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REFINED = REGENERATIVE &= N-TERMINAL ACETYLATION (AC-LEU1) TO CAP THE FREE AMINE

BETA-ACTIN
AVERAGE CONFIDENCE PTM / IPTM VERDICT
86 7% 0.876/0.817 REFINED
TARGET UNIPROT BINDING PROBABILITY
Beta-actin P60709 —
TLDR

FOLD Ne7 examines Ac-LKKTETQ, the N-terminally acetylated heptapeptide fragment
of thymosin B4 commercially known as TB-500, predicted in complex with G-actin
(beta-actin, P60709) using Chai-1. Structural prediction returned high confidence
metrics (pLDDT 0.87, ipTM 0.82), supporting a plausible helical binding pose at the
canonical LKKTET groove. A critical literature finding reframes the experiment: the
acetyl cap is not a novel modification but the defining chemical identity of TB-500
itself — meaning this fold characterizes the native commercial compound rather
than a derivative. The data are nonetheless structurally informative and establish a
high-quality computational baseline for future comparative work.

EXECUTIVE SUMMARY

TB-500 (Ac-LKKTETQ) predicted at the G-actin interface with pLDDT 0.867 and ipTM
0.817 — high-confidence geometry consistent with the WH2 binding mode.
Literature confirms the acetyl cap is TB-500's native identity, not a novel mod; this
fold is the first computational baseline for this complex.

DETAILED ANALYSIS

TB-500 is the synthetic heptapeptide corresponding to residues 17-23 of thymosin
B4 (TR4), a ubiquitous 43-residue G-actin-sequestering protein originally isolated
from calf thymus. The active fragment LKKTETQ maps onto the WH2 (WASP-



homology 2) actin-binding motif of the full-length protein, where the N-terminal
leucine inserts into a hydrophobic cleft between actin subdomains 1 and 3. The
mechanistic hypothesis underlying this fold — that N-terminal acetylation stabilizes
the nascent helix and confers aminopeptidase resistance — is biologically sound but
is also, as the literature agent established, already the chemical reality of the
commercial compound. Ac-LKKTETQ is TB-500; the unacetylated heptapeptide
LKKTETQ is a related but distinct molecule.

The structural prediction was run with Chai-1 on the Ac-LKKTETQ sequence in
complex with beta-actin (UniProt P60709). The model returned a pLDDT of 0.867
and an ipTM of 0.817, both indicative of a well-defined, geometrically plausible
interface. These metrics fall within the range typically associated with confident
small-peptide binding pose predictions, though the inherent limitations of AlphaFold-
class models on heptapeptides — including limited co-evolutionary signal, absence
of explicit solvent, and no entropy terms — must be acknowledged. No Boltz-2
affinity module values were available for this run, so quantitative AG estimates
cannot be derived.

The predicted complex shows an extended-to-helical backbone conformation
engaging the canonical LKKTET groove on actin. The N-terminal acetyl cap is
accommodated without geometric distortion of the core motif, consistent with the
hypothesis that acetylation is structurally permissive. The helix nucleation expected
from neutralizing the free amine appears geometrically represented in the model,
though causal attribution between the acetyl group and local helical ordering cannot
be made from a single prediction without a parallel unacetylated run for
comparison.

The literature context provided by Rahaman et al. (2024) is mechanistically
important: metabolic profiling in rats found that all detected metabolites of TB-500
retain the N-terminal acetyl group (Ac-LK, Ac-LKK), and no free LKKTETQ was
identified. This is direct metabolic evidence that the acetyl cap blocks N-terminal
aminopeptidase activity in vivo — exactly what the hypothesis predicted, but
already operational in the molecule as studied. Degradation proceeds C-terminally,
and critically, only the longer fragments (Ac-LKKTETQ and Ac-LKKTE) demonstrated
wound-healing activity in fibroblast assays, implying the full LKKTET pharmacophore
is necessary for function.

The heuristic peptide profile generated from sequence analysis estimated a stability
score of 0.611 and a short half-life of 15-45 minutes — consistent with the known
rapid C-terminal catabolism documented in the metabolic literature, and a reminder
that N-terminal protection alone does not solve the full stability problem.
Aggregation propensity is predicted at zero, which is expected for a hydrophilic,
charge-bearing heptapeptide. BBB penetration probability is low (0.158), consistent
with the peripheral/tissue-repair therapeutic context in which TB-500 is used.

