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I n  a d d i t i o n  to  t h e  above  m e n t i o n e d  p rope r t i e s  those  
newly  syn thes ized  acid-soluble  p ro t e in s  were d i scovered  
to d i sp lay  e lu t ion  cha rac te r i s t i c s  f rom A m b e r l i t e  IRC-50  
res in  wh ich  r e sembled  h is tones ,  a n d  w h e n  label led  w i t h  
[sH]-argin ine  or [SHJ-lysine to  h a v e  h igh  c o n c e n t r a t i o n s  
of those  a m i n o  acids. These  f ind ings  are in  a g r e e m e n t  w i t h  
p rev ious  s tud ies  wh ich  employed  d i f fe ren t  e m b r y o s  a n d  
d e v e l o p m e n t a l  s tages  1~ 

B o t h  enuc l ea t ed  eggs a n d  o v a r i a n  oocytes  are also 
ac t ive ly  syn the s i z ing  h i s tones  (Table  II) .  P r ev ious  
s tud ies  on H e L a  cells la,14 e m p h a s i z e d  t h e  t e m p o r a l  
r e l a t ionsh ip  be tween  D N A  syn thes i s  and  h i s tone  synthes is .  
In  those  s tud ies  t he  syn thes i s  of h i s tone  was  l inked  to  
D N A  synthes is .  The  f ind ings  descr ibed  in th i s  r epo r t  
ind ica te ,  however ,  t h a t  t h e  a m p h i b i a n  oocyte,  d o r m a n t  
in t he  syn thes i s  of D N A  15,~, syn thes i zed  s u b s t a n t i a l  
a m o u n t s  of h is tones .  Indeed ,  h i s tone  synthes~s also pro-  
ceeds in t h e  absence  of f u n c t i o n a l  nucleus.  The  a p p a r e n t  
lack of a coo rd ina t i on  be tween  D N A  a n d  h i s tone  syn thes i s  
in  oocytes  m a y  ref lect  t he  s torage  in t he  oocyte  c y t o p l a s m  
of h i s tones  wh ich  will  be employed  d u r i n g  t he  ear ly  
c leavage  s tages  w h e n  D N A  syn thes i s  and  nuc lea r  d iv i s ion  
proceed  a t  excep t iona l ly  r ap id  ra tes .  A t  18 ~ t he  n u m b e r  
of ceils doubles  a p p r o x i m a t e l y  once eve ry  2 h ~7. 

Zusammen/assusg. Prote ine ,  die w~ihrend ve r sch iedene r  
E n t w i c k l u n g s s t a d i e n  der  A m p h i b i e n - E m b r y o g e n e s e  auf-  
t r e t en ,  w u r d e n  isoliert  u n d  n/ iher  cha rak te r i s i e r t ,  wobei  ein 
wesen t l i che r  Ante i l  der  m i t  aH-Leucin  m a r k i e r t e n  
P ro t e ine  aus  H i s t o n e n  bes teh t .  In  Eiern ,  de ren  Nukleus  
e n t f e r n t  wurde,  sowie in Ovar ien -Oocy ten ,  bei  denen  
ke ine  D N A - S y n t h e s e  s t a t f f i nde t ,  w u r d e n  j edoch  H i s t one  
syn the t i s i e r t .  
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Dif ferent ia t ion  of Cul tured  M u s c l e  in the  P r e s e n c e  of r  

There  is ev idence  t h a t  t he  ace ty lcho l ine  r ecep to r  is 
p r e sen t  in cu l tu red  ske le ta l  musc le  a t  a v e r y  ear ly  s tage 
of deve lopmen t ,  even  in some m o n o n u c l e a r  cells and  of ten  
before the  a p p e a r a n c e  of o rganized  con t rac t i l e  ele- 
ments1 ,  ~. I t  has  been  p o s t u l a t e d  t h a t  the  chol ino-  
r ecep to r  p lays  a role in  t h e  ear ly  e v e n t s  of myogenesis .  

