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I t  is of i n t e r e s t  to  c o m p a r e  our  d a t a  on  lead a b s o r p t i o n  
w i t h  t hose  f o u n d  in m e n ;  b lood  levels of lead u p  to 
0.2 p p m  are  cons idered  normal ,  c l inical  signs of t o x i c i t y  
a p p e a r  u p w a r d  of 0.35 p p m  s. I n  t h e  b lood  of con t ro l  mice  
0.05 p p m  lead was de tec ted .  The  b lood  levels in  t h e  lead-  
t r e a t e d  mice  rose accord ing  to  t h e  dose of a d m i n i s t e r e d  
lead up  to  2 ppm.  S y m p t o m s  of t o x i c i t y  could  be  seen in 
t he  mice  o n l y  a t  t h e  l a t t e r  h i g h  b lood level  of lead. The  
doses g iven  were  t he  same  as those  r e p o r t e d  b y  H e m p h i l l  
e t  al. 5. 
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Fig. 2. Inhibition of the secondary DTH-response by lead. 10 mice 
were injected with 10 ~ SRBC i.v. and challenged 4 days later with 
108 SRBC into the right hind footpad. After 4 days DTH was elicited 
by inoculation of 108 SRBC into the left hind footpad. The inflam- 
matory response was followed for 2 days. - - - ,  saline; . . . .  , 
0.25 mg lead acetate; . . . . . . .  0.10 mg lead acetate;-. .- . .- . .- ,  
0.025 mg lead acetate. Each point represents the mean value detected 
in eaeh group of mice. Vertical bars represent the SE of the mean. 

The  l y m p h  nodes  a n d  t h y m i  of t he  lead-exposed  an ima l s  
showed,  as c o m p a r e d  to t h e  controls ,  no  s ign i f ican t  
morpholog ica l  changes .  However ,  in  some cases t h e  m a r -  
g ina l  zone of t h e  w h i t e  spleen pu lp  of l e a d - t r e a t e d  ani -  
mals  seemed to be smal ler  a n d  c o n t a i n e d  a lower n u m b e r  
of cells t h a n  t h a t  of controls .  The  resu l t s  of 2 i n d e p e n d e n t  
e x p e r i m e n t s  s u m m a r i z e d  in f igure  1 c lear ly  d e m o n s t r a t e  
a d o s e - d e p e n d e n t  suppres s ion  of D T H - r e s p o n s e  b y  lead 
ace ta te .  
To assess t h e  effect  of lead on  t he  s econda ry  D T H -  
response,  g roups  of mice  rece iv ing  va r ious  doses of lead 
for 30 days  were sens i t ized  w i t h  105 S R B C  i.v. ; cha l l enged  
4 days  l a t e r  w i t h  10 s S R B C  in to  t he  r i g h t  h i n d  foo tpad  
and  recha l l enged  w i t h  t he  same an t i gen  dose in to  t h e  lef t  
h i n d  foo tpad  a f t e r  a n o t h e r  4 days  (figure 2). S imi lar  to  
t h e  p r i m a r y  response  l e a d - t r e a t e d  an ima l s  showed  also a 
suppressed  s e c o n d a r y  DTH-response .  
The  ques t ion  arises w h e t h e r  lead exposure  m a y  af fec t  t he  
a f f e r en t  or e f fe ren t  arc  of D T H .  I n  o t h e r  words,  does t h e  
exposure  of t he  an ima l s  to  lead af fec t  t h e  g e n e r a t i o n  of 
sens i t ized  l y m p h o c y t e s  respons ib le  for D T H ,  or does lead 
af fec t  t he  express ion  of a l r eady  e s t ab l i shed  DTI-I ? The  
re su l t  of a p r e l i m i n a r y  e x p e r i m e n t  (da ta  n o t  g iven  here) 
seems to  a rgue  aga in s t  t he  f i rs t  poss ibi l i ty .  Spleen cells of 
sens i t ized  n o r m a l  mice, as well  as spleen cells de r ived  
f rom donors  exposed  p rev ious ly  to  lead,  b o t h  el ic i ted 
D T H  w h e n  t r a n s f e r r e d  in to  n o r m a l  rec ip ients .  I f  t h i s  is 
t rue ,  t h e  m o s t  p r o b a b l e  t a r g e t s  for  lead effects seem to  be  
m o n o c y t e s  k n o w n  to  be  i nvo lved  in t he  express ion  of cell- 
m e d i a t e d  i m m u n i t y  9 and  m a c r o p h a g e s  p a r t i c i p a t i n g  in 
i n d u c t i o n  (or modu la t i on )  of h u m o r a l  i m m u n e  re- 
sponses  10. 
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Summary. [ 3 H ] T h y m i d i n e  is deg raded  b y  a n  e n z y m e  ( t h y m i d i n e  p h o s p h o r y l a s e ;  E C  2.4.2.4) wh ich  we h a v e  ident i f ied  
in t h e  p l a s m a  of m a n  a n d  some animals .  T he  presence  of th i s  e n z y m e  in p l a s m a  or  sera  used  to  s u p p l e m e n t  cu l tu re  
m e d i a  may ,  u n d e r  c e r t a i n  e x p e r i m e n t a l  condi t ions ,  l imi t  t he  v a l i d i t y  of m e a s u r i n g  t h e  u p t a k e  of r ad io labe led  t h y m i d i n e  
as a m e a n s  of de f in ing  D N A  synthes is .  

