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Supplementary overview
This file supplies the operational detail intentionally condensed in the main manuscript. The emphasis remains methodological. Table S1 provides formal benchmark matrices, Table S1A provides simulation-based assessment of classification stability, Table S2 supplies the eligibility and competence checklist, and Table S2A specifies minimum requirements and failure conditions for a fully compliant biological MECS-BER dataset. In the main manuscript renal deployment, the juxtaglomerular apparatus is retained as the principal prospective worked domain. Table S3 preserves the expanded evidence-graded renal deployment sheet, including additional plausible membrane priors and candidate proximal outcomes for extension territories, while Tables S4–S6 retain ligand, background receptor and kidney disease-context material for assay planning without redefining the main article as a catalogue review.  Supplementary Method S0 defines the formal MECS unit, kappa boundary and state vocabulary before the stepwise deployment protocol.
MECS denotes the proposed membrane-conditioned signalling framework in which local lipid nano-environments, receptor localisation and channel permissiveness constrain signalling competence; MECS-BER denotes the executable Baseline–Edit–Rescue workflow used to test whether a nominated assembly of cannabinoid GPCR, ectopic olfactory GPCR and TRP-channel arms remains explainable by lower-order logic or requires a higher-order interaction term on one locked proximal outcome.
Biology-facing interpretation
This supplementary material translates MECS-BER from a formal adjudication scheme into a biological specification. The benchmark matrices and simulations define how lower-order sufficiency, pairwise-coupled lower-order structure and higher-order requirement are separated under a locked null; the gate checklists and renal deployment tables define what would be required before that logic could be applied to living tissue. The renal examples therefore remain prospective nomination spaces rather than evidence of validated cannabinoid–olfactory–TRP assemblies. Their value is to show how a reader can move from receptor localisation, ligand plausibility and disease-context evidence towards an executable test: one declared membrane prior, one candidate assembly, one locked proximal outcome and one rescue-sensitive perturbation sequence. In this form, MECS-BER keeps the biological question deliberately narrow. It does not convert membrane state into a broad explanation for signalling behaviour; rather, it provides a disciplined way to test whether a defined membrane prior can alter how nominated receptor and channel arms communicate on one locked proximal outcome.
Supplementary Method S0. Formal MECS unit, kappa boundary and state vocabulary
MECS unit of interpretation
MECS first changes the biological unit of interpretation before the kappa contrast is used. The conventional receptor-inventory unit can be written as:
E_n = (E_CB,n, E_OR,n, E_TRP,n)
Here, E_n denotes the receptor or channel inventory in biological territory n. This is nomination space only: it records what may be present, not whether a local membrane-conditioned control surface is functionally coherent.
The MECS unit is broader and hinge-facing:
U_MECS,n = {n, M_n, L_n, CB_n, OR_n, TRP_n, Y_n}
In this notation, n is the biological territory or micro-niche, M_n is the membrane prior, L_n is the ligand field, CB_n is the cannabinoid GPCR arm, OR_n is the ectopic olfactory GPCR arm, TRP_n is the TRP-channel arm and Y_n is the locked proximal outcome.
Conceptually, the locked proximal outcome can be written as:
Y_n = f(CB_n, OR_n, TRP_n | M_n, L_n)
This is conceptual notation, not a fitted model. It states that the same receptor inventory may generate different outcome behaviour under different membrane priors and ligand fields.
Local control fidelity can be described, non-adjudicatively, as:
F_n = max{0, 1 − |Y_n^obs − Y_n^phys(U_MECS,n, M_n, L_n)| / δ_n}
Here, F_n denotes the bounded fidelity with which the declared territory converts local input into the expected proximal response. The term δ_n is the prespecified tolerance or admissible deviation for that outcome. The max operator constrains F_n to the 0–1 interval; deviations at or beyond δ_n are assigned F_n = 0. F_n remains useful for describing control fidelity, but it is not a formal higher-order interaction statistic.
Operational definition of kappa and the locked null model
The interaction symbol is Greek kappa (κ; U+03BA) throughout this supplement, not a Latin k.
For a prespecified outcome channel Y measured under a full 2 × 2 × 2 factorial perturbation (A = CB, B = OR, C = TRP; a, b, c ∈ {0,1}), the kappa (κ) contrast is defined as the third-order interaction term:
