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[~H]TdR degraded (mean + SE) in 1.5, 3.0 and 6.0 h 
reactions was 11.1 • 1.5, 16.3 =k 2.6 and 21.4 nk 2.8%, 
respectively. Corresponding value for background samples 
was 2.1 -t- 0.1%. Studies were performed to determine 
whether TdR phosphorylase was also present in the 
plasma of different animals. Figure 2 shows the results of 
a study of 55 animals representing 11 species (N ~ 5 ani- 
mals per group); for comparison, human plasma from 5 
donors served as a 'positive-control '  group. Reaction 
mixtures containing plasma from monkeys, baboons, 
humans, dogs and horses showed significant (p < 0.005) 
[aH]TdR degradation. In contrast, the amount degraded 
in reaction mixtures with plasma from other animals 
ranged from low (mice and pigs) to negligible (cows, 
guinea-pigs~ goats, rabbits and rats). 
We have also compared the amount  of ? H ] T d R  degraded 
in reaction mixtures containing plasma from healthy and 
diseased subjects. Values recorded in 3.0 h reactions of 
plasma from 59 heal thy donors and 146 patients hospi- 
talized with uncontrolled neoplastic diseases were 
26.0 :k 1.6 and 48.2 4- 1.6%, respectively. This difference 
was highly significant (p < 0.005); nevertheless, values 
within each group were distributed over a wide range 

(healthy donors, 5-55%; patients, 12-95%). Results of a 
representative experiment comparing TdR phosphorylase 
act ivi ty  in the plasma of a normal subject and a pat ient  
with uncontrolled chronic myelocytic leukemia is pre- 
sented in figure 3. 
Discussion. In addition to demonstrating the presence of 
TdR phosphorylase in the plasma of man and some ani- 
mals, these studies also suggest tha t  levels of' activity in 
the plasma of some patients is markedly higher than that  
of heal thy subjects. Whether this finding is of clinical 
importance remains to be determined. Particularly note- 
worthy, however, is that  E3H]Th, the product of [3H]TdR 
catabolism, is not incorporated to any appreciable extent  
by replicating eukaryotic ceils 5, 9-11. I t  is also known tha t  
plasma or serum is required for sustaining maximal cell 
viability, proliferation and function of cells of primary or 
established cultures. Thus, the presence of this enzyme 
in plasma or sera used to supplement culture medium 
may, under certain experimental conditions, l imit the 
uti l i ty of assays measuring [aH~TdR uptake as a means 
of defining DNA synthesis. Evidence supporting this 
hypothesis and results of studies characterizing this en- 
zyme will be presented elsewhere. 
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Summary. Based on the observations made on human and dog red blood cells, it was recently proposed tha t  the re- 
sponse of red cell glycolysis to variations in the levels of specific cations is an evolutionary adaptat ion in response 
to a specific cellular environment. We have now examined the effect of K + and Na+ on the act ivi ty of pyruvate  kinase 
(PK) in the red blood cells from 2 genetically different types of sheep high potassium (HK) and low potassium (LK). 
The results  indicate tha t  K+ stimulate glucose consumption and the act ivi ty  of P K  in both types of sheep. I t  thus 
appears tha t  red cell P K  from LK sheep does not  fit into the concept of cellular environment and P K  activity. 

