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Abstract

Argininemia results from a deficiency of arginase (EC 3.5.3.1),
the last enzyme of the urea cycle in the liver. We examined the
molecular basis for argininemia by constructing a genomic li-
brary followed by cloning and DNA sequencing. Discrete mu-
tations were found on two alleles from the patient, a product of
a nonconsanguineous marriage. There was a four-base deletion
at protein-coding region 262-265 or 263-266 in exon 3 that
would lead to a reading-frame shift after amino acid residue 87
and make a new stop codon at residue 132. The other was a
one-base deletion at 77 or 78 in exon 2 that would lead to a
reading-frame shift after residue 26 and make a stop codon at
residue 31. For confirmation, genomic DNAs from the patient
and from her parents were amplified by the polymerase chain
reaction method. The patient was shown to be a compound
heterozygote, inheriting an allele with the four-base deletion
from the father and the other allele with the one-base deletion
from the mother. These data seem to be the first evidence of a
case of argininemia caused by two different deletion mutations.
(J. Clin. Invest. 1990. 86:347-350.) Key words: arginase defi-
ciency * urea cycle » polymerase chain reaction + compound
heterozygote * frame-shift mutation

Introduction

Arginase (EC 3.5.3.1) is the last enzyme of the urea cycle and
catalyzes the conversion of arginine to urea and ornithine.
Liver-type arginase is localized in the cytosol of the liver cells
of ureotelic animals and in low amounts in red blood cells (1).
Arginase isozyme(s) that differs from the liver-type enzyme in
catalytic, molecular, and immunological properties, is present
in the kidney, small intestine, brain, and lactating mammary
gland (2-5). We isolated cDNA and genomic clones for rat (6,
7) and human (8-10) liver arginase and determined the struc-
tures. Human liver arginase consists of 322 amino acid resi-
dues (predicted M;, 34,732), and the gene is 11.5 kb long and
divided into eight exons. Sparkes et al. (11) also isolated
human liver arginase cDNA and assigned the gene to chromo-
some band 6q23.
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Argininemia (McKusick No. 20780), resulting from a defi-
ciency in liver-type arginase, is a rare autosomal recessive dis-
order and is one of the heritable defects of ureagenesis. The
clinical features are progressive mental impairment, progres-
sive spasticity, growth retardation, and periodic episodes of
hyperammonemia (12). We report here the first demonstra-
tion at the DNA level of mutations of the arginase gene in a
patient with no consanguinity in the family. Discrete frame-
shift deletions were identified on two alleles.

Methods

Case. A markedly retarded girl with microcephaly, spastic tetraplagia,
and intermittent convulsion was admitted to the hospital of Kurume
University School of Medicine (Kurume, Japan). She was born to
nonconsangineous, healthy parents after an uncomplicated pregnancy
and delivery (13). At the age of 4 yr and 2 mo she was found to have
hyperammonemia (960 ug/dl) and hyperargininemia (3.1-19.4
mg/dl). The diagnosis of argininemia was made in view of the elevated
serum arginine concentration and practically nil activity of arginase of
red blood cells (16 and 19 umol/h per g hemoglobin, control;
3,716+2,236). Her father and mother were found to have low activities
of arginase (1,103 and 1,440 umol/h per g hemoglobin, respectively)
and delayed patterns in arginine loading test; they were thought to be
obligatory carriers.

Preparation of DNA and Southern blot analysis. Genomic DNAs of
the patient and control were prepared from the transformed lympho-
cytes by infection of Epstein-Barr virus, as described (14). DNAs of the
father and mother were prepared from peripheral blood lymphocytes
by the established procedure (15). DNA was digested with restriction
enzyme Eco RI or Hind 111, separated by 0.7% agarose gel electropho-
resis, and transferred to nitrocellulose filters. Hybridization was carried
out according to Maniatis et al. (16) using 3?P-labeled, full-length
cDNA probe of human liver arginase (8, 10). The filters were washed
and exposed for several days at —70°C.

Isolation and sequencing of genomic clones. The genomic library of
the patient was prepared by ligation of a partial Eco RI digest of the
patient DNA and Eco RI/Bam HI double-digest of bacteriophage A
EMBLA (Stratagene Co., La Jolla, CA) and packaging in vitro as de-
scribed (17). The library was screened with 32P-labeled, full-length
c¢DNA probe (8, 10). Phage DNAs of positive clones were subcloned
into plasmid vector pUC18, and the nucleotide sequences of double-
stranded plasmid subclones were determined by the dideoxynucleotide
chain-termination method (18, 19) using synthetic oligonucleotide
primers (9). Oligonucleotide primers were synthesized by a DNA syn-
thesizer (model 381A; Applied Biosystems Inc., Foster City, CA).

