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I f  h o m o g e n i z a t i o n  was ca r r i ed  o u t  w i t h  a m i n i m u m  
of i so ton i c  sucrose,  p ro t e in  c o n c e n t r a t i o n s  a d e q u a t e  for  
e l e c t ropho re s i s  could be  o b t a i n e d ,  o m i t t i n g  d ia lys i s  a n d  
f r eez ing -d ry ing ;  in  th i s  case t h e  r e su l t s  were  s imi l a r  to  
t hose  o b s e r v e d  w i t h  t he  usua l  p rocedure .  

E l ec t ropho re s i s  was  ca r r i ed  o u t  w i t h  a c o n s t a n t  po- 
t e n t i a l  of a b o u t  6 -8  V/cm for  pe r iods  v a r i a b l e  f rom 4 to  
12 h. A f t e r  d r y i n g  in  a n  o v e n  a t  120 ° C, t h e  s t r i p s  were  
s t a i n e d  w i t h  a m i d o - s c h w a r z  10 B a c c o r d i n g  to  GRASS- 
MAN, HANNIG, a n d  KNEDEL ~, T h e  r e l a t i v e  a m o u n t s  of 
t h e  c o m p o n e n t s  were  d e t e r m i n e d  c u t t i n g  t h e  c o r r e s p o n d -  
ing  po r t i ons  of t h e  s t a i n e d  pape r ,  d u r i n g  t h e  dye  w i t h  
5 ml  of 5 %  s o l u t i o n  of p h e n o l  in  w a t e r  a n d  r e a d i n g  t h e  
op t ica l  d e n s i t y  a t  640 m # .  

T h e  F i g u r e  shows  t h e  p a t t e r n s  of t he  so lub le  cere-  
b e l l u m  p r o t e i n s  a f t e r  12 h of m i g r a t i o n  in b o r a t e  buf fe r .  
7 c o m p o n e n t s  a re  i n d i c a t e d  w i t h  t h e  n u m b e r s  f rom 1 to  7 
in t h e  o r d e r  of t h e i r  i n c r e a s i n g  mob i l i t y .  S o m e  m a t e r i a l  
is d e t e c t a b l e  a h e a d  of f r a c t i o n  No. 7 i n d i c a t i n g  t h e  
p r e sence  of p r o t e i n s  w i t h  h i g h e r  mob i l i t y ,  w h i c h  re-  
p r e s e n t  16 .2% (~: 1.1) of t h e  t o t a l  a m o u n t .  

A f t e r  r u n s  l a s t i n g  o n l y  6 -8  h, t h i s  m a t e r i a l  a p p e a r e d  
d i s t r i b u t e d  in  2 fa i r ly  de f in i t e  b a n d s .  T h e  b a n d  v i s ib le  
a t  t h e  p o i n t  of a p p l i c a t i o n  of t h e  p r o t e i n  so lu t i on  on  t h e  
p a p e r  is c o n s i d e r e d  t o  r e p r e s e n t  p a r t i c u l a t e  m a t t e r  n o t  
s e d i m e n t e d  b y  t h e  c e n t r i f u g a l  force emp loyed .  

T h e  T a b l e  shows  t h e  r e l a t i v e  a m o u n t s  of t h e  s e p a r a t e d  
f r a c t i o n s  o b t a i n e d  b y  dye  e lu t ion .  

Relative amounts of electrophoretic components of cerebellum pro- 
teins, obtained by dye elation, after 12 h of electrophoresis (means 

4- S.~.M.)*. 

Fraction No % Content S.E.M. 

Fast  moving material  

6.61 
8.33 

11-27 
7.33 

16.45 
17-97 
15-13 
16.20 

0-71 
0.81 
0.59 
1.45 
0-37 
1-04 
1.43 
1.10 

* The immobile material located at the point of application of 
the protein solution on the paper corresponds to 5% of the total 
amount of the solubIe proteins. 