Th i s  possible  func t i on  of t h e  ace ty lcho l ine  r ecep to r  ha s  
been  i n v es t i g a t ed  b y  cu l t u r i ng  m y o b l a s t s  in  D-tubo-  
cu ra r ine :  no  effect  on d e v e l o p m e n t  was seen d u r i n g  the  
f i rs t  48 h in v i t ro  1. A l t h o u g h  D- tubocura r ine  h a s  a h igh  
a f f in i ty  for the  chol inoreceptor ,  i ts  ac t ion  is revers ib le  
an d  t h e  r e c e p t o r - a n t a g o n i s t  complex  is, therefore ,  in  a 

Fig. 1. Morphology of myogenic cells in culture. Phase contrast micrographs, a) 3-day control culture, showing bipolar myoblasts and small 
myotubes, b) 3-day culture grown in ~-bungarotoxin (1 ~zg/ml). Calibration: 50 ~zm. 
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s t a t e  of  d y n a m i c  e q u i l i b r i u m .  T h e  s n a k e  v e n o m  c o m p o n e n t ,  
~ - b u n g a r o t o x i n  c o m b i n e s  i r r e v e r s i b l y  w i t h  t h e  ace t y l -  
cho l ine  r e c e p t o r  of ske l e t a l  musc l e .  I n  o r d e r  t o  t e s t  t h e  
h y p o t h e s i s  t h a t  i r r eve r s ib l e  o c c u p a t i o n  of r e c e p t o r  s i tes  
b y  a n t a g o n i s t  m i g h t  i n f l uence  t h e  m e m b r a n e  p r o p e r t i e s  
of d e v e l o p i n g  m u s c l e  in  cu l tu re ,  m y o g e n i c  cel ls  w e r e  
g r o w n  in  t h e  p r e s e n c e  of a - b u n g a r o t o x i n  a n d  v a r i o u s  
p a r a m e t e r s  w e r e  e x a m i n e d .  

,0. L . . . . .  / i 
I 5sec I 

a b 
Fig. 2. Response of 3-day myotubes to iontophoretieally applied 
acetylcholine, a) Series of depolarizations in a control fibre. Penetra- 
tion of the fibre by the recording electrode is indicated by the arrow. 
Upper trace: iontophoresis current (each pulse is 100 msee in dura- 
tion) ; lower trace : membrane potential of ceil. b) Absence of response 
in a fibre grown in ~-bungarotoxin (1 Izg/ml), despite 10-fold increase 
in iontopboretic current. 

A s ing le  celI s u s p e n s i o n  of  2 • 10 5 ce l l s / m l  was  o b t a i n e d  
b y  t r y p s i n  d i s s o c i a t i o n  of t h e  leg  m u s c u l a t u r e  of 10-11-  
d a y  c h i c k  e m b r y o s  a a n d  2 m l  a d d e d  to  35 m m  p l a s t i c  
p e t r i  d i she s  t h a t  h a d  p r e v i o u s l y  b e e n  c o a t e d  w i t h  col- 
lagen4,  5. C u l t u r e s  w e r e  i n c u b a t e d  a t  37~ in  E a g l e ' s  
M i n i m u m  E s s e n t i a l  M e d i u m  s u p p l e m e n t e d  w i t h  5 % c h i c k  
e m b r y o  e x t r a c t  a n d  15% h o r s e  s e r u m .  A f t e r  2 d a y s ,  
w h e n  m y o b l a s t  f u s i on  h a d  b e g u n ,  c u l t u r e s  w e r e  r o u t i n e l y  
t r e a t e d  for  48 h w i t h  m e d i u m  c o n t a i n i n g  t h e  D N A  
s y n t h e s i s  i n h i b i t o r  c y t o s i n e  a r a b i n o s i d e  (10 -~ M )  in  
o r d e r  to  e l i m i n a t e  r e p l i c a t i n g  cells  s u c h  as  f i b r o b l a s t s .  
T h e r e a f t e r  t h e  m e d i u m  was  c h a n g e d  e v e r y  3 d a y s .  

~ - b u n g a r o t o x i n  w a s  o b t a i n e d  f r o m  t h e  v e n o m  of 
Bungarus multicinctus as d e s c r i b e d  b y  DRYDEN, HARVEY 
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Fig. 3. 8-day muscle cultures stained ior cholinesterase activity. Stain shows as black, a) Control culture, b) Culture grown in 0~-bun- 
garotoxin (1 ptg/ml) Calibration: 50 ~m. 
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and  MARSHALL 6. Tes t  cu l tu res  were i n c u b a t e d  con t in -  
uous ly  in m e d i u m  c o n t a i n i n g  1 vg /ml  e - bunga r o t ox in ,  a 
c o n c e n t r a t i o n  k n o w n  to  cause  i r revers ib le  b lockade  of 
cho l inorecep tors  in cu l tu red  ske le ta l  muscle6,  L Para l l e l  
cu l tu res  w i t h o u t  t he  t o x i n  were used as controls .  Cul tures  
were e x a m i n e d  a t  va r ious  s tages  up  to 12 days  in v i t ro .  
~ o r p h o l o g y  was obse rved  b y  phase  c o n t r a s t  mic roscopy ;  
r e s t ing  m e m b r a n e  p o t e n t i a l s  a n d  ace ty lcho l ine  s ens i t i v i t y  
were m e a s u r e d  by  s t a n d a r d  e lec t rophys io logica l  t ech-  
n iques ;  a n d  cho l ines te rase  a c t i v i t y  was m o n i t o r e d  b y  a 
mod i f i ca t ion  of t he  h is to logica l  s t a in ing  m e t h o d  of KOELLE 
a n d  FRIEDENWALD s us ing  ace ty l th iocho l ine  as subs t r a t e .  

