
sumed messenger-ribosome initiation 
complex is formed, and "incubation" 
when aminoacyl transfer is assayed. Un- 
der these conditions, 5 X 10-5M ATA 
during preliminary incubation inhibits 
subsequent aminoacyl transfer by more 
than 96 percent. However, when ATA 
is added only to the incubation (that is, 
after preliminary incubation) it has lit- 
tle effect on the reaction. If the pre- 
liminary incubation is performed at 
0?C, or if either ribosomes or mes- 
senger are omitted from an otherwise 
complete reaction mixture during pre- 
liminary incubation (and added in the 
incubation), addition of ATA results 
in full inhibition. These data indicate 
that the ATA-sensitive reaction in the 
wheat embryo system is indeed the 
enzymatic formation of a messenger- 
ribosome initiation complex. 

Application of ATA inhibition to the 
assay and direct demonstration of ini- 
tiation factors is presented in Table 2. 
The primary feature of the assay is 
that the extent of initiation can be 
monitored by inhibiting further initia- 
tion with ATA and then measuring 
aminoacyl transfer in the presence of 
excess supernatant (6). In practice, a 
6-minute preliminary incubation is first 
carried out in the presence of soluble 
components to be assayed for initiating 
activity; 5 X 10-5M ATA, excess super- 
natant (providing a saturating quantity 
of transfer factors), and [14C]amino- 
acyl tRNA are then added. After a 9- 
minute incubation, the radioactivity is 
determined in material that is insoluble 
in hot trichloroacetic acid. Lines 1 to 3 
are basic controls demonstrating that if 
no supernatant components are present 
during the preliminary incubation, or if 
only one of the initiation factors (C or 
D) is added, no incorporation is ob- 
tained. In contrast, when both factors 
are present (Table 2, lines 4 and 6), 
the system is capable of considerable 
aminoacyl transfer. 

The possibility that the initiation fac- 
tors are simply alternate functional 
manifestations of the aminoacyl trans- 
fer enzymes (7) is examined in Table 
2, lines 4-7. These experiments present 
a comparison of incorporation with and 
without the addition of supernatant dur- 
ing the incubation. The rationale for 
these experiments is that if the initia- 
tion factors are different from the 
transfer enzymes, purification of the 
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lose fractions (Table 2, lines 4 and 5), 
addition of supernatant to the incuba- 
tion increases incorporation approxi- 
mately twofold. With the partially 
purified fractions (Table 2, lines 6 and 
7), the requirement for supernatant is 
almost absolute. It thus seems apparent 
that the initiation factors are indeed 
entities distinct from the transfer en- 
zymes. 

The details of the function of the 
initiation factors are as yet unknown. 
However, the specific requirement for 
adenosine triphosphate (3) as well as 
the lack of participation of formyl- 
methionyl tRNA (4) suggest that the 
initiation process of wheat embryo dif- 
fers considerably from that described 
for E. coli (2). 
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veloping systems, responsiveness to in- 
ductive signals depends on the cells 
attaining and retaining the correct 
multicellular associations. 

A sharp increase of glutamine syn- 
thetase (GS) marks the onset of func- 
tional differentiation of the neural retina 
in the chick embryo, and this increase 
can be induced precociously in the iso- 
lated retina in vitro (as well as in the 
embryo) by certain 1 1/-hydroxycorti- 
costeroids that induce specifically retinal 
GS (3, 4). This induction process has a 
lag period of less than 2 hours; it in- 
volves the synthesis and accumulation 
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Induction of Glutamine Synthetase in Embryonic 
Retina: Its Dependence on Cell Interactions 

Abstract. A relation between enzyme induction in embryonic cells and cellular 
organization is indicated by the finding that the levels of glutamine synthetase 
induced by hydrocortisone in the embryonic neural retina in vitro are depend- 
ent on the associations between the retina cells. Intact retina tissue, aggre- 
gates of dissociated cells, and cells in monolayer culture showed a decreasing 
response, in this order, to glutamine synthetase induction. With time of culture, 
the enzyme activity continued to rise in the intact retina and in cell aggregates, but 
activity declined in monolayer cultures even though the inducer was continuously 
present. Dispersed cells cultured in monolayer without the inducer showed after 
24 hours a loss of inducibility which could not be reversed by reaggregating such 
modified cells but could be prevented by maintaining the freshly dispersed cells 
at a low temperature. 

