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Abstract
Background.

Ferroptosis resistance in KRAS-mutant colorectal cancer (CRC) runs through at least two independent axes — the
GPX4-glutathione pathway and the FSP1-CoQ10-NAD(P)H pathway — and KRAS-mutant cells specifically
upregulate FSP1 via MAPK and NRF2. Selective inhibition of GPX4 or SLC7A11 alone leaves FSP1 resistance
intact, and no single compound with dual GPX4 and FSP1 activity has been reported.

Methods.

We ran cross-target docking of eleven compounds against the crystal structure of human FSP1 (PDB 8WIK, 2.00 A,
with 6-OH-FAD and NAD) using AutoDock Vina 1.2.7 [8], targeting the CoQ10/catalytic pocket and the NAD-binding
allosteric cavity. The set comprised two GPX4 candidates (JKE-1674, CIAcNH_001) from prior docking against
PDB 7KTC, one SLC7A11 candidate (PipAryl_005) from PDB 7P9U, two reference FSP1 inhibitors (iFSP1, FSEN1),
and six de novo CoQ10-pharmacophore scaffolds. All compounds were profiled for Lipinski compliance, PAINS
status, and ADMET in RDKit. Vertical electron affinities were computed at r2SCAN-3c/CPCM(water) in ORCA 5.0
[26] to assess the redox liability of quinone scaffolds.

Results.

JKE-1674 (GPX4 - 8.83 kcal/mol) scored - 9.90 at the FSP1 CoQ pocket, approaching the iFSP1 reference (-
10.10). PipAryl_005 (SLC7A11 - 8.47 kcal/mol) scored - 10.60, exceeding iFSP1 at both FSP1 sites. Among the de
novo scaffolds, Quinone_002 (QED 0.916, - 9.80) and CoQ_Mimic_002 (QED 0.899, - 9.20) ranked highest.
Quantum-chemical calculations confirmed that naphthoquinone scaffolds have electron affinities within the CoQO
substrate range, validating their quinone_A PAINS flags; the dimethoxybenzene CoQ_Mimic_001 (EA 1.26 eV) is
redox-inert. Four PAINS-clean, Lipinski-compliant compounds were advanced as priority candidates.

Conclusions.

JKE-1674 and PipAryl_005 carry in silico dual GPX4-FSP1 and triple SLC7A11-FSP1 profiles against the
experimental 8WIK receptor, both with better drug-likeness than iFSP1. FSP1 enzymatic assays (DCPIP) and SPR
are the required next steps before either compound is described as a confirmed multi-pathway inhibitor.

1. Introduction

Ferroptosis is an iron-dependent cell death driven by peroxidation of polyunsaturated phospholipids, and has
emerged as a targetable vulnerability in therapy-resistant cancers [1, 12, 13, 14, 15]. GPX4 uses glutathione to
detoxify phospholipid hydroperoxides; its inhibition or depletion of its cystine supply via SLC7A11 (System Xc-) are
the principal ferroptosis-inducing strategies [2, 3]. The 2019 discovery that FSP1 (AIFM2) operates parallel to
GPX4 through a glutathione-independent CoQ10 mechanism recast the field [4, 5]. FSP1 uses NAD(P)H to
regenerate ubiquinol, trapping lipid peroxyl radicals at the membrane without consuming glutathione [4]. Tumours
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overexpressing FSP1 resist GPX4 inhibitors, and FSP1 knockdown re-sensitises them [5]. Inhibiting GPX4 or
SLC7A11 alone therefore leaves FSP1 resistance intact.

This escape matters most in KRAS-mutant cancers; approved targeted therapies remain limited to the G12C
variant [17] and therapeutic complexity is compounded by isoform diversity [18]. Miiller et al. showed that
oncogenic KRAS upregulates FSP1 through MAPK and NRF2 activation, that elevated FSP1 confers ferroptosis
resistance in KRAS-mutant CRC, NSCLC and PDAC, and that FSP1 inhibition is required alongside ferroptosis
induction in KRAS-mutant organoid models [24]. This forms a predictable KRAS-NRF2-FSP1 escape from single-
axis therapy in precisely the tumour types where KRAS mutations are most prevalent. Our prior multi-omics
analysis of TCGA-COAD found reduced GPX4 expression, selective SLC7A11 elevation, and ferroptosis sensitivity
tracking co-expression network disruption in a KRAS codon-dependent manner [6, 16]. That work yielded three
docking hits — JKE-1674 (GPX4, - 8.83 kcal/mol), CIAcNH_001 (GPX4, - 8.10) and PipAryl_005 (SLC7A11, - 8.47)
— none evaluated against FSP1.

