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Peroxisomal Membrane Ghosts in Zellweger 
Syndrome-Aberrant Organelle Assembly 

Peroxisomes are apparently missing in Zellweger syndrome; nevertheless, some of the 
integral membrane proteins of the organelle are present. Their distribution was 
studied by immunofluorescence microscopy. In control fibroblasts, peroxisomes 
appeared as small dots. In Zellweger fibroblasts, the peroxisomal membrane proteins 
were located in unusual empty membrane structures of larger size. These results 
suggest that the primary defect in this disease may be in the mechanism for import of 
matrix proteins. 

ELLWEGER SYNDROME IS A DISEASE 

in  which an entire organelle, the 
peroxisome, appears to be missing, 

as first recognized by Goldfischer et  al. (1). 
The pwoxisome is nearly ubiquitous in eu- 
karyotic cells and functions in fatty acid P- 
oxidation, plasmalogen biosynthcsis, cellular 
respiration (HzOz-forming), gluconeogene- 
sis, bile acid synthesis, and purine catabo- 
lism (2). This human genetic disorder, char- 
acterized by profound neurological impair- 
ment, metabolic disturbance, and neonatal 
death, has taught us much about peroxi- 
some fimction (3)and promises to teach us 
more about peroxisome assembly. Some 
peroxisomal protcins arc synthesized nor- 
mally in Zcllweger syllchme (4), but they 
are not assembled into pcroxisomes. Many 
of thcsc protcins are rapidly degraded, with 
the result that important soluble matrix en- 
zymes (catalyzing P-oxidation) (4) and 
membratle-bound enzymes (catalyzing the 
initial steps in plasmalogen biosynthcsis) (4, 
5) are missing or seriously deficient, thus 
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causing severe metabolic abnormalities (3). 
011the other hand, some peroxisomal en- 
zymes (for example, catalase) are present in 
normal amounts it1 Zcllweger cells but are 
located free in the cytosol (4, 6, 7). 

These defects correlate with the known 
facts of peroxisome biogenesis. All peroxi- 
somal proteins investigated thus far are syn- 
thesized on free polyribosomes and are as- 
sembled posttranslationally into preexisting 
peroxisomes (8).If the organelle is missing 
( I ) ,  newly made proteins will just diffi~se 
through the cytosol, ~mable to enter a per- 
oxisome. Under these circumstances, it is 
not surprising that many are degraded. 

The autosomal recessive genctics of a l l -  
wegcr syndrome indicates that a single mu- 
tation is responsible for the defects. Onc 
explanation would be that the mutation 
prcvcnts the assembly of the peroxisomal 
membrane. In this case pcroxisomal integral 
rncmbrane proteins (PxIMPs) (9) should be 
absent, since those that have been studied 
are made on free polyribosomes (10-12) 
and are unlikcly to be stable if not integrated 
into a membrane. Two other possibilities 
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were suggested by the ~mexpected finding 
that several PxIMPs are present in normal 
amounts in Zellweger liver (13). The peroxi- 
somal membranes could be assembled in 
Zcllweger syndrome, but the import of ma- 
trix proteins is defective. This would result 
i11 empty (or nearly empty) membrane 
ghosts, which would not be recognizable by 
electron microscopy or cytochemistry. 
Alternatively, the PxIMPs, in the absence of 
peroxisomes, might have violated the rules 
of protein sorting and inserted into the 
wrong intracellular membrane(s). 

T o  differentiate among these possibilities, 
we analyzed fibroblasts with a polyspecific 
antiserum against rat liver PxIMPs (polyspe- 
cific anti-PxIMPs) (12) (Fig. lA, lane 1). 
This serum detected three human PxIMPs 
with masses of approximately 140, 69, and 
53 kD in control cells (Fig. lA, lanes 2 to 
4). These PxIMPs were also present in Zcll- 
weger fibroblasts (lane 5), and they cosedi- 
mented in equilibrium density centrifi~ga- 
tion of Zellweger fibroblast homogenates. 
However, the PxIMPs were found at an 
abnormally low density of 1.10 @m3 (in- 
stead of the usual fibroblast peroxisome 
density of 1.17 g/cm3) [lanes 6 and 7; further 
details in (14)l. Several other cell mem-
branes also scdimented in the low-density 
region of the gradient whcre the PxIMPs 
wcrc found (14). Thcrefore, the fraction- 
ation data are consistent with the possibility 
that thc PxIMPs are present in aberrant 
peroxisomal membranc ghosts, but they do 
not cxclude erroneous localization in lyso- 
somes, the endoplasmic rcticulurn, or some 
other low-dcnsity organelle. Immunofluo- 
rescence studies were carried out to resolve 
this utlccrtainty. 
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Because peroxisomes have not been previ- elle. Peroxisomes appeared as many small 
ously detected by immunofluorescence in fluorescent dots scattered throughout the 
fibroblasts, we first established their normal cytoplasm in control fibroblasts (Fig. 2A). A 
immunofluorescence pattern with an antise- similar pattern was observed with the poly- 
rum against catalase (Fig. lC), which is the specific antiserum against PxIMPs (Fig. 2B) 
characteristic marker enzyme for the organ- and with ahity-purified antibodies against 