S imi l a r  r e su l t s  were  o b t a i n e d  w i t h  p r o t e i n s  e x t r a c t e d  
f r o m  t h e  b r a i n .  

As  r e s u l t i n g  f r o m  t h e  r e s e a r c h e s  of NAKAS~URA el aL'2 
a n d  f r o m  t h e  p r e s e n t  resul t s ,  t h e  p a t t e r n s  of t h e  so lub le  
p r o t e i n s  of t h e  c e n t r a l  n e r v o u s  t i s s u e  a p p e a r  d i f f e r e n t l y  
f rom t h o s e  of t h e  n e r v e  ~ a n d  f r o m  p a t t e r n s  o b s e r v e d  in 
o t h e r  o r g a n s  (liver4; muscle~). 

I{. CARAVAGLIOS a n d  P. CHIAVERINI 

Istituto di Patologia Generale and Istituto di Semeiotica 
Medica, Universitd di Pisa, November 10, 7955. 

a w. GRASS.MAN, K, HANNIG, and M. KNEDEL, Dtsch. reed, 
Wschr. 76, 333 (1951). 

4 G. ADJUTANTIS, Nature 173, 539 (1954); 174, 1504 (I954). 
5 G. Toscm and A. MARIANI, R. C. Accad. Lincei, C1. Sci. fis. 

mat. e nat. [8] 16, 365 (1954). 

Riassunto 

Le  p r o t e i n e  idrosoIubi l i  e s t r a t t e  dal  s i s t e m a  n e rv o s o  
di  r a t t i  sono  s t a t e  s e p a r a t e  m e d i a n t e  e l e t t ro fo res i  su 
ca r t a .  

I1 q u a d r o  e l e t t r o fo r e t i co  a p p a r e  c o s t a n t e m e n t e  ri- 
p r o d u c i b i l e  nel le  cond iz ion i  s p e r i m e n t a l i  i m p i e g a t e .  

T h e  T r a n s f o r m a t i o n  of  a T a i l  i n t o  L i m b  A f t e r  
X e n o p l a s t i c  T r a n s p l a n t a t i o n  

(1) O n e  u n e x p e c t e d  r e su l t  o b t a i n e d  f r o m  t h e  g r a f t  of 
a t a i l  b u d  of a U r o d e l e  (Triton cristatus; Axolotl) on  to 
a n  A n u r a n  e m b r y o  a t  t h e  n e u r u l a  s t age  (Discoglossus 
pictus) is t h a t  t h e  ta i l  w h i c h  d i f f e r e n t i a t e s  f rom t h e  
t r a n s p l a n t ,  m a y  b e c o m e  t r a n s f o r m e d  in to  a l i m b  r. This ,  
howeve r ,  on ly  occurs  if t h e  g r a f t  is m a d e  i n t o  a l i m b  
f ield of t h e  hos t ,  a n d  s t a r t s  at ,  or  close to,  t h e  t i m e  a t  
w h i c h  t h e  m e t a m o r p h o s i s  of t h e  hos t  is i n i t i a t e d .  This  
t r a n s f o r m a t i o n  o c c u r r e d  in 15 of 180 Triton graf ts ,  an d  
in 2 of 120 A xolotl t r a n s p l a n t s .  

. . . . . .  ~ ' "  

1 2 3 
Fig~. 1, 2 and 3.-Axolotl tail bud grafted on to Discoglossus, respec- 

tively 13, 28 and 38 days after transplantation. 

T h e  s t ages  of t h e  t r a n s f o r m a t i o n  can  be  se t  o u t  as 
fol lows : 

(a) T h e  g ra f t  deve lops  i n to  a n o r m a l  tail ,  comple t e  
w i th  fin, n e r v e  cord,  n o t o c h o r d  a n d  s y m m e t r i c a l l y  ar- 
r a n g e d  m y o t o m e s .  I t  is s l ende r  a n d  l a n c e o l a t e  in  form 
(Fig. 1). C h r o m a t o p h o r e s ,  a r r a n g e d  in t h e  p a t t e r n  typ i -  
cal  of t h e  donor ,  a re  to  be  obse rved .  T h e  ta i l  m o v e s  b o t h  
s p o n t a n e o u s l y  a n d  u p o n  s t i m u l a t i o n .  

