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SUMMARY" 

The relative roles of transcription and translation of specific mRNA in the 
adaptive control of amino acid transport by the A mediation in chick embryo heart 
cells has been investigated, together with the mode of action of interfering amino 
acids. 

Results and conclusions based on the adopted experimental approach include 
th~ following: 

I. Cells previously incubated in amino acid-free medium containing cyclo- 
heximide (phase of inhibited translation) subsequently exhibited a net increase of 
transport actisity when transferred into a plain medium, a medium containing 
ac~inomycin D (phase of inhibited transcription), or a medium containing repressive 
concentrations of alanine (as representative amino acid of the A transport system). 

2. The presence of aIanine during prior incubation in cycloheximide prevented 
the increase of activity of the A transport system during subsequent incubation in 
cycloheximide-free actinomycin D-containing medium. Phenylalanine (as representa- 
tive amino acid of the L mediation) was ineffective. 

3. The synthesis of transport proteins of the A system (as estimated by measure- 
ments of transport activity) increased with the duration of cell preincubation in 
cycloheximide approaching equilibrium after about 4o rain. The capacity to synthesize 
pro teins rate-limiting to transport (as a measure of specific mRNA present) decreased 
dm~ag incubation of the cells in cycloheximide when actinomycin D or alanine were 
added. In both cases capacity decreased as a single exponential with comparable 
half-lives (apprcx. 17o min). 

4- The de~adation of transport proteins of the A mediation followed a single 
exponential with a half-Life of about 2oo min when cells were incubated with cyclo- 
heximide or puromycin. Acfinomycin D did not alter the rate of degradation. Acceler- 
ated degradatior~: (half-life of about 80 min) was observed when alanine was added to 
cells incubated in the presence of cycloheximide. 

5. Actinomycin D did not promote the synthesis of transport proteins under 
conditions of de):epressed (absence of added amino adds) or repressed (presence of 
alanine) transport activity of the A mediation. 
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6. These observations have been interpreted to indicate that tlm adaptive 
regulation of amino acid transport by the A mediation invot~'es a repression-derepres- 
sion mechanism by amino acids acting at the transcription level coupled, perhaps, to a 
subsidiary mechanism affecting breakdown (or inactivation) of transport proteins. 

INTRODUCTION 

In the preceding paper of this series t we reported that a time- and amino acid- 
dependent adaptive system for the transpGrt of a group of neutral amino acids 
(A mediation) ~ is operative in chick embryo heart cells. Inferences from kinetic 
studies and investigations with inhibitors of protein and RNA synthesis indicated that 
the activity of this transport system was regulated by a repression-derepression 
mechanism by substrate amino acids for which it is competent. However, no firm 
conclusion has been drawn as to the site(s) of this regulation. 

In this report we describe experiments which were intended to define the 
relative roles of transcription and translation of specific mRNA in the adaptive control 
of amino acid transport by the A mediation in a muscle tissue. The experimental 
procedures adopted, involving a temporal separation of the two processes of gene 
expression by specific inhibitors, are similar to those described in studies by Turner 
et al. 3 on the induction of kynureninase and by Schneider and Wiley * on the repression 
of glucose transport in Neurospora. 

The results to be presented suggest that mRNA specific for the synthesis 
of one or more protein(s) needed for amino acid transport by the A mediation was 
accumulated by the cell under conditions of inhibited translation and that transcrip- 
tion of this mRNA could be repressed by amino acids pertaining to the A transport 
system. T1 ~ e same amino acids promoted the degradation of transport proteins of the 
A system during operation. 

MATERIALS AND METHODS 

The sources for most of the materials used are as listed by Gazzola et aI. x. 
Cycloheximide, puromycin. 2 HC1 and actinomycin D were purchased from.Nutritional 
Biochemicals Corporation. 

The procedures of cell isolation from chick e~lbryo hearts by collagenase 
treatment have been described previously in detaiFi -7. Incubations were carried 
out in silicone-treated glass vessels at 37-5 °C under continuous mild stirring* in 
an atmosphere of O2-CO 2 (95:5, v/v); the basic incubation medium was Krebs- 
Ringer bicarbonate buffer containing 8 mM glucose. Under these conditions cardiac 
cells are viable for several hours 8. Additions to the medium (amino acids, inhibitors, 
etc.) and washing procedures of the ceils before changes in medium composition are 
specified in Results. 