Induction of Glutamine Synthetase in Embryonic 
Retina: Its Dependence on Cell Interactions 

Abstract. A relation between enzyme induction in embryonic cells and cellular 
organization is indicated by the finding that the levels of glutamine synthetase 
induced by hydrocortisone in the embryonic neural retina in vitro are depend- 
ent on the associations between the retina cells. Intact retina tissue, aggre- 
gates of dissociated cells, and cells in monolayer culture showed a decreasing 
response, in this order, to glutamine synthetase induction. With time of culture, 
the enzyme activity continued to rise in the intact retina and in cell aggregates, but 
activity declined in monolayer cultures even though the inducer was continuously 
present. Dispersed cells cultured in monolayer without the inducer showed after 
24 hours a loss of inducibility which could not be reversed by reaggregating such 
modified cells but could be prevented by maintaining the freshly dispersed cells 
at a low temperature. 



of new enzyme protein, as has been 
shown by radioimmunochemical tests 
(5), and is under gene control in that it 
requires RNA synthesis (6). To exam- 
ine the dependence of GS induction on 
cell associations in the neural retina we 
followed earlier indications that dis- 
persed retina cells were less inducible 
than the intact tissue (7), and we used 
the methodology of cell dissociation 
and aggregation to test the responsive- 
ness of retina cells in three states of 
organization to GS induction by the 
steroid inducer. 

Neural retina tissue isolated from 
10-day chick embryos was cultured in 
Erlenmeyer flasks at 37?C on a gyratory 
shaker at 70 rev/min (4, 6, 7). Suspen- 
sions of dissociated cells were prepared 
by trypsinization (8). Cell aggregates 
were prepared by rotation of cell sus- 
pensions in Erlenmeyer flasks on a gyra- 
tory shaker at 70 rev/ min (8), and 
monolayer cell cultures were prepared 
by plating cell suspensions in 60-mm 
Falcon petri dishes. Cultures of intact 
retina tissue consisted of one whole or 
one-half retina in 3 ml of medium; 
cell cultures were started with 40 or 80 
million cells (the approximate number 
of cells in one-half or in one 10-day 
embryonic retina) per 3 ml of medium. 
The culture medium consisted of 20 
percent (by volume) fetal calf serum in 
Eagle's basal medium equilibrated with 
a mixture of 5 percent CO.2 and air. 
Glutamine synthetase was induced by 
adding hydrocortisone (0.33 j/g/ml) to 
the medium (4, 6). The specific activity 
of GS was determined as before (3). 

