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TLDR

Fold Ne61 applies a single stereoelectronic substitution at Pro-5 of Semax —
replacing the native proline with trans-4-hydroxy-L-proline (Hyp) — to rigidify the
central B-turn that presents the His-Phe pharmacophore to MC4R. Structural
prediction returned a high-confidence complex (pLDDT 0.83, ipTM 0.92), consistent
with prior refined Semax folds and suggesting the Hyp modification is structurally
well-tolerated. The modification represents an orthogonal strategy to the cyclization
(Fold #55) and Nm-methylation (Fold #49) work already refined in this lab, building
toward a multi-axis picture of Semax pharmacophore optimization. Critical caveats
remain: MC4R binding has never been directly measured for native Semax, and the
Hyp substitution's effect on the independent PGP bioactivity and copper chelation
cannot be assessed in silico.

EXECUTIVE SUMMARY

Semax Pro-5 —» Hyp substitution (MEHF-Hyp-GP): pLDDT 0.83, ipTM 0.92 — highest
interface confidence in the Semax series. Stereoelectronic turn rigidification at the



pharmacophore hinge. REFINED. In silico only; MC4R binding unconfirmed for native
Semax.

DETAILED ANALYSIS

Semax (MEHFPGP) is a synthetic heptapeptide derived from the ACTH(4-7) core
tetrapeptide Met-Glu-His-Phe, with a C-terminal Pro-Gly-Pro tripeptide appended to
confer metabolic stability and additional bioactivity. The peptide is well-
characterized pharmacologically as a neuroprotective and nootropic agent across
animal models and limited human clinical contexts, but its receptor-level
mechanism remains pluralistic and incompletely resolved. Proposed targets include
melanocortin receptors (via the MEHF core), the p-opioid receptor, BDNF/TrkB
signaling, and monoaminergic modulation. Notably, no published study has directly
measured Semax binding affinity at MC4R — the receptor targeted in this fold —
leaving the mechanistic premise biologically plausible but experimentally
unconfirmed.

The modification in Fold Ne61 is a single non-canonical amino acid substitution:
Pro-5 — trans-4-hydroxy-L-proline (Hyp), yielding MEHF-Hyp-GP. The rationale is
rooted in well-established proline stereoelectronics: the 4R-hydroxyl group on Hyp
imposes a gauche effect that biases the pyrrolidine ring toward the C4-exo pucker,
which in turn increases the trans-amide population and stabilizes B-turn and
polyproline-lIl geometries. This conformational locking effect is extensively
characterized in collagen mimetic literature and engineered turn peptides, where
Hyp substitution consistently rigidifies Pro-containing backbone segments. The
hypothesis is that by pre-organizing the B-turn at positions 3-6 of Semax, Hyp-5
should enhance the conformational complementarity of the His-Phe pharmacophore
with the MC4R transmembrane aromatic/acidic pocket (Trp258, Phe261, Phe262;
Glul00, Aspl22) — improving binding affinity without altering the pharmacophore
atoms themselves.

Structural prediction via Boltz-2 produced a high-confidence result. The pLDDT of
0.83 sits at the upper end of the 0.75-0.83 range observed across prior refined
Semax folds (Fold #1: 0.80, Fold #49: 0.77, Fold #55: 0.75), and the ipTM of 0.92
indicates strong predicted interface quality between the modified peptide and
MC4R. The pTM of 0.87 is consistent with a well-folded complex overall. The
structural caption notes that the Hyp-5 substitution preserves the overall fold
quality with no apparent destabilization of the central turn region, and the His-3/
Phe-4 contacts with the receptor's aromatic pocket appear maintained. These
metrics support the verdict of REFINED — the predicted complex is plausible and
high-confidence by the standards of this in silico pipeline.

In the context of the Semax modification program at this lab, Fold Ne61 is
strategically orthogonal to prior work. Fold #1 (N-terminal acetylation, REFINED,
pLDDT 0.80) addressed metabolic protection at the Met-1 terminus. Fold #49 (His-3



Nri-methylation, REFINED, pLDDT 0.77) locked the imidazole t-tautomer to optimize
metal-free His-MC4R engagement. Fold #55 (D-Lys macrolactam cyclization,
REFINED, pLDDT 0.75) constrained global backbone topology for receptor pre-
organization and resistance to proteolytic degradation. The Hyp-5 substitution now
targets a different axis — local turn geometry at the Pro-5 hinge — using a
stereoelectronic mechanism rather than topological constraint, D-amino acid
substitution, or N-terminal capping. The convergence of these four refined folds
provides a structurally complementary set of modifications that could, in principle,
be combined in a next-generation Semax analog.

