16.

. C. F. Baes, Jr.:

References and Notes

. C. D. Keeling, Tellus 25, 174 (1973); R. M. Rot-

ty, ibid., p. 508

H. E. Goeller, J. S. Olson, R.
M. Rotty, The Global Carbon Dioxide Problem
(Report ORNL-5194, Oak Ridge National Labo-
rato;y, Oak Ridge, Tenn., 1976); Am. Sci. 68, 31
(1977)

. J.A.'S. Adams, M. S. M. Mantovani, L. L.

Lundell, Science 196, 54 (1977).

. B. Bolin, ibid., p. 613.
. M. R. Lockman, Forest Fire Losses in Canada,

1969 (Catalog Fo. 51-2/1969, Information Cana-
da, Ottawa, 1972), p. 6. An annual average (1959
through 1968) of 0.433 x 10'° m? year™! of the
area burned in Canada was forested. The value
for the boreal forest is extrapolated from a ratio
of the world boreal forest area of 12 x 10'> m? to
the Canadian boreal forest area of 4.2 x 10'2 m?.
The value for boreal nonwooded land is extrapo-
lated from an annual average (1959 through
1968) of 0.458 x 10" m? of nonwooded area
burned, based on the same ratio of world to Ca-
nadian area applicable also to nonwooded land.

. W. Harns, Forest (Messner, New York,
1969), p. 150. The loss from forest fires in tem-
perate regions is deduced from the U.S. forest
burned (1.2 x 10'° m? year™') with an extrapola-
tion based on a ratio of the world’s temperate
forest (12.0 x10'2 m?) to the U.S. forested area
(3.16 x 102 m?). The estimate for the temperate
nonwooded area is based on the assumption of a
similar situation in both Canadian and U.S.
fires, that is, equal amounts of forested and non-
wooded areas.

. R. Farb, The Forest (Time, New York, 1961), p

167.

. G. F. White, in Fires in the Environment (Sym-

posium Proceedings, 1-5 May 1972, Denver,
Colo.) (Forest Service, U.S. Department of Ag-
riculture, Washington, D.C., 1972), p. 5.

. J. L. Murphy, L. J. Fritschen, O. P. Cramer, J.

For. 68, 530 (1970); 0.75 is estimated from the
data on an experimental slash fire of second-
growth Douglas fir, in which 34 metric tons out
of 45 metric tons per acre of material was con-
sumed.

. E. P. Odum, Fundamentals gf Ecology (Saun-

ders, Phlladelphla 1971), p

. R H. Whittaker and G’ B. Likens, in Carbon

and the Biosphere, G. M. Woodwell and E. V.
Pecan, Eds. (Conference 720510, National
Technical Information Service, Springfield, Va.,
1973), pp. 281-302.

. Food and Agriculture Organization, Unasylva

20, 54 (1966). Forest cleared for shifting cultiva-
tion in the Far East was estimated to be 8.5 x

10'* m? year~! and in Latin America 5 x 10'° to
10 x 10" m* year~". In Africa, the annual clear-
ing is assumed to be of the same order of magni-
tude as in Asia or Latin America.

. W. Manshard, Tropical Agriculture (Longman,

London, I974), pp. 187-189.

. P. R. Ehrlich and A. H. Ehrlich, Population,

Resources, Environment (Freeman, San Fran-
cisco, 1970).

. K. Davis, in Man and the Ecosphere (Freeman,

San Francisco, 1971), pp. 267-279. The fractions
of rural population are estimated to be about 0.8
in Asia, 0.55 in Middle America and South
America, and 0.87 in tropical Africa, on the
basis of Davis’ data on the percentage of the ur-
ban population.

L. D. Stamp, in Africa: A Study in Tropical De-
velopment (Wiley, New York, 1964), p. 144, In
fertile southern Nigeria, an average family of 3.6
persons required the produce from 8 X 10° m? of
cultivated land annually. In less fertile northern
Nigeria, an average of 3.3 persons per family
would be supported by 12 X 10° m2. Thus, the
average land requirement amounts to 3 x 10° m?
per capita for shifting cultivation. The average
size of family is 3.5 persons per shifting cultiva-
tor.

