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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  

I p. K. JENSEN, F. |'~. LEItMANN, and R. WEBER, Helv.  physilfl .  
Acta I4, 188 (1956). 

2 S. [.OVTRUe, C. r. Lab. Carlsberg, s~r. chim. 29, '261 ( t 955). - E. 
URBANt, Expcr .  t l ,  '2ft9 (11.155}. 

a j .  NEEOHA.~t, Biochemistry and Morphogencsis (Cambridge 
Univ. Press, 1950). 

4 p. GASCItE, Heir. physiol. Aeta 2, 607 (191-1). 
5 F. DUSPtVA, Protoplasms 3~, 211 (|9a9). 
6 E. J. BOELL and S. C. SttEN, F.xper. Cell. Rcs. 7, 147 (|tt54). 
7 1 am indebted to Prof. S. Rosin (Bern) who was kind enough 

to work otlt this formula. 
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t h e  f i r s t  s igns  of m e t a m o r p h o s i s  a p p e a r  (Fig. 1). I n  t h e  
p r e s e n t  g r o u p  of l a rvae ,  t h i s  h a p p e n e d  a t  a n  age of 41 
(1 l a rva) ,  46 (2 l a rvae)  a n d  47 d a y s  (1 l a rva)  r e spec t ive ly ,  

D u r i n g  m e t a m o r p h o s i s ,  w h e n  t h e  l a r v a l  t a i l  is resorb- 
ed  b y  auto lys is ,  t h e  specif ic  a c t i v i t y  shows  a n  almost 
e x p o n e n t i a l  inc rease  (Fig. 4). I n  t h e  l a s t  resorpt ion 

s o  
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E ., . . . / . , .O~Body 

4 0  = 

ao g 1 o . j  ~ j ~ e  
3 t ~ Tail 

, o  
Age 
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0 5 10 15 20  25  30  35 40  days 

Fig. 1.--Growth curves /or body and tail lengths o/ Xenopus larvae. 
Each point represents the mean of 4 larvae raised at 20"C. 

a t  a m e a n  ta i l  l e n g t h  of 32.3 m m .  I n  c o n t r a s t  to  t h e  
r a t h e r  e x t e n d e d  g r o w t h  per iod ,  t a i l  r e s o r p t i o n  occup ies  
a few d a y s  o n l y  (Fig. 2). T h e  m a x i m u m  ta i l  l e n g t h  
(L~a,) is a t t a i n e d  a t  t h e  b e g i n n i n g  of m e t a m o r p h o s i s .  

lOO .~ . . . .  ...~,..,. 

.a 80 
-\ 

0 2 4 6 8 tO 12 days 
after" onset of  metamorphosis 

Fig. ~.--Reduction o! tail length during metamorphosis. Each curve 
shows the tail reduction for one larve at 20°C. 

A c t u a l l y ,  t h e  r a t e  of t a i l  r e s o r p t i o n  as  j u d g e d  f r o m  t h e  de-  
c r ea s ing  t a i l  l e n g t h  is n o t  c o n s t a n t  a n d  e x t e n d s  o v e r  
v a r y i n g  l e n g t h s  of t ime .  I n  all  cases,  a f t e r  a s low in i t i a l  
r e d u c t i o n ,  r e s o r p t i o n  sets  in  a t  a g r e a t  speed,  t h u s  
p r o d u c i n g  a dec rease  in  t a i l  l e n g t h  of a b o u t  7 0 %  w i t h i n  
o n l y  four  days .  

S ince  a t  a g i v e n  t e m p e r a t u r e  g r o w t h  r a t e  a n d  t h e  
b e g i n n i n g  of m e t a m o r p h o s i s  d e p e n d  u p o n  t h e  s t a t e  of 
n u t r i t i o n  4, t a i l  l e n g t h  s h o u l d  p r o v i d e  a m o r e  re l iab le  
r e fe rence  t h a n  age  for  l a r v a l  s tages .  