Polymerase chain reaction and polyacrylamide gel electrophoresis.
Polymerase chain reaction (PCR)' was performed for the regions of

1. Abbreviations used in the paper: PCR, polymerase chain reaction.
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genomic DNAs containing the four- and one-nucleotide deletions. 1-2
ug of genomic DNA was used for amplification using Taq polymerase
(Takara Shuzo, Kyoto, Japan) as described (20). Two sets of sense/an-
tisense oligonucleotides were 5-CCTGCCCTTTGCTGACATCCC-
3'/5'-GTCTCCGCCCAGCACCA-3 to detect the four-nucleotide de-
letion and 5-CCACGAGGAGGGGTGGA-3/5-CTCAAGCAGAC-
CAGCCT-3' to detect the one-nucleotide deletion. The amplified
fragments were subjected to 8 or 12% polyacrylamide gel electrophore-
sis for the four- or one-nucleotide deletion, respectively, and visualized
by ethidium bromide staining. The sequence containing the first exon
and the 5' end region of the patient’s genomic DNA was amplified by
PCR using a set of primers 5-TCAGAGATCTGGAGGAGGAAA-3/
5-CCAGGAATTCAAAGAAAGACT-3, and was subcloned into
pUC18 for sequencing.

Results

Southern blot analysis. The genomic DNAs from the patient
and normal control were digested with Eco RI or Hind III, and
analyzed on Southern blots. No difference in band pattern was
found between the patient and control (Fig. 1). Thus, the lack
of liver-type arginase activity in the patient was not the result
of a large deletion or insertion in the arginase gene.
Identification of two deletion mutations. To define the mu-
tation at the DNA level, we cloned and sequenced the genomic
DNA from the patient. About 1.0 X 10° clones of the genomic
library of the patient were screened using full-length human
liver arginase cDNA as a probe. Eight positive clones were
isolated but none contained the first exon and the 5' end re-
gion. One was subcloned and the nucleotide sequences of the
protein coding region and exon-intron junctions were deter-
mined. There was a 4-bp deletion at protein coding region
262-265 or 263-266 in exon 3 (Fig. 2 A). The deletion should
lead to a reading-frame shift after amino acid residue 87 and
make a stop codon at residue 132 (Fig. 3 4). To determine the
sequence of the other allele, we amplified the lambda phage
DNAs prepared from eight positive clones by PCR using the
primers for the 4-bp deletion and subjected them to polyacryl-
amide gel electrophoresis. One clone that did not contain the
4-bp deletion was obtained. Sequencing of this clone showed a
1-bp deletion at protein coding region 77 or 78 in exon 2 (Fig.
2 B). This deletion should lead to a reading-frame shift after

Figure 1. Southern blot analy-
sis of genomic DNA from the
patient (lanes 2 and 4) and
normal control (lanes / and 3).
10 ug of DNA were digested
with Eco RI (lanes / and 2) or
Hind III (lanes 3 and 4) and
separated by electrophoresis in
0.7% agarose gel. Hybridiza-
tion was carried out with 32P-
labeled, full-length human
liver arginase cDNA probe (8,
10).

amino acid residue 26 and make a stop codon at residue 31
(Fig. 3 B).

To determine the sequence of the first exon and the 5’ end
region of the patient’s genomic DNA, we amplified the frag-
ment by PCR and subcloned it into pUC18. Five clones were
sequenced and there was no difference among these clones and
one clone from a normal control. We concluded that the first
exon and the 5’ end region on two alleles of the patient had no
mutation.

Confirmation of the mutations and analysis of DNA from
the parents. To demonstrate that the two deletion mutations
found in the patient’s genomic library were not cloning arti-
facts, the fragments containing the region of the two mutations
were amplified from the patient’s genomic DNA by PCR and
subjected to polyacrylamide gel electrophoresis. The 4-bp de-
letion was shown by separation of two bands of 145 and 141 bp
(Fig. 4 A4, lane 2). Similarly, the 1-bp deletion was shown by
separation of two bands of 57 and 56 bp (Fig. 4 B, lane 2). To
confirm that these size differences of the bands resulted from
the two deletion mutations, the amplified fragments were fur-
ther digested with restriction enzyme Hinf I (for the 4-bp dele-
tion) or Hae III (for the 1-bp deletion). The 4-bp deletion gave
size differences of 71 and 67 bp, while the 1-bp deletion gave
size differences of 23 and 22 bp, as expected from the sequence
of relevant regions (data not shown).

Relevant portions of genomic DNA of her parents were
amplified and analyzed. The father’s DNA gave two bands of
145 and 141 bp and the mother’s DNA gave only one band of
145 bp on the gel detecting the 4-bp deletion (Fig. 4 4). On the
other hand, on the plate detecting the 1-bp deletion, the
mother’s DNA contained two bands of 57 and 56 bp and the
father’s DNA contained one band of 57 bp (Fig. 4 B). There-
fore, the father was heterozygous for the 4-bp deletion and the
mother for the 1-bp deletion. This finding is in good accord
with the expectation that the parents were obligatory carriers
of argininemia. We conclude that the patient was a compound
heterozygote, inheriting the allele with the 4-bp deletion from
the father, and the allele with the 1-bp deletion from the
mother.

