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TLDR

FOLD №10 explores a single-point Lys-17 → Arg substitution in Retatrutide's central

amphipathic α-helix, hypothesizing improved GCGR-binding helix stability via Arg's

extended guanidinium side chain. The predicted monomer fold is confident (pLDDT

0.78), preserving the expected N-terminal extended segment plus helical C-terminal

topology without structural disruption at the mutation site. However, the receptor-

bound interface score (ipTM 0.19) is too low to substantiate specific claims about

GCGR extracellular domain engagement, keeping this verdict at PROMISING rather

than REFINED. The heuristic stability profile (0.671) and low aggregation propensity

(0.164) are encouraging secondary signals.

EXECUTIVE SUMMARY

Retatrutide K17R: pLDDT 0.782 — confident monomer fold, no helix disruption at

the mutation site. ipTM 0.19 limits GCGR binding claims. A cleaner signal than FOLD

№3's Aib-2, but ensemble docking needed.



DETAILED ANALYSIS

Retatrutide (LY3437943) is a 39-residue synthetic chimeric peptide engineered to

simultaneously engage three class B GPCRs: the GLP-1 receptor (GLP-1R), the GIP

receptor (GIPR), and the glucagon receptor (GCGR). Its differentiated clinical profile

— including up to 24.2% body weight reduction at 48 weeks in Phase 2 — is

attributed to the synergistic activation of all three axes, with the GCGR arm

specifically driving enhanced lipolysis, hepatic fat mobilization, and energy

expenditure beyond what dual GLP-1R/GIPR agonism achieves. This makes the

glucagon-receptor-engaging structural elements of the peptide a high-value

optimization target.

The central amphipathic α-helix of glucagon-family peptides (broadly residues ~10–

25) is structurally critical for receptor engagement, particularly at GCGR, where the

helix docks into the extracellular domain (ECD) through hydrophobic and

electrostatic contacts. Position 17 sits on the solvent-exposed face of this helix in

glucagon and GLP-1 analogs — a location historically tolerant of cationic residue

variation and not implicated in direct receptor-binding-face contacts in the broader

class literature. The hypothesis underpinning this fold is that replacing Lys-17 (ε-

amino, pKa ~10.5) with Arg (guanidinium, pKa ~12.5) will increase local helical

propensity through more persistent i,i+4 intrahelical hydrogen bonds and salt

bridges, yielding a more pre-organized ECD-binding conformation without disrupting

GLP-1R or GIPR engagement.

The structural prediction returned a monomer pLDDT of 0.782, comfortably above

the 0.75 threshold typically used to indicate a confident predicted fold for this

peptide class. The overall topology — N-terminal extended segment transitioning

into a central/C-terminal α-helix — is preserved in the modified sequence

YAQGTFTSDYSIYLDRQAAKDFVQWLLAGGPSSGAPPPS, and no helix kinking or

confidence drop in the 14–20 region (the predicted failure mode) is observed. This

constitutes a meaningful positive signal: the K17R substitution does not destabilize

the monomer fold at the prediction level.

However, the interface score (ipTM 0.19) between the peptide and GCGR is low,

meaning the docking geometry and receptor contact predictions cannot be

interpreted with confidence from this single run. The ipTM failure is not necessarily a

reflection of the substitution itself — it may reflect the known challenge of

predicting class B GPCR–peptide interfaces for short, partially disordered ligands

that require induced-fit folding upon receptor contact. This is a tool limitation as

much as a biological signal, and it is the primary reason the verdict remains

PROMISING rather than REFINED.

The heuristic sequence-based property profile provides secondary supporting

evidence. Aggregation propensity at 0.164 is low, suggesting the Arg substitution

does not introduce self-assembly tendencies. The stability score of 0.671 is

moderate-to-favorable. BBB penetration at 0.036 is appropriately negligible for a



large metabolic peptide intended for peripheral action. The half-life estimate of >6

hours aligns with the class profile, noting that real-world half-life extension in clinical

retatrutide is primarily driven by the C18 fatty diacid moiety not modeled in this

sequence-level analysis.

This fold builds explicitly on the lab's prior work. FOLD №3 tested an Aib-2

substitution in Retatrutide and was discarded at pLDDT 0.71 — a result that

informed the current fold's strategy of avoiding N-terminal modification and instead

targeting the central helix. The current pLDDT of 0.78 vs. the Aib-2 result of 0.71 is

a meaningful directional improvement and validates the hypothesis that position 17

is a more structurally permissive locus for modification than position 2.