(b) W h e n  t h e  i n i t i a l  p rocess  of m o r p h o l o g i c a l  and  
h i s to log ica l  d i f f e r e n t i a t i o n  is c o m p l e t e ,  t h e  ta i l  under -  
goes  regress ion ,  a p rocess  w h i c h  p a r t i c u l a r l y  a f fec t s  t h e  
fin.  T h e  t a i l  ceases  to  be  l anceo la te ,  a n d  i n s t e a d  as sumes  
a cy l ind r i ca l  s h a p e  (Fig. 2). C o n c u r r e n t l y  i t  becomes  
f leshy  a n d  t u r g i d  a n d  deve lops  a n  i n t e n s e l y  b l a c k  pig- 
m e n t a t i o n .  T h e  p e d u n c l e  b e n d s  a t  r i g h t  ang les  a n d  at 
t h e  d i s t a l  e x t r e m i t y  a p p e a r s  a v a r i a b l e  n u m b e r  of 
d ig i t s  (Fig. 3). I t  is, howeve r ,  n e i t h e r  s e n s i t i v e  nor  
mot i l e .  

T h e  l i m b  pe r s i s t s  for  a c o n s i d e r a b l e  t ime .  Meanwhi le  
a t  i t s  ba se  a n o r m a l  l i m b  grows f r o m  t h e  l i m b  field of the  
hos t .  I n  some  cases  a n  a d d i t i o n a l  l i m b  deve lops ,  which 
m a y  fuse w i t h  t h e  t r a n s p l a n t ,  t h u s  p r o d u c i n g  a ch imera .  
A s t u d y  of t h e  h i s t o l o g y  of t h e  t r a n s f o r m e d  ta i l  shows 
t h e  n e r v e  cord  to  be  d e g e n e r a t i n g ;  in  m o s t  specimens,  
r e m a i n s  of t h e  n o t o e h o r d  are  p re sen t ,  b u t  t h e  muscula-  
t u r e  is a l m o s t  c o m p l e t e l y  lacking ,  a few sporad ica l ly  

1 N. ]:ARINELLA-FERRUZZA, Boll. Zool. 17, 113 {1950); Riv. Biol. 
45, 5~3 (195:t). 
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d i s t r i b u t e d  s t r i a t e d  musc le  f ibres  a lone  r e m a i n i n g .  T h e  
bu lk  of t h e  t r a n s p l a n t  is c o m p o s e d  of m e s e n c h y m e  
p r o b a b l y  de r i ved  f rom t h e  d e - d i f f e r e n t i a t i o n  of the  ta i l  
t issues.  A m o n g  t h e m  are  a lso  to  b e  f o u n d  m a n y  pig- 
m e n t e d  cells. W h e r e  e x t e r n a l l y  t h e  a p p e a r a n c e  of t h e  
t r a n s p l a n t  m o s t  r e s e m b l e s  a l imb,  i n t e r n a l l y  n o d u l a r  or  
e longa t ed  masses  of h e a l t h y  ca r t i I age  cells are  f o u n d  in 
the  p roces s  of o r g a n i z a t i o n  t o  fo rm ske l e t a l  s t r uc t u r e s .  
In  t h o s e  s p e c i m e n s  in  w h i c h  s u c h  o r g a n i z a t i o n  h a s  
r eached  a m a x i m u m ,  i t  is poss ib le  t o  d i s t i n g u i s h  t h e  
a p p r o p r i a t e  p a r t s  of t h e  p e c t o r a l  girdle ,  s t i lo-  a n d  zeugo- 
podia,  c a r p u s  a n d  d ig i t a l  ca r t i l ages .  S u r r o u n d i n g  t h e  
ex i s t ing  p a r t s  of l i m b  ske l e ton  a re  b u n d l e s  of musc le  
fibres, a l m o s t  c e r t a i n l y  t h e  d e v e l o p i n g  l i m b  m u s c u l a t u r e .  
More o f ten ,  howeve r ,  t h e  g i rd le  is a b s e n t ,  t h e  ske le ta l  
c o m p o n e n t s  are  r e d u c e d  in size a n d  n u m b e r ,  a n d  t h e  
m u s c u l a t u r e  m a y  be  lack ing .  

