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Stage % Total basic protein % Residual protein % P of phosphoprotein % D-RNA 

Gastrula Stage 28.7 =k 3.3 515.0 -k 29.9 11.4 ! 0.51 3.4 -4- 1.i 
Tailbud Stage 19 2.77 + 0.187 35.8 j_ 6.0 1.11 ~- 0.071 0.51 :t= 0.09 
Larvae Stage 25 0.73 ~- 0.162 3.27 + 0.84 0.34 • 0.22 0.09 :t_ 0.0035 

Values are given in terms of % of DNA with standard error calculated. 

Phosphol ip ids  were r emoved  by  boiling 3 t imes  in e thanol -  
e ther  (3 : 1) for 4 min.  The washed  residue was suspended  
in 5% TCA, and  nucleic acids were hydro lyzed  by  incu- 
ba t ing  for 20 rain a t  95~ The p ro te in  res idue was 
washed,  dissolved in 1N NaOH,  and hea t ed  at  100 ~ for 
15 rain to select ively hydro lyze  phosphopro t e in  p h o s p h a t e  
which  was e s t ima ted  according to BERENBLUM and  
C H A I N  la. 

In  order  to de t e rmine  the  amoun t s  of nuclear  D-RNA, 
isolated nuclei were ex t r ac t ed  3-4 t imes  wi th  phenol  a t  45 ~ 
unt i l  no more  R N A  could be removed.  Base compos i t ion  
s tudies  have  shown t h a t  the  remaining  R N A  bound  to the  
D N A  is mos t ly  D-RNA 14. This RNA, no t  ex t r ac t ed  wi th  
phenol  at  45 ~ was hydro lyzed  wi th  0.3 N K O H  at  37 ~ for 
18 h and was de t e rmined  quan t i t a t i ve ly  bv  the  orcinol 
reac t ion  ,2. 

Results and discussion. The amoun t s  of basic and  re- 
s idual  prote in ,  phosphopro te in ,  and  D-RNA associa ted 
wi th  the  D N A  of the  ex t rac ted  nuclear  p repa ra t ions  
decrease f rom the  gas t ru la  to the  larval  s tage (Table). The 
resul ts  show t h a t  the  non-basic  residual  p ro te in  is a t  a 
h igh level a t  the  gastrula  stage when  R N A  synthes i s  is 
more  act ive  in v ivo  and  in the  in vi t ro  sys t em wi thou t  
added  R N A  polymerase ,  and tha t  this  f rac t ion decreases 
p ropor t iona te ly  more  t h a n  o ther  cons t i t u t en t s  wi th  deve- 
lopment .  I t  is known t h a t  more funct ional  endogenous  
R N A  polymerase  is associated wi th  DNA in earlier s tages 
of Rana pipiens embryos  ~,6. A greater  a m o u n t  of the  
residual  pro te in  f rac t ion in the  younger  Rana pipiens 
embryos  could account  for the  higher  levels of RNA 
synthes is  per cell in vivo and in the  in v i t ro  sys t em wi th-  
out  added  microbial  R N A  polymerase  if R N A  poly- 
merase  is located in th is  fraction.  An excess of non-basic  
nuclear  proteins1~ t5 and R N A  polymerase  ~ is also asso- 
c ia ted wi th  ch roma t in  act ively synthes iz ing  R N A  in o ther  
sys tems.  

The results  also suggest  t h a t  isolated ch roma t in  and  
ex t r ac t ed  nuclei  of progress ively  la ter  s tages are more  
act ive  in vi t ro  as t empla t e s  for R N A  synthes i s  in the  
presence of added  microbia l  R N A  po lymerase  because  
reduced levels of to ta l  p ro te in  and I > R N A  make  the  
D N A  more accessible to the  added  R N A  po lymerase lL  

Rdsumd. Les qnan t i t6s  de prot6ines  bas iques  et  r6- 
siduelles, de phosphopro t6 ine  e t  de D-RNA se t r o u v a n t  
dans  les n o y au x  ex t ra i t s  d ' e m b r y o n s  de Rana pipiens 
d i m i n u e n t  en pas san t  du s tade  de b las tu la  g celui de la 
larve. Cette  6vidence sugg6re que l ' a ccumnla t ion  progres-  
sive des prot6ines  ou du D-RNA, en m a s q u a n t  le D N A  
n 'offre  pas  le contrSle pr inc ipal  de la synth6se  de I ' R N A  
in vivo. Une  r6duct ion  de la quan t i t6  de l 'endog6ne R N A  
po lymerase  fonct ionel le  incluse dans  la prot6ine r6siduelle 
expl ique mieux  la r6duct ion  de la synth6se  du I ) -RNA 
dans  les s tades  plus avanc6s du d6ve loppement  e m b r y o n -  
naire. 

