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Abstract: Proctolin, an insect pentapeptide, causes dose-dependent production of inositol trisphosphate and
inositol tetrakisphosphate from locust foregut homogenates which was antagonised by nM cycloproctolin and
[a-Me-L-Tyr]-proctolin, but not by [N-Me-Tyr]-proctolin. We propose that cycloproctolin exists in a
conformation which resembles a 3-bulge loop and contains a cis-Pro.

The interactions of peptides and other small molecules with invertebrate neurotransmitter receptors are being
studied, in detail, for the selective design of insecticides * We are investigating the ligand-receptor interactions
of the pentapeptide proctolin (H. Arg. Tyr.Leu.Pro Thr OH. RYLPT) (1) which is distributed widely in insect
nerves*’. Our on-going research into the structure-activity relationships (SAR) of proctolin receptors is focused
upon the affinity and specificity of designed receptor-ligands as a function of modifications to the peptide
backbone. The modified peptides of Konopinska and co-workers™ and our own studies”'' demonstrate that
proctolin (1) is a lead compound for the design of modified peptides and peptoids which may have metabolic
stability. In this Letfer, we report the results of our experiments to characterise pharmacologically and
spectroscopically cycloproctolin (2) and [a-Me-Tyr]-proctolin (3) with biochemical techniques using tissue
homogenates isolated from desert locust (Schistocerca gregaria) foregut. As a result of 'H NMR solution
spectroscopic analysis, we propose that proctolin receptor antagonists are active in a cyclic conformation which

differs from that adopted by proctolin (1) when acting as an agonist at proctolin receptors.

Cyclic peptides/peptoids have important roles to play as ligands which help to define bioactive conformations at
receptors because of their significantly restricted motion and the consequent ease of modelling their accessible
conformations. Such peptoids have been designed recently and synthesized as specific ligands for enkephalin
receptors'™'* and for PI3-kinase p85 SH2 domains'™ Merck Sharpe and Dohme have reported bicyclic
hexapeptide analogues of somatostatin'* and macrocyclic renin inhibitors'®. Constrained cyclic peptides for
dynorphin-A'" and o«-MSH (a-melanotropin)'® receptors have recently been published and this approach has been
reviewed comprehensively by Dean'”
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Following from 'H NMR solution nOe studies. we propose that proctolin (1) possesses an inverse-y-turn
comprising an intramolecular hydrogen-bond near to the C-terminal. between LeuCO and NHThr. This y-turn
conformation leaves both the terminii accessible to solvent. In order to constrain further the geometry at this part
of the molecule. a covalent bond was made between the N- and (-terminii resulting in cycloproctolin (¢CRYLPT)
(2). The importance for binding/activity of the hydrogen atoms on the Tyr residue was also investigated using

a-Me-L-Tyr- (3) and N-Me-L-Tyr-proctolin (4).

Five foreguts were isolated from locusts, placed in 10 mM ice-cold Tris buffer (3 ml, pH 7.0), containing 1 mM
dithiothreitol (DTT) and | mM EDTA, and homogenised at 1000 rpm for 5 min. After addition of a further
aliquot of Tris buffer (7 ml). the homogenate was centrifuged at 20000 g for 20 min. The supernatant was
discarded. the pellet resuspended in 10 mM Tris-1 mM DTT buffer (10 ml, pH 7.0), recentrifuged as above and
the resulting pellet resuspended in 100 mM Tris buffer (3 ml, pH 7.6, containing 12 mM Mg(CH,C00),, 0.2 mM
ATP. and 0.001 mM GTP). Aliquots (15 pl) were removed for protein determination by the Coomassie Blue
method™. [*H]-myo-Inositol (20 uCi/3 mi. Amersham, UK) was used to label this isolated foregut preparation as
described by Baines and co-workers™ Tissue homogenates were incubated with proctolin (10 nM and 0.5 pM)
for 2 min and the reaction was terminated by the addition of methanol-chloroform-5 M aq. HCI (200:100:1).
For antagonist studies. homogenates were preincubated individually. at either 10 nM or | uM., with
cycloproctolin (2), [a-Me-Tyr]- (3), and [N-Me-Tyr]-proctolin (4) for 20 min prior to retesting the effects of 0.5
1M proctolin (1). Tris buffer (100 mM. pH 7.6) was used as a control in lieu of proctolin. In all cases, the final
extract was neutralized to pH 7.0 (with ag. NaOH), applied to an anion exhange column (DOWEX-1, X8,
formate form, mesh 100-200. Bio-Rad) to separate water soluble inositol phosphates™ and [*H]-inositol
phosphates eluted by the sequential addition of ammonium formate-formic acid mixtures of increasing ionic
strength®. Anion exchange chromatography yielded peaks corresponding to the known elution profiles” of
inositol 1,4,5-trisphosphate (InsP,) and inositol 1,3,4.5-tetrakisphosphate (InsP,). Radioactivity was quantified
by liquid scintillation counting and the results, which have been normalised by subtracting the Tris buffer treated
controls, are expressed as d.p.m. mg’' protein. Data are expressed as the mean * s.e. mean of 6 - 8 experiments.

The data presented (Figure 1) are paired and pair differences were analysed by Student's "t" test.
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Proctolin (1) caused dose-dependent release of InsP, and InsP, at 10 nM (A) and 0.5 pM (B), which was reduced
significantly (P<0.0005, **) in the presence of cycloproctolin (2) (10 nM, C; 1 uM, D) and [a-Me-Tyr]-proctolin
(3) (10 nM, E: 1 uM, F). [N-Me-Tyr]-Proctolin (4) was without antagonist action and co-incubation of (1) (0.3
uM) with (4) (1 uM) gave results (G) statistically indistinguishable from (B).

The solution conformations of cycloproctolin (2) and [a-methyl-Tyr]-proctolin (3) were investigated using
variable temperature 'H NMR and nQe experiments, in d>-DMSO. We propose that each of the two peptides
shows a preference for a conformation different from the inverse y-turn found for proctolin (1)", in the same
solvent, even though there are some significant similarities between them. The Leu CHa. Pro CHa nOe is
indicative of a cis-proline geometry and there is an intramolecular hydrogen bond Tyr NH. Thr CO. Overall,
these data are consistent with a B-bulge loop for cycloproctalin (2). [N-Me-Tyr]-Proctolin (4), neither agonist''
nor antagonist, displayed similar strong nOes to (1), together with temperature coefficient data which support the
presence of a salt bridge between the terminii. As N-methylation of [Tyr] (4) caused abolition of the biochemical

and myogenic'' activities displayed by the parent pentapeptide (1), the presence of a hydrogen atom on this amide

bond may therefore be significant in eliciting the affinity of the ligand at this receptor(s).

In this Letter, we have shown that cycloproctolin (2) and [a-Me-Tyr]-proctolin (3) are potent antagonists of
proctolin-induced production of the second messenger molecules InsP, and InsP, These studies provide further
411

evidence™ ' that proctolin receptors are targets for insecticide design as proctolin (1) is a powerful stimulant of

insect muscle as well as occurring in the insect CNS. Furthermore, proctolin shows no significant effects in
vertebrates and, consequently, proctolin analogues may disrupt insect physiology and biochemistry without

causing toxic effects in mammals; such studies are in progress in our laboratories.
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