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ABSTRACT

Cortisol can prematurely induce glutamine synthetase activity in the chick embryo retina .
Under appropriate conditions, this effect can be enhanced by addition of low levels of
actinomycin D ; this enhancement is reversibly inhibited by cycloheximide . The magnitude
of the effect is a function of time of exposure to hormone as well as antibiotic and is also
a function of the age of the embryo ; within the limits of the present study it did not appear
to be a function of actinomycin-D concentration . The data are discussed in terms of current
ideas of possible control mechanisms in animal cells .

INTRODUCTION

The premature appearance of glutamine synthe- Eagle's Basal Medium (Grand Island Biological Com-
tase can be elicited in the chick embryo retina by pany, Grand Island, N . Y.) supplemented with 5%
cortisol (1-2) or related steroids (3-4) both in commercially dialyzed fetal calf serum (GIBCO) for
culture and in ovo (5) . A further enhancement of about 17 hr. Some of the cultures were then treated
the enzyme activity can be brought about by with cortisol (0 .5 or 0 .1 jug/ml), or cycloheximide

actinomycin-D treatment, and in some cases by 2 µg/ml), or both . Where appropriate, a radio-
labeled amino acid was also added . Cultures were

interruption of protein synthesis by cycloheximide then returned to the incubator . This treatment period
treatment . These modifications of steroid induc- is referred to as stage I and lasted for 5-7 hr in most
tion have led to consideration of a model pro- cases . At the end of stage I, some retinas were har-
posed recently by Tomkins et al. (6) . The present vested (this group included those which had received
study provides data which further contribute to radioactive amino acid) ; others were washed as de-
this assessment .

	

scribed below and returned to fresh medium with or
without actinomycin D (0.2 )ug/ml unless otherwise

MATERIALS AND METHODS noted) and, in most cases, tritiated uridine . This was
Retinas were removed from embryos (12 days of de- referred to as stage II and was most commonly about
velopment unless otherwise specified) and were cul- 17 hr in duration .
tured, harvested, and analyzed as previously described

	

Where washing is indicated, the retinas were
(1, 3) .

	

washed in the following way : Medium was poured off
The general experimental procedure was as fol- and the last drops were suctioned away with a sterile

lows : Retinas were excised and incubated at 37 °C in Pasteur pipet attached to a vacuum line . 5 ml of fresh
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medium were added and removed, after gentle swirl-
ing, by decantation and suction . A second 5 ml of
fresh medium were added, and the cultures were
placed in a gyrotory water bath shaker (37 ° C, 68-72
rpm) . After 20 min, this medium was removed as
above and a third 5 ml wash was added and im-
mediately removed . A final 5 ml of fresh medium
were then added containing actinomycin D and/or
radioactive precursor as indicated, and the flasks were
replaced in the incubator for the times indicated .

At the end of the experiment, retinas were washed
quickly with 10 ml of cold water containing the
nonradioactive uridine (20 jug/ml) or the amino acid
(20 pg/ml) used in the experiment . The retinas were
then permitted to lyse in 2 ml water (3) and were
assayed in a manner similar to that described by
Thorndike and Reif-Lehrer (7) . The modifications
are shown below.'

Modified Assay

1 ml of retinal lysate is added to a mixture of items
1-6, giving a total volume of 1 .5 ml. The sodium
arsenate is then added, giving a final incubation
mixture of 1 .54 ml. The tubes are then shaken in a
37 °C waterbath for 30 min . After cooling in an ice
bath, the color is developed by addition of a mixture
of 0 .5 ml of 0 .1 M HCI, 0 .5 ml of 15% (by weight)
trichloroacetic acid, 0.5 ml of 7 170 (by weight) FeC13
in 0 .004 M HCl. This gives a total of 3 .04 ml of solu-
tion which is readily read on a Bausch and Lomb
Spectronic 100-8 .

