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Presence of High Adenosine Triphosphatase Activity in Lenses and Erythrocytes 
of Embryonic and Young Chicks 

Prev ious  ion t r a n s p o r t  s tud ies  h a v e  shown t h a t  
e m b r y o n i c  chick  lenses are capab le  of a v e r y  h igh  u p t a k e  
of rub id ium-86  (Rb  ss) 1 Ca t ion  t r a n s p o r t  in  lenses and  
e ry th rocy te s ,  and  ac t ive  t r a n s p o r t  in  general ,  is be l ieved 
to  be  m e d i a t e d  b y  t he  e n z y m e  sys teml  adenos ine  t r i -  
p h o s p h a t a s e  (ATPase) ,  w h i c h  p rov ides  t he  requ i red  
energy  b y  t he  hydro lys i s  of ATP*-4.  W e  have ,  therefore ,  
d e t e r m i n e d  t h e  a c t i v i t y  of b o t h  onaba in - sens i t i ve  a n d  
ouaba in - insens i t i ve  A T P a s e  in t he  lens a n d  e r y t h r o c y t e s  
of 12-13-day-old e m b r y o n i c  chicks  and  4 -7 -day-o ld  
chicks,  and  h a v e  t h e n  m a d e  compar i sons  w i t h  t he  ac t iv i -  
t ies  of these  enzymes  in  m a t u r e  domes t i c  fowls and  m e m -  
bers  of o the r  species. 

Lenses  were dissected f rom 12-13-day-o ld  e m b r y o n i c  
chicks as descr ibed  before  ~. Blood  was collected,  before  
t he  dissect ion of lenses, b y  a l lowing t he  chicks to  b leed  
freely in a pe t r i  dish. Blood,  w i t h  o the r  a d h e r h i n g  fluids, 
was  i m m e d i a t e l y  col lected in h e p a r i n  w i t h  a p a s t e u r  
p ipe t te .  Pooled  b lood f rom 5 chicks was cent r i fuged,  
washed  once w i t h  n o r m a l  sal ine and  t h e n  h a e m o l y s a t e  
was p r e p a r e d  for A T P a s e  assay.  R a b b i t  b lood  was 
col lected f rom ear  v e i n s  a n d  b lood f rom r a t s  a n d  y o u n g  
chicks b y  h e a r t  p u n c t u r e  u n d e r  p e n t o b a r b i t a l  anaes thes ia .  
Blood f rom pigeons  was col lected f rom wing  veins.  Lenses  
a n d  e r y t h r o c y t e s  f rom m a t u r e  domes t i c  fowls were 
col lected f rom commerc i a l  s l augh te r  houses.  Lenses  were 
dissected f rom rats ,  r a b b i t s  and  y o u n g  chicks i m m e d i a t e l y  
a f t e r  sacrif ic ing w i t h  a n  overdose  of p e n t o b a r b i t a l .  

t t a e m o l y s a t e s  f rom e r y t h r o c y t e s  were p r e p a r e d  and  
ti le A T P a s e  assay  was done  accord ing  to  t h e  p rocedure  of 
BREWER et  al. 6. I n  t he  case of a v i a n  e r y t h r o c y t e s  0.1 ml  
of h a e m o l y s a t e  was used for t he  assay,  whereas  0.3-0.5 ml  
was used for h u m a n s  a n d  o the r  a n i m a l  species. The  red  
cell e n z y m e  a c t i v i t y  was expressed  as b~moles phos pho rous  

l i be ra t ed /g  h a e m o g l o b i n / h  a t  44~ The  cond i t ions  of 
assay  a n d  t he  va l i d i t y  of t he  express ion  of resul ts  h a v e  
been  descr ibed  b y  BREWER et  al. e. Lenses  were homo-  
genized in  0 . 1 M  h i s t i d i n e - 0 . 1 M  imidazole  buffer  a t  p H  
8.0. Genera l ly  10 e m b r y o n i c  ch ick  lenses or 5 young  chick  
lenses were homogen ized  in 1 ml  of buf fer  whereas  
a p p r o x i m a t e l y  10% (w/v) h o m o g e n a t e  in t h e  same buffer  
was  m a d e  f rom fowl, ra t ,  r a b b i t  a n d  h u m a n  lenses 
d issected  a t  au topsy .  E n z y m e  assay  in h o m o g e n a t e  was 
m a d e  us ing  a p p r o p r i a t e  a l i quo t  in place  of h a e m o l y s a t e  
as in  t he  red  cell A T P a s e  assay.  P r o t e i n  in t he  homo-  
gena te  was d e t e r m i n e d  accord ing  to  t he  m e t h o d  of 
LOWRY et  al. 7. Resu l t s  were expressed  as b~moles phos-  
phorous  l i be ra t ed /g  p r o t e i n / h  a t  44~ R b  s6 u p t a k e  
s t u d y  was done  w i t h  e m b r y o n i c  chick  a n d  o the r  lenses as 
descr ibed  before  1. 