D u r i n g  t he  f i rs t  2 days  d e v e l o p m e n t  proceeded  normal ly ,  
m y o b l a s t s  mu l t i p l i ed  a n d  fus ion began  on  t h e  second day.  
A t  3 days  t he re  was no  obv ious  di f ference be tween  
con t ro l  and  e - b u n g a r o t o x i n  t r e a t e d  cu l tu res  (Figure  1, 
a a n d  b). Fus ion  of m y o b l a s t s  a n d  f o r m a t i o n  of m y o t u b e s  
was u n i m p a i r e d  b y  t he  presence  of t he  tox in .  S u b s e q u e n t  
o b s e r v a t i o n  showed  t h a t  t he  c o n t i n u e d  morpho log ica l  
d e v e l o p m e n t  of muscle  f ibres  in  cu l tu re  was no t  af fected 
b y  t h e  tox in .  

R e s t i n g  m e m b r a n e  p o t e n t i a l  record ings  m a d e  on 
m y o t u b e s  a t  va r ious  s tages  of d e v e l o p m e n t  showed  t h e  
expec ted  r ise in  m e a n  r e s t i ng  p o t e n t i a l  in  b o t h  con t ro l  
and  t o x i n  grown cells. There  was no s ign i f ican t  di f ference 
be tween  t he  pa i r s  of m e a s u r e m e n t s  (Table).  

The  con t ro l  muscle  f ibres  r e sponded  a t  all s tages  of 
d e v e l o p m e n t  to  i on topho re t i c a l l y  appl ied  ace ty lchol ine ,  
whereas  f ibres  g rown in t he  presence  of e - b u n g a r o t o x i n  
were n o t  depola r ized  b y  ace ty l cho l ine  even  w h e n  t he  
ion tophores i s  c u r r e n t  was  increased b y  a fac to r  of 10 
(Figure  2). 5 ra in  exposure  to  10 -3 M ace ty lcho l ine  d id  no t  
p roduce  a n y  depo la r i za t i on  in a 10-day-cu l ture  g rown in  
1 ~g /ml  e - b u n g a r o t o x i n .  The  absence  of response  in t he  
~ - b u n g a r o t o x i n  t r e a t e d  f ibres  ind ica tes  t h a t  t h e  t o x i n  
r e t a in s  i ts  b lock ing  a c t i v i t y  t h r o u g h o u t  t he  i n c u b a t i o n  
period.  I t  has  been  shown  b y  o the r s  t h a t  in  c u l t u r e d  
musc le  r ecep to r  syn thes i s  occurs  in  t he  presence  of e- 
b u n g a r o t o x i n  and  t h a t  such  newly  syn thes i zed  recep tors  
are b locked  as t h e y  occur  9. 

The  i n t e n s i t y  and  d i s t r i b u t i o n  of t h e  cho l ines te rase  
s t a in  in  t o x i n  t r e a t e d  f ibres  was  s imi la r  to  con t ro l s  a t  all  
s tages  (Figure  3), a l t h o u g h  a t  8 days  some of t he  f ibres  
grown in  e - b u n g a r o t o x i n  h a d  more  d i s t i n c t l y  local ized 

Rest ing  membrane  potent ia l s  in  control  and  cr t rea ted  
cultures 

Age of cultures Resting potentials in Resting potentials in 
(days) control cultures (-mV) 0,-bungarotoxin (-mV) 

3 15.3 4- 2.1 (6) 15.1 ~ 1.1 (15) �9 
6 28.3 • 1.3 (19) 30.3 4- 2.1 (14) ~ 

10 31.9 4- 1.3 (25) 28.1 4- 0.9 (59) ~ 
12 25.7 4- 2.9 (15) 22.2 • 1.s (20) 

VaIues are mean 4- S.E.M. of the number of fibres shown in paren- 
theses. �9 Difference between control and toxin values not significant 
at P > 0.025, Student's t-test. 