Kappa contrast (κ) = Δ123 = Y111 − Y110 − Y101 − Y011 + Y100 + Y010 + Y001 − Y000.
In MECS-BER terms, kappa (κ) asks whether the combined CB, OR and TRP perturbation changes the locked proximal outcome beyond what can be explained by single-arm and pairwise effects.
The primary locked null family is pairwise-only, with no third-order term. The primary null hypothesis is κ = 0 (kappa equals zero), interpreted within prespecified assay-specific bounds. Alternative null families and normalisations, if explored, remain secondary sensitivity analyses rather than co-primary readouts.
Membrane-state vocabulary
A reference state is not universal health. It is the competent starting condition of a declared biological territory, membrane prior and locked proximal outcome, in which receptor and channel behaviours remain organised enough for the outcome to retain dynamic range.
An edit state is a bounded perturbation of one declared membrane prior that leaves the same outcome readable. It is not automatically deterioration. It becomes non-admissible when it causes nonspecific toxicity, calcium collapse, assay saturation, loss of compartment identity, global membrane disruption, loss of candidate-arm competence or loss of outcome dynamic range.
A deteriorated state denotes loss of local membrane-state fidelity sufficient to impair interpretation. A restored state denotes recovery of the same locked proximal outcome after rescue or counter-editing, not normalisation of the whole cell, tissue, organ or every lipid class.
Improvement in a distal phenotype remains mapped consequence space unless the declared outcome regains dynamic range and the nominated arms remain competent across baseline, edit and rescue. A restored state may be partial, compensatory or territory-specific; it should not be read as proof of a restored CB–OR–TRP class unless the same locked outcome regains interpretable dynamic range under the prespecified pairwise-only null.
Position in the supplementary workflow
Supplementary Method S0 therefore fixes the vocabulary and unit of inference. Supplementary Method S1 then supplies the executable deployment protocol; Tables S1 and S1A verify formal kappa (κ) classification behaviour; Tables S2 and S2A define eligibility, competence and minimum biological execution requirements.
Supplementary Method S1. Stepwise deployment and classification protocol
This protocol is intended as an operational checklist rather than a descriptive summary. For each step, the operator should record the input variable, evidential basis, pass/fail status, and resulting effect on class eligibility before proceeding to κ estimation and MECS-BER adjudication.
Step 1: Define one measurable membrane prior. Suitable priors include sterol accessibility, phosphoinositide topology, sphingolipid organisation, trafficking state or mechanical load. The chosen prior should be measurable in the target niche and editable without causing nonspecific loss of system integrity.
Step 2: Lock one proximal outcome before nomination begins and retain it as the locked proximal outcome throughout the sequence. Suitable outcomes remain close to the local assembly, such as calcium microdomains, cyclic-nucleotide tone, renin release, transport switching, barrier-state behaviour or similarly proximal physiological hinges.
Step 3: Nominate one cannabinoid GPCR arm, one ectopic olfactory GPCR arm and one TRP-channel arm for a single biological territory. Nomination is not validation. It only establishes the local search space.
Step 4: Apply eligibility and competence gates. Each arm should have territorial plausibility, ligand plausibility and measurable ability to influence the locked proximal outcome. The membrane prior should be realistically capable of biasing access, proximity, coupling or channel permissiveness within the same territory. Failure of territorial plausibility, ligand plausibility, single-arm competence, membrane-prior plausibility, outcome proximity or rescue-credibility should terminate biological interpretation and retain the assembly at nomination level.
Step 5: Estimate κ under the locked pairwise-only null from a full 2 × 2 × 2 perturbation design. Alternative null families, if explored, remain secondary sensitivity analyses. In biological or simulated deployment, κ should be compared with a prespecified assay-specific indifference bound rather than with exact zero.
Step 6: Use Baseline–Edit–Rescue logic to test whether a prior edit changes the adjudicated class and whether rescue or counter-edit returns the system towards the earlier class. This final step allows a static observation to be tested as a state-dependent inference.
Supplementary Table S1. Full formal benchmark matrices used to verify locked-null classification behaviour.
	Scenario
	Y000
	Y100
	Y010
	Y001
	Y110
	Y101
	Y011
	Y111
	κ
	Interpretation

