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[SH]Formate Incorporation into Liver Nucleic 
Acids of Chick. Relationships Between Orotic 

Acid and Vitamin Bx~ 

One of the  m o s t  i n t e r e s t i ng  aspec t s  of t he  r e l a t i onsh ip s  
be tween  oro t ic  acid a n d  v i t a m i n  Bt2 conce rns  t h e i r  
c o m m o n  ac t ion  in nuc leo t ide  m e t a b o l i s m .  Oro t ic  acid,  in  
fact ,  was  f o u n d  to exe r t  t h e  s ame  effects  as those  w h i c h  
h a d  a l r e a d y  been  d e m o n s t r a t e d  for v i t a m i n  Bx~. Oro t ic  
acid,  l ike v i t a m i n  BI~ , leads  to  a n  increase  in  t he  l ive r  
c o n c e n t r a t i o n  of R i g a  ~ a n d  in  t h e  free nuc leo t ides  of t h e  
l iver  in  v i t a m i n  B~z-deficient  ch i cksL  U n d e r  t he  s a m e  
e x p e r i m e n t a l  cond i t ions ,  a n  inc reased  i n c o r p o r a t i o n  of 
p3~ was also obse rved8  in these  s t ruc tu res .  

In  o rder  f u r t h e r  to  i n v e s t i g a t e  t h e  role t h a t  oro t ic  acid 
p lays  in  t h i s  m e t a b o l i c  field, t h e  ef iects  of oro t ic  acid 
have  b e e n  s t ud i ed  on  t h e  t u r n o v e r  of ac id-so lub le  free 
nuc leo t ides  a n d  of nucle ic  ac ids  of s ingle  cell f r ac t ions  in  
t h e  l ive r  of v i t a m i n  B ~ - d e f i c i e n t  chicks.  I n  pa r t i cu l a r ,  
t h e  i n c o r p o r a t i o n  of [SH] fo rma te  i n t o  t he se  s t r u c t u r e s  
ha s  been  eva lua t ed .  These  resu l t s  were  t h e n  c o m p a r e d  
w i th  t he  resu l t s  o b t a i n e d  in an i m a l s  t r e a t e d  w i t h  v i t a m i n  
Btz. Th i s  work  m i g h t  also p r ov i de  i n f o r m a t i o n  on  t he  
role t h a t  t h e  oro t ic  acid can  p l ay  in p r o t e i n  syn thes i s .  I t  
has  been  s h o w n  t h a t  oro t ic  acid is a g r o w t h  f a c t o r  for  
chicks  a n d  r a t s  t h a t  h a v e  b e e n  m a i n t a i n e d  u n d e r  d i e t a r y  
cond i t ions  where  on ly  Blz a n d  m e t h i o n i n e  a re  ac t ive  4,5 

One -day -o ld  New H a m p s h i r e  x W h i t e  L e g h o r n  chicks  
were d iv ided  in to  3 groups.  1 g roup  rece ived  a v i t a m i n  
B12-deficient d ie t  s. The  o t h e r  2 g roups  rece ived  t h e  same  
die t  s u p p l e m e n t e d  w i t h  e i t h e r  10 #g  of v i t a m i n  Bx2, or  
w i th  10 m g  of oro t ie  acid for eve ry  100 g of diet .  Af te r  5 
weeks, 6 ch icks  f rom each  g roup  were  i n j ec t ed  w i t h  
[SH~sodium f o r m a t e  in  a s ter i le  so lu t ion  (20 /~C/100 g 
b o d y  weight) .  24 h la ter ,  t h e  ch icks  were killed, t h e  l ivers  
were  qu ick ly  r emoved ,  p laced  i n to  a n  ice-cold so lu t ion  
of 0 . 2 5 M  sucrose  c o n t a i n i n g  3 m M  ?¢IgCl~, a n d  h o m o -  
genized w i t h  4 vo lume s  of t h i s  s ame  m e d i u m .  T he  h o m o -  
geuates ,  f i l te red  t h r o u g h  a n y l o n  b o l t i n g  c lo th ,  were 
cen t r i fuged  a t  8(30 g for 10 ra in  to  s e d i m e n t a t e  t he  nuclei .  
The  s u p e r n a t a n t  was  cen t r i fuged  a t  8,000 g for  15 ra in ;  
t he  pe l le t  d i sca rded  a n d  t he  s u p e r n a t a n t  f lu id  was cen t r i -  
fuged a t  105,000 g for  50 ra in  in  a Spinco  mode l  L cen t r i -  
fuge to  s e d i m e n t a t e  t h e  microsomes .  T h e  nucle ic  acids of 
the  nucle i  a n d  of t he  mic rosomes  were  e x t r a c t e d  w i t h  10% 
(w/v) HC10 4. 