Initial rates of amino acid uptake were measured by transferring samples of 
cell suspension into conical flasks containing the basic medium with th~' appropriate 
additions (labelled amino acid, inhibitors) and incub~,ting the flasks at 37.5 '~; for 
5 rain m a Dubnoff metabolic shaker 1. 

The means for determining intracellular accunmlation of the tracer amino 
acid and for evaluating the proper corrections to be introduced were as described by 
Guidotti et al.~3. 
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The rate of protein and RNA synthesis was measured by incubating the ceils in 
the presence of o.I rnM L-[U-14C]leucine or [5-3H]uridine. Samples of cell suspension 
were removed at various time intervals and transferred into 5 vol. of 5 % trichloro- 
acetic acid (final concn) containing the corresponding unlabelled compound (I raM). 
After standing for 60 min in the cold, the resulting suspensions were rinsed three 
times with the same solution and heated at 95 QC for 15 rain. After centrifugation, 
the trichloroacetic acid-soluble material was used for measurements of u~id~[ne 
L.~corporation into RNA; the trichloroacetic acid-precipitable material was collected 
on fiberglass filters (Whatman, type GFA), washed with chloroform-ether-ethanol 
(1:2:2, by vol.) and used for measurements of leucine incorporation into protein. 
Extraction fluids and dried filters were counted in a Packard Tri-Carb scintillation 
spectrometer. 

RESULTS 

Time eoumes of protein and RNA synthesis and the e~ect of inhib~tors 
When isdated cardiac cells were incubated in Krebs-Ringer bicarbonate buffer 

with the sole addition cf glucose, the rate of incorporation .:ff labelled leucine into 
protein was linear over 2 h (Fig. I); in quantitative terms it was 6.6/,moles/h per g of 
cell protein, a value that compares well vdth those reported previously 6. A number 
of inhibitors ~f protein synthesis (puromycin 9, cycloheximide !°, emetinO 1, x,15- 
,fihydroxybutyTaldehydO z, NaF '2) has been tested at various concentrations for 
sui tab~ty  in suppressing translation and in being easily removed from ceils upon 
proper washing procedures. Among them, cycloheximide satisfied both the require- 
ments. As shown in Fig. I cycloheximide, added at a concentration of 2/~g/ml, inhibited 
leucine incorporation into protein by abo-,tt 90 %. Following removal of the inhibitor, 
the reduced rate of incox'poration of leucine continued for about 20 min, after which 
the original rate of the v.ninhibited state was progressively re-established. 

The incorporation of labelled uridine into tlm hot trichloroacetic acid-extractable 
material from isolated cardiac cells, incubated in Krebs-Ri~ger bicarbonate buffer 
supplemented with glucose, is shown in Fig. 2. Actinomycin D (5/~g/ml), added at the 
beginning or during the incubation, suppressed completely u~dine incorporation 
into RNA. The addition of cycloheximide (2/~g/ml) was without effect on th[~ process. 

Temporal separation oJ transcription and translation of mRNA 
As reported pre*Aously 1 the activity of amino acid transport by the A system 

in ,eased  with time when isolated cardiac cells were incubated in Krebs-Ringer 
bicarbonate buffer in the absence of added amino adds. The presence of amino acids 
pertaining to the A mediation durir~g the incubation period prevent,.d this increase of 
transport activity and the same result was obtained by adding cycloheximide or 
actinomycin D x. Since RNA synthesis continues after protein synthesis is inhibited 
by cycloheximide (cf. Figs I and 2), the capacity of cycloheximide-treated cells to 
accumulate mRNA coding for proteins involved in amino acid transport migh* 
provide a means for investigating separately transcription and translation as a site 
of regulation o:a the activity of this process and for elucidating the mode of action 
of interfering amino acids. 

