EPITALON — ALA-1 - D-ALA
SUBSTITUTION (N-TERMINAL D-
AMINO ACID)

generated 2026-05-02T13:52:47.969092+00:00

DISCARDED | LONGEVITY | ALA-1 - D-ALA SUBSTITUTION (N-TERMINAL D-AMINO ACID)
TELOMERASE REVERSE TRANSCRIPTASE

AVERAGE CONFIDENCE PTM / IPTM VERDICT

34 0% 0.205/0.164 DISCARDED
TARGET UNIPROT BINDING PROBABILITY
Telomerase reverse 014746 —
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TLDR

DISTILLATION Ne6 explores a D-Alal substitution on the tetrapeptide Epitalon
(AEDG), intended to block aminopeptidase-mediated N-terminal cleavage and
extend plasma half-life. Boltz-2 returned extremely low confidence metrics (pLDDT
0.34, pTM 0.20, ipTM 0.16), consistent with a fully disordered four-residue chain that
resists meaningful structural prediction. The DISCARDED verdict reflects a tool
limitation rather than a biological failure: the modification hypothesis remains
pharmacologically coherent, but in silico structure prediction cannot adjudicate it for
a peptide this short. The negative result sharpens what the lab needs to do next —
functional and pharmacokinetic assays, not more folding runs.

EXECUTIVE SUMMARY

Epitalon D-Alal fold: pLDDT 0.34 — structure prediction cannot resolve a 4-residue
disordered peptide. Tool limitation, not a failed hypothesis. Plasma stability assays
are the right next step.



DETAILED ANALYSIS

Epitalon (Ala-Glu-Asp-Gly) is a synthetic tetrapeptide originally derived from bovine
pineal extract, studied over roughly 25 years for geroprotective and telomerase-
activating properties. The most compelling recent mechanistic data (Al-Dulaimi et
al., 2025) demonstrates dose-dependent telomere elongation in normal human
epithelial and fibroblast cells via upregulation of hTERT mRNA, placing telomerase
reverse transcriptase (TERT, UniProt 014746) as the primary molecular target of
interest. A parallel line of evidence from computational histone-binding studies
(Khavinson et al., 2020) suggests the AEDG pharmacophore engages H1 linker
histones through its Glu-Asp-Gly residues 2-4, potentially altering chromatin
accessibility and downstream TERT transcription. These two proposed mechanisms
— direct telomerase engagement and epigenetic chromatin remodeling — are not
mutually exclusive, but neither has been resolved to atomic-level detail, which is a
foundational limitation for any SAR-driven modification program.

The modification under study here is conservative by design: L-Ala at position 1 is
replaced by its D-configured stereoisomer (D-Ala), preserving the methyl side chain
and overall charge profile while inverting backbone chirality at the N-terminus. The
pharmacological rationale is textbook — aminopeptidases such as APN/CD13 exhibit
strong stereospecificity for L-configured substrates, and D-amino acid substitution at
position 1 is a validated strategy across multiple short therapeutic peptides (DSIP,
GHK analogs, gonadorelin). Because histone-binding modelling assigns the Ala-1
residue a peripheral rather than contact role, the hypothesis that D-Ala can
substitute without disrupting the active pharmacophore is structurally plausible —
though unvalidated.

Boltz-2's prediction produced pLDDT 0.34, pTM 0.20, and ipTM 0.16 — all decisively
below any threshold for structural inference. This outcome was anticipated by the
Researcher agent and is not a surprise: a four-residue flexible peptide simply does
not provide enough sequence information for modern structure predictors to resolve
a stable conformation. The model reflects genuine intrinsic disorder rather than a
misfolded or destabilized variant. Critically, this means the prediction is
uninformative in both directions — it neither confirms that D-Ala preserves
pharmacophore geometry nor that it disrupts it. Chai-1 agreement data were
unavailable, and the Boltz-2 affinity module returned no binding values, so no
comparative AAG estimate can be made.

The heuristic sequence-based profile adds modest context: aggregation propensity
is negligible (0.0), stability score is middling (0.4), and the half-life estimate of 15-
45 minutes is consistent with aminopeptidase-susceptible short peptides — though
this estimate applies to the native L-Ala sequence and does not model the D-Ala
effect. BBB penetration score of 0.41 is weakly positive, consistent with the small,
polar character of the tetrapeptide.



Comparing this fold to DISTILLATION Ne5 (MOTS-c Met-1 —» Norleucine, PROMISING,
pLDDT 0.62) is instructive. MOTS-c at 16 residues gave the structure predictor
enough sequence context to produce a moderately confident model; the Norleucine
substitution's impact on fold geometry could be assessed, even if imperfectly.
Epitalon at 4 residues sits below the practical resolution floor of current folding
tools. The lesson is that the 'N-terminal protection' strategy is sound across both
peptides, but the investigative tool must match the peptide's size regime — folding
algorithms for MOTS-c, functional and biophysical assays for Epitalon.

