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All these  d i spar i t i es  m a y  c o n t r i b u t e  to  t he  e x p l a n a t i o n  
of two  fac ts :  t he  s t ronge r  assoc ia t ion  c o n s t a n t  of h u m a n  
l a e to t r ans f e r r i n  for i ron a n d  t he  absence  of t he  i m m u n e -  
chemica l  c ross- reac t ions  b e t w e e n  t he  two  l ac to t r ans f e r r i n s  
considered.  

I n  o rde r  to  give precis ions  a b o u t  t he  fac tors  respon-  
sible for  t he  i ron b i n d i n g  c a p a c i t y  a n d  those  impli-  
ca ted  in species specif ici ty,  i t  would  be  necessa ry  to 
e s t ab l i sh  t he  a m i n o  acid sequence  or  to  isolate a n d  
c o m p a r e  t he  i ron  b i n d i n g  si tes of h u m a n  a n d  bov ine  
l ac to t rans fe r r ins .  

Rdsumd. L a  compos i t ion  en  acides amin6s  des lacto-  
t r ans fe r r ines  h u m a i n e  et  b o v i n e  a 6t6 d6 te rmin6e .  La  
d i s t r i b u t i o n  des acides amin6s  d a n s  les p ro t6 ines  6tudi6es 
es t  tr~s semblable ,  sauf  en ce qui  conce rne  le t r y p t o p h a n e ,  
la m~th ion ine ,  l ' a rg in ine ,  l ' ac ide  a spa r t i que ,  la g lycine  et  
l ' i soleucine.  
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Free and M e m b r a n e - B o u n d  R i b o s o m e s  in Matur-  
ing N e u r o n e s  of the Chick and their  Poss ib le  

Funct ional  S ignif icance  t 

Introduction. T h e  presence  of free a n d  m e m b r a n e - b o u n d  
r ibosomes  (IRNS or  P a l a d e  granules)  ha s  been  p r o v e d  for  
all basoph i l i c  cells, and  i t  is now  well  e s t ab l i shed  t h a t  
th i s  ba soph i l i a  is r e l a t ed  to r ibosomes  2,3. An  a t t e m p t  
ha s  been  m a d e  4 to  sugges t  possible s epa ra t e  func t ions  for  
free a n d  m e m b r a n e - b o u n d  r ibosomes  in n e r v e  cells, for 
m e m b r a n e - b o u n d  r ibosomes  seen u n d e r  t he  e lec t ron  
microscope  are c o m p o n e n t s  of t he  Nissl bodies  seen in 
l igh t  microscopy.  To give f u r t h e r  bas is  to  th i s  view t h a t  
d i f fe ren t  f unc t i ons  m u s t  be  a t t r i b u t e d  to  t he  two types  of 
r ibosomes ,  a series of s tud ies  is in  progress  t o  s epa ra t e  
r iboomes  capab le  of specific p r o t e i n  syn thes i s  i n t i m a t e l y  
r e l a t ed  to  a special ized cell a c t i v i t y  f rom those  wh ich  
serve  a more  genera l  r e p a r a t i v e  or  h e t e r o - c a t a l y t i c  func-  
t ion.  t{ocH 5 has  d r a w n  a t t e n t i o n  to  the  fac t  t h a t  r ibo-  
somes are also respons ib le  for m e d i a t i n g  gene t ic  i n fo rma-  
t ion  w i t h i n  t he  f r a m e w o r k  of h is togenesis .  In  o rde r  to  
gain  some knowledge  of t he  v a r i e t y  of t he  f u n c t i o n a l  sig- 
n i f icance  of r ibosomes ,  t he  h is togenes is  of m o t o n e u r o n s  
of t h e  ch ick  sp ina l  cord ha s  been  s tud ied  as t h e  t i m e  se- 
quence  of i ts  m a t u r a t i o n  can  be  con t ro l led  readi ly .  