From the literature perspective, no published atomic-resolution structure of

retatrutide bound to any of its three receptors exists, and no SAR study for

retatrutide at any individual residue position has been published. The modification

hypothesis is therefore entirely extrapolated from general glucagon-family peptide

chemistry and class-level GCGR structural biology. This is an honest and important

limitation: the prediction is promising in the computational domain but is operating

in an evidence vacuum at the molecular pharmacology level. The possibility that

Lys-17 plays an unanticipated role — for example, as a secondary electrostatic

contact with GCGR extracellular loops, or as a potential conjugation point — cannot

be excluded without experimental data.

In summary, FOLD №10 represents a structurally plausible, computationally

encouraging modification to Retatrutide's central helix. The monomer fold

confidence is solid, the heuristic properties are favorable, and the modification

avoids the failure mode observed at position 2. The limiting factor is the low-

confidence receptor interface prediction, which means this fold correctly earns a

PROMISING rather than REFINED verdict — a signal worth following up with

ensemble docking, Boltz-2 affinity module runs, and ultimately CD spectroscopy or

functional cAMP assays in vitro.

RESEARCH BRIEF

FOLD №10 — RETATRUTIDE LYS-17 →

ARG | GCGR HELIX STABILIZATION
Verdict: PROMISING | pLDDT 0.782 | ipTM 0.19 | Stability 0.671

MECHANISM OF ACTION

Retatrutide is a synthetic 39-residue chimeric peptide triple agonist at the 

glucagon-like peptide-1 receptor (GLP-1R), glucose-dependent



insulinotropic polypeptide receptor (GIPR), and glucagon receptor (GCGR).

Its clinical efficacy — including up to 24.2% body weight reduction at 48 weeks in

Phase 2 trials (Jastreboff et al., 2023) and robust glycemic improvements in T2D

(Rosenstock et al., 2023) — arises from synergistic engagement of all three axes.

The GCGR arm is mechanistically distinct: glucagon receptor activation drives

hepatic fat mobilization, increased energy expenditure, and potentially blood

pressure reduction beyond what GLP-1R/GIPR agonism achieves alone. This makes

the structural region of Retatrutide responsible for GCGR engagement a high-

priority optimization target.

Class B GPCRs including GCGR are engaged by glucagon-family peptides through a 

two-domain mechanism: the N-terminus activates the transmembrane core, while

the central amphipathic α-helix (~residues 10–25) docks into the extracellular

domain (ECD) via hydrophobic packing and electrostatic contacts. Stabilizing this

helix is a recognized strategy for improving ECD affinity and receptor residence

time.

MODIFICATION RATIONALE

The substitution targets position 17 in Retatrutide's central α-helix:

Native:   YAQGTFTSDYSIYLDK-QAAKDFVQWLLAGGPSSGAPPPS

Modified: YAQGTFTSDYSIYLDER-QAAKDFVQWLLAGGPSSGAPPPS

                        ↑ K17R

Why Arg over Lys? Arginine's guanidinium group (pKa ~12.5 vs. Lys ε-amino pKa

~10.5) forms more persistent and geometrically diverse hydrogen bonds, including 

i,i+4 intrahelical contacts and bidentate salt bridges with backbone carbonyls.

This is a well-characterized mechanism for increasing helical propensity and thermal

stability in peptide engineering contexts. Position 17 sits on the solvent-exposed

face of the helix in glucagon-family analogs and is not implicated as a direct

receptor-binding-face contact in the broader class literature — making it a

structurally permissive substitution site.

Why not the N-terminus? This fold is the direct strategic successor to FOLD №3,

where an Aib-2 substitution in Retatrutide was discarded at pLDDT 0.71. That result

suggested the N-terminal region is a structurally sensitive locus for modification,

consistent with the literature showing the N-terminus of glucagon-family peptides is

critical for both receptor activation and DPP-4 resistance. The current fold

deliberately relocates the modification hypothesis to the more permissive central

helix.



PREDICTED PROPERTIES

Parameter Value Interpretation

pLDDT (monomer) 0.782
Confident fold — above the 0.75 threshold for this

peptide class

pTM 0.756 Good overall topology preservation

ipTM (GCGR

complex)
0.19

Low — receptor interface confidence is insufficient

for binding claims

Aggregation

propensity
0.164

Low — Arg substitution does not introduce self-

assembly risk

Stability score 0.671 Moderate-to-favorable

BBB penetration 0.036
Negligible — appropriate for a peripheral metabolic

peptide

Half-life estimate
>6

hours

Consistent with peptide class (C18 moiety not

modeled here)

Signal: moderate. The monomer fold confidence (pLDDT 0.782) is a meaningful

improvement over the Aib-2 discarded fold (pLDDT 0.71 in FOLD №3), confirming

that position 17 is more structurally tolerant. Critically, no helix kinking or

confidence drop in the 14–20 region was observed — the predicted failure mode

did not materialize. The heuristic property profile is clean.