Fig. 1. Immunoblots of per- Human Abroblasts B Hum.fib. C A Contrd Zell. 
oxisomal proteins in human a " - -  2 -  Control -5 g 
fibroblasts. (A) Polyspecific , 52: O :  rn r- 

- . 
. . . . ,? 7 5 p 2 

antiserum detecting the ;I;; 9 ; ;  z m -  r ; ~ n E F = :  

140-, 69-, and 5 3 - 0  IT a 4 4  0 9 4  C L P  Z S A  
* n 

PxIMPs. Fibroblast posmu- 
clear supernatants (PNS) 
were fractionated in Nyco- 14&> 1 <-I4' a . ,140 
denz gradients (14). Mem- 
branes were prepared by the 
carbonate procedure (19) 
with yeast mitochondria as 

< 4 9  < d 9  
:-Catalase 

carrier (14) from 400 pg of -> - c-53 

PNS pr6tek (lanes 2 ana5), 
42e 

from the wak fraction of 
normal pe;oxisomes (densi- 
ty 1.17 g/cm3, lane 4), and 
from a fraction of density 
1.10 g/un3 that contains mi- 
cmomes, lysosomes, and 22' 

other organelles (lanes 3 and 1 2 3 4 5 6 7  1 2 4  8 9 1 0  

6). Membranes were Likewise prepared from the 1.17 g/un3 density fraction of the Zellweger fibroblast 
gradient (lane 7), although no peroxisomal enzymes were detected there. Membranes from 10 pg of 
purified rat liver peroxisomes were included as a control (lane 1). Immunoblotting was performed (13) 
with antiserum 328 against rat liver PxIMPs (12), five of which are visible in lane 1 (masses in 
kilodaltons). These are integral membrane proteins by the criterion of not being extracted with 
carbonate (19). The human PxIMPs have slightly different mobilities than the corresponding rat 
proteins. Detection of the PxIMPs in the fibroblast PNS was somewhat variable, while in p d e d  
peroxisomes they were reproducibly observed. Lanes 1 to 4 and 5 to 7 are from different gels. There was 
some nonspecific biding to yeast mitochondrial proteins ("carrier") that was also seen with the carrier 
alone (not shown). (B) Athnity-pded antibodies against the 69-kD PxIMP. Sample preparation as in 
(A). Specific antibodies also recogmzd the 140-kD PxIMP (Likely a dimer) and the 42-kD rat PxIMP 
(lane 1) but no other peroxisomal proteins (12). (C) Anti-catalase. Homogenates of human liver (50 p.g 
of protein, lane 8) and fibroblasts (100 pg). Rabbit antiserum 330 was raised against bovine liver 
catalase in a fashion similar to that dexribed (10). 

the 69-kD IMP (Fig. 2C). Nothing was 
seen with the preimmune serum (Fig. 2D). 

This peroxisomal immunofluorescence 
pattern was distinctively different from that 
of other organelles: the juxtanuclear Golgi 
apparatus (Fig. 3A), the lacy reticular net- 
work of endoplasmic reticulum (Fig. 3B), 
mitochondria (which were noticeably larg- 
er) (Fig. 3C), and lysosomes (which were 
extremely variable in size, number, and dis- 
mbu- among the normal fibroblasts) 
(Fig. 3, D and E). 

We next applied these tools to Zellweger 
syndrome fibroblasts. The fluorescence pat- 
Grns for lysosomes, mitochondria, G lg i  
apparatus, and endoplasmic reticulum were 
similar to those in control cells (Fig. 3). 
Therefore the Zellweger mutation do& not 
affect the general cell architecture. However, 
the fluorescence patterns with antisera 
against peroxisomal proteins were markedly 
different. The polyspecific anti-PxIMPs 
(Fig. 2F) revealed structures that were fewer 
in number but considerably larger in size 
than normal peroxisomes. They were not 
resmcted to any one region of the cytoplasm 
but often occurred in clusters near the nucle- 
us. Their number varied in different cells. 
They were heterogeneous in size, a few of 
them being as small as normal peroxisomes. 
The &ty-purified antid9IMP demon- 
strated a similar vattern and furthermore 
showed a ring-like fluorescence appearance, 
characteristic of a membrane localization 
(Fig. 2G). These large structures did not 
show immunofluorescence with the anti- 
catalase (Fig. 2E). 