Material and Methods. Fer t i l ized  eggs (Whi t e  Leghorn)  
were i n c u b a t e d  a t  38.7 °, a n d  eggs of 7 a n d  11 days '  incu-  
b a t i o n  were used for  t h i s  p a r t i c u l a r  c o m m u n i c a t i o n .  P a r t s  
of t he  sp ina l  cord  were f ixed accord ing  to  CAULFIELD 6, 
o t h e r  por t ions  fol lowing t he  m e t h o d  of NORTH a n d  POL- 
LACK7. T h e  m a t e r i a l  was  e m b e d d e d  in Ves topal~  a n d  t he  
c o n t r a s t  of t he  sect ions  was increased  b y  m e a n s  of lead 
h y d r o x i d e  fol lowing a m e t h o d  b y  "WOLFf 8. Some sh r ink -  
age b y  f ixa t ion  was u n a v o i d a b l e  in  v iew of t h e  h igh  
w a t e r  c o n t e n t  of e m b r y o n i c  t issue.  Fo r  th i s  a n d  o t h e r  
reasons,  m a t e r i a l  such  as pancreas ,  l iver  a n d  s t o m a c h  was 
fixed a n d  processed a t  t he  s ame  t ime  to  m a k e  possible  a 
c o m p a r i s o n  of cells c o n t a i n i n g  a large n u m b e r  of r ibosome  
granules .  T h e  e m b e d d e d  m a t e r i a l  was  cu t  w i t h  a n  L K B  
U l t r a t o m e  a n d  was e x a m i n e d  a n d  p h o t o g r a p h e d ' w i t h  a n  
Akash i  T ronscope  TRS-50 .  

P a r a f f i n - e m b e d d e d  m a t e r i a l  f rom a d j a c e n t  po r t i ons  of 
t he  cord  was  s t a i ned  w i t h  m e t h y l e n e  blue  9, w i t h  t he  
Feu lgen  t e c h n i q u e  a n d  w i t h  a n  a z a n  s ta in .  To s t u d y  
neurof ibr i l l ae  a n d  pe r iphe ra l  connec t i ons  of t he  deve-  
loping cord, a s i lver  t e c h n i q u e  10 p r o v e d  to be  v e r y  useful  
for e m b r y o n i c  ma te r i a l .  

Results--Light Microscopy. N e u r o b l a s t s  of sect ions  
s t a ined  w i t h  m e t h y l e n e  blue  or  Feu lgen  showed  t h a t  t he  
m e t h y l e n e  b l u e - s t a i n i n g  po r t i ons  were  depos i t ed  a r o u n d  
Feu lgen-pos i t ive  par t ic les .  F u r t h e r m o r e ,  a n  a c c u m u l a t i o n  
of nuc l ea r  R N S  m a t e r i a l  occur red  w i t h i n  t h e  nuc leus  
and  was  f ina l ly  c h a n n e l e d  in to  t he  cy top l a sm.  Cor re la ted  

w i t h  t he  progress ive  d imin i sh ing  of c h r o m a t i n  m a t e r i a l  
f rom nucle i  in i t ia l ly  filled wi th  c h r o m a t i n  is t he  g r a d u a l  
increase  of pe r i -nuc lea r  cy top lasm,  a f ind ing  in a g r e e m e n t  
w i th  t h a t  of GLUCK and  KOLOVlCH n who  p o s t u l a t e d  an  
i n t e r d e p e n d e n c e  of the  mass  of basophi l ic  s u b s t a n c e  in 
the  c y t o p l a s m  a n d  the  increase in v o l u m e  of t h e  cy to -  
p lasm.  The  emiss ion of m e t h y l e n e  b lue -pos i t i ve  a n d  
F e u l g e n - n e g a t i v e  par t ic les  presents  the  fol lowing p i c t u r e :  
C h r o m a t i n  g ranu les  a p p e a r  to  be col lected on  t he  two  
oppos i te  poles of t he  nucleus  and  to be a r r a n g e d  in long  
f i l amen t s  t o w a r d s  the  ex t r a -nuc lea r  space. I n  a d j a c e n t  
p a r t s  of t he  c y t o p l a s m  increased basoph i l i a  c an  t h e n  be  
obse rved .  Fo l lowing  th is  ini t ia l  phase,  a c o n t i n u o u s  emis-  
s ion of basoph i l i c  ma te r i a l  f rom nuc leo la r  pools t a k e s  
place  un t i l  f ina l ly  t he  s can ty  c o n t e n t s  of t he  nuc l eus  
resembles  t he  f ami l i a r  s tage of a nucleus  c o n t a i n i n g  t he  
s ingle d i s t i n c t  nucleolus  seen in a fully m a t u r e d  neu ron .  
The  c y t o p l a s m  shows a progressive f o r m a t i o n  of Nissl  
g ranu les  wh ich  a p p e a r  in places cha rac t e r i zed  b y  u n i f o r m  
pa t ches  of basophi l ia .  