J. A. REMINGTON and R. A. FLICKINGER 

Department o/ Biology, 
Slate U,dversity of Neat, York, 
Bu//alo (New York 1421d, USA), 30 21Iay 1969. 

,a I. BERENBLUM and E. CIIAIN, Biochem. J. 32, 295 (1938). 
l~ R. A. I~'LICRIN(~ER, M. MIYAGI, C. R. MOSER and E. ROLLINS, 

Devl. Biol. 15, 414 (1967). 
1:, j .  H. FRENSTER, Nature 206, 680 (1965). 
16 p. HAUSEN, H. STEIN and H. PETERS, Europ. J. Biochem. 9, 542 

(1969). 
~7 This research was supported by a grant from the National Science 

Foundation. 

Effects of Ioniz ing  Radiat ion on Mye l inoge nes i s  in the Chicken 

Numerous  s tudies  in the  ra t  have  d e m o n s t r a t e d  t h a t  
ionizing rad ia t ion  has profound effects on the  funct ional ,  
anatomical ,  and biochemical  deve lopmen t  of t he  cent ra l  
ne rvous  sys tem (CNS), effects t h a t  depend  upon the  dose 
of i r radiat ion,  the  deve lopmenta l  per iod dur ing  which  the  
an imal  is exposed,  and  the  specific s t ruc tu re  or charac-  
ter is t ic  under  s tudy.  For  example,  p rena ta l  i r rad ia t ion  
accelerates the  prol i fera t ion of ol igodendrogl ia  1.2, the  
cells t h a t  are bel ieved to form myel in in the  CNS a, as 
well as the  accumula t ion  of cerebrosides 4 which,  t oge the r  
w i th  sp ingomyel in  and cholesterol,  are the  lipid com- 
ponen t s  character is t ic  of myel in  5. 

The present  s tudy  adds  the  chicken to  the  few species 
in which such s tudies  have  been carried out,  and  focuses 
a t t en t i on  on the  fact  t h a t  the  effects of rad ia t ion  m a y  be 
exer ted  upon indiv idual  aspects  of mvel in  fo rma t ion  
r a the r  t h a n  upon myel inogenesis  as a un i t a ry  process.  

W h i t e  Leghorn  cockerels were exposed  to 1600 R of 
whole -body  g a m m a  i r rad ia t ion  (Co ~~ source, 10.4 R/rain)  
a t  24 days  af ter  ha tch ing .  This dose and dose ra te  was  
selected in order  to  compare  its known  effects  on ex t ra -  
neural  s t ruc tures  wi th  po ten t i a l  effects  on neural  com-  
ponents .  As sugges ted  in previous  s tudies  ~, the  cockerels  

1 S. P. HICKS and C. J. D'AMATO, Science 747,903 (1963). 
2 T. VALCANA, A. VERNADAKIS a n d  P. S. TIMIRAS, Experientia 22, 

608 (1966). 
a S. A. LIJSE, J. biophys, bioeheln. Cytol. 2, 777 (1956). 
4 A. VERNADAKIS, R. CASPER a n d  P. S. TIMIRAS, Experientia 24, 

237 (1968). 
H. MClLWAIN, Biochemistry and the Central Nervous System (Little, 
Brown and Co., Boston 1966), p. 244. 

6 D. H. S~IAW and H. VERMUND, Proc. Soe. exp. Biol. Med. 707, 414 
(1961}. 
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Table I. Effects of y-iradiation on body, brain, and endocrine organ weights in immature cockerels 

EXPERIENTIA 26]2 

Group Weight of organ or body 

Body Brain Left testis Adrenals 
(g) (g) (g/100g) (mg) (mg/100g) (mg) (mg/100g) 

Controls 350 =1= 8 2.18 ~ 0.03 0.623 4- 0.005 49.9 • 5.1 14.3 =~ 1.6 46.1 =~= 2.5 13.2 -r 2.6 
Irradiated~ 221 4- 15 1.81 -t- 0.03 0.869 • 0.049 11.4 4- 1.2 5.4 • 0.5 35.7 i 3.0 17.4 • 2.2 

( <  0.001) b (<  0.001) (<  0.001) ( <  0,001) (<  0.001) (<0.002) - 

Dose 1600 R at 10.4 R/rain (Co 60 source) at 24 days of age; sacrifice at 35 days of age. b Significance of difference from nlean of controls 
(t-test). 