The adopted procedure consisted of a preliminary incubation of isolated cardiac 



548 R. F a . ~ c m - ~ Z O L A  d ~ .  

10 

o 9 

_-_ $ • 
. .~0 /!., 

/ /  " E 35 
30  

k -  ,~ 25  
o ~ 

9 / / /  
/ 

o 7 

-..,. 

E 6 

s 
*v- 
C~ 

a. 4 01: 
o 

,1, 3 
_z 
t J  

"=' 2 ..J 

,4. 

0 

o /  " 

,-. 20 

WASHINJ  ~,a 

I ~ I I 0 

30 t~0 90 120 150 

TIME OF INCUBATION C m i n )  

Ae'~'~e_._l_._o / 
30 60 90 120 

TIME OF' INCUgATION ( r a i n )  

Fig. z. Time course of labelled leucine incorpora t ion  into prote in  of chick e m b r y o  hea r t  cells; 
effect of cycloheximide.  Cells were incubated  in Krebs -R inge r  buffer  containing o. t  mM L-[U-t4C]- 
leucine in the absence ( O ) and  in the presence ( 0 )  of cycloheximide (2 pg/ml).  Incuba t ion  was a t  
37.5 °C in an  a tmosphere  of  O 2 + C O  2 (95: 5, v/v) .  At  60 min the cells incubated  with  : :yeloheximide 
were washed free of the  antibiotic.  The  procedures  for prote in  purification and rad ioac t iv i ty  
measu remen t  were as described in the tex t .  

Fig. 2. Time course of labelled uridine incorporat ion into ho t  tr ichloroaeetic ac id-ext rac tab le  
mater ia l  f rom chick e m b r y o  hear t  cells; effects of ae t inomycin  D and cycloheximide.  Cells were 
incuba ted  in K r e b s - R i n g e r  buffer containing o . I  mM ~5-aH]uridine in the  absence ~ G ) and  in the  
presence of ac t inomycin  D (5 pg/ml)  ( 0 )  or  cycloheximide (2 ftg/ml) (D).  Act inomycin  D was 
added  a t  the beginning or af ter  3o rain of incvbat ion  in ant ibiot ic-free  medium. Condit ions of 
incubat ion as in Fig. i .  Exper imenta l  details were as described i n  the  text .  

cells in the presence of cycloheximide (2 pg]ml) with or without added amino acids 
(phase of inhibited translation) followed by an incubation period of active or inhibited 
transcription (by actinomycin D) in the absence or presence of repressive concen- 
trations of amino acids. Appropriate washings insured removal of inhibitor molecules 
before changes in medium composition and before measurements of amino acid 
transport activity by the A system. Activity was measured by a-aminoisobutyric acid 
uptake in experiments of 5-min duration (initial velocity) z at various time intervals 
throughout the incubation. 

Fig. 3 shows that isolated cardiac cells, preincubated for 60 min in an amino 
acid-free medium containing cycloheximide, subsequently exhibited a net increase of 
transport activity when transferred into a plain medium or into a medium containing 
actinomycin D. The lag which precedes the appearance of the increase in transport 
activity is likely to reflect the recovery from cycloheximide treatment (el. l~ig. I) 
and the length of tkne required for assembly of nascent transport proteins into the 
cell membrane. The presence of alanine (5 mM), an amino acid pertaining to the 
A mediation, during prior incubation in cycloheximide prevented the increase of 
activity of the A transport system during subsequent incubation in cycloheximide- 
free actinomycin D-containing medium. Omission of actinomycin D in this phase 
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Fig. 3. Changes in amino acid transport activity (A mediation) of cardiac cells incubated in the 
absence and in the presence of actinomycin D after preivcubation in cycloheximide; effect of 
repressive concentration of amino acid during preincubation. Cells, preincubated for 6o rain :in a 
cycloheximide-confaining (2 pg/ml) Krebs-Ringer buffer in the absence ( O, @)or in the presence 
(&, ~,) of 5 r ~ [  L-alanine, were washed, transferred into Krebs-Ringer buffer in the absence 
( O, A) or in the presence (@, A)  of actinomycin D (5/,g./ml) and incubated for an additional 
z2o rain. Preincubation a~d incubation were at 37.5 °C in an atm'osphere of Os+CO= (95:5, v/v). 
Experimental points represent transport activity by the A mediation as measured by ~-amino- 
[t-~C]isobutyric acid uptake (initial velocity) in experiments of 3-min duration at various time 
intervals throughout the itmubation. The procedure for measuring aminoisobutyrate uptake 
was as described in the text. 