Results--Electron Microscopy. The  e lec t ron  microscopi -  
cal p i c tu res  p rove  to be a va luab le  ex tens ion  of i n f o r m a -  
t ion  seen in l ight  microscopy.  In  F igure  1, a large nuc leus  
can  be  seen wh ich  is su r rounded  b y  a smal l  a rea  of cy to -  
p l a s m  cha rac t e r i s t i c  of an  ear ly  s tage of neu rob la s t .  T h e  
nuc leus  shows a n  osmophi l ic  centre ,  t he  nucleolus ,  in  
a d d i t i o n  to a fur ther ,  somewha t  diffusely a r r a n g e d  osmo-  
phi l ic  a rea  o f t en  referred to as an  a d d i t i o n a l  nucleolus .  
The  r e m a i n i n g  po r t i on  of nuc lear  m a t e r i a l  is m a d e  up  of 
fine g r a n u l a r  par t ic les  c o n c e n t r a t e d  on  ce r t a i n  po r t i ons  of 
t he  doub le - l aye red  m e m b r a n e  of the  nucleus ,  w h i c h  
shows fine pores  t h r o u g h  which  the  osmophi l i c  g ranu le s  
or r ibosomes  r each  the  cy top l a sm (Figures  2 a n d  3). T h e  
c y t o p l a s m  con t a in s  some m i t o c h o n d r i a  (cr is ta  type)  a n d  
a g rea t  n u m b e r  of free, loosely a r r a n g e d  r ibosomes .  Here  
a n d  the re  m e m b r a n e - l i k e  s t ruc tu res  of a t u b u l a r  a r r a n g e -  
m e n t  c a n  be  seen. At  a l a t e r  s tage  of d e v e l o p m e n t ,  t h e  
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f i r s t  prof i les  of  e n d o p t a s m i c  r e t i c u l u m  can  be  d i sce rned ,  
b u t  t he i r  prof i les  a re  b o r d e r e d  b y  v e r y  few r i b o s o m e s  
(F igure  3). 

Fig. 1. Nucleus of a neuroblast with scanty cytoplasm. Tubularlike 
formations of endoplasmic reticulum may be observed in the cyto- 
plasm, although the typiele profiles of endoplasmic retieulum are not 
yet present. Other arrows indicate pores through which nuclear 

material is emitted. Mag. : 30000 ×. 

Fig. 2. Diagrammatic presentation of the emission of ribosomes 
through the Stomata of the nucleus of a neuroblast. Mag.: 30000 x 

(drawing by F. GREE~E) ~1. 

Fig. 3. The first profiles of endoplasmic reticulum appear, here 
lightly sown with ribosomes. The profiles show dilatation typical for 

embryonic cells. Mag.: 100000 ×. 

Fig, 4. Diagraminatic presentation of the cytoplasm of a maturing 
neuron. Note the free ribosomes. Mag.: 44t)00 x (drawing by 

F. GREENE) 21. 
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T h e  free r ibosomes ,  a r r a n g e d  in roset tes ,  are sti l l  p r e sen t  
in g r ea t  n u m b e r s .  W i t h  progress ive  m a t u r a t i o n  of neurons ,  
m o r e  profi les  a p p e a r  in  t h e  cy top la sm,  a n d  an  accumula -  
t ion  of r i bosome  g ranu le s  c an  be  obse rved  as if queu i ng  up  
to  pass  t h r o u g h  t he  n u c l e a r  pores.  In  t h e  f inal  s tage  of 
n e u r o n a l  d e v e l o p m e n t ,  t h e r e  a p p e a r s  to  be  a s t e a d y  s t a t e  
b e t w e e n  free a n d  m e m b r a n e - b o u n d  r ibosomes .  Concern ing  
m i t o c h o n d r i a ,  t h e  g r e a t  n u m b e r  of m i t o c h o n d r i a  in  em-  
b r y o n i c  n e r v e  ceils m u s t  be  emphas ized .  T h e  m i t o e h o n -  
d r i a  c a n  r e a c h  cons ide rab l e  size a n d  t h e i r  s t r u c t u r e  is of 
t h e  c r i s t a  type .  S imi la r  large  m i t o c h o n d r i a  h a v e  been  re- 
p o r t e d  b y  TENNYSONi~ for t he  cord of r a b b i t  embryos .  

