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UNIPROT

P43220

BINDING PROBABILITY

—

TLDR

Fold №54 introduces a side-chain-to-side-chain lactam bridge between Lys-17 and

Asp-21 (i,i+4) in Retatrutide's central amphipathic α-helix, aiming to pre-organize

the helical conformation that engages GLP-1R's transmembrane bundle and bias the

triple-agonist profile toward GLP-1R-dominant signalling. The structural prediction

returned a high-confidence interface (ipTM 0.75, pLDDT 0.71), with the bridged

region forming a continuous helix rather than the anticipated failure-mode kink —

earning a REFINED verdict. Critically, Lys-20 (the native lipidation anchor) was

deliberately left free, preserving albumin-binding pharmacokinetics. This is an in

silico prediction only; wet-lab validation is required before any biological conclusions

can be drawn.

EXECUTIVE SUMMARY

Fold №54 locks Retatrutide's central α-helix via a Lys17–Asp21 lactam bridge,

predicting GLP-1R-biased triple agonism. ipTM 0.75, pLDDT 0.71 — continuous

bridged helix, no kinking. Selectivity bias unconfirmed; comparative GIPR/GCGR

docking required.

DETAILED ANALYSIS

Retatrutide is a clinical-stage triple agonist of GLP-1R, GIPR, and GCGR, engineered

to deliver additive metabolic benefits across three receptor systems. Its 39-residue

sequence adopts a characteristic class B GPCR peptide architecture: a disordered N-

terminal 'address' segment (~residues 1–7) that inserts into the orthosteric pocket,

a central amphipathic α-helix (~residues 8–28) that engages the extracellular

domain and transmembrane bundle, and a disordered C-terminal proline-rich tail

that confers conformational flexibility. The challenge with multi-agonist peptides is

that each receptor exerts distinct geometric preferences on the helix, meaning that

the unrestrained peptide samples a conformational ensemble that partially satisfies

all three but optimally satisfies none.

The hypothesis in this DISTILLATION is that covalently pre-organizing the central

helix via an i,i+4 lactam bridge between Lys-17 and Asp-21 will enthalpically pay

the folding cost of the α-helical conformation preferred by GLP-1R's transmembrane

bundle, effectively increasing the population of productive receptor-binding



conformers at GLP-1R relative to GIPR and GCGR. This strategy is well-precedented

in the GLP-1 analog literature — lactam bridges at i,i+4 positions have been shown

by Murage et al. and others to increase helical content in glucagon-family peptides

and shift receptor selectivity profiles. The substitution requires converting native

Phe-21 to Asp to provide the carboxylate handle for the bridge, which introduces a

hydrophobic-face perturbation as a defined trade-off.

The structural prediction by AlphaFold (via the Chai-1 pipeline) returned a pLDDT of

0.71 on the peptide chain and an ipTM of 0.75 for the Retatrutide–GLP-1R complex

— metrics consistent with a confidently modelled, structurally plausible binding

mode. The critical observation is that the bridged Lys17–Asp21 segment forms part

of a continuous central helix rather than exhibiting the kink or register disruption

that was pre-identified as the principal failure mode. The N-terminal segment adopts

its expected extended/helical docking conformation into the orthosteric pocket, and

the C-terminal PSSGAPPPS tail remains disordered as predicted. Together, these

metrics justify a REFINED verdict: the lactam bridge appears structurally compatible

with GLP-1R engagement.

This fold connects meaningfully to several prior distillations in the Retatrutide

series. Fold №10 (Lys-17 → Arg, pLDDT 0.78, PROMISING) established that position

17 tolerates side-chain modification without helix collapse — a necessary precedent

for selecting Lys-17 as the bridge anchor in the current work. Fold №34 (Tyr-13 → 2-

Nal, PROMISING) demonstrated that receptor selectivity can be modulated by

targeted helix perturbations, validating the broader selectivity-engineering

hypothesis. Fold №45 (C-terminal Lys-40 fatty diacid extension, PROMISING) showed

that a second albumin anchor is compatible with the scaffold, while the current

fold's deliberate preservation of Lys-20 ensures that the native C18 diacid lipidation

strategy remains viable for half-life extension — a pharmacokinetic design choice

that distinguishes this variant from a purely mechanistic probe.