	Additive independence
	0
	1
	1
	1
	2
	2
	2
	3
	0
	Lower-order sufficiency

	Pairwise AB interaction
	0
	1
	1
	1
	3
	2
	2
	4
	0
	Pairwise-coupled lower-order structure

	Pairwise AC interaction
	0
	1
	1
	1
	2
	3
	2
	4
	0
	Pairwise-coupled lower-order structure

	Pairwise BC interaction
	0
	1
	1
	1
	2
	2
	3
	4
	0
	Pairwise-coupled lower-order structure

	Irreducible third-order case
	0
	1
	1
	1
	2
	2
	2
	4
	1
	Higher-order requirement

	Baseline state
	0
	1
	1
	1
	2
	2
	2
	3
	0
	Reference lower-order class

	Edited state
	0
	1
	1
	1
	2
	2
	2
	4
	1
	Prior-edited higher-order requirement

	Rescued state
	0
	1
	1
	1
	2
	2
	2
	3
	0
	Return towards baseline class


The analytic benchmark uses a zero indifference bound by construction. Biological deployment should replace that exact-zero rule with a prespecified assay-specific bound. Worked example (irreducible third-order case): κ = Y111 − Y110 − Y101 − Y011 + Y100 + Y010 + Y001 − Y000 = 4 − 2 − 2 − 2 + 1 + 1 + 1 − 0 = 1.
κ is used here in the established third-order factorial-interaction sense, including its alternating-sign three-factor contrast form; its classical 2 × 2 × 2 (2³) factorial-design provenance and contemporary complete-factorial support are defined and referenced in the main manuscript. These supplementary matrices illustrate its operational use within MECS-BER.
Supplementary Table S1A. Simulation-based assessment of κ classification stability under noise and bound variation.
This table supplies synthetic replicate datasets derived from the formal benchmark matrices under low-, intermediate- and high-variance conditions and under multiple prespecified δκ values.
These variance regimes are not derived from an executed biological assay and are not empirical estimates of assay performance. Their purpose is restricted to evaluating formal class stability and rescue-sensitive recovery under prospectively declared tolerance.
Reproducible simulation protocol. Table S1A was regenerated under a declared synthetic protocol. For each formal generator matrix, six independent replicate observations were generated for each of the eight factorial cells as Yobs = Ygenerator + ε, with ε independently sampled from a normal distribution with mean 0 and standard deviation equal to the listed noise SD.
Classification metrics. For each noise SD, 100,000 Monte Carlo realisations were generated using NumPy default_rng with the PCG64 generator and fixed seed 20260529. The same simulated realisations were evaluated against δκ values of 0.25, 0.50 and 0.75. Specificity denotes the pooled proportion of additive and pairwise-only realisations retained within the lower-order family; sensitivity denotes the proportion of irreducible third-order realisations classified as higher-order requirement; BER coherence denotes the proportion of independent baseline–edit–rescue triplets classified as lower-order family → higher-order requirement → lower-order family.
Exact reproduction. These simulations assess formal classification behaviour only and are not estimates of biological assay performance.
To reproduce the printed Table S1A values exactly, initialise the PCG64 default_rng once at the start with seed 20260529; process noise SD values in the order 0.10, 0.25 and 0.50; process generator matrices in the Supplementary Table S1 order; and, for each generator matrix at a given noise SD, draw observations as a single NumPy array with shape (100000, 6, 8), ordered as Monte Carlo realisation × replicate × factorial cell.
Array order. The eight cells occupy the final dimension in the order Y000, Y100, Y010, Y001, Y110, Y101, Y011 and Y111. The generator-vector values are broadcast across this final dimension, and cell means are then computed across the six-replicate axis before κ is calculated. The same stored κ arrays are evaluated sequentially against δκ = 0.25, 0.50 and 0.75.
Reproducibility constraint. Numerical reproducibility therefore requires reuse of these stored replicate grids and κ arrays for every δκ evaluation; the random generator must not be reinitialised inside the δκ loop. Regenerating observations separately for different δκ values, or generating cells sequentially rather than using the declared (100000, 6, 8) array order, is statistically equivalent for sensitivity analysis but will not reproduce the printed third-decimal Table S1A values exactly.
	Noise SD
	δκ
	Specificity for lower-order cases
	Sensitivity for third-order cases
	Baseline–Edit–Rescue coherence

	0.10
	0.25
	0.969
	1.000
	0.940

	0.10
	0.50
	1.000
	1.000
	1.000

	0.10
	0.75
	1.000
	0.985
	0.985

	0.25
	0.25
	0.613
	0.996
	0.374

	0.25
	0.50
	0.917
	0.958
	0.807

	0.25
	0.75
	0.991
	0.807
	0.792

	0.50
	0.25
	0.336
	0.918
	0.103

	0.50
	0.50
	0.614
	0.812
	0.305

	0.50
	0.75
	0.806
	0.670
	0.436


Supplementary Table S2. Eligibility and competence gate checklist.
This checklist should be completed as a fillable adjudication form, with one row per gate and an accompanying note identifying the evidence type, assay basis and failure consequence.
	Gate
	Operational question
	Minimum support before κ is interpreted
	Failure consequence

	Territorial plausibility
	Can the three nominated arms reasonably occupy one biological niche?
	Localisation or physiology placing each arm in the relevant territory.
	Remain at nomination level; do not interpret κ biologically.

