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T H E  S I G N I F I C A N C E  OF P O T A S S I U M  A N D  

S O D I U M  F O R  T H E  S Y N T H E S I S  OF G L Y C O G E N  I N  T H E  

I S O L A T E D  R A T  D I A P H R A G M  

Z. D R A H O T A ,  M. K L I C P E R A  AND R. ~ /kK 

Institute of Physiology, Czechoslovak Academy of Sciences, Prague (Czechoslovakia) 

The synthesis of glycogen at various K/Na ratios has been studied extensively by many 
authors, especially on slices of liver 1-5. All the reports indicate that the optimal syn- 
thesis occurs in a medium containing a high concentration of potassium. A decrease of 
potassium ions in the medium leads in these experiments to a decrease in the synthesis 
of glycogen. TUERKISCHER AND W E R T H E I M E R  6 a n d  STADIE AND ZAPP 7 have shown, 
however, that in the isolated diaphragm, optimal synthesis of glycogen takes place 
when there is a low concentration of potassium in the medium or when the medium 
is completely free from potassium. 

In the experiments performed both on the liver slices and on the diaphragm, 
changes in the synthesis of glycogen were only determined in relation to the ion 
composition of the medium. The relationship between glycogen synthesis and the 
potassium or sodium content of the tissue was not studied. For this reason our atten- 
tion was directed to the problem of the relation of glycogen synthesis to changes of 
potassium content in the tissue. 

METHODS 

R a t s  8 o - I o o  g were  used  a nd  the  a n i m a l s  fas ted  for 2 4 hours  pr ior  to  the  expe r imen t .  The  r a t s  
were  d e c a p i t a t e d  a nd  i so la t ion  of  t h e  d i a p h r a g m  was  pe r fo rmed  accord ing  to  RIESER 8. In  order  
to  d e t e r m i n e  the  g lycogen  s y n t h e s i s  in the  s a m e  r a t  in a n o r m a l  and  modif ied m e d i u m ,  e x p e r i m e n t s  
were car r ied  ou t  w i t h  q u a r t e r s  of t he  d i a p h r a g m .  I t  has  been s h o w n  in a p rev ious  p a p e r  9 t h a t  
the  d i a p h r a g m  syn thes i ze s  g lycogen  to  t he  s a m e  ex ten t ,  i r r e spec t i ve l y  of w h e t h e r  ha lves  or 
q u a r t e r s  were  used. The  v e n t r a l  ( thicker)  q u a r t e r  of the  d i a p h r a g m  was  a lways  used for the  
d e t e r m i n a t i o n  of t h e  in i t ia l  v a l u e s  of glycogen,  whi le  the  dorsa l  ( thinner)  q u a r t e r  was  a lways  used 
for incubat ion .  It  is n e c e s s a r y  to  a d h e r e  to  th i s  s t a n d a r d  procedure ,  because  the  dorsal  ha lves  
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contain 16. 5 ~ 3.2 mg more glycogen per IOO g wet weight than the ventral halves. The diaphragm 
was weighed after isolation on a torsion balance and immediately transferred to an oxygenated 
warm medium (38°) and incubated in Warburg's apparatus. The interval between killing the rat 
and beginning the incubation was 5 min at the most. Cold preincubation, as recommended by some 
authors1°, 15 was not used, nor was the tissue maintained at o ° during the preparation, since both 
the cold preincubation and preparation of the tissue at o ° cause changes in the ion composition of 
the tissue and its glycogen content% 

Glycogen is expressed in mg of glycogen/ioo g wet weight before the experiment. The syn- 
thesis of glycogen is given by the difference between the glycogen content before incubation 
(ventral quarter) and after incubation (dorsal quarter). Correction was not made for the difference 
in the glycogen content of the dorsal and ventral quarter. Glycogen was determined by a modifi- 
cation of the anthrone method n.  The error of the method was ± o.8 mg for values around 25o mg, 
i.e.o.3 °o. 

As the experiments were carried out on rats 8o-loo g in weight, left and right halves were 
used for the analysis of ions (i.e. IOO 15o mg wet weight) instead of quarters. The potassium 
content of both halves of the diaphragm is the same. In one half the potassium and sodium 
content was determined prior to the incubation, in the other half following incubation. Sodium 
and potassium determinations were done with the Zeiss flame photometer. The diaphragm was 
dried to constant weight at 1o5 '~ in a vacuum. Lipids were extracted fronl the crushed dr}" tissue 
by petroleum ether. Potassium and sodium were then extracted from the tissue by I o~/o HNOa 
for 24 hours at 2o °. The standards used for the potassium and sodium determinations were brought 
approximately to the contents of both ions in the tissue extracts, viz. sodium was added to potas- 
sium standards and potassium to sodium standards. All solutions used, were made in water re- 
distilled in glass. Error of the determination was ~ 2 o/ for 43.7 mequiv. K. and ± 3.5 % for iS. 4 
mequiv. Na. 