The heuristic peptide profile derived from sequence-based estimation suggests
favorable properties: low aggregation propensity (0.0), reasonable stability score
(0.808), and short predicted half-life (~15-45 minutes) consistent with the parent
peptide's known rapid in vivo metabolism. The BBB penetration estimate (0.269) is
modest, which is consistent with the literature: Semax likely crosses the BBB
primarily via intranasal administration routes that bypass systemic degradation,
rather than relying on passive diffusion across the blood-brain barrier. The Hyp
substitution is not predicted to materially alter these estimates relative to native
Semax.

Several important caveats must be foregrounded. First and most critically, the MC4R
target assignment for Semax is itself an inference from ACTH fragment
pharmacology — no radioligand binding, functional cAMP, or structural data directly
confirming Semax-MC4R engagement exists in the published literature. The fold is
therefore predicting properties of an interaction whose existence at MC4R has not
been experimentally established. Second, Pro-5 is not pharmacologically silent: the
PGP tripeptide (including Pro-5) has documented independent neurotrophic and
neutrophil chemoattractant activity. Hyp substitution at Pro-5 could alter PGP-
specific signaling in ways the structural prediction cannot assess. Third, the u-opioid
receptor has been identified as a molecular target of Semax in recent network
pharmacology work; effects attributed to MC4R modulation in future in vivo studies
could reflect opioidergic mechanisms instead. Fourth, Semax's His residue forms
high-affinity Cu(ll) complexes, and while Hyp-5 is distant from His-3, any
conformational change in the turn could conceivably alter copper coordination
geometry and biological behavior in metal-replete environments. These are not
reasons to dismiss the fold, but they substantially constrain what wet-lab validation
would need to demonstrate.

Overall, Fold Ne61 represents a well-reasoned, structurally grounded exploration of a
novel axis of Semax optimization. The predicted metrics are among the strongest in
the Semax series at this lab, and the chemical rationale — stereoelectronic pre-
organization of a pharmacophore-presenting turn — is mechanistically specific and
testable. The fold earns its REFINED verdict, with the understanding that 'refined' in
this context means 'structurally plausible and high-confidence by in silico
standards,' not 'experimentally validated.'



RESEARCH BRIEF

FOLD Ne61 — SEMAX PRO-5 -
TRANS-4-HYDROXY-L-PROLINE:
STABILISING THE B-TURN AT MC4R

Verdict: REFINED | pLDDT 0.83 | ipTM 0.92 | pTM 0.87

Executive Summary: A single stereoelectronic substitution at Pro-5 of
Semax (Hyp insertion, MEHF-Hyp-GP) returns the strongest interface
score in the Semax series to date (ipTM 0.92, pLDDT 0.83). The
predicted complex is structurally plausible and supports the B-turn pre-
organization hypothesis, but direct MC4R engagement for native Semax
remains unconfirmed in the experimental literature. All predictions are in
silico only and require wet-lab validation.

MECHANISM OF ACTION

Semax (Met-Glu-His-Phe-Pro-Gly-Pro; MEHFPGP) is a synthetic heptapeptide derived
from the ACTH(4-7) core sequence, with a C-terminal Pro-Gly-Pro tripeptide
appended for metabolic stability. The MEHF tetrapeptide core is considered the
minimal melanocortin pharmacophore, with His-3 and Phe-4 functioning as the
primary recognition elements for the aromatic/acidic binding pocket of melanocortin
receptors. In MC4R, this pocket is defined by residues including Trp258, Phe261,
Phe262, GIlul00, and Aspl22 in the transmembrane bundle.

