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The Role of 2 ,3-Diphosphoglyceric  Acid in the 
Potass ium Transport  of Human Erythrocytes 

The concen t ra t ion  of 2, 3-diphosphoglyceric  acid (2, 3- 
DPGA) in h u m a n  e ry th rocy t e s  is s ignif icant ly  high : more  
t h a n  50% of all the  acid-soluble organic phospha t e  es ters  
is made  up of th is  compound .  The exac t  physiological  
func t ion  of 2, 3 -DPGA is no t  known  as ye t ;  however ,  a 
few decades  ago, on the  basis of compara t ive  physio-  
logical da ta ,  the  hypo thes i s  was set  up t h a t  some connec-  
t ion  m i g h t  exis t  be tween  the  2 ,3 -DPGA con t en t  of 
e ry th rocy te s  and  the  unequa l  d i s t r ibu t ion  of ca t ions  ~-3. 
S ta r t ing  f rom this  hypothes i s ,  we unde r took  to invest i -  
gate  the  connec t ion  be tween  the  2, 3-DPGA metabo l i sm 
and K+ t r a n s p o r t  of h u m a n  ery throcytes .  

In  our p rev ious  work  4,s we s tudied  the  effect  of pur ine  
nucleosides in the  presence  of various glycolyt ic  inhibi-  
tors ,  and our inves t iga t ions  led to the  conclusion t h a t  
there  is some corre la t ion  be tween  2, 3 -DPGA metabo l i sm 
of e ry th rocy t e s  and  K+ outllow. The aim of our p re sen t  
work  is to suppor t  f rom ano the r  angle these  earl ier  ex- 
pe r imen ta l  results .  In  these  exper imen t s  we app ly  the  
resul ts  of MANYAI andVARADY s,7, who have  po in ted  ou t  
t h a t  NaHSO~ is able select ively to spl i t  t he  2, 3 -DPGA 
wi thou t  cons iderably  inf luencing the  glycolysis and A T P  
con ten t  of the  cells. This  f inding enabled us to inves t iga te  
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Fig. 1. Effect of 10-aM IAA on the breakdown of ATP and 2,3- 
DPGA on the Pi content and K + transport of human blood at 37 ~ 
ATP and 2,3-DPGA were measured by the BARTLETT ~ procedure. 

the cat ion t r a n s p o r t  inf luencing effect  of 2, 3-DPGA, inde-  
p e n d e n t l y  f rom the  glycolysis. 

I t  is known  s t h a t  in the  presence  of 10-aM iodoacet ic  
acid (IAA) the  K+ outf low of e ry th rocy te s  s ta r t s  af ter  t he  
A T P  con ten t  of the cells is exhaus ted .  However ,  the  ra te  
of out f low is low: 1.6 mcq  K+/I e ry th rocy te /h .  By  pro-  
t r ac ted  exper iment ,  a f ter  an incuba t ion  of 8 h a t  37 ~ 
the  K + outf low sudden ly  s ta r t s  wi th  the  high speed of 
5.4 meq  K+/1 e ry th rocy te /h .  If, wi th  the  K + outflow, we 
inves t iga te  in paral lel  the  increase of inorganic phospha t e  
(Pi) and  the  2, 3-DPGA co n t en t  of t he  cells, i t  can be 
seen t h a t  K + out f low begins  only  when  the  2, 3 -DPGA 
con ten t  drops  to  5-10% of its original  level (Figure 1). 

The b r eakdown  of 2, 3 -DPGA occurr ing in the presence  
of IAA can be accelera ted by  NaHSOa to  the  requi red  
ex ten t ,  depend ing  on the  concen t r a t ion  of NaHSO3. 
W h e n  inves t iga t ing  the  corre la t ion be tween  2 ,3 -DPGA 
breakdown  (increase of Pi) and  K + t ranspor t ,  i t  appea r s  
t h a t  the  high ra te  of out f low of K + s t a r t s  in each case 
when the  P i  level of the  b lood reaches  the  value of 5/~M 
per  ml. This value corresponds  to  a 90% spl i t t ing of t he  
2, 3-DPGA co n t en t  (Figure 2). 

I t  is known  tha t ,  in the  presence  of IAA + adenosine,  
a h igh ra te  of K+ outf low sets  in 4,~. By  adding  a smal l  
a m o u n t  of N a H S O  3 (3 �9 10-aM) to the  sys tem,  the  h igh  
ra te  of K + outf low can be inhibi ted .  However ,  a t  a 
h igher  concen t ra t ion  of N a H S O  3 this  inhibi t ion las ts  
only for a shor t  per iod;  the  h igher  the NaHSO3 concen-  
t ra t ion ,  the  shor te r  the  dura t ion  of inhibi t ion.  The h igh  
ra te  of K+ outf low s ta r t s  in each case when  the  2, 3 -DPGA 
con ten t  a lmos t  to ta l ly  disappears .  However ,  while the  
s t rong b reakdown  process b ro u g h t  abou t  by  NaHSO3 is 
stil l  going on, no high ra te  of K + outf low can be observed 
(Figure 3). 

