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Summary

We studied the human ornithine aminotransferase (OAT) gene, mRNA, and enzyme activity in fibroblasts
from a family with gyrate atrophy (G.A.) of the choroid and retina, using a normal human OAT cDNA as

a probe. The family consists of an affected patient, who is heterozygous for a partial deletion of the func-
tional OAT gene and whose cells produce no mRNA, and of his father, mother, two sons, and a daughter.
Southern blot analysis of the OAT gene showed the partial deletion in the patient and in his father and
daughter and in one son. Northern blot analysis revealed no OAT mRNA in the patient and approxi-
mately 50% of the normal level of OAT mRNA in the father, mother, two sons, and daughter. Assay
showed that the OAT activity in these individuals mirrored the OAT mRNA levels. The results indicate
that an active allele of the OAT gene expresses 50% of the total normal OAT mRNA and activity and
that both alleles of the gene are inactive in the patient in this pedigree, a situation resulting in a complete
absence of the OAT mRNA, in accordance with the autosomal recessive mechanism of this disease; they
also indicate a 50% decrease of OAT mRNA and enzyme activity in obligate heterozygous carriers carry-

ing one defective allele and that these defects are stably inherited.

Introduction

Ornithine aminotransferase (OAT) is a mitochondrial
enzyme deficient in patients with gyrate atrophy (G.A.),
an autosomal recessive chorioretinal degenerative dis-
ease of the eye that leads to blindness (Simell and Takki
1973; Takki 1974). The virtual absence of OAT activ-
ity is observed in many tissues of patients with G.A.,
and intermediate OAT activity is found in heterozygous
carriers (O'Donnell et al. 1977; Trijbels et al. 1977;
Valle et al. 1977; Shih et al. 1978; Kennaway et al. 1980).
We have previously constructed and characterized a
cDNA for the human OAT, have used it to map the
OAT gene sequences to specific chromosomes, and have
analyzed the OAT gene and mRNA in patients with
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G.A. (Inana et al. 1986, 1988; Barrett et al. 1987). A
patient with both a partial heterozygous deletion of the
functional OAT gene and a complete absence of the
OAT mRNA was identified (Inana et al. 1988). This
case represents a complete loss of expression, by differ-
ent mechanisms, of both alleles of the OAT gene, result-
ing in no OAT mRNA. If each allele of the OAT gene
contributes half of the total OAT expression, as indi-
cated by the OAT activity in heterozygous carriers,
nonexpression of one allele should be reflected at the
mRNA level in the obligate heterozygous carriers in this
patient's family, and this defect should be inherited in
a stable manner. To test this hypothesis, we examined
the OAT gene, mRNA, and enzyme activity in fibro-
blasts from the family members of this patient.

Material and Methods

The clinical characteristics of the patient have been
described elsewhere (patient 4 of Weleber et al. [1982]
and Weleber and Kennaway [1988]). The patient is of
English ancestry. His visual acuity at age 40 years was

353



Hotta et al.

20/40 right eye and 20/200 left eye, and he had mild
to moderate cataracts and maculopathy, both worse in
the left eye. His visual fields were constricted to ap-
proximately 700 of remaining field, measured horizon-
tally. Thus, his severity of disease was mild to moder-
ate clinically, in comparison with most patients with
G.A. He was classified as a B6 nonresponder both by
failure of serum ornithine levels to decrease after oral
pyridoxine supplementation and by failure of pyridoxal
phosphate to increase ornithine anminotransferase ac-
tivity in vitro. With informal consent, skin biopsies were
obtained from the patient and from his father, mother,
two sons, and daughter, and fibroblasts were cultured
under 7.5% CO2 by using Dulbecco's modified Eagle
medium with 10% FCS and antibiotics (GIBCO, Grand
Island, NY).

Southern Blot Analysis

High-molecular-weight genomic DNA was extracted
from cultured cells (5-8 x 106) by using proteinase
K (Blin and Stafford 1976). Seven micrograms of
genomic DNA isolated from the fibroblasts was digested
with EcoRI, subjected to electrophoresis on a 0.8%
agarose gel, transferred to nylon filter paper, hybrid-
ized with human OAT cDNA (Inana et al. 1986), la-
beled with 32P by the method of random priming
(Feinberg and Vogelstein 1983), washed, and autora-
diographed as described elsewhere (Inana et al. 1983).

Northern Blot Analysis

Total RNAs were prepared from cultured cells (8-10
x 106) by the guanidine thiocyanate method (Chirg-
win et al. 1979). Ten micrograms of total RNA was
subjected to electrophoresis on a 0.8% denaturing
agarose gel and was transferred to nylon filter paper,
hybridized with human OAT cDNA labeled with 32p
by the method of random priming, washed, and au-
toradiographed as described elsewhere (Inana et al.
1982). Standardization of RNA quantity and quality
with human actin cDNA was performed using the same
blot washed after hybridization with the human OAT
cDNA. Band intensities on the northern blot were
quantified by densitometry, and the areas were calcu-
lated.

OAT Assay
Cells harvested 5-10 d after confluency were assayed

for OAT activity by a modification of the method of
Herzfeld and Knox (1968).