R N A  was t h e n  h y d r o l y z e d  w i t h  0 . 3 N  K O H  a t  37 °C 
for 60 m i n  a n d  nuc lea r  D N A  was h y d r o l y z e d  w i t h  5% 
(w/v) HC10 4 a t  90°C for  15 m i n L  T he  a m o u n t  of  R N A  

a n d  D N A  p r e s e n t  was  ca l cu la t ed  b y  m e a s u r i n g  t h e  
e x t i n c t i o n  a t  260 nm.  T h e  p o s t m i c r o s o m a l  s u p e r n a t a n t  
was  t r e a t e d  w i t h  10% HC104 a n d  cen t r i fuged .  T h e  res idue  
was  used  to  d e t e r m i n e  soluble  R N A  acco rd ing  to  TATA et  
al. s. The  s u p e r n a t a n t ,  c o n t a i n i n g  ac id-so luble  free nucleo-  
t ides ,  was  a b s o r b e d  on  a n  i on -exchange  res in  c o l u m n  
( 1 2 . 1 . 2 c m  d i ame te r )  of Dowex  1.8, f o r m a t e  form,  
200-400 mesh.  The  c o l u m n  was w a s h e d  w i t h  w a t e r  a n d  
t he  t o t a l  free nuc leo t ides  were  t h e n  e l u t e d  w i t h  severa l  
vo lumes  oI 1 0 N  fo rmic  acid.  T h e  op t i ca l  d e n s i t y  of  t he  
e lu t ed  f lu id  was  m e a s u r e d  s p e c t r o p h o t o m e t r i c a l l y  a t  
260 nm.  

Samples  of R N A ,  D N A  a n d  free nuc leo t ide  p r e p a r a t i o n s  
were m i x e d  w i t h  a s c in t i l l a to r  so lu t ion  (0.4% of 2, 5- 
d ipheny l -oxazo le  a n d  0 .005% of 1 ,4 -b i s [2 - (5-phenyl -  
oxazol i l ) ]  b e n z e n e  in red is t i l l ed  to luene)  a n d  c o u n t e d  in a 
Nuc lea r -Ch icago  a u t o m a t i c  l iquid sc in t i l l a t ion  spec t ro-  
m e t e r  m o d e l  720. 

T h e  re su l t s  of t h e  T a b l e  i nd i ca t e  t h a t  in  v i t a m i n  
B l~- t r ea t ed  chicks ,  t he  i n c o r p o r a t i o n  of  [SH] fo rma te  
in to  t h e  R N A  of l ive r  cel l  f r ac t ions  [ in  pa r t i cu l a r ,  t h e  
R N A  of t he  nucle i  ( P  < 0.001), t h e  R N A  of t he  r ibo-  
some ( P  < 0.001) a n d  of c y t o p l a s m i c  soluble  f r ac t i on  
( P  < 0.001)] is s ign i f i can t ly  h i g h e r  t h a n  in  t h e  l iver  of 
v i t a m i n  Bl~-def ic ient  chicks.  A m a r k e d  increase  in acid-  
so luble  free nuc leo t ides  is also n o t e d  ( P  < 0.001). 

Howeve r ,  t h e  i n c o r p o r a t i o n  of [ 3 H ] f o r m a t e  i n t o  t h e  
D N A  does  n o t  v a r y  b e t w e e n  v i t a m i n  Bl~-def ic ient  a n d  
v i t a m i n  B ~ - t r e a t e d  an imals .  

The  i n c o r p o r a t i o n  of [SH] fo rma te  i n to  l iver  nucle ic  
acid a n d  t he  ac id-so luble  free nuc leo t ide  of orot ie  acid 
t r e a t e d  chicks  shows a s imi la r  b e h a v i o u r  as in  v i t a m i n  
B ~ - t r e a t e d  chicks.  
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Effect of orotic acid and vitamin B12 on the incorporation of [SH]formate into nucleic acid of liver cell fraction and into free nucleotides of 
vitamin Bin-deficient chicks 

Group Animals in experiment Radioactivity in liver nucleic acid (cpm/mg nucleic acid) 

nuclear DNA nuclear RNA ribosomal DNA soluble RNA 

Radioactivity in 
free nucleotides 
(cpm/mg 
nueleotides) 