Results are reported as specific activity of glutamine
synthetase, i.e ., OD 500 nm/mg protein. Each ex-
perimental point is an average of three to five samples .

For retinas which had been treated with a radio-
labeled precursor, another sample of lysate (0 .5 ml)
was treated with 0 .1 ml of cold trichloroacetic acid,

' The assay as published is unnecessarily sensitive for
retinas which have been highly induced for many
hours and more cumbersome to carry out for experi-
ments with large numbers of samples . It should be
noted that the techniques are basically similar .
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50% by weight in water (100 gram %) . The result-
ing precipitate is collected by a 15 min centrifugation
at 2500 rpm at 4 °-8 ° C in an International centrifuge
(International Equipment Co., Needham Heights,
Mass .) . The precipitate is washed with 1 ml of cold
5% (by weight) trichloroacetic acid and again cen-
trifuged . After decanting off the supernatant liquid,
the tubes are allowed to drain upside down on an
absorbing surface . The precipitate is then dissolved in
2 ml of 0.2 M ammonia solution. Aliquots (0 .5 ml
each) of the resulting solution were used for deter-
mining radioactivity and protein, as previously de-
scribed (1) . Results are reported as cpm/mg protein .

Cortisol was from Sigma Chemical Co . (St . Louis,
Mo.) ; cycloheximide from Nutritional Biochemicals
Corporation (Cleveland, O.) ; actinomycin D was ob-
tained through the courtesy of Merck, Sharp, &
Dohme (Rahway, N . J .) . The latter was kept in the
dark and stored at 4 ° C in aqueous solution .

Radioactive materials were obtained from New
England Nuclear Corp . (Boston, Mass .) .

RESULTS AND DISCUSSION

Retinas incubated overnight in a noninducing
medium and then treated with cortisol and cyclo-
heximide (stage I), develop glutamine synthetase
activity subsequent (stage II) to the removal of
the steroid and antibiotic . The enzyme activity
which is elicited during stage II can be augmented
nearly threefold by arresting RNA synthesis with
actinomycin D during this latter incubation .

In a series of such experiments, the presence of
actinomycin D during stage II increased the
specific activity of the enzyme by two- to fourfold
compared to that obtained in the absence of the
antibiotic .

The presence of cortisol in stage I appears to be
necessary to obtaining the maximal stimulatory
effect of actinomycin D, although an effect is
sometimes seen in the absence of the steroid . In
this latter case, the results are quite variable and
the effect is small . In a series of experiments in
which cycloheximide alone was present in stage I,
actinomycin D added during stage II gave at
most a twofold stimulation in enzyme activity .
Table I gives the results of some typical experi-
ments. The concentration of actinomycin D (0.2
µg/ml) used in these experiments usually inhibited
uridine incorporation by 70-80 170 and inhibited
incorporation of amino acids into cold TCA-
precipitable protein by about 60% . The cyclo-
heximide (2 µg/ml) inhibited amino acid in-
corporation by greater than 90%0 .
A phenomenon, sometimes referred to as

Reagent Molarity ml added Molarity in final
per sample incubation mixture

1 . Glutamine 0 .4 0 .40 0 .103
2. Sodium ace-

tate
1 .7 0 .06 0.066

3. NH20H 2 .0 0 .01 0.013
4. MnCl2 1 .0 0 .01 0.006
5. KC1 1 .0 0 .01 0.006
6. ATP 0 .01 0 .01 6 .5 X 10-5
7. Sodium ar-

senate
0 .5 0 .04 0 .13



TABLE I

Enhancement of Glutamine Synthetase Activity in
the Presence of Actinomycin D

Specific enzyme activity = OD 500 nm/mg pro-
tein .
Cortisol = 0.5 µg/ml except * = 1 .0 jug/ml .
Cycloheximide = 2 .0 pg/ml .
Actinomycin D (Act) = 0.2 pg/ml except § _
10 µg/ml .
Stage I = 5 hr except $ = 7 hr.
Uridine incorporation in most of these experi-
ments was about 90% inhibited in the Act samples
compared to controls .

