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s u p e r n a t a n t  f r o m  two-  to  fourfold.  O n  t h e  o t h e r  h a n d ,  
t h e  mic rosomes  of i m m a t u r e  n e w - b o r n  a c t i v a t e  t h e  super -  
n a t a n t s  of h u m a n  a n d  r a t  l iver.  Therefore ,  even  if t h e  
t r y p t o p h a n  p y r r o l a s e  a c t i v i t y  is n o t  de t ec t ab le ,  t h e  
a c t i v a t o r  is p r e s e n t  in  i m m a t u r e  n e w - b o r n  l iver.  

T h e  p r o b l e m  arises w h e t h e r  t r y p t o p h a n  py r ro l a se  is 
s y n t h e t i z e d  b y  l iver  cells of h u m a n  foe tus  a t  some s t age  
of t he  d e v e l o p m e n t .  A s imi la r  p a t t e r n  h a s  b e e n  o b s e r v e d  
in  o t h e r  m a m m a l s  6,7. 

e n z i m a t i c a  ~ r i s u l t a t a  a s sen te  a n c h e  nel le  p r o v e  di a t t i -  
vaz ione  m e d i a n t e  a g g i u n t a  di  m ic rosomi  di legato .  
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Riassunto. Viene  d i m o s t r a t a  la  p r e s e n z a  di  a t t i v i t k  
t r i p t o f a n o  p i r ro las i ca  n e l l ' o m o g e n a t o  e ne l  s o p r a n a t a n t e  
o t t e n u t i  d a  c a m p i o n i  di f ega to  di  n e o n a t i  a t e r m i n e  e di 
adul t i .  Nel  l ega to  di n e o n a t i  i m m a t u r i  q u e s t a  a t t i v i t ~  

6 A. M. NEMETH, J. biol. Chem. 234, 2921 (1959). 
V. H. AUERBACrI and H. A. WAXSMANte, J. biol. Chem. 234, 307 
(1959). 

On the Quest ion  of  the  M e c h a n i s m  of Inhib i tory  
Effect of A c i d o s i s  on  Anaerob ic  Glyco lys i s  of 

E r y t h r o c y t e s  

A su i t ab l e  mode l  for  fol lowing t he  effects  of acidosis  on  
t h e  glucose u t i l i za t ion  is t h e  e r y t h r o c y t e  j u s t  for  i ts  
seve ra l  m e t a b o l i c  s impl i f ica t ions .  I t  is k n o w n  f rom t h e  
l i t e r a t u r e  t h a t  t h e  glycolysis  of a n o r m a l  m a t u r e  e r y t h r o -  
cy t e  d e p e n d s  on  t h e  p H  valueX,% Acidosis  w h i c h  is 
deve loped  in  a n  e x p e r i m e n t a l  shock  also r educes  t h e  
u t i l i z a t i o n  of glucose 3. 

T h e  effect  of acidosis  in  v i t r o  on  t h e  a n a e r o b i c  gly- 
colysis  was  fol lowed in f resh ly  s a m p l e d  b lood  of chn ica l ly  
h e a l t h y  donors .  T h e  e r y t h r o c y t e s  w a s h e d  in ice cold sa l ine  
were  r e s u s p e n d e d  in i so ton ic  p h o s p h a t e  buf fe r  of va r ious  
p H  a n d  en r i ched  w i t h  glucose to  t h e  f ina l  c o n c e n t r a t i o n  
of 100 m g  %.  T h e  bu f fe r  c a p a c i t y  of used  buf fe r  so lu t ions  
was  suf f ic ien t  e n o u g h  to  keep  t h e  c o n s t a n t  p H  v a l u e  of 
r e s u s p e n d e d  b lood  w i t h i n  t h e  t i m e  pe r iod  of 75 m i n  
i n c u b a t i o n .  The  e r y t h r o c y t e s  were i n c u b a t e d  a l w a y s  in  3 
bu f f e r  so lu t ions  of p H  6.1, 6.7 a n d  7.4. Af t e r  15 ra in  
l a s t i ng  i n c u b a t i o n  a t  4 °C occur red  t h e  e q u a l i z a t i o n  of p H  
v a l u e  b e t w e e n  t h e  e r y t h r o c y t e  a n d  buf fe r  so lu t ion  u p  to  
t h e  v a l u e  of 6.6, 6.95 a n d  7.35 respec t ive ly .  