1 Vitamin Bl~-deficient 450 -t- 10,6 473 -4- 24.0 194 -4- 15.9 327 i 12.6 880 4- 27.3 

2 Vitamin Bl~-treated 473 4- 15.5 1168 4- 61.2 543 4- 38.4 770 -4- 39.6 1672 -4- 77.9 
(n.s.) (P < 0.001) (P < 0.001) {P < 0.001) (P < 0.001) 

3 Orotic acid-treated 433 ± 20.4 1248 :t: 38.4 429 4- 18.8 449 4- 17.5 1538 4- 46.1 
(n.s.) (P < 0.001) (P < 0.01) (P < 0.05) (P < 0.001) 

The results are expressed as means of each group of 6 animals 4- S.E. of mean, P, probability of difference from vitamin Bl~-deficient groups 
(student's test), n.s., non-significant. 
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A s ign i f i can t  inc rease  in t h e  i n c o r p o r a t i o n  of [SH]for-  
m a t e  i n t o  n u c l e a r  R N A  ( P  < 0.001), r i b o s o m a l  R N A  
( P  <: 0.01) a n d  ac id-so luble  free nuc leo t ides  ( P  < 0.001) 
is o b s e r v e d  w h e n  c o m p a r e d  w i t h  v i t a m i n  Bl~-def ic ient  
chicks.  A smal l e r  b u t  r a t h e r  s ign i f i can t  increase  is f o u n d  
in  so luble  R N A  ( P  < 0.05). No s ign i f i can t  d i f ference was  
o b s e r v e d  in  l iver  DNA.  

T h e  resu l t s  o b t a i n e d  seem to  i n d i c a t e  a f u r t h e r  p roof  of 
t h e  ex i s t ence  of a close r e l a t i o n s h i p  b e t w e e n  v i t a m i n  
BI~ a n d  e ro t i c  ac id  in  t h e  m e t a b o l i s m  of nucle ic  acids.  I n  
fac t ,  t h e  inc reased  R N A  b i o s y n t h e s i s  in  subce l lu l a r  
f r ac t i ons  a n d  t h e  inc reased  b i o s yn t he s i s  of  t o t a l  free 
nuc l eo t ide s  in  t h e  l iver  of  chicks,  t r e a t e d  w i t h  v i t a m i n  
B~2 or  e r o t i c  acid,  is in  a g r e e m e n t  w i t h  t h e  resu l t s  
p r ev ious ly  r e p o r t e d  1-s 

T h e  v a r i a t i o n s  in  t h e  nuc l ea r  a n d  r i b o s o m a l  R N A  
specif ic  a c t i v i t y  t h a t  were  obse rved  e i t h e r  in  t h e  g roup  
t r e a t e d  w i t h  v i t a m i n  BI~ or  w i t h  e ro t i c  acid,  c an  be 
r e g a r d e d  as t h e  expres s ion  of  a n  inc reased  messenger -  
R N A  b iosyn thes i s .  

Th i s  f i nd ing  could  poss ib ly  lead us  to  see a c o m m o n  
role  of e ro t i c  acid a n d  v i t a m i n  B ~  a t  t h e  t r a n s c r i p t i o n  
processes  level.  T h e  mod i f i ca t ions  of specif ic  e n z y m a t i c  
ac t iv i t i e s  obse rved  in  t h e  s ame  e x p e r i m e n t a l  cond i t i ons  9-xx 
m a y  con f i rm  t h i s  v i e w p o i n t  ~*. 

Riassunto. E '  s t a t e  s t u d i a t o  l ' e f f e t to  de l l ' ac ido  oro t ico  
su l l ' i nco rporaz ione  di  f o r m i a t o - H  8 nei  nuc leo t id i  l iber i  
t o t a l i  e negl i  ac id i  nucle ic i  p r e s e n t i  hel le  f raz ion i  sub-  
ce l lu lar i  de l  l ega to  di  pu lc ino  c a r e n t e  di B12. L a  magg io re  
a t t i v i t ~  specif ica  d e l l ' R N A  nuc lea re  e r ibosomla le  t h e  si 
o s se rva  negl i  an ima l i  t r a t t a t i  con  acido oro t ico  come  in 
quel l i  t r a t t a t i  con  v i t a m i n a  Bx, p o t r e b b e  essere con-  
s i d e r a t a  l ' espress ione  d i u n a  pith e l e v a t e  s in tes i  di  R N A  
messaggero  d e t e r m i n a t a  da  q u e s t e  due  sos tanze .  
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Glycoside Effect upon Membrane Enzymes of 
Erythrocytes and Muscle in Duck Myopathy 

