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BRIEF REPORT — POLYMORPHISM REPORTS

A novel nonsense mutation of the PEPD gene in a Japanese patient with
prolidase deficiency
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Abstract A nonsense mutation at amino acid residue 184
in the human peptidase D (PEPD) gene caused the produc-
tion of a truncated polypeptide. Characterizing molecular
defects in patients provides clues to elucidate the relation-
ship between the phenotype and the genotype.
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Introduction

Prolidase deficiency is a rare genetic disease inherited
as an autosomal recessive trait. It has a heterogeneous phe-
notype associated with chronic ulcerative dermatitis, men-
tal retardation, and massive urinary excretion of
imidodipeptides. The age at onset of the disease varies from
birth to adult, and some cases are asymptomatic. The strik-
ing variation in the clinical phenotype associated with
prolidase deficiency is largely unexplained.

The clinical features of the skin lesions are largely caused
by the inhibition of normal recycling of proline, which
causes an alteration in the metabolism of collagen and other
proline-rich proteins (Isemura et al. 1981). It has also been
suggested that prolidase plays a critical role in wound heal-

ing (Oono et al. 1997). The underlying pathogenesis for the
other manifestations, such as mental retardation, is not
known.

Several mutations in the PEPD gene have been re-
ported. However, the relationship between phenotype and
genotype is not clear. Patients with mental retardation lack
expression of transcripts of the PEPD gene (Endo
et al. 1990), but discrepancies in clinical symptoms between
siblings with the same mutation have been pointed out
(Isemura M. et al. 1979; Tanoue et al. 1991). This suggests
that additional factors not related to the mutation may
modify the expression of the disorder.

Here, we analyze a Japanese patient with severe symp-
toms of prolidase deficiency and describe a novel mutation
associated with this deficiency.

Patient and methods

Patient

The patient is a member of a large family pedigree in which
a brother and a cousin also suffer from prolidase deficiency
(Ogata et al. 1981). They were characterized by recalcitrant
leg ulcers that had been present since birth, characteristic
faces with saddle nose, mental retardation, frequent infec-
tions, partial deafness, visual disturbances, and joint dislo-
cations. Prolidase activity in red blood cells (RBCs) could
not be detected, and cross-reacting materials (CRMs) were
not detectable by Western blot analysis (Endo et al. 1990).

Cells

Skin fibroblasts were established from skin biopsies. Cul-
tured skin fibroblasts were grown in Dulbecco’s minimal
essential medium containing 10% fetal calf serum (FCS) at
37°C in a 5% CO2 atmosphere as described (Tanoue et al.
1990a).
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Isolation of DNA and RNA and reverse transcription-
polymerase chain reaction (PCR) Amplification
(RT-PCR)

Genomic DNAs were isolated from fibroblasts, as described
(Tanoue et al. 1990b). Total RNAs were isolated from
fibroblasts using Isogen reagents (Nippon Gene, Tokyo,
Japan) according to the manufacturer’s instructions.

Synthesis of cDNA was carried out with random
hexamers, and PCR was performed using specific primers
(59 primers, F1, F2, F3, and F4; 39 primers, R1, R2, R3, and
R4, shown in Table 1) for 30 cycles at 94°C for 1min, at
50°C and 55°C for 2min, and at 72°C for 5min. The PCR
products were analyzed on agarose gels and subjected to
sequencing directly or after subcloning into plasmids using a
377A DNA autosequencer (PE Biosystems, Tokyo, Japan).

Amplification and analysis of genomic DNA

Genomic DNA was amplified using two primers which cor-
respond to the normal sequence of the human prolidase
gene, as described (Tanoue et al. 1990a). The 59 primer IVS
7 corresponded to the sequence in intron 7, and the 39
primer IVS 8 to the sequence in intron 8, as shown in Table
1. The amplified DNA fragment was digested with the re-
striction enzyme DdeI and analyzed on a 2% agarose gel.