Here we dock those three candidates, six de novo CoQ10-pharmacophore scaffolds and two reference FSP1
inhibitors against the FSP1 CoQ10 and NAD-binding pockets using the experimental 8WIK crystal structure. We
report in silico dual GPX4-FSP1 and triple SLC7A11-FSP1 profiles, characterise the de novo series, validate the
redox liability of naphthoquinone scaffolds by quantum chemistry, and frame all conclusions within the limits of a
structure-based docking study.

2. Materials and methods

2.1 FSP1 structural model

Earlier FSP1 docking studies used AlphaFold-predicted models [19, 20]. While this study was being prepared, PDB
8WIK was released [21], providing the first experimental holo structure of human FSP1; it was used here. PDB
8WIK is an X-ray structure at 2.00 A (UniProt Q9BRQ8) containing 6-hydroxy-FAD (6-OH-FAD) and NAD — the FAD-
bound conformation of the enzyme. Chain A was used; waters were removed; 6-OH-FAD was kept to preserve the
FAD-dependent geometry of the CoQ-reduction pocket. The receptor was converted to PDBQT with Open Babel 3.1
using the rigid-receptor flag (—xr) and Gasteiger charges at pH 7.4 [22]. While this manuscript was in preparation, a
cocrystal structure of FSP1 bound to FSEN1 (PDB 9M3M, 2.01 A) appeared [23]; the CoQ-site definition from
9M3M is consistent with the one used here from 8WIK.

2.2 Binding site definition

The main CoQ10/catalytic pocket was centred at the 6-OH-FAD centroid in 8WIK (16.64, - 7.99, - 21.42 A), in a 26
x 26 x 26 A3 box covering the FAD re-face residues (Val50, Ala153, Met294, Phe360) [21, 23, 25]. A second site was
centred at the 8WIK NAD centroid (21.85, - 17.89, - 14.63 A) in a 24 x 24 x 24 A3 box, corresponding to the NADH-
oxidation domain (residues 112-245) identified by Nakamura et al. as an allosteric cavity distinct from the CoQ10
site [25]. The two boxes are 38 A apart. The NADH-binding domain is partially solvent-exposed in the monomer
structure; whether it remains accessible in the membrane-bound form of FSP1 is unconfirmed, and second-site
data are treated as provisional throughout.

2.3 Compound set

Eleven compounds were screened (Table S1 and Supplementary Table S2): two GPX4 candidates (JKE-1674,
CIAcNH_001) and one SLC7A11 candidate (PipAryl_005) from prior screening [6]; two reference FSP1 inhibitors
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(iFSP1, FSEN1) [4, 7]; and six de novo scaffolds (CoQ_Mimic_001/002, BenzThiaz_FSP, Quinone_001/002,
DualTarget_001). Three-dimensional structures were generated from SMILES in RDKit (ETKDGv3 conformers,
MMFF94 optimisation) and converted to PDBQT with Open Babel 3.1. The prior-campaign receptor details, box
parameters and top scores for JKE-1674, CIAcNH_001 and PipAryl_005 are summarised in Supplementary Table
S2

2;4 Docking protocol

Docking used AutoDock Vina 1.2.7 (methods of Eberhardt et al. [8]) at exhaustiveness 24, nine poses per ligand,
energy range 4 kcal/mol. Vina's scoring function was benchmarked against crystal-pose reproduction in its
original validation study [8]. iFSP1 (IC50 0.2 uM against FSP1 [4]) served as the reference; its 8WIK score (- 10.10
kcal/mol) is 1.8 kcal/mol stronger than AlphaFold-based estimates, consistent with the tighter geometry of the
FAD-bound cavity. GPX4 scores used PDB 7KTC and SLC7A11 scores used PDB 7P9U in prior campaigns; FSP1
scores here used PDB 8WIK. Different receptors, box definitions, and protein conformations were used across
campaigns, so the cross-target comparisons in Table 2 are rank-ordering guidance, not quantitative affinity
prediction. FSEN1 values are included for completeness; the SMILES used here gives MW 357.2, LogP 6.30 and
TPSA ~ 53 Az (Lipinski fail; approximate SMILES), so the primary reference remains iFSP1. Both pockets were
docked against the same 8WIK receptor.

