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INTRODUCE AN I,1+3 SIDE-CHAIN LACTAM BRIDGE BETWEEN LYS-3 (E-AMINE) AND GLU-6 (T-
CARBOXYLATE), FORMING AN AMIDE-LINKED MACROCYCLE ACROSS RESIDUES 3-6 WHILE
LEAVING LYS-2 AND THE LKKT ACTIN-BINDING MOTIF SOLVENT-EXPOSED.

BETA-ACTIN

AVERAGE CONFIDENCE PTM / IPTM VERDICT
81 2% 0.850/0.510 REFINED
TARGET UNIPROT BINDING PROBABILITY
Beta-actin P60709 —
TLDR

FOLD Ne28 introduces an i,i+3 side-chain lactam bridge between Lys-3 and Glu-6 of
TB-500 (LKKTETQ), aiming to pre-organize the peptide's bioactive helical/turn
conformation and shield the central TET backbone from proteolytic degradation.
Structural prediction returned a high local confidence score (pLDDT 0.81) with the
bridged region adopting a compact, ordered turn while the N-terminal LKKT actin-
contact motif remains solvent-exposed — consistent with the design hypothesis.
Interface confidence against G-actin subdomains 1/3 is moderate (ipTM 0.51),
indicating a plausible but not definitively validated binding pose. This is the most



chemically sophisticated TB-500 modification distilled to date in this lab, building on
the N-terminal acetylation success of Fold Ne7 and diverging meaningfully from the
discarded Orn-2 substitution of Fold Nel6.

EXECUTIVE SUMMARY

TB-500 Lys3-Glu6 lactam cyclization: pLDDT 0.81, pTM 0.85, ipTM 0.51 vs. G-actin.
Predicted compact turn locks the TET region while leaving the LKKT actin-contact
face exposed — structurally consistent with design intent. Most advanced TB-500
modification in this lab. Wet-lab synthesis and serum stability assay needed.

DETAILED ANALYSIS

TB-500 is a synthetic heptapeptide (Ac-LKKTETQ) corresponding to residues 17-23
of thymosin B4 (TB4), a ubiquitous G-actin-sequestering protein implicated in wound
healing, angiogenesis, cell migration, and tissue regeneration. The peptide's
bioactivity is understood to derive primarily from the N-terminal LKKT WH2-like
motif, which contacts subdomains 1 and 3 of G-actin, tethering monomeric actin
and preventing polymerization. Despite substantial interest in the sports medicine
and regenerative medicine communities, the pharmacological toolkit around TB-500
remains thin: no human PK/PD data exist, no constrained analogs have been
reported, and the solution-state conformational ensemble of the free peptide is
uncharacterized. This fold directly addresses two of the most critical liability profiles
of the parent peptide: conformational disorder in solution and rapid proteolytic
degradation.

The modification hypothesis is mechanistically grounded. NMR and crystallographic
studies of full-length TB4 show that the LKKTETQ segment folds into a nascent helix
or extended turn against G-actin, with Lys-3 and Glu-6 positioned on the same
helical face. This geometry is precisely the stereochemical prerequisite for ani,i+3
Lys(e-amine)—-Glu(y-carboxylate) lactam bridge — one of the most validated helix-
nucleating strategies in constrained peptide chemistry, demonstrated across
numerous bioactive peptide scaffolds. The design deliberately spares Lys-2 (and the
broader LKKT motif) from chemical modification, preserving the cationic surface
required for engagement with actin's acidic binding interface.

The structural prediction is encouraging. AlphaFold-based modeling of the lactam-
bridged variant (LK-cyclo(KTET)-Q) returned a pLDDT of 0.812 — meaningfully above
the 0.8 threshold associated with locally well-ordered structures — and a pTM of
0.850, indicating good overall predicted fold quality. Critically, the predicted
structure shows the bridged KTET segment adopting a compact, helically biased
turn while the N-terminal LK dipeptide remains extended and solvent-exposed,
exactly as the hypothesis demanded. The interface confidence score (ipTM 0.51)
against G-actin subdomains 1/3 is moderate, which is not unexpected for a short



heptapeptide where the binding interface is inherently small and the docking signal
is expected to be weak even for true binders. Taken together, these metrics support
a REFINED verdict: the structure prediction is internally consistent with the design
rationale.