T h y m i d i n e  p h o s p h o r y l a s e  (EC 2.4.2.4; t h y m i d i n e - o r t h o -  
p h o s p h a t e  deoxyr ibosy l t r ans fe ra se )  ca ta lyses  t h e  revers -  
ible  r eac t i on  of t h y m i d i n e  (TdR) + o r t h o p h o s p h a t e  
t h y m i n e  (Th) + 2 - d e o x y - e - D - r i b o s e - l - p h o s p h a t e  3, 8. Th i s  
e n z y m e  is p r e s e n t  in  m a n y  n o r m a l  a n d  neop las t i c  ceils of 
m a n  a n d  d i f fe ren t  a n i m a l s  2-13 as well  as in  va r ious  
p a t h o g e n i c  a n d  n o n p a t h o g e n i c  p r o k a r y o t i c  cells 2, 3,14. W e  
r e p o r t  here  t h e  i den t i f i ca t ion  of T d R  p h o s p h o r y l a s e  in  
t he  p l a s m a  of m a n  a n d  some an imals ,  and  discuss t hose  
l i m i t a t i o n  w h i c h  t h i s  e n z y m e  m a y  h a v e  on  assays  in 
w h i c h  [aI-t]TdR u p t a k e  is used  as a m e a n s  of def in ing  
D N A  synthes i s .  

Material and methods. P l a s m a  assayed  was f rom fresh 
b lood wh ich  h a d  been  col lected asep t i ca l ly  in to  si l iconized 
t u b e s  c o n t a i n i n g  E D T A  a n t i c o a g u l a n t  (1.5 mg/ml) .  Af te r  
depos i t i ng  t h e  cells b y  cen t r i f uga t i on  (500 •  12 min) ,  
t he  p l a s m a  was col lected carefu l ly  and,  in  some ins tances ,  
passed  t h r o u g h  a mic ropore  (0.22 tzm) f i l ter ;  p a r t i c u l a r  
care  was used in h a n d l i n g  t h e  b lood  so as to  avo id  con-  
t a m i n a t i o n  or cell damage .  T d R  p h o s p h o r y l a s e  was eval-  
u a t e d  us ing  our  mic roas say l~  t h i s  is a mod i f i ca t ion  of 
t e c h n i q u e s  w h i c h  h a v e  been  descr ibed  p rev ious ly  ~, 5-~, 11 
a n d  was  c o n s t r u c t e d  to  s imu la t e  cond i t ions  p r e v a l e n t  in  
microcu l tu res .  I n  t h i s  assay,  20 [zl of p l a s m a  was  added  
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to  a 200 bd U - s h a p e d  cu l ture-wel l  of a m i c r o t i t e r  p l a t e  
(Cooke L a b o r a t o r y  P roduc t s ,  A lexandr ia ,  Va.).  To each  
cu l tu re -wel l  was  t h e n  a d d e d  20 bd of cu l tu re  m e d i u m  
R P M I  1640 (pH, 7.2; G r a n d  I s l and  Biological  Co., G r a n d  
I s land ,  N.Y.) c o n t a i n i n g  2.0 ~,Ci of ~6-3H]TdR (spec. act. ,  
2.0 C i / m m o l e ;  f ina l  conc.,  12 m M;  A m e r s h a m / S e a r l e  
Corp.,  Ar l i ng ton  Heigh ts ,  I I I . ) .  I m m e d i a t e l y  a f t e r  m i x i n g  
( t ime 0, b a c k g r o u n d  samples)  a n d  a f t e r  i n c u b a t i n g  a t  
37 ~ for  va r ious  t imes  (usual ly  3 hr ,  t e s t  samples) ,  5 al  
of t h e  p l a sma- i so tope  m i x t u r e  was s p o t t e d  OlltO a W h a t -  
m a n  No. 1 c h r o m a t o g r a p h y  p a p e r  a t  a loca t ion  w h i c h  h a d  
b e e n  spo t t ed  p rev ious ly  w i t h  5 f,l of a s a t u r a t e d  m i x t u r e  
of un l abe l ed  T d R  a n d  T h  reference  marke r s .  C h r o m a t o -  
g r a p h y  was  p e r f o r m e d  us ing  t he  descend ing  m e t h o d  a n d  
a b iphas ic  so lven t  f rom a m i x t u r e  of e t h y l  a ce t a t e  : w a t e r :  
formic  acid (60 : 35 : 5, v /v)  5,10,12, la. Therea f t e r ,  T d R  a n d  
T h  reference  m a r k e r s  were loca ted  w i t h  a n  U V  l a m p  
(Rf values,  m e a n  =k SE, for  T d R  a n d  T h  were 22.2 :k 0.5 
a n d  37.4 • 0.4, r e spec t ive ly ) ;  no  d e g r a d a t i o n  p r o d u c t  

