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ABSTRACT

Background. Coenzyme Q10 (CoQI0) is a lipid-soluble compound central to mitochondrial
energy metabolism and cellular antioxidant defence. Its oxidised form (ubiguinone) carries
electrons in the respiratory chain, while its reduced form (ubiquinol) is a potent scavenger of
reactive oxygen species in membranes and lipoproteins. CoQl10 enters the body in an inactive,
oxidised state and must be converted intracellularly to ubiquinol before it can exert its
antioxidant function; the enzyme NAD(P)H:quinone oxidoreductase 1 (NQOI) catalyses this
activation (Ross et al., 2000; Fischer et al., 2011).

Methods. Experimental and clinical literature on the role of NQOT in CoQ10 reduction was
reviewed, with emphasis on the common 609C>T (P187S) polymorphism (rsl800566). For this
variant the wild-type and risk allele were distinguished, and the consequences for enzyme
activity, CoQI10 status and supplementation response were assessed.

Results. NQOIJ catalyses the two-electron reduction of ubiquinone to ubiquinol, supporting
antioxidant defence and limiting reactive-oxygen-species formation. The rs1800566 risk allele
reduces protein stability and FAD binding, lowering enzyme activity in heterozygotes and
producing near-complete loss of function in risk-allele homozygotes. Carriers show altered
CoQIO0 status, and pre-reduced ubiquinol can bypass the impaired enzymatic activation step
(Fischer et al., 2011; Ross et al.,, 2000; Freriksen et al., 2014).

Discussion. NQOIT activity is a determinant of how effectively CoQl0 is converted to its
antioxidant-active form. Because the rsI800566 risk allele compromises this conversion,
supplementation with the already-reduced ubiquinol form is a mechanistically matched
strategy for carriers, distinct from oxidised ubiquinone, which still requires enzymatic activation
(Fischer et al., 2011; Sepetiene et al., 2023).
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INTRODUCTION

Coenzyme Q10 (CoQI10) is a naturally occurring lipophilic quinone with a dual physiological role. In
the mitochondrial electron transport chain it shuttles electrons from complexes | and Il to complex
I, and in its reduced form (ubiquinol) it acts as a membrane antioxidant, neutralising lipid peroxy!
radicals and regenerating other antioxidants such as vitamin E (Ross et al., 2000).

The antioxidant efficacy of CoQ10 depends not only on intake and absorption but on its intracellular
conversion to the reduced form. CoQIl0 is taken up largely in its oxidised, inactive state, and only after
reduction to ubigquinol can it scavenge free radicals. One of the principal enzymes responsible for this
activation is NAD(P)H:quinone oxidoreductase 1 (NQOYT), which performs the two-electron reduction
of ubiguinone to ubiquinol (Fischer et al., 2011; Ross et al., 2000).

A common single-nucleotide polymorphism in the NQOT gene, 609C>T (rs1800566; P187S), alters this
enzyme. The 609C allele encodes the fully active, wild-type enzyme, whereas the 609T risk allele yields
a protein with reduced stability and activity. This review examines what NQOIT does, how the
rs1800566 variant changes its function, and why the reduced ubiquinol form is the mechanistically
appropriate supplement when the risk allele is present.

FUNCTION OF THE NQOT7 GENE

NAD(P)H:quinone oxidoreductase 1is a cytosolic flavoprotein encoded by the NQOT gene. It catalyses
the two-electron reduction of a broad range of quinones to hydroquinones using NADH or NADPH
as electron donors (Ross et al,, 2000). This two-electron mechanism is functionally important: it
converts quinones directly to the stable reduced form and so avoids the one-electron route used by
other reductases, which generates semiquinone radicals and reactive oxygen species (ROS) (Ross et
al., 2000).

Applied to CoQl10, NQOT maintains the intracellular redox balance by converting ubiquinone
(oxidised) to ubiquinol (reduced) (Fischer et al.,, 2011; Ross et al., 2000). This conversion is what gives
CoQI0 its antioxidant capacity, enabling ubiquinol to prevent lipid peroxidation and to protect
cellular membranes — particularly in mitochondria and lipid bilayers — from oxidative damage.
NQOIT is highly expressed in tissues with substantial detoxification and antioxidant demand,
consistent with a broad protective role (Ross et al., 2000).

HOW THE SNP ALTERS ENZYME FUNCTION

NQO1 609C>T / P187S (rs1800566)

The 609C>T substitution replaces proline with serine at codon 187 (P187S). The 609C wild-type allele
produces a stable, fully active enzyme; the 609T risk allele yields a variant protein with reduced affinity
for its FAD cofactor, leading to accelerated degradation and loss of activity. Heterozygous carriers
display intermediate enzyme activity, while risk-allele homozygotes have very little functional NQOIT
(Ross et al.,, 2000; Freriksen et al., 2014).