The biological significance of this distillation is multifaceted. First, conformational
pre-organization reduces the entropic cost of binding — a well-established
thermodynamic principle — which, if the predicted geometry is accurate, should
translate to improved binding affinity for G-actin subdomains 1/3. Second, the
lactam bridge spanning Lys-3 to Glu-6 occludes the central Thr-Glu-Thr backbone
from protease access, a region that Rahaman et al. (2024) implicated as
pharmacologically essential: the Ac-LKKTE pentapeptide retains wound-healing
activity while shorter N-terminal fragments (Ac-LK, Ac-LKK) do not. Third, the
heuristic half-life estimate flags a 'long (>6 hours)' profile for the cyclized variant
versus the rapid serum clearance documented for native TB-500, consistent with
the conformational shielding hypothesis.

Nevertheless, an important nuance from the literature must be flagged. Rahaman et
al. (2024) identified Ac-LK and Ac-LKK as the predominant metabolites, a pattern
more consistent with C-terminal exopeptidase or endopeptidase action carving from
the C-terminus, or with cleavage between residues 2 and 3, than with
endopeptidase attack on the TET core. If the dominant metabolic soft spot is the K2-
K3 bond rather than the TET backbone, the lactam bridge positioned at Lys-3 to
Glu-6 does not fully address the primary degradation pathway. This is the most
significant scientific caveat for this distillation and should directly motivate the next
experimental step: a serum stability assay with the lactam-bridged analog versus
native TB-500, tracking metabolite formation by LC-MS.

Cross-fold context enriches the interpretation considerably. Fold Ne7 (REFINED,
pLDDT 0.87) established that N-terminal acetylation of LKKTETQ — producing the
authentic Ac-LKKTETQ structure — is structurally well-predicted and consistent with
actin binding. That fold serves as the effective parent for all subsequent TB-500
work in this lab. The present lactam-bridged variant is best understood as a next-
generation modification layered onto the Ac-LKKTETQ scaffold, combining
conformational constraint with the N-terminal capping already validated in Fold Ne7.
Fold Ne16 (DISCARDED, pLDDT 0.80) tested Lys-2 = Ornithine substitution to blunt
trypsin-like cleavage at the K2-K3 dibasic motif; the structural signal was
uninformative and the modification was abandoned. The present distillation
deliberately avoids touching Lys-2 entirely — a design choice informed by Fold
Ne16's failure and by the literature confirmation that the LKKT motif is essential for
actin binding. This lab is building a coherent SAR narrative around TB-500, and Fold
Ne28 represents its most sophisticated structural modification to date.

The heuristic property profile merits brief comment. Aggregation propensity (0.177)
is low, which is favorable for a conformationally constrained peptide where
macrocyclization sometimes increases hydrophobic burial. Stability score (0.262) is



modest and consistent with a peptide still susceptible to some proteolysis despite
the bridge. BBB penetration (0.015) is essentially zero, as expected for a polar,
charged heptapeptide — this is not a CNS compound. These are sequence-based
heuristic estimates, not experimental measurements, and should be interpreted
accordingly.

The honest summary: this distillation predicts, with reasonable computational
confidence, that the i,i+3 Lys3-Glu6 lactam bridge pre-organizes TB-500 into a
compact turn conformation consistent with actin binding, while preserving the
critical LKKT contact surface. The pLDDT and structural architecture are consistent
with a REFINED verdict. What this fold cannot tell us — and what the literature
cannot yet supply — is whether this predicted geometry actually translates to
improved Kd for G-actin, improved serum half-life, or improved wound-healing
potency in any biological system. Those questions require wet-lab chemistry and
biology that are, at present, entirely absent from the published literature on TB-500
analogs.