Discussion. T h e  m a r k e d  basoph i l i a  of n e u r o n s  seen in 
l igh t  mic roscopy  a n d  refer red  to  as Nissl  s u b s t a n c e  ha s  in 
e l ec t ron  mic roscopy  i t s  c o u n t e r p a r t  in a n  a c c u m u l a t i o n  
of profi les  dense ly  sown wi th  r ibosomes  ~a-~7. A p a r t  f rom 
these  m e m b r a n e - b o u n d  r ibosomes ,  t h e  c y t o p l a s m  of 
n e u r o n s  shows a fa i r  n u m b e r  of r ibosomes  no t  a t t a c h e d  
to  m e m b r a n e s  wh ich  m a y  be  cal led free r ibosomes,  o f ten  
a r r a n g e d  in roset tes .  I t  seems r ea sonab le  to  sugges t  f rom 
ou r  e m b r y o  s tud ies  r epo r t ed  in th i s  p a p e r  t h a t  t he  
f u n c t i o n  of these  free r ibosomes  is t he  p ro t e in  syn thes i s  
necessa ry  for  cell d e v e l o p m e n t  a n d  m a i n t e n a n c e ,  a n d  
t h a t  th i s  syn thes i s  is car r ied  ou t  p rov ided  messenger  
R N  S is o rgan ized  to  fo rm a rose t t e  of r ibosomes  is. T a k i n g  
t h i s  v iew in to  account ,  i t  is p r o b a b l e  t h a t  free r ibosomes  
h a v e  t h e  t a s k  of syn t he s i z i ng  p ro te ins  necessa ry  for t he  
bu i l d -up  of t h e  n e u r o n  which,  due  to  i t s  a x o n i c  a n d  den-  
dr i t ic  expans ion ,  r eaches  cons iderab le  size in  c o m p a r i s o n  
w i t h  o t h e r  b o d y  cells. I t  is n o t  surpr is ing ,  therefore ,  to  
f ind  a c o n t i n u o u s  expu l s ion  of r ibosomes  f rom t h e  nuc leus  
i n to  t h e  c y t o p l a s m  t a k i n g  place while  s i m u l t a n e o u s l y  
m e d i a t i n g  t h e  gene t ic  cod ing  necessa ry  for  t h e  fu tu re  
s t r u c t u r a l  or  f u n c t i o n a l  o r gan i za t i on  of a p a r t i c u l a r  
neu ron .  The  p rob lem,  there fore ,  ar ises  as to  w h a t  is t h e  
func t iona l  s igni f icance  of t he  progress ive  increase  of 
m e m b r a n e - b o u n d  r ibosomes  in t he  f inal  d e v e l o p m e n t  
s tages  of neurons .  Some  n e u r o n s  show a p r e p o n d e r a n c e  
of m e m b r a n e - b o u n d  r ibosomes  (Nissl bodies) in a d i s t i nc t  
way.  Th i s  s tage  is r eached  w h e n  f u n c t i o n a l  connec t i ons  of 
m o t o n e u r o n s  h a v e  been  e s t ab l i shed  w i t h  ske le ta l  muscles  
on  t he  one  h a n d  a n d  w i t h  recep tors  on  t he  o ther .  

W e  would  like to  sugges t  as a possible  t a s k  for these  
m e m b r a n e - b o u n d  r ibosomes  t he  morpho log ica l  cod ing  of 
i n f o r m a t i o n  re su l t ing  f rom t h e  f u n c t i o n a l  i n t e r c o n n e c t i o n  
of r ecep to r  a c t i v i t y  a n d  m o t o r  d i scharge  m u s c u l a r  con-  
t r ac t ion .  W e  t end ,  therefore ,  to  p o s t u l a t e  t h e  p r e s e r v a t i o n  
of a func t iona l  p a t t e r n  in or  a r o u n d  t he  m e m b r a n e - b o u n d  
r i b o s o m a l  o r g a n i z a t i o n  capab l e  of p re se rv ing  a f u n c t i o n a l  
p a t t e r n  of a f fe ren t  d i scharges  a n d  e n a b l i n g  t he  cell to  
d i scha rge  in a p a r t i c u l a r  sequence.  Fo r  th i s  morpho log ica l  

