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D i s t r i b u t i o n  of  P r o t e a s e  A c t i v i t y  in the  B l a s t u l a  

a n d  E a r l y  G a s t r u l a  of  Discoglossus pictus 

R e c e n t  i n v e s t i g a t i o n s  ~ h a v e  d e m o n s t r a t e d  in t h e  ea r ly  
g a s t r u l a  of Amblystoma a g r a d i e n t  of d i p e p t i d a s e  a c t i v i t y  
w i t h  a m a x i m u m  in t h e  b l a s t o p o r a l  region.  On t h e  o t h e r  
h a n d ,  s t ud i e s  w i t h  l abe l led  a m i n o  ac ids  2 h a v e  s h o w n  a 
h i g h e r  r a t e  of i n c o r p o r a t i o n  in t h e  b l a s t o p o r a l  l ip t h a n  
in a n y  o t h e r  region.  These  f ac t s  sugges t  t h a t  t h i s  reg ion  
m u s t  be  t h e  s i te  of a h i g h e r  t u r n o v e r  of p ro t e ins .  T h e r e -  
fore  i t  s e e m e d  i n t e r e s t i n g  t o  i n v e s t i g a t e  t h e  d i s t r i b u t i o n  
of p r o t e a s e  a c t i v i t y  in  t h e  d i f f e r en t  t e r r i t o r i e s  of  t he  
b l a s t u l a  a n d  ea r ly  g a s t r u l a .  

I t  s h o u l d  be  m e n t i o n e d  he re  t h a t  d e t e r m i n a t i o n s  of 
p r o t e a s e  a c t i v i t y  on  whole  e m b r y o s  a h a v e  s h o w n  a 
d e c r e a s i n g  r a t e  of a c t i v i t y  f r o m  fe r t i l i z a t ion  to  t h e  
n e u r u t a  s tage .  

F e m a l e s  a n d  males  of Discoglossus pictus were  in-  
j e c t e d  w i t h  400 I .U.  (400 I .U. /1  rag) of G o n a d o t r o p  
S c h w a n g  k i n d l y  s u p p l i e d  b y  t h e  F i r m s  C I B A .  

Fe r t i l i zed  eggs were u s u a l l y  o b t a i n e d  20 h a f t e r  t h e  
i n j e c t i o n  a n d  were  k e p t  a t  r o o m  t e m p e r a t u r e  u n t i l  t h e y  
r e a c h e d  t he  des i red  s tage .  

B l a s t u l a e  a t  s t age  9 of SHUMWAY 4, i.e. l a te  b l a s tu l ae ,  
a n d  g a s t r u l a e  a t  s t age  10, i.e. a c c u m u l a t i o n  of p i g m e n t  
a t  t h e  s i t e  of t h e  b t a s t o p o r a l  lip, were  used.  T h e  e m b r y o s  
were  d i s sec ted  in c o n c e n t r a t e d  HOLTFRETER'S so lu t ion ,  
a c c o r d i n g  to  F igu re s  1 a n d  2. B l a s t u l a e  were  d i s sec ted  
in half ,  a long  t h e  e q u a t o r ,  t h u s  o b t a i n i n g  a n  a n i m a l  a n d  
a v e g e t a l  half .  E a r l y  g a s t r u l a e  were  d i s sec ted  as in 
F i g u r e  2a,  t he  t w o  l a t e r a l  reg ions  b e i n g  d i sca rded .  T h e  
yo lk  mass  of t h e  c e n t r a l  sec to r  was  d i s c a r d e d  w i t h  two  
cuts ,  as  i n d i c a t e d  in F igu re  2b, a n d  t h e  do r sa l  p a r t  was  
t h e n  d iv ide d  i n t o  two  r eg ions :  r eg ion  1 w h i c h  c o m p r i s e s  
p r e s u m p t i v e  c h o r d a - m e s o d e r m  a n d  p r e s u m p t i v e  neu -  
r e c t o d e r m ;  a n d  reg ion  2, c o m p r i s i n g  o n l y  p r e s u m p t i v e  
ep ide rmis .  

F o r  each  e x p e r i m e n t ,  30 e m b r y o s  were  d i s sec ted .  T h e  
e x p l a n t s  were  r i n s e d  in cold  0 .65% NaC1 so lu t i on  in 
p h o s p h a t e  bu f f e r  0-01 M ,  p H  7-4, a n d  f ina l ly  h o m o -  
gen ized  in 0-4 c m  a of t h e  s a m e  so lu t ion .  