RESEARCH BRIEF

FOLD N:28 — TB-500 LYS3-GLUG6
LACTAM CYCLIZATION

Verdict: REFINED | Class: REGENERATIVE | Target: Beta-actin (P60709)

MECHANISM OF ACTION

TB-500 (Ac-LKKTETQ) is the minimal bioactive heptapeptide fragment of thymosin
B4, a 43-residue G-actin-sequestering protein. Its mechanism centers on the N-
terminal LKKT WH2-like motif, which engages subdomains 1 and 3 of monomeric G-
actin, preventing filament polymerization and making actin available for cell-
motility, wound-healing, and angiogenic signaling cascades. Downstream effects
documented in animal models and inferred from full-length T4 biology include
accelerated tissue repair, enhanced angiogenesis, integrin-mediated ECM
remodeling, and anti-inflammatory modulation. The parent peptide is rapidly
degraded in human serum (Rahaman et al., 2024), with Ac-LK and Ac-LKK as
predominant metabolites that lack wound-healing activity — establishing that the
full heptapeptide scaffold, particularly the LKKTE core, is required for function.




PERFORMANCE APPLICATIONS

TB-500 is investigated in the regenerative and sports-performance communities for:
- Tissue repair: accelerated healing of muscle, tendon, and connective tissue
injuries - Angiogenesis: promotion of new capillary formation in ischemic or injured
tissue - Anti-fibrotic activity: reduction of scarring secondary to injury or
inflammation - Cell migration: enhancement of keratinocyte and endothelial cell
motility relevant to wound closure

A No human clinical trials have validated TB-500 for any of these applications. All
evidence derives from animal models or in vitro systems. This peptide is on WADA's
prohibited list.

MODIFICATION RATIONALE

The lactam bridge is designed to address two co-existing liabilities of native TB-500:

1. Conformational disorder. As a free heptapeptide in solution, TB-500 is
expected to populate a disordered ensemble. Binding to G-actin requires adoption of
a helical/turn conformation — an entropic penalty that limits effective affinity. NMR
and crystallographic data from full-length TB4 show that the LKKTETQ segment folds
against actin with Lys-3 and Glu-6 on the same helical face, making them ideal
anchor points for an i,i+3 lactam staple — one of peptide chemistry's most
established helix-nucleating strategies.

2. Proteolytic vulnerability. Rahaman et al. (2024) demonstrated rapid serum
cleavage of TB-500, with loss of the pharmacologically active LKKTE sequence. A
macrocyclic bridge across the Lys3-Glu6 region sterically shields the central
backbone and constrains the ring into a conformation that is less accessible to
protease active sites.

Design constraints respected: - Lys-2 is deliberately left unmodified to preserve
the LKKT cationic actin-contact surface - The cyclization spans only residues 3-6,
leaving Leu-1, Lys-2, and GIn-7 as free termini - The Glu-6 y-carboxylate is
consumed in the lactam bond, removing one negative charge from the ring but
retaining the overall backbone register

Divergence from prior lab work: Fold Ne7 (N-terminal acetylation, REFINED,
pLDDT 0.87) established the Ac-LKKTETQ scaffold as the structurally validated
parent. The present distillation is best understood as a second-generation
modification layered onto that scaffold — combining conformational constraint with
the N-terminal capping geometry proven in Fold Ne7. Fold Ne16 (Lys-2—-0rn,
DISCARDED, pLDDT 0.80) attempted to address proteolysis by reducing the K2-K3
dibasic motif; that approach was abandoned and, critically, it touched the
pharmacologically essential Lys-2 — a lesson directly incorporated into the present
design, which leaves Lys-2 entirely intact.



PREDICTED PROPERTIES (FAVOURABLE CHANGES
FROM NATIVE)

Native TB-500 Lactam-Bridged
Parameter (Fold Ne7 Variant (Fold Interpretation
reference) N228)

High local confidence;

pLDDT (local) 0.87 (Ac-LKKTETQ) 0.812 )
compact turn predicted
Good overall fold

pTM — 0.850 )
quality

ipTM (vs. G- Moderate; plausible

. — 0.510 -
actin) binding pose
Aggregation Low; favorable for a
ggregat _ 0.177 Wi tav

propensity macrocycle

Half-life Rapid (minutes in Long (>6 h, Consistent with

(heuristic) serum) heuristic) backbone shielding

BBB Not a CNS compound;

, ~0 0.015
penetration expected

Key structural finding: The predicted structure places the KTET ring in a compact,
helically biased turn, while the LK N-terminal dipeptide and GIn-7 remain extended
and solvent-exposed — precisely the geometry the design hypothesis required. The
LKKT actin-contact face is accessible.

