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Abstract

Congenital erythropoietic porphyria (CEP) or Giinther’s dis-
ease is an inborn error of heme biosynthesis transmitted as an
autosomal recessive trait and characterized by a profound
deficiency of uroporphyrinogen III synthase (UROIIIS) activi-
ty. Six missense mutations in the UROIIIS gene, a deletion
and an insertion have already been described in CEP. This
work brings further evidence for the heterogeneity in the
genetic defect found in CEP. Two new mutations are de-
scribed, a point mutation (V99A) and a frame-shift mutation
(633insA) in the same patient who had a mild to moderate
form of Giinther’s disease. The mutation (V99A) had a detect-
able residual activity when expressed in Escherichia coli while
the insertion (633insA), which introduced a premature stop,
had no activity. In the patients studied in our laboratory, the
mutation C73R, associated with a severe phenotype, remains
the most frequently seen.

the accumulation in the bone marrow, periph-
eral blood and other organs, of large amounts

Porphyrias are a group of inherited disor-
ders caused by specific defects along the heme
biosynthetic pathway. Congenital erythropoi-
etic porphyria (CEP) or Giinther’s disease is a
rare disease that is inherited as an autosomal
recessive trait. CEP is characterized by severe
cutaneous photosensitivity, chronic hemoly-
sis and massive porphyrinuria resulting from

of predominantly type-I porphyrins, which
are not substrates for heme synthesis [1]. A
characteristic abnormality of the disease is a
80-98% decrease in the activity of uropor-
phyrinogen III synthase (UROIIIS), the
fourth enzyme of the heme biosynthetic path-
way (hydroxymethylbilane hydrolase [cycliz-
ing], EC 4.2.1.75) [2, 3]. This enzyme activity
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Table 1. Porphyrin concentrations in erythrocytes and urine of the patient

Erythrocytes, nmol/l Urine, nmol/mmol creatinine

uro- copro- proto- uro- 7-COOH 6-COOH S5-COOH copro-

porphyrin  porphyrin  porphyrin porphyrin  porphyrin  porphyrin  porphyrin  porphyrin
Patient 811 757 4795 222 11 5 26 174

90%I) (B3%I) B9%0D) (75%0) (B1%I) (85%D (79%1I)
Normal range traces traces <900 <2 <0.2 traces traces <24

The percentage of series I isomer is indicated in parentheses.

is estimated from peripheral erythrocytes and
does not represent the total nucleated cells
involved in heme synthesis. The determina-
tion of the nucleotide sequence of the cDNA
encoding UROIIIS [4] has made it possible to
study the molecular lesions responsible for the
disease and eight different mutations have
been described: six point mutations (LO4F,
T53M, T62A, A66V, C73R and T228M); a de-
letion 148del98, and an insertion 660ins80.
In the present paper, we describe the iden-
tification of two new missense mutations on
the UROIIIS gene in the same patient and the
analysis of the mutant protein through heter-
ologous expression in Escherichia coli.

Patient and Methods

The patient came from South Africa and displayed
a moderate form of CEP diagnosed at age 14. The
patient gave a history of skin fragility and frequent
blistering of sun exposed areas since early childhood.
Typical features were observed: scarring; hyperpig-
mentation; temporal hirsutes; blistering of the face,
and erythrodontia. Although the fingers showed evi-
dence of photomutilation with brachydactyly, thicken-
ing of the skin over the joints and a reduced range of
movement, the patient was able to lead a relatively
normal life. Splenomegaly and mild hemolysis were
also noted.

Erythrocyte and urinary porphyrins were deter-
mined by high-performance liquid chromatography as

previously described [5]. UROIIIS activity was mea-
sured in a lymphoblastoid cell line, using a method
adapted from Tsai et al. [6]. Two methods were com-
bined for the analysis of the UROIIIS gene: allele-spe-
cific oligonucleotide hybridization and direct sequenc-
ing of in vitro amplified (polymerase chain reaction,
PCR) fragments from genomic DNA [7]. However,
only half of the coding sequence of the UROIIIS gene
could be screened from genomic DNA. In order to
explore the entire cDNA sequence, a lymphoblastoid
cell line was obtained from peripheral blood of the
patient, and total RNAs were prepared according to
Chomszinski and Sacchi [8]. RNAs were reverse tran-
scribed using oligo(dT) as primer and the entire
UROIIIS ¢cDNA was amplified using oligonucleotides
UST7E and US4 as previously described [9], and cloned
into the plasmid Bluescript pKS (Stratagene) for se-
quence determination. The nomenclature suggested by
Beaudet and Tsui [10] is used to designate the muta-
tions identified by sequencing. One mutated cDNA
(V99A) was cloned directly into the expression vector
pKK 223.3 (Pharmacia, France) while the other mu-
tated cDNA (633insA) had to be constructed by muta-
genesis using sequential PCR steps {11] from a normal
pKK UROIIIS clone. These constructs enabled the
determination of UROIIIS activity of the mutant pro-
tein expressed by E. coli [9].

Results

Quantitative porphyrin estimation by
high-performance liquid chromatography was
typical of CEP with up to 90% of the porphy-
rins present as the series-I isomer (table 1).
UROIIIS activity of the lymphoblastoid cell
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Fig. 1. Sequence determination of the missense mutation V99A: analysis at the cDNA and
the genomic level. Upper panel: Sequence of normal and mutated cDNA cloned into pKS
vector. Lower panel: Sequence of the corresponding exon from genomic DNA. Sequencing
was performed by the dideoxy chain termination method (T7 sequencing kit, Pharmacia,
France) on single-stranded biotinylated PCR fragments purified on Streptavidine magnetic
beads (Streptavidine M280, Biosys, France).

line showed a 95% decrease in activity when
compared to a normal control: 0.43 U/h/mg
protein (control = 9.5 U/h/mg).

