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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway annotations 
are authored by expert biologists, in collaboration with Reactome editorial staff and cross-referenced to many 
bioinformatics databases. A system of evidence tracking ensures that all assertions are backed up by the primary 
literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the 
results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining 
knowledge from genomic studies, and by systems biologists building predictive models of normal and disease 
variant pathways. 
The development of Reactome is supported by grants from the US National Institutes of Health (P41 HG003751), 
University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and the European 
Molecular Biology Laboratory (EBI Industry program).
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Ubiquinol biosynthesis ↗

Stable identifier: R-HSA-2142789

Mitochondrial 4-hydroxyphenylpyruvate dioxygenase-like protein (HPDL) processes 4-hydroxphenylpyruvate (HPP, 
HPPA) to (S)-4-hydroxymandelate (4-HMA). HPDL defects lead to CoQ10 deficiency. The HPDL product 4-
hydroxymandelate apparently is a precursor for the synthesis of 4-hydroxybenzoate, which is a prerequisite for the 
assembly of the CoQ10 head group (Banh et al., 2021). Because HPDL is a mitochondrial protein, cytosolic HPP 
from tyrosine catabolism must either be imported by a yet unknown transport mechanism, or mitochondrial HPP 
could be the product of an unknown mitochondrial reaction (Husain et al., 2020; reviewed in Staiano et al., 2023).
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PDSS1,2 ligates FPP to IPPP ↗

Location: Ubiquinol biosynthesis

Stable identifier: R-HSA-2162253

Type: transition

Compartments: mitochondrial matrix

The polyprenyl diphosphate synthase consists of a tetramer comprising two units of decaprenyl-diphosphate synthase 
subunit 1 (PDSS1) and two units of decaprenyl-diphosphate synthase subunit 2 (PDSS2). One or several Mg(2+) 
ions per PDSS1 subunit act as cofactors, although the exact number is unknown. The complex catalyses the 
combination of 2-trans,6-trans-farnesyl diphosphate (FPP) with seven isopentenyl diphosphate (IPPP) molecules to 
form the polyisoprenoid tail, all-trans-decaprenyl diphosphate (all-E-10PrP2) (Saiki et al. 2005, Tekle et al. 2008). 
IPPP and FPP are provided by cytosolic cholesterol biosynthesis. However, the means of transport of FPP and IPPP 
into mitochondria is unknown.

Followed by: COQ2 ligates all-E-10PrP2 to PHB
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COQ2 ligates all-E-10PrP2 to PHB ↗

Location: Ubiquinol biosynthesis

Stable identifier: R-HSA-2162192

Type: transition

Compartments: mitochondrial inner membrane, mitochondrial matrix

4-Hydroxybenzoate polyprenyltransferase (COQ2) catalyses the combination of 4-hydroxybenzoic acid, aka para-
hydroxybenzoic acid (PHB), with the polyisoprenoid tail all-trans-decaprenyl diphosphate (all-E-10PrP2) to form 3-
decaprenyl-4-hydroxybenzoate (DHB) (Forsgren et al., 2004; Lopez-Martin ef al., 2007; Tekle et al., 2008).

Preceded by: PDSS1,2 ligates FPP to IPPP

Followed by: COQ6 hydroxylates DHB

Literature references
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COQ6 hydroxylates DHB ↗

Location: Ubiquinol biosynthesis

Stable identifier: R-HSA-2162187

Type: transition

Compartments: mitochondrial inner membrane, mitochondrial matrix

Inferred from: HHB is hydroxylated to DHHB by Coq6 (Saccharomyces cerevisiae)

Flavin-dependent monooxygenase COQ6 (Heeringa et al. 2011) catalyses the C5-hydroxylation of 3-decaprenyl-4-
hydroxybenzoic acid (DHB) to 3,4-dihydroxy-5-decaprenylbenzoic acid (DHDB). The electrons needed likely come 
from the iron-sulfur cluster on a ferredoxin that is recycled with NADPH. COQ6 is a peripheral membrane protein 
that localizes to the matrix side of the inner mitochondrial membrane (Gin et al. 2003). This reaction involving 
COQ6 is inferred from the equivalent reaction in yeast, where hexaprenyl sidechains occur instead of decaprenyl 
moieties in human (Ozeir et al. 2011, Gin et al. 2003). Both COQ8A and COQ8B bind to COQ6, presumably during 
formation of a hypothetical multienzyme COQ complex. Both COQ8A,B are required for Q10 biosynthesis (Ashraf 
et al., 2013; Floyd et al., 2016; reviewed in Hojabri et al., 2023; Liang et al., 2023).