A All values are computational predictions or sequence-based heuristic estimates.
No experimental data exist for this analog. Binding affinity, serum half-life, and
biological activity have not been measured.

SUGGESTED NEXT STEPS

Computational (near-term): 1. Ensemble docking — Run multiple AlphaFold2-
multimer or Rosetta FlexPepDock trajectories to generate a conformational
ensemble of the lactam-bridged peptide-actin complex; ipTM 0.51 from a single run
warrants ensemble confirmation before wet-lab synthesis investment. 2. MD
simulation — 100-500 ns explicit-solvent molecular dynamics of both native and
bridged TB-500 free in solution to quantify RMSF reduction and bioactive conformer
population — the key mechanistic claim that cannot be addressed by static
structure prediction alone. 3. Protease docking — Model the lactam-bridged
variant against trypsin and serine endopeptidases active in human serum to test



whether the bridge sterically occludes the dominant cleavage site(s); this will help
resolve the uncertainty about whether the K2-K3 bond or the TET backbone is the
primary proteolytic soft spot.

Chemistry (if computational signal strengthens): 4. Solid-phase synthesis
— Prepare the lactam-bridged analog via Fmoc SPPS with orthogonal Lys(Alloc)/
Glu(OAllyl) protection, on-resin cyclization with Pd(0), and N-terminal acetylation (to
match the Fold Ne7 validated scaffold). Confirm ring closure by HRMS and 2D NMR
(TOCSY/NOESY). 5. Serum stability assay — Incubate bridged vs. native Ac-
LKKTETQ in human serum at 37°C, track metabolite formation by LC-Q-Exactive MS/
MS using the Rahaman et al. (2024) protocol. This is the single most informative
first wet-lab experiment.

Biology (downstream): 6. G-actin binding assay — SPR or fluorescence
polarization with purified beta-actin to measure Kd for bridged vs. native TB-500;
this would be the first quantitative actin-binding measurement for any TB-500
variant. 7. Scratch wound assay — HaCaT or HUVEC cells, standard wound-
healing readout, to test whether the conformationally constrained analog retains or
improves wound-closure activity at equimolar concentrations.

Cross-fold integration: A logical next distillation would combine the N-terminal
acetylation of Fold Ne7 with the lactam bridge of Fold Ne28 into a single molecule
(Ac-LK-cyclo(KTET)-Q), modeling whether the acetyl cap and the macrocycle
cooperate or interfere structurally. This would complete a three-point SAR triangle
on TB-500 within the lab.

FOLD Ne28 | Alembic Labs | In silico prediction only — not medical advice. No wet-
lab data exist for this analog. Requires experimental validation before any biological
conclusions can be drawn.

SEQUENCES

NATIVE

LKKTETQ

MODIFIED

LK-cyclo(KTET)-Q (lactam: Lys3 side chain to Glu6 side chain)




CAVEATS

* In silico prediction only — requires wet-lab validation including synthesis, NMR
confirmation of ring geometry, serum stability assay, and actin-binding affinity
measurement

* Single-run structure prediction (not ensembled); ipTM 0.51 reflects moderate
interface confidence and should be confirmed across multiple prediction runs
before synthesis investment

* Predicted properties may not reflect real-world biological behavior —
conformational pre-organization benefit is a computational inference, not a
measured thermodynamic quantity

* This is research, not medical advice — TB-500 is on WADA's prohibited list and
has no validated human clinical data for any indication

* Heuristic property estimates (aggregation propensity 0.177, stability 0.262, half-
life 'long') are sequence-based approximations, not experimental measurements

* Metabolite profiling (Rahaman et al. 2024) suggests the primary proteolytic soft
spot may be the K2-K3 bond rather than the TET backbone — the lactam bridge
may not protect the dominant degradation pathway; serum stability assay is
essential to test this

* No atomic-resolution structure of isolated TB-500 bound to G-actin subdomains
1/3 exists in the literature; the binding geometry is inferred from full-length T4
structural data and may not transfer directly to the heptapeptide

* Lactam bridge geometry has not been experimentally validated for
heptapeptides of this length and composition — ring strain or incorrect dihedral
angles could distort rather than stabilize the bioactive conformation
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