Fig. 4- Changes in at3ino acid transport activity (A mediation) of cardmc cells incubated in the 
presence of repressive; cor, centration of amino acid after preincubation in cycloheximide; effect of 
repressive concentration of amino acid during preincubation. Cells, preincubated for 60 rain in a 
cycloheximide-containing (2 ~g/ml) Krebs--Ringer buffer in the absence ( O, ~ )  or in the presence 
{ &, A)  of 5 mM ~-alanine, were washed, transferred into a Krebs-lZinger buffer containing 5 mM 
L~-alanine and incabated for an additional io  5 rain. Incubations and assay of amino acid transport 
activity by amin,)isobutyrate uptake were as described in the legend of Fig. 3. 

allowed a progressive increment of transport activity as expected for cells incu0ated 
under derepressed conditions (Fig. 3)- 

A marked increase of transport activity was also obtained when cells, first 
incubated in an amino acid-free medium contah:dng cycloheximide, were transferred 
into a medium containing a repressive concentration (5 mM) of alanine; the presence 
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Fig. 5- Changes in amino acid transpor~ activity (A mediation) of cardiac ceils incubated i~ "~he 
presence of actinomycin D after preincubation in cycloheximide; effect of amino acids pertai~2ng 
to the L or A transport systems during preincubation. Cells, preincuba~d for 5o rain in a cycloo 
heximide-containing (2 pg/ml'~ Krebs-Ringer buffer in the presence of 5 n~M ~-phenyialanine ( ~ 
or 5 mM L-alanine (A), were washed, transfen~ed into a Krebs-Ringer buffer containing actino- 
mycin D (5 pg/ml) and incubated for an adc~itional i2o rain. Incubations and assay of amino 
acid transport activity by aminoisobutyrate uptake were as described in the legend of Fig. 3- 
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of alanine during preineubation in eycloheximide suppressed this increase (Fig. 4)- 
It can be noted that the increase of transport activity observed in the presence of 
repressive concentrations of amino acids during the second phase (Fig. 4) declined 
rather rapidly after a maximum reached in 45 rain folloLwing the initial lag period; 
on the contrary, the increase of ~ansport  activity ~ more stable with time when 
transcription during the second phase was inhibited by actinomyein D (Fig. 3)- 
A faster rate of inactivation of the specific transport proteins in the presence of 
repressive concentrations of amino acid accounts for these findings (el. Fig. 8). 

The presence of phenylalanine (5 raM), an amino acid pertaining to the L 
system, during prior incubation in eyelohexlmide did not affect the increase of trans- 
port activity the the A mediation during subsequent incubation in cyeloheximide-free 
actinomycin D-containing medium (Fig. 5)- In contrast, the presence of alanine 
(A system) during preineubation in eyeloheximide suppressed this increase. 

Kinetics of mRNA accumulation and degradation during inhibition of translation 
The effect of time of preincubation in cyeloheximide (2/tg/ml) in the absence of 

added amino adds on the subsequent increase in activity of amino acid transport by 
the A mediation is presented in Fig. 6. At various intervals during preineubation, 
samples of cell suspension were removed, washed free of eycloheximide, and re- 
suspended in a medium containing actinomyein D (5 /~[ml). Activity (aminoiso- 
butyrate uptake in 5-min experiments) was measured at the beginning and at the 
end of a 6o-min period of incubation in the presence of actinomycin D. Its increase 
was calculated by difference. If transport activity is a measure of the amount of 
transport proteins present in the system and the amount of proteins resulting from the 
translation of specific mRNA is proportional to the amount of accumulated me;sage, 
the results shown in Fig. 6 suggest that the accumulation of mRNA started a few 
minutes after the transfer of the cells to eycloheximide medium, it increased sharply 
for 2o-3o rain and approached a steady-state concentration after about 4o rain. 