On the  basis of our  exper iments ,  i t  seems t h a t  the  
metabol ic  processes of 2, 3 -DPGA have  a decisive funct ion  
in the  regula t ion  of K + outflow. There  is reason to assume 
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Fig. 2. Effect of NaHSO s on the Pi content and K+ 
transport of human blood in the presence of 10-3M IAA 
at 37~ 1 = Control; 2 = 3 �9 10-8M NaHSOs; 3 = 
6 �9 10-~M NaHSO3; 4 = 10-~M NaHSO3; 5 = 1.5 �9 
10-~M NaHSO 3. 
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t h a t  our  expe r imen ta l  results  are in correla t ion wi th  the  
shi f t ing  of equi l ibr ium be tween  synthes is  and b reakdown  
of adenyly l  2, 3-DPGA, discovered by  HASHIMOTO et al ~~ 
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Fig. 3. Effect of NaHSOa on the K + transport of human blood in the 
presence of 10-3M IAA + 10-~M adenosine at 37 ~ For NaHSO~ 

concentrations, see Figure 2. 

Zusammen/assung. Der 2, 3 -Diphosphoglyzera t -S tof f -  
wechsel  menschl icher  ro te r  B lu tk6rpe rchen  bed ing t  die 
Geschwindigkei t  des infolge von ATP-Mangels  au f t re ten-  
den K+-Aust r i t t s .  Der  rasche K+-Aus t r i t t  der  E r y t h r o -  
cy ten  kann  d a n n  auf t re ten ,  wenn  die Zellen kein 2,3- 
Diphosphog lyzera t  mehr  en tha l ten .  
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D e m o n s t r a t i o n  of  a N e g a t i v e  B i n d i n g  Effect  of 
B o v i n e  G r o w t h  H o r m o n e  T o w a r d  P o t a s s i u m  

Studies  wi th  enzymat ica l ly  modif ied bovine g rowth  
ho rmone  (BGH) p repara t ions  revealed t h a t  some of these  
f r agment s  re ta ined  large amoun t s  of inorganic residue 
despi te  dialysis or Sephadex  gel exclusion ch romato -  
graphy.  The same phenomenon ,  bu t  to  a lesser ex ten t ,  
was found to apply  to undegraded  B G H  1. The bulk  of 
th is  inorganic  mater ia l  consis ted of Na  +, Mg++, Ca++, 
AI+§ and SiO3--.  These results  suggested t h a t  some of 
the  ions were quite  in t ima te ly  bound  by  the  hormone .  
Several  mono-  and  d iva len t  cat ions were, therefore,  added  
s ingly a t  various concen t ra t ions  to B G H  solut ions on the  
premise  t h a t  d i f ferent  ex te rna l  concen t ra t ions  of these  
ions migh t  induce specific conformat iona l  changes  of the  
p ro te in  chain, which in t u rn  migh t  allow for op t ima l  ion 
binding.  

Reac t ion  mix tures  were p repa red  as 3 ml al iquots  con- 
ta in ing  1% BGH. Cations added  s ingly to the  ho rmone  
solut ions  were Mg++, Ca++, Na +, or K+, all as the i r  
chloride salts. The ions were t e s t ed  over  concen t ra t ions  
ranging  f rom 0.005-0.03M. The BGH-Mg++ and the  
BGH-Ca++ solut ions were p repa red  in 0 .05M acetic acid 
to  avoid prec ip i ta t ion  of the  ho rmone  since addi t ion  of 
these  d iva len t  ions to basic solut ions caused an immedia te  
p rec ip i ta t ion  of the  protein .  Na+ and K+ were added  to 
the  ho rmone  in 0.05 M N H  a solutions.  These t es t  solut ions 
were passed over  Sephadex  G-25 gel co lumns  (3.14 cm 2 
by  40 cm) to effect  separa t ion  of the  ho rmone  plus ion 
complexes  f rom the  unbound  ions. E lu t ion  was done wi th  
deionized H20. Studies  by  GELOTTE ~ have  shown t h a t  
small  inorganic cations,  in par t i cu la r  Na+ and K+, were 
re ta ined  to ex t en t s  up  to twice the  to ta l  volume of 
Sephadex  G-25 co lumns  due to the  presence  of negat ive  
charges  in the  gel. Surprisingly,  the  ho rmone  emerged 
f rom the  columns in the  form of 2-3 usual ly poor ly  re- 
solved peaks as exemplif ied in Figure 1 for the  BGH-  
Mg ++ tes t  solution. Only in the  case of the  B G H - K +  

solut ion was a fair resolut ion in to  two peaks  obta ined .  
All the  p ro te in -con ta in ing  tubes  were pooled to  give one 
fract ion.  These solut ions were reduced  to  d ryness  by  
lyophil izat ion.  

Control  solut ions conta in ing  1% hormone  in 0.1 and  
0.05$I  N H  a emerged  as one a symmet r i ca l  peak  in the  
first  case and  as 2 symmet r i ca l  peaks  in t he  la t t e r  case. 
H o r m o n e  solut ions in 0.05AI acetic  acid yie lded one sym-  
metr ica l  peak  which emerged wi th  the  void vo lume of the  
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Fig. 1. BGH + 0.02M MgC12 solution passed over Sephadex G-25. 
The solution contained per 1ii1:10 mg BGH, 0.05 mM NH3, 0.02 mM 
MgC1 v Eluted with deionized H20 at room temperature. Flow rate 

was 1 ml/min. 
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