T h e  e r y t h r o c y t e s  i n c u b a t e d  in  t h e  bu f f e r  of p H  6.1 a re  
p r o d u c i n g  a b o u t  2.5 t i m e s  less lac t ic  acid.  T h e  level  of 
p y r u v i c  acid in acid buf fe r  is s i m u l t a n e o u s l y  increased .  
I n  t h a t  w a y  t h e  r a t i o  l a c t a t e / p y r u v a t e  (L/P)  is f u r t h e r  
decreased.  T h e  d i f ference  in t h e  r a t i o  L / P  in  a lka l ine  a n d  
ac id  buf fe r  a f t e r  75 m i n  i n c u b a t i o n  is t w e n t y - f o l d  (Table) .  

T h e  d e p e n d e n c e  of t h e  r a t i o  L ] P  on  t h e  v a l u e  p H  in 
i n c u b a t e d  r e s u s p e n d e d  e r y t h r o c y t e s  was  e s t i m a t e d  u n d e r  
these  suppos i t i ons :  (1) t h e  p H  v a l u e  ins ide  t h e  e r y t h r o -  
cy te  a n d  in  t h e  i n c u b a t i o n  m e d i u m  a f t e r  15 m i n  equi l i -  
b r a t i o n  was  t h e  same,  (2) w i t h i n  t he  t i m e  pe r iod  of 
equ i l i b ra t ion ,  w h i c h  occurs  a t  4°C, p r ac t i ca l l y  no  gly- 
colysis  process  exis ts  a n d  t he r e fo re  n o  a c c u m u l a t i o n  of 
lac t ic  acid in  t h e  m e d i u m  ou t s ide  t h e  e r y t h r o c y t e  occurs.  
T h e  resu l t s  are  s t a t e d  in F i g u r e  1 a n d  show t h e  d i rec t  
d e p e n d e n c e  of t h e  r a t i o  L / P  u p o n  t h e  p H  value .  T h e  in- 

1 U, HINTERBERGER, W, GERISCHER-MOTHES, D. SUCKROW and 
S. RAPOPORT, Acta biol. reed. germ. 7, 57 (1961). 
L. TRIUER, M. MRLZ, J. KvPso~ and B. Z|c~A, Medna Pharmac. 
exp. 72, 190 (1965). 

a L. TmNER, J. KvPSOU, M. MRAz and B. ZfCHA, Medna exp. 10, 
103 (1964). 

Effect of the acidosis on the glycolytic activity of erythrocytes incubated on phosphate buffer of different pH values 

Timeof pH of phosphate buffer 
ineuba- 

6.1 6.7 7.4 tion at 
37 *C in rain pH of resuspended erythrocytes in phosphate buffer after 15 rain equilibrium time at 0 °C 

6.6 6.95 7.35 

L/P Lactate Pyruvate L]P Lactate Pyruvate LIP Lactate Pyruvate 

15 11.5 260 22.5 40 365 9,1 87 601 6.9 
30 9.5 360 38.0 47 570 12.0 110 880 8.0 
45 8.5 520 60.8 63 950 15.0 181 1590 8.0 
60 8,7 655 75.0 61 1090 18,0 177 1700 9.6 
75 8.7 853 98.3 58 1163 20.3 179 1850 10.3 

Metabolites are expressed in 10 -9 M/ml of resuspended erythrocytes and represent the mean value of 6 samples. Incubation procedure : washed 
erythrocytes were diluted by equal volume of isotonic phosphate medium consisting of 100 parts of isotonic phosphate buffer, 5 parts of 
0.155M KCI and 1 part of 0.11 M CaC12. The mixture was enriched by glucose to the final concentration of 100 mg % and equilibrated for 
15 min at 4 °C and then incubated aerobically at 37 °C in ultrathermostat without shaking. 



15. 8. 1967 Speeialia 619 

crease of the  py ruv ic  acid level  and the  drop  of the  ra t io  
P / P  po in t  ou t  the  insuff icient  hydrogena t ion  of py ruv i c  
acid, and i t  should therefore  correspond to t he  change of 
the redox sys tem N A D / N A D H ,  which is t t+-dependent .  
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Fig. I. Relation between pH value and lactate/pyruvate (LIP) ratio 
in erythrocytes equilibrated at 4 °C. 
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l?ig. 2. Levels of Glucose-6-Phosphate (G-6-P), Phosphoenolpyruvic 
acid (P-E-P) and 3-Phosphoglyceric acid (3-PGA) in erythrocytes 
incubated in phosphate buffer of different pH values. Incubation 

time in rain at 37 °C, methods according to 7. 