Preceded by: COQ2 ligates all-E-10PrP2 to PHB

Followed by: COQ3 methylates DHDB

Literature references
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COQ3 methylates DHDB ↗

Location: Ubiquinol biosynthesis

Stable identifier: R-HSA-2162193

Type: transition

Compartments: mitochondrial matrix

Mitochondrial O-methyltransferase COQ3 converts 3,4-dihydroxy-5-decaprenylbenzoic acid (DHDB) to 3-methoxy-
4-hydroxy-5-decaprenylbenzoic acid (MHDB) (Jonassen & Clarke 2000). COQ3 is a membrane protein (Zhu et al., 
2015).

Preceded by: COQ6 hydroxylates DHB

Followed by: Unknown enzyme decarboxylates MHDB

Literature references
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Unknown enzyme decarboxylates MHDB ↗

Location: Ubiquinol biosynthesis

Stable identifier: R-HSA-2162195

Type: omitted

Compartments: mitochondrial matrix

Inferred from: MHHB is decarboxylated to HMPhOH by MHHB decarboxylase (Saccharomyces cerevisi-
ae)

3-methoxy-4-hydroxy-5-decaprenylbenzoic acid (MHDB) is enzymatically decarboxylated to form 2-methoxy-6-
decaprenylphenol (DMPhOH). At the present time the enzyme identity is unknown but is thought to be a member of 
the COQ family. This reaction is inferred from the equivalent reaction in yeast (Casey & Threlfall 1978, Goewert et 
al. 1981).

Preceded by: COQ3 methylates DHDB

Followed by: Unknown enzyme hydroxylates DMPhOH

Literature references
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droxybenzoate in yeast mitochondria. FEBS Lett, 85, 249-53. ↗

Olson, RE., Sippel, CJ., Goewert, RR., Grimm, MF. (1981). Identification of 3-methoxy-4-hydroxy-5-hexaprenylbenzo-
ic acid as a new intermediate in ubiquinone biosynthesis by Saccharomyces cerevisiae. Biochemistry, 20, 5611-6. 
↗

Editions
2012-03-19 Authored Williams, MG.

2012-03-23 Edited Williams, MG.

2013-02-05 Reviewed Kawamukai, M.

https://reactome.org Page 9

https://reactome.org/content/detail/R-HSA-2162195
https://reactome.org/content/detail/R-SCE-2164816
https://reactome.org/content/detail/R-SCE-2164816
http://www.ncbi.nlm.nih.gov/pubmed/620805
http://www.ncbi.nlm.nih.gov/pubmed/7028108
https://reactome.org


Unknown enzyme hydroxylates DMPhOH ↗

Location: Ubiquinol biosynthesis

Stable identifier: R-HSA-2162191

Type: omitted

Compartments: mitochondrial matrix

Inferred from: HMPhOH is hydroxylated to MDMQ6H2 by HMPhOH monooxygenase (Saccharomyces 
cerevisiae)

2-methoxy-6-decaprenylphenol (DMPhOH) is enzymatically converted to 2-methoxy-6-decaprenyl-1,4-benzoquinol 
(MDMQ10H2). It was thought at one time that the flavin-dependent monooxygenase, COQ6, was the enzyme that 
catalysed this reaction, however, it has been subsequently shown that COQ6 is not essential for this reaction (Ozeir 
et al. 2011). However, it is still believed that another member of the COQ family catalyses this event. This reaction is 
inferred from the equivalent reaction in yeast (Gin et al. 2003, Ozeir et al. 2011).