superinduction by actinomycin D, has been re-
ported in a number of animal cell systems (6, 8) .
The results reported here demonstrate the exist-
ence of an analogous phenomenon in the chick
embryo retina system. This apparent enhancement
of hormonal induction by actinomycin D has been
explained by Reel and Kenney (8) as an inhibition
of enzyme degradation and more recently by
Tomkins et al . on the basis of inhibition of forma-
tion of a repressor which would otherwise inacti-
vate the messenger RNA for the induced enzyme
(6) .
Tomkins et al. have proposed a model for

enzyme induction in mammalian cells (6) . Ac-
cording to their hypothesis, there is an inducible
phase of the cell cycle during which the structural
gene is continuously transcribed into enzyme
messenger RNA, which is, in turn, translated into
product enzyme. Concurrently, a repressor is
produced at a constant rate which inhibits mes-
senger translation and promotes messenger degra-
dation. According to the Tomkins model, super-
induction by actinomycin D is explained on the
basis of loss of a labile protein repressor which is

translated from a messenger RNA with a very
short half-life . Thus, both the messenger RNA
and the protein must be continuously synthesized
in order to maintain an effective level of repressor .
This model would predict that actinomycin D
given to uninduced cells should cause an increased
basal level of enzyme activity. Peterkofsky and
Tomkins (9) did, in fact, find a twofold increase
in basal tyrosine aminotransferase level with 2 .0
µg/ml actinomycin D in the absence of inducer .
We have not observed such an effect in freshly
cultured retinas from 12-day-old embryos in the
case of glutamine synthetase (Table II) . However,
a possibly analogous effect is illustrated in Table I .
Here a small but significant superinduction is
sometimes seen if cortisol is omitted from stage I of
the usual type experiment, i .e ., after 1 day in
culture . It could be conjectured that this is, in fact,
the same effect but that, in primary cultures, some
time is required for the tissue to become acclimated
to the culture conditions ; acclimatization time
would of course not be required for cells in serial
culture such as the hepatoma cells .
Moscona et al . (10) did report induction of

glutamine synthetase in the retinal system within
24 hr in the absence of added steroid and without
any time to adjust to culture conditions . This was
accomplished either by addition of 10-8 M cytosine

TABLE II

Effect of Actinomycin D On Basal Glutamine
Synthetase Level
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* Cortisol and/or actinomycin D as appropriate .
Specific activity = OD 500 nm/mg protein .
Cortisol = 0.5 µg/ml .
Actinomycin D = 0 .2 µg/ml except $ = 10 µg/ml .

3 0 5

Glutamine synthetase (specific activity)

+Cortisol -Cortisol

Experi-
ment

Ratio
+Act

Ratio
+Act

No . +Act -Act -Act +Act -Act -Act

1 1 .3 0.55 2 .4 0 .40 0 .23 1 .7
2 0.51 0.27 1 .9 0 .13 0 .13 1 .0
3 0.75 0.31 2 .4 - - -
4*$ 0 .77 0 .39 2 .0 0 .26 0 .17 1 .6
5 1 .3 0 .35 3 .7 - - -
6$ 0 .73 0 .42 1 .7 0 .22 0 .17 1 .3
7 - - - 0 .19 0 .20 0 .95
8§ - - 0 .34 0.20 1 .7

Glutamine synthetase activity

-Cortisol +Cortisol

+Act

Uridine
incor-

poration
inhibi- +Act

Uridine
incor-

poration
inhibi-

Treatment -Act tion -Act tion

hr % %

Immediately 7 1 .2 63 0 .37 83
after ex- 7 1 .1$ 85
plantation 16 .5 1 .1 88 0 .18 67