Table II. Effects of y-irradiation on total lipid and total sphingolipid, cerebroside, and cholesterol in brain of immature cockerels 

Group Weight of Lipid 

Total lipid Total sphingolipid Cerebroside Cholesterol 
(rag) (mglg) �9 (mg) (%) b (mg) ( % ) b (mg) (%) b 

Controls 151 i 3 69.5 4- 0.9 26.1 4- 0.7 17.4 ~ 0.2 16.1 • 0.4 10.7 • 0.1 30.1 4- 0.6 20.0 4- 0.1 
Irradiated ~ 130 4- 3 71.8 -4- 0.7 21.6 4- 0.4 15.3 4- 0.5 13.8 4- 0.5 10.6 4- 0.2 25.9 4- 0.7 19.9 4- 0.1 

( <  0.001) a - (<  0.001) (<  0.001) (<  0.001) - (<  0.001) - 

Mg/g brain weight, b Percent of total lipid, o Dose 1600 R at 10.4 R/rain (Co 60 source) at 24 days of age; sacrifice at 35 days of age. 
a Significance of difference from mean of controls (t-test). 

w e r e  p r o t e c t e d  b y  i n j e c t i o n  of  h o m o l o g o u s  b o n e  m a r r o w  
24 h p o s t - i r r a d i a t i o n  t o  a s s u r e  s u r v i v a l .  I r r a d i a t e d  b i r d s  
a n d  s h a m - i r r a d i a t e d  c o n t r o l s  w e r e  g i v e n ,  a d  l i b i t u m ,  
c h i c k  s t a r t e r  r a t i o n ,  a n d  w a t e r  c o n t a i n i n g  1 g o f  T e r r a -  
m y c i n  ( o x y t e t r a c y c l i n e  h y d r o c h l o r i d e )  p e r  l i ter .  O n  t h e  
1 1 t h  d a y  a f t e r  t r e a t m e n t ,  t h e  9 s h a m - i r r a d i a t e d  c o n t r o l s  
a n d  t h e  8 s u r v i v o r s  a m o n g  t h e  9 i r r a d i a t e d  b i r d s  we re  
s a c r i f i c e d  b y  d e c a p i t a t i o n .  

E x t r a n e u r a l  e f f e c t s  a s  wel l  a s  e f f ec t s  o n  b r a i n  w e i g h t  
a r e  r e p o r t e d  in  T a b l e  I.  G r o w t h  of  b o d y ,  b r a i n ,  t e s t i s ,  a n d  
a d r e n a l s  w a s  r e t a r d e d  in  t h e  i r r a d i a t e d  cocke re l s .  T h e  
t e s t i s  w a s  m o s t  r a d i o s e n s i t i v e ,  a n d  t h e  a d r e n a l s  a n d  b r a i n  
w e r e  f a r  m o r e  r e s i s t a n t  t o  t h e  g r o w t h - r e t a r d i n g  e f f ec t  o f  
i r r a d i a t i o n  t h a n  w a s  t h e  b o d y  a s  a who le .  A s i m i l a r  p a t -  
t e r n  o f  d i f f e r e n t i a l  e f f e c t s  of  i r r a d i a t i o n  u p o n  t h e  g r o w t h  
o f  t h e s e  o r g a n s  h a s  b e e n  r e p o r t e d  p r e v i o u s l y  in  t h e  ch ic -  
k e n  ~,s a s  wel l  a s  in  t h e  r a t g - l l .  

B r a i n  l i p id  w a s  e x t r a c t e d  b y  h o m o g e n i z a t i o n  o f  t h e  
w h o l e  b r a i n  in  c h l o r o f o r m : m e t h a n o l  (2:1) ,  a n d  t h e  c r u d e  
e x t r a c t  w a s  w a s h e d  w i t h  0 . 8 8 %  KC1 to  r e m o v e  g a n g l i o -  
s i de s  a n d  n o n - l i p i d s  ~2. T o t a l  l ip id  w a s  d e t e r m i n e d  g r a v i -  
m e t r i c a l l y  la. T o t a l  s p h i n g o l i p i d  ~4 a n d  c e r e b r o s i d e  ~ w e r e  
d e t e r m i n e d  a f t e r  h y d r o l y s i s  o f  t h e  e x t r a c t  w i t h  m e t h a n o l i c  
b o r o n  t r i f l u o r i d e ,  a r e a g e n t  w h i c h  q u a n t i t a t i v e l y  h y d r o -  
l y z e s  s p h i n g o m y e l i n  1~ a s  wel l  a s  c e r e b r o s i d e .  