P r o t e a s e  a c t i v i t y  h a s  b e e n  m e a s u r e d  o n  t h e  whole  
h o m o g e n a t e ,  a c c o r d i n g  to  DusP~vA 5. P r e l i m i n a r y  ex- 
p e r i m e n t s  s h o w e d  t h a t  t h e  o p t i m u m  for t h e  p r o t e a s e  
a c t i v i t y  of t h i s  m a t e r i a l  is a t  p H  4.9; h e n c e  all  ou r  
a s says  were r u n  a t  t h i s  pH .  

A c t i v i t y  has  been  e x p r e s s e d  as m i c r o m o l e s  of T y r o s i n  
re leased  per 1 m g  of N ( to ta l  or  c y t o p l a s m i c ,  as  will  be  
d i scussed  p r e sen t l y ) ,  a f t e r  2 h of i n c u b a t i o n  a t  30 ° C. 

T h e  p r o b l e m  of t h e  r e f e r ence  in  t h e  c a l c u l a t i o n  of 
e n z y m a t i c  a c t i v i t y  is a se r ious  one  in the  case  of A m p h i -  
b i a n  e m b r y o s .  The  u n e q u a l  d i s t r i b u t i o n  of yo lk  b e t w e e n  
a n i m a l  a n d  v e g e t a l  ha lves ,  is l ike ly  to  give rise to  mis -  
l e ad ing  resu l t s ,  s h o u l d  t h e  e n z y m a t i c  a c t i v i t y  be  ca lcu-  
l a t e d  on  t h e  bas i s  of t o t a l  N. Th i s  q u e s t i o n  ha s  b e e n  
t h o r o u g h l y  d i scussed  b y  GRE~G a n d  LOVTRUP 1, w h o  
h a v e  s u g g e s t e d  to  use as a r e fe rence  t h e  ' c y t o p l a s m i c  
N i t r o g e n ' ,  i.e. t h e  N i t r o g e n  w h i c h  is e x t r a c t a b l e  in  t h e  
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a b o v e - m e n t i o n e d  NaCI so lu t ion ,  w h i c h  in fac t  appea r s  to 
leave  u n b r o k e n  b o t h  yo lk  p t a t e l e t s  a n d  p i g m e n t  granules, 
w h i c h  c a n  be  r e m o v e d  b y  low-speed  cen t r i fuga t ion  
(1700 × g for  15 rain).  I n  t h e  p r e s e n t  e x p e r i m e n t s ,  both 
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Figure 2 b 

ro ta l  (TN) a n d  e x t r a c t a b l e  (EN) n i t r o g e n  were  used as a 
teference in  e a c h  se t  of e x p e r i m e n t s .  N i t r o g e n  was de- 
t e r m i n e d  b y  d i r ec t  N e s s l e r i z a t i o n  a f t e r  c o m b u s t i o n .  

Blastula. O u r  d e t e r m i n a t i o n s  h a v e  s h o w n  t h a t  in the 
b l a s t u l a  of Discoglossus t h e  E N  h as  t h e  fo l lowing distri- 
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bution:  51.4 ± 2-2% in t h e  a n i m a l  ha l f  a n d  35.6 ± 4 . 5 %  
in the  vege ta l  hal f .  

Accordingly ,  if p r o t e a s e  a c t i v i t y  in  t he se  t w o  reg ions  
is ca lcu la ted  on  t h e  bas i s  of TN,  a s l i gh t l y  h i g h e r  a c t i v i t y  
is found in t h e  a n i m a l  ha l f :  58.1 ± 3 .06% of t he  t o t a l  
act ivi ty  or 0.57 ± 0.024 I ,M of T y r o s i n  (per 1 m g  N) for 
the a n i m a l  ha l f  as c o m p a r e d  w i t h  0.40 ± 0.026 # M  of 
Tyrosin in t h e  v e n t r a l  half .  

On t h e  bas i s  of EN,  on  t he  o t h e r  h a n d ,  i t  is f o u n d  t h a t  
the a c t i v i t y  is more  or  less e q u a l l y  d i s t r i b u t e d  b e t w e e n  
the two regions ,  b e i n g  in t h e  a n i m a l  ha l f  48.1 } 6.4o/o 
of the  t o t a l  a c t i v i t y  or  1.00 ± 0.12 I,M of T y r o s i n  as 
compared w i t h  1-20 ± 0-15 I*M of T y r o s i n  in t h e  vege t a l  
half. 

