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Summary

Selective, CRF receptor subtype-specific ligands are necessary for the investigation of the
biological activity of the CRF/urocortin peptide family and their receptor subtypes,
because they are important for many biological processes. These receptors are involved in
many neuropsy chiatric, neurodegenerative and gastrointestinal disorders. The goal of this
work was to show the influence of certain amino acid side chains of the ligands of the
CRF/urocortin peptide family and to understand their meaning for a CRF receptor subtype
selectivity. This was achieved by structure-activity relationship studies with the intention
to develop receptor subtype-selective agonists.

In the present study the cDNA of receptor splice variants CRF,, and CRF,, were cloned
from rat (rattus norvegicus). The rCRF; and both rCRF, receptors were transiently and
stably expressed in HEK 293 cells. With the establishment of test systems, in particular
stably expressing CRF receptor cell lines, a basis was created for detailed studies of the
receptor’s signal transduction. Using one-site-fit transiently and stably expressed rCRF,;
receptors showed identical affinities in the saturation binding assays with sauvagine,
although different receptor capacities were determined. The binding behaviour of selected
ligands of the CRF/urocortin peptide family on heterologously expressed rCRF; and rCRF,,
receptors correlated with the relative binding affinities, which were determined in rat
brain (CRF; receptors) and mouse heart (CRF,, receptors) membranes. Thus the
heterologously expressed rCRF receptor systems reflect the native systems very well. In
addition the heterologously expressed rCRF receptors were characterised by
adenylatcyclase assay and a HTS biological assay, which measures the agonist-induced
intracellular calcium change, using oCRF, sauvagine, urotensin I, r/hCRF, urocortin I and
urocortin II. Both functional assays showed a clear differentiation between urocortin I and
urocortin II on both rCRF receptor subtypes, so the basis of this work for structure-
activity relationship studies of these ligands was given.

The substitution of non-conserved amino acids or short peptide sequences (3 - 4 amino
acids) within the CRF/urocortin peptide family showed that no individual amino acid or
peptide domain is responsible for the differences in receptor selectivity found among the
examined ligands sauvagine, urotensin I and oCRF. Instead, it seems that the overall
sequence of the peptides is responsible for receptor selectivity.

Based on the model of two segregated receptor binding domains of CRF receptor ligands,
N- and C-terminal receptor binding sites of an a-helical model peptide UEK(1-40)
(DDPPLSIDLTFHLLRTLLEIEKEEKEKKRKEQNRKLLDEV-NH,) were connected by helical lin-
kers of variable lengths and yielded highly potent agonists without any receptor subtype
selectivity in the HTS biological assay. Connection of the two binding sites by highly
flexible e-aminocaproic acid residue linkers resulted in agonists with weak potencies
independent of the linker length. They did not affect the receptor subtype selectivity on
rCRF; or rCRF, receptor.



After the discovery of the CRF, receptor-selective urocortin II, the sequence motif VPIG
within the N-terminus of urocortin II was inserted into the corresponding positions of the
non-selective urocortin I. This resulted in a selective agonist on the rCRF, receptor in the
HTS biological assay. No agonistic activity could be detected on the rCRF; receptor. The
resulting peptide VPIG(9-12)-urocortin I was highly potent (ECs, 15 nM) on the rCRF;,
receptor. The question arising from this finding, whether individual amino acids of this
tetrapeptide sequence determine the selectivity of both VPIG(9-12)-urocortin I and
urocortin II itself, led to the setup and characterisation of two peptide libraries. Both
libraries, each with 80 ligands, were synthesised by spot-synthesis on cellulose mem-
branes. The four amino acid residues of the tetrapeptide sequence of the Nterminal
region of urocortin I and urocortin II were substituted by each of the 20 proteinogenic
amino acids (positional scanning). All ligands were tested in the functional HTS biblogical
assay on all three CRF receptors. Selected peptides were individually synthesised by SPPS
and their biological activities were verified by adenylatcyclase assays and binding studies.

The substitution analysis of each position in the VPIG motif of the VPIG(9-12)-Urocortin I
resulted in only 5 of 80 peptide analogues showing a high activity at concentrations of
10 nM in the HTS Bioassay. These analogues were selective for the rCRF, receptors. The
essential motif for this selective CRF, activity of urocortin I was found to be VPXX at
positions 9 - 12, whereby P is essential and at least one X is a residue with hydrophobic
side chain. On the other hand, the corresponding substitution analysis of the VPIG motif
in the N-terminal region of urocortin II surprisingly showed that 57 of 80 analogues of this
peptide library were selective for the rCRF, receptor and had a high activity at
concentrations of 10 nM in the same assay. None of the individual amino acid side chains
within this motif were essential for the high receptor selectivity and activity of urocortin II
on the rCRF, receptor. Thus the selectivity of urocortin II does not result from the VPIG
motif itself and in principle the CRF, receptor selectivity seems to be determined by other
domains in urocortin II. With the help of these peptide libraries, it could be demonstrated
that the N-terminal tetrapeptide sequence motif in urocortin I, but not in the case of
urocortin II, is responsible for the ligand-receptor subtype selectivity.

However, the incorporation of the VPIG motif into other members of the CRF/urocortin
peptide family led to a change of their biological potencies and receptor selectivities.
Whereas VPIG(9-12)-sauvagine, VPIG(10-13)-urotensin I and VPIG(10-13)-r/hCRF only
showed very little potency on the rCRF; receptor in the HTS biological assay, VPIG(9-12)-
sauvagine proved to be an agonist with high potency (ECs, 0.3 nM) for the rCRF, receptor
and, therefore, high rCRF, receptor selectivity. On the other hand, VPIG(10-13)-uro-
tensin I as well as VPIG(10-13)-r/hCRF showed little potency on the rCRF, receptor and
thus a weaker rCRF, receptor selectivity was observed. These results show that the VPIG
motif does not represent a motif for selectivity in principle for this ligand family.
Therefore, it is expected that the selectivity within this peptide family is also determined
by other domains.



Conclusively, it could be shown that a large number of peptides can be examined by
combination of efficient simultaneous synthesis of peptides using the spot-technology and
employment of a cellular HTS biological assay. The spot-synthesis succeeds even for
peptides with a length of 40 amino acids and supplies sufficient quantities of analogues,
whose biological activities determined by the HTS Bioassay, could be confirmed by
adenylatcyclase assay. Furthermore the HTS Bioassay proved outstandingly suitable for
ensuring rationally and efficiently the screening of a large number of compounds in
parallel at all three CRF receptors. With VPIG(9-12)-urocortin I and VPIG(9-12)-sauvagine
two highly potent and CRF, receptor-selective ligands were developed. The results of the
structure-activity relationship studies refer not only to different receptor binding sites of
the two agonists urocortin I and urocortin II on the CRF, receptor, but also make clear
that the different ligands of the CRF/urocortin peptide family obviously have different
binding modes on the CRF receptors.
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