Catheptic activity during growth and resorption o/tails. 
T h e r e  is a g r e a t e r  v a r i a t i o n  in speci f ic  a c t i v i t y  w i t h i n  a 
g iven  b a t c h  of l a r v a e  t h a n  b e t w e e n  l a r v a e  f rom d i f f e r e n t  
b a t c h e s ,  b u t  in  r e l a t i o n  to  ta i l  l e n g t h  a gene r a l  t r e n d  of 
t h e  c u r v e  is e v i d e n t  (Fig. 3). I f  all  l a r v a e  up  to  29 m m  
ta i l  l e n g t h  a r e  cons ide red ,  t h e  regress ion  l ine  i n d i c a t e s  
a fa l l ing specif ic  a c t i v i t y  of c a t h e p s i n  in r e l a t i o n  to  
inc reas ing  ta i l  l eng th .  O n  t h e  o t h e r  h a n d ,  t h e  r eg ress ion  
l ine,  r e f e r r ing  t o  t h e  l a r v a e  > 29 m m  ta i l  l e n g t h  u p  t o  
t h e  onse t  of m e t a m o r p h o s i s ,  d e m o n s t r a t e s  a n  i n c r e a s i n g  
t r e n d  of t h e  specif ic  a c t i v i t y  in  p r e - m e t a m o r p h o s i s  
l a rvae .  F r o m  t h e  t - t e s t ,  t h e  d i f fe rence  b e t w e e n  t h e  m e a n  
specif ic  ac t iv i t i e s  for  l a r v a e  w i t h  t a i l  l e n g t h s  > 15 -29  
m m  a n d  > 29-Lmax was f o u n d  to  be  h i g h l y  s i g n i f i c a n t  
(10/00 > P :> 1%) ,  t h u s  d e m o n s t r a t i n g  a h i g h e r  level  of 
c a t h e p t i c  a c t i v i t y  in  t a i l  t i s sue  of p r e - m e t a m o r p h o s i s  
l a rvae .  
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Fig. 3.--Specific catheptic activity during tail growth. Larvae from 
different batches are indicated by special signs, white ones referring 
to individual and black ones representing 3 larvae. Signs with 
broken lines indicate larvae at the beginning of metamorphosis. The 
black arrow marks the mean maximunl  length and the white one 
gives the minimum length of tails, observed in 34 larvae with 
erupted fore-limbs. The vertical lines represent the standard error 

of the specific activity. 

s tages ,  t h e  a c t i v i t y  is a b o u t  22 t i m e s  h i g h e r  t h a n  a t  the 
b e g i n n i n g  of m e t a m o r p h o s i s .  

T h e s e  e x p e r i m e n t s  s h o w :  (1) t h a t  tail growth (i.e. for- 
m a t i o n  of t i s sue  p ro te ins )  is c h a r a c t e r i s e d  b y  a decrease 
in catheptic activity p e r  u n i t  t o t a l  n i t r o g e n ;  (2) t h a t  this 
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Fig..L--Specific catkeptic activity during tail resorption. All signs 
refer to individual larvae; their maximum tail length (Lmax) was 
fixed as 100%. The standard error is only indicated in those cases 

where it exceeds the diameter of the sign. 
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trend is, however,  changed in pre-metamorphosis larvae, 
when the tails are still growing and as ye t  no signs of 
tissue resorption are detectable;  (3) that ,  concomitant ly  
with progressive tail resorption (metamorphosis). a 
spectacular increase in catheptic activity takes place. Hen- 
ce, there is good evidence to assign a predominant ly  
catabolic/unction to the eathepsin system in tail tissue of 
Xenopus larvae, I t  is not  yet  known which factors con- 
trol catheptic act ivi ty,  but  prel iminary results, obtained 
by paper chromatography of methanol  extracts  of tails, 
revealed remarkably  different pat terns  of amino acids 
and peptides in growing and resorption stages. Finally, 
the high level of ac t iv i ty  observed in pre-metamorphosis  
larvae could reflect a physiological change in the tissue. 
It may have some relation to the onset of 'competence '* 
in the tail  tissue, i.e. its reac t iv i ty  to metamorphosis  
stimuli. This hypothesis,  however, remains to be con- 
firmed by fur ther  experiments.  

This work was supported by grants from the 'Swiss National 
Fund'. 

R. WEBER 

Zoological Institute, University o/ Bern (Switzerland) 
December 21, 1956. 

Zusammen[assung 

Die Best immung der Kathepsinakt iv i t i t t  an wachsen- 
den und in Riickbitdung begriffenen Schw~tnzen yon 
Xenopuslarven mittels  der von DusPIVA ~ ausgearbeite- 
ten Casein-Harnstoffmethode fiihrte zur Feststellung, 
dass dem Kathepsinsystem eine vorwiegend proteo- 
lytische Funkt ion  zukommt.  

A n o x y g e n e  R e a k t i v i e r u n g  d e r  Z e l l v e r m e h r u n g  

nach anoxybiot isch hervor~,erufener Zytostase 
( A n a b i o s e )  

Aerob ausschliesslich a tmende Zellen (Atmungszellen) 
sind ausserstande, sich ohne die Mitwirkung yon Sauer- 
stoff fortzupflanzen ~. Aerob giirende Zellen dagegen 
(Gi~rungszellen) bleiben im Oz-freien Substrat  noch fiber 
eine Reihe von Passagen part iel l  vermehrungsfiihig, ver- 
lieren aber von Gcneration zu Generation sukzessiv an 
Proliferationskralt, bis sie g~nzlich zu wachsen auf- 
h6ren (Anabiose) Z. Dass es nicht die G~rung ist, welche 
die Energie fiir das partielle Wachs tum in der Anoxy- 
biose liefert, geht experimentel l  daraus hervor, dass die 
anabiotischen Zellen unbeeintr~chtigt  weiterg~tren ~, wo- 
bei auch nicht ein Substratwechsel  (Entfernung der 
G~irungshemmstoffe, erneute Zufiihrung yon Akzesso- 
rien) die Zytostase aufzuheben vermag. Erst  wenn dem 
System wieder Sauerstoff zugeleitet  wird, t r i t t  reversibel 
Zellvermehrung ein und spiiter sogar, Each kontinuier- 
licher O~-Einwirkung, partielle Proliferation unter  
anaeroben Bedingungen. 

