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BROYERS), in  P o r t i o n e n  yon  0,5 g fiir Ze i t en  v o n  3-18 m i n  
e i n e m  V o l u m e n  y o n  200 c m  * e iner  au f  p H  4,5 e inges te l l ten ,  
m i t  a~p m a r k i e r t e n ,  du rch l f i f t e t en  m / 1 0 0 0 - K H ~ P O , -  
LSsung  ausgese tz t ,  gewaschen  (Ver fah rensde ta i l s  bei  
NOGGLE u n d  FRIED 5) u n d  ve ra sch t .  D u r c h  Messung  ih r e r  
!Radioaktivit~kt wurde  die a u f g e n o m m e n e  P h o s p h a t m e n g e  
e r m i t t e l t .  I n  f i inf  u n a b h ~ n g i g e n  V e r s uchs r e i hen  w u r d e n  
i m  wesen t l i chen  d iese lben  R e s u l t a t e  e rha l t en .  Die  b ie r  
d a r g e s t e l l t e n  K u r v e n  s ind  d e r j e n i g e n  Versuchs re ihe  e n t -  
n o m m e n  worden ,  de ren  W e r t e  in  d e r  M i t r e  d e r  fi inf R e i h e n  
liegen. N a c h  d e m  e ingangs  erw~ihnten  V e r f a h r e n  w u r d e n  
aus  F i g u r  1 die fo lgenden  kz-Wer te  b e r e c h n e t :  

k I =  1,7-  10-3[sec-1] ;  k ~ I =  5 . 1 0 - 3 [ s e c - I ] ;  

hlII  12,7 lO-a[sec-X];  IV 2 = " k, z = 25,5 • 10 - 3 [ s e c - l ] .  
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Fig. 2. Temperaturabh~ngigkeit der Aufnahmegeschwindigkeit von 
Phospationen in abgetrennten Gerstenwurzeln 

Es  sei e rwghn t ,  dass  NOGGLE u n d  FRIED 5 fiir k~ v die 
W e r t e  12,6 bzw. 1 6 , 6 . 1 0  -3 [sec -1] ft ir  die b e i d e n  sich 
f ibe f l age rnden  T e i l m e c h a n i s m e n  fanden .  

Ans  F i g u r  2 e rhe l l t ,  dass  In h 2 = ~0(1/T) n u t  a n n ~ h e r n d  
eine Gerade  dars te l l t .  D a h e r  w u r d e  AH*  n u r  ftir da s  
I n t e r v a l l  T I~I . . .  T Iv aus  (5), A S *  fiir T i l l  (mi t  A H * I n ,  Iv) 
aus  (4) u n d  die freie A k t i v i e r u n g s e n t h a l p i e  AG* aus  de r  
b e k a n n t e n  B e z i e h u n g  e r r e c h n e t :  

AG* = A H *  --  T A S * .  (6) 

E s  e rg ib t  s ich : 
A H *  = 11700 teal  • Mo1-1] 
A S *  = --  28 [cal • G r a d  -1 • Mo1-1] 
A G *  = 19900 [ca1 • Mol -x] 

~ h n l i c h e  W e r t e  ffir die t h e r m o d y n a m i s c h e n  Gr6ssen  de r  
A k t i v i e r u n g  y o n  R e a k t i o n e n  s ind  t ib l icherweise  b e i m  Zer- 
fall  y o n  E n z y m - S u b s t r a t k o m p l e x e n  a n z u t r e f f e n  ~, x0. 

S u m m a r y .  F r o m  e x p e r i m e n t s  on  t h e  u p t a k e  of  phos -  
p h o r u s  b y  excised b a r l e y  roots ,  t h e  t e m p e r a t u r e  f u n c t i o n  
of t h e  r a t e - c o n s t a n t  of th i s  u p t a k e  r e a c t i o n  was  de t e r -  
m i n e d  a n d  t he  e n t h a l p y ,  free e n t h a l p y  a n d  e n t r o p y  of 
a c t i v a t i o n  were ca lcula ted .  