Results

To investigate the inheritance of OAT gene defects
in G.A., cellular DNA, RNA, and proteins were iso-
lated from skin fibroblasts of the family members of
a patient with both a partial heterozygous deletion of
the OAT gene and complete absence of the OATmRNA
(Inana et al. 1988). Southern blot analysis of the OAT
gene in the family members indicated that the patient
had inherited the partially deleted allele of the OAT
gene, represented by the 5-kbp EcoRI fragment, from
his father and had passed it on to his daughter and one
of his sons (fig. 1).
Northern blot analysis of the fibroblast RNAs dem-

onstrated the complete absence of OAT mRNA in the
patient, as reported elsewhere (Inana et al. 1988), and
decreased levels of OAT mRNA in the father, mother,
two sons, and daughter (fig. 2). Densitometric stan-
dardization of the mRNA levels by using the amount
of actin mRNA present in each lane indicated that the
level of OAT mRNA present in the patient's parents
and children, who are all obligate heterozygous car-
riers, is 41%-63% of normal (fig. 3).
The fibroblast cytosol preparations from the family

members were used for assay of OAT activity. OAT ac-
tivity in the patient's cells was 3 nmol/h/mg protein,
and in the other family members it was 170-300
nmol/h/mg protein, which is 35%-61% of normal (490
± 98 nmol/h/mg protein).

Discussion

Most of the G.A. cases so far examined at the molec-
ular level have shown grossly intact OAT genes and
mRNAs, suggesting that subtle point mutations are
probably the most common defects in G.A., as is usu-
ally the case in genetic diseases (Ramesh et al. 1986;
Inana et al. 1988). The patient discussed here is excep-
tional in that gross abnormalities, including a partial
heterozygous deletion of the OAT gene and a complete
absence of the OAT mRNA, are present (Inana et al.
1988). Both alleles of the OAT gene appear not to be
expressed, so that no OAT mRNA is found. Inactiva-
tion of the OAT gene in this case may be due to muta-
tions in the promoter regions of the gene, as well as
to the partial deletion in one of the alleles. Because the
molecular genetic defects of OAT are relatively easy to
identify in this patient, the case offers an opportunity
to confirm the autosomal recessive inheritance of OAT
gene defects in G.A. and to examine the gene dose-
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Figure I Southern blot analysis of the OAT gene in the G.A.
family members. Shown are blots for DNA from normal human liver
(lane N) and fibroblast DNA from the G.A. patient (lane 3) and from
his father (lane 1), mother (lane 2), two sons (lanes 4 and 5), and
daughter (lane 6). EcoRI OAT gene fragments are shown. The 6.7-,
6.6-, and 5.7-kbp bands represent the functional OAT gene (Barrett
et al. 1987). The arrow at 5 kbp points to the band corresponding
to the partially deleted allele of the 5.7-kbp functional OAT gene
band, which shows a 50% decrease in hybridization intensity. Size
markers are HindIll fragments of bacteriophage x DNA.

product relationship of the OAT gene, by examining
the status of OAT gene expression in the patient's fam-
ily members.
The result of the gene analysis identifies the patient's

father as the source of the partially deleted allele of
the OAT gene. The defective allele shows stable in-

-28 s

-18s

Figure 2 Northern blot analysis of the OAT mRNA in the G.A.
family members. A, Probing for the OAT mRNA with OAT cDNA.
Lanes N1 and N2, fibroblast RNAs from two normal individuals;
lanes 1-6, fibroblast RNAs from the G.A. family members. Lanes
1-6 are the same as those described for fig. 1. B, Probing for the
actin mRNA with actin cDNA for standardization of the quality and
quantity of RNAs present. Positions of the 28s and 18s ribosomal
RNA are indicated.

heritance in the family, and the partial deletion could
very likely result in inactivation of this allele of the OAT
gene, as mentioned above. The other defective allele,
coming from the patient's mother, is not readily iden-
tifiable, but its presence is clearly indicated by the half-
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1 2 3 4 5 6

probe control

OAT 1 0.447 0.353 0 0.393 0.440 0.353

Actin 1 0.994 0.869 0.493 0.670 0.768 0.560

QAT/Actin 100 45.0 40.6 0 58.7 57.3 63.0
xlOO (%)

Figure 3 Densitometric analysis of northern blot hybridization. The band intensities on the northern blot were measured by a densitom-
eter, and the areas were calculated. Each value is presented as a proportion of the control value (normalized to 1), the latter being an average
of two normal human mRNA levels shown in fig. 2.

normal expression of OAT at both the mRNA level and
enzyme level. The defect in this allele may involve a
point mutation, deletion, or insertion of the gene-
especially in the regulatory region-that results in
nonexpression.
The results of the mRNA and enzyme analyses clearly

demonstrate the presence of two distinct heterozygous
defects in OAT gene expression in the parents of the
patient, their coming together to result in the loss of
both functional alleles in the patient, and their trans-
mission to the children to establish the separate hetero-
zygous states. The data demonstrate the stable in-
heritance of the expression defects of the OAT gene in
this family and confirm the autosomal recessive nature
of this disease. The occurrence of two distinct molecu-
lar defects, both resulting in lack of expression of the
OAT gene in this family, is so far unique among pa-
tients with G.A. The very small amount of OAT activ-
ity present in the patient (3 nmol/h/mg protein; nor-
mal = 490 + 98 nmol/h/mg protein), if real, may be
consistent with the barely detectable level of OAT pro-
tein demonstrated elsewhere immunologically in this
patient (patient 35 of Inana et al. [1988]). As discussed

in that other paper, there may be an extremely small
amount of active OAT enzyme being made from an un-
detectably low level of OAT mRNA expressed in the
patient. The data also point out both that a normal
active allele of the OAT gene is responsible for 50%
of the total OAT mRNA and enzyme activity in a cell,
in agreement with the previous demonstration of half-
normal level of OAT activity in heterozygous carriers
(Trijbels et al. 1977; Valle et al. 1977). In this regard,
the OAT gene allele is similar to many other mammalian
gene alleles that show a codominant mode of action,
such as in the hemoglobin gene (Honig and Adams
1986).
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