(2) W h a t  c an  b e  sa id  of t h e  m e c h a n i s m  b y  which  
these  c h a n g e s  a re  e f fec ted  ? As h a s  b e e n  sa id  p rev ious ly ,  
the  p rog re s s ive  t r a n s f o r m a t i o n  o u t l i n e d  a b o v e  can  on ly  
occur  if t h e  g r a f t  is m a d e  i n t o  t h e  l i m b  field of t h e  host .  
F r o m  i ts  f i rs t  a p p e a r a n c e  t h e  l i m b  field possesses  capa -  
c i ty  for  i n d u c t i o n ,  as has  b e e n  s h o w n  b y  t he  p r e s e n t  
work. P r o b a b l y  c h e m i c a l  s u b s t a n c e s  e l a b o r a t e d  b y  t he  
field pass  i n t o  t h e  graf t .  I n  m o s t  s p e c i m e n s  no  meso-  
d e r m a l  cells f r o m  t h e  h o s t  were  to  be  f o u n d  in t he  
t r a n s p l a n t ;  in  t h e  r e m a i n d e r  t h e y  were  p r e s e n t  in ex-  
t r e m e l y  s m a l l  n u m b e r s .  U n d e r  t h e  in f luence  of t h e s e  
s u b s t a n c e s  t h e  f i r s t  s t ages  of d e g e n e r a t i o n  a re  p e r h a p s  
in i t i a t ed  in  t h e  d o n o r  ta i l ,  a n d  s u b s e q u e n t l y  t h e  pro-  
cesses of r e o r g a n i z a t i o n  w h i c h  r e s u l t  in  t h e  f o r m a t i o n  of 
the  l i m b  f r o m  t h e  ta i l .  I n  c o r r o b o r a t i o n ,  i t  shou ld  b e  
no ted  t h a t  w h e n  t h e  g r a f t  is m a d e  i n t o  a reg ion  o t h e r  
t h a n  t h e  l i m b  field, t a i l  d e g e n e r a t i o n  does  n o t  occur .  In -  
s tead  t h e  ta i l  m a i n t a i n s  i t s  s h a p e  a n d  i n t e r n a l  s t r u c t u r e  
well b e y o n d  t h e  pe r iod  of m e t a m o r p h o s i s  of t h e  A n u r a n  
hos t  1. 

F r o m  w h a t  m a t e r i a l  is t he  l i m b  f o r m e d  ? A s t u d y  of 
h i s to logy  d i r ec t s  a t t e n t i o n  to  t h e  d i f f e r e n t i a t e d  mesen -  
c h y m a l  cells a m o n g  w h i c h  a re  some  t h a t  wou ld  n a t u r a l l y  
form t h e  v e r t e b r a l  car t i l ages .  I t  is p r o b a b l e  t h a t  t h e  
l imb s k e l e t o n  d i f f e r e n t i a t e s  f rom such  cells u n d e r  t h e  
i n d u c t i v e  in f luence  of t h e  l i m b  field. T h e  c a u d a l  m u s c u -  
la ture  p r o b a b l y  r e d i f f e r e n t i a t e s  to  fo rm t h e  l i m b  m u s c u -  
la ture .  