2.5 ADMET and drug-likeness

MW, LogP, hydrogen-bond donors/acceptors, TPSA, and QED [9] were computed in RDKit 2024.03. Lipinski's Rule
of Five (MW = 500, LogP < 5, HBD < 5, HBA < 10) and PAINS filtering (PAINS_A/B/C) [10] were applied. Compounds
failing Lipinski or carrying a PAINS flag were excluded from the priority list unless a specific reason warranted
retention; the naphthoquinone series is retained as a reserve category pending quantum-chemical evaluation
(Section 2.6).

2.6 Quantum chemical calculations

Vertical electron affinities (EA) were computed for selected scaffolds and the natural FSP1 substrate CoQO (2,3-
dimethoxy-5-methyl-1,4-benzoquinone). Geometries were optimised at r2SCAN-3c/CPCM(water) in ORCA 5.0 [26].
EA = E(neutral) - E(radical-anion) at the neutral geometry; radical-anion states were treated as doublets. CoQO (EA
3.90 eV) served as the substrate reference.

3. Results
3.1 Protocol validation against the experimental receptor

Docking iFSP1 into the CoQ pocket of PDB 8WIK gave - 10.10 kcal/mol, 1.8 kcal/mol stronger than AlphaFold-
based estimates. With FAD in place, the pocket is tighter: 6-OH-FAD occupies and shapes the re-face cavity, and
docking into a vacated apo cavity gives artificially open scores. Receptor parameters are in Table 1.
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Table 1
FSP1 crystal structure parameters and docking box coordinates (PDB 8WIK, 2.00 A).

Parameter Value Notes

PDB accession 8WIK Human FSP1 holo crystal structure
Resolution 2.00 A X-ray diffraction

Cofactors 6-OH-FAD, NAD FAD-bound conformation

R-factor (work/free) 0.22/0.26 Crystallographic validation

Chain used A Full-length, 373 residues

CoQ pocket centre (16.64, -7.99, - 21.42) A 6-OH-FAD centroid

CoQ pocket box 26 x 26 x 26 A3 FAD re-face cavity

Second site centre (21.85,-17.89, - 14.63) A 8WIK NAD centroid

Second site box 24 x 24 x 24 A3 NADH-oxidation domain, residues 112-245 [25]
iFSP1 reference score  -10.10 kcal/mol CoQ-site validated inhibitor [4]

3.2 Cross-target profiles of the prior candidates

Two of the three prior-campaign candidates scored at or above the iFSP1 threshold (Table 2, Fig. 1). JKE-1674
gave - 9.90 at the main pocket and - 8.50 at the second site, a dual GPX4—-FSP1 profile. PipAryl_005, designed as
a piperazine-aryl SLC7A11 inhibitor, scored - 10.60 at the main pocket and - 9.30 at the second site — the highest
at both sites in the set, exceeding iFSP1 (- 10.10 and - 9.10 respectively). That a compound with no canonical
FSP1 pharmacophore tops both rankings is notable but requires explanation: the FSP1 CoQ10 cavity is large and
hydrophobic, and piperazine-aryl scaffolds can engage it through non-specific hydrophobic contacts rather than a
matched pharmacophore fit; this is indistinguishable from genuine cross-reactivity by docking alone. The DCPIP
enzymatic assay will resolve the question. CIAcNH_001 scored - 7.10 and its profile remains GPX4-selective.

Table 2

Cross-target docking scores (kcal/mol). GPX4 scores from PDB 7KTC; SLC7A11 from PDB 7P9U; FSP1
from PDB 8WIK (this work). Campaigns used different receptors, box definitions and protein
conformations; column values are rank-order guidance, not directly comparable binding affinities.