C o m p a r a t i v e  R b  s6 u p t a k e  b y  lenses is shown  in Tab le  I. 
R b  8e u p t a k e  b y  t he  m u c h  smal le r  ch ick  lens was severa l  
t imes  h igher  t h a n  t h a t  of r a b b i t  a n d  r a t  lenses. Correc t ing  
for p ro t e in  c o n t e n t  of t he  lenses, t he  r e l a t ive  u p t a k e  is 
even  h igher  w i t h  e m b r y o n i c  ch ick  lenses, fol lowed b y  
t h a t  of y o u n g  ch ick  lenses and  t he  lenses of fowls. 

A T P a s e  ac t i v i t y  in  t he  lenses of t he  va r ious  groups  is se t  
ou t  in  Tab le  I I .  As expected ,  ch ick  lenses h a d  a m u c h  
h ighe r  a c t i v i t y  of b o t h  ouaba in - sens i t i ve  and  insens i t ive  
ATPase .  Y o u n g  ch ick  lenses h a d  s imi la r  a c t i v i t y  to  those  
f rom e m b r y o n i c  chicks.  I n  all 3 species s tud ied  t he re  
was  a cons iderab le  p r o p o r t i o n  of ouaba in-sens i t ive ,  
N a + - K + - d e p e n d e n t  A T P a s e  in t he  lens and  t h e  R b  8~ 
u p t a k e  para l le led  t h e  N a + - K + - A T P a s e  a c t i v i t y  ill lenses. 
H u m a n  lenses h a d  c o m p a r a t i v e l y  low A T P a s e  ac t iv i ty .  

W e  t h e n  i n v e s t i g a t e d  w h e t h e r  t h i s  h igh  a c t i v i t y  in  lens 
was also ref lec ted  in t he  e r y t h r o c y t e s ;  t h e  resu l t s  are 
s h o w n  in Tab le  I I I .  E r y t h r o c y t i c  A T P a s e  a c t i v i t y  was 

Table I. Comparative Rb s~ uptake by lenses from various species 

Species Age No. Rb s~ uptake 

epm/lens cpm/mg 
lens protein 

Domestic fowl Embryonic 12 6213 13,219 
Domestic fowl 4-7 day old 10 12125 8,083 
Domestic fowl Mature 12 10621 602 
Rat Adult 6 1018 68 
Rabbit Adult 6 2121 20 
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Table II. Adenosine triphosphatase activity of lenses from various species 

Species Age or No. 

other distinction 

ATPase activity a (Mean i S.D.) 

Total Ouabain-insensitive Ouabain-sensitive 

Domestic fowl Embryonic 8P 379 4- 87 194 i 44 
Domestic fowl 4-7-day-old 8P 347 ~ 56 134 ~ 21 
Domestic fowl Nature 8P 170 4- 21 73 =~ 13 
Rat Adult 8P 115 2t2 20 63 :~= 12 
Rabbit Adult 8 34 -t- 11 14 4- 5 
Human Post-mortem 10 36 4- 11 18 i 6 

185=~65 
2134-30 

974-10 
524-11 
20-4-12 
184- 5 

P, indicates pooled samples. ~ ]Expressed as ~moles phosphorous liberated/g protein/h at 44 ~ 
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Table III. Erythrocytic adenosine triphosphatase activity of various species 

665 

Species Age No. ATPase activity~ (Mean -t- S.D.) 

Total Ouabain-insensitive Ouabain-sensitive 

Domestic fowl Embryonic 12P 429 =L 49 186 ~ 36 
Domestic fowl 4-7-day-old 6P 421 J: 48 258 ~ 36 
Domestic fowl Mature 8 273 =L 36 146 ~= 26 
Pigeon Adult 5 132 -4- 13 84 ~= 9 
Rat Adult 10 106 -4- 13 69 5}2 16 
Rabbit Attult 10 72 -4- 23 65 ~= 24 
Human Adult 50 21 -4- 5 13 =E 4 

243=L56 
163-4-24 
127-4-13 
48 -t- 13 
37-4- 9 
7 •  
8 ~  2 

P, indicates pooled samples, a Results are expressed as lzmoles phosphorous liberated/g haemoglobin/h at 44 ~ 

much  higher  in embryonic  and  young  chicks t h a n  in 
ma tu r e  fowls; the  ac t iv i ty  in fowls was higher  t h a n  in 
pigeons,  which in t u r n  was higher  t h a n  rats,  r abb i t s  and 
humans .  Compar isons  wi th  ATPase  ac t iv i ty  of e ry thro-  
cytes  f rom various o the r  m a m m a l i a n  species showed t h a t  
chick e ry th rocy te s  had  m a n y  t imes  h igher  ac t iv i ty  of 
b o t h  ouaba in-sens i t ive  and  insensi t ive  ATPase  (un- 
publ i shed  observat ion) .  I t  t hus  appears  l ikely t h a t  the  
high levels in embryon ic  and  young  chicks reflect  bo th  
the  early s tage of deve lopmen t  and  some factor  c o m m o n  
to  av ian  e ry throcy tes ,  pe rhaps  the  nuc lea ted  s t a te  of 
ma tu re  red cells. One inexpl icable  observa t ion  was the  
ve ry  low level of ouabain-sens i t ive  ATPase  in r abb i t  
e ry th rocy tes  in. our t e s t  sys tem.  