The measurement of the rate of degradation of mRNA accumulated during 
incubation under conditions of inhibited translation required an experimental 
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Fig. 6. Changes in amino acid t ranspor t  ac t i v i t y  (A mediat ion) of cardiac cells as a funct ion (ff t ime  
of Feincubation in cycloheximide. Cells were preincubated in a cycloheximide-con raining (2 ,~g/nfl) 
Krebs-Ringer buffer. At  various intervals, samples of cell suspension were removed, washed free 
of cycloheximide, resuspended in Krebs-Ringer buffer containing acti~omycin D (5/~g/ml) 
and incubated for 6o rain. Transport activity (aminoisobutyrate uptake i~l 5-rain experiments) 
was measured at the beginning and at the end of the incubation in actinomNcin D and its increase 
calculated by difference. Incubations and assay of aminoisobutyrate uptake,, were as described in 
the legend of Fig. 3. 

/ 
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procedure in which: mRNA was allowed to accum~ate to a maximal concentration 

was divided in ttu'ee equal samples which were incubated for an additional z2o rain 
in cycloheximide medium, in cycloheximide-med~um c o n t ~ g  actinomycin D 
(5 #g/ml), and in cyclok~eximide,medinm= contaiaiag 5 m M  alanine, res ly, 
at intervals, aliquots removed from the were washed 
free o f  cycloheximide (and of amino acid), resuspended in a m ~ u m  containing 
actinomycin D (5 #g/ml) and allowed to translate previously formed mRNA for 
6o rain; transport activity (aminoisobutyrate uptake in 5,min experiments) was 
measured at the end of this period. Again, if transport activity is a measure of the 
amount of transport proteins present in the system, Fig. 7 shows a plot of the maximal 
capacity to produce transport proteins (a measure of specific mRNA present) as a 
function of time in cycloheximide. Cells incubated in cycloheximide medium maintain- 
ed a constant ability to support translation of mRNA for zzo min. The addition of 
actinomycin D to cells incubated in cycloheximide resulted in a progressive decrease 
with time of the capacity to synthesize transport proteins and the same result was 
obtained in the presence of repressive concentrations of alanine. In both cases capacity 
decreased as a single exponential with comparable half-lives (approx. i7o min). These 
results suggest that the progressive decrease in the capacity to synthesize transport: 
proteins upon inhibition of mRNA transcription by actinomycin D reflects the break-- 
down of mRNA (in the presence of cycloheximide) and that amino acids pertaining to 
to the A mediation s~ppress the transcription of specific mRNA. 
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Fig. 7- Cl~-ang es in the maximal activity of amino acid transport {A mediationL attained by pre- 
incubation of cardiac cells in cycloheximide, as a function of time of subsequent incubation in 
cycloheximide in the absence and in the presence of actinomycin D or repressive concentration 
of amino acid. Ceils were preincubated for 6o rain in a cycloheximide-containing (2 pg]ml) Xrebs- 
Ringer buffer after which they were divided in three equal samples. Samples were incubated for 
an additional z2o rain in the same medium, in cyclohex]mide medium contaiTfing actinomycin D 
(spg]ml), and in cycloheximide medium containing 5 mM alanine, respectively. At appr.~pri~te 
intervals, aliquots removed from the three cell suspensions were washed free of cycloheximhle (a~1 
of amino acid), resuspended in a Krebs-Ringer buffer containing actinomycin D (5//~g]ml), a~d 
incubated for 6o rain. Trar~sport activity (aminoisobutyrate uptake in 5-rain experiments) w ~  
measured at  the end of this period. Incubations and a~say of ~minoisobutyrate uptake n~ere as 
described in the legend of Fig. 3. The data are plotted as a function of time in cycloheximide ( © ~, 
in cycloheximide plus actin~mycin D (@) and in cycloheximide plus alanine (~k) (~iote logarithmic 
scale). In the presence of actinomycin D and alan]ne~ transport activity decreases as a single 
exponential with a half-life of approximately I7O Inin. 
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Kinetics of degradation of transport proteins 
An estimation of the rate of degradation cf transport proteha_s (A mediation) has 