What are these unusual structures bearing 
the PxIMPs in Zellweger fibroblasts? These 
structures were reproducibly observed in 
Zellweger fibroblasts that had been fixed 
and permeabilized in various ways (Fig. 2), 
as well as in fibroblasts from another Zell- 
weger patient (GM 228, not shown). The 
PxIMPs were not found randomly dismbut- 
ed among the cell membranes, which was a 
possible outcome in cells thought to lack 
peroxisomes. The fluorescence patterns 
demonstrated that these PxIMPs are absent 
from the plasma membrane, the nuclear 
membranes, the endoplasmic reticulum, and 
the Golgi apparatus. 

Comparison of the fluorescence pattern of 
PxIMPs in Zellweger cells (Fig. 2, F and G), 
with the patterns of mitochondria and lyso- 
somes (Fig. 3), shows some similarity, such 
that we could not exclude, on the basis of 
these results alone, the possibility that the 
PxIMPs might have been mislocalized into 
these organelles. However, the equilibrium 
density of Zellweger PxIMPs (1.10 g/un3) 
is much less than the density of mitochon- 
dria (1.14 g/un3) (14), and for this reason 
the KIMPs cannot be in mitochondria. 
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Fig. 3. Fluorescence visualhion of organelles in 
control and Zdhveger fibroblasts. (A and F) 
Gob apparatus immunofluorescence with an 
antiserum against a Golgi IMP (21). (B and 0) 
Endoplasmic reticulum fluorescence with 3,3'- 
dihexyloxacarbocyanine iodide (22). (C and H) 
Mitochondria1 immunofluorescence with an anti- 
serum against human mitochondria1 a-propionyl- 
coenzyme A carboxylase (23). (D and I) Lysosom- 
a1 immunofluorescence with an antiserum against 
a lysosomal IMP (24). (E and J) Lymmmes 
stained in vivo with acridine orange (25). The 
ceh were fixed with PLP (A) and (F) or 4% 
parafbrmaldehyde (B to D) and (G to I). Bar, 10 
F. 

Fig. 4. Simultaneous local- 
ivtion of peroxisomal and 
lysmmal antigens with 
double imtnunofluora- I 
ma. Conwl and W- 
weger fibcoblasts were fixed 
with PLP and incubated 
with a mixture of antisaa, 
rabbit anti-PxIMPs and 
mouse monodona1 antibod- 
ics against lysosomcs (26). 
They were subsequcndy in- 
cubated with a mixture of 
labeled antisera: FlTC 
(green) conjugated to goat anti-rabbit IgG and rhodamine (red) conjugated to goat anti-mouse IgG. 
Bar, 10 w. 

Lacahtion in lysosomes was exduded by 
double immunofluorescence, which demon- 
strated that the PxIMPs were mainly in 
stmctwes other than lysosomes (Fig. 4). 
These results do not exclude the possible 
presence of a small amount of PxIMPs in- 
side lywsomes, consistent with the known 
autopmc turnover of peroxisomes (15) 
and the report by Arias ct d. (16) that 
Zellweger fibroblasts contained a few resid- 
ual peroxisomes, many of which appeared to 
be within phagolysowmes. 

These results demonstrate the presence of 
abnormal peroxisomal membranes in Zell- 
weger syndrome fibroblasts. These mem- 
branes can have little, if any, content because 
previous investigations demonstrated that 
peroxisomal matrix proteins are either defi- 
cient or h d  in the cell sap (1,3-7). This is 

confirmed here by a different method, the 
immunofluorescence localization of catalase, 
which was not seen in particles in the Zell- 
weger cells (Fig. 2E) (17). Thus Zellweger 
fibroblasts contain peroxisomal ghosts. 

This result suggests that the primary de- 
fect in Zellweger syndrome is an inability to 
import proteins into peroxisomes. The de- 
fect could be in the membrane translocation 
machinery or in a cytosolic factor. Specific 
possibities are the putative membrane re- 
ceptor (12) or the protein that utilizes aden- 
osine triphosphate during import (18). 
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