Al though  in m a n y  species of animals  it  has been dem- 
ons t r a t ed  t h a t  the  Na+-K+-dependen t  ATPase  ac t iv i ty  
is re la ted  to the  e ry th rocy t i c  K + concentrat ionS,  s, the  
e ry th rocy t i c  K + concen t ra t ion  of fowls is comparab le  to 
t h a t  of rats,  r abb i t s  and h u m a n s  s. SPERELAKIS 10 observed 
t h a t  in chick hea r t  and  skeletal  muscles,  the  in t racel lular  
K+ concen t ra t ion  reaches a s t eady  s ta te  level a t  a very  
ear ly  embryon ic  stage, bu t  due to  an increase in K + 
pe rmeab i l i t y  w i th  embryon ic  age, the  cat ion p u m p  and  
hence the  m e m b r a n e  Na+-K+-ATPase  ac t iv i ty  is grea t ly  
increased to compensa t e  for t he  cat ion leak. I t  is possible  
t h a t  th is  increased po ta s s ium leak is also opera t ive  in 
embryonic  chick e ry th rocy te s  and lenses, gradual ly  
d imin ish ing  wi th  age, bu t  still r emain ing  grea ter  t h a n  in 

m a m m a l i a n  species, and thus  con t r ibu t ing  to the  high 
Na+-K+-dependen t  adenosine  t r i p h o s p h a t a s e  act iv i ty .  
The very  rap id  and high Rb  ss up take  by  chick lenses 
f rom a m e d i u m  devoid of K + m a y  thus  represen t  com- 
pensa t ion  for increased K+ permeabili ty11. 

Rdsumd. Darts le cristall in et  les e ry th rocy tes  de pous-  
sins 5~ l '6 ta t  embryonna i r e  et  quelques  jours apr6s l'6clo- 
sion, l ' ac t iv i t6  de l 'ATPase  est  beaucoup  plus in tense  
que chez d ' au t r e s  an imaux.  Ce fai t  cor respond bien ~ la 
forte  incorpora t ion  de Rb  ss dans  leur cristallin. 
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The  N o n - H i s t o n e  P r o t e i n  Pa t t ern  of Rat  B r a i n  D u r i n g  O n t o g e n e s i s  1 

There  are no t  m a n y  inves t iga t ions  of the  on togene t ic  
changes  in the  non-h i s tone  pro te in  (NHP) pa t te rn2-% 
a l though  such a s tudy  migh t  p rov ide  suppo r t  for the  
p roposed  i nvo lvemen t  of N H P  in t r ansc r ip t iona l  mech-  
anisms.  Since m a n y  i m p o r t a n t  b iochemical  and  morpho-  
genetic processes,  e.g. myel in iza t ion,  cell prol i fera t ion  
and synap t i c  connect ions,  occur in the  ra t  bra in  dur ing  
the  f irs t  25 pos tna t a l  days,  qua l i t a t ive  or q u a n t i t a t i v e  
changes  in the  N H P  p a t t e r n  could be expec ted  in young  
animals,  if th is  p a t t e r n  reflects  the  d i f fe ren t ia t ion  and  
metabol ic  ac t iv i ty  of a cell. The N H P  p a t t e r n  of ra t  b ra in  
up to the  age of 20 days  has therefore  been  compared  wi th  
t h a t  of adul t  animals.  Quan t i t a t i ve  changes  of the  N H P  
con ten t  in bra in  and l iver  nuclei  have  been  inves t iga ted  
by  measur ing  the  N H P / D N A  rat ios  dur ing  ontogenesis .  

Methods. Total  bra in  and  l iver  nuclei  of 5-, 10- and  20- 
day-old  and  of adul t  (350-400 g) ra t s  ( Ivanovas  SIV 50) 

were p repa red  as descr ibed previous ly  5. For  be t t e r  
pur i f ica t ion of the  nuclei, two  CHAUVEAU s procedures  
were per formed.  Three successive ex t rac t ions  of N H P  f rom 
the  bra in  and l iver nuclei  were t h e n  carried out  w i th  the  
modif ied  med i u m of GRONOW and  GRIFFITH$ 7 (0.05 
sodium p h o s p h a t e  p H  7.6 conta in ing:  8 M urea, 10% 
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