been obtained by measurements of transport activity as a function of time under con- 
ditions of inhibited protein synthesis in the presence and absence of added amino acids. 
Cardiac cell suspensions were preincubated in an amino acid-free medi.m for 90 min 
(thus enhancing the activity of the A transport system) ~ after which the selected inhi- 
bitor(s) and amino acids were added. Transport activity (as a measure of the amount of 
transport protein present at any time) was determined every 30 rain (for z8o rain) by 
aminoisobutyrate uptake in experimer ~:s of 5-rain duration (inital velocity) after re- 
moval of added compounds. Fig. 8 shows that the activity of the A transport system 
decreases as a single exponential with a half-life of approximately ~oo min when cells 
were incubated in the presence of cycloheximide or puromycin. 
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Fig. 8. Changes in amino acid transport activity (A mediation) of cardiac cells incubated under 
conditions of inhibited protein synthesis after preincubation iu uninhibited state; effects of 
actinomycin D and repressive concentration of amino acid. Cells were preincubated for 9o rain 
in an amino acid-free Krebs-Ringer butter. After ]:eing transferred into Krebs-Ringer buffer 
containing eycloheximide (2 pg/ml), puromycin (5o Fg/ml), cycloheximide plus actinomycin D 
(5/,g/ml), or cycloheximide plus 5 mM L-alanine, the cells were incubated for an additional z8o rain 
and transport activity (measured by aminoisobutyrate uptake in 5-rain experiments) was followed 
throughout. Incubations and assay of aminoisobutyrate uptake were as described in the legend of 
Fig. 3. The data are plotted as a function of time in the different conditions. Note logarithmic scale 
of the ordinate. 

The fact that comparable results are obtained in the presence of inhibit,)rs of 
protein synthesis acting with different mechanisms z4"z5 suggests that the decreasing 
transport activity reflects the degradation rate of transport proteins. The addit on of 
actinomycin D to cells incubated with cycloheximide did not alter this rate, indi~ ating 
that the former inhibitor neither prevents nor stimulates transport proteins Lreak- 
down. On the contrary, when alanine (5 raM) was added to cells incubated in the 
presence of cycloheximide, the activity of the A transport system decreased much 
faster with time (half-life of approx. 8o min) suggesting that the degradatic, n (or 
inactivation) of specific transport proteins is accelerated during operation. The addi- 
tion of 5 mM phenylalanine (an amino acid representative of the L system of media- 
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tion) to cells incubated ~ t h  c y c l o h e ~ d e  did not affect the degradation rate observ- 
ed in the presence of the  inhibitor alone (no*: shown). 

enzymes when given after the induction has taken place. This paradoxical effect called 
"superinduction ''16, has been ascribed to  an inhibition of the enzyme degracJation by 
the r o a n  increase in the rate of  enzyme under conditions of 
inhibited As shown hi Fig. 8, actinomycin D is not acting by  s~:abilizing 
transport proteins in our preparation. Fig. 9 indicatesthat actinomycinD, when added 
during the phase of derepression (incubation of the cells in amino acid-free medium), 
abolishes the steady rise of amino acid transport acitivity observed in its abs¢ nce. This 
inhibition confirms that derepression is transcription dependent. The slow rate of 
change in activity of the A transport system after addition of the antibio*-ic, which 
does not affect the degradation of transport proteins, is likely to reflect a residual syn- 
thesis of these molecules by efficient translation of a rather stable mRNA. W[~en added 
during a phase of amino acid-mediated repression (incubation of the cells i;t alanine- 
containing medium) subsequent to a derepression period, actinomycin D doe~ not alter 
the rate of change (fast decrease, cf. Fig. 8) in activity of the transport system observed 
in the presence of added alanine. These results indicate that actinomycin D does not 
promote the synthesis of transport proteins raider conditions of derepressed or repress- 
ed transport activity and suggest that effects comparable to enz~ane"superinduction", 
or prevention of deinduction, by this inhibitor of RNA synthesis do not occur for the 
adaptive system of amino acid transport (A mediation) in chick embryo heart cells. 
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Fig. 9- Changes in amino acid t ranspor t  ac t iv i ty  (A mediation) of cardiac cells incubated in the  pre- 
sence of  ac t inomycin D under  derepressed (absence of added amino acids) or repressed (presence of 
added alanine) conditions. Cells were pre incubated  for 9o rain in an amino acid-free Krebs--Ringer 
buffer and subsequent ly  incubated  for an  axlditional x2o min in the same medium in the  absenco 
( c ) and in the presence of act inomycin D (5 pg/ml) (O),  of 5 mM L-alanine (A),  or  of 5 mM L- 
alanine plus aet inomycin D (added af ter  6o min of incubation, arrow and A).  Trar.sport  ac t iv i ty  
(aminoisobutyrate  up take  in 5-min experiments) was measured at  various intervals G~roughout the 
incubations.  Incubat ions and assay of aminoisobutyra te  up take  were as descr/bed in the legend 
of Fig. 3- 

