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Relation of amino acid transport to sodium-ion concentration 

The dependence of amino acid transport on the presence and the distribution 
of the alkali metals was first noted in I9521. In 1958 RIGGS, WALKER AND CHRISTENSEN 
showed that the ability of the Ehrlich cell to accumulate glycine decreased in pro- 
portion to the extent that  Na + replaces cellular K + (ref. 2). The results of that  research 
(Fig. 6 in ref. 2) effectively dissociated the ability of the cell to concentrate glycine 
from the distribution of K+, and associated it with the distribution of Na +, although 
the discussion failed to take note of that  evidence in choosing potassium as perhaps 
the critical cation. Other authors have occasionally disregarded both the alternate 
hypotheses and the evidence by citing only the tentative preference. Subsequently, 
KROMPRARDT et al. showed that glycine is principally sensitive to Na + as the external 
alkali metal s, a finding that has been repeatedly confirmed. In the meantime a similar 
finding for monosaccharide transport by the intestine also called attention to the 
sodium ion. 

Recently VIDAVER has shown that the net direction of a mediated transport 
for glycine in the pigeon erythrocyte depends strictly on the direction of the Na+ 
gradient between the exterior and the interior of the cell 4. VIDAVER observed further 
that the rate of glycine uptake increased with the Na + concentration according to 
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Fig .  i .  R a t e  of u p t a k e  of g l y c i n e  (left) a n d  a l a n i n e  ( r ight)  b y  p i g e o n  e r y t h r o c y t e s  a t  v a r i o u s  
e x t e r n a l  N a  + leve ls .  U p t a k e  w a s  m e a s u r e d  b y  i n c u b a t i n g  a t  37 °, i o  m i n  for ~I-14C]glycine,  3 r a in  
for  L- [ I -z4C]a lan ine ,  in  s o l u t i o n s  c o n t a i n i n g  f r o m  o to  134 m l ~  NaC1, ~.2 m M  CaC12, o.6 m M  ,VIgSO 4, 
8.o mlV[ I~eI-IPO4, 2.o ml~{ KH2PO~,  a n d  e n o u g h  cho l i ne  c h l o r i d e  t o  s u b s t i t u t e  for NaC1. U p t a k e  
w a s  t e r m i n a t e d  b y  p o u r i n g  i n t o  a n  e q u a l  v o l u m e  of b u f f e r e d  i ce -co ld  cho l i ne  ch lo r ide ,  a n d  cen-  
t r i f u g i n g  3 m i n  a t  o °. A f t e r  r e m o v i n g  t h e  s u p e r n a t a n t  s o l u t i o n  ( the  l a s t  p o r t i o n  b y  c a p i l l a r i t y  
i n t o  p a p e r  s t r ips )  t h e  cei ls  w e r e  e x t r a c t e d  w i t h  i o  vol .  5 }~ t r i c h l o r o a c e t i c  ac id ,  a n d  r a d i o a c t i v i t y  
d e t e r m i n e d  b o t h  in  t h e  e x t r a c t  a n d  t h e  e x t e r n a l  m e d i u m  b y  l i q u i d - s c i n t i l l a t i o n  c o u n t i n g .  T h e  
u p t a k e  r a t e  o b s e r v e d  in  t h e  a b s e n c e  of N a  + ( sma l l  e x c e p t  i n  t h e  case  of g lyc ine )  h a s  b e e n  d e d u c t e d  
in  a l l  cases .  U n d e r  t h e  c o n d i t i o n s  f o l l o w e d  t h e  r a d i o a c t i v i t y  c a n  be  r e c o v e r e d  in  t h e  f o r m  of 
t h e  u n c h a n g e d  a m i n o  ac id .  F o r  g l y c i n e  (left) t h e  A u g u s t i n s s o n  p l o t  is  l i n e a r  o v e r  a g r e a t e r  r a n g e  
w h e n  one  i n t r o d u c e d  [Na+] 2 (as shown)  r a t h e r  t h a n  [Na+~. ( D a t a  of EAV~NSON.) 
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the Michaelis-Menten equation, when the second-power rather than first-power of 
the Na  + concentration was introduced as [.5] into that  equation 5. 