(3) R e c e n t l y  HOLTFRETER 2 has  o b t a i n e d  s imi l a r  
resul ts  to  t h o s e  o u t l i n e d  above .  H e  ha s  o b s e r v e d  t h a t  
tails o b t a i n e d  b y  i n d u c t i o n  ( f rom t r a n s p l a n t s  of pieces of 
mouse  k i d n e y  i n to  t h e  b l a s tocoe l  of Triton alpestris) a n d  
which  f ind  t h e m s e l v e s  in  t h e  h o s t  l i m b  field, are  t r a n s -  
formed i n t o  l imbs .  H e  d id  n o t  o b t a i n  t h e  s a m e  r e su l t s  
from d i r e c t  t r a n s p l a n t s  of t h e  t a i l  buds .  I t  is poss ib le  
t h a t  t h e  e x p l a n a t i o n  of t h e  l a t t e r  r e s u l t  is t h a t  t h e  
d i rec t  t r a n s p l a n t s  were  h o m o p l a s t i c .  X e n o p l a s t i c  g ra f t s  
pe rhaps  i n c r e a s e  t h e  i n d u c t i v e  c a p a c i t i e s  of t h e  l i m b  
field, as  is s h o w n  b y  t h e  f r e q u e n t  a p p e a r a n c e  of supp le -  
m e n t a r y  l imbs .  

N. FAR INELLA-FERRUZZA 

Zoological Institute,  Universi ty  o/ Palermo, Italy,  
Apri l  30, 1956. 

Riassunto 

B o t t o n i  c auda l i  di  T r i t o n  e di A xo l o t l  t r a p i a n t a t i  sul 
c ampo  d e l l ' a r t o  d i  Discoglossus  (allo s t a d i o  di neuru la )  
si d i f f e r enz i ano  in  code,  le qua l i  t a l v o l t a ,  a l l ' epoea  del ia  
me t amor fo s i  de l l ' o sp i t e ,  si t r a s f o r m a n o  in  ar t i .  Viene  
discusso il m e c c a n i s m o  di t a le  t r a s f o r m a z i o n e .  

2 j .  HOLTFRETER, J. exper. Zool. 1~9, 623 (1955). 

On the  I n t e r p r e t a t i o n  of  the  L o w - A n g l e  Sca t t er  
of  X - R a y s  f r o m  B o n e  T i s s u e  

ENGST~/5,~ a n d  FINEAN t d e m o n s t r a t e d  t h a t ,  in  ad -  
d i t i o n  to  t h e  w ide -ang le  X - r a y  d i f f r a c t i o n  p a t t e r n ,  b o n e  
t i s sues  also g ive  a d i f fuse  l o w - a n g l e  s c a t t e r .  T h e  s a m e  
authors-" a s s u m e d  t h a t  t h e  l o w - a n g l e  s c a t t e r  cou ld  be  
t r e a t e d  as  a p a r t i c l e  s c a t t e r  p e r t a i n i n g  t o  t h e  i n o r g a n i c  
or  m i n e r a l  f rac t ion .  I n  t h i s  w a y  t h e y  c o n c I u d e d  t h a t  t h e  
pa r t i c l e s  a re  r o d - s h a p e d ,  t h e  long  ax i s  of  t h e  r o d s  b e i n g  
a l igned  in t h e  d i r e c t i o n  of  t h e  l o n g i t u d i n a l  ax i s  of  t h e  
bone,  a n d  para l le l  to  t h e  co l l agen  f ibres .  I n  t h e  i n t a c t  
h u m a n  b o n e  t h e s e  pa r t i c l e s  a p p e a r  to  h a v e  a d i a m e t e r  
of a b o u t  73 ]k, a n d  a l e n g t h  of a b o u t  210 ]k. 

R e c e n t l y  ROBINSON a n d  WATSON 3 h a v e  c r i t i c i zed  t h e  
conc lus ions  of ENGSTROM a n d  FINEAN, b e c a u s e  o b s e r v a -  
t ions  w i th  t h e  e l e c t r o n  m i c r o s c o p e  do  n o t  s u p p o r t  t h e  
v iew t h a t  t he  i n o r g a n i c  pa r t i c l e s  a re  r o d - s h a p e d .  

