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A Human Gene Responsible for Zellweger Syndrome 
That Affects Peroxisome Assembly 

The primary defect arising fi-om Zellweger syndrome appears to be Linked to impaired 
assembly of peroxisomes. A human complementary DNA has been cloned that 
complements the disease's symptoms (including defective peroxisome assembly) in 
fibroblasts &om a patient with Zellweger syndrome. The cause of the syndrome in this 
patient was a point mutation that resulted in the premature termination of peroxisome 
assembly factor-1. The homozygous patient apparently inherited the mutation fi-om 
her parents, each of whom was heterozygous for that mutation. 

z ELLWEGER SYNDROME (ZS) [Mc- 
Kusick 214100 ( I ) ]  is a fatal auto- 
somal recessive disease, with clinical 

evidence of severe neurologic abnormalities, 
dysmorphic features, hepatomegaly, and 
multiple renal cysts (2). This syndrome is 
characterized by the absence of catalase- 
containing particles (peroxisomes) (3),  re- 
sulting in multiple metabolic disturbances 
such as defects k peroxisomal @-oxidation 
and plasmalogen biosynthesis (4, 5). Earlier 
studies suggested that ineffective assembly 
of peroxisomes was likely to be the syn- 
drome's primary effect (6, 7). We previously 
showed that a cloned rat cDNA encoding 
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the peroxisome assembly factor-1 (PAF-1) 
(8 ) ,  a 35-kD peroxisomal integral mem- 
brane protein, restores the assembly of per- 
oxisomes in one peroxisome-deficient Chi- 
nese hamster ovary (CHO) cell mutant 
(265) (9 ) .  

There are five to eight complementation 
groups that affect generalized peroxisomal 

Fig. 1. Immunofluorescent 
staining of peroxisomes with 
the use of an antibody to 
catalase. (A) Hybrids (14) of 
265 cells and human fibro- 
blasts GM228 (Human Ge- 
netic Mutant Cell Reposito- 
ry, Camden, New Jersey) 
from a patient with zs 
[group E or group 1 (12)l. 
(B) Hybrids of 265 with 
MM's fibroblasts (15). (C) 
MM's fibroblasts used for fu- 
sion in (B). (D) MM's fibro- 
blasts transfected with the rat 
PAF-1 cDNA (8, 16). (E) 
MM's fibroblasts transfected 

disorders such as ZS, neonatal adrenoleu- 
kodystrophy, infantile Refsum's disease, and 
hyperpipecolic acidemia, implying that sev- 
eral genes are required for peroxisome as- 
sembly (10-12). To find clues to the etiology 
of generalized peroxisomal disorders, we 
searched for patients affected in the same 
complementation group as the CHO mu- 
tant 265. We used fibroblasts from nine 
American and Japanese patients with gener- 
alized peroxisomal disorders from eight 
complementation groups. Fusion of the fi- 
broblasts from all patients with 265 resulted 
in the appearance of peroxisomes (Fig. lA), 
thereby implying that all the patients' patho- 
genic genes differed from that of 265. But 
one female infant, h4M, diagnosed with ZS, 
could not be classified into any of the previ- 
ously characterized complementation 
groups. Unlike the other hybrids, the cell 
hybrids of h4M's skin fibroblasts with 265 
cells lacked peroxisomes (Fig. 1, B and C). 

We transfected rat PAF-1 cDNA into 

Present address: Department of Life Science, School of 
with human PAF-1 cDNA. (F) MM's fibroblasts transfected with a PAF-1 cDNA isolated from MM's 

Science, ~ ~ ~ j i  Ins"tute of Technology, Kamigori, own fibroblasts. Antibodies to rat catalase [(A) and (B)] and human catalase [(C) through (F)] were used. 
H v o ~ o  678-12. Ja~an .  Numerous catalase-positive particles, peroxisomes, were present in the cytoplasm of cells in (A), (D), and 
t ~ o k h o m  corksbndence should be addressed. (E). Bar, 15 pm. 
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Fig. 2. Deduced amino acid SO 
-Me (17) of human YASRWNAKS~RVLR~SQWALEWKAL~QLVUSQ~OCFHGPI(POLLARPBPBVKACL 

