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ShortShort Communication—SSIEM Award 

Phytanoyl-CoAA hydroxylase is not only deficient in 
classicall  Refsum disease but also in rhizomelic 

chondrodysplasiaa punctata 

G.A.. Jansen, S.J. Mihalik, P.A. Watkins, H.W. Moser, C. Jakobs, H.S.A. Heymans, 
R.J.A.. Wanders 
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INTRODUCTION N 

Phytanicc acid (3,7,11,15-tetramethylhexadecanoic acid) is a branched-chain fatty acid which 
hass long been known to accumulate in a variety of inherited disorders including classical 
Refsumm disease (McKusick 26650), rhizomelic chondrodysplasia punctata (RCDP; McKusick 
215100)) and the disorders of peroxisome biogenesis (ten Brink et al 1992). It has been shown 
thatt in all these disorders this accumulation results from a defect in the degradation of phy-
tanicc acid (Skjeldal et al 1987). The presence of a methyl-group at the carbon-3 position 
prohibitss direct P-oxidation of phytanic acid. Instead phytanic acid first undergoes cc-oxi-
dationn resulting in pristanic acid as decarboxylation product. Recent studies (Watkins et al 
1994;; Mihalik et al 1995) have shed new light on the pathway of phytanic acid cc-oxidation. 
Indeed,, it is now clear that a-oxidation of phytanic acid first requires activation to its CoA-
esterr followed by hydroxylation of phytanoyl-CoA to 2-hydroxyphytanoyl-CoA. This reaction 
iss catalyzed by phytanoyl-CoA hydroxylase, a dioxygenase with a reaction sequence com-
parablee to that of prolyl 4-hydroxylase (EC 1.14.11.2). It is not known how 2-hydroxyphy-
tanoyl-CoAA is further converted into pristanic acid (or pristanoyl-CoA). 

Wee have recently found that phytanoyl-CoA hydroxylase is deficient in classical Refsum 
diseasee (heredopathia atactica polyneuritiformis) (Jansen et al 1996). We have now extended 
thesee studies to rhizomelic chondrodysplasia punctata, a peroxisomal disorder characterized 
byy a tetrad of biochemical abnormalities including a deficiency of dihydroxyacetonephosphate 
acyltransferasee (DHAPAT, EC 2.3.1.42), alkyldihydroxyacetonephosphate synthase (alkyl-
DHAPP synthase, EC 2.5.1.26), peroxisomal thiolase and phytanic acid a-oxidation (see 
Wanderss etal (1995)). 

MATERIALSS AND METHODS 

Phytanoyl-CoAPhytanoyl-CoA hydroxylase activity measurements: Human liver specimens were kept at 
-80°CC until the day of the experiment and homogenates were prepared in a buffer containing 
1000 mmol/L KC1 plus 50 mmoI/L Tris-HCl (pH 7.5). Incubations were subsequently done 
usingg a medium of the following composition: 25 mmol/L Tris-HCl, 10 mmol/L ATP, 5 
mmol/LL MgCl2, 0.2 mmol/L coenzyme A, 0.5 mmol/L (NH4)2Fe[II](S04)2, 1 mmol/L 2-oxo-
glutarate,, 5 mmol/L ascorbate, 0.25 mmol/L DTT and 25 umol/L [l- l4C]-phytanoyl-CoA, 
finalfinal pH=7.5. Incubations were carried out for 30 min. at 37°C, followed by termination of 
reactionss and HPLC analysis as described in detail elsewhere (Jansen et al 1996). 

Patients:Patients: The patients whose liver specimens were used in the present study, showed all the 
clinicall  and biochemical characteristics described for rhizomelic chondrodysplasia punctata 
(RCDP).. In all cases extensive studies were done in fibroblasts (de novo plasmalogen synthe-
sis,, C26:0, pristanic and phytanic acid oxidation, DHAPAT-activity, alkyl-DHAP synthase 

68 8 



PhyHPhyH is deficient in RCDP 

activity,, immunoblot analysis of acyl-CoA oxidase and thiolase, catalase immuno-
fluorescence,, VLCFA analysis). 

RESULTS S 

Wee have recently set up a method allowing measurement of phytanoyl-CoA hydroxylase in 
humann liver homogenates. The method is based upon incubation of a human liver homogenate 
inn a medium containing phytanoyl-CoA as substrate plus 2-oxoglutarate, Fe2+ and ascorbate as 
necessaryy components for the phytanoyl-CoA hydroxylase reaction followed by HPLC analy-
siss of the formed acyl-CoA derivatives (Jansen et al 1996). Table 1 shows that phytanoyl-CoA 
hydroxylasee is not only deficient in liver from a Refsum patient but also in liver from two 
rhizomelicc chondrodysplasia punctata patients. 

Tablee 1. Phytanoyl-CoA hydroxylase activity (nmol/h per mg protein) in human liver 
homogenatess from controls, a patient with Refsum disease and patients with Rhizomelic 
chondrodysplasiaa punctata 

Phytanoyl-CoAPhytanoyl-CoA hydroxylase activity 

Patientss with RCDP 
11 < 0.05 

22 < 0.05 

patientt with Refsum disease < 0.05 

controlss (mean  SD) 2.45  0.88 (n=l 1) 
(range:: 0.80 - 3.83) 

DISCUSSION N 

Rhizomelicc chondrodysplasia punctata is a peroxisomal disorder characterized by a combi-
nationn of 4 biochemical abnormalities (see Wanders et al (1995)). The most likely explanation 
forr this peculiar set of peroxisomal enzyme deficiencies is that the primary defect in RCDP is 
att the level of a component of the peroxisome biogenesis machinery involved in correctly 
directingg these proteins to peroxisomes. This was recently tested by Motley and coworkers 
(Motleyy et al 1994). These authors presented convincing evidence that there is a differential 
defectt in the uptake machinery of peroxisomal proteins in RCDP. Sofar, two peroxisomal 
targetingg signals (PTS) have been identified. The first PTS (PTS1) comprises a serine-lysine-
leucinee (SK.L) sequence or one of its conservative variants located at the extreme carboxy-
terminall  end of the protein. The other PTS (PTS2) is less well defined, but available evidence 
suggestss that the targeting information is contained within a stretch of 9 amino acids located 
nearbyy the amino-terminus of the polypeptide, with the amino acids at positions 1, 2, 8 and 9 
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beingg most important (Braverman et al 1995). Motley and coworkers (1994) have shown that 
thee uptake of PTS1-containing proteins into peroxisomes is fully normal in RCDP in contrast 
too the import of PTS2-containing proteins. This leads to the conclusion that phytanoyl-CoA 
hydroxylasee belongs to the group of peroxisomal proteins containing a PTS2-signal. Sofar, 
onlyy one such a peroxisomal protein has been identified in higher eukaryotes (peroxisomal 
3-oxoacyl-CoAA thiolase), although several PTS-2 containing proteins have been identified in 
yeastt species (see Elgersma and Tabak (1996)). 
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