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Chapterr 7 

ShortShort Communication 

Molecularr basis of Refsum disease: 
identificationn of new mutations in the 
phytanoyl-CoAA hydroxylase cDNA 

G.A.. Jansen, C. Jakobs, R.J.A. Wanders 

J.J. Inherit. Metab. Dis. 21, 288-291, 1998 
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Phytanicc acid (3,7,11,15-tetramethylhexadecanoic acid) is an unusual branched-chain fatty 
acid,, that accumulates in a variety of peroxisomal disorders, including the disorders of peroxi-
somee biogenesis (such as Zellweger syndrome; McKusick 214100), rhizomelic chondrodys-
plasiaa punctata (RCDP; McKusick 215100) and Refsum disease (McKusick 26650) (ten Brink 
ett al 1992; Steinberg 1995). After activation of phytanic acid to its CoAderivative, phytanoyl-
CoAA is catabolized by a-oxidation, a peroxisomal process in rat (Mihalik et al 1995) and man 
(Jansenn et al 1996) to produce pristanic acid, which can be further broken down by P-oxi-
dation.. The first step of the a-oxidation process is the conversion of phytanoyl-CoA to 
2-hydroxyphytanoyl-CoA,, catalysed by phytanoyl-CoA hydroxylase (PhyH). Recently, we 
reportedd the deficiency of PhyH in a patient with Refsum disease (Jansen et al 1997a), demon-
stratingg that PhyH is the enzymatic defect in this disorder. In addition, we have purified PhyH 
fromm rat liver and after N-terminal amino acid sequencing of this purified protein we were 
ableable to identify the human PHYH cDNA sequence using the EST database (Jansen et al 
1997b).. Mutation analysis of the PHYH cDNA from five patients with Refsum disease re-
vealedd that all patients have mutations in the PHYH cDNA, confirming that this is the defec-
tivee gene in Refsum disease (Jansen et al 1997b). In this paper we describe the results of the 
mutationn analysis of another three patients with Refsum disease and the discovery of novel 
mutationss in their PHYH cDN A. 

MATERIALSS AND METHODS 

RT-PCRRT-PCR amplification of PHYH cDNA and sequence analysis: First strand cDNA synthe-
siss was performed as described (IJlst et al 1994), using 5-10 ug of total RNA isolated from 
culturedd primary human fibroblasts. With the first-strand cDNA as a template, the PhyH-
encodingg cDNA was amplified in two overlapping fragments using two primer sets containing 
'-21M133 forward'- and 'Ml 3 reverse'-tags as described before (Jansen et al 1997b). Subse-
quentt sequence analysis of the PCR fragments obtained on both sense and antisense strands 
wass performed using '-21M13 forward' and 'M13 reverse' fluorescent primers, respectively, 
onn an Applied Biosystems 377A automated DNA sequencer following the manufacturer's 
protocols. . 

Patients:Patients: All patients with Refsum disease in this study showed the clinical and biochemi-
call  abnormalities described for this disorder. In all patients, phytanic acid levels in plasma 
weree elevated and phytanic acid a-oxidation as measured in cultured skin fibroblasts was 
clearlyy deficient. 
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RESULTS S 

Previouss mutation analysis in the PHYH cDNA from five patients with Refsum disease 
revealedd four different mutations (Jansen et al 1997b). These included a homozygous one 
nucleotidee deletion (del T164) in a brother and sister from consanguineous parents, a homozy-
gouss 111 nucleotide deletion in two unrelated patients and a heterozygous A805T transition in 
combinationn with a 111 nucleotide deletion (see Table 1). Sequence analysis at the cDNA 
levell  in three unrelated patients revealed two novel mutations in the PHYH gene. Two patients 
(no.. 6 and 7, see Table 1) are homozygous for a C823T transition resulting in a Arg275Trp 
substitution.. One patient (no. 8, see Table 1) is homozygous for a G610A transition, resulting 
inn a Gly^Ser substitution. 

Tablee 1 Mutations in the phytanoyl-CoA hydroxylase cDNA in 8 patients with Refsum 
disease e 
Patient Patient Mutation Mutation effecteffect on coding sequence 

r r 
2" " 

3* * 

4* * 

5* * 

6 6 

7 7 

8 8 

delT164 4 

delT164 4 

delll  11 bp (135-246) 

dell  111 bp (135-246) 

dell  111 bp(135-246) 

A805C C 

C823T T 

C823T T 

G610A A 

homozygous s 

homozygous s 

homozygous s 

homozygous s 

heterozygous s 

heterozygous s 

homozygous s 

homozygous s 

homozygous s 

frameshiftb b 

frameshiftb b 

dell  aac 46-82 

dell  aac 46-82 

dell  aac 46-82 

Asn269His s 

Arg274Trp p 

Arg274Trp p 

Gly204Ser r 

"thee mutations in patients 1-5 have been described previously (Jansen et al 1997a). 
bterminationn after codon 66. 
caa,, amino acid. 

DISCUSSION N 

Refsumm disease is an autosomal recessively inherited disorder, clinically characterized by 
usuallyy four abnormalities: retinitis pigmentosa, peripheral neuropathy, cerebellar ataxia and 
elevatedd protein levels in the CSF without pleocytosis. The onset of these symptoms is usu-
allyy in the second or third decade of life. Biochemically, this disorder exhibits an accumula-
tionn of phytanic acid in blood and tissues from the patients due to a defect in the oc-oxidation 
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breakdownn pathway (for review see (Steinberg 1995)). Prior to oc-oxidation, phytanic acid is 
firstfirst activated to phytanoyl-CoA and subsequently converted to 2-hydroxyphytanoyl-CoA 
(Watkinss et al 1994, 1996). This conversion is catalysed by phytanoyl-CoA hydroxylase 
(PhyH),, a peroxisomal dioxygenase in rat (Mihalik et al 1995) and man (Jansen et al 1996). 
Wee have recently demonstrated that phytanoyl-CoA hydroxylase is the defective enzyme in 
Refsumm disease (Jansen et al 1997a). Furthermore, we have cloned the human PHYH cDNA 
andd mutation analysis in five patients with Refsum disease revealed that they all contain 
mutationss in the PHYH cDNA (Jansen et al 1997b). This study clearly demonstrates that 
PHYHPHYH is indeed the defective gene in Refsum disease. The results of the mutation analysis of 
threee additional patients with Refsum disease as described in this report show that they also 
havee mutations in the PHYH cDNA. Two patients are homozygous for a C823T transition, 
resultingg in the substitution of the positively charged arginine for a nonpolar tryptophan at 
aminoo acid 275. One patient is homozygous for a G610A transition, resulting in the substi-
tutionn of a hydrophobic glycine for a hydrophilic serine at amino acid 204. These amino acid 
changes,, causing a different charge of the altered protein, and a difference in hydrophobicity, 
respectively,, are very likely the cause of the deficient enzyme activity. Final proof that the 
alteredd PhyH is indeed enzymatically inactive has to be obtained by expression studies, which 
aree currently being conducted. 
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