	Ligand plausibility
	Can each arm be engaged in that niche?
	Endogenous, exogenous or tool-ligand rationale appropriate to the tissue and assay.
	Engagement remains speculative.

	Single-arm competence
	Can each arm measurably influence the locked proximal outcome?
	Single-arm or pairwise evidence that the outcome is arm-accessible.
	κ loses interpretive force on that outcome.

	Membrane-prior plausibility
	Could the selected prior realistically bias proximity, access or coupling?
	Biophysical or trafficking rationale linking the prior to local assembly behaviour.
	Prior edit becomes weakly informative rather than mechanistically interpretable.

	Outcome proximity
	Is the readout close enough to the nominated assembly?
	Outcome remains local rather than distal and multi-step.
	Interpretation should be downgraded to systems-level correlation.

	Rescue credibility
	Can rescue or counter-edit test return towards the earlier class?
	A realistic route to restoring or offsetting the prior change.
	State dependence remains weaker and more ambiguous.


[bookmark: _GoBack]Supplementary Table S2A. Minimum requirements and technical obstacles for prospective biological execution of MECS-BER.
	Required element
	Minimum compliant evidence
	Principal technical obstacle
	Failure condition

	Defined territory
	One prespecified micro-niche with preserved local architecture.
	Maintaining spatial identity during measurement and perturbation.
	Organ-wide or mixed-cell signal only.

	Candidate assembly
	Functional competence of nominated cannabinoid GPCR, ectopic olfactory GPCR and TRP-channel arms on the same locked proximal outcome.
	Confirming state-resolved surface competence of the ectopic olfactory GPCR arm.
	Expression alone or one arm untestable.

	Membrane prior
	One measurable prior that can be selectively edited and credibly rescued or counter-edited.
	Editing the prior without nonspecific injury or membrane collapse.
	Toxicity, calcium collapse or uncontrolled disruption.

	Locked proximal outcome
	The same local readout retained through baseline, edit and rescue.
	Preserving dynamic range across perturbation states.
	Distal phenotype only, saturation or floor/ceiling effect.

	Complete BER acquisition
	Full 2 × 2 × 2 response surface at baseline, edit and rescue; at least 24 combinations before replication.
	Experimental scale, replication and assay-quality control.
	Missing factorial conditions or absent credible rescue.

	Decision rule and integrity
	Prospectively declared δκ with biological replication and assay-integrity controls.
	Variance estimation and exclusion of nonspecific failure.
	Post hoc thresholding or uninterpretable assay variance.


No fully compliant biological MECS-BER dataset is presented in the current study; Table S2A defines the minimum prospective dataset required before κ could carry biological adjudicative force.
Supplementary Table S3. Expanded evidence-graded renal deployment sheet: additional membrane priors, candidate proximal outcomes and current confidence hierarchy retained outside focused main-text Table 3.
	Micro-niche
	Cannabinoid GPCR arm
	Ectopic olfactory GPCR arm
	TRP-channel arm
	First-pass declared prior (with additional plausible priors)
	Preferred locked proximal outcome (with additional candidate proximal outcomes)
	Current deployment status

	Juxtaglomerular / afferent arteriole
	CB1 or CB2 according to vascular and inflammatory context [1,18–20]
	Olfr78 mouse anchor [4,13]; Olfr558 / OR51E1 retained as contextual renal vascular modifier [5]; human OR51E2 translation requires separate restraint [3]
	TRPV4 [9]
	Declared first-pass prior: sterol accessibility; additional plausible priors: phosphoinositide topology; shear- or pressure-linked mechanics
	Preferred locked proximal outcome: renin release [4,13]; additional candidate proximal outcome: pressure-sensitive vascular reactivity [5,9]
	Currently best-supported physiology-facing worked domain; suitable as a first renal niche once gates are met.

	Proximal tubule apical membrane
	CB1 physiology-facing epithelial arm [1,18]
	Olfr1393 mouse anchor [7,14,15]; human comparator space remains less secure
	TRPV4 [9]
	Declared first-pass prior: apical phosphoinositide topology; additional plausible priors: sterol state; luminal flow mechanics; trafficking state
	Preferred locked proximal outcome: proximal tubular glucose transport [14,15]; additional candidate proximal outcomes: Na⁺, Cl⁻, K⁺, Ca²⁺, Mg²⁺, phosphate and bicarbonate transport; epithelial Ca²⁺ organisation [9]
	Most tractable transport-facing extension, with stronger mouse than human olfactory anchoring.