The red blood cells of man and several other mammalian 
species have high potassium and low sodium concentra- 
tions, while dogs and cats and possibly other carnivores, 
have red blood ceils which have low potassium and high 
sodium levels 2. In sheep and certain other ruminant  
species a polymorphism exists with respect to red blood 
cell electrolyte levelsK Normal adult sheep have either 
high (HK) or low (LK) red blood cell potassium levels 
(and low or high sodium levels respectively). These po- 
tassium types are determined genetically by a simple al- 
lelic pair in which the LK allele is dominant  4. Most sheep 
breeds examined so far have both phenotypes 5. 
The possession of high K + levels by the human red blood 
cell has not  yet  been shown to confer any distinct ad- 
vantage. However, it has been shown tha t  pyruvate  
kinase (PK), one of the rate limiting enzymes of glyco- 
lysis, requires a high K + level for its act ivi ty 6. In  contrast 
dog red blood cell PK  act ivi ty  is not  K + dependent 7, 8. 
These observations have led to the theory tha t  the re- 
sponse of red blood cell glycolysis to variations in the 
levels of specific cations is an evolutionary adaptat ion in 
response to a specific cellular environment ~, a. In order to 
substantiate the val idi ty of this hypothesis, we have 
examined the effect of K + and Na + on red blood cell glyeo- 
lysis and the act ivi ty of various glycolytic enzymes in H K  
and LK sheep. I t  is also hoped tha t  these studies will help 
towards an understanding of the significance of red blood 
cell potassium polymorphism in animal adaptation, pro- 
duction and reproduction, an area which has received 
considerable at tention in recent years ~, 9. 

Blood was obtained from 8 H K  and 8 L K  Merino sheep. 
After centrifugation at 3000 • g for 20 min the plasma 
and buffy coat were removed and the packed red cells 
were washed 3 times with 150 mM sodium chloride before 
being hemolyzed with an equal volume of water. The 
stroma was removed by centrifugation at 30,000 • g for 
30 min at 4~ and the hemolysate passed through a 
Sephadex G-25 column equilibrated with 50 mM Tris- 
HC1 (pH 7.8) and 1 mM reduced glutathione. This gel- 
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Effect of K+ on glucose consumption and pyruvate kinase (PK) 
activity in high potassium (HK) and low potassium (LK) sheep red 
blood cells (mean 4- SEM) 

K+ HK LK 
(mM) Glucose Glucose 

consumption PK activity consumption PK activity 
~tM/g Hb/h ~xM/g Hb/min ~zM/g Hb/h txM/g Hb/min 

0 1.62 4- 0.466 3.07 4- 0.940 1.74 4- 0.277 4.45 4- 1.18 
50 2.65 4- 0.499 6.66 4- 2.49 2.81 4- 0.490 9.93 4- 2.99 

100 3.74 :t: 0.818 5.68 :t: 1.47 3.85 -t- 0.846 8.51 4- 2.03 
150 4.12 4- 0.439 6.45 4- 2.40 4.54 4- 0.772 9.01 4- 3.20 

f i l tered h e m o l y a t e ,  w h i c h  was  v i r t u a l l y  free of K+ a n d  
N a  +, was  used for t h e  m e a s u r e m e n t  of g lycolyt ic  r a t e  a n d  
e n z y m e  act iv i t ies .  F o r  g lucose  c o n s u m p t i o n  measu re -  
m e n t s  a p o r t i o n  of t h e  h e m o l y s a t e  was  i n c u b a t e d  for  1 h 
a t  37~ in  a buf fer  m i x t u r e  c o n t a i n i n g  severa l  co-en-  
zymes,  nuc leo t ides  and  s u b s t r a t e s  7 a n d  v a r y i n g  concen-  
t r a t i o n s  of K+ as KC1. Glucose was  m e a s u r e d  a t  0 a n d  1 h 
b y  t h e  glucose oxidase  m e t h o d  (S igma Techn ica l  Bu l l e t i n  
No. 510). The  ac t iv i t i e s  of t h e  enzymes  hexok inase ,  glu- 
cose p h o s p h a t e  isomerase,  p h o s p h o f r u c t o k i n a s e ,  aldolase,  
p y r u v a t e  kinase,  l a c t a t e  dehydrogenase ,  g lucose-6-phos-  
p h a t e  dehydrogenase ,  6 -phosphog lucona t e  d e h y d r o g e n a s e  
a n d  g l u t a t h i o n e  r educ t a se  were  m e a s u r e d  a t  37~ b y  
s t a n d a r d  t e c h n i q u e s  10. 
The  resu l t s  g iven  in t h e  t a b l e  show t h a t  glucose con-  
s u m p t i o n  increased  f rom 1.62 4- 0.47 to  4.12 4- 0.44 ~M/g 
H b / h  in h e m o l y s a t e s  f rom I-tK animals ,  a n d  f rom 1.74 • 
0.28 to 4.54 4- 0.77 tzM/g Hb/h in  h e m o l y s a t e s  f rom L K  
a n i m a l s  w h e n  inc reas ing  a m o u n t s  of K+ were  added  to  t h e  
i n c u b a t i o n  m e d i u m .  T h e  2-3fold  r ise in  glucose con-  
s u m p t i o n  is ev idence  of t he  s t i m u l a t o r y  effect  of K + on  
red  b lood  cell glycolysis  in  b o t h  g roups  of sheep.  Of t h e  
enzymes  s tud ied ,  on ly  p y r u v a t e  k inase  a c t i v i t y  was  
s t i m u l a t e d  b y  t h e  p resence  of K +. P K  a c t i v i t y  rose  f rom 
3.07 4- 0.94 to  6.45 4- 2.40 ~xM/g t i b / m i n  in h e m o l y s a t e s  
p r e p a r e d  f rom H K  ceils a n d  f rom 4.45 4- 1.18 to  9.01 ~: 
3.20 txM/g H b / m i n  in those  p r e p a r e d  f rom L K  cells ( table) .  
F u r t h e r  c h a r a c t e r i z a t i o n  of P K  f rom H I (  a n d  L K  sheep  
red  b lood  cells was  car r ied  o u t  us ing  e n z y m e  p r e p a r a t i o n s  