Preceded by: Unknown enzyme decarboxylates MHDB

Followed by: COQ5 methylates MDMQ10H2

Literature references
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COQ5 methylates MDMQ10H2 ↗

Location: Ubiquinol biosynthesis

Stable identifier: R-HSA-2162188

Type: transition

Compartments: mitochondrial matrix

2-methoxy-6-polyprenyl-1,4-benzoquinol methylase (COQ5) catalyses the C-methyltransferase conversion of 2-
methoxy-6-decaprenyl-1,4-benzoquinol (MDMQ10H2) to 6-methoxy-3-methyl-2-decaprenyl-1,4-benzoquinol 
(DMQ10H2). The monomer, while localized in the mitochondrial matrix, is part of a multimeric complex residing in 
the mitochondrial inner membrane (Chen et al., 2013; Nguyen et al., 2015; Yen et al., 2016). This reaction was first 
studied in yeast (Barkovich et al. 1997).

Preceded by: Unknown enzyme hydroxylates DMPhOH

Followed by: COQ7:COQ9 octamer hydroxylates DMQ10H2

Literature references

Feng, YH., Yen, HC., Wei, YH., Lee, SH., Kan, CC., Chen, CW. et al. (2016). Disruption of the human COQ5-contain-
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Tzagoloff, A., Shepherd, JA., Shtanko, A., Barkovich, RJ., Lee, PT., Myles, DC. et al. (1997). Characterization of the 
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Biol Chem, 272, 9182-8. ↗

Yen, HC., Chen, SW., Liu, CC. (2013). Detection of suppressed maturation of the human COQ5 protein in the mito-
chondria following mitochondrial uncoupling by an antibody recognizing both precursor and mature forms of 
COQ5. Mitochondrion, 13, 143-52. ↗
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COQ7:COQ9 octamer hydroxylates DMQ10H2 ↗

Location: Ubiquinol biosynthesis

Stable identifier: R-HSA-2162194

Type: transition

Compartments: mitochondrial inner membrane, mitochondrial matrix

5-Demethoxyubiquinone hydroxylase COQ7 catalyzes the hydroxylation of 6-methoxy-3-methyl-2-decaprenyl-1,4-
benzoquinol (DMQ10H2, DMQ) to 3-demethylubiquinol-10 (DeMQ10H2, DeMQ), using NADH and oxygen. 
COQ7 forms a heterooctameric complex with ubiquinone biosynthesis protein COQ9, a lipid-binding protein 
presenting the substrate to COQ7 activity. In this complex, COQ7 binds two iron ions and forms a heterodimer with 
COQ9, with four of these dimers forming an octameric cage (Vajo et al., 1999; Lohman et al., 2014; Manicki et al., 
2022). This reaction was first studied in yeast (Marbois & Clarke, 1996; Tran et al., 2006). Both COQ8A and 
COQ8B bind to COQ7, presumably during formation of a hypothetical multienzyme COQ complex. COQ8A,B are 
required for the assembly of the complex but may not be stably incorporated into it, so only the components 
identified by Floyd et al. are annotated (Ashraf et al., 2013; Floyd et al., 2016; reviewed in Hojabri et al., 2023; 
Liang et al., 2023).

Preceded by: COQ5 methylates MDMQ10H2

Followed by: COQ3 methylates DeMQ10H2

Literature references
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of COQ8B nephropathy: Report of seven cases. Front Pediatr, 10, 1030191. ↗

Ho, N., Francomano, CA., Jonassen, T., King, LM., Wilkin, DJ., Munnich, A. et al. (1999). Conservation of the Caen-
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COQ3 methylates DeMQ10H2 ↗

Location: Ubiquinol biosynthesis

Stable identifier: R-HSA-2162186

Type: transition

Compartments: mitochondrial matrix

Mitochondrial COQ3 is an O-methyltransferase required in the reaction to convert 3-demethylubiquinol-10 
(DeMQ10H2) to ubiquinol-10 (Q10H2) (Jonassen & Clarke 2000).

Preceded by: COQ7:COQ9 octamer hydroxylates DMQ10H2

Literature references
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