	Podocyte slit diaphragm
	CB1 podocyte-relevant arm [1,18]
	Ectopic olfactory GPCR arm provisional; no anchored podocyte OR assigned in the present pass [7]
	TRPC6 [10–12]
	Declared first-pass prior: sterol organisation; additional plausible priors: sphingolipid order; slit-diaphragm trafficking state
	Preferred locked proximal outcome: barrier competence [18]; additional candidate proximal outcomes: albumin flux and podocyte calcium microdomains [10–12]
	Physiology-facing but asymmetrically anchored domain; suitable for nomination and gate testing, not as evidence of a validated assembly.

	Distal nephron / collecting-duct extension
	Context-dependent cannabinoid GPCR arm [1,18–20]
	Ectopic olfactory GPCR arm exploratory; renal olfactory-transduction support retained as contextual [7,13]
	TRPV4 [9]
	Declared first-pass prior: mechanical load; additional plausible priors: osmotic stress; trafficking redistribution
	Preferred locked proximal outcome: flow-sensitive calcium organisation [9]; additional candidate proximal outcome: local flow-sensitive epithelial transport response; auxiliary renal TRPV4 disease-context support retained separately [24,25]
	Biologically relevant extension space; portability and failure-state testbed rather than current principal worked exemplar.


Row-level citations identify evidence anchors used for prospective nomination and assay planning. They do not validate any complete cannabinoid–olfactory–TRP assembly, and they do not replace the gate requirements defined in Tables S2 and S2A.
Interpretive note. The article renal application treats the juxtaglomerular/afferent-arteriolar domain as the principal prospective worked deployment and reports one first-pass membrane prior and one preferred locked proximal outcome per niche. Table S3 preserves the broader assay-planning space for extension territories by retaining additional plausible local priors and candidate proximal outcomes.
Executable constraint. Any executable MECS-BER run must nevertheless lock one prior axis and one locked proximal outcome before κ estimation. For executable MECS-BER acquisition, CB1- and CB2-centred nominations should therefore be tested as separate locked runs.
Interpretive restraint. Same-segment coexistence, same-micro-niche convergence and same-cell higher-order coupling remain distinct evidential states. Distal phenotypes such as blood-pressure change, glucosuria, albuminuria or water-salt imbalance remain mapped consequence space and cannot substitute for the locked proximal outcome.
Scope of Table S3. Table S3 therefore preserves physiological breadth while keeping the main manuscript centred on a single prospective renal deployment and clearly graded extension spaces.
Supplementary Method S2. Anchored ligand and pharmacology notes
Table S4 condenses the ligand inventory to the members most relevant to the present framework, including contextual comparators that remain outside the anchored renal analytic set. It is intentionally practical rather than exhaustive. The purpose is to support assay planning, nomination and gate assessment, not to reproduce a complete medicinal-chemistry resource. Representative row-level citations have now been added for receptor–ligand, activation-class and selected pharmacological-tool assignments retained here; the inventory is not intended as exhaustive validation of every compound in every tissue context.
Supplementary Table S4. Anchored ligand and pharmacology inventory for principal MECS-BER members and contextual comparators.
	Member
	Major endogenous or validated ligands
	Common tools or exogenous ligands
	Method role
	Practical caution

	CB1 [1]
	Anandamide (AEA); 2-arachidonoylglycerol (2-AG)
	Δ9-THC; CP55,940; WIN55,212-2; HU-210; rimonabant; AM251; CBD (indirect/allosteric modulator; not a CB1 orthosteric agonist tool)
	Defined
	Extensive medicinal chemistry exists; this sheet is limited to manuscript-useful endogenous and tool ligands and is not an exhaustive CB1 ligand inventory.

	CB2 [1,2]
	Anandamide (AEA); 2-AG
	Δ9-THC; CP55,940; WIN55,212-2; HU-210; JWH-133; Cannabinor; SR144528; AM630; β-caryophyllene
	Defined
	As with CB1, this is not an exhaustive medicinal-chemistry inventory; it captures the ligands most useful for the present deployment. 
β-caryophyllene is included as a reported CB2-selective agonist; full functional agonism should be interpreted in relation to source context, purity, comparator ligand and assay endpoint.

	GPR55 [1]
	L-α-lysophosphatidylinositol (LPI / LysoPI); 2-arachidonoylglycerophosphoinositol
	Δ9-THC; abnormal cannabidiol; O-1602; AM251
	Related comparator
	Current major databases and reviews treat LPI as the main endogenous ligand class; cannabinoid pharmacology exists but is less settled than CB1/CB2.