. Yearbook of Forest Products, 1963-1974 (FAO,

Rome, 1976). In 1974, the world production of
fuel wood and charcoal was estimated to be
1.17 x 10° m®. Conversion factors of 725 kg m—3
for density, 0.5 for the dry weight of woody ma-
terial, and 0.5 for the carbon content are used.
Also, a total of 1.52 x 10® metric tons of paper
products were produced.

. Itis assumed that half of the paper products pro-

duced (/7) are burned as waste. The net input is
calculated on the basis of a 1 percent increase in
paper demand per year.

. Loss of soil carbon in agricultural burning and

forest fires is based on the following data: a total
area of 350 x 10'° m? year~! (Table 1), a frac-
tional change of 0.08 in soil carbon before and
after an experimental slash burning [R. F. Wat-

200

0036-8075/78/0414-0200800.50/0 Copyright © 1978 AAAS

ters, Shifting Cultivation in Latin America
(FAO, Rome, 1971), p. 43], and a soil carbon
content in the top 10 cm of soil of 1.5 x 10° g
m~? estimated from Soil Map of the World,
North America [(UNESCO, Paris, 1975), vol.  22.
2]. An average area for new tropical forest clear-

ing of 16 x 10'° m? year~! is used for the calcu-

lation of the net input.

20. Desertification of the savanna and farmland is  23.
estimated to be 5.7 X 10" m? year ! (U.N. Con- 24,
ference on Desertification, Nairobi, Kenya, 25.
1977), with a change in phytomass from about
1.1 x 10°t0 0.3 g m~2 (7). Thus, the decrease in
CO, uptake from the atmosphere amounts to
0.05 X 10 g year™! 26.

21. In California each cny dweller requires an urban ~ 27.
area of 10° m2. In Great Britian the area is 6 x
10> m? [see also N. W. Pire, Food Resources
(Penguin, New York, 1976), p. 39], with anaver-  28.
age of 0.8 x 10° m? per urban dweller. The
world’s annual urban population increase, esti-  29.
mated from the degree of urbanization (15) and
population increase (I4, pp. 331-340), is about  30.
24 x 10° persons. The urban encroachment on
farmland is occurring at a rate of 1.9 x 10'° m?
year~! and, on the basis of a decrease in the

phytomass CO, uptake from 0.5 x 10° g m~2 for
farmland to zero for concrete paved area, a net
CO, input into the atmosphere of 0.01 x 10 g
year™! is estimated.

W. A. Reiners, in Carbon and the Biosphere, G.
M. Woodwell and E. V. Pecan, Eds. (Confer-
ence 720510, National Technical Information
Service, Springfield, Va., 1973), pp. 368- 381.
A. H. Wasting, Environment 13, 8 (1971).

R. Persson’s estimation [see (4)].

Report of the Canadian Forestry Mission to the
People’s Republic of China, October 1974 (In-
ternal report, Canadian Forestry Service, Otta-
wa, 1975).

S. Wortman, Sci. Am. 235, 37 (September 1976).
C. D. Keeling and R. Bacastow, in Energy and
Climate (National Academy of Sciences, Wash-
ington, D.C., 1977), pp. 72-95.

T. R. Parsons and M. Takahashi, personal com-
munication.

C. S. Wong, unpublished data and personal
communication with T. R. Parsons.

I thank Dr. R. W. Stewart for helpful comments
on the first draft.

18 July 1977; revised 28 December 1977

Gyrate Atrophy of the Retina: Inborn Error of
L-Ornithine:2-Oxoacid Aminotransferase

Abstract. Cultured fibroblasts from a patient with gyrate atrophy of the retina do
not convert L-ornithine, uniformly labeled with carbon-14, to proline. This metabolic
block is caused by deficient L-ornithine:2-oxoacid aminotransferase activity in the
patient. Her heterozygote father has intermediate activity of this enzyme.

