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TLDR

Fold Ne82 distils a minimal regiochemical probe of Ipamorelin's critical position-3
aromatic pharmacophore — swapping D-2-naphthylalanine (2-Nal) for D-1-
naphthylalanine (1-Nal) to rotate the naphthyl ring ~60° within the GHSR-1a
aromatic cage. Boltz-2 returned an exceptionally high-confidence prediction (pLDDT
0.82, ipTM 0.97), with the backbone B-turn and anchor contacts at DPhe-4 and Lys-5
fully preserved. Published SAR precedent from Fowkes et al. (2018) confirms that a
[1-Nal] substitution at the equivalent position in a closely related GHS scaffold
retains sub-nanomolar GHSR-1a efficacy, lending meaningful experimental support
to the computational signal. The verdict is REFINED, flagging this variant as a high-
priority candidate for wet-lab synthesis and head-to-head selectivity profiling.



EXECUTIVE SUMMARY

FOLD Ne82: [D-1-Nal3]-lpamorelin — swapping the position-3 naphthyl ring from C2
to C1 attachment — returns pLDDT 0.82 and ipTM 0.97, the strongest interface
confidence in the Ipamorelin series to date. The B-turn and anchor contacts are
preserved; the first selectivity-focused probe of the aromatic pharmacophore is
REFINED and synthesis-ready.

DETAILED ANALYSIS

Ipamorelin (Aib-His-D-2-Nal-D-Phe-Lys-NH2) is among the cleanest pharmacological
tools in the growth hormone secretagogue (GHS) space: a five-residue pentapeptide
that activates GHSR-1a with high potency and a GH-selective release profile
unmatched by earlier GHRPs. Its selectivity has been attributed in part to the D-2-
naphthylalanine at position 3, which occupies a tight aromatic cage formed by
Phe27976.51, Phe28676.58, and Trp27676.48 in transmembrane helices 3 and 6.
This fold tests the simplest possible geometric perturbation of that pharmacophore:
a regiochemical swap from C2- to Cl-attachment of the naphthyl ring, producing
[D-1-Nal3]-Ipamorelin (Aib-His-D-1-Nal-D-Phe-Lys-NH2). Molecular weight, charge,
chirality, and backbone length are all unchanged — making this a near-ideal single-
variable SAR probe.

The hypothesis is mechanistically motivated: 1-naphthylalanine projects its second
aromatic ring at approximately 60° rotation relative to the 2-Nal isomer. In the
context of the GHSR-1a aromatic cluster, this rotation is predicted to sample a
distinct lipophilic sub-pocket, potentially tightening van der Waals contacts with one
face of the cage while relaxing engagement with another. Critically, if MRGPRX
receptors and neuromedin-U receptors — off-targets that tolerate D-2-Nal-
containing GHS ligands — are sensitive to this ring reorientation, the substitution
could sharpen GHSR-1a subtype selectivity without requiring a more disruptive
scaffold change. This selectivity-first framing distinguishes Fold Ne82 from the
affinity-optimisation logic of Fold Ne70 (Lys—Arg for enhanced salt-bridge contacts)
and the conformational-locking strategy of Fold Ne33 (C-terminal lactam staple).

The structural prediction is the strongest we have seen in the Ipamorelin series.
Boltz-2 returned pLDDT 0.82 and an interface ipTM of 0.97 — the latter indicating
near-certain confidence in the predicted peptide-receptor contact geometry. The B-
turn backbone is preserved, DPhe-4 and Lys-5 anchor contacts are maintained, and
the D-1-Nal sidechain is placed within the TM3/TM6 aromatic cluster with the ring
oriented at a rotated angle consistent with the Cl-substitution geometry. For a non-
canonical amino acid substitution in a GPCR binding pocket, these are exceptional
confidence values, and they sit notably above the pLDDT threshold (0.75) set as the
expectation in the research brief.