o t h e r  t h a n  [3H]Th was de tec ted .  R a d i o a c t i v i t y  in  gr id  
sect ions  c o n t a i n i n g  T d R  a n d  T h  reference  m a r k e r s  of each  
c h r o m a t o g r a p h y  c h a n n e l  was  t h e n  d e t e r m i n e d  b y  l iquid  
sc in t i l l a t ion  c o u n t i n g  ( to ta l  pe r  c h r o m a t o g r a m  channe l ,  

2 • 10 ~ d p m ;  c o u n t i n g  efficiency, 45 :k 0 .1%).  Af t e r  
s u b t r a c t i n g  b a c k g r o u n d  [~HJTh va lues  ( < ' 3 % ) ,  t h e  
a m o u n t  of E3H]TdR a n d  [aHlTh p r e s e n t  in  each  t e s t  or  
con t ro l  sample  was def ined as a p e r c e n t a g e  of t he  t o t a l  
r a d i o a c t i v i t y  ( a m o u n t  recovered,  > 95%).  Reproduc ib i l -  
i t y  of rep l ica te  mix tu res ,  u sua l ly  p r e p a r e d  in t r ip l ica te ,  
was  good (mean  SE, < 5%).  E n z y m e  a c t i v i t y  was ex- 
pressed  as t he  % EaH]TdR deg raded ;  t h i s  d e p a r t u r e  f rom 
c o n v e n t i o n a l  def in i t ions  of e n z y m e  a c t i v i t y  was jus t i f ied  
in t h a t  i t  more  a c c u r a t e l y  i l l u s t r a t ed  t he  m a g n i t u d e  of 
e r ror  wh ich  m a y  arise in  va r ious  in v i t ro  assays  of D N A  
synthes is .  
Results.  P r e s e n t e d  in f igure 1 are t h e  resu l t s  of a n  exper i -  
m e n t  m e a s u r i n g  [ aH]TdR degraded  b y  T d R  p h o s p h o r y -  
lase in  t he  p l a s m a  of 13 h e a l t h y  ind iv idua ls .  A m o u n t  of 
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Fig. 1. Analysis of TdR phosphorylase activity ill the plasma of 13 
healthy men and women. 
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Fig. 2. Results of comparative experiments defining the amount of 
[3HI TdR degraded in 3.0 h assays of plasma from different animals. 
Each of the 12 groups contained 5 subjects. 
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Fig. 3. Assessment of TdR phosphorylase in the plasma of a patient 
with uncontrolled chronic myelocytic leukemia showing unusually 
high levels of enzyme activity and that of a normal subject (triplicate 
assays, mean • SE). 
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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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