The  f ind ings  w h i c h  one  of us p u b l i s h e d  in t h i s  j o u r n a l  
(see ASCENZ[ a n d  CHIOZZOTTO) 4 on  t h e  e l e c t r o n  mic ro -  
scopy  of t he  o rgan ic  b o n e  s u b s t a n c e ,  us ing  t h e  p seudo-  
repl ica  t e c h n i q u e ,  i n d u c e d  us to  r e p e a t  a n d  p o s s i b l y  to  
i m p r o v e  on  t he  i n v e s t i g a t i o n s  m a d e  b y  ENGSTROM a n d  
FINEAN in o rde r  to  f ind  a m o r e  a d e q u a t e  i n t e r p r e t a t i o n  
of t he  low-angle  d i f f r a c t i o n  p a t t e r n ,  

Material and method.-- L o n g i t u d i n a l  a n d  cross  s ec t ions  
(0-2 m m  th ick)  of t h e  f e m o r a l  d i a p h y s i s  of c a t t l e  w e r e  
p r e p a r e d  b y  g r ind ing .  T h e  low-ang le  s c a t t e r  was  r eco rd -  
ed f rom t h e  u n t r e a t e d  s e c t i o n s  as  wel l  as  f rom s i m i l a r  
sec t ions  f rom w h i c h  t h e  osse in  h a d  b e e n  r e m o v e d  ac-  
co rd ing  to  GABRIEL'S m e t h o d  (bo i l ing  in  g lyce ro l  w i t h  
6 %  K O H ) .  Th i s  p r o c e d u r e  is u n a b l e  t o  p r o d u c e  a n y  
c h a n g e  in t h e  c r y s t a l l i n e  s t r u c t u r e  of t h e  i n o r g a n i c  b o n e  
f r ac t i on  5 or  increase  in t h e  size of  t h e  c r y s t a l l i t e s  ~. 

A low-angle  s c a t t e r  a p p a r a t u s ,  s o m e w h a t  s i m i l a r  to  
t h a t  e m p l o y e d  b y  FINEAN 7 WaS used .  T h e  s c a t t e r  w~s 
r eco rded  us ing  Ni f i l t e red  C u K e  r a d i a t i o n  (~ = 1-54 A)8. 
T h e  m a x i m a l  r eco rded  s c a t t e r i n g  s p a c e  c o r r e s p o n d e d  t o  
250 A. The  i n t e n s i t y  v a r i a t i o n  of t h e  l o w - a n g l e  s c a t t e r  
was  m e a s u r e d  us ing  a Leeds  a n d  N o r t h r u p  a u t o m a t i c  
r ecord ing  m i c r o p h o t o m e t e r .  

Results and d iscuss ion . - -The  l ow-ang le  s c a t t e r  of X -  
r ays  f rom l o n g i t u d i n a l  s ec t ions  of b o n e  shows  a m a r k e d  
a s y m m e t r y  (Fig. a), i n d i c a t i n g  a n  e l o n g a t i o n  of t h e  
e l emen t s  or  u n i t s  r e s p o n s i b l e  for  t h e  s c a t t e r  a l o n g  t h e  
l o n g i t u d i n a l  axis  of t h e  bone .  O n  t h e  c o n t r a r y ,  t h e  low- 
angle  s c a t t e r  o b t a i n e d  f rom c ross - sec t ions  of b o n e  (Fig. 
b) r evea l s  no  a p p r e c i a b l e  o r i e n t a t i o n .  

Th i s  b e h a v i o u r  sugges t s ,  in  a g r e e m e n t  w i t h  ENG- 
STROM a n d  FINEAN, t h a t  t h e  s c a t t e r i n g  e l e m e n t s  a re  
well a l igned  a n d  s y m m e t r i c a l  a r o u n d  t h e i r  long  axes .  
T h e r e [ o r e  t h e  s a m e  e l e m e n t s  a p p e a r  as  if t h e y  we re  
l ike e l l ipsoids  of r e v o l u t i o n ,  t h e  long  axes  b e i n g  
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