M y o p a t h i e s  f r e q u e n t l y  h a v e  b e e n  assoc ia ted  w i t h  
m u s c l e - m e m b r a n e  a b n o r m a l i t y .  T he  sugges t ion  t h a t  t he se  Bird Strain Muscle Age 
a b n o r m a l i t i e s  a re  t h e m s e l v e s  i nd i ca t i ons  of  a genera l ized  
a n d  p r o b a b l y  h e r e d i t a r y  defec t  a n d  m i g h t  t he r e fo re  h a v e  
re f lec t ion  in  n o n - m u s c l e  cells ~ ha s  a w a i t e d  c o n f i r m a t i o n .  
Here tofore ,  t h e  t e s t  app l i ed  was r e l a t i ve ly  insens i t ive .  
I n  a n  a t t e m p t  to  e x a m i n e  t h i s  a t  h i g h e r  level  of resolu t ion ,  3024 Pekin Normal Mature 
we h a v e  m a d e  reference  to  t h e  p a t t e r n  of m e m b r a n e -  3090 Pekin Normal Mature 
ca t a lyzed  a d e n o s i n e - t r i p h o s p h a t e  hydro lys i s .  3041 Mallard Normal Mature 

Ducks  (Arias platyrkynckos) of t he  wh i t e  P e k i n  s t ra in ,  3052 Mallard Normal Mature 
k n o w n  to  s p o n t a n e o u s l y  deve lop ing  m y o p a t h y  2-~ a n d  3056 Mallard Normal Mature 
Mal la rds ,  gene ra l ly  free of  t h e  defect ,  were used  in  t h i s  3192 Pekin Normal Mature 
s tudy .  B i rds  of v a r y i n g  age  were  used  for  spec imens  of 3198 Pekin Normal Mature 

2202 Pekin Normal Mature -- 
b lood  a n d  of s t r i a t e d  musc le  f rom t h e  legs. I n d i v i d u a l  3238 Pekin Normal Mature -- 
a n i m a l s  were  d i s t i ngu i shed  as  m y o p a t h i c  o r  as  ' n o r m a l '  3246 Pekin Normal Mature -- 
(Table) .  T h e  c l inical  a n d  pa tho log ic  cha rac t e r i s t i c s  of t h e  3222 Pekin Normal Mature -- 
m y o p a t h y  occur r ing  in  t he  w h i t e  P e k i n  duck  h a v e  been  3221 Pekin Normal Mature 
d e s c r i b e d * - 4  3205 Pekin Normal Mature 

I n  each  case, f ive  m l  of b lood  was col lected in a Vacu-  3149 Pekin Myopathic 4 weeks + 
t a i n e r  t u b e  c o n t a i n i n g  25 m g  of N a , E D T A  a n d  s to red  31~0 Pekin Myopathic 4weeks + 
re f r ige ra ted .  T h e  b lood  s am p l e s  were  used w i t h i n  2 days .  2928 Pekin Myopathic Mature + 

2945 Pekin Myopathic Mature + 
B lood  samples  were  h a e m o l y z e d  w i t h  a q u e o u s  Tris 3102 Pekin Myopathie Mature + 

buffer ,  0.002_M, p H  7.4, w i t h  0 . 0 0 5 M  Na2EDTA.  I n  3140 Pekin Myopathic Mature + 
e a c h  in s t ance ,  a 1 m l  s a m p l e  was  t r e a t e d  w i t h  10 m l  of 
the  so lu t ion  a n d  t h e n  re f r ige ra ted  for  5 min .  T h e  p r e p a r a -  
t i on  was  t h e n  cen t r i fuged  a t  20,000 g for  15 rain.  T h e  
pe l le t  was  w a s h e d  a n d  recen t r i fuged  4-5 t i m e s  in t he  s ame  
buf fe r  a n d  0 . 0 0 2 M  NaC1. Before  each  wash  t h e  pe l le t  
was  homogen ized .  T h e  s u p e r n a t a n t  was  d i sca rded  each  
t ime.  T h e  ye l lowish-whi te  f ina l  pe l le t  was  col lected a n d  
used  as  t h e  source  of A T P a s e  ac t iv i ty .  

M e m b r a n e  f r ac t ions  f r o m  musc le  t i s sues  ( r emoved  f r o m  
t h e  leg) were  i so la ted  b y  d i f fe ren t i a l  cen t r i fuga t ion .  

Summary of experimental results; the effect of ouabain 10-*M 
upon ATPase activity a 
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