	GPR18 [1]
	N-arachidonoylglycine (NAGly; putative / most cited endogenous ligand)
	Δ9-THC; O-1602
	Related comparator
	Pharmacology remains less settled than CB1/CB2. Treat NAGly as the leading but still debated endogenous pairing.

	OR51E2 [3]
	19-hydroxyandrostenedione
	Source-defined OR51E2 agonist/antagonist panel; no renal tool-ligand set assigned here.
	Human translational candidate
	Human receptor literature is retained for translational context only and should not be conflated with kidney-resolved human renal validation or with mouse Olfr78 physiology.

	Olfr78 [4]
	Acetate; propionate
	No separate tool-ligand set retained beyond SCFA challenge logic
	Mouse renal anchor
	Kidney-first anchor for renin physiology. Do not collapse Olfr78 into OR51E2 ligand logic simply because the receptors are used as translational counterparts.

	OR51E1 / Olfr558 [5]
	Butyrate; isovaleric acid; valeric acid; 3-methylvaleric acid; 4-methylvaleric acid. For prolonged exposure modelling, tributyrin may provide a more stable butyrate-delivery strategy than direct butyrate administration [6].
	Nonanoic acid
	Human comparator / contextual mouse renal vascular modifier
	Retained as contextual renal vascular support rather than as a principal anchored renal OR; useful for blood-pressure/renin-facing comparator logic, but should not displace Olfr78 as the kidney-first anchor. Tributyrin and butyrate should not be treated as temporally equivalent exposure conditions.

	Olfr1393 [7]
	No clear endogenous ligand retained in this pass
	Cycloheptanol; cycloheptanone; cyclooctanone; cyclohexanone; 4,4-dimethylcyclohexanone; 4-tert-butylcyclohexanone; nopinone; norcamphor
	Mouse proximal-tubule anchor
	Strong mouse nomination anchor; human orthologue / human niche lock unresolved.

	TRPV1 [8]
	Anandamide (AEA); N-arachidonoyl dopamine (NADA); lipoxygenase products such as 12-HPETE
	Capsaicin; resiniferatoxin; capsazepine
	Defined / broader comparator
	Important cross-class comparator because endocannabinoids can signal through TRPV1 independently of CB1/CB2.

	TRPV4 [9]
	Arachidonic acid; CYP-derived epoxyeicosatrienoic acids such as 5,6-EET; mechanical / osmotic activation class
	4α-PDD; GSK1016790A
	Anchored effector
	Best treated as an effector channel with both lipid and physical activation modes.

	TRPC6 [10–12]
	Diacylglycerol (DAG) / OAG class
	GSK1702934A; M085; SAR7334
	Anchored effector
	Podocyte-relevant anchor. DAG/OAG biology is the main endogenous / surrogate activation logic.


Supplementary Table S5. Background renal olfactory receptors retained outside the anchored analytic set.
	Receptor
	Species
	Status in current pass
	Current note

	Human: OR2A4, OR2AG1, OR2T10, OR2A42, OR1L8, OR2A1, OR51I1, OR52W1, OR56B1, OR5K2, OR9A2, OR10A4.
Mouse: Olfr1200, Olfr545, Olfr1392, Olfr1373, Olfr99, Olfr693, Olfr31, Olfr1426, Olfr56.
Rat: Olr59, Olr63, Olr560, Olr1104, Olr1694.
	Human, mouse and rat
	Background candidates
	Retained for background completeness only and not used as anchored receptors in the present analysis; available largest screening did not identify activating compounds for the mouse-screened subset reported there [7].

	Olfr558 / OR51E1
	Mouse / human orthologue
	Contextual renal vascular modifier
	Retained outside the anchored analytic set in the present pass; localises to renin-positive cells and vascular smooth muscle and modifies sex differences in blood pressure, but is treated as contextual renal vascular support rather than as the principal anchored renal OR [5].


