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and  nucleic acids z, ~1, 22, a f te r  the  i r radiat ion,  solid sodium 
chloride was added  to  t he  solut ions to  give a 12VI con- 
cent ra t ion .  D N A  was t h e n  p rec ip i t a t ed  by  adding  4 ml  
of absolu te  e thy l  alcohol, centr i fuged,  washed  wi th  2 ml 
of e thy l  a lcohol-water  80:20 (V/V) and  redissolved in 
2 ml of water .  The solut ions so ob ta ined  were ut i l ized 
for the  de t e rmina t i on  of the  radioact iv i ty ,  using a l iquid 
scint i l la t ion coun t ing  sy s t em Beckman  LS 15023. 

On the  bases of these  r ad ioac t iv i ty  measuremen t s ,  the  
amoun t s  of fu rocoumar ins  l inked to D N A  have  been 
calculated,  express ing t h e m  as percentages  of the  a m o u n t  
of fu rocoumar ins  ini t ia l ly p resen t  in the  solutions.  The 
resul ts  ob ta ined  are r epor ted  in the  Figure.  I t  appears  
clearly t h a t  the  various furocoumar ins  have  a ve ry  dif- 
fe rent  pho to reac t iv i t y  w i th  DNA. 

In  order  to define in number s  the  pho to r eac t i v i t y  of 
each compound ,  we have  calcula ted f rom the  da t a  ob- 
t a ined  the  t ime  of i r rad ia t ion  which was necessary  to  
give a l inkage to D N A  cor responding  to 20% of the  
a m o u n t  of fu rocoumar in  ini t ial ly present .  On the  bases 
of the  num ber s  obta ined,  consider ing as equal  to 100 the  
pho to r eac t i v i t y  of psoralen,  the  re la t ive pho toreac t iv i t i e s  
of the  compounds  have  been  calculated.  

The result~ are r epor ted  in the  Table, toge the r  wi th  the  
re la t ive sk in-photosens i t i z ing  ac t iv i ty  of the  various sub- 
s tances  ob ta ined  in the  t e s t  on guinea-pig skin iS. 

As it appears ,  the  2 activi t ies,  in vivo and  in vitro,  
are r a the r  parallel.  The  h igher  sk in-ac t iv i ty  of a furo- 
coumar in  seems therefore  to be due to a grea te r  a m o u n t  
of subs tance  l inked to DNA, even if fu r ther  s tudies  have  
to  be made  to clarify whe the r  the  difference in the  t ype  
of pho toadd i t i on  which  can take place be tween  furo- 

coumar ins  and DNAa, 4 m a y  have  an influence on the  
biological consequences  of the  pho toreac t ion .  

In  conclusion, we m a y  say t h a t  the  resul ts  now ob- 
t a ined  confi rm t h a t  the  pho to reac t i on  wi th  D N A  is con- 
nec ted  wi th  the  photosens i t i z ing  effects  exer ted  b y  furo- 
coumar ins  on the  skin 2~. 

Riassunto. ~ s t a t s  d e t e r m i n a t a  la fo to rea t t iv i t~  con 
D N A  na t ivo  di un gruppo di fu rocumar ine  per  i r radia-  
zione a 365 nm.  I valori o t t enu t i  sono r isul ta t i  in accordo 
con quelli di at t ivit& fotosensibi l izzat r ice  cu tanea  posse-  
du t i  dalle stesse sostanze.  
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2a The solution of scintillator had the following con, position: 120 g 
naphthalene, 75 nag P.O.P.O.P. [2,2"-phenylene-bis(5-phenyl- 
oxazole)], 4 g P.O.P. [2,5-diphenyl-oxazole] dissolved in dioxane 
up to 1000 ml of solution. 