The literature provides meaningful — if not conclusive — support. Fowkes et al.
(2018) explicitly synthesised a [1-Nal] analogue of G-7039, a close ipamorelin
relative, and demonstrated retained GHSR-1a binding (IC50 = 69 nM) and sub-
nanomolar efficacy (EC50 = 1.1 nM). This is the closest available experimental
precedent and strongly suggests the GHSR-1a aromatic pocket is geometrically
tolerant of C1l-ring attachment. Hansen et al. (2001) further showed that aromatic
variation in the position-3 core of NN703/ipamorelin hybrid scaffolds produces
potent compounds, consistent with a pocket that rewards rather than punishes ring
geometry exploration.

Several important caveats must be carried forward. First, the G-7039 scaffold used
in the Fowkes precedent includes a modified C-terminus; direct extrapolation to
unmodified ipamorelin is chemically reasonable but not proven. Second, the
subtype selectivity claim against MRGPRX and neuromedin-U receptors is entirely
hypothesis-level — no published study has profiled either D-2-Nal or D-1-Nal
ipamorelin against these off-targets. Third, the Boltz-2 affinity module produced no
quantitative AAG estimate and Chai-1 agreement data are absent, so the prediction
rests on a single-model run without ensemble validation. Fourth, the heuristic
stability score (0.49) is modest, and the predicted half-life (~30 minutes to 2 hours)
matches native ipamorelin without improvement — this fold is a selectivity probe,
not a stability intervention. Fifth, no experimental structural biology (cryo-EM, X-ray,
NMR) exists for any Nal-isomer ipamorelin analogue in complex with GHSR-1a, so
the predicted ~60° ring reorientation and sub-pocket contacts remain model-based.

Viewed in the context of the full Ipamorelin distillation series at Alembic Labs, this
fold occupies a distinct and complementary niche. Fold Ne4 addressed N-terminal
proteolytic vulnerability via N-methylation; Fold Ne33 pre-organised the C-terminal
turn via lactam stapling; Fold Ne48 extended plasma half-life via yGlu-palmitoyl
lipidation; Fold Ne70 probed the C-terminal basic residue for affinity gain. None of
these touched the position-3 aromatic pharmacophore or pursued selectivity as a
primary endpoint. Fold Ne82 is the first in this lab to interrogate the ring geometry of
the naphthyl anchor itself — a logical next question given that the aromatic cage is
the receptor's primary discriminatory element.

The synthesis path is straightforward: Fmoc-D-1-Nal is commercially available, and
the substitution requires only a single residue swap in a standard SPPS protocol. The
peptide would be suitable for immediate IC50 determination at GHSR-1a
(competitive radioligand or HTRF binding), functional GH release assay, and — if the
selectivity hypothesis is to be tested — a counter-screen panel including MRGPRX1,
MRGPRX2, and neuromedin-U receptor 1/2. The strong computational signal and
existing literature precedent make this one of the more synthesis-ready variants in
the series.



RESEARCH BRIEF

FOLD N:82 — [D-1-NAL3]-
IPAMORELIN

Verdict: REFINED | Target: GHSR-1a (Q92847) | Class: PERFORMANCE

MECHANISM OF ACTION

Ipamorelin is a pentapeptide growth hormone secretagogue (GHS) that acts as a
selective agonist at the growth hormone secretagogue receptor type 1la (GHSR-1a,
the ghrelin receptor; UniProt Q92847). Upon binding, it activates Gqg/11 signalling,
triggers intracellular calcium mobilisation, and stimulates pulsatile GH release from
pituitary somatotrophs — without the FSH, LH, PRL, TSH, or cortisol co-release that
characterises earlier GHRPs such as GHRP-2 and GHRP-6 (Raun et al., 1998). This
selectivity is pharmacologically valuable and is partly attributed to the D-2-
naphthylalanine at position 3, which occupies a defined aromatic cage formed by
Phe279°6.51, Phe28676.58, and Trp276~°6.48 in transmembrane helices 3
and 6 of GHSR-1a.