The heuristic property profile (sequence-based estimates, not wet-lab values) shows

a low aggregation propensity (0.14) and a stability score of 0.59, with a long

predicted half-life consistent with the preserved Lys-20 lipidation anchor. BBB

penetration is near-zero (0.05), expected for a 39-residue peptide. These heuristics

are consistent with a metabolically active peripherally-acting peptide.

From a mechanistic perspective, the GLP-1R bias hypothesis rests on the premise

that GLP-1R's orthosteric binding cleft imposes tighter helical geometry

requirements than GIPR or GCGR — a view supported by structural studies of GLP-1–

GLP-1R cryo-EM complexes versus GIP–GIPR structures, where the TM bundle

contact residues differ in helix-binding stringency. If the lactam bridge pre-organizes

a helix geometry more complementary to GLP-1R than to the other two receptors,

the thermodynamic gain at GLP-1R would be proportionally larger. However, this

selectivity inference is entirely speculative at the in silico stage — the current

prediction models only the GLP-1R complex, and GIPR and GCGR docking was not

performed in this fold.



The principal limitations are threefold. First, this is a single-run prediction without

ensemble sampling — conformational heterogeneity in the bridged region is

underrepresented. Second, the Phe-21 → Asp substitution required to install the

bridge introduces a meaningful hydrophobic-face perturbation that could reduce

GIPR and GCGR affinity through mechanisms not captured by the folded-structure

prediction. Third, the selectivity rebalancing hypothesis requires direct comparative

docking at GIPR and GCGR to test — the current fold provides evidence of GLP-1R

compatibility, but not of differential selectivity. Wet-lab validation via cAMP

accumulation assays at all three receptors, followed by radioligand displacement,

would be the minimum evidence required to evaluate the GLP-1R bias claim.

RESEARCH BRIEF

FOLD №54 — RETATRUTIDE I,I+4

LACTAM BRIDGE LYS17–ASP21
Verdict: REFINED | Target: GLP-1R (P43220) | Class: METABOLIC

MECHANISM OF ACTION

Retatrutide is a 39-residue tri-agonist peptide activating GLP-1R, GIPR, and GCGR in

concert, producing additive effects on insulin secretion, glucose-dependent

insulinotropic signalling, and energy expenditure. All three class B GPCRs use the

same conserved two-domain peptide-binding mechanism: the N-terminal segment

(~residues 1–7) inserts into the orthosteric TM bundle pocket (the "pharmacophore

domain"), while the central amphipathic α-helix (~residues 8–28) engages the

receptor extracellular domain and the upper TM bundle rim (the "address domain").

The fidelity of this helical docking geometry is a primary determinant of receptor

potency and selectivity — subtle differences in helix curvature, amphipathic

register, and side-chain projection angles differentiate GLP-1R, GIPR, and GCGR

binding modes.

The central helix of the unmodified peptide exists in a conformational equilibrium in

solution; enthalpic pre-organization of the bioactive helical conformation via a

covalent lactam bridge reduces the entropic cost of binding and can shift the

effective potency at receptors whose TM bundle geometry most closely matches the

locked conformation.



PERFORMANCE APPLICATIONS

Retatrutide sits at the frontier of obesity and metabolic syndrome pharmacology. Its

tri-agonist mechanism produces superior weight loss and glycaemic control versus

dual- or mono-agonists in early clinical data. A GLP-1R-biased variant could be

relevant in contexts where:

Maximal insulin secretion amplification is prioritized over glucagon

suppression (e.g., type 2 diabetes with residual β-cell function)

GIP-independent weight loss is desired (some patients appear GIP non-

responsive due to receptor variants)

Nausea/emesis risk reduction is sought — GLP-1R bias at higher intrinsic

efficacy may allow dose reduction if potency gains are realized

Research probe for dissecting the contribution of each receptor arm to the

aggregate metabolic phenotype of triple agonism

This is an in silico prediction only. No clinical or performance claims are made.

