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Ultracentrifu~,ation of Rat Intest inal  Mucosa  1 

Dur ing  the  course of s tudies  on the  mechan i sm of iron 
abso rp t i on  in ra t  in tes t ina l  mucosa,  the  f rac t iona t ion  of 
mucosa l  t issue was a t t e m p t e d  uti l izing the  scheme of 
SCHNEIDER and  HOGEBOOM for ra t  l iver homogena te s  2 It 
was found,  however ,  t h a t  modif ica t ions  of the i r  procedure  
had  to  be m a d e  before a sa t i s fac to ry  separa t ion  of the  
mucosa  could be accompl ished ,  

The  mucosa  was scraped  from the  whole of the  in tes t ine  
and  homogen ized  in 0 .25M sucrose wi th  a g round  glass 
h a n d  homogenizer .  These opera t ions  were pe r fo rmed  in a 
cold room a t  4°C. F r a c t i o n a t i o n  was accompl i shed  wi th  a 
Spinco Model  L P r e p a r a t i v e  Ul t racen t r i fuge  using the  fol- 
lowing concen t r a t ions  of sucrose in sepa ra te  e x p e r i m e n t s  : 
0 .25M,  0 .44M,  and  0 .88M;  0 .88M sucrose plus 0.0018~I 
calc ium chlor ide;  and  0 .88M sucrose plus  3 U /ml  of 
hepar in .  

Samples  t aken  f rom the  par t i cu la te  f rac t ions  isolated 
f rom the  media  descr ibed  above  were e x a m i n e d  by  light,  
phase  and  e lec t ron microscopy.  All f rac t ions  revealed 
gross con tamina t ion .  The nuclei were m a r k e d l y  aggluti-  
n a t e d  and  c o n t a m i n a t e d  wi th  t r a p p e d  cy top lasmic  par-  
t icles (mi tochondr ia  and  microsomes) .  SCHNEIDER and 
HO6EBOOM found t h a t  as much  as 10% of the  mi tochon-  
dr ia  were lost  in th is  m a n n e r  f rom ra t  l iver a. Wi th  the  use 
of 0 .0018M calc ium chlor ide in 0 .34M sucrose, HOGE- 
BOOM et al.4 were able to p r e v e n t  nuclear  agglu t ina t ion .  
In  our  e x p e r i m e n t s  the  add i t ion  of calcium chlor ide ef- 
fec ted a c lean sepa ra t ion  of nuclei, bu t  caused  increased 
agg lu t ina t ion  of cy top lasmic  par t ic les  as r epor ted  by  
SCHNEIDER li. Af te r  isolat ion of the  nuc lear  f ract ion,  
0 .0018M e t h y l e n e d i a m i n e  t e t raace t i c  acid (EDTA) was 
a d d e d  to  the  s u p e r n a t a n t  in order  to r emove  the calc ium 
ions. This  p rocedure  failed to decrease  the  agg lu t ina t ion  
of t he  m i t o c h o n d r i a  and  microsomes.  Fea r ing  the  loss of 
iron t h r o u g h  chela t ion  wi th  increased concen tza t ions  of 
E D T A ,  the  use of calcium chloride and  E D T A  was dis- 
con t inued .  

Because of i ts  p ropens i t y  for ma in t a in ing  the  d ispers ion  
of colloidal part icles ,  hepar in  was t e s t ed  in the  f rac t iona-  
t ion  scheme.  W i t h  as l i t t le as 3 U of hepa r in /ml  of 0 .88M 
sucrose, the  isolat ion of homogeneous  f ract ions  was ac- 
compl ished .  The nuclei  were well d ispersed wi th  a lmos t  

Fig. 2. Electron photomicrograpb of the mitochondrial fraction iso- 
lated in 0.88 M ~uerose with heparin added (3 units/ml). × 17,000. 

Fig. 3. Electron photomicrograph of the mierosomal fraction isolated 
in 0.88 M sucrose with heparin added (3 units/nil). × 12,000. 

Fig. 1. Electron photomicrograph of the mitochondrial fraction iso- 
lated in 0.88 M sucro.~e, × 10,500. 
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comple t e  absence  of c o n t a m i n a t i n g  m i t o c h o n d r i a  a n d  
microsomes .  As seen w i th  e lec t ron  p h o t o m i c r o g r a p h s  
(RCA Model  EMV-3G e lec t ron  microscope  us ing  a 1% 
buf fe red  o s m i u m  t e t r o x i d e  f ixa t ive) ,  t he  m i t o c h o n d r i a l  
a n d  mic rosomal  f rac t ions  were found  to  be h o m o g e n e o u s  
e n o u g h  so t h a t  e x p e r i m e n t s  could  be pe r fo rmed .  