A E STQ P PAF-1. The ndemide se- 1 2 0  

quunw of a 1630-bp cDNA UVFLURFT ~Y~KNATVGQSV~IKYKNDP~PNLRYQPPSKNPKI YYAVCT IGGRYLdC 

encodingthehumanPAF-1 Q S PV LL 
180 

(first line) (18) was submit- YD~RNHHLAS~KVKOCVNFV IGLLKLG~LI NPLI PL~RGKPATLTBRLLGI HSVPCKP 
ted to GcnBank, accession R A Y V  E Y K 240  
no. M86852- The primary QNI REVOFBYYNRBUUHGFABPLIFLL~I NVQKLI(AKLSSVCI PLTGAPNSDNTLATS 
sequence of rat PAF-1 is in- SY v I STAG s GS 

300 
where amino adds GKBCALCG~WPT~~IGCEHIPCYPCAK~SPLPDVYFTCPKCGTBVHSLQPLKSGI~~~S 

di&r from the human se- v Y V  Y v 
quence (second line). Two BVNAL 
putative membrane-span- 
ning segments, similar to those noted in rat PAF-1 (8), are underlined. The amino acid changed by a 
nonsense mutation in patient MM is indicated by an arrowhead (Fig. 4). 

MM's fibroblasts, using a mammalian 
expression vector pcD2 (8). Numerous per- 
oxisomes were evident in the majority of the 
t ransfed  cells (Fig. 1D). We screened a 
human liver cDNA library for human PAF- 
1, using the rat PAF-1 cDNA as a probe. 
Three positive colonies were isolated. One 
done appeared to contain a full-length open 
reading fi-ame (OW) with polyadenylate 
[poly(A)]. This 1630-bp cDNA contained a 
putative 915-bp OW,  similar in length to 
that of the rat PAF-1 CDNA (8). The human 
and rat nudeotide sequences were 86% ho- 

Fig. 4. Mutation in PAF-1 
of the ZS patient MM and A 
her parents. (A) Ndemide 
sequence analysis of PAF-1 
cDNA isolated from patient Glu 

MM and a control (21); a 
point mutation changs Glu 
cdon 119 (solid arrow- 
head) to a stop d o 4  TGA 

1 19stop (open arrowhead). (B) 
Nudeotide sequence of ge- 
nomic DNA fragments h m  
MM's parents. Only the re- 
gion ofthe d o n  for AI-~' '~  
is shown in six dona each 
isolated from the father and 
motha of the patient (22). 

mologous; the deduced amino acid se- 
quences were 88% homologous (Fig. 2). 
Both sequences encoded two highly con- 
served, putative membrane-spanning seg- 
ments and seven cysteine residues in the 
COOH-terminal region. The two mem- 
brane-spanning regions may be responsible 
for localization of PAF-1 as an integral 
membhe protein in peroxisomes. 

The function of human PAF-1 was as- 
sessed by transfection of its cDNA into 
MM's fibroblasts. Transfec~nts (17 out of 
20 clones) contained numerous peroxi- 

Fig. 3. Northern blot analysis of PAF-1 RNA. 
Poly(A)+ RNA (19) on the Biodyne nylon mem- 
brane was hybridized with cDNA probcs fbr 
human PAF-1 [(A) 3 clg of RNA per lane] and 
human B-actin [(B) 0.3 kg of RNA per lane], 
respectively (20). 32P-labcIed probes used were a 
0.9-kb Pa I-Pa I cDNA @pent of human 
PAF-1 and a 0.44-kb Hinf I-Hinf I @pent of 
human fi-actin DNA (Nippon Gene, Tokyo). 
Lane 1, SV40-&med AG3022 fibroblasts 
from a f d e  control; 2, fibrobh from the 
patient MM; 3, SV40-transformed fibroblasts 
from a Japanese patient (TG) with ZS [comple- 
mentation group A (12)l; 4, GM228 from anoth- 
a patient (Fig. 1). Open arrowhead indicates an 
unidentified RNA (-2.5 kb) that cross-hybrid- 
izcd with human PAF-1 cDNA. RNA size mark- 
ers (in kilobases) are on the right. Exposure: (A), 
10 days; (B), 12 hours. 

somes, thereby indicating that the human 
PAF-1 cDNA restored biogenesis of per- 
oxisomes in MM's fibroblasts (Fig. 1E). 
265 cells transfected with human PAF-1 
cDNA (13) [15 of 20 (3418-resistant cells 
(Sigma)] or rat cDNA (8) also developed 
peroxisomes. Biogenesis of the peroxiso- 
ma1 enzymes appeared to be normal: a 
75-kD precursor of acyl-coenzyme A (acyl- 
CoA) oxidase was appropriately cleaved 
into B (53 kD) and C (22 kD) compo- 
nents, and a 44-kD precursor of 3-ke- 
toacyl-CoA thiolase was processed to the 
41-kD mature enzyme (13). When fibro- 
blasts from patients. in the other comple- 
mentation groups (A through E in Japan, 1 
through 6 in the United States except for 
group 5, which is no longer available) were 
transfected with human PAF-1 cDNA (8), 
no peroxisomes were detected (13). This 
result suggests that the other complemen- 
tation groups represent genes other than 
PAF-1 that are also essential for the bio- 
genesis of peroxisomes. 

