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A prenatal test for the cerebro-hepato-renal

(Zellweger) syndrome

by demonstration of the absence
of catalase-containing particles (peroxisomes)
in cultured amniotic fluid cells

R.J.A.Wanders', G.Schrakamp?, H. van den Bosch?,

J.M.Tager’, and R.B.H. Schutgens'

! University Hospital Amsterdam, Department of Pediatrics, Amsterdam, The Netherlands
2 University of Utrecht, Laboratory of Biochemistry, Utrecht, The Netherlands
3 University of Amsterdam, Laboratory of Biochemistry, Amsterdam, The Netherlands

Abstract. In this paper we show that
whereas acyl-CoA: dihydroxyacetone
phosphate acyltransferase, a membrane-
bound peroxisomal enzyme, is deficient
in homogenates of cultured amniotic
fluid cells of fetuses with Zellweger syn-
drome, catalase a soluble peroxisomal
matrix enzyme is present in normal
amounts. Digitonin titration experi-
ments revealed a striking difference in
the percentage of particle-bound cata-
lase in control and Zellweger amnio-
cytes: in Zellweger amniocytes all cata-
lase activity was found to be present in
the soluble cytoplasm, (<5% particle-
bound), whereas in control amniocytes
catalase was found to be predominantly
particle-bound (62% = 8%, n = 5).

Measurement of the percentage of
particle-bound catalase by means of digi-
tonin titrations thus provides a simple
prenatal test for Zellweger syndrome via
the direct demonstration of the presence
or absence of catalase-containing par-
ticles (peroxisomes).
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Introduction

In 1973 Goldfischer et al. [3} described
the absence of morphologically distinct
peroxisomes in liver and kidney from pa-
tients with the cerebro-hepato-renal
(Zellweger) syndrome. Although peroxi-
somes initially were regarded as having
only a modest function in cellular metab-
olism, recent studies have indicated that
peroxisomes are involved in a number of
metabolic processes, including ether
phospholipid biosynthesis [4, 6], very
long chain fatty acid oxidation [10], bile
acid synthesis [7] and dicarboxylic acid
oxidation [9]. Indeed the absence of
peroxisomes in Zellweger syndrome is
generally held responsible for the multi-
tude of biochemical abnormalities, such
as an accumulation of very long chain
fatty acids [1], pipecolic acid [2] and
trihydroxycoprostanoic acid [S].
Acyl-CoA: dihydroxyacetonephos-
phate acyltransferase, a membrane-
bound peroxisomal enzyme catalysing
the first step in ether phospholipid
biosynthesis, is deficient in tissues and



fibroblasts from patients with Zellweger
syndrome [11]. Three peroxisomal ma-
trix enzymes (p-amino acid oxidase, L-0-
hydroxyacid oxidase and catalase) how-
ever were found to be present in near
normal amounts in liver homogenates
from patients with Zellweger syndrome
[13]. Similarly, catalase also was not de-
ficient in cultured skin fibroblasts from
the patients. Digitonin titration experi-
ments revealed an aberrant intracellular
localization of catalase in fibroblasts
from patients with Zellweger syndrome.
Whereas catalase was present predomin-
antly in subcellular particles distinct from
mitochondria or lysosomes in control
fibroblasts, all of the catalase activity in
Zellweger fibroblasts was found to be in
the soluble cytoplasm.

In this paper we report that catalase
also is not deficient in Zellweger amnio-
cytes. As in Zellweger fibroblasts, cata-
lase was found to be fully cytosolic in
Zellweger amniocytes, contrary to the
situation in control amniocytes in which
the bulk of the catalase activity was par-
ticle bound. These findings provide a
simple prenatal test for Zellweger syn-
drome using digitonin to demonstrate di-
rectly the presence or absence of cata-
lase-containing particles in cultured
amniocytes. An advantage of the present
method is the requirement of only mini-
mal amounts of amniocytes (100200 pg
protein).

Materials and methods

Enzyme activity measurements. Cata-
lase (H;O, : H,0, oxidoreductase, EC
1.11.1.6) was measured in homogenates
of cultured amniotic fluid cells by regis-
tering the production of O, polaro-
graphically at 20°C in a medium contain-
ing 50 mM potassium phosphate, 10mM
sodium perborate and 0.025% (w/v) so-
dium cholate; the final pH was 7.4.

The activity of acyl-CoA: dihydroxy-
acetone phosphate acyltransferase (EC
2.3.1.42) was measured exactly as de-
scribed before [11].

Measurement of subcellular localization
of enzymes in cultured amniotic fluid
cells. Intact cultured amniotic fluid cells
from controls and fetuses with Zellweger
syndrome (courtesy Dr.H.W.Moser
and Dr. A.E.Moser) were incubated in
isotonic sucrose media containing differ-
ent concentrations of digitonin. The
activity of catalase and lactate dehy-
drogenase was measured exactly as de-
scribed before [13].