H . -E .  OBERLKNDER 

L a n d w i r l s c h a / t l i c h - c h e m i s c h e  B u n d e s v e r s u t h s a n s t a l t  i n  
W i e n  (Osterreich),  14. J a n u a r  1963.  

a D. R. HOAGLAND und T. C. BROYER, Plant Physiol. 11,471 (1936). 
J. S. FRUTON und S. SIM~tOSDS, General Biochemistry, 2nd ed. 
(J. Wiley & Sons, Inc., New York 1958), p. ~267. 

x0 Herrn Dr. M. FatED (Internationale Atomenergiebeb/~rde, Wien) 
bin ich ffir viete anregende und klfirende Diskussionen zu Dank 
verpfliehtet. - Frl. E. HOF>tEmTER und Frl. I. STADLER unter- 
stfitzten reich eifrig bei der Ausfiihrung der Arbeit. 

T h e  A m i n o  Ac id  C o m p o s i t i o n  
of H u m a n  and B o v i n e  L a c t o t r a n s f e r r i n s  

I t  is well  k n o w n  t h a t  p ro t e in s  w i t h  iden t i ca l  f unc t i on  
o r i g ina t i ng  f rom d i f f e ren t  species m a y  h a v e  some  differ- 
ence  in a m i n o  acid compos i t ion .  T h u s  t he  res idues  n u m b e r  
8, 9 a n d  10 of t he  A c h a i n  of i n su l in  v a r y  acco rd ing  to  the  
species,  whe rea s  t h e  r e s t  of  t he  molecule  r e m a i n s  un-  
c h a n g e d  t. S e r u m  a l b u m i n s  of d i f f e ren t  species cons i s t  of a 
c o n t i n u o u s  p o l y p e p t i d e  c h a i n  w i t h  l i t t l e  s u b s t i t u t i o n s  a t  
t h e  e x t r e m i t i e s  of t h e  molecule ,  for  e x a m p l e :  h u m a n  
s e r u m a l b u m i n  (HSA)  p re sen t s  one  res idue  of a t a n i n e  as  
N - t e r m i n a l  g roup  whiIe  b o v i n e  s e r u m a l b u m i n  (BSA) 
possesses  a t  t h e  s ame  place  a res idue  of t h r e o n i n e ;  a t  t h e  
C - t e r m i n a l  end  a n  i n t e r c h a n g e  b e t w e e n  -a lany l - leuc ine  for  
H S A  a n d  - leucy l -a lan ine  for  B S A  was  n o t e d  =, O t h e r  ex-  
amples  of t h i s  k i n d  a re  k n o w n  a n d  show t h a t  l imi ted  
v a r i a t i o n s  in  t he  a m i n o  ac id  s equence  in  specific p a r t s  of 
t he  molecule  are  c o m p a t i b l e  w i t h  u n i m p a i r e d  func t i on  a n d  
t h a t  even  t h e s e  m i n o r  v a r i a t i o n s  occur  n o t  a t  r a n d o m  b u t  
are  gene t i ca l ly  d e t e r m i n e d .  

H a v i n g  i so la ted  a s a lmon-co lou red  i r o n - c o n t a i n i n g  
g lycopro te in ,  cal led l ac to t r ans fe r r i n ,  f rom h u m a n  mi lk  3, 

we were in t e re s t ed  in c o m p a r i n g  i ts  a m i n o  acid compos i -  
t i on  w i t h  t h a t  of t he  ana logous  p r o t e i n  f rom cow's  milk .  

M a t e r i a l  a n d  Me thods .  L a c t o t r a n s f e r r i n s :  T h e  p r e p a r a -  
t ion  of h u m a n  l a c t o t r a n s f e r r i n  a n d  i ts  p r i n c i p a l  phys i co -  
chemica l  and  i m m u n e - c h e m i c a l  p rope r t i e s  were  desc r ibed  
elsewhere 3. Bov ine  l a c t o t r a n s f e r r i n  was  a s a m p l e  i so la t ed  
b y  GROVES 4 a n d  k i n d l y  g iven  to  us  b y  Dr.  McMEEKIN s. 
The  p u r i t y  of b o t h  p r o t e i n s  used for  a m i n o  ac id  ana lys i s  
was checked  b y  i m m u n o e l e c t r o p h o r e s i s  ~ a n d  gave  a 

i A. P. RYLE and F. GANGER, Biochem. J. no, 535 (1955).--A. P. 
RYL~, F. SANGER, L. F. SMITH, and R. KXTAI, Biochem. J. 60,541 
{1955).--H. BROWN~ F. SANGER~ and R. KITAI, Biochem. J. 60, 
556 (1955).--J. I. HARVlS, F. SANGER, and M. A. NAUGHTON, 
Arch. Biochem. Biophys. an, 927 (1956). 