regions of h igh  e n z y m e  a c t i v i t y  t h a n  d id  t he  con t ro l  
f ibres,  A t  10 days  loca l iza t ion  of e n z y m e  was t h e  same  in 
b o t h  con t ro l  a n d  ~ - b u n g a r o t o x i n  t r e a t e d  cu l tu res  a l t h o u g h  
the  i n t e n s i t y  of s t a in ing  in b o t h  sets  of cu l tu res  d imin ished .  
Local ized areas  of cho l ines te rase  a c t i v i t y  found  in aneu ra l  
muscle  cu l tu res  m a y  r ep re sen t  regions  wh ich  would fo rm 
m o t o r  endp la t e s  if i n n e r v a t i o n  were to  t a k e  place ~0. 

I t  appears ,  therefore ,  t h a t  a l t h o u g h  t he  r a t e  of r ecep to r  
i n c o r p o r a t i o n  in to  cu l t u r ed  ske le ta l  musc le  is una f fec t ed  
b y  ~ - b u n g a r o t o x i n  9, the  i r revers ib le  b lockade  of these  
recep tors  has  l i t t l e  effect  on t he  d e v e l o p m e n t  of t he  f ibre  
itself, i t s  r e s t ing  m e m b r a n e  po ten t i a l ,  or i ts  c o n t e n t  of 
chol ines terase .  

In  c o n t r a s t  to  our  f ind ings  in cul ture ,  b lockade  of 
cho l inorecep to r s  in  deve lop ing  ch ick  e m b r y o s  resu l ted  in  
p r o n o u n c e d  d y s t r o p h i c  effects  t~-13. I t  is poss ib le  t h a t  in 
t he  whole  e m b r y o  t h e  ace ty lcho l ine  r ecep to r  p lays  a role 
in  t he  f o r m a t i o n  of n e u r o m u s c u l a r  j u n c t i o n s  ~~ and  t h a t  
t he  b lockade  of t h e  r ecep to r  i n t e r r u p t s  t he  func t iona l  
r e l a t ionsh ip  be tween  ne rve  a n d  muscle  wh ich  seems 
essent ia l  for n o r m a l  d e v e l o p m e n t  of e m b r y o n i c  muscle  in  
si tu.  However ,  in  a nerve- f ree  cu l tu re  sys tem,  we h a v e  
shown  t h a t ,  desp i te  i r revers ib le  b lockade  of ace ty lcho l ine  
receptors ,  ea r ly  muscle  d e v e l o p m e n t  con t inues  normal ly .  
Our  resu l t s  i nd i ca t e  t h a t  myogenes i s  in cu l tu re  is no t  
d e p e n d e n t  on  t he  presence  of f u n c t i o n a l  ace ty lcho l ine  
receptors .  

Rdsumd. Nous  a v o n s  6tudi6 le r61e du r6cep teur  
cho l ine rg ique  dans  la  d i f f f r e n t i a t i o n  du  muscle  de 
sque le t t e  en cul ture .  E n  pr6sence  con t inue l l e  de la  
e -bunga ro tox ine ,  les cellules n ' o n t  pas  r6agi  g l ' ac6 ty l -  
choline,  mais  la myog6n~se e t  l ' ac6 ty lcho l ines t6 rase  on t  
6t6 normales .  Nous  conc luons  que la myog6n~se en  cu l tu re  
ne d @ e n d  pas  de la pr6sence des r6cep tenrs  chol inerg iques  
fonct ionnels .  
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Inhib i t ion  of M e t a m o r p h o s i s  by J u v e n o i d s  in Nauphoeta cinerea (Ol ivier)  

I t  h a s  been  r e p e a t e d l y  p r o v e d  t h a t  j uveno ids  or  j uven i l e  
h o r m o n e  ana logues  i n h i b i t  imag ina l  d i f f e r en t i a t i on  w h e n  
appl ied  before  a cr i t ica l  per iod  in insec t  m e t am or phos i s .  
The  p r e sen t  ar t ic le  examines  t he  per iod  of s ens i t i v i t y  to  
j u v e n o i d s  in t he  cockroach  Nauphoeta cinema (Olivier) 

(Bla t todea ,  B laber idae)  a n d  compare s  ac t iv i t i e s  of 18 
selected j u v e n o i d s  on  th i s  species. 

The  s tock  of N. cinema was m a i n t a i n e d  a t  25~ and  
4 5 - 5 0 %  r.h.  on  La r sen ' s  d ie t  a n d  fresh carrots .  Groups  
of 10 las t  i n s t a r  n y m p h s  of a n  age k n o w n  w i t h i n  2 days  