Gyrate atrophy of the retina is a blind-
ing human disease characterized by pro-
gressive retinal degeneration, autosomal
recessive inheritance, and an increase of

ornithine in the blood and urine (/). We
now report a specific inborn error of or-
nithine metabolism in this disease. A re-
cent in vivo metabolic study (2) has sug-
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Fig. 1. Autoradiography of '“C-labeled amino acids in acid soluble cell fraction separated by
thin-layer chromatography. (a) Normal; (b) heterozygote father; and (c) patient. The mother
was not available. Skin fibroblasts were cultured in Dulbecco’s medium with 10 percent fetal
calf serum in an incubator (5 percent CO,) at 37°C. All cultures were free of mycoplasma con-
tamination (6). Confluent cultures were incubated for 24 hours in media containing 0.133 n.Ci of
L-[U-"*CJornithine per milliliter (200 x.Ci/nmole; New England Nuclear). Cells were harvested
and protein was precipitated with perchloric acid. The acid-soluble cell fraction was lyophilized
and redissolved in distilled water so that 1 1 contained an acid-soluble cell fraction proportion-
al to 11 ug of cell protein (7). A portion (10 w1) was applied to silica gel thin-layer chromatogra-
phy plates (Analtech). The first dimension was run in a chloroform, methanol, ammonium hy-
droxide, water system (60:60:18:9) for 1 hour and the second dimension in a butanol, acetic
acid, water system (9:3:3) for 2.5 hours. The migrations of ornithine, glutamate, and proline
standards were used as controls. Autoradiography was accomplished by apposing the plates to
film (Kodak NoScreen) in darkness for 1 month. The ornithine, proline, and glutamate spots
identified from this autoradiography and from ninhydrin or isatin stain were scraped into vials
containing 10 ml of liquid scintillation fluid (Aquasol; New England Nuclear) and 0.5 ml of
water. A spot equal in size to the glutamate spot adjacent to the glutamate spot was used as a
control spot. Spots removed and counted produced (counts per minute): (a) Normal; ornithine,
74; proline, 91; glutamate, 382; control, 11. (b) Heterozygote father; ornithine, 65; proline, 83;
glutamate, 366; control spot, 14. (c) Patient; ornithine, 179; proline, 19; glutamate, 438; control,
13. Abbreviations: ORN, ornithine; PRO, proline; GLU, glutamate, C:M:NH H,0, chloro-
form, methanol, ammonium hydroxide, water; and B:AC:H,0, butanol, acetic acid, water.
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gested a deficiency of L-ornithine:2-
oxoacid aminotransferase (E.C. 2.6.1.13)
in gyrate atrophy.

We studied cultured fibroblasts from
the 14-year-old daughter of clinically
normal, nonconsanguineous parents of
Finnish ancestry. The patient com-
plained of decreased vision at age 7. She
has been otherwise well, and specifically
has not had seizures, as have some pa-
tients with this disease. On examination,
she had central vision of 20/25 in each
eye with myopic correction, impaired
dark adaptation, an extinguished scotop-
ic electroretinogram, constricted periph-
eral field of vision, and retinal atrophy
with a scalloped margin except at the
posterior pole of both eyes. Ornithine in
her blood plasma was ten times that of
normal individuals. Blood ammonia was
normal.

Cultured skin fibroblasts were in-
cubated with ['*Clornithine. '*C-La-
beled amino acids from the nonprotein
cell fraction were detected by autoradi-
ography of thin-layer chromatography
plates (Fig. 1). The intracellular pool of
ornithine became radioactive, and the la-
bel was found in proline and glutamate in
cells from a normal control and from the
obligate heterozygote father. In the pa-
tient’s cells, the label was increased in
ornithine and was decreased in proline.
The glutamate label was slightly in-
creased in the patient’s cells. Since the
conversion of labeled ornithine to pro-
line is blocked, we assayed sonically dis-
rupted cultured cells for L-ornithine:2-
oxoacid aminotransferase (3), one of the
enzymes that converts ornithine to pro-
line through the intermediates glutamic-
y-semialdehyde and A!-pyrroline 5-car-
boxylate. L-Ornithine:2-oxoacid amino-
transferase activity was absent in the
patient’s cells and was approximately
half of normal in the heterozygote fa-
ther (Fig. 2). Mixing patient cell extract
with normal cell extract did not inhibit
the enzyme activity, an indication that
the deficient activity was not caused by
a diffusible inhibitor in the patient’s
cells.