Enzyme sources. Amniotic fluid cells
were cultured and harvested according
to standard procedures and stored at
—80°C or used immediately if intact am-
niocytes were required for latency meas-
urements. Protein levels were deter-
mined according to Lowry et al. [8].

Results

We recently reported that in contrast to
acyl-CoA: dihydroxyacetone phosphate
acyltransferase, catalase is not deficient

Table 1. Activities of catalase and acyl-CoA:
dihydroxyacetone phosphate acyltransferase
in control and Zellweger amniocytes

Amniotic fluid Activity of
cells Catalase  Acyl-CoA:
{pumol dihydroxy-
O,/min acetone phos-
permg)  phate acyl-
transferase
(nmol/2h
per mg)
Controls 2.74 8.52
+0.83(7) +£2.52(6)
Zellweger fetus1 4.2 0.14
Zellweger fetus2 3.4 0.04

Catalase and acyl-CoA: dihydroxyacetone
phosphate acyltransferase were assayed in
amniocytes as described in Materials and
methods. Results are expressed as mean *
SD with the number of cell lines in paren-
thesis
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in liver and fibroblasts from patients with
Zellweger syndrome [13]. The results in
Table 1 illustrate the same pattern for
cultured amniotic fluid cells: whereas
acyl-CoA: dihydroxyacetone phosphate
acyltransferase was found to be deficient
in homogenates of amniotic fluid cells
from two fetuses affected by Zellweger
syndrome, as recently reported [12],
catalase was found to be present in near
normal amounts. It should be stressed
that whereas the specific activity of dihy-
droxyacetone phosphate acyltransferase
in cultured fibroblasts or amniocytes
from controls was approximately similar,
catalase activity in amniocytes was much
lower than in fibroblasts {compare [13]).
The results in Table 1 raise the ques-
tion of the subcellular localization of
catalase in control and Zellweger amnio-
cytes. We recently published a method
for investigating the subcellular localiza-
tion of enzymes within a cell [13]. With
this method, which is based upon the use
of digitonin selectively to render the dif-
ferent intracellular membranes permeable
and the lack of activity of an enzyme due
to the presence of an impermeable mem-
brane preventing free accessibility of the
substrate to the enzyme, the different
intracellular compartments could be
visualized. It was found that in control
fibroblasts the percentage of particle-
bound catalase was 65% = 8% (mean *
SD; n = 9). In fibroblasts from a series
of six patients the percentage of particle-
bound catalase was in all cases <5%.
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Free activity (%)
Free activity (%)

Fig.1. Measurement of particle-
bound catalase in cultured
amniotic fluid cells from control
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and Zellweger fetuses: free
activity of lactate dehydrogenase
(LDH) and catalase as a function
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of the concentration of digitonin
used. Confluent amniocytes
were incubated in an isotonic
sucrose medium containing the
amounts of digitonin indicated
and the free activity of lactate
dehydrogenase and catalase was
measured as described in detail
n [13]. Open symbols refer

to Zellweger amniocytes,
whereas closed symbols refer
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Figure 1 shows the results of a digito-
nin titration experiment with control and
Zellweger amniocytes. The activities of
catalase and lactate dehydrogenase were
measured as a function of different digi-
tonin concentrations. The amount of
digitonin required to release the latency
of catalase in control amniocytes was
many-fold higher than the amount re-
quired to abolish the latency of lactate
dehydrogenase, a cytosolic marker en-
zyme. Thus most of the catalase is par-
ticle bound, i.e. present in subcellular
organelles (peroxisomes) in control am-
niocytes. A completely different picture
emerged in Zellweger amniocytes (lower
part Fig.1): full activity of catalase was
already elicited at very low digitonin
concentrations. The results obtained in-
dicate that in contrast to control amnio-
cytes, identical amounts of digitonin
were required to abolish the latency of
both catalase and lactate dehydrogenase.

Discussion

The results presented in this paper show
that catalase is present in near normal
amounts in homogenates of cultured
Zellweger amniocytes. The data in Fig. 1
indicate that in control amniocytes
catalase is present in a subcellular or-
ganelle, thus providing evidence for the
existence of peroxisomes in amniocytes
as supported by the presence of a per-
oxisomal membrane-bound enzyme, such
as acyl-CoA: dihydroxyacetone phos-
phate acyltransferase. Furthermore, the
results in Fig.1 show that amniocytes
from fetuses with Zellweger syndrome
lack catalase-containing particles (per-
oxisomes), since catalase is found to be
present in the same compartment as the
cytosolic enzyme lactate dehydrogenase.
The present results indicate that digi-
tonin titrations immediately reveal the
presence or absence of catalase-contain-
ing particles, thus providing a simple test
for diagnosis of Zellweger syndrome, not
only postnatally in cultured fibroblasts
but also prenatally in cultured amnio-
cytes. An advantage of the present meth-
od is the requirement of low amounts of
amniotic fluid cells (100-200 pg protein),
thus minimizing the time needed for cul-
ture. Use of the digitonin technique de-
scribed here together with determination
of dihydroxyacetone phosphate acyl-
transferase activity in amniocytes so far
has resulted in the diagnosis of four
fetuses with Zellweger syndrome. Fur-
thermore, preliminary investigations in-
dicate that the digitonin technique can

also be used in chorionic villi fibroblasts,
thus allowing prenatal detection of Zell-
weger syndrome at an early stage.