Compound GPX4 SLC7A11 FSP1main FSP12nd Profile

JKE-1674 -8.83 — -9.90 -8.50 Dual GPX4 + FSP1 (ClAc warhead)
PipAryl_005 - -8.47 -10.60 -9.30 Triple SLC7A11 + FSP1+
CIACNH_001 -8.10 - -7.10 -6.20 GPX4-selective

iFSP1 (ref) — — -10.10 -9.10 Reference (CoQ site)

FSENT (reff) — — -8.50 -6.90 Reference (approx. SMILES)

T Triple-pathway profile is a computational hypothesis; FSP1 activity requires enzymatic validation. £ FSEN1
SMILES is approximate (MW 357.2, LogP 6.30, TPSA ~ 53 A2, Lipinski fail); the cocrystal structure PDB 9M3M [23]
provides the verified structure for future work.

3.3 De novo FSP1 scaffolds
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All six de novo scaffolds exceeded - 7.0 kcal/mol (Table 3). BenzThiaz_FSP scored - 10.30 — above iFSP1 — but
fails Lipinski (LogP 5.37, QED 0.482), making it a structural lead that would need medicinal chemistry before
advancement. Quinone_002 (- 9.80) and Quinone_001 (- 7.30) carry PAINS quinone_A alerts addressed in Section
3.4. Among the PAINS-clean, Lipinski-compliant scaffolds, CoQ_Mimic_002 (- 9.20, QED 0.899) and
DualTarget_001 (- 9.20, QED 0.786) score highest. DualTarget_001 was designed as a GPX4—FSP1 hybrid
combining a chloroacetamide GPX4 warhead with a methoxybenzamide FSP1 motif; its scoring alongside
CoQ_Mimic_002 is consistent with the dual-pharmacophore approach, though MD would be needed to confirm
pose stability.

Table 3
De novo FSP1 scaffold docking scores and ADMET. [!] = Lipinski fail. PAINS: quinone_A for naphthoquinone series.
Compound Scaffold class FSP1 FSP1 MW LogP QED Lipinski  PAINS
main 2nd
BenzThiaz_FSP  Benzothiazole-CoQ -10.30 -6.40 4085 537 0.482 FAIL[] Clean
hybrid
Quinone_002 Methoxy- -9.80 -7.90 343.8 3.73 0.916 PASS quinone_A
naphthoquinone
CoQ_Mimic_002 Dimethoxyphenyl- -9.20 -7.40 339.3 3.90 0.899 PASS Clean
amide
DualTarget_001 ClAc- -9.20 -7.50 348.8 3.13 0.786 PASS Clean
methoxybenzamide
CoQ_Mimic_001  Dimethoxyphenyl- -8.30 -7.00 303.3 3.41 0.889 PASS Clean
amide
Quinone_001 Naphthoquinone- -7.30 -830 267.3 3.20 0.908 PASS quinone_A
amine

3.4 Redox liability and PAINS validation

The naphthoquinone scaffolds carry quinone_A PAINS flags for potential thiol reactivity. To test whether this
reflects genuine redox liability at the CoQ10 substrate level, vertical EAs were computed: Quinone_001 (3.68 eV),
Quinone_002 (3.60 eV), CoQ_Mimic_001 (1.26 eV), CoQO (3.90 eV). Both naphthoquinones fall within the CoQ0
substrate range: the PAINS flag reflects a genuine ability to accept electrons — these compounds may be FSP1
substrates rather than inhibitors (Fig. 3). CoQ_Mimic_001, at 1.26 eV, is well below the threshold and behaves as a
redox-inert scaffold. Quinone_001/002 remain as reserve candidates requiring thiol-reactivity counter-screening.

3.5 ADMET and priority candidates

Full ADMET profiles are in Table 4. iFSP1 and FSEN1 both fail Lipinski (LogP 6.23 and 6.30 respectively), which
underlines the practical value of identifying drug-like alternatives. JKE-1674 and PipAryl_005 pass all five Lipinski
criteria (QED 0.888 and 0.821). Four compounds were advanced as priorities (Table 5): JKE-1674, PipAryl_005,
CoQ_Mimic_002 and DualTarget_001. Quinone_002, highest-scoring among the quinones, is listed as a reserve
pending PAINS counter-screening.
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Table 4
Full ADMET profile. QED 0-1; Lipinski: MW < 500, LogP < 5, HBD < 5, HBA < 10.