Krebs-Ringer-bicarbonate and Tuerkisher-Wertheimer's solution were used as medium 6. 
The concentration of glucose in both mediums was 2oo mg in ~oo ml. The tissue was incubated 

for two hours at 380 in 3 ml of the medium in \Varburg's apparatus. The modified mediums were 
prepared by equivalent exchange of potassium by sodium and vice versa. 

RESULTS 

I. Synthesis o/glycogen in a medium with different concentrations o/potassium 

D u r i n g  2 h o u r s  of i n c u b a t i o n  t h e  d i a p h r a g m  s y n t h e s i z e s  g l y co g en  on b o t h  

K r e b s - R i n g e r - b i e a r b o n a t e  a n d  T u e r k i s h e r -  W e r t h e i m e r ' s  m e d i u m  c o n t a i n i n g  2oo m g  % 

of g lucose  (see T a b l e  I). T h e  a v e r a g e  g lycogen  s y n t h e s i s  is h i g h e r  in T u e r k i s h e r - W e r t -  

h e i m e r ' s  m e d i u m ,  w h i c h  is in a c c o r d a n c e  w i t h  d a t a  in t h e  l i t e r a t u r e  8. W h e n  p o t a s s i u m  

is e q u i v a l e n t l y  r ep l aced  b y  s o d i u m  in t h e  K r e b s - R i n g e r - b i c a r b o n a t e  m e d i u m ,  t h e  

s y n t h e s i s  of g lycogen  in th i s  mod i f i ed  m e d i u m  is on  t h e  a v e r a g e  73% h i g h e r  t h a n  in 

t he  n o r m a l  K r e b s - R i n g e r - b i e a r b o n a t e  m e d i u m .  T h e  i n c r ea s e  of p o t a s s i u m  c o n c e n -  

t r a t i o n  f rom 5.8 m e q u i v . / l  to  17.6 mequiv . /1  is w i t h o u t  effect  on  g l y co g en  s y n t h e s i s .  

T h e  s y n t h e s i s  of g lycogen  is t h e r e f o r e  h ighe r  in a p o t a s s i u m - f r e e  m e d i u m .  A s imi l a r  

conc lus ion  was  r e a c h e d  b y  TUERKISHER AND WERTHEIMER 6, whose e x p e r i m e n t s  

were  c o n f i r m e d  b y  us. T h e  g lycogen  s y n t h e s i s  is i n c r e a s e d  in a n o r m a l  T u e r k i s h e r -  

W e r t h e i m e r ' s  m e d i u m ,  w h i c h  c o n t a i n s  o.24 m e q u i v ,  of p o t a s s i u m  pe r  1. In  a m e d i u m  

c o n t a i n i n g  17.6 mequiv . /1 ,  s y n t h e s i s  is lower .  Our  e x p e r i m e n t s  h a v e  t h e  a d v a n t a g e ,  

as c o m p a r e d  w i t h  t h e  a b o v e  e x p e r i m e n t s  of TUERKISHER AND WERTHEIMER, t h a t  i t  is 

poss ib le  to  d e t e r m i n e  t h e  a b s o l u t e  inc rease  of g l y co g en  in a n o r m a l  a n d  m o d i f i e d  

m e d i u m .  

2. The changes in the potassium and sodium content o~ the diaphragm during incubation 
in mediums containing different concentrations o~ potassium 

D u r i n g  i n c u b a t i o n  in a n o r m a l  K r e b s - R i n g e r - b i c a r b o n a t e  so lu t ion  c o n t a i n i n g  

200 r a g %  of glucose,  t h e  d i a p h r a g m  loses p o t a s s i u m  (6.6 m e q u i v . / i o o  g) a n d  ga ins  

s o d i u m  (9.0 mequiv . / IOO g). T h e  r e m o v a l  of p o t a s s i u m  f r o m  t h e  m e d i u m  inc reases  
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these changes: loss of potassium from the tissue reaches 11.6 mequiv. K/ ioo  g and 
gain in sodium is 16.5 mequiv. Na/ Ioo  g. The synthesis of glycogen under these con- 
ditions is concomitantly increased. 

The increase in the potassium concentration of the Krebs-Ringer-bicarbonate 
solution to 17.6 mequiv, of potassium leads to a decreased uptake  of sodium as com- 
pared with the normal medium. The potassium content remains unchanged. When 
the potassium content of the Tuerkisher-Wertheimer medium is increased, potassium 
loss is decreased and there is a similar decrease in the synthesis of glycogen. There 
are no changes to be noted in the sodium uptake (see Table II). 