The functional consequence is a diminished capacity to reduce ubiquinone to ubiquinol. Fischer et
al. (2011) reported that rs1800566 genotype was associated with baseline serum CoQI10 status in
healthy men, consistent with reduced ability to maintain the reduced CoQI10 pool in carriers of the
variant. Because the activation of dietary CoQI10 to its antioxidant-active form depends directly on
this enzyme, risk-allele carriers convert oxidised ubiquinone less effectively and therefore obtain less
antioxidant protection from it than 609C wild-type individuals.

Population genotyping indicates that the loss-of-function genotype is not rare: a substantial minority
of individuals carry one variant allele and a smaller fraction are risk-allele homozygotes with near-
absent activity (Ross et al., 2000; Freriksen et al., 2014). This distribution means that impaired CoQ10
activation is a common, identifiable trait rather than an exceptional one.

UBIQUINOL AS THE COFACTOR-MATCHED INTERVENTION

Supplemental CoQIlO0 is available as oxidised ubiquinone or as pre-reduced ubiquinol. Both are
absorbed, but they differ in what they require of the recipient: ubiquinone must still be reduced
intracellularly by NQOIT (or other reductases) to become antioxidant-active, whereas ubiquinol is
already in the active reduced state (Ross et al., 2000; Fischer et al., 2011).

This distinction is the basis of a targeted argument. In individuals carrying the rs1800566 risk allele —
and most strongly in risk-allele homozygotes — the enzymatic activation step is impaired, so oxidised
ubiquinone is converted less efficiently and delivers less antioxidant protection; reactive oxygen
species that would otherwise be neutralised by ubiquinol can then accumulate and damage cellular
components. Supplying ubiquinol directly bypasses the compromised NQO] step and restores
antioxidant capacity without depending on the variant enzyme (Fischer et al.,, 2011). For wild-type
individuals, by contrast, intact NQOT activity allows efficient conversion of either form.

Consequently, NQOT genotype is a logical input to CoQ10 supplementation strategy: where the risk
allele is present, the reduced ubiquinol form is the mechanistically appropriate choice, aligning the
supplied molecule with the specific step the genetic variant impairs (Fischer et al,, 2011; Sepetiene et
al., 2023).

TABLE 1— STUDIES ON NQOT7 RS1800566 AND UBIQUINOL CONVERSION

STUDY (AUTHOR, DESIGN - POPULATION - SNP PRIMARY OUTCOME / KEY FINDINGS
YEAR)

Fischer et al,, Design: Short intervention + rs1800566 genotype was associated
20m genotype-phenotype association with baseline CoQI10 status;
Population: 54 healthy men; reduced-form (ubiquinol)
ubiquinol 150 mg/day for 14 days supplementation raised serum
SNP: NQOT P187S (rs1800566) CoQI10 overall, supporting bypass of

the activation step (Fischer, 2011).



STUDY (AUTHOR, DESIGN - POPULATION - SNP PRIMARY OUTCOME / KEY FINDINGS
YEAR)

Ross et al., 2000

Freriksen et al.,
2014

Sepetiene et al.,
2023

Design: Mechanistic review

Population: Human and
experimental evidence

SNP: NQOT Ce09T (rs1800566)

Design: Population-based case-
control

Population: 1,457 Gl cancer cases vs
1,457 controls (Netherlands)

SNP: NQOT P187S (rs1800566)

Design: Applied genetics /
personalised profiling

The 609T/P187S risk allele produces
low, unstable NQOT activity, relevant
to quinone handling and to
ubiquinol-based antioxidant
defence (Ross, 2000).

The 609T risk allele was associated
with higher proximal colon cancer
risk; the variant reduces enzyme
activity relative to the 609C wild-
type (Freriksen, 2014).

rs1800566 was incorporated into a
genotype-based oxidative-

stress/aging panel, illustrating use of
NQOI] status to personalise
antioxidant-related interventions
(Sepetiene, 2023).

Population: 370 adults, 19-74 y
(Lithuania)

SNP: NQOIT rs1800566 (within
oxidative-stress panel)

CONCLUSION

NQOIT is an essential component of the cellular antioxidant system, performing the two-electron
reduction of CoQI10 from inactive ubigquinone to antioxidant-active ubiquinol (Ross et al., 2000). The
common 609C>T (P187S) polymorphism, rs1800566, markedly reduces enzyme activity: the 609C
wild-type allele supports efficient conversion, while the 609T risk allele causes intermediate activity
in heterozygotes and near-complete loss of function in risk-allele homozygotes (Ross et al., 2000;
Freriksen et al., 2014).

Because the variant enzyme converts ubiquinone less effectively, carriers of the risk allele obtain less
antioxidant benefit from the oxidised form. The reduced ubiquinol form circumvents this enzymatic
bottleneck and delivers antioxidant capacity independently of NQOIT activity, making it the
mechanistically matched supplement when the risk allele is present (Fischer et al., 2011).

Given the frequency of the variant and its clear functional consequences, NQOT genotype is a useful
determinant of CoQIl0 supplementation strategy: aligning the supplied form (ubiquinol vs
ubiquinone) with rs1800566 status is a precise, genotype-informed approach to maintaining redox
balance (Fischer et al.,, 2011; Sepetiene et al,, 2023).
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