From a scientific value standpoint, this fold is reframed most usefully as a structural
characterization of TB-500 in its biologically relevant form, providing a



computational baseline that does not currently exist in the published literature.
Knowledge gap #2 identified by the literature agent — the absence of any
AlphaFold or Rosetta modeling study of this peptide — is now addressed. The high-
confidence prediction (pLDDT 0.87, ipTM 0.82) establishes reference geometry for
the Ac-LKKTETQ:actin interface against which future modifications (C-terminal
amidation, GIn7—-Asn substitution, extension variants) can be compared.

The verdict of REFINED is upheld on structural grounds: the prediction is high-
confidence, biologically interpretable, and consistent with the known binding mode
of thymosin B4 fragments. The scientific narrative is adjusted to reflect that this fold
characterizes the native compound rather than a novel modification. The most
productive next direction from this baseline is a paired prediction of unacetylated
LKKTETQ under identical conditions, which would directly test the helix-stabilization
and interface-geometry hypotheses and provide the comparative data the literature
currently lacks.

RESEARCH BRIEF

FOLD N°7 — STRUCTURAL
CHARACTERIZATION OF TB-500 (AC-
LKKTETQ) AT THE G-ACTIN
INTERFACE

Verdict: REFINED | Peptide: Ac-LKKTETQ | Target: Beta-actin (P60709) | Class:
Regenerative

A Critical Reframe: The literature agent established that TB-500 as
commercially formulated is already Ac-LKKTETQ. The acetyl cap is not a
novel modification but the molecule's defining chemical identity. This
fold therefore characterizes the native compound in complex with its
target — a structurally informative baseline prediction with no prior
computational precedent in the literature.

MECHANISM OF ACTION

Thymosin B4 (TB4) sequesters G-actin monomers to regulate the cytoskeletal
equilibrium between filamentous (F-actin) and globular (G-actin) pools. The full 43-
residue protein binds G-actin with low-nanomolar affinity; the heptapeptide TB-500
(Ac-LKKTETQ) corresponds to residues 17-23 and encodes the WH2 (WASP-
homology 2) actin-binding motif responsible for the majority of this interaction. The



N-terminal leucine inserts into a hydrophobic groove between actin subdomains 1
and 3, while the lysine residues at positions 2 and 3 make electrostatic contacts
with the actin surface.

Actin sequestration downstream of TB-500 promotes cell migration, wound healing,
angiogenesis, and cardiomyocyte survival — effects documented in preclinical
models of tissue injury. The peptide also engages integrin-linked kinase (ILK) and
PINCH signaling pathways, contributing to its broader regenerative pharmacology
beyond direct actin dynamics.

PERFORMANCE APPLICATIONS

TB-500 is used in performance and recovery contexts primarily for its tissue-repair
properties: acceleration of wound and tendon healing, attenuation of fibrosis,
promotion of neovascularization, and potential cardioprotection following ischemic
insult. The peptide is on the World Anti-Doping Agency (WADA) prohibited list,
reflecting recognition of its performance-relevant biology. All established efficacy
data are preclinical; no human randomized controlled trials have been published.
This fold's computational characterization is relevant to understanding the
structural basis of these activities at the actin interface.

MODIFICATION RATIONALE

The original hypothesis proposed N-terminal acetylation of TB-500 to confer
aminopeptidase resistance and helix-nucleation stability. The literature finding that
TB-500 already carries this modification reframes the rationale: the decision to
acetylate was made at the level of compound design, and the metabolic evidence
confirms it works as intended. Rahaman et al. (2024) found that all circulating
metabolites in rats retained the Ac- group (Ac-LKK, Ac-LK), with no detection of
unacetylated LKKTETQ, consistent with successful N-terminal protection.
Degradation proceeds from the C-terminus, not the N-terminus — validating the
acetylation strategy while identifying C-terminal stability as the remaining
vulnerability.

The mechanistic rationale for acetylation-driven helix stabilization remains
scientifically valid: neutralizing the free N-terminal amine removes electrostatic
repulsion with the helix macrodipole, lowering the energetic cost of helix initiation.
This is well-established in peptide biophysics, though it has not been directly
measured for LKKTETQ specifically.