24 These studies were aided by Consiglio Nazionale delle Ricerehe, 
Rolna. 

An A u t o r a d i o g r a p h i c  S tudy  of the M e c h a n i s m  of 

Induc t ion  of neural  t issue format ion  in ve r t eb ra t e  
embryos  is a wel l -known p h e n o m e n o n  and is easily ac- 
compl ished exper imen ta l ly  by  in te rac t ing  c o m p e t e n t  
ec toderm wi th  small  pieces of the  p r ima ry  organizer  such 
as the  dorsal  lip of b las topore  of an early a m p h i b i a n  
gastrula  or the  anter ior  th i rd  of a chick p r imi t ive - s t reak  
embryo.  I t  has  been shown several  years  ago t h a t  a 
molecular  t ransfer  occurs dur ing such an induct ive  inter-  
ac t ion;  the  molecules involved in the  t r ans fe r  p re sumab ly  
e i ther  d i rec t ly  or indi rec t ly  set  off a b iochemical  mecha-  
n ism t h a t  causes derepress ion of specific genes in t h e  
react ing sys tem.  Synthes is  of specific R N A  species has 
been d e m o n s t r a t e d  in a n u m b e r  of d i f fe ren t ia t ing  sys tems  
and  it m a y  be expec ted  t h a t  such a syn thes i s  would take  
place in the  c o m p e t e n t  ec toderm dur ing  in te rac t ions  
leading to the  fo rmat ion  of neural  tissue. Equa l ly  re levant  
to the  s tudy  of the  mechan i sm is an unde r s t and ing  of the  
mode  of pa r t i c ipa t ion  of the  induc tor  molecules in the  
mechan i sm.  The expe r imen t s  repor ted  here conf i rm t h a t  
specific R N A s  are syn thes ized  in the  neural  induc t ion  
sys tem and also suggest  a possible mode  of act ion of the  
inducing molecule. 

Material and methods. W h i t e  leghorn eggs were incu- 
ba ted  to obta in  p r imi t ive - s t reak  stage embryos .  The la t te r  
were exp lan ted  in w a t c h  glass 1 and used as recipients .  
Hensen ' s  node  (HN) pieces were p repa red  for graf t ing 
as follows : The nodes were excised ; half  the  n u m b e r  were 
placed in P a n n e t t - C o m p t o n  (PC) saline for 3 h, and the  

N e u r a l  I n d u c t i o n  in the  Chick  E m b r y o  

other  half  in a solut ion conta in ing  F-1 h is tone  (2.5 mg/ml) 
for  3 h. Fol lowing the  t r e a t m e n t  the  normal  and his tone-  
t r ea t ed  node pieces were washed  by  repea ted  change  of 
PC saline over  a per iod of 60 min. In  each recipient  chick 
emb ry o  2 graf ts  (1 normal  and 1 his tor ic- t reated)  were 
made,  1 on e i ther  side of the  p r imi t ive - s t r eak  nearer  the  
margin  of area pel lucida a t  the  level of the  Hensen ' s  
node  s. The cul tures  were incuba ted  for 3 or 5 h. Af ter  
the  incubat ion  a 30 min pulse of H3-uridine (25 ~xc/0.4 ml  
per  embryo)  was given. At  t he  end of the  pulse the  
embryos  were washed  in PC saline a t  0-4~ and  f ixed 
in Bouin ' s  fluid. 

The embryos  were serially sec t ioned at  6 tx. The sec- 
t ions  of each pai r  of normal  and h i s tone - t r ea t ed  graf ts  
were a r ranged  on 2 slides so t h a t  b o t h  conta ined  sect ions 
of bo th  grafts.  One set  of slides was t r e a t ed  wi th  5% TCA 
a t  4 ~ for 10 min to r emove  the  precursor .  Of the  second 
set  half  the  n u m b e r  of slides were i ncuba ted  wi th  0.01 M 
p h o s p h a t e  buffer  a t  p H  7.1 for 90 min;  the  o ther  half  
were incuba ted  wi th  RNase  2.5 m g / m l  in p h o s p h a t e  buffer  
a t  p H  7.1 for 90 min,  and  then  ex t r ac t ed  wi th  cold TCA. 
On comple t ion  of the  above procedure  the  slides were 
r insed in double  dist i l led wa te r  and dried off. They  were 

1 D. A. T. NEw, J. Embryol. exp. Morph. 3, 326 (1955). 
2 C. H. WADDINGTON, Phil. Trans. R. Soe. B, 221, 179 (1932). 
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t h e n  c o a t e d  w i t h  I l f o r d  K - 5  n u c l e a r  r e s e a r c h  e m u l s i o n  
a n d  a u t o r a d i o g r a p h e d .  H 3 - b u t y l m e t h a c r y l a t e  s e c t i o n s  
w e r e  u s e d  a s  a u t o r a d i o g r a p h i c  s t a n d a r d s  t o  e n a b l e  p r o p e r  
c o m p a r i s o n  b e t w e e n  t h e  d i f f e r e n t  b a t c h e s  o f  a u t o r a d i o -  
g r a p h s  3. 

