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present inability to increase transport after 18 h of hyperglycemia, suggests that 
altered transport might be related to a modification of newly forming cells. 

Lack of effect of inhibitors of protein synthesis on intestinal amino acidS, 9 and 
carbohydrate movement (although other organs may be affected) 1° does not mean 
that all intestinal transport systems are stable once formed, since a time factor 
might be involved. Ca 2+ transport is not adversely affected by inhibition of protein 
synthesis, but the increase in its transport brought about by vitamin D can be blocked 
by actinomycin Dg, 11. We must likely begin thinking of intestinal transport systems 
with inducible components. The transport systems possess at least short-term 
stability. 
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BBA 73014 
Actinomycin D inhibition of amino acid transport in Streptococcus faecalis 

Actinomycin D has been reported recently to inhibit respiration and glycolysis 
in human leukemic leukocytes, suggesting that the inhibition of DNA-directed RNA 
synthesis may not be the only metabolic effect of this substance 1. The reversal by 
glucose of actinomycin D inhibition of protein synthesis in ascites cells may reflect 
a related activity 2. While investigating the amino acid transport systems of Bacillus 
subtilis, we found several years ago that  the usefulness of actinomycin D as an inhi- 
bitor of amino acid incorporation into protein was limited in such experiments by  
its inhibition of amino acid transport. This effect has been examined further, and, in 
view of the current interest in additional metabolic effects of actinomycin D, we des- 
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cribe below the inhibition by this antibiotic of a-aminoisobutyric acid, cycloleucine, 
glutamic acid and leucine accumulation in Streptococcus faecalis. 

Cells were grown in a synthetic medium 3. Amino acid uptake was measured 
using previously described methods with minor modifications 4. Cells exposed to 
14C-labeled amino acids (3 mM) in phosphate buffer (o.~8 M) containing glucose were 
centrifuged, and the cell pellets were extracted with hot water to liberate the accumu- 
lated amino acid which was measured by  assay of radioactivity. Chromatographic 
experiments have established that,  with glutamate, most, and, with a-aminoiso- 
butyric acid and cycloleucine, all of the isotope extracted from the cell occurs in the 
respective amino acid. 

Fig. I shows the time course of a-aminoisobutyric acid and glutamic acid 
uptake in S. faecalis, and its inhibition by actinomycin D. Significant inhibition of 
transport  was observed with 3 #g/ml, and maximal inhibitory effects were observed 
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Fig. i. Effect of ac t inomycin  D on a-amino[t4C]isobutyric acid and L-[laC]glutalnic acid accumu- 
lation in S. faecalis. Cells at 1.6 mg/ml were incubated in buffer containing glucose, the laC- 
labeled amino acid (3 mM), and act inomyein D (2o #g/ml), as indicated below. A - - A ,  a-amino- 
isobutyric acid, control;  A . . . . .  ~ ,  a-aminoisobutyric  acid, + act inomycin;  I~---O, glutamic 
acid, control; (2) . . . .  (2), glutamic acid, + actinomycin.  

Fig. 2. Effect of preincubat ion with act inomycin D on inhibition of a-amino[14Cjisobutyric acid 
accumulation. Cells were added to buffer containing glucose and act inomycin D, as indicated. 
a-Amino[14C]isobutyric acid was added immediately (no pret reatment) ,  or after 2o min (pre- 
treated), and incubation was continued for the t imes shown. O - - Q ,  no pre t rea tment ,  no actino- 
mycin ; © . . . . .  ©, pretreated,  no act inomycin ; &--~k, no pre t rea tment ,  + act inomycin ; A . . . .  A, 
pretreated,  + actinomycin. 

using 10-20/tg/ml of actinomycin D ; higher levels did not produce greater inhibition. 
Increasing the extracellular osmotic pressure with sucrose did not prevent these 
effects, indicating that  they do not originate in cell wall changes. This inhibition, 
which was not observed until after I0 min (a-aminoisobutyric acid) or 20 min (glu- 
tamic acid) of uptake, did not occur earlier if cells were pretreated with the antibiotic 
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for 20 min before the labeled amino acid was added (Fig. 2). Comparable results 
were obtained using cycloleucine to measure accumulation. I t  appears that  inhibition 
depends on the simultaneous presence of the amino acid and the antibiotic. In some 
experiments with such pretreated cells, a-aminoisobutyric acid uptake stopped more 
abruptly after IO min, resulting in the accumulation of smaller amounts of amino acid. 