p a r t i a l l y  pur i f i ed  b y  D E A E  cellulose c h r o m a t o g r a p h y  
a n d  a m m o n i u m  s u l p h a t e  p r e c i p i t a t i o n  11,18. No s ign i f ican t  
d i f ference in t h e  Michael is  c o n s t a n t  (Kin) for  p h o s p h o -  
e n o l - p y r u v a t e  was obse rved  b e t w e e n  e n z y m e  p r e p a r a -  
t ions  f rom t h e  2 sheep  types .  F r u c t o s e - i ,  6 -d iphospha te ,  
wh ich  is k n o w n  to  be  a n  al loster ic  a c t i v a t o r  of h u m a n  red  
b lood  cell P K  13, h a d  no s t i m u l a t o r y  effect  on  t h e  e n z y m e  
f rom e i the r  H K  or  L K  sheep  b lood  cells. I n  a d d i t i o n  to 
t he  effect  of K +, t h e  effect  of N a  + a n d  (K+ + N a  +) was 
also s tud ied  on  t h e  pur i f ied  e n z y m e  p r e p a r a t i o n s .  The  
a c t i v i t y  of P K  was aga in  e n h a n c e d  b y  t he  presence  of K +, 
whi le  N a  + a p p e a r e d  to  h a v e  a n  i n h i b i t o r y  effect,  b o t h  
a lone  a n d  w h e n  a d d e d  in c o n j u n c t i o n  w i t h  K +. P rep -  
a r a t i ons  f rom b o t h  H K  a n d  L K  red  b lood  cells showed  a 
s imi la r  response  to  K + and  Na+. 
The  d a t a  p r e s e n t e d  shows t h a t  g lycolyt ic  r a t e  a n d  P K  
a c t i v i t y  are  c apab l e  of be ing  s t i m u l a t e d  b y  K + in  b o t h  
h igh  a n d  low p o t a s s i u m  sheep  red  b lood  cells. I n  th i s  
respect ,  t h e  L K  red  b lood  cell of t he  sheep differs f rom 
t h a t  of t h e  dog, in  w h i c h  g lycolyt ic  r a t e  a n d  P K  a c t i v i t y  
are una f f ec t ed  b y  t he  p resence  of K + 7, 8. I t  appea r s  t he re -  
fore t h a t  t he  low p o t a s s i u m  sheep  red  b lood  cell does n o t  
f i t  in to  t he  concep t  of a g lycolyt ic  response  to Na  + a n d  
K+ be ing  a n  e v o l u t i o n a r y  a d a p t a t i o n  in  response  to  a 
specific cel lular  e n v i r o n m e n t .  Our  resu l t s  p rov ide  evi-  
dence  to  t he  h y p o t h e s i s  t h a t  t h e  L K  allele in  sheep  is of 
fa i r ly  r ecen t  or ig in  c o m p a r e d  to  t h e  HI{  allele, or t h a t  L K  
is t h e  r e su l t  of d u p l i c a t i o n  or m u t a t i o n  of t he  or ig ina l  H I (  
gene. I n  b o t h  dogs a n d  L K  sheep,  r e t i eu locy tes  are  k n o w n  
to  h a v e  h ighe r  p o t a s s i u m  c o n c e n t r a t i o n s  t h a n  t he  m a t u r e  
r ed  b lood  cells 5, 9,14. I n  t h e  sheep,  foe ta l  a n d  n e o n a t a l  
l a m b s  of b o t h  p o t a s s i u m  g e n o t y p e s  h a v e  h i g h  red  b lood 
cell p o t a s s i u m  concen t r a t i ons ,  which ,  in  t h e  case of 
gene t i ca l ly  L K  animals ,  decl ine  g r a d u a l l y  to  t h e  n o r m a l  
a d u l t  L K  level  d u r i n g  t h e  50-100 days  a f t e r  b i r th~ ,  9. 
W h e t h e r  or  n o t  t h e  s ame  p h e n o m e n o n  exis t s  in  t h e  
foe ta l  a n d  n e o n a t a l  dog is n o t  known.  

