantly increased
in vivo stability and signaling potency. The in vivo results of our best first generation
ligands (Aia12-Phe13 and 1-Nal12-DbzG13) demonstrated a hypotensive action. Next, the
constrained library was expanded by ligands in which the side chains of neighboring
amino acids were linked together. These ligands demonstrated high binding affinity,
good signaling potency and improved plasma stability. As more rigid peptide
analogues, these ligands are expected to provide new insights in the importance of
side chain positioning upon binding.
Following the synthesis of local- and dipeptide constraints we aimed at the further
exploration of the C-terminal pocket of apelin-13 by the incorporation of Nα-alkylated
dipeptides. In a study containing around 20 ligands with different alkyl substituents,
ranging in size from methyl to 4-benzyloxy-benzyl, improved binding affinities were
obtained, as compared to the native ligand. As for the plasma half-life, this was now
increased beyond 10 hours. Interestingly, a moderate bias favoring Gαi1 activation over
β-arrestin-2 recruitment was recorded for some analogues, which is to our knowledge
the first linear apelin-13 analog without modification of the Phe13 side chain displaying
a biased profile disfavoring the β-arrestin-2 pathway. In vivo evaluation showed a
reduced capability of lowering blood pressure, as compared to the native ligand. In a
later stage, the addition of amino acids bearing a positive charge at the C-terminus of
apelin-13 was evaluated. Some analogs displayed unique biased agonism behavior
favoring Gαi1 over β-arrestin2 recruitment with β-arr2 Emax values below 50%.
Incorporation of dipeptides in the apelin-13 C-terminus, having an alkylated Nα and
bearing a positive charge, further improved binding affinity, stability and signaling
potency. In conclusion, the incorporation of various unnatural amino acids and
dipeptides at the C-terminus of the apelin-13 peptide has led to the synthesis of
powerful apelin peptide mimetics which show high affinity, high plasma stability,
biased agonism disfavoring β-arrestin2 recruitment and in vivo mean arterial blood
pressure effects.

