
Ornithine ketoacid aminotransferase in
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Seiji Hayasaka, Takashi Shiono, Yoichi Takaku, and Katsuyoshi Mizuno

Ornithine ketoacid aminotransferase in bovine ocular tissues was studied biochemically. The
retinal pigment epithelium, ciliary body, iris, and neuroretina showed high specific activity.
The cornea and choroid revealed a lower activity. Aqueous humor, lens, vitreous body, and
sclera showed no activity. The pH optima of the enzyme in the retinal pigment epithelium and
ciliary body were near 8.0.
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o rnithine ketoacid aminotransferase (EC
2.6.1.13) catalyzes the interconversion of or-
nithine and glutamic-y-semialdehyde, with
concomitant interconversion of a-ketogluta-
rate and glutamate. The enzyme is reported
to be deficient in cultured fibroblasts or
phytohemagglutinin-stimulated lymphocytes
of patients with gyrate atrophy of the choroid
and retina.1"4 Although patients with gyrate
atrophy have an increase of plasma ornithine
concentrations,5"9 the most affected and
characteristic findings are observed only in
the ocular fundus. The enzyme in ocular tis-
sues has not been reported. We therefore ex-
amined whether or not ornithine ketoacid
aminotransferase activity could be found in
bovine ocular tissues.

Materials and methods

Animals and tissue preparation. For one exper-
iment, about 40 eyes, blood, and a piece of liver of
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Table I. Ornithine ketoacid
aminotransferase activity in bovine
ocular tissues, blood, and liver

Tissues

Cornea
Aqueous humor
Lens
Iris
Ciliary body
Vitreous body
Neuroretina
Retinal pigment epithelium
Choroid
Sclera

Blood
Liver

Specific activity*

14 i
0
0

96 H
107 i

0
71 d

113 d
14 d
0

0

: 9

t 9
t 17

t 17
t 24
t 5

12 ± 5

*nmol of pyrroline-5-carboxylate formed per 30 min per
milligram of protein.
Mean ± S.D. of five experiments.

adult cows were maintained at 4° C from the time
of slaughter. The aqueous humor was collected by
a syringe with a 27-gauge needle. The cornea, iris,
ciliary body, lens, vitreous body, neuroretina, ret-
inal pigment epithelial cells, choroid, liver, and
blood were dissected as described previously10 in
ice-cold 250 mM sucrose solution containing 20
mM potassium phosphate buffer (pH 8.0). Tis-
sue homogenization was performed in a Waring
Blendor. Male Wistar rats were killed by decapi-
tation. The eyes, liver, and blood were collected

0146-0404/80/121457+04$00.40/0 © 1980 Assoc. for Res. in Vis. and Ophthal., Inc. 1457



1458 Hayasaka et al. Invest. Ophthalmol. Vis. Sci.
December 1980

c ._
tr >
c Z.

0.20

0.15

0.10

0.05

A. C i l i a ry Body
(0.38mg p ro te in )

• Ret inal Pigment
Epithe li um
(0.25mg p ro te i n )

PH
10

Fig. 1. Effect of pH on ornithine ketoacid aminotransferase activity. The homogenate was
incubated at 37° C for 30 min with ornithine (4 /xmol), a-ketoglutarate (2 jiunol), and pyridoxal
phosphate (40 nmol), and 0.04 ml of 0.5M phosphate buffer in a total volume of 0.4 ml.

Table II. Ornithine ketoacid
aminotransferase activity in adult rat
tissues

Tissues Specific activity*

Liver
Blood
Retina and choroid

242 ± 41
0

97 ± 9

*nmol of pyrroline-5-carboxylate formed per 30 min per
milligram of protein.
Mean ± S.D. of four experiments.

immediately. The homogenate of the retina and
choroid, liver, and blood were prepared as de-
scribed above.

Enzyme assay. L-Ornithine hydrochloride was
obtained from Nippon Rikagakuyakuhin Co., To-
kyo. a-Ketoglutarate, pyridoxal phosphate, and
2-aminobenzaldehyde were obtained from Sigma
Chemical Co., St. Louis, Mo. Ornithine ketoacid
aminotransferase activity was assayed by a mod-
ification of the method of Katsunuma et al.11 The
reaction mixture usually contained 2 /u,mol a-keto-
glutarate, 4 /u,mol ornithine hydrochloride, en-
zyme (homogenate), 40 nmol pyridoxal phosphate,
and 0.04 ml of 0.5M phosphate buffer (pH 8.0) in a
total volume of 0.4 ml. Incubation was carried out
at 37° C for 30 min and terminated with 0.2 ml of
saturated 2-aminobenzaldehyde in IN HC1 solu-
tion; the samples were immersed in boiling water
for 5 min to allow the development of color and
then centrifuged. The absorbance at 440 nm in the