I t  is felt, therefore ,  t h a t  h e p a r i n  can  serve  as a useful  
tool  d u r i n g  u l t r a c e n t r i f u g a t i o n  e x p e r i m e n t s  for t he  sepa-  
r a t i on  and  isola t ion  of subce l lu la r  par t ic les .  

Rdsumd. Nous  a v o n s  p r6sen t6  une  m 6 t h o d e  de frac- 
t i o n n e m e n t  et  d ' i s o l e m e n t  des pa r t i cu le s  subcel lu la i res  de 
la m u q u e u s e  i n t e s t i na l e  du ra t .  L ' h 4 p a r i n e  p e r m i t  l ' isole- 
m e n t  de f r ac t ions  r e l a t i v e m e n t  homog6nes .  
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S T U D I A  N O V A  

Spontaneous  Contractions and Bioelectric 
Activity after Differentiation in Culture of 

Presumptive  Neuromuscular  Tissues  of the 
Early Frog Embryo 

Tissue  cu l tu re  ha s  r ecen t l y  b e e n  used to  s t u d y  t h e  
capac i t i es  of i so la ted  regions  of t he  a m p h i b i a n  neu ra l  
p l a t e  for  phys io logica l  d e v e l o p m e n t  L Th i s  e x p e r i m e n t a l  
m e t h o d  has  also been  successful ly  app l i ed  to s tud ies  of 
the  b ioelec t r ic  a c t i v i t y  of f r a g m e n t s  of sp ina l  cord  2"a a n d  
ce rebra l  co r t ex  4,5 i so la ted  f rom la t e r  s tages  of m a m -  
m a l i a n  (and  av ian)  e m b r y o s  a n d  neona tes .  T he  p r e s en t  
r e p o r t  descr ibes  e lec t rophys io log ic  e x p e r i m e n t s  on cul- 
tu res  of f log n e u r u l a  t issue,  e x p l a n t e d  t o g e t h e r  w i t h  pre-  
s u m p t i v e  ax ia l  muscle,  a f t e r  d e v e l o p m e n t  in  v i t ro  of 
s p o n t a n e o u s  tw i t ch ing .  The  d a t a  i nd i ca t e  t h a t  t he  cha rac -  
ter is t ic ,  s p o n t a n e o u s  b u r s t s  of muscle  c o n t r a c t i o n s  in  
these  e x p l a n t s  m a y  be t r igge red  b y  endogenous ,  r h y t h m i c  
neu ra l  ac t iv i ty .  

The  t i ssues  were o b t a i n e d  f rom n e u r u l a e  of Rana pipiens 
(stages 13-17,  S h u m w a y ) .  T he  des i red  reg ion  of t he  neu ra l  
p la te ,  usua l ly  t he  p rospec t ive  u p p e r  sp ina l  cord  b u t  oc- 
cas ional ly  also t he  p ro sp ec t i ve  h i n d b r a i n ,  was  excised 
t o g e t h e r  w i t h  t h e  u n d e r l y i n g  c h o r d a - m e s o d e r m .  The  ex- 
p l a n t s  ( abou t  0.5 m m  a) were cu l t u r ed  on  a glass, or  colla- 
gen, surface  in a sma l l  pe t r i  d i sh  c o n t a i n i n g  severa l  ml  of 
a b a l a n c e d  sa l t  so lu t ion  ( B a r t h ' s  ' X ' )  w i t h  a d d e d  g lobu-  
lin% The  cu l tu res  were e x a m i n e d  regu la r ly  for m u s c u l a r  
a c t i v i t y ,  w h i c h  was t h e n  carefu l ly  obse rved  a n d  de-  
scr ibed.  F o r  b ioelec t r ic  recordings ,  t he  cu l t u r e  coverg lass  
was  i n v e r t e d  so as  to  fo rm t he  roof of a sma l l  m o i s t  
c h a m b e r .  T h e  c h a m b e r  was  m o u n t e d  on  a mic roscope  
s tage  a n d  m i c r o m a n i p u l a t o r s  were used to pos i t ion  
microe lec t rodes  a t  va r ious  s i tes  in  t he  t issue3,L A g iven  
cu l tu re  was s t ud i ed  e lec t r ica l ly  on ly  once,  a n d  b o t h  the  
s p o n t a n e o u s  a c t i v i t y  a n d  t h a t  evoked  b y  e lect r ic  shocks  
were r eco rded  over  a pe r iod  of severa l  h o u r s  (wi th  dif- 
f e r e n t i a l - i n p u t  p reampl i f i e r s  a n d  a n  oscil loscope).  

