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Phytanicc acid (3,7,11,15-tetramethylhexadecanoic acid) is a fatty acid containing four 
methyl-branchess (see fig. 1, chapter 1), and is taken up by man via the diet. Especially dairy 
products,, meat from ruminants, and fish are rich sources of phytanic acid. In healthy persons 
thee ingested phytanic acid is rapidly degraded, and the breakdown products are excreted. 
However,, patients with Refsum's disease, an inherited neurological disorder, are incapable to 
degradee phytanic acid and therefore store this fatty acid in phospholipids and triglycerides in 
bloodd plasma and various tissues including adipose tissue, liver, kidney, muscle, and nerve 
tissue.. Refsum's disease is a rare disorder, characterised by typical symptoms including 
retinitiss pigmentosa (a progressive degeneration of the retina), peripheral neuropathy (affect-
ingg the peropheral nerves and causing weakness), and cerebellar ataxia (failure of the brain to 
regulatee the body's posture and movements; this shows as clumsiness of willed movements, 
staggeringg when walking, and speaking difficulties). In addition, a significant number of 
patientss presents with cardiac problems. The only biochemical hallmark of Refsum's disease 
iss the accumulation of phytanic acid. Until now it is unclear how this excess of phytanic acid 
eventuallyy leads to the severe neurological symptoms. 

Sincee the discovery in 1963 that phytanic acid is accumulating in tissues and body fluids 
fromm patients with Refsum's disease, many studies have been conducted to find the enzymes 
involvedd in the breakdown of phytanic acid. Because phytanic acid has four methyl branches, 
itt was immediately recognised that degradation via the p-oxidation pathway as it occurs for 
mostt fatty acids is not possible. A systematic search for alternative breakdown mechanisms 
revealedd that phytanic acid is converted to pristanic acid in a process called oc-oxidation. The 
findingfinding that pristanic acid is normally broken down in patients with Refsum's disease led to 
thee hypothesis that in this disorder the a-oxidation is impaired. 

Despitee many studies on phytanic acid degradation, until 1995 the structure of the a-oxida-
tionn pathway remained unresolved: neither the number of enzymatic steps involved nor the 
subcellularr localisation of this process was known. A major breakthrough was made in 1995, 
whenn the group of Paul Watkins showed that in rat liver phytanic acid has to be "activated" 
(coupledd to Coenzyme A (CoA)) prior to a-oxidation. In the first step of the a-oxidation, 
phytanoyl-CoAA is converted to 2-hydroxyphytanoyl-CoA, a reaction catalysed by the enzyme 
phytanoyl-CoAA hydroxylase (PhyH), which is localised in peroxisomes. We have shown that 
thee same peroxisomal conversion occurs in man (chapter 2). Furthermore, we have demon-
stratedd that in a liver specimen from a patient with Refsum's disease PhyH activity is deficient 
(chapterr 3). This was an important finding since it was the first direct evidence for the en-
zymaticc defect in Refsum's disease. Also in other inherited peroxisomal disorders, in which 
peroxisomess are not properly formed, phytanic acid can not be degraded. In patients suffering 
fromfrom these disorders, peroxisomes, the place of action of PhyH, are completely absent or 
unablee to take up PhyH and therefore the a-oxidation is not functioning properly. In chapters 
44 and 5 we show that PhyH activity is deficient in patients suffering from peroxisomal disor-
derss including Zellweger syndrome and rhizomelic chondrodysplasia punctata. 

Noww that it has become clear that PhyH is the defective enzyme in Refsum's disease, we 
startedd the search for the gene encoding PhyH. In chapter 6 we describe the identification of 
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thiss gene, PHYH. Analysis of the PHYH gene from patients with Refsum's disease revealed 
thatt all patients have mutations, which explains the deficiency in PhyH activity in Refsum's 
diseasee (chapters 6, 7, and 9). 

Thee group of I. Singh has reported several times on a species dependent subcellular 
localisationn of phytanic acid a-oxidation. According to these authors this process is peroxi-
somall  in man, and mitochondrial in rat. Both the group of Watkins and our own group have 
identifiedd PhyH activity in peroxisomes, both in man and in rat. In chapter 8 we describe a 
detailedd study on PhyH from rat including purification of this enzyme from rat liver peroxi-
somes,, cloning of the PHYH cDNA, and subcellular localisation studies showing unequi-
vocallyy that also in rat PhyH is localised in peroxisomes. 

Inn chapter 10 we describe a study in rat liver on the second enzyme of the a-oxidation 
pathway,, 2-hydroxyphytanoyl-CoA lyase, catalysing the conversion of 2-hydroxyphytanoyl-
CoAA to pristanal. Also this enzyme activity was found to be present in peroxisomes. 

Itt is known now that in the third and final step of phytanic acid a-oxidation pristanal is 
convertedd to pristanic acid. This reaction is catalysed by an hitherto unidentified aldehyde 
dehydrogenase. . 

Itt can be concluded that during the past five years the structure of the a-oxidation pathway 
hass been unravelled. This breakdown route of phytanic acid consists of three enzymatic steps. 
Itt has been shown that at least the first and second step are localised in peroxisomes. Impor-
tantly,, Refsum's disease has been enzymatically characterised as phytanoyl-CoA hydroxylase 
deficiency.. This disease is caused by mutations in the phytanoyl-CoA hydroxylase gene. 

AA review of the studies that have led to the elucidation of the a-oxidation pathway is pre-
sentedd in chapter 1. 
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