= E. O. P. THOMPSON, J. blol. Chem. Z08, 565 (1954). 
a B. BLANC and H. ISLIKER, Bull. Soc. (;him. Biol. (Fr.) 43, 9"29 

(1961). 
i M. L. GROVES, J. Amer. chem. Soc. 8Z, 3345 (1960). 
s Prof. Dr. T. L. McMEEKI~¢, Eastern Research Laboratory, Phila- 

delphia (Penn., USA}. 
8 p. GRABAR and C. A. WILLIAMS, Biochim. biophys. Aeta 10, 193 
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s i n g l e  l ine o f  p r e c i p i t a t i o n  w h e n  r u n  a g a i n s t  p o l y v a l e n t  
r a b b i t  a n t i s e r a  c o n t a i n i n g  h i g h  t i t e r s  o f  h o m o l o g o u s  a n t i -  
b o d y .  

H y d r o l y s i s :  5 m g  l a c t o t r a n s f e r r i n  w e r e  r e f l u x e d  w i t h  
30 m l  6 N  HC1 in  a s t r e a m  of  n i t r o g e n / o r  24 h .  T h i s  g r e a t  
d i l u t i o n  o f  t h e  s a m p l e  in  HC1 k e e p s  a m i n o  a c i d  d e s t r u c -  
t i o n  a t  a m i n i m u m L  T h e  h y d r o l y z a t e  w a s  e v a p o r a t e d  
u n d e r  r e d u c e d  p r e s s u r e  in  a r o t a t i n g  e v a p o r a t o r  o f  t h e  
t y p e  d e s c r i b e d  b y  CRAIGS. C a r e  w a s  t a k e n  t o  m a i n t a i n  
t h e  t e m p e r a t u r e  b e l o w  35°C.  

A m i n o  a c i d  c h r o m a t o g r a p h y :  T h e  a m i n o  a c i d  a n a l y s i s  
w a s  p e r f o r m e d  a c c o r d i n g  t o  SPACKMAN, STEIN, a n d  
MOORE 9 o n  a B e c k m a n - S p i n c o  A n a l y z e r .  f l - 2 - t h i e n y l -  
D L - a l a n i n e  w a s  c a r r i e d  w i t h  e a c h  a n a l y s i s  a s  i n t e r n a l  
s t a n d a r d  ~0. 

D e t e r m i n a t i o n  o f  t r y p t o p h a n e :  T h i s  a m i n o  a c i d  b e i n g  
d e s t r o y e d  b y  a c i d  h y d r o l y s i s ,  i t  w a s  d e t e r m i n e d  color i -  
m e t r i c a l l y  in  t h e  i n t a c t  p r o t e i n  a c c o r d i n g  t o  SPIES a n d  
CHAMBERS 11. 2 m g  l a c t o t r a n s f e r r i n  w e r e  u s e d  fo r  a n a l y s i s  
a n d  r e a c t i o n  I w a s  a l l o w e d  t o  p r o c e e d  for  14 h i n s t e a d  of  
1 h in  t h e  o r i g i n a l  m e t h o d .  

Results and Discussion. T h e  a m i n o  a c i d  c o m p o s i t i o n  o f  
t h e  t w o  l a c t o t r a n s f e r r i n s  is g i v e n  in  T a b l e s  I a n d  I I .  I n  
t h e  f i r s t  c o l u m n  t h e  p e r c e n t a g e  o f  a m i n o  a c i d  r e s i d u e s  
f o u n d  i n  t h e  s a m p l e  a s  s u c h  is  g i v e n  w i t h  t h e  s t a n d a r d  
e r r o r  of  e a c h  v a l u e .  I n  t h e  n e x t  c o l u m n ,  t h e  p e r c e n t a g e  
n i t r o g e n  s u p p l i e d  b y  e a c h  a m i n o  a c i d  is m e n t i o n e d ,  i n  t h e  
t h i r d  c o l u m n  a m i n o  a c i d  r e s i d u e s  a r e  r e p r e s e n t e d  a s  f rac -  
t i o n s  o f  a t o t a l  of  100 r e s i d u e s .  T h e  l a s t  c o l u m n  g i v e s  t h e  
n u m b e r  of  r e s i d u e s  p e r  m o l e c u l e .  

