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Abstract—The usefulness of 2,6-dimethylphenylalanine (Dmp) as a Phe surrogate in two opioid peptides, dermorphin (DM) and
deltorphin II (DT), was investigated. Compared to DM, [L-Dmp3]DM (1) showed a 170-fold increase in p affinity and only a 4-fold
increase in § affinity, resulting in a 40-fold improvement in p receptor selectivity. Compared to DT, [L-Dmp?|DT (3) showed a 22-
fold increase in ¢ affinity and somewhat of a loss in p affinity, and consequently a marked (75-fold) improvement in & receptor
selectivity. The p-Dmp replacement, however, resulted in a great loss in receptor selectivity in each of the peptides. The specific
receptor interactions of 1 and 3 were confirmed by in vitro bioassays. Analogues 1 and 3 seem to be useful as pharmacological tools
for the study of opioid systems. © 2002 Elsevier Science Ltd. All rights reserved.

In opioid peptides, two aromatic amino acids Tyr! and
either Phe® or Phe* are important structural elements
that interact with the opioid receptors.! Recent struc-
ture—activity studies of opioid peptides have demon-
strated that the introduction of 2,6-dimethyltyrosine
(Dmt) in place of Tyr! produces vastly improved opioid
receptor affinity.>~'® Very recently, we have shown that
the use of 2, 6-dimethylphenylalanine (Dmp) in place of
Phe* in combination with Dmt' in Leu-enkephalin pro-
duced an antagonist that is active primarily toward the
u receptor.!” That study suggested that the Dmp residue
would be a useful Phe surrogate in the design of opioid
mimetics with unique opioid activities. Nevertheless, to
date there is no other example of the Dmp residue being
incorporated into other opioid peptides. To investigate
further the usefulness of Dmp as a Phe surrogate in
opioid peptides, we applied this unnatural amino acid to
two peptides, dermorphin (DM: Tyr-p-Ala-Phe-Gly-
Tyr-Pro-Ser-NH,) and deltorphin II (DT: Tyr-p-Ala-
Phe-Glu-Val-Val-Gly-NH,); these ligands are highly
selective toward p and o opioid receptors, respec-
tively.'®!° The present study deals with hexapeptide
analogues produced by the single residue (Dmp)
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replacement, and demonstrates these analogues’ extra-
ordinarily high affinity and selectivity toward either p or
d opioid receptors.

Chemistry

All peptides were synthesized (Tables 1 and 2) by a
solid-phase method using Fmoc chemistry, as pre-
viously described.!®?° For the syntheses of analogues,
protected peptides 1 and 2, or 3 and 4, were constructed
on solid support using Fmoc-b/L-Dmps. After the pep-
tides were cleaved from the resin and deprotected, dia-
stereomeric peptides were separated by a medium-
pressured HPLC as previously reported.'®2° The L- or
D-configuration of Dmp in the peptides was determined
by comparison with authentic ones on a chiral TLC
plate!” after acid hydrolysis of the peptides.?!

Biological Results and Discussion

Table 1 shows the binding affinity of each analogue to
its opioid receptor in comparison with the respective
parent peptide. These comparisons were made using rat
brain synaptosomes as previously reported.'® DM and
DT showed high affinity and selectivity toward p and &
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Table 1. Opioid receptor binding assay of synthetic analogues

Peptides Receptor binding affiniy K;+SE (nM)  Selectivity
pe 30 /T
Dermorphin (DM)  0.092+0.024 192+51 2087 —
[L-Dmp’]IDM (1)  0.00054+0.00021 4574+11.8 84,630 —
[D-Dmp’]DM ( 2) 4.43+1.385 3300£702 745 —
Deltorphin II (DT) 314+53 0.0226+£0.0077 — 13,894
[L-Dmp’IDT (3) 1098+ 111 0.00105+£0.00043 — 1,045,714
[D-Dmp?DT (4) 1956 +177 11+17 — 18

aVersus [PHIDAMGO.
®Versus [PH]DT.