10 E. Beutler, Red Cell Metabolism: A Manual of Biochemical 
Methods. Grune and Stratton, New York 1971. 

11 M.A. I-Iennessey, A. M. Watersdorph, F. M. Huennekens and 
B. W. Gabrio, J. clin. Invest. 41, 1257 (1962). 

12 G.F.  Munro and D. R. Miller, Biochim. biophys. Acta. 206, 
87 (1970). 

13 H. Garreau and I-I. Buc-Tumkine, Biochimie 54, 1103 (1972). 
14 S.E.  Kerr, J. biol. Chem. 67, 721 (1926). 

Effect of folate and folinate on SH-thymidine incorporation by transforming 
human  lymphocytes  in vitro 
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Summary. The  i n c o r p o r a t i o n  of 3H _ t hym i d i ne  b y  C o n c a n a v a l i n  A - s t i m u l a t e d  h u m a n  pe r iphe ra l  b lood  l y m p h o c y t e s  
in  v i t ro  is i n h i b i t e d  b y  t h e  p resence  of fo la te  or  fo l ina te  in  t h e  cu l tu re  m e d i u m  in  a c o n c e n t r a t i o n - d e p e n d e n t  m a n n e r .  

B l a s t  cell t r a n s f o r m a t i o n  p r o d u c e d  b y  exposure  of h u m a n  
p e r i p h e r a l  l y m p h o c y t e s  to  mi togen ic  s t imul i  is a wide ly  
used  e x p e r i m e n t a l  tool .  R e l a t i v e l y  l i t t l e  work  h a s  b e e n  
d i rec ted  to  d e t e r m i n i n g  t h e  i m p o r t a n c e  of t h e  va r ious  
c o m p o n e n t s  of t h e  c o m p l e x  cu l tu re  m e d i a  e m p l o y e d  in  
th i s  process.  T h e  m a j o r i t y  of t h e  m e d i a  used for  t h i s  
purpose  were or ig ina l ly  deve loped  for  l o n g - t e r m  p r o p a g a -  
t i on  of cell l ines  in  t i ssue  cu l tu re  r a t h e r  t h a n  for  t h e  sho r t -  
t e r m  cu l tu re  cond i t ions  of l y m p h o c y t e  t r a n s f o r m a t i o n .  

Fol ic  (p te roy lg lu tamic)  acid a n d  folinic (5 f o r m y l t e t r a -  
hydrofol ic)  acid are  i n c o r p o r a t e d  in a n u m b e r  of t he se  
m e d i a  a n d  are  k n o w n  to  be  t a k e n  up  b y  t r a n s f o r m i n g  
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