Gastrula. T h e  F i g u r e s  g i v e n  b y  GREGG a n d  LOVTRUP 1 
indicate t h a t  t h e r e  is no  d i f f e rence  in yo lk  c o n t e n t  be-  
tween region 1 a n d  2 of  t h e  e a r l y  g a s t r u l a .  O ur  d e t e r m i n a -  
tions h a v e  e n t i r e l y  c o n f i r m e d  th is .  O n  t h e  o t h e r  h a n d  t h e  
difference in  p r o t e a s e  a c t i v i t y  b e t w e e n  t h e s e  t w o  reg ions  
is s t r ik ing,  b e i n g  c o n s i d e r a b l y  h i g h e r  in  1 t h a n  in 2, 
i r respect ive  of t h e  r e fe rence  b e i n g  T N  or  E N  (Table) .  

Protease activity in regions 1 and 2 of the early gastrula of D*sco- 
glossus pictus. Activity in micromoles of Tyrosintl mg N]'2 h incu- 

bation at 80°C. 

Experiment 

~/3 
12/3 
19/3 
22/3 
15/5 
29/5 

Activity per TN 

Region l i Region 2 

0.70 0.14 
0.33 0.23 
0.64 0.26 
0.39 0-27 
0.95 0.22 
0.86 0.56 

Activity per EN 

Region 1 

1.57 
0.48 

1.25 
1.29 

Region 2 

0-31 
0"31 

0"83 
0-95 

These resul t s ,  a l t h o u g h  of p r e l i m i n a r y  c h a r a c t e r  
appear to  be  in l ine  w i t h  t h e  a s s u m p t i o n  t h a t  t he  p re -  
sumpt ive  c h o r d a - m e s o d e m ,  t o g e t h e r  w i t h  t h e  p r e s u m p -  
tive n e u r e c t o d e r m  of t h e  ea r ly  g a s t r u l a  are  t h e  s i te  of a 
higher r e n e w a l  of p ro t e ins .  

The a c t i v i t i e s  we h a v e  o b s e r v e d  are,  however ,  r a t h e r  
low; wh ich  ha s  p r e v e n t e d  us, t h u s  far, f rom c a r r y i n g  on  
the i n v e s t i g a t i o n  on  sma l l e r  e x p l a n t s ,  i.e. on  less he t e ro -  
geneous p r e s u m p t i v e  regions.  

This inves t iga t ion  has  been suppor t ed  b y  a Grant  from Consiglio 
Nazionale delle Ricerehe to the Laboratory of Comparative Ariatomy. 

V, D'AMELIO a n d  M. P. CEAS 

Laboratory of Comparative Anatomy, The University 
o[ Palermo, Italy,  December 27, 1956. 

Riassunto 

~2 s t a t a  d e t e r m i n a t a  l ' a t t i v i t g  p r o t e a s i c a  nel le  diffe- 
renti regioni  de l la  b l a s t u l a  e de l la  g a s t r u l a  di Discoglossus 
pictus, Net la  b l a s t u l a  n o n  es is te  u n a  d i f f e renza  di a t t i -  
vit~ fra metA a n i m a l e  e v e g e t a t i v a ,  q u a n d o  si p r e n d a  
come r i f e r i m e n t o  l ' a z o t o  c i t o p l a s m a t i c o .  Nel la  g i o v a n e  
gastruta il t e r r i t o r i o  p r e s u n t i v o  de l la  e o r d a  e del  s i s t e m a  
nervoso m o s t r a  u n a  a t t i v i t ~  pill  e l e v a t a  de l la  e p i d e r m i d e  
presunt iva ,  

O n  t h e  B i o l o g i c a l  F u n c t i o n  o f  C a t h e p s i n  i n  T a i l  
T i s s u e  o f  Xenop-s L a r v a e  

In  conc lus ion  f rom ear l ie r  e x p e r i m e n t s  on  e a t h e p t i c  
a c t i v i t y  in l a rva l  ta i ls  of Xenopus d u r i n g  n o r m a l  a n d  
c h e m i c a l l y  suppres sed  r e g e n e r a t i o n ,  t he  h y p o t h e s i s  was  
p u t  fo rward  t h a t  c a t h e p s i n  m i g h t  be  c o n c e r n e d  m a i n l y  
w i t h  p r o t e i n  d e g r a d a t i o n  L Howeve r ,  in l i t e r a t u r e  w h i c h  
refers  to  e m b r y o n i c  d e v e l o p m e n t  2 or  to  r e g e n e r a t i o n  3, 
b o t h  s y n t h e t i c  and  ca t abo l i c  f u n c t i o n s  are  a s s i g n e d  to  
c a t h e p s i n .  Obv ious ly  b r e a k d o w n  of p r o t e i n s  occurs  
d u r i n g  ear ly  phases  of r e g e n e r a t i o n  a n d  in e m b r y o s ,  
w h e n  yolk  is ut i l ised,  b u t  a lways  c o n c o m i t a n t l y  w i t h  
f o r m a t i o n  of new tissues.  H e n c e  i t  a p p e a r s  r a t h e r  diffi-  
cu l t  t o  d r a w  de f in i t e  conc lus ions  on  t h e  p r e d o m i n a t i n g  
f u n c t i o n  of t h e  c a t h e p s i n  sys t em.  