U n d i s t u r b e d  cu l tu res  s u r v i v e d  a n d  showed  m u s c u l a r  
t w i t c h i n g  for u p  to  two  weeks  w i t h o u t  a d d e d  n u t r i e n t s  or 
c h a n g e  of m e d i u m .  I t  shou ld  be  e m p h a s i z e d  t h a t  t he  
exogenous  n u t r i t i o n a l  r e q u i r e m e n t s  of ea r ly  e m b r y o n i c  
a m p h i b i a n  t i ssues  are m u c h  s impler  t h a n  those  of m a m -  
m a l i a n  e x p l a n t s  since t h e  i n d i v i d u a l  cells still  c o n t a i n  
a b u n d a n t  e n d o g e n o u s  yo lk  reserves .  T he  e x p l a n t e d  frag-  
m e n t s  r e m a i n e d  as a t h i c k  mass  of cells, b u t  ex tens ive  
o u t g r o w t h  of muscle  a n d  c o n n e c t i v e  t i ssue  cells, a n d  of 
ne rve  fibers, o f ten  occurred.  N u m e r o u s  i so la ted  ceils also 
grew nea r  t he  m a i n  mass  a n d  were o f t en  a t t a c h e d  to  
ne rve  fibers,  wh ich  genera l ly  b r a n c h e d  ex t ens i ve l y  f rom 

t h a t  po in t .  I n  five i n s t ances  a n  o u t l y i n g  single cell or 
smal l  c luster ,  v i s ib ly  c o n n e c t e d  w i t h  n e r v e  fibers,  was  
seen to twi t ch .  I n  two  of these ,  t h e  t w i t c h e s  were syn-  
c h r o n o u s  w i t h  b u r s t s  of musc le  c o n t r a c t i o n s  in  t h e  m a i n  
mass ,  whi le  on ly  i n t e r m i t t e n t  single tw i t ches  were  seen in 
t h e  o t h e r  th ree .  

S p o n t a n e o u s  t w i t c h i n g  of t he  e x p l a n t  deve loped  in  
more  t h a n  ha l f  of t h e  cu l tu re s  p r e p a r e d  w i t h  neu ra l  p l a t e  
a n d  t he  u n d e r l y i n g  layer .  This  was n e v e r  seen in n u m e r o u s  
cu l tu res  of c h o r d a - m e s o d e r m  a lone  desp i te  the  deve lop-  
meri t  of n u m e r o u s  muscle  f ibers,  w h i c h  could  be m a d e  to 
t w i t c h  b y  electr ic  shocks.  S p o n t a n e o u s  a c t i v i t y  was 
t yp i ca l l y  in  t he  fo rm of s y n c h r o n o u s  c o n t r a c t i o n s  of 
some or all of t he  musc le  of t he  exp l an t ,  u sua l ly  w i t h  
t e m p o r a r y  d e s y n c h r o n i z a t i o n  of s ingle  f ibers  here  a n d  
the re  d u r i n g  a b u r s t  of twi tches .  T h e  ear l ies t  a c t i v i t y  
seen  in e x p l a n t s  of p rospec t ive  sp ina l  cord  was,  cha rac -  
ter is t ica l ly ,  a single t w i t c h  a t  i n t e rva l s  of 1/2 min  or more .  
Th i s  occu r red  b e t w e e n  t he  4 th  a n d  7 th  days  in v i t ro  
w h e n  t he  t issue was i so la ted  ear ly  in n e n r u l a t i o n  (s tages 
13, 14), b u t  as ear ly  as t h e  2nd a n d  3rd days  if i so la ted  
s o m e w h a t  l a t e r  (s tages 15-17).  P ro spec t i ve  h i n d b r a i n  
deve loped  r e l a t ive ly  rap id ly ,  for al l  of those  cu l tu res  
( isolated a t  s tage  14) showed  f r e q u e n t  a c t i v i t y  on  t he  6 th  
day ,  w h e n  ha l f  of t he  cord  e x p l a n t s  showed  no a c t i v i t y  
or on ly  an  occas ional  twi t ch .  In  e v e r y  case b u t  one  where  
s ingle tw i t ches  h a d  been  obse rved  to occur,  bursts of 
c o n t r a c t i o n s  were seen on  t he  fol lowing day .  (The single 
e x c e p t i o n  showed  on ly  occas ional  s ingle tw i t ches  for  
seve ra l  days ,  a n d  t h e n  s topped  al l  m u s c u l a r  a c t i v i t y ;  a 
few p r e p a r a t i o n s  were  also seen to r e v e r t  to  t h i s  p a t t e r n  
s h o r t l y  before  cessa t ion  of all  ac t iv i ty . )  T h r e e  of the  36 
ac t ive  p r e p a r a t i o n s  s tud ied  deve loped  a p a t t e r n  of a l m o s t  
c o n t i n u a l  tw i t ch ing ,  a t  t h e  same  ave rage  f r e q u e n c y  as 
t h a t  w h i c h  occur red  in t he  s h o r t  bu r s t s .  

B u r s t  a c t i v i t y  in  all of these  e x p l a n t s  c an  be  cha rac -  
te r ized  as follows : (a) tw i t ches  occur red  a t  a r a t e  of a b o u t  
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