MODIFICATION RATIONALE

The i,i+4 lactam bridge strategy exploits the geometry of the α-helix: residues at

positions i and i+4 are on the same helical face, separated by one full turn (~5.4 Å

Cα–Cα distance), making them ideal anchor points for a side-chain-to-side-chain

amide bond that reinforces the helical backbone hydrogen-bonding network.

Specific design choices:

Design element Rationale

Lys-17 ε-amine as N-

terminus of bridge

Position 17 is solvent-exposed on the polar helix face; Fold

№10 established Lys-17 tolerates side-chain modification

without helix collapse

Asp-21 β-carboxylate

as C-terminus of bridge

Asp provides the electrophilic carboxylate; requires Phe-21

→ Asp substitution (hydrophobic-face trade-off accepted)

Lys-20 left free

Preserves the native lipidation anchor for C18 fatty diacid

conjugation — albumin-binding pharmacokinetics are not

sacrificed

i,i+4 spacing

Well-validated in GLP-1 analogs (Murage et al.); one helix

turn, minimal ring strain, consistent with productive bridge

formation

This modification diverges from recent lab folds on both modification axes: it is a

conformational/cyclization strategy, not a point mutation or lipidation variant,

providing genuine chemical diversity in the Retatrutide exploration series.

• 

• 

• 

• 



PREDICTED PROPERTIES — FAVOURABLE CHANGES

FROM NATIVE

⚠ All values below are computational predictions or sequence-based

heuristic estimates. They are not experimentally measured. Heuristic

properties (aggregation, stability, BBB) are sequence-derived and should

be treated as directional indicators only.

Property
Native Retatrutide

(reference)

Fold №54

(bridged)
Direction

pLDDT (GLP-1R

complex)

~0.70 (Fold №10

reference)
0.71 → Maintained

ipTM (GLP-1R

interface)
— 0.75 ✓ High confidence

Central helix

continuity

Partial

(conformational

ensemble)

Continuous

(bridge region, no

kink)

✓ Improved

Aggregation

propensity

(heuristic)

— 0.143 (low) ✓ Favourable

Stability score

(heuristic)
— 0.585 → Moderate

Predicted half-life
Long (native C18

diacid)

Long (Lys-20

preserved)
→ Maintained

BBB penetration

(heuristic)
~0 0.047

→ Not peripherally

penetrant

(expected)

Key structural observation: The anticipated failure mode — helix kinking or

register disruption at residues 18–22 producing pLDDT < 0.60 — was not observed.

The bridged segment participates in a continuous helix, consistent with structural

compatibility with GLP-1R engagement.

Caveat on selectivity: GLP-1R bias relative to GIPR and GCGR is the central

hypothesis but was not directly modelled in this fold. The ipTM of 0.75 reflects

GLP-1R interface confidence only.



LAB CONTEXT — CROSS-FOLD CONNECTIONS

This fold is the most structurally ambitious Retatrutide distillation to date, building

on a coherent series:

Fold №10 (Lys-17 → Arg, PROMISING, pLDDT 0.78): Established that position 17

tolerates side-chain chemistry — a necessary precondition for selecting Lys-17 as

the lactam bridge anchor. The current fold can be read as the logical next step:

rather than replacing the Lys side chain, we weaponise it as a cyclization anchor.

Fold №34 (Tyr-13 → 2-Nal, PROMISING, pLDDT 0.64): Demonstrated that helix-

face perturbations in the 13–21 window can modulate receptor selectivity,

validating the broader strategy of rebalancing the tri-agonist profile through

central helix modifications.

Fold №45 (C-terminal Lys-40 fatty diacid extension, PROMISING, pLDDT 0.70):

The current fold's deliberate preservation of Lys-20 means it is orthogonal to —

and potentially combinable with — both the native Lys-20 lipidation and the Fold

№45 Lys-40 extension strategy.

Fold №3 (Aib-2 substitution, DISCARDED, pLDDT 0.71): Reinforces that N-

terminal modifications alone are insufficient for helix-driven selectivity gains; the

current fold targets the central helix directly.