Compound MwW LogP HBD HBA TPSA QED Lipinski  PAINS
JKE-1674 377.4 2.29 1 4 69.7 0.888 PASS Clean
PipAryl_005 3815 302 O 3 43.9 0.821 PASS Clean
CoQ_Mimic_002 339.3 3.90 1 3 47.6 0.899 PASS Clean
DualTarget_001 348.8 3.13 2 4 76.7 0.786 PASS Clean
CoQ_Mimic_001 303.3 3.41 1 3 47.6 0.889 PASS Clean
CIACcNH_001 267.6 2.81 1 2 38.3 0.852 PASS Clean
BenzThiaz_FSP  408.5 5.37 1 4 79.4 0.482 FAIL Clean
Quinone_002 343.8 3.73 1 5 64.6 0.916 PASS quinone_A
Quinone_001 267.3 3.20 1 3 46.2 0.908 PASS quinone_A
iFSP1 (ref) 3984 6.23 1 3 42.0 0.444 FAIL Clean
FSEN1 (reft) 357.2 6.30 2 2 ~ 53 0.567 FAIL Clean
Table 5
Priority candidates for experimental follow-up.
Priority = Compound GPX4 SLC7A11 FSP1 QED Mechanism First
main experiment
1 JKE-1674 -8.83 -— -9.90 0.888  Dual GPX4 + DCPIP assay;
FSP1 (ClAc isoTOP-ABPP
warhead)
2 PipAryl_005 - -8.47 -10.60 0.821  Triple SLC7A11 DCPIP + System
+ FSP1 Xc~ cystine
(hypothesis) uptake
3 CoQ_Mimic_002 — - -9.20 0.899 FSP1 de novo DCPIP assay
scaffold
4 DualTarget_001 - - -9.20 0.786  Hybrid GPX4 + DCPIP —
FSP1 design optimise —» MD
Reserve  Quinone_002 - - -9.80 0.916  PAINS pending Thiol counter-
screen first

3.6 Biological context and mechanistic hypothesis

If PipAryl_005 engages both SLC7A11 and FSP1, the pharmacology has a mechanistic logic. SLC7A11 inhibition
cuts cystine import, depleting GSH and GPX4 activity; FSP1 inhibition removes the CoQ10-dependent radical-
trapping route. A KRAS-mutant CRC cell would face lipid peroxidation with neither canonical defence, leaving only
DHODH-mediated CoQ reduction as residual escape [11]. In KRAS-mutant CRC, GPX4 is already attenuated at the
network level [6] and FSP1 is specifically elevated via NRF2 [24]; converging pressure from all three targets may

reach ferroptotic execution thresholds that single-axis strategies miss. This argument holds only if the FSP1
docking is validated; until the enzymatic assay is done, the triple-pathway label is a computational hypothesis.
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4. Discussion

This study yields three computational findings, each contingent on experimental validation. JKE-1674 scores in the
iFSP1 range at the CoQ pocket, making it the best-characterised dual GPX4-FSP1 candidate in the set.
PipAryl_005 outscored all compounds at the FSP1 site despite having no FSP1 pharmacophore, raising the
possibility of a triple-pathway profile. The PAINS-clean de novo scaffolds are more drug-like than the reference
FSP1 inhibitors.

The receptor is PDB 8WIK (2.00 A, 6-OH-FAD), the first experimental holo structure of human FSP1. With FAD in the
pocket, scores across the series improved by 1.0—2.3 kcal/mol over AlphaFold-based estimates — a tighter cavity
gives more discriminating scores. The independent deposition of the FSP1-FSEN1 cocrystal (PDB 9M3M, PNAS
2025) confirms that inhibitors bind within the CoQ pocket adjacent to FAD [23], validating the site definition used
here. The structural caveat that remains is that 8WIK contains 6-OH-FAD, an oxidised cofactor with a slightly
different geometry from canonical FAD; scores against a canonical FAD receptor may shift modestly.

The outstanding question for PipAryl_005 is whether its FSP1 activity is genuine or a scoring artefact. Its
piperazine-aryl scaffold lacks the benzothiazole and aryl-urea motifs of iFSP1 and FSEN1. A high score without a
matching pharmacophore fits both real cross-reactivity and scoring-function over-estimation equally well —
docking cannot separate them. The FSP1 CoQ10 cavity is large and lipophilic; piperazine-aryl scaffolds may bind
through non-specific hydrophobic contacts rather than a pharmacophore match, which would explain the high
score without implying selectivity. The DCPIP assay — which measures the rate at which FSP1 reduces DCPIP (2,6-
dichlorophenolindophenol) using NAD(P)H, with inhibitors slowing the absorbance loss at 600 nm [4, 7] — is the
appropriate first validation step. For JKE-1674, whose chloroacetamide warhead docks promiscuously, isoTOP-
ABPP target engagement profiling would distinguish covalent FSP1 engagement from non-specific reactivity.