[D-1-Nal3]-lpamorelin is predicted to engage the same receptor via the same
general mechanism — GHSR-1a agonism driving Gg/11/GH-axis activation — but
with a reoriented naphthyl sidechain that samples a distinct sub-pocket geometry
within the aromatic cluster. The Aib-His N-terminal dipeptide and the DPhe-4/Lys-5
C-terminal anchor contacts are preserved in the predicted complex.

PERFORMANCE APPLICATIONS

As a GHSR-1a agonist, [D-1-Nal3]-Ipamorelin — if functionally validated — would
share the performance-relevant profile of its parent: pulsatile GH stimulation
supporting lean mass accretion, recovery, bone mineral density maintenance, and
lipolysis. The primary performance rationale for this specific variant is selectivity
sharpening rather than potency gain: a cleaner off-target profile (if the
naphthyl ring reorientation proves discriminatory against MRGPRX and neuromedin-
U receptors) would mean a higher therapeutic index and a more interpretable
pharmacological tool for dissecting GH axis biology.

The predicted half-life estimate (~30 min - 2 h) is unchanged from native
ipamorelin, consistent with this fold making no modifications to proteolytic
vulnerability sites. Users seeking stability gains should refer to Fold Ne48 (palmitoyl
lipidation for albumin binding) or Fold Ne4 (N-Me-Aib N-terminal protection).




MODIFICATION RATIONALE

The single substitution D-2-Nal —» D-1-Nal at position 3 rotates the naphthyl ring
attachment from the C2 to the C1 position of the naphthalene scaffold. This
geometrically reorients the distal aromatic ring by approximately 60° without
altering molecular weight, formal charge, chirality, or backbone length. It is the
minimal possible perturbation to the position-3 pharmacophore that changes its
three-dimensional projection.

The 1-Nal vs. 2-Nal regiochemical swap is a well-precedented selectivity handle in
GPCR peptidomimetics — GnRH antagonists, somatostatin analogues, and
melanocortin ligands all show divergent receptor-subtype profiles between the two
isomers at equivalent positions. In GHSR-1a specifically, the aromatic cage
geometry reported in homology models predicts that the Cl-attached ring would
engage a slightly different sub-pocket face, potentially altering the receptor contact
fingerprint relative to off-targets that tolerate D-2-Nal.

This fold is distinct from all prior Ipamorelin distillations at this lab: Fold
Ne70 (Lys—Arg, C-terminal salt-bridge affinity probe), Fold Ne33 (lactam staple, C-
terminal conformational lock), Fold Ne48 (yGlu-palmitoyl lipidation, half-life
extension), and Fold Ne4 (N-Me-Aib, N-terminal protease block) each address
different structural regions and pharmacological objectives. Fold Ne82 is the first to
interrogate the position-3 naphthyl ring geometry itself and the first in this series to
pursue selectivity as a primary endpoint.

PREDICTED PROPERTIES (FAVOURABLE CHANGES
FROM NATIVE)

Parameter Native Ipamorelin [D-1-Nal3]-Ipamorelin
~0.79 (Fold #70
pLDDT (Boltz-2) ( 0.82
reference)
ipT™M ~0.97 (series) 0.97
B-turn backbone Preserved Preserved
DPhe-4 / Lys-5 anchor
Iy Present Present (predicted)
contacts
, ) , C2-attached, 2-Nal Cl-attached, ~60° rotated
Naphthyl ring orientation )
pose (predicted)
GHSR-1a aromatic cage
9 Established Predicted, sub-pocket variant

engagement

Molecular weight 711.9 Da 711.9 Da (unchanged)



Parameter Native Ipamorelin [D-1-Nal3]-Ipamorelin
Charge +1 +1 (unchanged)
Heuristic half-life ~30min-2h ~30 min - 2 h (unchanged)

Aggregation propensity

L 0.0 (I
(heuristic) ow (low)

, o 0.12 (low — expected for a +1
BBB penetration (heuristic) Low i
pentapeptide)

Key predicted gains: The structural prediction suggests the D-1-Nal ring is
accommodated within the GHSR-1a aromatic cluster with equivalent or superior
interface confidence (ipTM 0.97), implying that GHSR-1a engagement is maintained.
The distinct sub-pocket footprint is the primary predicted gain — a different
aromatic contact surface that may translate to improved selectivity over off-targets.
Published precedent (Fowkes et al., 2018: EC50 = 1.1 nM for a [1-Nal] analogue of
the structurally related G-7039 scaffold) provides experimental grounding for the
prediction that potency is not abolished.