Discussion

Biochemical and immunological analyses of argininemia have
been reported. Spector et al. (21) analyzed three patients who -
were found to have immunoreactive arginase protein that was
enzymatically inactive. Bernar et al. (22) reported findings in a
patient with argininemia. The red blood cells showed no
crossreacting material, as determined by Western transfer blot
analysis. Since the cDNA and genomic clones were isolated, it
was feasible to analyze materials at the genomic DNA or
mRNA level. However, liver-type arginase is expressed only in
the liver and in low amounts in red blood cells, hence an
analysis at the mRNA level is difficult. Southern blot analysis
of an argininemia patient was made (23), and there was no
difference between findings in the patient and control. We
examined the molecular basis for argininemia in a noncon-
sanguineous patient by constructing a genomic library and
applying the PCR method. Our results revealed that arginine-
mia in our patient was caused by two different deletion muta-
tions that would lead to reading-frame shifts and to mutated
and truncated enzyme proteins.
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Figure 2. Sequence gels showing abnormality of patient’s genomic DNA. The nucleotide sequence determination was performed as described in
Methods. 4, The sense strand nucleotide sequence (nucleotide 257-271) with 4-bp deletion is shown. Nucleotides of the two putative deletions
are bracketed. Arrows indicate the corresponding positions in the patient. B, The antisense strand nucleotide sequence (nucleotide 69-84) with
a 1-bp deletion in the patient is shown. Relevant nucleotides of the deletion are boxed.

The two deletion mutations were the 4-bp deletion at pro-
tein coding region 262-265 or 263-266 in exon 3 and the 1-bp
deletion at protein coding region 77 or 78 in exon 2. The
regions of the deletions included short repeating sequences:
AAGAAGAA for the 4-bp deletion and GAAGAAG for the
1-bp deletion (Fig. 3). A portion of repeating sequences can

A 262 265
control : --CAAGTCAAGAAGAACG - - ACTCCA -
263 268
Gin Val Lys Lys Asn Thr Pro
87 132
Gin val Arg Thr Glu His *x**
patient : --CAAGTC,A,GAACGGAA~ - CACTGA -~
(father) t
B 7778
control : - GTGGAAGAAIGGCCCTACAGTATTG
val Glu Glu Gly Pro Thr Val L;u
Val Glu Glu Ala Leu Gin Tyr **x
patient : --GTGGAAGAGGCCCTACAGTATTGA -
(mother)

Figure 3. Mutations of arginase genes of two alleles in the patient.
The region containing the 4-bp deletion (4) and the 1-bp deletion
(B), and the position of the resulting stop codons are shown. Nucleo-
tide number and amino acid residue are indicated beginning with the
first residue of ATG and the initiator methionine of arginase cDNA,
respectively (6). Brackets, arrows, and boxes are the same as in Fig.
2. The deduced amino acid sequences resulting from the frame-shifts
are underlined.

easily slip out during replication of DNA (24). The resulting
mutated and truncated enzyme proteins presumably have no
enzyme activity and would be rapidly degraded. Instead of the
hybridization method we made use of polyacrylamide gel elec-
trophoresis after PCR amplification of the gene. As shown in
Fig. 4, the 4- and 1-bp deletions were evident. Thus, it seems

Figure 4. Pedigree and
polyacrylamide gel elec-
trophoresis of the am-
plified DNA fragments
containing the 4- or
1-bp deletion in the pa-
tient. Relevant portions
of the gels are shown.
The PCR was used as
B described in Methods.
64/ A, The region contain-
ing the 4-bp deletion
(nucleotide 156-300)
was amplified, and the
fragment was subjected to 8% polyacrylamide gel electrophoresis. B,
The region containing the 1-bp deletion (nucleotide 58-114) was am-
plified, and the fragment was subjected to 12% polyacrylamide gel
electrophoresis. The molecular size marker used was pUC18 digested
with Alu I. Genomic DNA was from the father (lane I), patient (lane
2), mother (lane 3), and control (lane 4).
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feasible to make a genetic diagnosis of these deletion mutants
by making comparisons of the sizes of the amplified DNA
fragments.

The present results show that the affected child was a com-
pound heterozygote. The patient inherited the mutant allele
with the 4-bp deletion from the father and the other mutant
allele with the 1-bp deletion from the mother. Since arginine-
mia is an autosomal recessive disorder, it would be difficult to
analyze a patient of compound heterozygote by a strategy
using amplification of each exon by the PCR method. Because
it was difficult to obtain the mRNA of liver-type arginase of
the patient, cloning or PCR amplification of cDNA would not
be easily applicable. We constructed a genomic library and
isolated the two different mutant genes. We confirmed the
inheritance of this disorder. Carrier detection and prenatal
diagnosis can now be made. DNA analyses of other patients

are underway.
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