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Bifunctionall protein deficiency: Complementation within 
thee same group suggesting differential enzyme defects and 
cluess to the underlying basis 
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INTRODUCTION N 

Inn the last few years many patients have been described with a defect in peroxisomal 

P-oxidationn of unknown origin. In general these patients display severe abnormalities which 

closelyy resemble those found in the disorders of peroxisome biogenesis. Furthermore, in most 

patientss there is accumulation of very long chain fatty acids, pristanic acid and di- and 

trii hydroxy cholestanoic acid (1) with normal values for erythrocyte plasmalogens (see (2)). 

Patientss with a defect in peroxisomal p-oxidation usually show an abnormal phytanic 

acid/pristanicacid/pristanic acid ratio in plasma (1). Definite evidence that a particular patient is truly 

sufferingg from a peroxisomal P-oxidation defect, however, has to come from detailed studies 

inn fibroblasts showing deficient P-oxidation with normal values for de novo plasmalogen 

synthesis,, catalase immunofluorescence, etc. (see (2)). 

Inn order to shed light on this group of peroxisomal disorders with an unknown defect in 

peroxisomall p-oxidation, we have decided to perform complementation analysis since this is 

ann ideal means to identify whether or not there is genetic heterogeneity. These studies have 

ledd to the identification of 4 groups including acyl-CoA oxidase deficiency and bifunctional 

proteinn deficiency. The defect in the 2 remaining groups remains to be established (3,4). 

Mostt patients were found to suffer from bifunctional protein deficiency. Recent studies have 

shownn the existence of complementation within the bifunctional protein deficiency group so 

thatt there are in fact 3 distinct subgroups (4). We have postulated that this remarkable 

phenomenonn of complementation within the same group, is due to the fact that bifunctional 

proteinn is a protein with 2 distinct enzyme activities, so that the 3 groups may reflect 

combinedd hydratase/dehydrogenase deficiency, isolated hydratase deficiency and isolated 

3-hydroxyacyl-CoAA dehydrogenase deficiency, respectively. The results described here 

providee direct experimental evidence in favour of this postulate. 

MATERIALSS AND METHODS 

Thee patients studied in this paper have been described in more detail elsewhere (patients 3, 4, 

66 and 7 from (4)). 

Varanicc acid was measured in plasma from the different patients using gaschromatography as 

describedd by Clayton et al (5). The activities of the enoyl-CoA hydratase and 3-hydroxyacyl-

CoAA dehydrogenase components of bifunctional protein were measured using the enoyl-CoA 

esterr of trihydroxycholestanoic acid in fibroblast homogenates using the method described by 

Xuu and Cuebas (6). 

RESULTS S 

Wee have previously shown by complementation analysis that 9 out of the 13 patients cell 
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Underlyingg basis of intragenic complementation 

Tablee 1. Bifunctional protein deficiency: Results of varanic acid analysis in plasma and enzyme 
activityy measurements in fibroblasts from different patients 

Complementationn group Patients investigated1" Plasma varanic acid Results of enzyme analysis 

2BB 3,4 Normal Deficient hydratase activity 

2CC 6,7 Elevated Deficient 3HADb activity 

"Seee (4) for information on patients 
bb 3-Hydroxyacyl-CoA dehydrogenase 

liness tested were bifunctional protein deficient. In addition, we found complementation 

withinn the same group with 1 patient in group 2A, 3 patients in group 2B and 6 patients in 

groupp 2C, respectively (4). Group 2A definitely corresponds to bifunctional protein 

deficiencyy with loss of both enoyl-CoA hydratase and 3-hydroxyacyl-CoA dehydrogenase 

sincee the index patient described by Watkins et al (7) is in this group. 

Inn order to establish whether the defect in group 2B and 2C is indeed at the level of either the 

hydratasee or 3-hydroxyacyl-CoA dehydrogenase component of bifunctional protein (BP), as 

suggested,, we have now measured the levels of varanic acid, which is the P-hydroxy-

derivativee of 3a, 7a, 12a-trihydroxycholestanoic acid, in plasma from different patients (see 

Tablee 1). Patients with a defect in the hydratase component of BP should not accumulate 

varanicc acid, whereas patients with a defect in the 3-hydroxyacyl-CoA dehydrogenase 

(3HAD)) component should accumulate varanic acid. The patients from group 2C which 

couldd be tested, showed elevated varanic acid in plasma whereas patients from subgroup 2B 

didd not (Table 1). 

Inn order to extend these studies, we have now set up methods allowing measurement of 

bifunctionall protein in total homogenates using the enoyl-CoA ester of 3a, 7a, 12a-trihy-

droxycholestanoicc acid as substrate, essentially using the method described by Xu and 

Cuebass (6). The results obtained revealed that the enoyl-CoA hydratase component of BP is 

indeedd defective in group 2B whereas it is the 3-OH-acyl-CoA dehydrogenase component 

whichh is deficient in group 2C with normal enoyl-CoA hydratase activity as summarised in 

Tablee 1. 

DISCUSSION N 

Thee results described here show that our previous hypothesis on the underlying basis for the 

remarkablee observation of complementation within the same group is probably correct. The 

firstfirst clue came from studies on the measurement of varanic acid, which is the fi-hydroxy-

metabolitee of trihydroxycholestanoic acid. Varanic acid was found to be normal in patients 

belongingg to subgroup 2B but clearly elevated in patients from subgroup 2C. Subsequent 

enzymee activity measurements using the enoyl-CoA ester of trihydroxycholestanoic acid as 

substratee followed by quantification of the 3-hydroxy- and 3-ketoacyl-CoA esters formed by 
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HPLCC are in full agreement with this conclusion (Table 1). 

Untill recently it was believed that the enoyl-CoA ester of trihydroxycholestanoic acid is 

handledd by the conventional 78 kDa peroxisomal bifunctional protein identified by 

Hashimotoo and co-workers (8). Recent studies have now shown that this is not true. In fact a 

newnew bifunctional protein has just been identified with a different substrate specificity as 

comparedd to the conventional bifunctional protein (see (9) for references). Importantly it 

seemss that the newly identified bifunctional protein, called D-BP in contrast to L-BP for the 

conventionall bifunctional protein, is primarily reacting with the enoyl-CoA ester of 

trihydroxycholestanoicc acid (10) and not L-BP. Since the cDNAs for L-BP and D-BP have 

beenn identified, we have now started to do mutation analysis in the patients from subgroup 

2BB and 2C. The exact relation and interaction between the two bifunctional proteins remains 

too be established and is now under active study in different laboratories. 
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