The levels of GS induced in the 
cultures (Fig. 1) were directly related 
to the integrity of the tissue; they al- 
ways were highest in the intact retina, 
intermediate in the cell aggregates, and 
lowest in the monolayers. The intact 
tissue retained its typical histological 
organization and continued to differen- 
tiate in culture (3). In cell aggregates, 
there was considerable tissue reconstruc- 
tion, and many of the cells reestab- 
lished associations morphologically 
similar to those in intact retina (8). In 
monolayer cultures, the frequency of 
histogenetic associations was lowest; al- 
though there were many small cell 
clusters with aggregate-like structure, 
these cultures contained mostly cell 
plaques and single cells. Thus, there 
was a clear correspondence in these 
three types of cultures between cellular 
organization, that is, the frequency and 
precision of histogenetic cell groupings 
and levels of GS activity induced by the 
steroid inducer. Higher concentrations 
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of the steroid inducer did not cause 
greater increases of GS in the mono- 
layers, and higher enzyme activities 
were not obtained with the fluoro- 
steroids dexamethasone or triamcino- 
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Fig. 1. Effect of tissue integrity on gluta- 
mine synthetase (GS) induction in em- 
bryonic retina in culture: differences in 
GS accumulation in intact tissue, cell ag- 
gregates, and cell monolayers. All cultures 
were induced with hydrocortisone (HC) at 
zero time and were stopped after 24, 48, 
or 72 hours of culture at 37?C. In control 
cultures without the inducer, GS did not in- 
crease appreciably. Each point is the aver- 
age of several assays. Absolute values var- 
ied somewhat in different experiments, but 
the overall relationships were always as 
shown. All retinas were from 10-day chick 
embryos. 
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Fig. 2. Loss of inducibility of glutamine 
synthetase (GS) in monolayer cultures of 
retina cells after 24 hours at 37?C and its 
prevention by low temperature. Inducer 
(HC) was added to the monolayer cultures 
at the times indicated below. Other cul- 
ture and assay conditions were as described 
in the text and in the legend for Fig. 1. 
(a) Cells cultured in medium with in- 
ducer for 72 hours at 37?C; (b) without 
inducer for 72 hours at 37?C; (c) with 
or without inducer for 72 hours at 4?C; 
(d) without inducer for 24 or 48 hours 
at 37?C, then inducer added; (e) with- 
out inducer for 24 hours at 4?C, then with 
inducer at 37?C; (f) without inducer for 
24 hours at 4?C, then for 48 hours at 
37?C. 

lone, which are probably not metabo- 
lized by these cells and which belong 
to the class of steroids that effectively 
induce GS in the intact retina (9). 

The term "monolayer" cultures 
should in this case be used advisedly 
since, as was mentioned above, in the 
first 24 hours many of the cells formed 
small aggregate-like clusters under these 
conditions. The more clusters there 
were, the higher was the induced level 
of GS at 24 hours. Thus, the response 
of monolayer cultures to the inducer 
may have been due primarily to the 
presence of these aggregate-like cell 
clusters. This is corroborated by the 
findings (10) that even very small ag- 
gregates comprising only 50 cells are 
inducible. During the second day the 
clusters in monolayer cultures usually 
flattened out, and their cells tended to 
disperse; these changes were accom- 
panied by a leveling or a decline in 
GS activity, even though the inducer 
was continuously present. In intact tis- 
sue and in cell aggregates cultured in 
medium with inducer, the enzyme con- 
tinued to rise during this period. There- 
fore, not only the initial induction of 
GS but also the continued rise of the 
enzyme in the constant presence of the 
inducer depends on the multicellular 
organization of the retina cells. 

We next determined whether the cells 
remained inducible if cultured without 
the inducer. Retina tissue and aggregates 
of freshly dissociated retina cells were 
cultured for 2 days without the in- 
ducer and were then found to respond 
to induction of GS by the steroid. On 
the other hand, if monolayer cultures 
were maintained for 24 to 48 hours in 
noninducing medium and then treated 
with the inducer, GS activity rose only 
very slightly and sometimes not at all. 
Higher concentrations of the inducer 
were equally ineffective. 

To determine whether such mono- 
layer-cultured cells which had become 
noninducible would regain inducibility 
after reaggregation into multicellular 
clusters, cells cultured in monolayer for 
24 or 48 hours without inducer were 
detached from the culture dishes, dis- 
persed into single-cell suspensions (by 
mild trypsinization or mechanically), 
and reaggregated by rotation in medium 
with inducer. Although aggregates 
formed, GS activity did not go up. 
Hence, the loss of GS inducibility re- 
sulting from 1-day incubation of the 
monolayered cells in inducer-free 
medium was due to changes which 
could not be reversed by reaggregation 
under the conditions examined. 
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The exact reasons for this rapid and 
durable "amnesia" of GS inducibility 
in monolayer-cultured retina cells are 
being explored; considering that syn- 
thesis of RNA and of enzyme protein 
are required for GS induction (5, 6) and 
that enzyme levels are subject to mul- 
tiple types of regulation, changes at 
any of several control levels could be 
involved. A clue to the nature of this 
loss of inducibility is suggested by the 
finding that it can be largely prevented 
by suppressing metabolic activities in 
the dispersed cells. Freshly prepared 
cell suspensions in medium without the 
inducer were maintained at 4?C for 24 
hours; the culture dishes were then 
transferred to 37?C, the inducer was 
added, and GS activity was determined 
after 24 hours. These cultures re- 
sponded to the inducer by an increase 
in GS activity; controls maintained at 
37?C in inducer-free medium did not 
respond to the subsequent addition of 
the inducer (Fig. 2). 