F o r  b o v i n e  l a c t o t r a n s f e r r i n  t h e  m o l e c u l a r  w e i g h t  of  
86 ,100  d e t e r m i n e d  b y  GROVES 4 w a s  u s e d ,  f r o m  w h i c h  
7 . 2 %  c a r b o h y d r a t e s  w e r e  d e d u c e d .  F o r  h u m a n  l a c t o -  
t r a n s f e r r i n  t h e  c a l c u l a t i o n  w a s  b a s e d  u p o n  t h e  v a l u e  o f  
MONTREUIL e t  al.  x~ of  95 ,000.  

T h e  a d d i t i o n  of  t h e  a m i n o  a c i d  r e s i d u e s  i n  t h e  s a m p l e  
d o e s  n o t  r e a c h  1 0 0 %  b e c a u s e  b o t h  p r o t e i n s  c o n t a i n  7 . 2 %  
c a r b o h y d r a t e s  a n d  a r e  c o n t a m i n a t e d  w i t h  i n o r g a n i c  s a l t s  
a n d  s o m e  m o i s t u r e .  T h e  h i g h  v a l u e s  fo r  a m m o n i a  a r e  d u e  
to  t h e  d e s t r u c t i o n  of  n i t r o g e n  c o n t a i n i n g  o r g a n i c  c o m -  
p o u n d s  d u r i n g  a c i d  h y d r o l y s i s  a n d  to  t h e  p o s s i b l e  p r e s e n c e  
of  t r a c e s  o f  i n o r g a n i c  a m m o n i u m  s a l t s  in  t h e  s a m p l e s .  
A m m o n i a  w a s  t h e r e f o r e  n o t  i n c l u d e d  i n  t h e  f i n a l  c a l c u -  
l a t i o n  o f  a m i n o  a c i d  r e s i d u e s .  

MONTREUIL e t  al .  12 h a v e  p u b l i s h e d ,  a p a r t i a l  a m i n o  a c i d  
a n a l y s i s  o f  h u m a n  l a c t o t r a n s f e r r i n ,  m a d e  b y  p a p e r  
c h r o m a t o g r a p h y  of  t h e  D N P - a m i n o  ac ids .  T h e  c o r r e s p o n -  
d e n c e  b e t w e e n  h i s  v a l u e s  a n d  o u r s  is fa i r ,  e x c e p t  for  a l a -  
n i n e  a n d  t y r o s i n e .  F o r  t h e  l a t t e r  a m i n o  a c i d  MONTREUIL'S 
v a l u e  is low (9 r e s i d u e s  p e r  m o l e c u l e ) ,  d u e  p r o b a b l y  t o  t h e  
d i f f e r e n t  m e t h o d s  u s e d .  

T h e  h i g h  t r y p t o p h a n e  v a l u e  we  f o u n d  in  b o v i n e  l a c t o -  
t r a n s f e r r i n  is in  g o o d  a g r e e m e n t  w i t h  t h e  v a l u e  b y  
GORDON a n d  ]~ASH 13 

I f  we  c o m p a r e  t h e  a m i n o  a c i d  c o m p o s i t i o n  o f  t h e  t w o  
l a c t o t r a n s f e r r i n s  of  h u m a n  a n d  b o v i n e  o r i g i n  w e  o b s e r v e  
t h a t  t h e  g e n e r a l  p a t t e r n  o f  a m i n o  a c i d  d i s t r i b u t i o n  is s i m i -  
lar .  T h e  a m o u n t  of  t h e  4 a m i n o  a c i d s  w h i c h  a r e  m o s t  
l i ke ly  to  b i n d  i r o n :  h i s t i d i n e ,  t h r e o n i n e ,  c y s t i n e  (as  c y s -  
t e ine )  a n d  t y r o s i n e ,  is p r a c t i c a l l y  t h e  s a m e - - t h e  d i f f e r e n c e  
d o e s  n o t  e x c e e d  o n e  r e s i d u e - - s u g g e s t i n g  a s i m i l a r  d i s p o -  
s i t i o n  of  t h e  i r o n  b i n d i n g  s i t e s  of  t h e  t w o  l a c t o t r a n s f e r r i n s .  