16 .5 1 .4$ 97 - -

After 29 hr in 18 1 .2 0 .68
culture 18 1 .1$ 0 .34$



TABLE III

Actinomycin D Effect as a Function of Concentration

Specific activity as in Table I .
All data based on stage I -o wash -> stage II
experiments .
0.5 µg/ml cortisol and 2 .0 µg/ml cycloheximide
used in stage I in all experiments .

arabinoside or by treatment with extraordinarily
high concentrations (200-500 µg/ml) of cyclo-
heximide, followed by treatment with high con-
centrations of actinomycin D (10 µg/ml) . It is
difficult to interpret these results, especially in the
case of cycloheximide. We have previously re-
ported that the retinas may not recover completely
from cycloheximide treatment even at I tg/ml
(1) . In addition, as Moscona et al . themselves
point out, not only protein synthesis, but 40%
of RNA synthesis is blocked by these high concen-
trations of cycloheximide (10) .

We find that, under appropriate conditions, the
superinduction effect is manifested at low (0 .2

jug/ml) concentrations of actinomycin D. In-
creasing the concentration of actinomycin D up
to 10 µg/ml does not usually change the specific
enzyme activity obtained (Table III and Fig . 1)
even though uridine incorporation is inhibited to
a greater extent (about 90%) at this higher level
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of antibiotic . This is in contrast to results reported
recently by Moscona et al . (11) in the same system .
The latter workers found that high concentrations
of actinomycin D (10 ug/ml) gave rise to the
superinduction, whereas concentrations of 0 .2
sg/ml suppressed the increase of glutamine
synthetase activity by 70-90% of controls . For an
explanation of this effect, two endogenous regu-
lators having different susceptibilities to the anti-
biotic were proposed . Since the superinduction
effects we observe do not appear to change with
increasing actinomycin-D concentration, it is not
necessary to invoke the two regulators in our case .

Glutamine synthetase appears to be a relatively
stable enzyme with a relatively long half-life in
the chick embryo retinal system. We have previ-
ously reported that retinas treated first with
cortisol for 24 hr and then with cycloheximide for
various periods of time show little, if any, decrease
in enzyme activity at 72 hr (1) . The present ex-
periments again indicate little loss of enzyme in
this system by 48 hr (Fig . 1) . Moscona et al. also
have findings supporting this view ; they have
reported that glutamine synthetase has a half-life
longer than 20 hr (11) . The stability of retinal
glutamine synthetase is, therefore, quite different
from that of tyrosine aminotransferase of the rat
liver (12) and from the hepatoma cells in which
tyrosine aminotransferase turns over rapidly (6) .
In rat liver, the half-life of tyrosine amino-
transferase has been estimated to be 1 .7-3.5 hr
(12) . Martin et al . have estimated a half-life of 4-6
hr for tyrosine aminotransferase in hepatoma cells
(13) . Although the former workers found that
cycloheximide served to stabilize the enzyme in
the liver, the latter did not find this to be the case
in cultured cells . More recently, Gerschenson et al .
(14) did find enzyme stabilization by cyclohex-
imide in cultures of normal liver cells . In the chick
embryo retina system, little difference is seen in the
glutamine synthetase activity profile over a 48 hr
period in the presence and absence of cyclohex-
imide (Fig . 1) .

Thus, in the case of retinal glutamine synthetase,
it seems difficult to justify the argument that the
function of the actinomycin D is to inhibit the
production of a substance which degrades the
enzyme per se. This does not of course exclude the
possibility that actinomycin D serves to inhibit the
production of a substance which degrades the
messenger RNA for glutamine synthetase . It
should be kept in mind, however, that in contrast

