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min  a n d  f l - lac toglobul in  b y  m e a n s  of an t i -mi lk  s e r u m  
ind ica ted  t h a t  these  t h r e e  s u b s t a n c e s  were serological ly 
unre la t ed .  However ,  ana lys i s  of a - l a c t a l b u m i n  a n d  fl- 
l ac tog lobul in  w i t h  t h e i r  homologous  sera  showed more  
t h a n  one  p r ec ip i t a t e  w i t h  each  pro te in .  B y  m e a n s  of 
a b s o r p t i o n  e x p e r i m e n t s  t he  pos i t ion  of t he  fl-lacto- 
g lobul in  a n d  a - l a c t a l b u m i n  p rec ip i t a t i on  lines in t he  to ta l  
m i lk - an t i -mi lk  s p e c t r u m  could  be  e s t ab l i shed  as desig- 
n a t e d  in  F i g u r e  l a .  I n  t he  s ame  way  t he  e x t e n d e d  l ine 
fo rmed  b y  a -case in  cou ld  be  iden t i f i ed  in t he  t o t a l  
spec t rum.  

These  a n d  f u r t h e r  i nves t i ga t i ons  of t h e  immunolog ica l  
cha rac te r i s t i c s  of b o v i n e  mi lk  p ro t e in s  in  n a t i v e  a n d  
modif ied fo rms  will b e  p u b l i s h e d  in de ta i l  elsewhere.  
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Zusammen/assung 

I m m u n o e l e k t r o p h o r e t i s c h  liessen sich aus  K u h m i l c h  
mi t  Hilfe  e in iger  K a n i n c h e n - A n t i - M i l c h s e r e n  m i n d e s t e n s  
12 I m m u n p r t i z i p i t a t e  nachweisen .  Von  diesen waren  6 
Pr~izipitate serologisch m i t  B l u t s e r u m p r o t e i n e n  v e r w a n d t  
(u. a. A l b u m i n  u n d  ?-Globul in) .  F e r n e r  w u r d e n  P r ~ p a r a t e  
yon  ~¢-Kasein, f l -Lak tog lobu l in  und  x - L a k t a l b u m i n  ana -  
lysiert .  

Cata lase  Act iv i ty  in the  R e g e n e r a t i n g  Tai l  T ip  
of X e n o p u s  L a r v a e  and  the  Effect of  3 - A m i n o -  

1 , 2 , 4 - t r i a z o l e  ~ 

I n  p r e v i o u s  papers2,  3 we were  able  to  show t h a t  ta i l  
t i ssue of X e n o p u s  l a r v a e  con t a in s  a ca ta lase  w i t h  m u c h  
the  s ame  k ine t i c  p rope r t i e s  as ca ta l a se  f rom m a m m a l i a n  
organs  2. I t  is d i s t r i b u t e d  a long  t he  ta i l  axis  in a s teep  
g rad ien t ,  t h e  specific a c t i v i t y  be ing  h ighes t  in the  t ip  a n d  
lowest  in  t h e  ba se  of t he  ta i l  3. Ca ta lase  is well  k n o w n  for 
its m a r k e d  depress ion  in t he  l ivers  a n d  k idneys  of t u m o r -  
bear ing  ra ts ,  whe reas  i t  shows n o r m a l  levels of a c t i v i t y  
in r e g e n e r a t i n g  r a t  l i v e r q  On  t he  o t h e r  h a n d  we h a v e  
found r e c e n t l y  t h a t  t h e  a c t i v i t y  of the  in t r ace l lu la r  pro-  
teases (ca theps ins)  is s t r ong ly  increased  a b o v e  the  n o r m a l  
level in t h e  r e g e n e r a t i n g  ta i l  t i p  of X e n o p u s  l a rvae ;  i t  is 
f u r t he r  inc reased  in r egene ra t e s  p a r t l y  i n h i b i t e d  b y  a 
m o r p h o s t a t i c  a m i n o k e t o n e  a n d  a qu inoxa l ine  der ivat iveS.  
In v iew of th is ,  i t  was  of i n t e r e s t  to  follow the  b e h a v i o u r  
of ca t a l a se  a c t i v i t y  d u r i n g  t he  process  of r egene ra t i on  in 
X e n o p u s  l a rvae .  Th i s  would  e x t e n d  our  knowledge  of the  
enzyme  p a t t e r n  in  the  r e g e n e r a t i n g  ta i l  t i ssue a n d  serve 
as a bas i s  for  f u r t h e r  t e s t s  of t h e  b iochemica l  effects  pro-  
duced b y  m o r p h o s t a t i c  s u b s t a n c e s  on  our  model  t issue.  
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In  the  f i rs t  t e s t  we d e t e r m i n e d  t h e  ef fec t  of 3 -amino-  
1, 2, 4- t r iazole  (AT), k n o w n  as a p o t e n t  ca t a l a se  i n h i b i t o r  
in vivo in  t h e  r a t  ", on  our  sys tem.  
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Fig. l .-Specific catalase activity during the regeneration of the 
tail tip of Xcnopus larvae. • Regenerates, o stumpsliees, v 0 th-  
7th mm and o 7 th-9th mm of the tails of the uuamputatcd controls. 
The vertical lines indicate the standard error of the determinations. 