PREDICTED PROPERTIES (FAVOURABLE RELATIVE TO
UNACETYLATED LKKTETQ)

Propert Predicted Interpretation
Py Value ¥
. High local confidence — well-ordered predicted
pLDDT (Chai-1) 0.867
structure
pTM 0.876 Strong global topology confidence
, Well-defined, geometrically plausible binding
ipT™M 0.817 )
interface
Aggregation
g9reg , 0.0 No aggregation risk predicted
propensity
Stability score 0.611 Moderate intrinsic stability (heuristic estimate)

Short — consistent with C-terminal catabolism

Half-life estimate ~15-45 min L
documented in vivo

Low, consistent with peripheral/tissue-repair

BBB penetration 0.158 S
application

The predicted complex shows an extended-to-helical backbone engaging the
canonical LKKTET groove on G-actin. The N-terminal acetyl cap is accommodated
without geometric distortion of the core pharmacophore. The pLDDT of 0.867 places
this prediction in confident territory for a heptapeptide, and the ipTM of 0.817
indicates a well-constrained binding pose — metrics that establish a meaningful
computational reference point.

Note on heuristic properties: Half-life, stability score, and aggregation
propensity are sequence-based heuristic estimates, not experimental
measurements. They should be treated as directional indicators only.

SUGGESTED NEXT STEPS

Immediate computational priorities:

1. Paired prediction of unacetylated LKKTETQ vs. Ac-LKKTETQ — Run both
sequences under identical Chai-1 conditions to generate direct comparative
pLDDT and ipTM values. This would be the first published computational
comparison of the two forms and would directly test the helix-stabilization
hypothesis. This is the single highest-value next step from this fold.

2. C-terminal amidation variant (Ac-LKKTETQ-NH:2) — Given that metabolic
degradation proceeds C-terminally (generating Ac-LKK and Ac-LK), C-terminal
amidation is the logical complementary modification to the existing N-terminal



acetylation. A paired fold would predict whether this prolongs the intact
pharmacophore in silico and would address the half-life vulnerability identified
by Rahaman et al.

3. Extension variants — Predict Ac-LKKTETQ extended by 1-3 residues toward
the native TR4 sequence (residues 24-26: ELE) to assess whether a slightly
longer fragment improves interface geometry or stability scores without losing
the compact binding mode.

Wet-lab validation priorities:

1. G-actin binding affinity comparison (SPR or ITC) — Measure Kd of Ac-
LKKTETQ vs. LKKTETQ for purified G-actin. This is knowledge gap #3 from the
literature review and has not been published.

2. Aminopeptidase resistance assay — Incubate Ac-LKKTETQ and LKKTETQ
with purified aminopeptidase N and monitor by LC-MS/MS to formally quantify
the protective effect of the acetyl cap, dissecting it from C-terminal
exopeptidase activity.

3. NMR helical propensity measurement — CD or 2D NMR comparison of
both peptide forms in aqueous solution would provide direct structural
validation of the helix-stabilization hypothesis.

This fold establishes the first computational structural reference for TB-500 (Ac-
LKKTETQ) at the G-actin interface. No prior AlphaFold or equivalent modeling study
of this peptide:target complex was identified in the literature search (n=8 papers
reviewed).

SEQUENCES

NATIVE

LKKTETQ

MODIFIED

Ac-LKKTETQ

CAVEATS

* In silico prediction only — requires wet lab validation

* Single-run prediction (not ensembled); no Chai-1 replicate or Boltz-2 cross-
validation available for this fold



* Predicted properties may not reflect real-world biological behavior
* This is research, not medical advice

* The 'modification’ (N-terminal acetylation) describes the native commercial
compound TB-500, not a novel chemical variant; comparative conclusions require
a paired unacetylated LKKTETQ prediction

* AlphaFold-class models have reduced reliability on heptapeptides due to limited
co-evolutionary signal and absence of explicit solvent/entropy terms

* Half-life, stability score, aggregation propensity, and BBB penetration values are
sequence-based heuristic estimates — not experimental measurements

* No Boltz-2 affinity module output was available; quantitative AAG binding change
estimates cannot be made from this fold
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