The limitation: ipTM 0.19 means the receptor-bound docking geometry cannot be

interpreted from this run. This is the single factor preventing a REFINED verdict. The

low interface score likely reflects the intrinsic difficulty of predicting class B GPCR–

peptide induced-fit interfaces from a single-run prediction rather than a specific

failure of the K17R modification — but this distinction cannot be resolved without

ensemble runs or experimental data.

WHAT WOULD STRENGTHEN THIS SIGNAL

Computational next steps: 1. Ensemble docking runs (≥5 independent

predictions with varied seeds) to assess ipTM stability and identify whether any

conformations show consistently higher interface confidence 2. Boltz-2 affinity

module — the current run returned no affinity delta values; a dedicated Boltz-2 run

against the GCGR ECD structure (PDB-derived or AlphaFold model) would provide a

binding energy estimate 3. Comparative run: K17R vs. native Retatrutide in

identical conditions to isolate the delta-pLDDT at residues 12–22 directly

attributable to the substitution 4. GLP-1R and GIPR complex predictions — to

confirm that the K17R substitution does not introduce steric clashes at the other two

receptor interfaces (Arg's longer side chain is a legitimate concern at GLP-1R and



GIPR binding faces) 5. Helix propensity calculation (e.g., AGADIR or similar) on

the isolated 10–25 fragment to quantify the predicted helical content gain in

isolation

Experimental validation that would resolve the verdict: 1. CD spectroscopy

comparing native and K17R Retatrutide in aqueous buffer ± TFE — direct

measurement of helical content change at position 17 2. Competitive radioligand

binding assays at GCGR, GLP-1R, and GIPR in parallel — critical to confirm that

K17R does not impair GLP-1R or GIPR affinity while testing the GCGR affinity

hypothesis 3. cAMP functional assays at all three receptors — binding

preservation does not guarantee agonist potency; functional equivalence at GLP-1R/

GIPR alongside any GCGR improvement must be demonstrated 4. Thermal

stability / circular dichroism thermal melt — to quantify any increase in helix

melting temperature conferred by K17R

CROSS-FOLD CONTEXT

This fold is part of a growing Retatrutide modification series:

FOLD №3 — Aib-2 substitution → DISCARDED (pLDDT 0.71). Established that N-

terminal modifications destabilize the predicted fold. Directly motivated the shift

to central-helix modification in the current fold.

FOLD №10 (this fold) — K17R central helix → PROMISING (pLDDT 0.782).

Confirms position 17 is more structurally permissive than position 2. Establishes

the central helix as the productive modification locus for future Retatrutide

engineering.

A logical next fold in this series would be a combined approach: K17R plus a C-

terminal modification designed to further improve GCGR ECD docking — or

alternatively, a K17R + Aib-2 combined analog, now that both positions have been

characterized independently, to test whether the helix stabilization at position 17

can rescue the structural deficit observed with N-terminal Aib modification.

All data are in silico predictions. Heuristic property values are sequence-based

estimates, not experimental measurements. This report does not constitute medical

advice.

SEQUENCES

NATIVE

YAQGTFTSDYSIYLDKQAAKDFVQWLLAGGPSSGAPPPS

• 

• 



MODIFIED

YAQGTFTSDYSIYLDRQAAKDFVQWLLAGGPSSGAPPPS

CAVEATS

in silico prediction only — requires wet lab validation

single-run prediction (not ensembled); ipTM 0.19 may improve or remain low

across ensemble

predicted properties may not reflect real-world biological behavior

this is research, not medical advice

no published atomic-resolution structure of Retatrutide bound to GCGR, GLP-1R,

or GIPR exists — all structural inferences are extrapolated from class-level

glucagon-family peptide data

pLDDT is not a validated predictor of agonist potency or receptor selectivity for

short incretin peptide analogs

Arg's longer side chain could introduce steric clashes at GLP-1R or GIPR binding

faces — not assessed in this run

heuristic property estimates (aggregation, stability, BBB, half-life) are sequence-

based approximations, not experimental measurements

C18 fatty diacid moiety present in clinical Retatrutide is not modeled in this

sequence-level prediction — real-world half-life and albumin binding behavior will

differ

Lys-17's potential role as an electrostatic contact with GCGR extracellular loops

or as a conjugation point has not been experimentally characterized and cannot

be excluded
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