DISCUSSION 

The transport of amino acids in chick embryo heart cells is perfolTned by 
specific systems of mediation acting on discrete groups of substrate molecules ~. Among 
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these transport agencies, the A system 2 varies in its activity being subject to regulation 
by amino acids for which it is competent 1. Adaptive control of amino acid transport by 
the A medm" tion has been found to occur in various muscle tissues (heart, diaphragm, 
skeletal muscles)from marmnalian (rat, mouse)and avian (chicken) sources (un- 
published results). Recently, a time-dependent control mechanism for amino acid 
transport by the A system h a s ~ n  describedin ~ e  rat uterus m. These obser- 
vatious render feasible the concept that adaptive regulation is an essential property 
for the modulation of amino acid transport in muscle tissues. The experimental 
approach described in this paper has attempted to define the site(s) of this adaptive 
control mechanism. 

It is of course recognized that most of the conclusions presented below are based 
on indirect evidence which leans on the validity of a number of assumptions, such as: 
that the inhibitors applied are specific as to site and action, that transport activity is a 
measure of the amount of transport proteins present in the system, that changes in the 
concentration of transport proteins are proportional to the amount of specific mRNA 
accumulated in the cell. 

With these limitations, the simplest interpretation of the results presented in 
Figs 3, 4 and 5, based directly on the Jacob-Monod model 1~, favours a repression- 
derepression control mechanism operative at gene transcription. Amino acids 
transported by the A system would effect a selective change at this level (perhaps 
by interaction with a repressor molecule), resulting in a decreased synthesis of 
transport protein-specific mRNA and thereby in a reduced synthesis of protein 
components of the A system. If this is the case, the explanation of the experimental 
data is the following: (a) mRNA coding for one or more proteins involved in amino 
acid transport by the A mediation is synthesized during cell incubation in cyclo- 
heximide-containing medium when amino acids are omitted; (b) this mRNA is 
translated during subsequent incubation it, cycloheximide-free medium under condi- 
tions of ac'~ive or inhibited transcription; (c) the presence of amino acids pertaining 
to the A mediation prevents the synthesis of the specific mRNA during cell incubation 
in cycloheximide-containing medium and no substantial increase of activity of the 
A transport system can be detected in subsequent incubation in cycloheximide-free 
medium under conditions of inhibited transcription. Regulation of enzyme induction 
in eucariotes by mechanisms acting at the transcription level has been reported by 
Nebert and Gelboin ~° for hydrocarbon hydroxylase, by Turner e2 ai. 3 for kynnreninase 
and by Lee et al. 21 for tyrosine transaminase. Horowitz et al. 22 have reported that 
repression of tyrosinase synthesis by amino acids in Neurospora occurs via an unstable 
repressor protein acting at gene transcription. Repression of glucose transport 
(System II) in Neurospora by high levels of glucose apparently occurs at the level of 
transcription 4. 