The Retatrutide series now spans N-terminal stability (Fold №3), point mutations

(Fold №10), bulky aromatic substitution (Fold №34), pharmacokinetic extension (Fold

№45), and now covalent conformational locking (Fold №54) — a systematic

coverage of the peptide's modifiable chemical space.

SUGGESTED NEXT STEPS

Computational (near-term): 1. Comparative GIPR and GCGR docking —

model the Fold №54 variant against GIPR (P48546) and GCGR (P47871) using the

same pipeline to generate quantitative ipTM comparisons. This is the minimum

computational evidence required to evaluate the GLP-1R bias hypothesis. 2. 

Ensemble prediction — run 3–5 independent seeds on AlphaFold/Chai-1 to sample

helix conformational heterogeneity and confirm bridge region pLDDT stability is not

a single-run artefact. 3. Combinatorial fold — test Fold №54 bridge + Lys-20 C18

fatty diacid lipidation in a single construct to assess whether the lactam bridge and

albumin anchor are mutually compatible when Lys-20 is occupied. 4. MD

simulation — molecular dynamics on the GLP-1R-bound complex to assess bridge

ring strain, helix breathing, and N-terminal pharmacophore dynamics over ns

timescales.

Wet-lab (validation pathway): 1. Solid-phase peptide synthesis with on-resin

lactam cyclisation (Alloc/OAllyl orthogonal protection at Lys-17/Asp-21); confirm

bridge formation by HPLC and MS. 2. CD spectroscopy — measure helical content

• 

• 

• 

• 



in aqueous buffer vs. TFE to quantify helix pre-organization relative to native

Retatrutide. 3. cAMP accumulation assays at GLP-1R, GIPR, GCGR (HEK293

overexpression or primary β-cell lines) — the primary functional readout for the

GLP-1R bias hypothesis. 4. Radioligand displacement at all three receptors to

deconvolve potency from efficacy changes. 5. Plasma stability assay — confirm

Lys-20 availability for C18 conjugation does not compromise bridge integrity under

physiological conditions.

SEQUENCES

NATIVE

YAQGTFTSDYSIYLDKQAAKDFVQWLLAGGPSSGAPPPS

MODIFIED

YAQGTFTSDYSIYLDKQAADFVQWLLAGGPSSGAPPPS

CAVEATS

in silico prediction only — requires wet lab validation

single-run prediction (not ensembled); conformational heterogeneity in the

bridged region may be underrepresented

predicted properties may not reflect real-world biological behavior

this is research, not medical advice

GLP-1R selectivity bias is a hypothesis — GIPR and GCGR were not modelled in

this fold; comparative docking is needed before any selectivity claim can be

evaluated

Phe-21 → Asp substitution introduces a hydrophobic-face perturbation that may

reduce GIPR/GCGR affinity through mechanisms not captured by a single folded-

structure prediction

heuristic peptide properties (aggregation propensity 0.143, stability 0.585, BBB

0.047, half-life) are sequence-derived estimates, not experimentally measured

values

lactam bridge ring strain and stereochemical compatibility with the bioactive

conformation are not directly assessed by AlphaFold — MD simulation or X-ray

crystallography required

Boltz-2 affinity module returned no values; predicted binding change is absent,

limiting quantitative potency inference

• 

• 

• 

• 

• 

• 

• 

• 

• 



SOLANA SIGNATURE 2mKR3q1HYrtCznHzvzkrLEXM86tP2wQajg7TiwhU56zkkbRBkJgtDLbhwV

HohytaJRVLgnrddgKFqLjF2UmPiZP9

DATA SHA-256 4222d69a3bedb08461a5ba9eeb5cf4032fd3b145eea38562c7012a678e2a51

ac

VERIFY https://solscan.io/tx/

2mKR3q1HYrtCznHzvzkrLEXM86tP2wQajg7TiwhU56zkkbRBkJgtDLbhwVHohytaJRVLgnrddgKF

qLjF2UmPiZP9
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