The literature context amplifies what this DISCARDED fold tells us. There are no
published pharmacokinetic data for native Epitalon — the short half-life is an
inference, not a measured value. No SAR studies exist on any Epitalon variant. The
field has implicitly acknowledged the delivery problem (intranasal routes,
ophthalmic formulations) without systematically addressing it at the chemical level.
This fold identifies a real unmet need — proteolytic stability data for AEDG — that
structure prediction cannot fill but that a simple plasma stability assay could
address directly.

Two biological caveats deserve emphasis. First, the Al-Dulaimi 2025 paper noted
that cancer cell lines activate an ALT (alternative lengthening of telomeres) pathway
in response to Epitalon — a concern that a stability-enhanced analog with longer
systemic exposure would need to address carefully in any safety evaluation.
Second, if dominant degradation in vivo proceeds via C-terminal carboxypeptidase
cleavage at the Gly-4 terminus or via endopeptidase activity rather than
aminopeptidase, D-Ala-1 substitution would provide minimal stability benefit
regardless of what any assay shows — pointing to the need for degradation
pathway characterization before committing to N-terminal protection as the primary
strategy.

RESEARCH BRIEF

DISTILLATION N6 — DISCARDED

EPITALON D-ALA1l N-TERMINAL PROTECTION TO
EXTEND PLASMA HALF-LIFE

Verdict: DISCARDED — Structure prediction tools are operating below
their resolution floor for a 4-residue disordered peptide. The prediction is
technically uninformative, not biologically uninformative. The
modification hypothesis remains pharmacologically coherent.




MECHANISM OF ACTION (BACKGROUND)

Epitalon (Ala-Glu-Asp-Gly; AEDG) is a synthetic tetrapeptide geroprotective agent
originally derived from bovine pineal extract Epithalamin. Its best-documented
molecular activity is telomerase activation: recent work (Al-Dulaimi et al., 2025)
demonstrates dose-dependent upregulation of hTERT mRNA and enzymatic
telomerase activity in normal human epithelial and fibroblast cells, with measurable
telomere elongation. A parallel proposed mechanism involves epigenetic
chromatin remodeling via binding to H1 histone linker domains (residues 2-4,
Glu-Asp-Gly, appear to be the primary contact interface per computational
modelling; Khavinson et al., 2020), potentially increasing chromatin accessibility
and downstream TERT transcription.

Beyond telomerase, Epitalon is reported to exert antioxidant effects, mitochondrial
protection, melatonin synthesis modulation, and neuroendocrine regulatory activity
— a pleiotropic profile consistent with a peptide whose precise primary receptor has
not been identified. Both the direct telomerase hypothesis and the epigenetic
chromatin route remain mechanistically unresolved at atomic resolution.

MODIFICATION HYPOTHESIS (WHAT WE TESTED)
Substituting the N-terminal L-Ala-1 with D-Ala was hypothesized to:

1. Block aminopeptidase-mediated degradation — enzymes such as APN/
CD13 have strong stereospecificity for L-configured N-terminal residues; a D-
amino acid at position 1 is a validated N-terminal protection strategy in short
therapeutic peptides (DSIP, GHK analogs, gonadorelin analogues).

2. Preserve the active pharmacophore — D-Ala retains the same methyl side
chain as L-Ala, and the histone-binding modelling data suggests residues 2-4
(Glu-Asp-Gly) carry the functional weight, with Ala-1 acting as a spacer.
Backbone chirality inversion at position 1 was expected to perturb neither
side-chain geometry nor the TERT-interaction surface.

3. Extend systemic exposure for longevity dosing protocols — a peptide with
a half-life of minutes provides minimal target tissue exposure; even a modest
stability gain could be pharmacologically meaningful.

WHY THE PREDICTION WAS UNINFORMATIVE
(TECHNICAL ANALYSIS)

Metric Value Interpretation

pLDDT 0.34 Far below 0.50 — model is unreliable



Metric Value Interpretation

pT™M 0.20 Global topology undefined
ipT™M 0.16 No interface geometry resolved
Chai-1 agreement  N/A Unavailable

Affinity module No values  No binding AAG possible

Boltz-2 returned metrics that reflect genuine intrinsic disorder in a four-residue
flexible chain, not a structurally disrupted or misfolded peptide. This outcome was
anticipated: modern structure predictors (AlphaFold2, Boltz-2, Chai-1) are trained
and validated on proteins and longer peptides with enough sequence context to
generate statistical co-evolutionary signal. A tetrapeptide provides no such signal.
The tool is operating below its resolution floor.