Semax's effects in vivo are pharmacologically pluralistic: proposed mechanisms
include MC receptor engagement, u-opioid receptor targeting (identified via network
pharmacology, PMID:40692165), BDNF/TrkB upregulation, monoaminergic
modulation (PMID:16362768), and Cu(ll) chelation via His-3 (PMID:35080861,
PMID:40496623). Critically, no published study has directly measured Semax
binding affinity or selectivity at MC4R — the MC4R mechanism is an inference
from ACTH fragment pharmacology and indirect downstream effects. This fold
operates within that gap.

At the structural level, Pro-5 acts as the conformational hinge between the
pharmacophoric MEHF core and the C-terminal PGP tripeptide. Its ring geometry
controls the B-turn type and the spatial presentation of the His-Phe dipeptide to the
receptor. The substitution of Pro-5 with trans-4-hydroxy-L-proline (Hyp) is designed
to exploit the stereoelectronic gauche effect of the 4R-hydroxyl group to rigidify this
hinge.




PERFORMANCE APPLICATIONS

Semax has established nootropic, neuroprotective, and anti-inflammatory profiles
across rodent models and limited human clinical data. Reported performance-
relevant effects include enhanced learning, memory consolidation, protection
against ischemic insult, anxiolytic and antidepressant-adjacent profiles, and BDNF
upregulation. Monoaminergic effects — particularly enhanced striatal serotonin
turnover and modulated dopamine release — are consistent with downstream MC4R
activation in the striatum (PMID:16362768).

The Hyp-5 modification, if it enhances MC4R engagement as predicted, would be
expected to amplify cognitive, mood-regulatory, and neuroprotective effects
mediated by the melanocortin axis. The short predicted half-life (~15-45 min)
suggests that like the parent compound, intranasal administration may be the most
relevant delivery route. The modification does not alter the primary pharmacophore
atoms (His-3, Phe-4) and is therefore not predicted to introduce new off-target
liabilities from that axis — though Hyp at Pro-5 could alter independent PGP
tripeptide bioactivity (see Caveats).

MODIFICATION RATIONALE

The substitution of Pro-5 with trans-4-hydroxy-L-proline (Hyp) is grounded in well-
characterized proline stereoelectronics. The 4R-hydroxyl introduces a gauche effect
between the 4-OH and the adjacent C5-H bonds of the pyrrolidine ring, strongly
biasing ring pucker toward the C4-exo conformation. This C4-exo bias:

1. Increases trans-amide bond population — reducing conformational
entropy and pre-organizing the peptide backbone into the receptor-bound
conformation.

2. Stabilizes B-turn and polyproline-ll geometries — well-documented in
collagen triple helix mimetics and engineered turn peptides, where Hyp
substitution rigidifies Pro-containing segments without steric disruption of
neighboring residues.

3. Preserves the pharmacophore — unlike modifications at His-3 (Fold #49)
or Phe-4 (Fold #24), Hyp-5 does not alter the identity or electronic character
of any pharmacophore atom, targeting only the conformational pre-
organization of their presentation.

This strategy is orthogonal and complementary to prior Semax work in this lab:

* Fold #1 (Ac-Met-1, REFINED, pLDDT 0.80): N-terminal capping for metabolic
protection — addresses degradation, not turn geometry.

* Fold #49 (His-3 Nn-Me, REFINED, pLDDT 0.77): Imidazole tautomer locking for
Cu-independent MC4R engagement — addresses metal coordination, not
backbone conformation.



* Fold #55 (D-Lys macrolactam, REFINED, pLDDT 0.75): Global backbone
cyclization for topology constraint — addresses overall rigidity via long-range
constraint, not local turn stereoelectronics.

* Fold #24 (4F-Phe-4, DISCARDED, pLDDT 0.83): Pharmacophore electronics
modification — technically sound metrics but adjudicated as insufficient signal.

Hyp-5 targets the local hinge point directly, using a non-canonical amino acid with
well-characterized conformational consequences. It fills a gap in the modification
matrix that none of the prior folds addressed.
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All values are in silico predictions or heuristic sequence-based estimates. No wet-lab
affinity data available for this variant or for native Semax at MC4R.

The ipTM of 0.92 is the highest interface confidence score in the Semax modification
series at this lab, suggesting that Boltz-2 predicts a tighter or more structurally
coherent peptide-receptor interface for MEHF-Hyp-GP than for the macrolactam
(0.75), Nni-Me-His (0.77), or acetylated (0.80) variants. While ipTM is not a binding
affinity metric, it is consistent with the hypothesis that conformational pre-
organization of the pharmacophore improves interface quality.



