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In  t he  present  exper iments ,  the  cells were grown for three  
days  in the  same cul ture  medium.  Accordingly,  the  results 
can  hard ly  be compared  wi th  our  earl ier  observat ions  5, 
and a compar i son  will  be made  only  be tween  the  two  
present  series, A and B. 

By  reason of the  small  n u m b e r  of mesodermal  differ- 
ent ia t ions  in both  series, the  difference is no t  v e r y  striking, 
bu t  the  grea te r  n u m b e r  of all sp inocaudal  s t ructures  in 
series A can be noted.  The  most  s t r ik ing difference is in 
the  n u m b e r  (and size) of the  deuterencephal ic  s tructures.  
Accord ing  to our  two-grad ien t  hypothes is3 ,  the  deuter-  
encephal ic  s t ruc tures  are developed as a resul t  of an init ial  
s t imulus  of two induc t ive  principles,  the  neural iz ing and 
the  mes0dermal iz ing  principle.  Fur the rmore ,  we know 
t h a t  the  mesodermal iz ing  factor(s) is i nac t iva ted  by  hea t  
t r e a t men t ,  and is thus  no t  ac t ive  in the  hea ted  H e L a -  
cellsS,% The  h indbra in  s t ructures  seen in some cases of 
series B mus t  consequen t ly  be a resul t  of a neura l  in- 
duc t ion  toge the r  wi th  the  mesodermal iz ing  effect of the  
small '  a m o u n t  of non-hea ted  HeLa-cel ls  in the  implant .  
W h e n  the  re la t ive  a m o u n t  of the  mesodermal iz ing  factor(s) 
is increased by  changing  the  ra t io  of hea ted  and non- 
hea ted  cells in t he  inductor ,  there  appears  a def ini te  in- 
crease in the  n u m b e r  (and size) of the  deuterencephal ic  
s t ruc tures  (series A). We  are therefore  inclined to conclude 
t h a t  the  regional  t ype  of induc t ion  is here not  dependen t  
on ly  on the  presence or absence of cer ta in  induc t ive  
principles,  bu t  t h a t  i t  is also a ref lect ion of the  re la t ive  
a m o u n t s  of these ac t ive  factors.  

Our  modi f ica t ion  of the  two-grad ien t  hypothes is  has 
recent ly  been cri t icized and considered as an 'over-  
s impl i f ica t ion '  9. W e  agree in t h a t  i t  is a simplified model,  
b u t  we should like to  stress t h a t  i t  is only  a working hypo-  
thesis,  and  no t  in tended  to  form an exp lana t ion  of t he  
mos t  compl ica te  d process of p r imary  induct ion.  So far, i t  
seems to expla in  the  ear l ie r  f indings on relat ions be tween  
the  inducing principles and the  induced s t ructures .  

The  quan t i t a t i ve  exper iments  will be con t inued  em- 
p loying dif ferent  ra t ios  of hea ted  and non-hea ted  cells, 
and in the  p resen ta t ion  of these results  the  problem will be 
discussed in m o r e  detai l .  

Zusammen[assung. Die E inwi rkung  q u a n t i t a t i v e r  Un-  
t e r s c h i e d e  induzierender  Agenzien wurde  untersucht .  
HeLa-Zel len ,  mi t  und ohne  W/ i rmebehandlung ,  wurden  in 
zwei verschiedenen Propor t ionen  (4:1 bzw. 1 : 4) gemischt  
und als I n d u k t o r  in Ep ide rmi sexp l an t a t en  des Molch- 
keimes benutz t .  Das Resu l t a t  (Fig.) zeigt, dass der  In-  
duktor ,  der  mehr  Zellen ohne W/ i rmebehand lung  enth/i l t ,  
mehr  mesodermale ,  aber  auch  mehr  deuterencephale  Ge- 
bilde induzier t .  Das  Resu l t a t  wird mi t  der  Zwei-Gradien-  
t e n - H y p o t h e s e  der  induzierenden Agenzien erklgrt .  
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An Experimentally Produced Change 
in the Sequence of Neuralizing 

and Mesodermalizing Inductive Actions 

Accord ing  to NIEUWKOOt' et  al. x, the  reg ional i ty  of the  
cent ra l  nervous  sys tem is caused by  t w o  successive 
st imuli .  The  first  of these leads to t h e  non-specific 'act i -  
va t ion '  of the  c o m p e t e n t  ec toderm,  which reacts,  differ- 
en t ia t ing  to the  a rchencephalon  and its der iva t ives  only. 
The  second s t imulus  then  causes the  ' t r ans fo rma t ion '  of 
the  ' a c t i va t ed '  ec toderm,  resul t ing in a modif ica t ion  of the 