Methods. W e  used the  m i c r o - a d a p t a t i o n  of t h e  per -  
b o r a t e  t e s t  of FEINSTEIN 7 w h i c h  we r ecen t ly  desc r ibed  2. 
X e n o p u s  la rvae ,  25 d a y s  old  a n d  26-30  m m  in ove ra l i  
l ength ,  were k e p t  in dis t i l led  w a t e r  a t  18°C in a t h e r m o -  
s t a t .  I n  t h e  f i rs t  g roup  of an ima l s ,  7 m m  of t h e  ta i l  t i p  
were a m p u t a t e d  a t  t h e  b e g i n n i n g  of t h e  e x p e r i m e n t  
(day  0). A second  g roup  of n o n - a m p u t a t e d  a n i m a l s  s e r v e d  
as  a con t ro l  a n d  was  k e p t  u n d e r  iden t i ca l  cond i t ions .  T h e  
l a rvae  were n o t  fed t h r o u g h o u t  t h e  pe r iod  of t h e  exper i -  
men t .  On  t h e  5th, 8th, 12m, a n d  19th days  a f t e r  a m p u t a -  
t ion,  t i ssue  pieces were  col lec ted  f rom a t  l eas t  10 l a r v a e  
each, as follows: (a) f rom t h e  a m p u t a t e d  an imal s ,  t h e  
r egenera tes  a n d  the  a d j o i n i n g  2 m m  s t u m p  slices;  (b) 
f rom t h e  n o n - a m p u t a t e d  a n i m a l s  7 m m  slices f rom t h e  
ta i l  t ip  as con t ro l s  to  the  r egene ra t e s  a n d  7th-gth m m  slices 
as cont ro l s  to  t h e  s t u m p  slices. Ca ta lase  a c t i v i t y  a n d  
t o t a l  n i t rogen  (by t h e  u l t r a m i c r o - K j e l d a h l  t e c h n i q u e  of 
BOELL a n d  SHEN s) were d e t e r m i n e d  in h o m o g e n a t e s  of 
these  4 t issue pieces. 

I n  t h e  e x p e r i m e n t  w i t h  AT, t h e  a m p u t a t e d  l a rvae  were  
k e p t  in a 1 :4000 so lu t ion  of AT. One g r o u p  of n o n -  
a m p u t a t e d  l a rvae  in A T  a n d  a n o t h e r  in w a t e r  se rved  as 
controls .  The  r egene ra t e s  a n d  t h e  2 m m  s t u m p  sclices 
were col lected f rom t h e  a m p u t a t e d  an imals ,  a n d  t h e  
7th-9 th m m  slices were co l lec ted  f rom t h e  ta i l s  of t h e  
t r e a t e d  a n d  t h e  u n t r e a t e d  cont ro l s .  T h e  re su l t s  for  b o t h  
e x p e r i m e n t s  are  expres sed  in m i c r o e q u i v a l e n t s  p e r b o r a t e  
spl i t  pe r  t~g t o t a l  n i t r o g e n  (for a n  i n c u b a t i o n  t i m e  of 
5 min) .  