The prediction is uninformative in both directions. It neither confirms that D-
Ala-1 preserves pharmacophore geometry, nor that it disrupts it. No structural
comparison to native AEDG can be drawn. The DISCARDED verdict is a tool
limitation verdict, not a verdict on the biological hypothesis.

Contrast this with DISTILLATION N5 (MOTS-c Met-1 - Norleucine, 16 residues,
pLDDT 0.62, PROMISING): MOTS-c provided sufficient sequence length for a
moderately confident fold. The N-terminal oxidation-protection strategy was
structurally assessable there. For tetrapeptides, folding algorithms cannot substitute
for direct experimental measurement.

WHAT THIS TELLS US (NEGATIVE RESULTS ARE DATA)

1. Structure prediction is not the right tool for Epitalon SAR. Any future
modification fold on AEDG or closely related tetrapeptides should expect
DISCARDED or FAILED verdicts on structural grounds. The lab should not iterate
structurally on this peptide — it should pivot to functional and biophysical assays.

2. The pharmacological rationale remains intact. Nothing in the prediction
contradicts the aminopeptidase-resistance hypothesis. The modification is still worth
testing; the fold just cannot adjudicate it.

3. The degradation pathway is uncharacterized. If dominant in vivo
degradation proceeds via C-terminal carboxypeptidase (Gly-4) or endopeptidase
activity rather than N-terminal aminopeptidase cleavage, D-Ala-1 substitution will
provide little benefit regardless. The right first experiment is a degradation pathway
mapping assay, not a stability comparison between L- and D-Ala variants.

4. The field has not addressed this problem. Literature review confirms no
published pharmacokinetic data for native Epitalon — the 'minutes' half-life is an



inference from general short-peptide degradation kinetics. The entire SAR space for

AEDG is a blank map.

ALTERNATIVE HYPOTHESES TO TEST (AVOID THE
FAILURE MODE)

Approach

Plasma stability
assay (native vs
D-Alal)

Degradation
pathway mapping
(endo vs exo)

C-terminal
amidation

Dual protection:
D-Alal + C-
terminal amide

PEGylation or lipid
conjugation

Molecular
dynamics
simulation

Histone H1
competitive
binding assay

Rationale

Direct measurement of aminopeptidase
susceptibility; ground-truth for the
modification hypothesis

Determines whether N-terminal protection
is even the right strategy

Protects the Gly-4 terminus from
carboxypeptidase; complementary or
alternative to D-Ala-1

Blocks both termini simultaneously;
maximally stable AEDG analog

Different stability strategy; bypasses
stereochemical concerns

More appropriate computational tool than
structure prediction for a disordered
tetrapeptide; could sample D-Ala
conformational ensemble vs native

Tests whether D-Ala-1 alters the AEDG-
histone interaction proposed by Khavinson
2020

Tool fit

Wet lab v

Wet lab v

Wet lab /
synthesis v

Synthesis v

Synthesis v

Computational
4

Wet lab v

A Safety note: Al-Dulaimi et al. (2025) observed ALT pathway
activation in cancer cell lines exposed to Epitalon. Any stability-
enhanced analog achieving longer systemic exposure should include
cancer cell line safety profiling before advancing in longevity-focused

protocols.

All findings are in silico predictions or literature summaries. No wet lab validation
has been performed. This is not medical advice.



SEQUENCES

NATIVE

AEDG

MODIFIED

(D-Ala) -EDG

CAVEATS

* in silico prediction only — requires wet lab validation

* single-run prediction (not ensembled)

» predicted properties may not reflect real-world biological behavior
* this is research, not medical advice

* pLDDT 0.34 is below the minimum threshold for structural inference — no
backbone or side-chain geometry should be interpreted from this model

 four-residue tetrapeptides are below the practical resolution floor of current
structure prediction tools; DISCARDED verdict reflects tool limitation, not
biological failure

* half-life estimate (15-45 min) is a heuristic sequence-based inference for native
AEDG and does not model the effect of D-Ala-1 substitution on proteolytic
stability

* no published pharmacokinetic data exist for native Epitalon; the 'short half-life'
premise is an inference from general short-peptide degradation kinetics, not
direct measurement

» dominant degradation pathway for Epitalon in vivo (aminopeptidase vs
carboxypeptidase vs endopeptidase) has not been characterized; D-Ala-1
protection may be ineffective if N-terminal cleavage is not rate-limiting

» cancer cell ALT pathway activation reported for native Epitalon (Al-Dulaimi et al.,
2025); stability-enhanced analogs should include oncological safety profiling
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