archencephal ic  d i f ferent ia t ion  tendencies  in s t ruc tures  
typ ica l  of more  caudal  regions of the  nervous  system. 
N1EUWKOOP sta tes  t h a t  the  ' t r ans fo rmat ion ' ,  i.e. the  
d i f fe ren t ia t ion  of more  caudal  format ions  of the  cent ra l  
nervous  sys tem,  occurs only if the  ec tode rm is p rev ious ly  
' a c t i v a t e d ' .  

I n  our  opinion 2,3, two dif ferent  principles are ac t ive  in 
the  p r ima ry  induct ion,  neural iz ing (N), and mesoderma-  
lizing (M). The  N principle,  if i t  acts alone, causes the  
d i f ferent ia t ion  of the  a rchencepha lon  and its der iva t ives .  
The  M principle  cor respondingly  brings abou t  the  meso- 
de rmal  different ia t ions,  if ac t ing  alone. But ,  in the  
normogenesis ,  these two principles form two pa r t ly  over-  
lapping gradients .  This  sys tem would direct  the regional i ty  
of all  the  s t ruc tures  induced.  

I h a v e  shown earl ier  ~, in exper iments  wi th  he t e ro -  
genous inductors ,  t h a t  under  expe r imen ta l  condi t ions  the  
mesodermal  d i f ferent ia t ions  can be caused wi th  no pre- 
v ious  neural iz ing ac t ion  ( ' ac t iva t ion '  of NIEUWKOOP). I n  
order  to tes t  the  independen t  character is t ics  of these two 
principles assumed by  us, I a r ranged  exper iments  in Which 
an a t t e m p t  was made  to change  the  normal  sequence of the  
actions of these two principles.  

Material and methods. The ' s andwich '  m e t h o d  was used. 
The  host  epidermis  was f rom young  gast rulae  of the  
c o m m o n  newt  (Tr i turus  vulgaris ). The  induc to r  mater ia ls  
were mar row from the  th igh-bone  of the  guinea-pig,  and 
H e L A  ce l l s '  cu l tured  in vitro. The bone mar row tissues 
was fixed in 70% alcohol for 24-72 h, and washed in sterile 
saline for 1-2 h before use in exper iments .  The  H e L a  cells 
were cu l tured  in R o u x  flasks in a g rowth  m e d i u m  con- 
s is t ing of 30% pooled fresh h u m a n  serum, and  70% H a n k s '  
solut ion".  The  cells adher ing  to the  walls of the  R o u x  
flasks were mechanica l ly  de tached wi thou t  t ryps in iza t ion ,  
centr i fuged,  washed  three  t imes  in buffered  saline, and 
hea ted  in glass tubes  for 30 min  a t  70°C in a wa t e r  bath .  
Subsequent ly ,  the  cells were f ixed in alcohol  and washed  
in sterile saline in t he  same way  as the  bone mar row 
ment ioned  above.  The  Hol t f r e t e r  saline for cu l tur ing  the  
exp lan t s  was buffered wi th  phosphates  8. The  explan ts  
were cul tured  for 10 days.  In  expe r imen ta l  series B and C 
(Fig.) the  explan ts  were opened,  and t h e  induc tor  was 
r emoved  af ter  cu l t iva t ion  for 3 h. In  series C, the  bone 
mar row tissue was replaced wi th  H e L a  cells. The  explants  
were  fixed in Bouin ' s  fluid, first  s ta ined in bulk with  
borax-carmine ,  and the  serial sections counter -s ta ined 
wi th  picro-blue-black.  

Results. A detai led analysis  of the  s t ructures  induced 
and the  a r r angemen t s  for t he  exper iments  is g iven in the  
Figure.  

Series A and D are controls  which show the  induc t ive  
act ions of bo th  of the  inductors  used. The bone mar row 
induced a lmos t  mesodermal  s t ructures .  The spinal  cord 
was the  only  neural  format ion  induced. I t  was a lways  
shor t  and thin,  and on the  t ip  of the  induced ta i l  only. The  
hea ted  H e L a  cells were s t r ic t ly  pure  inductors  of arch-  
encephal ic  s tructures.  

