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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 crossreferenced 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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Metabolism of cofactors ↗
Stable identifier: R-HSA-8978934

Many proteins depend for their activity on cofactors, associated ions and small molecules. This module
contains annotations of processes involved in the synthesis of cofactors, either de novo or from essential
molecules consumed in the diet (vitamins), as well as regeneration of active forms of cofactors (Lipmann
1984).
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Ubiquinol biosynthesis ↗
Location: Metabolism of cofactors
Stable identifier: R-HSA-2142789

The length of the polyisoprenoid chain of ubiquinone aka coenzyme Q (Q), varies depending on the species involved: it is 6 in budding yeast, Saccharomyces cerevisiae, (Q6) and 10 in humans (Q10). Most ubiquinone is naturally reduced to ubiquinol (Q10H2 in humans) and it is this form which dominates in
most human tissues. It functions as an ubiquitous coenzyme in redox reactions and its ability both to associate with complexes I and III of the electron transport chain and to move freely in the inner mitochondrial membrane are central to its role in electron transport. In eukaryotes ubiquinones/ubiquinols
are also found in other membranes such as the endoplasmic reticulum, Golgi vesicles, lysosomes and
peroxisomes.
Ubiquinol/ubiquinone is synthesized in the following way. Initially, the polyisoprenoid tail is assembled
by a polyprenyl diphosphate synthase. Next, 4 hydroxybenzoate polyprenyltransferase (COQ2) catalyses
the formation of the covalent linkage between the benzoquinone head group and the tail to produce 4 hydroxy 3 polyprenyl benzoic acid intermediate (DHB, 3 decaprenyl 4 hydroxybenzoic acid in humans).
There follows modifications of the aromatic ring starting with hydroxylation, followed by O methylation,
and decarboxylation to form the 2 methoxy 6 polyprenyl phenol intermediate (DMPhOH ; 2 methoxy 6
decaprenylphenol in humans). Following this, two additional methylations, one C methylation, and one
O methylation step, finally generate the fully substituted hydroquinone, ubiquinol (Szkopinska 2000,
Kagan & Quinn 2000, Tran & Clarke 2007, Kawamukai 2009).
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NADPH regeneration ↗
Location: Metabolism of cofactors
Stable identifier: R-HSA-389542

The conversion of isocitrate to 2-oxoglutarate (alpha-ketoglutarate) with the concomitant synthesis of
NADPH from NADP+ is thought to play a significant role in supplying NADPH for other reactions in both
the cytosol and the peroxisome (Geisbrecht and Gould 1999). The activity of H6PD (Hexose-6-phosphate
dehydrogenase) is thought to play a role in maintaining NADP+ : NADPH balance within the endoplasmic
reticulum (Zielinska et al. 2011).
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Tetrahydrobiopterin (BH4) synthesis, recycling, salvage and regulation ↗
Location: Metabolism of cofactors
Stable identifier: R-HSA-1474151

Tetrahydrobiopterin (BH4) is an essential co-factor for the aromatic amino acid hydroxylases and glycerol ether monooxygenase and it regulates nitric oxide synthase (NOS) activity. Inherited BH4 deficiency
leads to hyperphenylalaninemia, and dopamine and neurotransmitter deficiency in the brain. BH4 maintains enzymatic coupling to L-arginine oxidation to produce NO. Oxidation of BH4 to BH2 results in NOS
uncoupling, resulting in superoxide (O2.-) formation rather than NO. Superoxide rapidly reacts with NO
to produce peroxynitrite which can further uncouple NOS.
These reactive oxygen species (superoxide and peroxynitrite) can contribute to increased oxidative stress
in the endothelium leading to atherosclerosis and hypertension (Thony et al. 2000, Crabtree and Channon 2011,Schulz et al. 2008, Schmidt and Alp 2007). The synthesis, recycling and effects of BH4 are
shown here. Three enzymes are required for the de novo biosynthesis of BH4 and two enzymes for the
recycling of BH4.
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