References

1. Brown FR III, McAdams AJ, Cummins
JW, Konkol R, Singh I, Moser AB, Moser
HW (1982) Cerebro-hepato-renal (Zell-
weger) syndrome and neonatal adreno-
leukodystrophy: similarities in phenotype
and accumulation of very long chain fatty
acids. Johns Hopkins Med J 151:344-351

2. Danks DM, Tippett P, Adams C,
Campbell P (1975) Cerebro-hepato-renal
syndrome of Zellweger. A report of eight
cases with comments upon the incidence,
the liver lesion, and a fault in pipecolic
acid metabolism. J Pediatr 86:382-387

3. Goldfischer S, Moore CL, Johnson AB,
Spiro AJ, Valsamis MP, Wisniewski HK,
Ritch RH, Norton WT, Rapin I, Gartner
IM (1973) Peroxisomal and mitochon-
drial defects in the cerebro-hepato-renal
syndrome. Science 182:62-64

4. Hajra AK, Burke CL, Jones CL (1979)
Subcellular localization of acylcoenzyme
A dihydroxyacetone phosphate acyltrans-
ferase in rat liver peroxisomes (micro-
bodies). J Biol Chem 254 :10896-10900

5. Hanson RF, Szczepanik-van Leeuwen P,
Williams GC, Grabowski G, Sharp HL
(1979) Defects of bile acids synthesis in
Zellweger syndrome. Science 203:1107-
1108

6. Jones CL, Hajra AK (1980) Properties of
guinea pig liver peroxisomal dihydroxy-
acetone phosphate acyltransferase. J Biol
Chem 255: 82898295

7. Kase F, Bjorkhem I, Pedersen JI (1983)
Formation of cholic acid from trihydroxy-

Eur J Pediatr (1986) 145:138-141

Effect of splenectomy

coprostanoic acid by rat liver peroxisomes.
J Lipid Res 24:1560-1567

8. Lowry OH, Rosebrough NK, Farr AL,
Randall RJ (1951) Protein measurement
with the folin-phenol reagent. ] Biol
Chem 193:265-275

9. Mortensen PB, Kolvraa S, Gregersen N,
Rasmussen K (1982) Cyanide-insensitive
and clofibrate enhanced B-oxidation of
duodecanedioic acid in rat liver. An indi-
cation of peroxisomal p-oxidation of
dicarboxylic acids. Biochim Biophys Acta
713:393-397

10. Singh I, Moser AE, Goldfischer S, Moser
HW (1984) Lignoceric acid is oxidized in
the peroxisome: Implications for the Zell-
weger cerebro-hepato-renal syndrome
and adrenoleukodystrophy. Proc Natl
Acad Sci USA 81:4203-4207

11. Schutgens RBH, Romeyn GJ, Wanders
RJA, van den Bosch H, Schrakamp G,
Heymans HSA (1984) Deficiency of acyl-
CoA: dihydroxyacetone phosphate acyl-
transferase in patients with Zellweger
(cerebro-hepato-renal) syndrome. Bio-
chem Biophys Res Commun 120:179-184

12. Schutgens RBH, Heymans HSA, Wan-
ders RJA, van den Bosch H, Schrakamp
G (1984) Prenatal detection of Zellweger
syndrome. Lancet 11:1339-1340

13. Wanders RJA, Kos M, Roest B, Meyer
AlJ, Schrakamp G, Heymans HSA, Tege-
laers WHH, van den Bosch H, Schutgens
RBH, Tager IM (1984) Activity of per-
oxisomal enzymes and intracellular dis-
tribution of catalase in Zellweger syn-
drome. Biochem Biophys Res Commun
123:1054-1061

Received June 17, 1985/
Accepted August 23, 1985

on destructive bone changes in children
with chronic (Type I) Gaucher disease
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Abstract. The incidence and severity of
osteolytic bone changes in patients with
chronic (Type I) Gaucher disease sple-
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Abbreviation: CGD = chronic, non-
neuropathic (Type I) Gaucher disease

nectomized in the first decade of life
were compared to those in patients of
the same age group and similar degree of
severity of the disease in whom the spleen
remained intact at least until the second
half of the second decade. The size of the
spleen, measured by palpation, was used
as an index of severity. In the splenec-
tomized group osteolytic changes ap-
peared within a few months following