Supplementary Method S3. Auxiliary disease-context material
The following table is deliberately secondary and kidney-restricted. It does not define the locked null, the benchmark logic, or the renal nomination sheet.
Its purpose is narrower: to show that selected MECS-relevant ligands or pathway perturbations have produced clear protective, injurious, or phenotype-modifying effects in kidney disease, kidney injury, or contextual renal physiology models, thereby providing auxiliary pharmacology context for the renal manuscript rather than a general cross-disease catalogue.
Foundational renal evidence also supports the downstream olfactory transduction apparatus, not only receptor-level nomination. AC3 and G (olf) were detected in kidney at RNA and protein level, colocalised in distal nephron tubules and macula densa cells, and AC3 deficiency lowered GFR and plasma renin without abolishing tubuloglomerular feedback, despite increased COX-2 expression and nNOS activity in the macula densa. At least one member of the renal olfactory-receptor repertoire was also detected in a macula densa cell line. In the present framework, this study is best treated as physiology-facing support for a renal olfactory transduction axis in the distal nephron/macula densa/JGA territory rather than as disease-modification evidence or as validation of a specific OR-centred assembly [13].
For the renal ectopic olfactory GPCR arm, the evidential base is more heterogeneous. Olfr78 provides ligand-linked renal physiology through acetate- and propionate-responsive renin signalling. Olfr1393 provides diabetic-disease modification through receptor loss-of-function in vivo. Olfr558/OR51E1 provides additional renal vascular phenotype modification in blood-pressure biology, although that phenotype-modifier evidence is treated here as contextual vascular support rather than as an anchored renal OR within the analytic set.
Human OR51E2 is retained in this framework as a translational counterpart candidate rather than as a current kidney-resolved anchor [3–5, 14, 15].
Supplementary Table S6. Kidney disease, injury, and contextual renal physiology models using MECS-relevant ligands or pathway perturbations with clear protective, injurious, or phenotype-modifying effects.
Direct renal olfactory-receptor ligand-intervention disease studies remain limited. However, defined renal OR evidence extends beyond Olfr1393 to Olfr558/OR51E1-mediated blood-pressure phenotype modification and to gut-kidney intervention studies retained here as contextual OR-linked support [5, 14–17]. Foundational ligand-linked renal OR physiology for Olfr78 was established, supporting inclusion of the renal ectopic olfactory GPCR arm here at a qualified, non-symmetric evidential tier [4]. Human OR51E2 remains separated from this mouse renal anchor in the present pass and is not used as a substitute for kidney-resolved human validation [3]. CBGA is retained in Table S6 only as contextual cannabinoid-axis renal injury/fibrosis support and is not introduced as a nominated MECS-BER arm.
	Axis
	Ligand(s) / perturbation
	Kidney model
	Observed renal effect
	Source

	CB1 axis
	AM6545 (peripheral CB1 blockade), with or without perindopril
	Experimental diabetic nephropathy (type 1 diabetic mice)
	Peripheral CB1 blockade reversed albuminuria, nephrin loss and inflammatory changes; combination with ACE inhibition further strengthened renoprotection.
	[18]

	CB2 axis
	AM1241 (CB2 agonist)
	Streptozotocin diabetic nephropathy
	Ameliorated albuminuria, preserved podocyte proteins and reduced glomerular monocyte infiltration.
	[19]

	CB2 axis
	HU910 (CB2 agonist)
	BTBR ob/ob type 2 diabetic nephropathy
	Reduced progressive albuminuria, improved nephrin expression, and limited mesangial expansion, fibronectin accumulation, sclerosis and macrophage influx.
	[20]

	CB2 axis
	β-caryophyllene (reported CB2-selective agonist)
	Cisplatin-induced nephrotoxicity / nephropathy in mice
	Dose-dependently ameliorated cisplatin-induced kidney dysfunction, morphological damage, renal inflammatory response, oxidative/nitrative stress and cell death; protection was absent in CB2-knockout mice.
	[2]

	OR axis (qualified)
	Olfr1393 loss-of-function (receptor deletion)
	High-fat-diet type 2 diabetic model
	Loss of Olfr1393 attenuated hyperfiltration, improved glucose tolerance, and reduced luminal Sglt2 expression.
	[14]

	OR axis (qualified)
	Olfr1393 loss-of-function (receptor deletion)
	Streptozotocin type 1 diabetic model
	Loss of Olfr1393 improved hyperglycemia and glucose tolerance and supported renal proximal-tubule and glomerular localisation.
	[15]

	OR axis (qualified)
	Olfr558 loss-of-function (receptor deletion) / OR51E1 orthologue context
	Renal vascular blood-pressure phenotype model
	Olfr558 deletion abolished normal sex differences in blood pressure; renal localisation was reported in renin-positive juxtaglomerular cells and vascular smooth muscle, so this row is retained as contextual renal vascular phenotype-modification support rather than as a classic kidney-injury intervention.
	[5]