The molecular analysis started with a sys-
tematic screening of known point mutations
[7, 9, 12, 13]: none of them was observed
(LO4F, P53L, T62A, A66V, C73R, and
T228M). The amplified cDNA had a normal

size and eight clones were obtained in pKS:
one showed two mutations and seven were
tdentical with a single base substitution at
codon 99 (GTT — GCT) corsz;nsding to a
missense mutation from Val to Ala designated
as V99A. In the single clone, the first muta-
tion was a single base substitution at codon

169 (CAG — CGG) corresponding to a mis-
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Fig. 2. Sequence and restriction analysis for the mutation 633insA. Upper panel: Sequence
of normal and mutated cDNA cloned into pKS vector. Lower panel: Restriction analysis of
the amplified cDNA prior to cloning. The mutation creates an Mse I site and generates a new
136-bp fragment in the patient amplified cDNA (No. 2) as well as in the cloned cDNA (No. 3).
The Mse I site is absent in control cDNA (No 4) and in the cloned cDNA (No 1) where two
restriction fragments are seen (163 and 156 bp). The uncut fragment is 319-bp long (No. 5).

sense mutation from Gln to Arg (Q169R), the
second mutation was the insertion of an A at
position 633 on the nucleotide sequence
(633insA), resulting in a frameshift mutation
which introduced a premature stop at codon
213. The missense mutation V99A observed
in cDNA clones was also present in genomic
DNA amplified with the primer set 4 from

Warner et al. [7] as shown in figure 1. The
missense mutation Q169R was not detectable
on the ¢cDNA prior to cloning as assessed by
ASO hydridization and was considered as a
PCR artifact. The frameshift mutation
633insA introduced a new Mse I restriction
site and was clearly identified on the cDNA
prior to cloning as shown in figure 2. Finally,
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Table 2. Expression of the

mutated UROIIIS proteins Plasmid Specific activity, U/mg of protein Resiqual
activity, %
mean SD assays
pKK 0.2 +0.1 n=4 0
pKKUROIIIS 143 +45 n=3§ 100
pKKV99A 9.5 +3.2 n=4 7
pKK633insA 0.2 +0.2 n=4 0

Normal pKKUROIIIS and mutated V99A and 633insA ¢cDNA clones
were expressed in E. coli. Bacterial cultures were grown in the presence
of IPTG as inducer of the tac promoter of pKK vector as previously
described [9]. UROIIIS specific activity (SA) is expressed as the relative
amount of UROIII (nanomoles) formed in 1 hour per milligram of pro-
tein. Results are the mean of 4-8 experiments. Residual activity was deter-
mined by dividing 100 x [SA - SA (pKK)] by [SA (pKKUROIIIS) - SA

(PKK)].

the patient was identified as a heteroallelic
V99A/633insA.

In order to demonstrate the pathologic sig-
nificance of the mutations, the mutant pro-
teins were expressed in E. coli to determine
UROIIIS activity. The expression vector
pKK V99A was obtained from a single clon-
ing step. The expression vector pKK 633insA
mutant was constructed by mutagenesis from
a normal pKK UROIIIS clone because the
original pKS ¢DNA had two mutations
(633insA and the PCR artifact Q169R). Re-
sults of expression are given in table 2: the
frame-shift mutation 633insA showed no re-
sidual activity while the missense mutation
V99A exhibited a low residual activity (7%)
when compared to the normal pKK
UROIIIS.

Discussion
In this study, two new mutations on the

UROIIIS gene were characterized in the same
South African patient. This result brings fur-

ther evidence for the heterogeneity of the mu-
tations in CEP. Interestingly, a direct correla-
tion was observed between phenotype and
genotype since the patient suffered from a
mild form of CEP and exhibited a mutated
allele (V99A) expressing some residual
UROIIIS activity (7%). On the other hand,
the second mutated allele (633insA) had no
activity in the expression system as previously
seen with C73R, 148del98 and 660ins80 al-
leles [9]. A total of 17 unrelated patients have
been analyzed in our laboratory: the C73
allele has been detected in 16 of 34 alleles. It is
of note that this allele is readily associated
with a severe phenotype [13, 14] when the
patient is homoallelic while the phenotype of
heteroallelic individuals depends on the le-
sion present on the other allele.

The expression system used in this work is
well suited to enzymatic analysis and correla-
tions between phenotype and genotype, but
gives little information on the relation be-
tween structure and function. Actually, we are
developing another expression system, pGEX
(Pharmacia, France), which allows a large
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overproduction of recombinant proteins for
purification and cristallographic studies.

The analysis of mutated alleles by direct
sequencing of UROIIIS exons from genomic
DNA is a convenient way to identify new
mutations. However, the frameshift mutation
633insA could not be analyzed by genomic
sequencing because UROIIIS gene structure
has not been published so far and we could
not design convenient genomic amplimers.
More gene cloning work is necessary to enable
the amplification of the entire coding se-
quence from genomic DNA. Finally, the im-

provement of diagnosis methods in unclassi-
fied cases of porphyrias will benefit genetic
counselling and prenatal diagnosis.
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