N u c l e a r  g r a i n  c o u n t s  we re  m a d e  in  t h e  e c t o d e r m  t h a t  
w a s  in  c o n t a c t  w i t h  t h e  n o r m a l  a n d  h i s t o n e - t r e a t e d  g r a f t s ,  
a n d  c o u n t s  c o r r e s p o n d i n g  t o  e a c h  p a i r  c o m p a r e d  b e t w e e n  
t h e m s e l v e s i  I f  a s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  w a s  f o u n d  
in  a n y  p a i r  t h e  c o r r e s p o n d i n g  s l ide  w h i c h  h a d  b e e n  e x -  
t r a c t e d  w i t h  p h o s p h a t e  b u f f e r  w a s  a l so  c o u n t e d  in  a s i m i l a r  
m a n n e r  in  o r d e r  t o  see  if t h e  d i f f e r e n c e  h a d  b e e n  m a i n -  
t a i n e d .  Al l  t h e  s l i de s  t h a t  h a d  b e e n  s u b j e c t e d  t o  R N a s e  
t r e a t m e n t  w e r e  a l so  e x a m i n e d  t o  m a k e  s u r e  t h a t  n o  
s i g n i f i c a n t  r a d i o a c t i v i t y  r e m a i n e d  in  t h e  n u c l e i  a f t e r  
t h e s e  t r e a t m e n t s .  

Results and discussio~*. I t  a p p e a r s  f r o m  t h e s e  e x p e r i -  
m e n t s  t h a t  a n  i n d u c t i v e  c o n t a c t  l a s t i n g  5 h is e n o u g h  
t o  t r i g g e r  of f  t h e  b i o c h e m i c a l  m e c h a n i s m  w h i c h  p r o d u c e s  
a s u c c e s s f u l  n e u r a l  i n d u c t i o n .  BRAHMA 4 m a d e  a s i m i l a r  
s t u d y  a n d  f o u n d  t h a t  a f t e r  6 h of  i n d u c t i v e  c o n t a c t ,  
Triturus e c t o d e r m  s h o w e d  g r e a t e r  n u c l e a r  l a b e l l i n g  w h e n  
g i v e n  a 3 h p u l s e  w i t h  H a - u r i d i n e  t h a n  t h e  c o r r e s p o n d i n g  
e c t o d e r m  w h i c h  h a d  n o t  b e e n  p l a c e d  in  c o n t a c t  w i t h  
p r i m a r y  o r g a n i z e r .  H e  f o u n d ,  h o w e v e r ,  t h a t  t h e  d i f f e r -  
e n c e  w a s  a b o l i s h e d  b y  b u f f e r  t r e a t m e n t  b e f o r e  T C A  
e x t r a c t i o n .  T h e  c r i t e r i o n  we  h a v e  u s e d  in  t h e  p r e s e n t  
e x p e r i m e n t s  i s  t h e  a b i l i t y  of  t h e  g r a f t s  t o  e n h a n c e  s y n -  
t h e s i s  o f  n u c l e a r  R N A  ( n R N A )  in  t h e  e c t o d e r m  w i t h  
w h i c h  t h e y  a r e  p l a c e d  in  c o n t a c t .  I n  t h e  3 h c o n t a c t  
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se r i e s  o n l y  i n  o n e  o u t  o f  15 c a s e s  t h e  e c t o d e r m  in  c o n t a c t  
w i t h  H N  g r a f t  s h o w e d  a n  i n c r e a s e  in  n R N A  s y n t h e s i s  as  
c o m p a r e d  t o  t h e  c o r r e s p o n d i n g  e c t o d e r m  t h a t  w a s  in  
c o n t a c t  w i t h  h i s t o n e - t r e a t e d  g r a f t .  T h i s  d i f f e r e n c e  d is -  
a p p e a r e d  w h e n  t h e  s l ide  w a s  t r e a t e d  w i t h  b u f f e r  b e f o r e  
T C A  t r e a t m e n t .  W h e n  t h e  d u r a t i o n  o f  i n d u c t i v e  c o n t a c t  
w a s  i n c r e a s e d  t o  5 h ,  i n  4 o u t  of  7 c a s e s  t h e  e c t o d e r m  
o v e r l y i n g  t h e  H N  g r a f t  s h o w e d  g r e a t e r  n R N A  s y n t h e s i s  
t h a n  t h e  e c t o d e r m  in  c o n t a c t  w i t h  h i s t o n e - t r e a t e d  H N  
g r a f t .  T h i s  d i f f e r e n c e  w a s  a l so  f o u n d  i n  t h e  s l i des  w h i c h  
h a d  b e e n  t r e a t e d  w i t h  b u f f e r  b e f o r e  T C A  e x t r a c t i o n .  T h e  
e c t o d e r m  cel ls  o v e r l y i n g  h i s t o n e - t r e a t e d  H N  g r a f t  s h o w e d  
n o  c h a n g e  i n  t h e  l eve l  of  s y n t h e s i s  w i t h  i n c r e a s e  oi  d u r a -  
t i o n  o f  c o n t a c t  f r o m  3 - 5  h.  N o r m a l  e c t o d e r m  w h i c h  w a s  
n o t  in  c o n t a c t  w i t h  e i t h e r  k i n d  o f  g r a f t  s y n t h e s i z e d  n R N A  
in  s i m i l a r  a m o u n t s .  T h i s  m i g h t  b e  d u e  t o  t h e  f a c t  t h a t  
h i s t o n e - t r e a t e d  H N  g r a f t s  d i d  n o t  p o s s e s s  n e u r a l  i n d u c -  
t i v e  c a p a c i t y  5. B u t  c o n s i d e r a b l e  c h a n g e s  o c c u r r e d  in  t h e  
s t a t e  of  n R N A  s y n t h e s i s  b y  e c t o d e r m  in  c o n t a c t  w i t h  
n o r m a l  H N  g ra f t .  