SUGGESTED NEXT STEPS

Synthesis and primary pharmacology: - Synthesise [D-1-Nal3]-Ipamorelin by
standard Fmoc SPPS; Fmoc-D-1-Nal-OH is commercially available. Side-by-side
synthesis with native ipamorelin as an internal reference is recommended. -
Determine IC50 at GHSR-1a by competitive radioligand binding ([1251]-ghrelin or
HTRF-based displacement) and confirm agonist activity by Gqg/11 calcium
mobilisation or IP-One accumulation assay.

Selectivity profiling (core hypothesis test): - Counter-screen against MRGPRX1
and MRGPRX2 (HEK293 overexpression, calcium flux or cAMP) and neuromedin-U
receptors (NMUR1, NMUR?2) to directly test whether D-1-Nal reduces off-target
engagement relative to native ipamorelin (D-2-Nal). This is the gap no published
study has filled. - Include GHRP-6 and hexarelin as selectivity benchmarks; their off-
target profiles at MRGPRX2 are well-characterised.

Structural validation: - NMR (2D ROESY in aqueous buffer) to confirm B-turn
preservation and assess naphthyl ring NOE contacts relative to backbone — a
practical experimental probe of the predicted ~60° reorientation. - If GHSR-1a cryo-
EM structures with peptidomimetic GHS ligands become available, computational
docking of [D-1-Nal3]-Ipamorelin would provide ensemble-level refinement beyond
the single Boltz-2 run.

Combination with prior folds: - If selectivity signal is confirmed, combining D-1-
Nal3 with the Lys—Arg substitution from Fold Ne70 could probe whether affinity and
selectivity gains are additive — a double-substitution analogue (Aib-His-D-1-Nal-D-



Phe-Arg-NH2). - The lipidation strategy from Fold Ne48 could in principle be layered
onto this scaffold if half-life extension is a secondary goal, though the yGlu-palmitoyl
group on Lys-5 may complicate selectivity interpretation.

Mandatory disclaimer: All predicted properties are derived from in
silico modelling (Boltz-2 structure prediction, heuristic sequence-based
property estimates). These are not experimental measurements. Wet-lab
synthesis and pharmacological validation are required before any
conclusions about biological activity, selectivity, or safety can be drawn.
This is a research tool, not medical advice.

SEQUENCES

NATIVE

AibHisDBNalDPhelLysNH2

MODIFIED

Aib-His-D1Nal-DPhe-Lys-NH2

CAVEATS

* in silico prediction only — requires wet lab validation

* single-run prediction (not ensembled); Chai-1 agreement data unavailable for this
fold

» predicted properties may not reflect real-world biological behavior

* this is research, not medical advice

 Boltz-2 affinity module produced no quantitative AAG estimate — binding change
is inferred from structural confidence metrics only

* the ~60° naphthyl ring reorientation is a model-based prediction; no
experimental structural biology (cryo-EM, X-ray, NMR) exists for any Nal-isomer
ipamorelin analogue bound to GHSR-1a

* the subtype selectivity hypothesis against MRGPRX and neuromedin-U receptors

is entirely untested in published literature; the premise that D-2-Nal is tolerated
by these off-targets while D-1-Nal would not be remains an assumption

» the Fowkes et al. (2018) precedent used the G-7039 scaffold (modified C-
terminus) rather than unmodified ipamorelin — direct quantitative extrapolation
should be made cautiously

* heuristic stability score (0.49) and half-life estimate (~30 min - 2 h) are
sequence-based approximations, not measured values
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