T h a t  t h e  t o t a l  l ip id  c o n t e n t  o f  t h e  b r a i n  w a s  l ow  in  t h e  
i r r a d i a t e d  c o c k e r e l s  c o m p a r e d  t o  c o n t r o l s  w a s  a t t r i b u t e d  
p r i m a r i l y  t o  d i f f e r e n c e s  i n  b r a i n  w e i g h t  ( T a b l e  I I ) .  W h e n  
l ip id  c o m p o n e n t s  w e r e  e x p r e s s e d  as  p e r c e n t  of  t o t a l  l ip id ,  
h o w e v e r ,  c h o l e s t e r o l  c o n t e n t  w a s  u n a l t e r e d ,  a n d  t o t a l  
s p h i n g o l i p i d  c o n t e n t  w a s  s i g n i f i c a n t l y  less  ( P <  0.001) in  
i r r a d i a t e d  t h a n  in  c o n t r o l  b r a i n s .  B e c a u s e  of  t h e  n e g l i g i b l e  
d e c r e a s e  in  p e r c e n t  o f  c e r e b r o s i d e ,  t h e  o t h e r  m a j o r  
s p h i n g o l i p i d  p r e s e n t  i n  t h e  g a n g l i o s i d e - f r e e  p u r i f i e d  l i p id  
e x t r a c t s ,  t h i s  f i n d i n g  m a y  b e  i n t e r p r e t e d  a s  a s e l e c t i v e  
d e c r e a s e  in  s p h i n g o m y e l i n .  

W h e t h e r  r a d i a t i o n  a f f e c t s  m y e l i n a t i o n  d i r e c t l y ,  o r  in-  
d i r e c t l y  b y  i n d u c i n g  m e t a b o l i c  o r  e n d o c r i n e  c h a n g e s  
r e m a i n s  t o  be  c la r i f i ed .  O n  t h e  one  h a n d ,  r e c e n t  s t u d i e s  
of  n e r v o u s  t i s s u e  in  c u l t u r e  h a v e  s h o w n  t h a t  r a d i a t i o n  c a n  
a l t e r  m y e l i n a t i o n  ~7. O n  t h e  o t h e r  h a n d ,  i t  is wel l  k n o w n  
t h a t  m a l n u t r i t i o n  ~s, fo r  e x a m p l e ,  a n d  h o r m o n a l  d i s t u r -  
b a n c e s  ~9-2~ a f f e c t  t h e  d e p o s i t i o n  of  m y e l i n .  N e v e r t h e l e s s ,  
t h e  p r e s e n t  f i n d i n g  of  a s e l e c t i v e  e f f ec t  of  r a d i a t i o n  u p o n  

s p h i n g o m y e l i n  a c c u m u l a t i o n  in  c h i c k e n  b r a i n  p o i n t s  t o  
t h e  v a l u e  o f  d e t a i l e d  l i p id  a n a l y s e s  as  a n  a p p r o a c h  t o  
c l a r i f y i n g  t h e  m u l t i p l e  a s p e c t s  of  m y e l i n a t i o n  ~.  

Rdsumd. C h e z  le p o u l e t ,  l ' i r r a d i a t i o n  (1600 R r a y o n s  
g a m m a )  r e t a r d e  la  c r o i s s a n c e  de  l ' o r g a n i s m e  in  t o t o  e t  d e  
p l u s i e u r s  o r g a n e s ,  e t  a f f e c t e  s 6 1 e c t i v e m e n t  les c o n s t i t u a n t s  
i n d i v i d u e l s  de  la  my61 ine  p l u t 6 t  q u e  le p r o c e s s u s  g l o b a l  d e  
m y 6 1 i n i s a t i o n ,  l ' a c c u m u l a t i o n  de  la s p h i n g o m y 6 1 i n e  
6 r a n t  p l u s  r e t a r d 6 e  q u e  celle de  la  c6 r6b ros ide  e t  d u  
cho l e s t6 ro l .  
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