The present communication reports confirmation of the finding of VIDAVER that  
bet ter  correspondence is obtained with the square rather than the first power of [Na +] 
at Na + levels above 20 raM, although at lower Na + levels this relationship is no longer 
followed (Fig. i ,  left). In contrast, the rate of uptake of L-alanine by  a different 
mediating system in the same cell (Fig. I ,  right), also the rate of its mediated uptake 
into the rabbit  reticalocyte (Fig. 2), and the rate of the saturable uptake of a-amino- 
isobutyric acid by  the Ehrlich cell (Fig. 3, left), all follow the Michaelis-Menten 
equation if Na + is introduced as its first power. The same result was obtained for 
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Fig. 2. R a t e  of a l an ine  u p t a k e  by  re t i cu locy tes  a t  var ious  levels  of Na  +. R a b b i t  red cells (6T % 
re t icu locytes)  were washed  twice  w i t h  o.154 M chol ine chlor ide ;  t h e n  o.2-ml samples  were he ld  
2 min  a t  2o ° in 5 ml  m e d i u m  con ta in ing  I mM MgSO4, 14 mM Tris-HC1 (pH 7.6), and  va r ious  
levels  of L-alanine and  Na  + as shown, chol ine chlor ide  be ing  s u b s t i t u t e d  for NaCI to  o b t a i n  iso- 
o smola r i ty .  O the r  cond i t ions  as for Fig. I, excep t  u p t a k e  was  t e r m i n a t e d  b y  a d d i n g  5 ml  of 
ice-cold o.154 M KCI, fol lowed b y  2 m in  of cen t r i fuga t ion  a t  o °. (Da ta  of WHEELER.) 
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Fig. 3- U p t a k e  r a t e  of ~-amino[I-14C]isobutyr ic  acid (AIB) b y  the  Ehr l i ch  asci tes  t u m o r  cell a t  
va r ious  concen t ra t ions  of Na  +. U p t a k e  was  measu red  dur ing  i min  a t  37 ° in K r e b s - R i n g e r  
b i ca rbona t e  m e d i u m  modif ied  to  con ta in  26 mM K+, var ious  levels  of NaC1 as shown, and  chol ine 
chlor ide  to  o b t a i n  i so-osmolar i ty .  Other  condi t ions  a p p r o x i m a t e l y  as in Fig. i .  Left ,  cor respondence  
to  Michae l i s -Men ten  equa t ion  when  [Na +] ( ra ther  t h a n  [Na+] 2) is in t roduced .  Right ,  same d a t a  
r ep lo t t ed  to  show Na  + effect on bo th  Vmax (shift  in i n t e r cep t  on ve r t i ca l  axis) and  K,,, (change 
in slope) for ~ -amino i sobu ty r i c  ac id  up take .  (Da ta  of IHu i ;  resu l t s  t y p i c a l  of those  ob t a ined  w i t h  
re t i cu locy tes  and  p igeon e ry throcy tes . )  
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the  Na+-sensi t ive  por t ion  of the  up t ake  of L-methionine b y  the Ehr l ich  cell. F u r t h e r -  
more,  the  influence of changing  N a  + in these several  cases is to change Km as well 
as Vmax, as is i l l u s t r a t ed  in Fig.  3, r ight .  Tha t  resul t  is in con t ras t  wi th  an observa t ion  
by CRANE, FORSTNER AND EICHHOLZ 6 t ha t  the  effect of changing N a  + levels on glucose 
t r anspo r t  b y  the  hams t e r  small  in tes t ine  can be descr ibed b y  changes in the  Km only,  
for glucose. Changes in bo th  Km and  Vmax can be shown a theore t ica l  expec ta t ion ,  
however ,  when N a  + and  an amino acid en te r  as co-subs t ra tes  according to the  usual  
kinet ic  formula t ions  (Y. INLTI AND H. N. CHRISTENSEN, unpubl i shed  results).  

The present  resul ts  suggest  t ha t  a single sodium ion, r a the r  than  two, f requent ly  
enters  a ra te - l imi t ing  event  in amino acid  t r anspor t .  

This work  was suppo r t ed  in pa r t  b y  a g ran t  (HD-oI  233) from the In s t i t u t e  of 
Child Hea l t h  and  Deve lopment ,  Na t iona l  In s t i t u t e s  of Hea l th ,  U.S. Publ ic  Hea l th  
Service, and  a g ran t  from the Jane  Coffins Child Memorial  F u n d  for Medical  Research,  
K. P. W. being a Fel low of th is  F u n d  dur ing  this  work. He also received a Wel lcome 
Research  Trave l  Grant .  E . E .  and  P . F . H .  are U.S. Publ ic  Hea l th  Service t rainees,  
the  former  under  the  Communicable  Diseases Center,  A t l an ta ,  Ga., U.S.A. 
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Photoassimilation of organic compounds by autotrophic blue-green algae 

A number  of pho tosyn the t i c  microorganisms including eucaryo t ic  algae, blue-  
green algae and  pho tosyn the t i c  bac te r ia  appea r  to be s tr ict  pho toau to t rophs ,  i.e., 
t hey  grow only  in the  l ight  wi th  carbon dioxide as sole source of cell carbon.  The 
reason for the  inab i l i t y  of such s t r ic t  p h o t o a u t o t r o p h s  to grow on organic compounds  
is not  clear. S tudies  on the s t r ic t ly  pho toau to t roph ic  green su lphur  bac te r ia  of the  
genus Chlorobium have  es tabl ished t ha t  these organisms can assimilate  cer ta in  organic 
compounds  into  cell consti tuents1,  2. Since m a n y  blue-green algae are repor ted  to be 
unable  to grow he te ro t roph ica l ly  in the  dark ,  i t  was of in teres t  to de te rmine  whether  
such s t r ic t ly  pho tosyn the t i c  blue-green algae are able to assimilate  simple organic 
compounds  in the  l ight .  I t  has been found t ha t  Anacystis nidulans is able to assimilate  
ace ta te  in a l igh t -dependen t  process, and  t h a t  ace ta te  is incorpora ted  into a l imi ted  

Biochim. Biophys. Acta, Io9 (1965) 622-625 