The above finding suggests that the 
loss of GS inducibility in monolayered 
retina cells is due to durable metabolic 
changes that occur when the cells are 
maintained in a separated state. That 
the persistent separation of the cells 
from tissue-like association is a causal 
factor in initiating these changes is 
shown by their prevention when the cells 
are reaggregated immediately after their 
dissociation from the tissue and thereby 
enabled to restore histogenetic con- 
tacts. Other interpretations are conceiv- 
able at present; however, these experi- 
mental findings provide means for 
further analyzing the amnesia of GS 
inducibility in retina cells in the context 
of enzyme regulation in neural differen- 
tiation and specifically in relation to the 
role of cell contact in developmental 
processes (1, 2, 8, 11). 

The requirement for multicellular 
organization in the hormonal induction 
of GS in the retina is consistent with 
other evidence that the increase of GS 
is a characteristic feature of differentia- 
tion in this tissue. This requirement 
distinguishes GS induction in the em- 
bryonic retina from inductions of 
adaptive enzymes in monolayer cul- 
tures of adult rat hepatoma cells which 
do not depend on histotypic organiza- 
tion (12). It should be recalled that the 
formation of various specialized inter- 
cellular junctions (synaptic and others) 
marks the development of the neural 
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conditions apply in principle also in 
other developing systems to induction 
of enzymes associated with differentia- 
tion. 
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production using an organ culture sys- 
tem (7). Intact pineal glands were ob- 
tained from female Osborne-Mendel 
rats (150 to 170 g) and incubated for 
24 hours in 0.5 ml of chemically de- 
fined media (8) supplemented with 
serum albumin (fraction V, Pentex, 
1 mg/ml). Labeled melatonin formed 
from uniformly labeled [3H]trypto- 
phan or [14C]serotonin (Amersham 
Searle) was extracted into 8.0 ml of 
chloroform from 0.05 to 0.10 ml of 
media added to 2 ml of 0.5M sodium 
borate buffer (pH 10). Chloroform ex- 
tracts were washed once with 2 ml 
of this buffer and twice with 2.0 ml of 
0.1N HC1 or IN HC1 in the case of 
[14C]serotonin incubations. Ninety to 
ninety-five percent of added melatonin 
was extracted by this procedure. Sam- 
ples of the chloroform extracts were 
evaporated to dryness, and the radio- 
activity was measured in a liquid scin- 
tillation spectrometer. To verify the 
identity of the radioactive product in 
the chloroform extract, portions of all 
sample extractions within one treat- 
ment group were evaporated in an N2 
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Pineal Gland: Dibutyryl Cyclic Adenosine Monophosphate 
Stimulation of Labeled Melatonin Production 

Abstract. In organ cultures of intact rat pineal glands, N602'-dibutyryl adenosine 
3',5'-monophosphate stimulates the conversion of tritiated trytophan to tritiated 
melatonin, as does L-norepinephrine. Potential sites of stimulation of melatonin 
production by dibutyryl cyclic adenosine monophosphate are discussed, based on 
observations that the dibutyryl analog also stimulates the conversion of serotonin 
labeled with carbon-14 to carbon-14-labeled melatonin without altering hydroxyin- 
dole-O-methyl transferase activity or intracellular accumulation of serotonin labeled 
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