No quantitative affinity prediction (AAG or equivalent) was produced by the Boltz-2
affinity module in this run. The claim of tighter binding versus wild-type Semax is
therefore mechanistically motivated and structurally supported, but not numerically
quantified by this fold.

SUGGESTED NEXT STEPS

Further computational variants:

1. Combination fold — Hyp-5 + Nm-Me-His-3 (from Fold #49): Test whether
the two orthogonal modifications (turn rigidification + tautomer locking) are
additive in predicted interface quality. The modified sequence would be
MEH(NniMe)F-Hyp-GP.

2. Hyp-5 + N-terminal acetylation (from Fold #1): Add metabolic protection
at Met-1 while preserving the Hyp-5 turn geometry. Sequence: Ac-MEHF-Hyp-
GP.

3. Triple combination: Ac-MEH(NntMe)F-Hyp-GP — integrating N-terminal
protection, His tautomer control, and Pro-5 turn rigidification. This would be
the most complete single-molecule integration of the refined modifications to
date.

4. cis-4-Hydroxy-L-Pro (4R-Hyp) vs. trans-4-Hydroxy-L-Pro comparison
fold: Predicting both diastereomers would computationally test the
stereoelectronic specificity of the C4-exo pucker hypothesis — if the cis isomer
(C4-endo bias) shows lower ipTM, this would provide internal validation.

Wet-lab validation priorities:

1. MC4R radioligand binding assay (e.g., [*?°]]-NDP-a-MSH displacement) for
native Semax first, then MEHF-Hyp-GP — this would resolve the most critical
knowledge gap in the entire Semax program and validate or falsify the MC4R
target assumption.

2. Solution NMR (ROESY/NOESY) of MEHF-Hyp-GP vs. MEHFPGP in aqueous
buffer: Direct measurement of B-turn population and Pro-5 amide bond trans/
cis ratio would validate the stereoelectronic hypothesis and confirm the C4-
exo pucker bias.

3. Competitive cAMP functional assay at MC1R, MC3R, MC4R, MC5R:
Establishes receptor subtype selectivity profile and functional potency,
allowing comparison with ACTH(4-10) reference.

4. DPP-1V and prolyl oligopeptidase stability assay for MEHF-Hyp-GP vs.
MEHFPGP: Hyp substitution may alter susceptibility to proline-specific
proteases due to the C4-exo pucker change — this is a testable and practically
important metabolic question.



5. Cu(ll) binding titration (ITC or EPR) for MEHF-Hyp-GP: Confirms that the
Hyp-5 modification does not perturb copper chelation geometry at His-3
relative to native Semax (PMID:35080861).

This fold is an in silico distillation only. All predicted properties require experimental
validation. This report does not constitute medical advice.

SEQUENCES

NATIVE

MEHFPGP

MODIFIED

MEHF - Hyp-GP

CAVEATS

* in silico prediction only — requires wet-lab validation

* single-run prediction (not ensembled) — Chai-1 cross-check not available for this
fold

» predicted properties may not reflect real-world biological behavior

* this is research, not medical advice

* MC4R is an inferred target for Semax — no published radioligand binding or
functional assay directly confirms Semax-MC4R engagement; the entire fold
operates on an unvalidated target assumption

* ipTM improvement vs. wild-type Semax is inferred from cross-fold comparison,
not a direct head-to-head calculation; Boltz-2 affinity module returned no
quantitative AAG values

* Hyp substitution at Pro-5 may alter independent PGP tripeptide bioactivity
(neutrophil chemoattraction, neurotrophic signaling) beyond MC4R engagement
— this cannot be assessed in silico

* Semax's His-3 forms Cu(ll) complexes that alter biological behavior; Hyp-5 may
indirectly perturb copper coordination geometry in metal-replete biological
systems

* heuristic BBB penetration (0.269), stability score (0.808), and half-life (~15-45
min) are sequence-based estimates, not experimental measurements



* U-opioid receptor has been identified as a molecular target of Semax
(PMID:40692165); in vivo effects attributed to MC4R modulation could reflect
opioidergic mechanisms independent of the Hyp modification
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