The biological rationale rests on the KRAS—-NRF2-FSP1 axis. Miiller et al. showed that oncogenic KRAS
upregulates FSP1 through MAPK and NRF2 activation, that elevated FSP1 is necessary and sufficient for
ferroptosis resistance in KRAS-mutant cells, and that FSP1 inhibition is required alongside GPX4 pathway
disruption in KRAS-mutant organoid models [24]. The multi-pathway approach is biologically motivated, not merely
pharmacologically convenient: KRAS-mutant CRC cells specifically activate the FSP1 escape valve, and this
analysis provides candidates for testing that axis.

Several further limitations bear on interpretation. Vina scores are relative ranks, not binding affinities, and sub-
kcal/mol differences are within the method'’s uncertainty. No molecular dynamics was run; MD of JKE-1674 and
PipAryl_005 against 8WIK would assess pose stability and residence time. The second-site data are provisional —
whether the NADH-oxidation domain (residues 112-245) presents an accessible allosteric pocket in the
membrane-bound form of FSP1 requires experimental structure determination with a bound ligand. FSEN1 values
are approximate; PDB 9M3M now provides the true structure for future work.

5. Conclusions

Cross-target docking against the experimental holo structure of FSP1 (PDB 8WIK, 6-OH-FAD bound) identifies JKE-
1674 and PipAryl_005 as dual GPX4—-FSP1 and triple SLC7A11-FSP1 candidates, respectively, with better drug-
likeness than the iFSP1 reference. PAINS-clean, Lipinski-compliant de novo scaffolds can be designed in the mid-
nanomolar docking range; quantum-chemical calculations confirm the naphthoquinone series carries genuine
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redox liability. The immediate next steps are FSP1 enzymatic assays (DCPIP) and SPR binding experiments; these
findings provide a computational foundation for targeting the KRAS—-NRF2-FSP1 resistance axis in CRC.
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FSP1 Virtual Screening — AlphaFold v6 (pLDDT=95.6)
GPX4/SLC7A11l Cross-Profile + Novel FSP1 Scaffolds

A. FSP1 Main Pocket B. Cross-Target Profile
(CoQlO/Catalytic site) GPX4 vs FSP1 Binding
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Figure 1

(A) FSP1 main-pocket (CoQ10/catalytic site) docking scores for all eleven compounds against PDB 8WIK. Green
dashed line: iFSP1 reference (-10.10 kcal/mol). Red, GPX4 candidate; blue, SLC7A11 candidate; green, FSP1
reference inhibitor; orange, de novo scaffold; purple, dual-target design. (B) Cross-target profile: prior GPX4 score
(PDB 7KTC) against FSP1 main-pocket score for the five existing-compound entries. JKE-1674 and PipAryl_005
both exceed the iFSP1 threshold.

Drug-likeness vs FSP1 Binding Affinity — All Eleven Compounds
Node area « MW; = PAINS flag; red border = Lipinski fail

Priority
space
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s FSP1 reference inhibitor
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B Dual-target design & = PAINS quinone_A alert | Red border = Lipinski fail
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QED against FSP1 main-pocket binding score for all eleven compounds. Node area proportional to molecular
weight; colour as in Figure 1. 1= PAINS-flagged; red border = Lipinski fail. Priority quadrant (QED >0.80, |score|>7.5):
JKE-1674, PipAryl_005, CoQ_Mimic_002, Quinone_002. iFSP1 falls outside despite strong binding (QED 0.444,
Lipinski fail).

Page 11/12



FSP1l scaffolds: reducibility vs the natural substrate
r2SCAN-3c /7 CPCM(water)
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Figure 3

Vertical electron affinity (EA, eV) at r2SCAN-3c/CPCM(water) in ORCA 5.0 for selected scaffolds vs the natural
substrate CoQO (EA 3.90 eV). Quinone_001 (3.68) and Quinone_002 (3.60) fall within the substrate range,
confirming genuine redox liability; these scaffolds may act as FSP1 substrates rather than inhibitors.
CoQ_Mimic_001 (1.26 eV) is redox-inert.
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