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Introduction

Chronic pain is the most ubiquitous disease with an incidence of 100 million people in the U.S. Opiate
therapy is the mainly prescribed treatment for chronic neuropathic pain. However opioids do not
address the mechanisms of neuropathic pain and thus have limited efficacy against this type of pain [1].
While opioids may reduce the pain states experienced by the patients, they have adverse effects such
as tolerance, addiction, and medication overuse with long-term administration. It has been found that
by blocking the «k opioid receptor (KOR) a reduction in tolerance and depressive affective states that
can occur with opioid administration [2]. With this in mind we are working towards the development
of a KOR selective antagonist with variable duration of action.

Dynorphin A (Dyn A, Tyr-Gly-Gly-Phe-Leu-Arg-Arg-lle-Arg-Pro-Lys-Leu-Lys-Trp-Asp-Asn-
Gln) is one of three endogenous opioid peptides with high affinities for the p (MOR), 6 (DOR), and k
opioid receptors, with a preference for the KOR. Dyn A mediates an inhibitory effect through the
opioid receptors resulting in nociception. Some have studied the importance of consecutive polar
residues as is found in Dyn A and found that these were important for binding and function [3].

Dyn A has been extensively studied in the search for KOR ligands. Our approach is different in
that our main target is a shorter peptide with an amino acid residue deletion in the middle of the
sequence. The deleted residue happens to be one of the key residues determined by studies of the
relative importance of the amino acid residues in Dyn A sequence. It was previously believed that
residues Arg’, Lys', and Lys'® were the most important residues for binding and potency at the
KOR [4]. The importance of these residues was determined by the binding affinity of truncated analogs
of Dyn A. In our approach we are completely deleting the amino acid residue and this is very
interesting because usually residue deletions would have unfavorable effects to the binding of a peptide
due to changes in conformation and charge distributions.

Results and Discussion

Dyn A analogs were synthesized by standard solid phase peptide synthesis using Fmoc-chemistry and
cleaved by a 95% TFA cocktail solution containing 2.5% TIS, 2.5% water. Crude peptides were
purified by RP-HPLC using 10-50% of acetonitrile in water containing 0.1% TFA. Radioligand
competition binding assays were done for synthesized analogs using [*H] DAMGO for MOR, [*H]
Deltorphinll for DOR, and [*H] U69,593 for KOR using transfected cell membranes.

We have identified that Arg 7 is not important nor necessary for binding at KOR as previously
believed [4]. We also tested modification of the C-terminal acid to amide (CYF110, CYF111, and
CYF112), which showed increased binding affinity at all three opioid receptors. Substitutions of the
N-terminal amine group with (2S)-2-methyl-3-(2,6-dimethyl-4-hydroxyphenyl)propanoic acid (MDP)
or Acetyl (Ac) groups increased KOR selectivity (CYF111, CYF112). It has been previously shown
that N-terminal amine substitution of agonist opioid peptides can reverse their functions to
antagonists [5].

After finding that the presence of Arg” was not as important as previously thought, we went back
to the literature to find other modifications that would improve binding and selectivity at the KOR and
also produce antagonists at the receptor. It has been published that a substitution with a Pro at the third
position improved selectivity and also showed weak antagonist function [6]. Another modification that
has been shown to improve selectivity for the KOR is to reverse the chirality of residues 8 and 10.
These residues are in the C-terminal region also known as the “address” region since they determine
the selectivity of the peptide for a given opioid receptor [6]. We went ahead and tested D-amino acid
substitutions, as well as peptide constraining substitution with Pro, and saw that they are well tolerated



Table 1. SAR of Dyn A analogs at the KOR, MOR, and DOR.

KOR MOR DOR
Dyn A Structure (n?/l) (n(l\)/l) (n(le/l)

(1-11) H-Tyr-Gly-Gly-Phe-Leu-Arg-Arg-lle-Arg-Pro-Lys-OH  0.12 - -
(1-11)-NHz  H-Tyr-Gly-Gly-Phe-Leu-Arg-Arg-lle-Arg-Pro-Lys-NH,  0.10 - -

CYF107 H-Tyr-Gly-Gly-Phe-Leu-Arg-lle-Arg-Pro-Lys-OH 0.2 6 6
CYF110 H-Tyr-Gly-Gly-Phe-Leu-Arg-lle-Arg-Pro-Lys-NH; 0.08 0.94 3
CYF111 Mdp-Gly-Gly-Phe-Leu-Arg-lle-Arg-Pro-Lys-NH; 62 1600 210

CYF112 Ac-Tyr-Gly-Gly-Phe-Leu-Arg-lle-Arg-Pro-Lys-NH» 74 820 2200

on the [des-Arg’]-Dyn A analogs but only when done one at a time. Our data suggests that modifying
both the “message” and the “address” region in a single molecule are detrimental for binding affinity
at the KOR.

In conclusion, we have shown that Arg’ is not necessary for binding at the KOR as previously
believed and that N-terminal substitution combined with C-terminal amidation selectivity and binding
at the KOR is retained. We also have insights on modifications of the message and address regions
that can be done to the [des-Arg’] Dyn A analogs. We have already started the search for a [des-Arg’]-
Dyn A minimum pharmacophore with very promising results. In our future studies we will continue
to modify the structures to improve binding and selectivity of the shorter peptides for the KOR.
Functional activity studies are also underway.
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