clear supernatant was measured against a tissue
blank containing trichloroacetic acid. A molar
extinction coefficient of 2.71 X 103 was used to
calculate the amount of pyrroline-5-carboxylate
formed.12 The 30 min incubation time used
throughout the study was within the linear range,
and the reaction was proportional to protein con-
centration. Protein content was determined by the
method of Lowry et al.,13 with bovine serum al-
bumin as standard. Specific activity is expressed as
pyrroline-5-carboxylate formed per 30 min per
milligram of protein.

Results
Ornithine ketoacid aminotransferase ac-

tivity in homogenates of bovine ocular tissues
is shown in Table I. The retinal pigment epi-
thelium, ciliary body, iris, and neuroretina
showed a high specific activity. Specific ac-
tivity of the enzyme in the retinal pigment
epithelium was about 10-fold higher than in
liver. The cornea and choroid demonstrated
low specific activity. No activity was ob-
served in aqueous humor, lens, vitreous
body, sclera, and blood. As shown in Fig. 1,
the optimal pH's of the enzyme in retinal
pigment epithelium and ciliary body were
near 8.0. The specific activities in homoge-
nates of several rat tissues is shown in Table
II. Specific activity in the rat liver was about
20-fold higher than in the bovine liver. The
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retina and choroid of the rat showed approx-
imately the same activity as the bovine retina
and choroid. No activity was observed in the
rat blood.

Discussion

The value obtained for the enzyme activity
in the rat liver in our experiments was similar
to that in rat liver determined by other in-
vestigators. "• 14< 15 Therefore it is unlikely
that our assay method was incorrect. The en-
zyme is widely distributed in various tissues
of the rat.16 Particularly, the kidney, liver,
and small intestine show high activity in the
rat.16 The enzyne activity in the rat is altered
by age, sex, hormones, and diet.14"16 The en-
zyme activity in the human liver also has
been reported to be dependent on age.17

Animals in our experiment were adult male
and female cows and adult male rats. All ani-
mals had free access to food and water. The
enzyme activity in bovine liver was sig-
nificantly lower than in the rat liver. The ac-
tivity in human adult liver has also been re-
ported to be lower than that in rat liver.17

Thus different specific activities reported in
the literature may be dependent on species
differences rather than on the tissue prep-
arations and enzyme assay methods.

The retinal pigment epithelium, ciliary
body, and iris of the cow showed about 10-
fold higher activity than bovine liver. It has
been shown that patients with gyrate atrophy
of the choroid and retina have a deficient ac-
tivity of ornithine ketoacid aminotransferase
in their fibroblasts and lymphocytes. 1-4 Takki6

studied patients by fluorescein angiogram
and electro-oculogram and suggested that the
primary lesion in gyrate atrophy might be at
the level of pigment epithelium. However, it
remains unclear whether or not the enzyme
activity is deficient in the retinal pigment
epithelium of the affected patient. The pres-
ent experiment would suggest a strong corre-
lation between the observation of Takki and
the high enzyme activity in the retinal pig-
ment epithelium, implying that the enzyme
deficiency could account for the pathogenesis
of gyrate retinochoroidal atrophy. In addi-
tion, it is of interest that the ciliary body and

iris showed high specific activity of ornithine
ketoacid aminotransferase. Some patients
with gyrate atrophy have been demonstrated
to have myopia,6 cataract,6 and lens disloca-
tion.9 Therefore it is likely that there might
be a correlation between the pathogenesis of
the complications and the enzyme deficiency
in the ciliary body and iris. Cycloscopical ob-
servation18 is thus indicated for gyrate at-
rophy patients.

We thank Prof. N. Katsunuma, Department of En-
zyme Chemistry at Tokushima University, for helpful
suggestions and Miss S. Hirakawa for assistance.
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Erratum

In Table HI of "Immune reactivity to different retinal antigens in patients
suffering from retinitis pigmentosa" by C. J. J. Brinkman, A. J. L. G.
Pinckers, and R. M. Broekhuyse (INVEST OPHTHALMOL Vis Sci 19:743, 1980), the
p value for Bo-Rho, under Leukocyte migration, should be p < 0.05.