Results and discussion

Prolidase activity was measured in the fibroblasts from a
patient with prolidase deficiency, using the method of Endo
et al. (1990), as previously described. No prolidase activity
was detectable in the fibroblasts, consistent with earlier re-

sults in RBCs (Endo et al. 1990). The prolidase cDNA was
amplified by RT-PCR in four fragments, a 420-bp fragment
from nucleotides 221 to 399, a 650-bp fragment from nucle-
otides 327 to 976, a 391-bp fragment from nucleotides 738 to
1129, and a 425-bp fragment from nucleotides 1085 to 1509.
All fragments from the patient’s fibroblasts were of the
same size as those from the normal control fibroblasts.

Sequencing of the amplified cDNA from the patient re-
vealed a single-base substitution (C-to-T at nucleotide posi-
tion 551) that resulted in a stop codon from arginine at
amino acid residue 184 (Fig. 1). This replacement was de-
tected in all subclones after amplification from the patient’s
fibroblasts.

The deduced polypeptide consisted of 183 amino acid
residues with a calculated molecular mass of approximately
20kDa. This is different from the size of wild-type pro-
lidase, which is 493 amino acid residues with a calculated
molecular mass of 54kDa.

To confirm that the substitution was not caused by PCR
or cloning artifacts, and that it was homozygous, genomic
DNA from the patient’s fibroblasts was analyzed. Since the
nucleotide substitution is present in exon 8 of the PEPD
gene (Tanoue et al. 1990a), the nucleotide sequence includ-

Fig. 1. Partial nucleotide sequences of the normal and mutated
prolidase cDNA. The nucleotide sequence of the mutated region is
shown. The sequence of mutated cDNA from the patient is compared
with that of the control. The single base substitution of C-to-T at
position 551 is indicated by an asterisk. The deduced amino acid se-
quence with the number of the amino acid residue is shown under the
nucleotide sequence

Table 1. Oligonucleotide primers used for polymerase chain reaction
(PCR)

Nucleotide positions in parentheses refer to cDNA position (Endo
et al. 1990) and Genome sequence (Tanove et al. 1990a)
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ing exon 8 was amplified with the primers. Using this primer
set, we amplified a 220-bp fragment in the control and the
patient. The C-to-T substitution at position 551 in exon 8
resulted in the creation of a DdeI site, which cleaves at the
59-CTGA-39 but not the 59-CCGA-39 sequence. When
amplified DNA from the patient was digested with DdeI,
160-bp and 60-bp fragments were generated (data not
shown). On the other hand, the 220-bp fragment from the
control remained unchanged after digestion with DdeI. This
result indicates that this patient possesses a homozygous
allele and that the substitution was not caused by a PCR
artifact of the mRNA.

The novel PEPD mutant allele we have identified is a
nonsense mutation at nucleotide position 551 in exon 8 of
the PEPD gene. The substitution occurs as a consequence
of a mutation involving the CpG dinucleotide, a position
that is known to be a hot spot for point mutations because
of spontaneous deamination of methylated cytosines
(Coulondre et al. 1978). This mutation would cause the
generation of a truncated polypeptide with a molecular
mass of 20kDa. Since we were not able to detect CRMs by
Western blot analysis (Endo et al. 1990), it seems that this
mutant protein may be very unstable in vivo.

Eight mutations have been identified in patients with
prolidase deficiency to date: two deletions (∆exon 14,
∆Glu452 or 453), mutations at two splicing sites (IVS6SA2/
IVS6SA2, IVS4SA1), and missense mutations (Asp276Asn,
Gly448Arg, Arg184Gln, Gly278Asp) (Tanoue et al.
1990a,b, 1991; Ledoux et al. 1994, 1996). The patient with
the nonsense mutation of C-to-T at nucleotide position 551
exhibited a severe phenotype, whereas the patient with the
missense mutation at nucleotide position 551 (Arg184Gln)
remained asymptomatic with residual prolidase activity
(Ledoux et al. 1994, 1996). Mutations at position 551 are
located in a non-conserved region of the protein, distal from
the active site (Mock and Zhuang 1991). The nonsense
mutation does affect the stability of the catalytically inactive
enzyme, whereas the missense mutation at that position
may not affect the stability.

Further analysis of more patients may be necessary to
elucidate the relationship between the genotype and the
phenotype, and it is hoped that the characterization of
PEPD mutations may lead to predictive tests that distin-
guish severe from mild or asymptomatic cases.
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