D u r i n g  d e v e l o p m e n t ,  t he  ta i l  of Anuran l a r v a e  shows  
a c lea r  s e q u e n c e  of m o r p h o g e n e t i c  e v e n t s  in  w h i c h  
g r o w t h  is fol lowed by  t i ssue  r e so rp t ion .  A t  t h e  c h e m i c a l  
level,  t h i s  would  invo lve  f irst  m a i n l y  s y n t h e s i s  a n d  l a t e r  
b r e a k d o w n  of t i ssue  pro te ins .  H e n c e  a c o m p a r i s o n  of  
c a t h e p t i c  a c t i v i t y  d u r i n g  t he se  p h a s e s  would  p e r m i t  
m o r e  prec ise  conc lus ions  on  its f u n c t i o n a l  s igni f icance .  

Xenopus l a r v a e  were se lected a f t e r  h a t c h i n g  a n d  ra i sed  
in sma l l  g r o u p s  a t  20°C u n d e r  o p t i m a l  f eed ing  cond i -  
t ions .  A t  t h e  o n s e t  of m e t a m o r p h o s i s  (i.e. e r u p t i o n  of t h e  
fore l i m b s  4) t h e  l a r v a e  were t r a n s f e r r e d  i n d i v i d u a l l y  i n t o  
g lass -d is t i l led  w a t e r  a n d  k e p t  w i t h o u t  food, un t i l  t h e y  
were used.  F o r  s t age ing ,  t he  a n a e s t h e t i s e d  l a r v a e  (MS 
222 1:6000) were m e a s u r e d  ven t r a l l y .  ' B o d y  l e n g t h '  is 
t he  d i s t a n c e  f rom t h e  u p p e r  j aw to  t he  ta i l  t ip ,  a n d  "tail  
l e n g t h '  is de f ined  b y  the  d i s t a n c e  f rom t h e  c a u d a l  i n t e r -  
sec t ion  b e t w e e n  t he  h i n d  l imb  a n d  t he  ta i l  to  t h e  ta i l  
t ip.  These  r ead ings  are  a c c u r a t e  to  w i th in  :k 0.1 ram.  

C a t h e p t i c  a c t i v i t y  was d e t e r m i n e d  acco rd ing  to  t h e  
m e t h o d  of DusPIVA s, wh ich  uses case in -u rea  as s u b s t r a t e .  
Since de ta i l s  of th i s  p r o c e d u r e  are  desc r ibed  e l sewhere  1, 
on ly  t he  m o d i f i c a t i o n s  for t he  p r e s e n t  e x p e r i m e n t s  are  
m e n t i o n e d  : 

a) H o m o g e n a t e s  of tai ls ,  a m p u t a t e d  1 m m  b e h i n d  t h e  
anus ,  were p r e p a r e d  in glass-dis t i l led w a t e r  a t  low 
temperature ( ~ 2 ° C). 

b) C a t h e p t i c  a c t i v i t y  was  expres sed  in t e r m s  of a n  
a r b i t r a r i l y  f ixed  'Tai l  Unit '  b y  us ing  a s t a n d a r d  c u r v e  
wh ich  re l a t e s  e x t e n t  of s p l i t t i n g  to  h o m o g e n a t e  (i.e. 
c a t h e p s i n )  c o n c e n t r a t i o n .  These  d a t a  were  b a s e d  on  
c o r r e s p o n d i n g  q u a n t i t i e s  of t o t a l  n i t r o g e n ,  d e t e r m i n e d  
a c c o r d i n g  to  t h e  m i c r o m e t h o d  of BOELL a n d  SHEN e. 
Assays  for c a t h e p t i c  a c t i v i t y  (~) a n d  t o t a l  n i t r o g e n  (y) 
were done  in t r i p l i c a t e s  of t h e  s a m e  h o m o g e n a t e .  T h e  
s t a n d a r d  e r ro r  for t h e  specif ic  a c t i v i t y  (Tr/p) was  cal-  
c u l a t e d  a c c o r d i n g  to  t h e  fo l lowing  f o r m u l a  v : 

1 s~ ~ + . s2_. 

Growth and resorption of the larval tail. B o d y  a n d  t a i l  
l e n g t h s  increase  a t  l i nea r  r a t e s  w h i c h  fall. s l i gh t ly  before  
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