The fact that the heterozygote’s inter-
mediate enzyme activity appears to be
sufficient to convert ornithine to proline
in the cultured cells may explain why the
heterozygote does not manifest clinical
disease. The conversion of ornithine to
glutamate in the patient’s cells is unex-
plained by known mammalian metabolic
pathways. Perhaps this experiment of
nature has unmasked the presence in hu-
mans of pathways known in microor-
ganisms. Since vitamin Bg is a cofactor
for vr-ornithine:2-oxoacid aminotrans-
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Fig. 2. Activity of vL-ornithine:2-oxoacid
aminotransferase in cultured fibroblasts from
patient with gyrate atrophy, father (hetero-
zygote) of patient, and five separate normal
lines. Cells were cultured as described in Fig.
1 and harvested at midlog growth as ob-
served by inverted phase-contrast micros-
copy. The cells were suspended in 0.1M phos-
phate (pH 8) buffer containing pyridoxal phos-
phate (4 ug/ml) and sonicated (Sonifier W185;
Ultrasonics) at 75 W for three 15-second inter-
vals in an ice bath. L-Ornithine:2-oxoacid
aminotransferase was assayed as described
8); this assay measures the radioactivity in-
corporated into the dihydroquinozolinium
compound formed by Al-pyrroline 5-carbox-
ylate, which is the reaction product, and by
O-aminobenzaldehyde (Sigma). The reaction

mixture contained 0.7 mM vL-ornithine, 0.7 mM a-ketoglutarate, 4 ug of pyridoxal phosphate
per milliliter in a 0.1M phosphate buffer (pH 8), and 0.8 uCi of L-[U-*CJornithine per milliliter.
Blank reaction controls were run without the sonicated cellular material. Radioactivity in the
assay was at least four times that of the blank. Under the conditions used, the reaction was
linear with time and with added enzyme in the sonicated material. The activity is expressed as
nanomoles of A’-pyrroline 5-carboxylate formed per hour per milligram of protein. Each normal
point represents the mean of two determinations. The heterozygote activity is the mean of four
determinations (range 57 to 72). For normals, the mean * standard deviation is noted. The
activity in the heterozygote is significantly (P < .01) lower than the normals. The activity in the
patient is = 4.0 within the sensitivity limit of this assay.

ferase, it may be possible to treat some
patients having gyrate atrophy with mas-
sive doses of By where the altered en-
zyme coded by the mutant gene has a
lowered affinity for this cofactor, as has
been done in some cases of homo-
cystinuria ). Deficient vL-ornithine:2-
oxoacid aminotransferase activity by
itself does not explain the patho-
physiology of the retinal degeneration. A
deficit in the enzyme’s product, proline,
could impair synthesis of an essential
protein such as the collagen basement
membrane (Bruch’s membrane) of the
retinal pigment epithelium. Alternative-
ly, precursor accumulation of ornithine
could cause retinal toxicity. The ab-
sence of gyrate atrophy in other hyper-
ornithinemia conditions argues against
this latter possibility of ornithine toxicity
).

Gyrate (Latin, gyratus turned round)
was originally used to describe this dis-
ease because the margin of the retinal at-
rophy in the early disease stages curves
as circular segments. As such, this dis-
ease is one of the few retinal degenera-
tions that can be morphologically identi-
fied in the group of diseases known col-
lectively as retinitis pigmentosa. This
study demonstrates a specific inborn er-
ror of metabolism in one of the human
retinal degenerations. Other hereditary
human retinal degenerations may be
caused by as yet undiscovered inborn er-
rors of metabolism.

Intermediate activity of L-ornithine:2-
oxoacid aminotransferase may identify
carriers of gyrate atrophy. Detection of
ornithine aminotransferase deficiency in

cultured amniotic fluid cells (5) may per-
mit prenatal diagnosis of this disease in
the fetus. Applied carrier screening pro-
grams and prenatal diagnosis, however,
should await further data on the statisti-
cal distribution of enzyme activity and
development of a technically simple as-
say.

JAMES J. O’DONNELL
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