Concentration
of

Specific
activity ratio

+Act
Inhibition of

uridine
Experiment No . actinomycin D -Act incorporation

I 0 .2 2 .4 77
2.0 2 .2 76

II 0.2 2 .3 67
2 .0 2 .1 66

III 0 .2 2 .3 69
5 .0 2 .3 89

IV 0 .2 2 .2 69
5 .0 2 .3 89

V 0 .2 1 .3 49
10 .0 1 .5 81

VI 0 .2 1 .4 51
10 .0 1 .9 77

VII 0.2 2 .2 87
10.0 1 .8 99



1 .8

16

12

0 .8

0

to the situation with tyrosine aminotransferase,
induction of retinal glutamine synthetase does not
seem to require the continued presence of cortisol .
In fact, we have previously reported that cortisol
is not required by the system at all, but only serves
somehow to hasten the appearance of enzyme
activity (15) . In cultures devoid of added steroid,
glutamine synthetase activity rises to appreciable
levels after a time in culture such that the sum of
developmental days in ovo plus days in culture is
18-19 . At the corresponding time, the activity is
normally quite high in ovo . This rise is unaffected
by actinomycin-D treatment during the last 24 hr
in culture (Table IV) . However, if cortisol is added
during these last 24 hr, there is sometimes an addi-
tional rise in enzyme activity (15) . This additional
increase due to cortisol is almost completely in-
hibited if actinomycin D is added together with
the cortisol ; no increase in activity due to actino-
mycin D is seen in the absence of cortisol . But if
cortisol is added and actinomycin D is given 5 hr
later, there does appear to be some enhancement
of the cortisol effect (Table IV) .

Figure 2 shows the effect of varying the dura-
tion of cortisol-cycloheximide treatment in our
experiments . When stage I was varied from 1 to 7
hr, the enhancement by actinomycin D in stage II

e+10tig/ml Act

+0 .2 N.g/ml Act

t
!

/ e+I0N.g/mlAct
I

Control (no additions)

+2 .0f.cg/ml Cycloheximide

'y + 2 .0µ.g/ml Cycloheximide
and 0 .2µ.g/m1 Act

48

FIGURE 1 Effects of actinomycin D and cycloheximide on glutamine synthetase activity in retinal cul-
tures pretreated with cortisol . All retinas were explanted, and immediately placed in medium containing
cortisol . At the end of 18 hr, the retinas were washed to remove cortisol and placed into fresh medium (this
equals zero time in the figure) containing the additives shown . Specific activity as in Table I . Cortisol =
0.5 j ug/ml. Cycloheximide = 2 .0 µg/ml . Actinomycin D (Act) = 0.2 ,ug/ml except in the case of the two
single points = 10 µg/ml .

was optimal when stage I is 4-5 hr . A composite
graph based on data from three such experiments
is seen in the figure . The actinomycin D in-
hibited uridine incorporation by 80-90% . When
stage I was 24 hr long, only a very small enhance-
ment by actinomycin D was observed . This is in
agreement with earlier work in this laboratory in
which a small, but consistent superinduction by
actinomycin D was observed in a large number of
experiments in which retinas had been treated with
cortisol and cycloheximide for 24 hr (L. Reif-
Lehrer, unpublished results) .

In the experiments in Table V, stage I was 2
and 3 hr, respectively, and stage II varied from 1
to 5 hr with a control taken at the usual 17 hr .
Only the control had enhanced activity. Because
of the short stage I, probably only a small amount
of messenger RNA accumulated before addition of
actinomycin D . The controls with a stage II of 17
hr duration do exhibit an appreciable actinomycin
D effect, despite the short stage I. These data
would seem to indicate that the actinomycin D
effect requires some hours to maximally manifest
itself. The rate of inhibition of uridine incorpora-
tion by the antibiotic during stage II in these ex-
periments is shown in Fig . 3 .