I t  w o u l d  be  d i f f i c u l t  t o  s a y  w h a t  k i n d s  o f  R N A  a re  
i n v o l v e d  in  t h i s  i n d u c t i v e  p r o c e s s .  T h o s e  s y n t h e s i z e d  i n  
3 a n d  5 h se r i e s  h a v e  d e f i n i t e  c h a r a c t e r i s t i c s .  T h e  spec i e s  
s y n t h e s i z e d  in  t h e  3 h se r i e s  a r e  e x t r a c t a b l e  b y  p l a i n  
b u f f e r  t r e a t m e n t  w h i l e  t h o s e  of  t h e  5 h se r i e s  a re  n o t .  
Bes ide s ,  t h e  i n c r e a s e  in  n R N A  s y n t h e s i s  in  t h e  5 h se r i e s  
is 1.6 t i m e s  g r e a t e r  t h a n  t h a t  s e e n  in  t h e  3 h ser ies .  T h i s  
m i g h t  i n d i c a t e  t h e  d i f f e r e n c e  in  t h e  r a t e s  of  t h e i r  s y n -  
t h e s i s .  T h e  p a t t e r n  of  s y n t h e s i s  of  n R N A  in  a 3 - h o u r  
p u l s e  l a b e l l i n g  is c o m p l e t e l y  d i f f e r e n t  4. I t  a p p e a r s  p r o b -  
a b l e  t h e r e f o r e  t h a t  spec i f i c  r a p i d l y - l a b e l l e d  n l R N A s  a r e  
s y n t h e s i z e d  i n  t h e  r e a c t i n g  s y s t e m  a s  a c o n s e q u e n c e  o f  
i n d u c t i v e  i n t e r a c t i o n s  w i t h  t h e  p r i m a r y  o r g a n i z e r .  I n -  
a b i l i t y  of  t h e  h i s t o n e - t r e a t e d  g r a f t s  t o  a f f e c t  t h e  s t a t e  o f  
n R N A  s y n t h e s i s  m i g h t  s u g g e s t  t h a t  t h e  i n d u c e r  m o l e c u l e s  
n o r m a l l y  c o m p l e x  w i t h  t h e  h i s t o n e s  o n  t h e  D N A  6. 

H3-uridine in nuclear RNA 
(grain counts/30 ~x 2 nuclear area at 100 A.R.E. a) 
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Nuclear grain counts were converted to grain counts at hypo- 
thetical 100 A.R.E. A.R.E. for the 3 h series was 17.0 and 11.3 
for the 5 h series (A.R.E. is autoradiographic efficiency). ~ Ectoderm 
in contact with histone-treated Hensen's node (HN) graft, o Ecto- 
derm in contact with normal HN graft, o Denotes statistically 
significant difference between the nRNA synthesized by the ecto- 
derms. 

Rdsumd. O n  a 6 t u d i 6  de  I ' R N A  n u c l 6 a i r e ,  s y n t h 6 t i s 6  
p a r  d e s  ce l lu les  e c t o d e r m e s  e m b r y o n i q u e s  q u i  a v a i e n t  
6t@ m i s e s  en  c o n t a c t  p e n d a n t  3 e t  5 h a v e c  de s  g re f f e s  
o r g a n i s a t r i c e s  d u  n ( e u d  H e n s e n  n o r m a l e s  a u s s i  b i e n  q u e  
t r a i t 6 e s  p a r  l ' h i s t o n e .  O n  a s u g g 6 r 6  u n  m 6 c a n i s m e  p ro -  
b a b l e  p a r  l e q u e l  d e s  mol@cules  i n d u c t r i c e s  p o u r r a i e n t  
p r o d u i r e  u n e  d i f f 6 r e n c i a t i o n  d a n s  le t i s s u  n e u r a l .  
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The methacrylate sections were prepared by Mr. S. R. SCARFE 
who has devised his own procedures for their preparation. Auto- 
radiographic efficiency, as calculated here, is the number  of grain 
counts/100 disintegrations from a section of infinite thickness with 
reference to tritium. 
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