I t  is unlikely that  this phenomenon depends solely on a block in protein syn- 
thesis. Levels of puromycin which inhibited glutamate and leueine incorporation 
into the cell residue, at least as well as actinomycin D, had no discernible effect on 
a-aminoisobutyric acid, cycloleucine, glutamate, or leucine transport  (Table I). The 
glutamie acid incorporated into the cell residue, which was resistant to inhibition by 
both antibiotics, appears to be present in cell wall material. While these observations 
tend to exclude a block in the terminal steps of protein synthesis as being the causa- 
tive event in this phenomenon, they do not exclude an effect on RNA synthesis from 
such a role. In Lactobacillus plantarum, preincubation of cells in buffer led to a 
considerable (25%) increase in glutamic acid accumulation capacity, which also 
could be inhibited by actinomycin D. Puromycin had only a slight effect on this 

T A B L E  I 

E F F E C T  O F  A C T I N O M Y C I N  D A N D  P U R O M Y C I N  O N  A M I N O  A C I D  T R A N S P O R T  A N D  I N C O R P O R A T I O N  I N T O  

C E L L  R E S I D U E  

Cells (1.6 mg/ml) were incubated for 60 min with the E14C]amino acids in the absence or presence 
of act inomycin D (2o ~tg/ml), or puromycin  (3o0/~g/ml). The amino acid pool was extracted,  and 
the cell residue was washed with acetone and ether  and dried (glutamate),  or digested with 3 M 
HCI and dried (leucine), prior to counting. 

Cell extract 

a-A mino- 
isobutyric 
acid 

Cell residue 

Cycloleucine (;lutamic acid Leucine Glutamic acid Leucine 

(l~rnoles/Ioo mg cells) (tlmoles/ioo mg cells) 

Control 38. 4 5.8 25.2 2.6 3.6 3.2 
Act inomycin D 22.6 3.1 18. 7 1. 9 2.1 0.8 
Puromycin  41.3 5.8 24. 3 3.0 1. 9 0. 3 

increase in capacity, despite a pronounced inhibition of amino acid incorporation 
into protein. 

The inhibition of transport  by  aetinomycin D also appears not to be caused 
by an inhibition of glycolysis. Titrimetric determinations of hydrogen ion production 
from glucose indicated, at most, a small ( 8 ° )  inhibition by the antibiotic of the 
glycolytic rate. The removal of glucose from the buffer was completely unaffected. 
Although these results appear to exclude inhibition of reactions in the glycolytic 
pa thway as a causative factor, it is not known whether the subsequent utilization of 
high-energy compounds in the transport  process has been affected. The possibility 
also must be considered that  a small portion of the total glycolytic activity is coupled 
to the transport  process, and that  this fraction is specifically inhibited by acti- 
nomycin D. 

There have been several previous reports that  actinomycin D and puromycin 
inhibit transport  systems. The stimulation by aldosterone of sodium transport  in the 
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t oad  u r ina ry  b ladder  was inhib i ted  b y  ac t inomycin  D and puromycinS,  6, and  the 
s t imula t ion  b y  v i t amin  D of  in tes t ina l  calcium t r anspor t  was inhib i ted  b y  act ino-  
mycin  D 7,8. Pu romyc in  inh ib i ted  amino acid t r anspor t  in embryonic  chick bone, bu t  
only  af ter  a long per iod  of essent ia l ly  normal  up take  9. In  all these cases, it  has been 
suggested t ha t  the  synthesis  of  pro te in  ca ta lys t s  involved in the  respect ive t r anspor t  
processes is inhib i ted  b y  these ant ibiot ics .  BERLIN AND STADTMAN 1° recent ly  ob- 
served ac t inomycin  D inhibi t ion of adenine up take  in B. subtilis. They  suggested t ha t  
the  purine nucleot ide  pyrophosphory lase ,  which metabol izes  adenine af ter  i ts 
t r anspor t  into the  cell, is subjec t  to feed-back inhibi t ion by  in t racel lu lar  nucleot ides  
present  in higher  concent ra t ions  when nucleic acid synthesis  is b locked by  act ino- 
mycin  D. Since a -amino i sobu ty r i c  acid and cycloleucine are not  s ignif icantly meta -  
bol ized in S, faecalis, such an explana t ion  is not  appl icable  in te rms of a metabol ic  
p a t h w a y ,  bu t  i t  might  a p p l y  for the t r anspo r t  ca ta lys t  itself. 

The absence of  in format ion  regarding  correlat ive effects on o ther  cell com- 
ponents  makes  any  suggest ion regarding  the possible basis of the  inhibi t ion des- 
cr ibed here a specula t ive  under tak ing .  In  view of the  lack of inhibi t ion b y  puromycin ,  
the  most  l ikely possibil i t ies are tha t  ac t inomycin  D prevents  the  synthesis  or regene- 
ra t ion  of nucleot ide  or po lynuc leo t ide -dependen t  ca ta lys t s  required for the  opera t ion  
of  the  t r anspor t  systems,  t ha t  it  causes an accumula t ion  of inh ib i to ry  nucleotides,  
or t h a t  it  interferes wi th  the  u t i l iza t ion  of h igh-energy substances.  

This inves t iga t ion  was suppor ted  by  Nat iona l  Ins t i tu tes  of Hea l th  Gran t  
AI -o i487  and ONR Contrac t  Nr.-27o2(oo). We  thank  Dr. K. G. REID, J. N. A. VAN 
BALGOOY and E. MAJESKI for assistance with  some of these exper iments ,  and Dr. 
IV[. ZIMMERMAN of Merck Sharpe  and Dohme for help in obta in ing  ac t inomycin  D. 
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