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Summary: Glutamine synthetase activity of the chick embryo retina in 
-culture is induced by cyclic-3',5'-AMP and its dibutyryl derivative. 
De novo enzyme synthesis appears to be involved since the effect is in- -- 
hibited by both Actinomycin D and cycloheximide. 

In the neural retina of the chick embryo, glutsmine synthetase (GS) 

activity can be induced by steroid hormones (1,2). The mechanism by which 

steroid increases the concentration of the synthetase enzyme has not yet 

been elucidated, although the induction has been considered to be specific 

for corticoids such as cortisol (3). The present report gives evidence that 

cyclic-3',5'-AMP (CAMP) and its dibutyryl derivative (BcAMP) also elevate 

the level of retinal GS through de novo synthesis of RNA and protein. -- 

Materials and Methods: Retinas from 11 or 12 day old chick embryos 

(Cobb Farms, Littleton, Mass.) were maintained in tissue culture for 24 

hours in 5 ml of Eagle's basal medium containing 5% commercially dialyzed 

fetal calf serum (Gibco, Grand Island, N.Y.). When appropriate, cyclic-3',5'- 

AMP, 6-N-2'-0-dibutyryl cyclic AMP, cortisol, cycloheximide(Sigma Chemical 

co., St. Louis, MO.) or Actinomycin D (a generous gift of Merck, Sharpe and 

Dohme) was added in a volume of 0.1 ml at the beginning of the culture 

period. Other conditions have been previously described (1,3). Protein anal- 

ysis was according to Lowry et al.(b). Glutamine synthetase was determined -- 

calorimetrically at 500 nm by a modification of the method of Thorn- 

dike and Reif-Lehrer (5) utilizing a Bausch and Lomb Spectronic 100. Units 
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of enzyme activity are pies x lo2 of y-glutamyl hydroxamatie formed per 

mg protein per minute at 37’. L-glutamic acid -‘d -hydroxamate (Sigma Chem. 

Co.) was used as standard. 

Results and Discussion: Comparative effects of CAMP and BcAMP 

on GS activity are shown in Table I. A 2 to 3 fold increase in activity was 

observed with 1.2 x 10-h CAMP. Inducing ability fell off rapidly at lower 

concentrations however, probably due to enzymatic breakdown of the cyclic 

nucleotide. BcAMP was considerably more effective than the natural nucleo- 

tide, in that a comparable 2 to 3 fold rise in GS activity was observed at 

2 x 10e5M. Maximal effects of BcAMP were observed at approximately 4 x 10-h 

and above. Levels of synthetase induced under these conditions were compar- 

able to those induced with optimal concentrations of cortisol (see Table II). 

The effects of Actinomycin D and cycloheximide on normal GS activity 

and on activity induced with BcAMP and cortisol are shown in Table II. Cyclo- 
-6 

heximide at 7 x 10 M somewhat decreased the normal basal level of the en- 

Table I 

addition concentration (Molar) enzyme activity 

none - - 2.26x).13 

CAMP 3.0 x 10-5 2.335~28 

6.0 x 10-~ 4.14549 

1.2 x 10-3 5.465.30 

BcAMP 2.0 x 10-5 6.61+0.44 

4-0 x 10-b 13.20+0.84 

0.8 x lo-3 16.9421.16 

Comparison of the effects of cyclic AMP and Bibutyryl cyclic 
AMP on glutamine synthetase activity. Retinal tissue culture 
period was 24 hours. Enzyme specific activity is expressed 
as poles x lo2 

!I 
lutamyl hydroxemate/mg/min at 37O. Blank 

value is 3 x lo- poles/mg/min. Values given are means 
(+S.D.) from 6 to 8 individual cultures. - . 
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Table II 

addition 

none 

cycloheximide 

Actinomycin D 

BcAMP 

cortisol 

BcAMP + cyclohex. 

enzyme activity 

1.612 0.12 

0.962 0.22 

1.502 0.09 

8.272 0.54 

17.16~ 1.30 

1.032 0.16 

BcAMP + Act. D 1.29+ 0.44 

cortisol + cyclohex. 1.802 0.39 

cortisol + Act. D 1.802 0.28 

Effect of antibiotics on induction of glutamine 
synthetase by dibutyryl cyclic AMP and c rtisol. 
Concentrations us d were: BcAMP, 1 x 10' 
cortisol, 3 x lo- 44 

fb ; 
; cycloheximide, 7.0 x 10 -54; 

Actinomycin D, 1.6 x 10'7M. Other conditions as 
in Table I. 

zyme, whereas no such effect was observed with Actinomycin D (1.6 x 10-7M). 

In contrast, the increased enzyme activity elicited by hormone was abolished 

by both antibiotics. This indicates that the effect of the cyclic nucleotide 

as well as that of cortisol is expressed through new synthesis of RNA and 

protein. 

The indu.ction of GS in the retina has been used as a convenient 

model for studying control mechanisms in differentiation ( 6-9) and also for 

investigating the action of corticoids (3, 10, 11). The retinal system is 

somewhat different however from the others used for studying these general 

phenomena (X2,13), since the retina is neural and is an integral part of 

the central nervous system (CNS). The presence of CAMP in the CNS has now 

been well established (lb), and it could be expected therefore that CAMP 

1104 



Vol. 43, No. 5, 1971 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

might play a regulatory role in the CNS (15) and perhaps a specific one 

in the retina (16). The present study further demonstrates this by 

showing the similar effect of CAMP and cortisol on the induction of GS in 

the retina. It is not known at present if the cyclic nucleotide acts as 

a hormonal "second messenger" (17) in the retina, or by some other, as yet 

unknown, mechanism. 
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