t y p e  of cod ing  the  same  m a t e r i a l  is be ing  used, n a m e l y  
m e m b r a n e - b o u n d  r ibosomes  in c o n t r a s t  to  free r ibosomes  
c a r r y i n g  o u t  ' gene t ic  o rde r s '  a n d  e s t ab l i sh ing  neu rona l  
connec t ions .  T h i s  s p e c u l a t i v e  v iew f inds  some s u p p o r t  
w h e n  we re l a t e  ou r  morpho log ica l  f ind ings  to  t he  obser-  
v a t i o n s  of K u o  ~9, who  f inds  a r h y t h m i c  d i scharge  of 
ch i cken  n e u r o n s  a f t e r  96 h i n c u b a t i o n .  I n  t h i s  s tage  of 
d e v e l o p m e n t  a m o t o n e u r o n  ha s  on ly  e f fe ren t  connec t ions ,  
whi le  a f f e r en t  s t imul i  r each  t h e  n e u r o n  on ly  a f t e r  126 h. 
E x a m i n a t i o n  of co rds  s t a i n e d  for  f ibre  c o n n e c t i o n s  seem 
to  con f i rm  these  f u n c t i o n a l  o b s e r v a t i o n s ,  n a m e l y  t h a t  
a f fe ren t  c o n n e c t i o n s  follow e f fe ren t  ones.  W i t h  progres-  
s ive e s t a b l i s h m e n t  of a f f e r en t  connec t ions ,  s y n c h r o n i z e d  
d i scharges  b e c o m e  more  f r equen t .  I t  is in these  s tages  
t h a t  t he  p rev ious ly  d i scussed  a p p e a r a n c e  of m e m b r a n e -  
b o u n d  r ibosomes  becomes  more  m a r k e d  ~,0. 

Zusammen/assung. Die Hi s togenese  sowie die Anord-  
n u n g  und  Ver t e i l ung  de r  N i s s l - S u b s t a n z  wurde  a n  aus-  
re i fenden  N e u r o n e n  des H f i h n c h e n r f i c k e n m a r k s  l icht-  u n d  
e l e k t r o n e n m i k r o s k o p i s c h  u n t e r s u c h t .  I n  den  e r s t e n  P h a -  
sen der  Neurogenese  w u r d e n  n u r  freie R i b o s o m e  im Cyto-  
p l a s m a  aufgefunden .  Mi t  f o r t s c h r e i t e n d e r  R e i f u n g  b i lden  
sich ers te  Profi le  des e n d o p l a s m a t i s c h e n  R e t i k u l u m s  aus,  
die spXrlich m i t  R i b o s o m e n  b e s e t z t  sind, Diese B e f u n d e  
werden  funk t ione l l  ausgedeu te t .  
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E x p e r i m e n t s  o n  the  F o r m a t i o n  
of  C o m b s  in the  C t e n o p h o r e s  

Accord ing  to  FISCHEL 1, e a c h  b l a s t o m e r e  of t he  Cteno-  
phore  egg a t  t h e  8-cell s t age  has  t he  p o t e n t i a l  of fo rming  
one  row of c o m b s  in t he  l a rva .  

T h e  r e su l t s  o b t a i n e d  b y  YATSU 2 conf i rm  th i s  s t a t e m e n t .  
SPEK 3 m a i n t a i n s  t h a t  in  Berog ovata t h i s  p o t e n t i a l  is con-  
nec t ed  w i t h  a pecu l ia r  g reen  l u m i n e s c e n t  p l a s m a ;  th i s  
p lasma,  acco rd ing  to  REVERBERI4, would  cons is t  m a i n l y  
of m i t o c h o n d r i a .  A t  t h e  16-cell s tage  t h e  green  p l a s m a  is 
seg rega ted  i n to  t h e  8 mic romeres ;  these  are  t h o u g h t  to  
give rise to  t h e  8 rows of c o m b s :  each  m i c r o m e r e  g iv ing  
rise to  one  row. 

YATSU 5, who  descr ibed  the  cei l- l ineage in Befog ovata, 
Befog/orskaIi] a n d  Callianira biaIata, found  d i f fe rences  in 
t he  s e g m e n t a t i v e  b e h a v i o u r  of t he  f irst  8 cells;  t h e  end -  
cells (E) would  b e h a v e  in a d i f f e ren t  way  to  t h e  midd le -  
cells (M). 

YATSU did  no t  t h o r o u g h l y  ana lyse  t he  m e a n i n g  of these  
differences,  b u t  the  resul t s  he o b t a i n e d  f rom d e v e l o p m e n t  
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