DISCUSSION 

I t  was found that  the synthesis of glycogen is influenced by the K/Na ratio in the 
muscle tissue. This effect of ions differs distinctly from that  exerted on liver tissue. 
While HASTINGS et al. 4 and TENG s have stated that  normal ion composition of the 
cells is necessary for normal metabolic activity (i.e. optimal glycogen synthesis) of 
the liver, our experiments indicate that  greater synthesis of glycogen takes place in 
a medium, in which considerable changes in the ion composition take place during 
incubation. If the normal Krebs'  medium, in which the diaphragm loses 6.6 mequiv. 
K / Ioo  g of dry weight, is taken as the initial value, then an increase in glycogen syn- 
thesis takes place after decreasing the potassium content of the tissue. A similar 
relation holds in experiments with the Tuerkisher-Wertheimer medium (see Tables I 
and II) ,  where following greater potassium losses from the tissue an increased syn- 
thesis of glycogen results. Changes in the sodium content of the diaphragm, when 
working with the Tuerkisher-Wertheimer medium, do not exhibit any relation to 
glycogen synthesis (Tables I and II).  

A decrease in the potassium content and an increase in sodium take place during 
the first 15 min of incubation only, when using normal Krebs '  medium. Later, the 
content of both ions remains constant14, 9. During incubation in Tuerkisher-Wert- 
heimer's medium or in potassium-free Krebs-Ringer-bicarbonate medium, the de- 
crease in potassium, however, occurs throughout the course of the whole incubation. 
The synthesis of glycogen in both these mediums is higher than in the normal medium, 
where this continual loss of potassium is not present. The decrease in the potassium 
content of the diaphragm during incubation, therefore, leads to an increase in the 
glycogen synthesis. 

I t  can also be concluded from our experiments that  it is not possible to maintain 
with absolute certainty that  during glycogen synthesis potassium enters the cell at 
the same time, and that  the deposition of glycogen is linked to potassium accumula- 
tion, as VERZAR .AND HASTINGS have a t tempted  to show 12,13, 14. I t  can be especially 
well seen in the experiments with the Tuerkisher-Wertheimer medium in which the 
greatest synthesis is accompanied by the greatest potassium loss. This shows that  
glycogen can be synthesized without any increase in the total  potassium content of 
the tissue. 

SUMMARY 

The synthesis of glycogen was studied at various concentrations of potassium in the diaphragm. 
It was found that glycogen synthesis is increased when potassium is lost from the tissue. During 
incubation in normal Krebs-Ringer-bicarbonate, 6. 7 mequiv, K/ioo g dry weight are lost and 
Re/erences p. 35. 
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lOO mg of glycogen]loo g wet  weight  are synthesized.  Removal  of po ta s s ium ions f rom the med ium 
leads to a loss of 11.6 mequiv.  K f rom the  tissue, and 173 mg of glycogen are synthesized. An 
increase of po t a s s ium ions in the medium to 17.6 mequiv./1 lowers the po ta s s ium loss f rom the 
tissue, bu t  is wi thou t  effect on the  synthes is  of glycogen. The role played by  sodium in glycogen 
synthesis  is discussed, toge ther  wi th  quest ions  connected wi th  the  synthesis  of glycogen and the 
entrance of po ta s s ium into the  celE 
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T H E  I N H I B I T I O N  OF  P H O T O S Y N T H E S I S  BY SODIUM F L U O R I D E  

I.  T H E  SODIUM FLUORIDE-INDUCED CARBON DIOXIDE 

BURST FROM CHLORELLA* 

N O R MA N  I. B I S H O P  A~D HANS G A F F R O N  

Research Institutes (Fels Fund), University o/ Chicago, Chicago, Ill. (U,S.A.) 

Selective inhibition of certain enzymic steps by fluoride-magnesium phosphate com- 
plexing would be a rather obvious means to look for possible differences between tile 
well-known metabolic transformations of phosphoglyceric acid (PGA) in glycolytic 
systems and its photochemical reduction during photosynthesis. As we, and perhaps 
many others, have experienced, fluorides penetrate very slowly into green algae under 
the experimental conditions of approximately neutral media. The results indicated a 
rather complex disturbance of various parts of the general (cell) metabolism. Pub- 
lished experiments 1, 2 have shown that  photosynthesis is indeed sensitive towards the 
presence of fluorides in the cell. We found, for instance, after anaerobic fluoride treat- 
ment, an inhibition of fermentation and a decreased capacity for photoreduction. At 
times the inhibition was displaced by a period of photosynthesis in air; at other times 
such was not the case, ,.e., photosynthesis was completely inhibited 3. 

* W o r k  was  suppor ted  by  the  U. S. Atomic Energy  Commission,  contract  n u m b e r  AT(I 1-i)-239 , 
and the  Fels Fund .  A s u m m a r y  of the  resul ts  in this  paper  was  presented  before the Am. Soc. of 
Biol. Chemists,  1957. (See Federation Proc., 16, No. i, March 1957). 
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