to an effect secondary to electrolyte
disturbances. Whatever the mechanism
involved, our evidence strongly sug-
gests that potassium deficiency is quite
important in inducing the formation of
cysts. Indeed hypokalemia induces dif-
fuse tubular dilatation in older animals
(8.

This experimental model brings new
perspectives to the study of cystic
disease of the kidney not only by pro-
ducing the disease rapidly and easily
but also by initiating it during the early
stages of renal development so that it
parallels at least certain forms of human
cystic renal disease. In addition, with
this model, therapeutic approaches are
possible. Our studies failed to reveal
any abnormality of renal function early
in the disease; this abnormality may
arise later with the progression of cystic
changes, but animals have not yet been
studied at advanced stages. Potassium
deficiency in the pathogenesis of this
model has obvious clinical implications
in that this electrolyte disturbance
might be encountered or produced
iatrogenically during pregnancy.

DaANIEL Y. E. PEREY
RoGER C. HERDMAN
ROBERT A. GooD
Department of Pediatrics, University
of Minnesota, Minneapolis
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Enzyme Induction by Corticosteroids
in Embryonic Cells: Steroid
Structure and Inductive Effect

Abstract. Glutamine synthetase in the
developing retina of the chick embryo
can be induced to increase by certain
corticosteroids. The inductive effective-
ness of various natural corticosteroids
has been examined in organ cultures of
embryonic retina and correlated with
specific groupings on the steroid mole-
cules.

Glutamine synthetase in the neural
retina of the chick has a characteristic
and unique developmental pattern that
coincides with other aspects of retinal
development and provides a quantita-
tive marker of differentiation in this
tissue (7). This pattern and other
aspects of retinal development can be
modified by corticosteroids (2). In nor-
mal embryonic development, glutamine
synthetase in the retina begins to in-
crease at a very sharp rate after the
16th day of incubation, during the
period of final differentiation and matu-
ration of this tissue; however, glutamine
synthetase can be induced to rise at a
sharp rate several days ahead of time,
in cultures of retina tissue and in the
retina in the embryo by treatment with
hydrocortisone (2, 3). This precocious
induction of glutamine synthetase is ac-
companied by acceleration of other de-
velopmental features in the retina; it
requires RNA and protein synthesis (4)
and appears to be specific for this em-
bryonic tissue. Exploratory tests indi-
cated that, in addition to hydrocor-
tisone, other corticosteroids had an
inductive effect in this system. We have,
therefore, examined the correlations be-
tween the molecular structure of vari-
ous natural adrenal steroids and their
effectiveness as inducers of glutamine
synthetase in organ cultures of embry-
onic retina in vitro.

Single, whole retinas from 12-day
chick embryos were explanted and cul-
tured in 3 ml of medium in 25-ml
erlenmeyer flasks. The culture medium
consisted of 20 percent fetal bovine
serum in Tyrode’s solution, 1 percent
penicillin-streptomycin mixture (Micro-
biological Associates), and 10—8% g of
steroid per milliliter. Stock suspensions
of the steroids were prepared in 1 ml of
Tyrode’s solution with 0.04 ml of
Tween 80; controls did not contain the
steroid. A mixture of 5 percent CO, in

air was passed through the cultures
which were then incubated at 38°C on
a rotary shaker (70 rev/min). The
retinas were harvested after 24 hours
in culture and assayed for glutamine
synthetase activity (4).

The results (Table 1) show that, at
the concentration tested, hydrocorti-
sone, corticosterone, and aldosterone
are the strongest inducers of glutamine
synthetase in the embryonic retina.
These three steroids have in common
the 118-hydroxyl group and the 178-
side chain with the 20-ketone and the
21-hydroxyl groups. The activity of the
strongest inducers was not appreciably
lowered by esterification of the 21-
hydroxyl group with phosphoric acid.
Molecules with a methyl group in the
21-position  (11p-hydroxyprogesterone
and 113,17 -dihydroxyprogesterone)
had intermediate activities. On the
other hand, molecules without hydroxyl
on carbon 11 or with the 11-hydroxyl
in the g-configuration had only a very
slight or no effect. In addition to the
steroids listed in Table 1, 11lg-hydro-
cortisone was also tested (10-% g per
ml) and was essentially ineffective (5
percent increase in glutamine synthetase
activity); this is in marked contrast to
the high effectiveness of the natural,
11B-hydrocortisone. All of this suggests
that the 118-position is of primary sig-
nificance in the activity of these mole-
cules in inducing retinal glutamine syn-
thetase in this system. This conclusion
is further supported by the fact that
cortisone, which has a ketone group in
the 11-position, had no effect under
these conditions.

While the detailed mechanisms
whereby these corticosteroids exert an
inductive effect on glutamine synthetase
in the embryonic retina and enhance
the developmental program of this tis-
sue remain to be determined, it is of
interest that the steroid molecules which
are strong inducers in this system also
have a high glucocorticoid activity
(5). The significance of this remark-
ably close correlation to the differential
effects of these steroids on protein syn-
thesis in various embryonic and adult
tissues (6) is unknown. Evidence from
other systems (7) suggests that the
function of these molecules involves
their association with specific receptors
on or in the target cells, and subsequent
effects on translative and transcriptive
processes (6). If the specific inductive
effect of the corticosteroids on the glu-

SCIENCE, VOL. 158



Table 1. Effect of different adrenal steriods on glutamine synthetase (GS) activities in cultured
embryonic retina. Numbers in parentheses indicate the number of assays.
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tamine synthetase system in the em-
bryonic retina depends initially on spe-
cific interactions with retinal receptors,
our data suggest that the position and
orientation of the 11B-hydroxyl group
is critical for the specificity of these
interactions and that the 21-position
has a secondary role in this sequence.
However, the possibility also exists that
one of these positions is more impor-
tant for interactions with receptors,
while the other is more closely involved
in the regulation of biosynthetic proc-
esses relevant to the sequence of induc-
tion in these cells (4).

The present system lends itself well
to detailed studies of these problems
with respect to the mechanism of in-
duction in embryonic cells. It provides
a rather unique correlation between the
structural, chemical, and physiological
properties of an inducer molecule and
its effect on the development of an
enzyme characteristic of differentiation
in a well-defined population of embry-
onic cells. Of added interest is the pos-
sibility that induction in vitro of glu-
tamine synthetase in the embryonic
retina may offer a sensitive and practi-
cal bioassay system for testing gluco-
corticoid activity of various steroids (8).
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