To investigate the dysfunction in patient 
MM, we performed a Northern (RNA) blot 
analysis of RNA from MM's fibroblasts 
(Fig. 3). An RNA of - 1.9 kb, similar in size 
to the rat PAF-1 mRNA (8), was detected in 
MM's fibroblasts. An RNA of similar size 
and quantity was also detected in fibroblasts 
from an d e c t e d  person and two patients 
with ZS of complementation groups A and 
E [the same as group 1 (12)], showing that 
the aanscription of PAF-1 in patient MM 
was apparently nonnal. We determined the 
nucleotide sequence of PAF-1 cDNA from 
MM's fibroblasts by means of polymerase 
chain reaction (PCR) and subsequent clon- 
ing. In all six cDNA clones isolated, nucle- 
otide C at position 355 (hereafter, starting 
from the first nucleotide of the initiator 
methionine codon, unless otherwise men- 
tioned) was mutated to T, resulting in the 
creation of a termination codon TGA (Fig. 
4 4 .  When the PAF-1 D N A  from MM's 
fibroblasts was t r a n . d d  back into her 
fibroblasts, almost all (95%) of the transfec- 
tants were peroxisome-negative (Fig. IF), 
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whereas -90% of the transfectants with the 
cDNA from the control fibroblasts (AG3022; 
Human Mutant Cell Repository) contained 
numerous peroxisomes, as seen in the control 
cells (13). 

To determine if patient MM inherited the 
homozygous mutation from her parents, we 
investigated the nudeotide sequence in this 
region of their genomes. Genomic DNA frag- 
ments correspondmg to a portion of the PAF- 1 
D N A  (nudeotides 340 t h r o e  371) were 
amplified by PCR and cloned. No intron was 
found in this region. In patient MM, T was 
substituted for C at position 355, as noted in 
the cDNA. In the genomic DNA clones 
isolated from the parents, T was detected in 
place of C in two and three of six clones, each 
from the mother and the father, respectively 
(Fig. 4B). This suggests that both father and 
mother were heterozygous for the same mu- 
tation in PAF-1 and that patient MM mher- 
ited the mutation from both parents. 
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Selective Transmission of Human Immunodeficiency 
Virus Type-1 Variants fkom Mothers to Infants 

Multiple human immunodeficiency virus type-1 sequences from the V3 and V4-V5 
regions of the envelope gene were analyzed from three mother-infant pairs. The 
infants' viral sequences were less diverse than those of their mothers. In  two pairs, a 
proviral form Mequently found in the mother predominated in her infant. A 
conserved N-linked glycosylation site within the V3 region, present in each mother's 
sequence set, was absent in all of the infantsy sequence sets. These findings demonstrate 
that a minor subset of maternal virus is transmitted to the infant. 

HIGH DEGREE OF GENETIC VARI- 
ability in human immunodeficiency 

. virus type-1 (HIV-1) c a  be found 
within infected individuals (1). Variants 
arise during retroviral replication by error- 
prone reverse transcription (2). The com- 
plex mixture of variants in an infected indi- 
vidual (3)  may be the result of immunologic 
pressure for change (4 ) ,  alterations in cell 
tropism (S), and replication efficiency (6 )  
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among the variants. We analyzed the distri- 
bution of distinguishable genotypes trans- 
mitted between mother and child to inves- 
tigate the role of selection in perinatal 
HIV-1 transmission, a route of infection 
estimated to occur in 13 to 30% of infants 
born to HIV-1-infected mothers (7). 

Sequence sets were examined from one 
sample of peripheral blood from three 
mothers and their 2- to 4-month-old infants 
(8). We extracted DNA directly from mono- 
nuclear cells and amplified it by polymerase 
chain reaction (PCR) using nested primer 
pairs (9). The primer sets flanked both the 
V3 region containing the immunodominant 
loop (10) and the V4-V5 regions that en- 
compass a portion of the CD4-binding do- 
main of the viral envelope gene (1 1). Prod- 
uct DNA5 from each individual were cloned, 
and 5 to 27 clones from each sample were 
sequenced (12). 
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