As a variation, retinas in culture were treated
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TABLE IV

Effect of Actinomycin D on Long-Term Retinal Cultures

Retinas were treated with cortisol or actinomycin D or both for 24 hr before harvest ;
radiolabeled uridine was also added during these last 24 hr in culture .
Medium of cultures was changed every 3 days .
Specific activities as in Table I .
0.2 ig/ml actinomycin D except as noted below .
0 .1 sg/ml tritiated cortisol .
* = 2.0 ,ig/ml cycloheximide were added during the last 24 hr in culture .
$ = the actinomycin D in this case was added 5 hr after addition of cortisol to the
control cultures .
§ = the actinomycin D in this case was added 5 hr after addition of cortisol .
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Duration of Stage I (hr)

FIGURE 2 Enhancing effect of actinomycin D as a function of duration of stage I . Specific activity as in
Table I . Stage II = 17 hr. Cortisol = 0 .5 pg/ml. Cycloheximide = 2 .0 µg/ml . Actinomycin D = 0.2

µg/ml.

Specific activity

Time in
culture

-Cortisol

-

+Cortisol

-Act +Act

Inhibition
of

incorporation
uridine

Act +Act

Inhibition
of uridine

incorporation

days % %

1 0 .15 0.11 79 1 .2 0 .32 56
2 0.19 0.23 66 0 .57 0 .25 43
6 0.63 0.56 83 2 .6 1 .1 79
7 1 .1 0.96 71 2 .1 1 .3 83
7 0.96* 1 .0$ 1 .4* 2 .7§
9 1 .8 1 .6 48 1 .6 1 .6 52

U
a

3 .0
U
Q

o
o

2 .0
U
a
w
U

U
N
CL
In

Q)N
1 .0

Q)
t
C
T
U)
Q)
C
E
o
71o

//1 3 4 5 7 24



TABLE V

Actinomycin D Effect as a Function of Time

o

N

Specific activity as in Table I .
Cortisol = 0 .5 )ug/ml except * = 2 .0 jug/ml .
Cycloheximide = 2 .0 sg/m1 .
Actinomycin D = 0 .2 µg/m1 .

o
o
on
ooC
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80

60
â
T

C
0 50

L

ô
I

	

2

	

3

	

5 // 17
Duration of Stage Il (hr)

FIGURE 3 Rate of inhibition of uridine incorporation
by actinomycin D in stage II . Stage I = f2 or 3 hr.
Actinomycin D = 0.2 µg/m1. Cortisol = 0 .5 µg/ml . Cy-
cloheximide = 2 .0 µg/ml. Incorporation measured as
cpm/mg protein. % inhibition = 100 - 100 (incorpo-
ration in presence of actinomycin D divided by incorpo-
ration in absence of actinomycin D) . The data in this
figure were obtained from the experiments shown in
Table V.

with 0.5 eg/ml cortisol for 18 hr beginning imme-
diately after explantation. At the end of this time,
the cortisol was washed out and the retinas were
put into fresh medium either with no additions
or with 2.0 µg/ml cycloheximide or 0 .2 yg/m1

TABLE VI

Effect of Cycloheximide on Actinomycin D Enhance-
ment of Glutamine Synthetase Activity

Glutamine synthetase
specific activity

Ratio
+Act

Condition

	

-Act

No cycloheximide

	

2.5
+ Cycloheximide

	

1 .4
* +Cycloheximide for 7 hr,

	

1 .2
then harvest

$ +Cycloheximide for 7 hr,

	

2 .3
then wash and put into fresh
medium for the remaining 17
hr

Specific activity as in Table I .
Retinas were not preincubated, but were imme-
diately placed into medium containing 0 .5 sg/m1
cortisol upon explantation . After 20 hr, the retinas
were washed in the usual way and placed into
fresh medium, fresh medium with 0.2 fsg/ml
actinomycin D, or fresh medium with actinomy-
cin D and 2 .0 sg/ml cycloheximide and harvested
after 24 hr except for * : harvested after 7 hr and
$ : washed again after 7 hr to remove cyclohexi-
mide, replaced into fresh medium, and harvested
with the other flasks at the end of the 24 hr period .