I f  the  bone mar row was r emoved  af te r  3 h (B), the  ex-  
p lan t  d i f ferent ia ted  to all the  types  of d i f ferent ia t ions  a s  
in series A, bu t  less f requent ly .  The  lower f requency  of the  
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The a r r angemen t  of the expe r imen t  and  the analys is  of the stri~ctures 
induced in the different  series. 

F o r  t h e  p resen t ,  i t  seems  t h a t  ou r  t w o - g r a d i e n t - h y p o -  
thes i s  2, w h i c h  is s imi la r  to  t h a t  p r e s e n t e d  b y  LEHMANN" 
a n d  YAMADA l0  l~rovide s a s a t i s f a c t o r y  e x p l a n a t i o n  of t h e  
r eg iona l i t y  caused  b y  t he  ac t ion  s y s t e m  in t h e  p r i m a r y  
i n d u c t i o n  process.  

Zusammen/assung. Die n o r m a l e  Re ihenfo lge  de r  neu ra -  
l i s ie renden  u n d  m e s o d e n n a l i s i e r e n d e n  A k t i o n e n  w u r d e  
expe r imen te l l  u m g e k e h r t .  I m  E x p l a n t a t v e r s u c h  d i en t e  
die p r e s u m p t i v e  E p i d e r m i s  des Molchke imes  als R e a k t i o n s -  
ma te r i a l .  Als neu ra l i s i e r ende r  I n d u k t o r  w u r d e n  H e L a -  
Zel len n a c h  Wi i rme-  u n d  A l k o h o l b e h a n d l u n g ,  u n d  als  
m e s o d e r m a l i s i e r e n d e r  das  K n o c h e n m a r k g e w e b e  des  Meer-  
s chwe inchens  n a c h  A l k o h o l b e h a n d l u n g  b e n u t z t .  D ie  An-  
o r d n u n g  de r  Ver suche  sowie die Ana ly se  de r  i n d u z i e r t e n  
Gebi lde  s ind  in de r  F igu r  da rges te t t t .  Das  R e s u l t a t  wi rd  
m i t  de r  Z w e i - G r a d i e n t e n - H y p o t h e s e  de r  i n d u z i e r e n d e n  
Agenzien  erkl~r t .  
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d i f f e r e n t i a t i o n s  c o m p a r e d  w i t h  the  con t ro l  series (A) 
m i g h t  in  p a r t  h a v e  d e p e n d e d  on t h e  fac t  t h a t  t h e  i n d u c t o r  
t i ssue  was  s o m e w h a t  i n f i l t r a t e d  w i t h  l iv ing  cells of t h e  
hos t ,  and ,  w h e n  t h e  i n d u c t o r  was  r emoved ,  some of t he  
d e t e r m i n e d  cells were r e m o v e d  w i t h  it.  

Series B is also a con t r o l  for the  3 h ac t ion  of t he  bone  
m a r r o w  in series c, where  i t  was  rep laced  w i t h  t he  h e a t e d  
H e L a  cells. I n  th i s  series, d e u t e r e n c e p h a l i c  d i f f e r en t i a t i ons  
were also noted ,  a l t h o u g h  t h e y  were l ack ing  c o m p l e t e l y  in 
t he  o t h e r  series. One h a s  to  conc lude  t h a t  t h e y  were in- 
duced  b y  a s i m u l t a n e o u s  ac t ion  of b o t h  of t he  induc to r s ,  
w h i c h  were s e p a r a t e l y  u n a b l e  to  i nduce  t h e m ,  a fac t  wh ich  
we h a v e  n o t e d  ear l ier  2. A n o t h e r  fac t  one  m i g h t  cons ider  in  
t h i s  c o n n e c t i o n  is t h a t  t he  d i f f e r en t i a t i ons  of t h e  mesa-  
d e r m a l  s t r u c t u r e  in  series C were more  f r e q u e n t  t h a n  in  
t h e  c o r r e s p o n d i n g  con t ro l  (B). T he  f ac t  t h a t  t he  mesa-  
d e r m a l  d i f f e r e n t i a t i o n  is s t i m u l a t e d  b y  the  p resence  of 
n e u r a l  s t ruc tu re s ,  h a s  been  obse rved  ear l ier  7,s. 