	OR axis (contextual; Gut–kidney metabolite-context axis)
	Maternal probiotic or prebiotic administration
	Developmental-programming model of hypertension after maternal high-fructose exposure
	Prevented offspring hypertension in a gut-kidney intervention setting; retained here as gut–kidney metabolite-context support rather than as a direct receptor–ligand kidney intervention.
	[16]

	Gut–kidney metabolite context (contextual only; not direct OR intervention)
	Resveratrol butyrate ester
	Adenine-treated rat model of hypertension and kidney disease
	Protected against hypertension and kidney disease in a gut-kidney-axis model; gut–kidney metabolite-context support only.
	[17]

	CBD axis
	Cannabidiol
	Ischemia-reperfusion acute kidney injury
	Favoured regulatory immune polarization and was accompanied by renoprotection after bilateral renal ischemia-reperfusion injury.
	[21]

	CBD axis
	Cannabidiol
	Gentamicin nephrotoxicity
	Improved renal injury indices and shifted FXR/Nrf2 and CB1/CB2-associated signalling towards a protective pattern.
	[22]

	CBGA/CBD axis
	CBGA; CBD
	Cisplatin-induced acute nephropathy and unilateral ureteral obstruction renal fibrosis models
	CBGA protected against cisplatin-induced nephrotoxicity and suppressed inflammatory cytokine expression; both CBGA and CBD reduced apoptosis and renal fibrosis in UUO kidneys; retained as contextual cannabinoid-axis renal injury/fibrosis support, not as MECS-BER validation.
	[23]

	TRPV4 axis
	Apigenin / TRPV4-linked activation
	DOCA-salt hypertensive renal fibrosis
	Antagonized renal fibrosis through TRPV4-mediated AMPK/SIRT1 activation and inhibition of TGF-β1/Smad2/3 signalling.
	[24]

	TRPV4 axis
	Lactate-driven fibrotic signalling with TRPV4 antagonism (RN-1734)
	Spontaneously hypertensive rat renal fibrosis context
	High lactate aggravated renal fibrosis, whereas TRPV4 antagonism inhibited lactate-induced fibrotic signalling.
	[25]


Supplementary Method S4. Reference implementation pseudocode
Input: one biological territory, one editable membrane prior, one locked proximal outcome, one nominated cannabinoid GPCR arm, one nominated ectopic olfactory GPCR arm, one nominated TRP-channel arm, and one prespecified δκ.
Step 1: Apply territorial plausibility, ligand plausibility, single-arm competence, membrane-prior plausibility, outcome proximity and rescue-credibility gates.
Step 2: If one or more required gates fail, return nomination below adjudicative maturity.
Step 3: Collect the full 2 × 2 × 2 response grid for the locked proximal outcome at baseline.
Step 4: Compute κ = Y111 − Y110 − Y101 − Y011 + Y100 + Y010 + Y001 − Y000, using the established alternating-sign third-order factorial-interaction contrast whose complete-factorial provenance and exact algebraic form are referenced in the main manuscript.
Step 5: Assign the baseline class using the absolute bound |κ| ≤ δκ.
Step 6: Introduce the prior edit and repeat Steps 3–5.
Step 7: Introduce rescue or counter-edit and repeat Steps 3–5.
Step 8: Report lower-order sufficiency, pairwise-coupled lower-order structure, higher-order requirement, or nomination below adjudicative maturity, together with whether class change is supported by Baseline–Edit–Rescue behaviour.
Supplementary Method S5. Recommended reporting language
No biological MECS-BER adjudication should be reported unless the minimum compliant-dataset requirements in Table S2A have been met. Formal benchmark or simulation-based outputs should be reported as methodological behaviour rather than as biological validation.
When a renal assembly passes nomination but fails one or more gates, it should be reported as a candidate assembly or nomination space rather than as a validated assembly.
When κ remains within the prespecified bound, the preferred wording is lower-order sufficiency or pairwise-coupled lower-order structure, depending on the benchmark pattern.
When κ departs from the bound, the preferred wording is higher-order requirement on the locked proximal outcome. This phrase is intentionally narrower than mechanism and does not identify the molecular substrate of integration.
When rescue returns the system towards the earlier class, the preferred wording is state-dependent regime change supported by Baseline–Edit–Rescue logic.
MECS is presented as a proposed membrane-conditioned signalling framework. This premise is also independently supported by lipid nano-environment and functional-paralipidome concepts, in which membrane proteins and their surrounding lipid microenvironments are treated as reciprocally organised determinants of protein localisation, conformational behaviour and signalling competence, and by GPCR microdomain literature showing that lipid rafts and caveolae can spatially organise receptor signalling components [26–28].
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