actinomycin D or both. A pronounced enhance-
ment by actinomycin D (but not by cyclohex-
imide) compared to controls not treated with
either drug became apparent at 7 hr . This effect
was still high even at 48 hr (Fig. 1) in contrast to
the experiments in which cortisol was omitted
from the culture medium for the first 17 hr .
However, here as before, use of 10 µg/ml actino-
mycin D did not increase this effect .
Addition of cycloheximide alone had no effect

on induced retinas (Fig. 1) but completely abol-
ished the enhancement by actinomycin D when
the two antibiotics were added together during the
last stage of an experiment (Table VI) . In long- .
term cultures, in which cortisol addition 24 hr be-
fore termination of the experiment enhanced
glutamine synthetase activity, cycloheximide did
reduce this enhancement (Table IV) . The cyclo-
heximide effect could readily be reversed by
washing.

Another interesting finding in this study is the
apparent age dependence of the actinomycin D
effect . No enhancement of enzyme activity by
actinomycin D was seen in retinas from 9-day eggs ;
retinas from 10-day eggs seemed to show some

LIANE REIF-LEHRER Enhancement of Glutamine Synthetase
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Glutamine synthetase
specific activity

RatioDuration +Act
Stage I Stage II -Act

hr hr

2* 2 1 .1
2 5 1 .0
2 17 1 .8
3 1 1 .1
3 3 1 .0
3 17 1 .6



TABLE VII

Age Dependence of Actinomycin D Effect

Specific activity as in Table I .
Stage I = 5 hr .
Cortisol = 0.5 µg/ml except * = 2 tg/m1 .
Cycloheximide = 2 .0 fig/ml .
Actinomycin D = 0 .2 µg/ml except $ = 10 ug/
ml, § = 5 ug/ml, 11 = 2 µg/ml .

effect, although not so much as those from the
12-day eggs used in most experiments (Table VII) .
It should be noted that the inhibition of uridine
incorporation by actinomycin D did not depend
on the age of the retina, but was equal at all ages .
Martin et al. (13) have reported that in the case
of synchronous hepatoma cells, different re-
sponses to inducer are observed during mitosis as
compared with other phases of the cell cycle .
They have proposed that no transcription occurs
during the mitotic phase of the cell cycle and that
tyrosine aminotransferase synthesis is constitutive
at this time if the synchronous cells have been
previously induced. In cultures of cells which are
not in synchrony, however, maximal tyrosine
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aminotransferase synthesis is always inducer-
dependent. Both Moscona (5) and Reif-Lehrer
(15) have reported that there is a change in the
inducibility of glutamine synthetase in chick
embryo retinas between days 9 and 10 of develop-
ment. This is also about the time in retinal
maturation when cell division decreases sharply .
It is evident that important changes in tissue
metabolism are occurring at about this time, and
these undoubtedly also account for observed
differences in the enhancing effect of actinomycin
D as a function of age .

It is apparent from the work of Martin et al .
(13) that it is possible to obtain different data
from the same system depending on the state of
the system at the time of measurement, the differ-
ence, in their case, being whether or not the cells
are in synchrony . The retinal system, after the
10th day of development, is perhaps more analo-
gous to a system in synchrony ; but here there is a
mixed population of cells. All the cells may be
making glutamine synthetase at the same time
and at the same rate . This seems a priori unlikely ;
however, we have evidence that glutamine syn-
thetase is not, at least, confined to a single cell
type in the retina . The enzyme may be made at
different times and rates in different cell types .
There is also the possibility that different cells of
the retina may have different sensitivities to
steroid and to actinomycin D. We are attempting
to answer some of these questions by means of
subcellular and cell fractionation studies .

It is difficult, at present, to reconcile all the ob-
served results in the retinal system with any
simple, unified control mechanism . By some
means, actinomycin D is permitting enhanced
translation of available glutamine synthetase
message. A sound hypothesis will have to await
further information.
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