Discussion. The  a b o v e  resu l t s  co r r obo r a t e  our  ear l ie r  
op in ion  t h a t  t h e  m e s o d e r m a l i z i n g  a n d  t he  neu ra l i z ing  in- 
d u c t i v e  ac t ions  are  caused  b y  d i f f e ren t  pr inciples ,  because  
t h e i r  n o r m a l  sequence  can  be  e x p e r i m e n t a l l y  reversed,  
t h a t  is, to  use t h e  t e r m i n o l o g y  of • IEUWKOOP,  t h e r e  m a y  
occur  a mesode rma l i z i ng  ' a c t i v a t i o n '  a n d  neura l i z ing  
' t r a n s f o r m a t i o n ' .  

As  a m a t t e r  of fact ,  i t  h a s  to  be  a d m i t t e d  t h a t  t h e  
d i f ference  b e t w e e n  t h e  v iews  of NIEUWKOOP e t  al. 1 o n  t h e  
one  h a n d ,  a n d  of myse l f  a n d  m y  co-worker  2 on  the  o the r ,  
is l a rge ly  a t e rmino log ica l  one, as I h a v e  p o i n t e d  o u t  
ear l ier  a. NIEUWKOOP'S non-speci f ic  ' a c t i v a t i o n '  process  
co r r e sponds  to  t he  ac t ion  of ou r  N pr inciple ,  a n d  his  
' t r a n s f o r m a t i o n '  process  appea r s  to  co r re spond  to  t he  
ac t ion  of ou r  M pr inciple .  Bu t ,  as these  two  ac t ions  can  be  
s e p a r a t e d  one  f rom t h e  o the r ,  as t he  specific ac t ions  of t h e  
i n d u c t o r s  used  in t h e  e x p e r i m e n t s  above  ind ica te ,  a n d  as 
t h e  sequence  of t he se  t w o  ac t ions  c a n  be  reversed ,  in  m y  
o p i n i o n  t h e  t e r m i n o l o g y  of ~NIEUWKOOP is no  longer  qu i t e  
a d e q u a t e .  

F i r s t  R e s u l t s  o f  T i s s u e  C u l t u r e  i n  Drosophila 

I t  is well  k n o w n  t h a t  i t  is possible,  a f t e r  4 -5  d a y  
cu l tu re ,  t o  ach ieve  in vitro d i f f e r en t i a t i on  of i m a g i n a l  
discs of t h e  eyes  a n d  wings  of Drosophila melanogaster 
(DEMAL 1, GOTTSCHEWSKI 2, GRACE 3, H O R I K A W A  4-7, HO- 
RIKAWA a n d  SUGAHARA 8, KURODA 9-11, KURODA a n d  Y A -  
GAMUCH112, KURODA a n d  TAMURAla) .  }-IoRIKAWA a n d  SU- 
GAHARA 8 k e p t  in a cu l tu re  for 72 h also s a l i v a r y  glands ,  
test icles,  fa t  bodies  a n d  cepha l ic  complexes ,  whi le  HORI- 
KAWA a n d  KURODA 14 succeeded  in o b t a i n i n g  a n  ac t ive  
m u l t i p l i c a t i o n  of t he  h a e m o l y m p h  cells for  two  weeks.  

U n d i f f e r e n t i a t e d  t i ssue  of t h e  l a r v a l  c e n t r a l  n e r v o u s  
s y s t e m  a n d  cells o b t a i n e d  f rom t h e  l y m p h  g l a n d  seemed  
to  us  to  be  t he  m o s t  su i t ab l e  m a t e r i a l  for  f u r t h e r  a t t e m p t s  
whi le  e x p e r i m e n t i n g  w i t h  va r i ous  t y p e s  of cu l t u r e  me-  
d ium.  T h e  bas ic  e l e m e n t s  t h a t  we used  in  t h e  c o m p o s i t i o n  
of t he  cu l tu re  m e d i a  were :  p l a s m a  of hepa r in i zed  cock ' s  
b lood  (P);  e x t r a c t  of ch ick  e m b r y o  a f t e r  8 -9  d a y s '  in-  
c u b a t i o n  (EE)  ; s y n t h e t i c  m e d i u m  for insec ts  acco rd ing  to  
Grace  (PAUL 15) w i t h o u t  cho les te ro l  (SM); e x t r a c t  of D. 
melanogaster l a rvae  of t he  wild Varese  or A s p r a  52 s t r a in s  
(ELV,  ELA) .  An t ib io t i c s  were  a d d e d  to  t h e  cu l tu res .  
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