The results shown in Figs 3, 4 and 5, however, can also be interpreted on the 
basis of the inhibition of mRNA translation by a labile repressor capable of promoting 
mRN'A degradation 10. If this post-transcriptional repressor is activated in the presence 
of amino acids pertaining to the A mediation and is inactivated (or de~raded) in their 
absence, the explanation of the experimental data is the following: (a) cell incubation 
:in cycloheximid¢-containing amino acid-free medium results in the accumulation of 
• transport protein-mRNA and repressor-mRNA and in the inactivation of the initially 
present repressor; (b) both mRNAs are translated during subsequent incubation in 
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cycloheximide-free medium under conditions of active or inhibited transc,Aption, ~ut 
the newly formed repressor is inactive (absence of amino acids); (c) tl~e addition 
of amino acids pertaining to the A mediation during prior incubation in cycloheximide 
maintains the initially present repressor in an active state am - 

t h e  translation phase, activates the repressor which is being 
the latter condition no increase of activity of the transport system can be detected. 
That enzyme induction and repression in eucaryotes can be regulated at a post- 
transcriptional level has been proposed by Tomkins and coworkers ~e, ~s for tyrosine 
transaminase and by Alescio et al. ~ for glutaxnine synthetase. Post-transcriptional 
control of protein synthesis has also been suggested for a variety of eucaryotic 
cells ~-~. 

At this point both the presented interpretations might be equally valid. 
Some additional results, however, are better explained by postulating a mechanism of 
regulation acting at the transcription level: (a) a strong argument in fa,.;our of the 
occurrence of a post-transcriptionai regulation of enzyrne induction is tha~. inhibitors 
of RNA synthesis, such as actinomycin D, are capable of reactivati~g enzyme 
synthesis after deinduction has begun ~6, possibly by suppressing repressor synthesis 
(and allowing the repressor to decay) ; the enzyme-specific mRNA would :hen disso- 
ciate from the repressor resulting in the formation of active mRNA with return of 
enz3ane synthesis; our results (cf. Fig. 9) are inconsistent with this observation: 
reactivation (or derepression) effects are not detected in chick embryo heart cells 
upon addition of actinomycin D under conditions of amino acid-mediated repression 
of transport activity; (b) the addition of amino acids pertaining to the A mediation 
to a cycloheximide-containing medium progressively decreases the maximal amount 
of previously accumulated mRNA (as estimated by the capacity to synthesize a pro- 
tein rate limiting to transport which, in turn, is measured by transport a~:tivity; cf. 
Fig. 7); this observation can be interpreted to indicate the occurrence of mRNA 
degradation (revealed by the inhibition of its synthesis) rather than activation of 
a post-transcriptional repressor whose synthesis is prevented by the inhibition of 
translation (presence of cycloheximide). Hence, ~ regulation by amino acid~ acting at 
gene transcription is favoured. Further support to this interpretation is provided 
by the finding (cf. Fig. 7) that the rate of mRNA degradation after additio.~l of amino 
acids is identical to that found in the presence of actinomycin D. Since berth experi- 
ments were performed in the presence of cycloheximide, which is likely ~o protect 
rnRNA from degradation 4, no inferences can be drawn as to the true rate of mRN.k 
decay under conditions of active translation. 

The increased degradation (or inactivation) of transport proteins of the A 
system in the presence of high concentrations of amino acids taken up by the same 
ageacy (cf. Fig. 8) suggests the occurrence of an additional control mechanism a~ 
the transport site. The phenomenon is specific since amino acids t:-ertainmg to ~hc 
L mediation are ineffective. Perhaps, operation of the transport sF~tem and break- 
down (or inactivation) of the constituent molecules are strictly coupL~.d pro,:esses and 
the adaptive regulation of amino acid transport by the A medi~.~Jon reGuires two 
different sites. If this were the case, the cell would respond: (a) vdth an increased 
synthesis of transport proteins ~ dependent on derepression of specif.c mRNA 
transcription ~ when exposed to conditions of amino acid shortage and {b) with an 
enhanced breakdown of transport proteins accompanying the progressive sv ppression 
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Oi their synthesis ~ the latter dependent on repression of mRNA transcription 
when matched by conditions of increased amino acid supply. 
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