The  change  of this ra t io  mus t  have  caused the  accumula-  
t ion of metabo l i t es  before the  only  one N A D - d e p e n d e n t  
dehydrogenase  of glycolyt ic  cycle. W e  have  therefore  
de te rmined  the  g lucoso-6-phosphate  (G-6-P) level  as a 
me tabo l i t e  before  the  tr iose s tep as well  the  level  of 
phosphoeno lpy ruva t e  (PEP)  and  3-phosphoglycera te  
(3-PGA). An  ev iden t  accumula t ion  of G-6-P in acid 
incuba t ion  m e d i u m  and corresponding  decrease of the  
3-PGA level  occurs (Figure 2). 

The  inf luence of p H  upon  the  re -phosphory la t ion  
abi l i ty  of the  e ry th rocy tes  was followed. Wi th in  t he  t ime  
per iod of washing,  the  level  of A T P  drops down to 50% of 
the  ini t ia l  va lue  of the  fresh blood, t hough  the  decrease of 
A T P  is smaller  t h a n  in e ry th rocy te s  which were  suspended 
in acid buffer.  The  lower p H  va lue  seems to be  the  
p ro tec t ive  fac tor  for keeping the  level  of A T P  wi th in  t he  
t ime  per iod of reaching  the  equi l ibr ium,  while  i t  reduces 
the  glycolysis.  The  resynthesis  of A T P  which depends  on 
p H  value,  occurs wi th in  the  incuba t ion  t ime  (Figure 3). 
The  effect  of p H  is ev iden t ly  no t  of such significance and 
appa ren t ly  a compensa to ry  effect  of 2, 3-diphosphogly-  
cerate  suplies occurs. 

The  effect  of acidosis m a y  be p roved  a lmos t  in the  first  
me tabo l i t e  of glycolysis  by  a v e r y  s ignif icant  accumula-  
t ion  of G-6-P. These  f indings are in full ag reemen t  w i t h  
BRUNS '4,~ observat ions .  The  hexose monophospha t e  
shun t  makes  only  10% of glucose ut i l iza t ion and is no t  
p H - d e p e n d e n t  6. The  d i rec t  affect ing of t he  a c t i v i t y  of 
hexokinase  under  acidosis 8 is no t  probable ,  while  there  
should no t  occur  the  accumula t ion  of G-6-P. On the  o the r  
side i t  is known t h a t  G-6-P regress ively inhibi ts  t he  hexo-  
kinase ac t i v i t y  ° and this  concept ion was mani fes ted  
fo rmer ly  l°,n. The  increased level  of G-6-P and the  
s imul taneous  decrease of 3-PGA level  and of L / P  rat io  in 
e ry th rocy tes  incuba ted  in acid m e d i u m  shows the  prob-  
able d i rec t  change of redox ra t io  of pyr id ine  nucleot ides  
caused by  higher  concen t ra t ion  of hydrogen  protons.  

Zusammen/assung. Der  Einf luss  der  Azidose auf die 
Glykolyse  der  E r y t h r o z y t e n  wurde  in v i t ro  untersucht .  
Es  resul t ier t  eine Ern ied r igung  der  Mi lchs~ureprodukt ion  
bei gleichzei t iger  E r h 6 h u n g  des Glukose-6-Phospha t -  
Gehal ts  und  des L a k t a t / P y r u v a t / Q u o t i e n t e n .  Die Be- 
funde weisen auf  eine di rekte  Beeinf lussung der  Glykolyse  
infolge veriLndertem N A D / N A D H - R e d o x - Z u s t a n d  durch  
erh6hte  H+-Konzen t ra t ion .  

B. ZICHA, J. BENE~ a n d  Z. DIENSTBIER 
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Fig. 3. Re-phosphorylation capacity of washed erythrocytet incu- 
bated in buffers of various pH values. Incubation in rain at 37°C. 

C = ATP level of freshly sampled blood. 
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