T h e  g r e a t e s t  d i f f e r e n c e  b e t w e e n  t h e  h u m a n  a n d  b o v i n e  
p r o t e i n  is in  t h e  t r y p t o p h a n e  c o n t e n t ,  h i g h  in  t h e  b o v i n e  
l a c t o t r a n s f e r r i n  a n d  b e l o w  t h e  s e n s i t i v i t y  o f  t h e  m e t h o d  n 
fo r  h u m a n  l a c t o t r a n s f e r r i n .  T h e  m e t h i o n i n e  is t w i c e  as  
a b u n d a n t  in  t h e  h u m a n  as  in  t h e  b o v i n e  p r o t e i n .  N o t a b l e  
d i f f e r e n c e s  a r e  a lso  f o u n d  in  t h e  a m o u n t  of  a r g i n i n e ,  
a s p a r t i e  ac id ,  g l y c i n e  a n d  i so l euc ine .  

Table 1, Amino acid composition of bovine lactotransfelTin 

% Amino % Residue Number of 
acid residue Nitrogen for 100 residues 
in sample amino per 

acid molecule a 
residue 

Lysine 8.09 4- 0.135 1.77 9.61 60 
Histidine 1.58 4- 0.055 0.49 1.88 11 
Ammonia  2.53 2.22 - - 
Arginine 6.43 4- 0.070 2.31 7.64 39 
Aspartic acid 8.26 4- 0.035 1.01 9.81 68 
Threonine 3.76 4- 0.030 0.52 4.47 35 
Serine 4.02 -4- 0.007 0.65 4.78 44 
Glutamic acid 10.12 -4- 0.065 1.10 12.02 74 
Proline 3.59 4- 0.026 0.52 4.26 35 
Glycine 3.01 4- 0.035 0.74 3.58 50 
Alanine 4.94 4- 0.055 0.97 5.87 66 
Cystine 3.98 4- 0.110 0.50 4.73 17 
Valine 4.23 4- 0.007 0.60 5.03 41 
Methionine 0.45 =~: 0.020 0.05 0.53 3 
Isoleucinc 1.66 4- 0.050 0.21 1.97 14 
Lcucine 7.66 4- 0.170 0.95 9.10 64 
Tyrosine 4.82 4- 0.340 0.41 5.73 28 
Phenylalanine 4.61 4- 0.205 0.44 5.48 30 
Tryptophane 2.94 0.44 3.49 15 
Total with NH 3 86.68 15.90 
Tota lwi thout  NH a 84.15 13.68 

Calculated for a molecular weight of the protein part  of 80000. 

Table II. Amino acid composition of human  lactotransferrin 

% Amino % Residue Number of 
acid residue Nitrogen for I00 residues 
in sample amino per 

acid molecule • 
residue 

Lysine 6.49 4- 0.080 1.42 8.14 56 
Histidine 1.50 -4- 0.029 0.46 1.88 12 
Ammonia 4.89 4.28 
Arginine 7.52 -V 0.168 2.70 9.44 53 
Aspartic acid 8.50 4- 0.214 1.03 10.66 81 
Threonine 3.18 -~ 0.109 0.44 3.99 35 
ScriBe 4.09 t 0.120 0.66 5.13 52 
Glutanlic acid 10.23 4- 0.324 1.11 12.84 88 
Proline 3.67 -4- 0.052 0.53 4.60 42 
Glycine 3.38 4- 0.125 0.83 4.24 66 
Alanine 4.64 -¢- 0.155 0.91 5.82 72 
Cystine 3.27 4- 0.125 0.41 4.10 16 
Valine 4.49 4- 0.226 0.63 5.63 50 
Methionine 0.76 4- 0.024 0.08 0.95 6 
Isoleucine 2.07 4- 0.044 0.26 2.60 20 
Leucine 6.81 4- 0.102 0.84 8.54 66 
Tyrosine 4.19 4- 0.116 0.36 5.26 28 
Phenylalanine 4.91 ~- 0.'240 0.47 6.16 37 
Tryptophanc -Q 0.2 1 or 0 
Total with NH:~ 84.59 17.42 
Total without NH 3 79.70 13.14 

Calculated for a molecular weight of the protein part  of 88000. 
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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.  

B. BLANC, E. BUJARD, a n d  J.  MAURON 
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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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