Table 2. In vitro biological assay of Dmp replacing DM and DT
analogues

Pepetides 1C50+SE (nM)* Ratio

GPI (p) MVD () MVD/GPI GPI/MVD
Dermorphin (DM)  3.744+0.57 34.4+4.38 9.2 —
[L-Dmp3]DM (1) 1.21+£0.23  4.62+0.82 3.8 —
[D-Dmp’|DM (2)  44.446.1 358+45 8.1 —
Deltorphin II (DT) 54374812  0.582+0.029 — 9342
[L-Dmp’|DT (3) 67054+992  0.022+0.003 — 304,772
[D-Dmp?IDT (4) 8214872 145+15 — 56

@Values are the mean of 4-8 experiments & SE.

receptors, respectively. Interestingly, the replacement of
Phe by L-Dmp in p-specific ligand DM (1) induced a
great increase (170-fold) in p affinity and only a modest
(4-fold) increase in o affinity. As a consequence, the p
receptor selectivity of 1 was markedly improved (d/u
ratio=84,630). The pD-Dmp replacement (2), however,
decreased affinity by 48-fold and 17-fold at the p and &
receptors, respectively, indicating that the L-chirality at
this position is crucial to both receptor interactions.
This result is in accord with the results of other peptide
analogues that are structurally related to DM?? and
enkephalin.'® On the other hand, the replacement of L-
Dmp in d-specific DT produced 3 with a 22-fold
increase in 6 affinity and a 3-fold decrease in p affinity,
resulting in a 75-fold improvement in & receptor selec-
tivity with an unprecedented & receptor preference (p/
0=1,045,714). The configurational inversion of Dmp in
DT (4) was detrimental to o affinity and selectivity, a
finding similar to the case of p ligand DM as described
above.

In vitro biological activity of synthetic analogues was
evaluated by electrically induced smooth muscle con-
tractions of guinea pig ileum (GPI) and mouse vas
deferens (MVD) tissue preparations, as previously
reported.?’> The GPI tissue contains predominantly p
receptors, while MVD includes mainly & receptors. As
shown in Table 2, 1 showed 3 and 7 times more potency
than the parent peptides in the GPI and MVD assays,
respectively. However, the degree of increase in GPI
potency (only 3-fold) was not well related with that of
the receptor binding affinity (170-fold). This may be due
to the differences in p receptor subtypes in the brain and
peripheral tissues. As expected from the receptor bind-
ing data, 2 showed low potencies in both assays. Con-
sistent with the receptor binding data, 3 showed

markedly increased MVD potency without significant
changes of GPI potency, resulting in a very high GPI/
MVD ratio: 304,772. As expected, b-Dmp? analogue 4
possessed a very low MVD potency.

Recent structure-receptor selectivity studies of DM/DT
peptides have revealed that the hydrophobicity, but not
the aromaticity, of the third residue is an important
factor for both p?*23 and 8¢ receptor affinities. Thus,
the high receptor affinity of analogues 1 and 3 would be
attributed mainly to an elevated hydrophobic character
of Dmp residue, which is apparently reflected by these
analogues’ long RP-HPLC elution times.?’” Although
the Dmp residues in DM and DT sequences could pos-
sibly influence the conformation of the peptides by
reducing the rotation of the aromatic ring, the potential
alteration in both peptides may also be advantageous to
each receptor interaction (1 for p and 3 for d) since both
1 and 3 had markedly improved receptor selectivities.

In summary, the present study demonstrated that the
replacement of Phe® of DM or DT with L-Dmp pro-
duced an analogue (1 or 3) with greatly improved
receptor affinity and selectivity. The modification with
Dmp may serve in the design and development of new
opioid mimetics with high affinity and selectivity for
opioid receptors. Analogues 1 and 3 would be among
the most potent and selective ligands for p and 6 opioid
receptors, respectively, identified to date, and would
therefore seem useful as pharmacological tools for the
study of opioid systems.
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