Der in der Anoxybiose d iminut iv  verlaufende Wachs- 
tumsprozess der G~rungszellen und die oxydat ive  Re- 

x F. WINDISCH, W. HEUMANN und CHR. GOSLmU, Z. Natur- 
forsch, sb, 305 (1953). 

z F. WINDtSCH, H. HAEHS und W. HEUMANN, Arch. Geschwulst- 
forsch. 6, 64 (I953). 

a F. WINDISClt, W. HEUMANN und CUR. GOSLIC~, Biol. Zbl. 74, 
646 (1955). 

akt ivierbarkei t  ihrer anaeroben Proliferationsfiihigkeit  
nach eingetretener Anabiose sind nicht  anders zu erkl~ren 
als durch das Vorhandensein eines anoxygenen Energie- 
potentials,  dessert respiratorische En t s t ehung  und Ak- 
kumulation,  vom anabiotischen Zellstadium ausgehend, 
sich auch tatsitchlich auf chromoanalyt i schem Wege 
nachweisen liisst 4. Evidenter  n och t r i t t  - mi t  der Test-  
schiirfe des von uns ausgearbeiteten histochemischen 
M-T-Verfahrens ~ - das anoxygene Energiepotent ia l  bei 
bes t immten zytoplasmatischen Reakt ionen des mikro- 
biellen Phosphatwechsels in Erscheinung 8. 

Auf der experimentellen Suche nach dem Energie-  
reservestoff - der in der Anoxybiose synthet ische Zell- 
reaktionen (endergonisch) erm6glicht, im Verlaufe der 
Diminut ionszi ichtung aufgezehrt und bei darauffolgen- 
der Oxybiose erneut gebildet wird - leiteten wir die ent- 
sprechenden Isolierungsmassnahmen in der Weise ein, 
dass wir aus den normalen G~rungs- und Atmungs-  
zellcn nach bekannter  Methode ~ Zellkochsitfte herstellten. 
Diese liessen wit  alsdann, nnter Wahrung s trengster  
(doppelt gesicherter) anaerober Versuchsbedingungen, 
auf anabiotisches Zellmaterial in vermehrungsf~higer 
Aussaat  einwirken. 

In den als Belcg angefiihrten F~illen (Tabelle) erfolgte 
die Bereitung der Zellkochs~fte aus Saccharomyces 
carlsbergensis Rasse U, Torulopsis Stamm S u n d  Can- 
dida Mycoderma (REEsS). Zur Kontrolle wurden in 
jeder Gruppe Proben mit  Malzwiirze (10%ig) vorgenom- 
men. Als Testzellen dienten gleichfalls die oben angege- 
benen drei Hefearten,  die erstere bis zur Anabiose di- 
minut iv  geziichtet, die beiden folgenden in desoxygenem 
Zustand verwendet .  S/imtliche Zellkochs~Lfte gelangten 
im verschn i t t  1:1 mit  15%iger Vorderwiirze zum 
anoxybiot ischen Ansatz. Die kritischen Proliferations- 
priifungen filhrten wir - unter  galvanometrischer O,- 
Spurenkontrol le  Each T6DT 8 -- in einer hermetisch ab- 
geschlossenen Anoxybiose-Apparatur  ° durch. Wlihrend 
der zwischenzeitlichen Bebriitungsstadien waren die 
Kult ivierungskolben in gasdicht isolierten, mit  Rein- 
stickstoff besehickten Sammetbeh~ltern abgestellt.  Das 
entscheidende generative Ergebnis, um das es sich vor-  
liegend zunitchst handett,  zeichnet sich beim Vergleich 
der charakterist ischen Proliferationsdaten (Tabelle) 
zwischen den einzelnen Gruppen und innerhalb jeder  
Zellkategorie mit  aller Deutl ichkeit  ab. 

Wet te r  man in umstehender Tabelle die erste Gruppe 
(Sacch. carlsbergensis Rasse U) zuniichst ffir sich allele 
aus, so leitet sich - auf Grund der experimentellen End-  
vermehrungszahlen - d e r  Nachweis daraus ab, dass im 
Zellkochsaft der G~rungs- und Atmungszellen ein ther- 
mostabiler Reserveenergiestoff enthal ten ist, der unter  
anoxygenen Bedingungen die Zel lvermehrung nach ein- 
get re tener  Anabiose zu reaktivieren oder, b iodynamisch 
ausgedriickt,  die respiratorische Funkt ion  der ergoni- 
schen Reaktionskoppelung zu substi tuieren vermag.  I m  
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