Results. Specific c a t a l a se  a c t i v i t y  d u r i n g  n o r m a l  r egen-  
e r a t i o n  is s h o w n  in F i g u r e  1. I n  t h e  ta i ls  of t h e  n o n -  
a m p u t a t e d  con t ro l s  ca t a l a se  a c t i v i t y  r e m a i n e d  a l m o s t  
u n c h a n g e d  t h r o u g h o u t  t h e  e x p e r i m e n t a l  per iod ,  t h e  t i p  
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of the tail to the 7 tl~ mm showing consistently about 10% 
more act ivi ty than the adjoining 2 mm slice (7th-9 th mm). 
This confirms the gradient-like distribution shown pre- 
viously 3. The slight loss of act ivi ty  in these two tissue 
pieces from the 8 th to the 19th day is not statistically 
significant. The regenerates, on the other hand, show a 
marked decrease in catalase act ivi ty  to about  50% of the 
level found in the corresponding region of the non-ampu- 
tated tails (0-7 ram). Only towards the end of the regene- 
ration period does the act ivi ty  seem to increase again, to 
a very slight extent.  That  this decrease is specific for the 
regenerating tissue is shown by the unchanged level of 
activity in the adjoining 2 mm stump slices. This beha- 
viour is in contrast  to the results found in regenerating rat  
liver, where catalase act ivi ty  is not  decreased 4. I t  is also 
in contrast to our own results with the cathepsins 5, which 
in the regenerates return to the normal level within 10 
days after amputation,  i.e. when the regenerates are fully 
differentiated and further growth proceeds without gain 
in nitrogen content". In the case of catalase, the abnorm- 
ally low level is maintained, and in this respect the re- 
generates keep their  specific characteristics even after 
differentiation is completed. 
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Fig. 2 . - -Speci f ic  ca ta lase  a c t i v i t y  du r ing  regenera t ion  in a 1:4000 
solut ion of AT. • Regenerates ,  ~ s t u m p  slices, a 7th-9 th m m  of 
t h e  tails '  of the u n a m p u t a t e d  la rvae  t r ea ted  wi th  AT, o 7th-9th m m  

of the tails of the untreated controls. 

A concentration of 1 : 4000 of AT inhibited catalase in 
the tail tissue of amputa ted  and non-amputated larvae 
(Fig. 2). Both in the regenerates and in the stump slices 
of the amputated larvae as well as in the 7tlL9 m mm slices 
of the treated, non-amputated controls the act ivi ty  was 
depressed to about the same level, namely 20-40% of the 
untreated controls. In the regenerates, catatase act ivi ty  
was decreased to a much smaller extent  than  in the s tump 
and control slices. Here the level fails onIy to about 60 to 
70% of the untreated regenerates (see Fig. 1). I t  seems 
as if at  the AT concentration used, a definite minimum 
levet of catalase act ivi ty  is maintained in the treated 
tissues. 

The regeneration of tail tissue was part ly inhibited by 
AT during the first days after amputation.  On the 5 th day, 
AT-treated regenerates measured only 0,55 mm (average 
of 50) while untreated regenerates measured 1,00 mm 

9 ~E. M. DEUCHAR, R. WEBER, and  F. E.  LENMANN, Helv.  physiol .  
Ac ta  15, 212 (1957). 

(average of 10). But  by the 12 th day treated regenerates 
averaged 3,99 mm to 3,78 mm for the untreated, and at 
the end of the experiment (20 m day) the values were 5,20 
and 4,45 mm respectively. Thus it  seems tha t  those cells 
in the young blastema which survived the first effects of 
the t reatment  retained their full vitali ty,  since the tissue 
as a whole did not lose any of its regenerative power. 

One is led to the conclusion that  the blocking of catalase 
in the regenerate does not in itself affect any vital meta- 
bolic pathway, and that  the inhibition observed may pos- 
sibly be due to a contaminating substance with a specific 
effect on the early phases of regeneration. The presence 
of such biologically active 'aminotriazole contaminant '  
has been discussed by FEINSTEIN et ~zl. l°. I t  should be pos- 
sible to separate the catalase-blocking and the regenera- 
tion-inhibiting components of AT-preparations and thus 
identify the active agents. Such work is at present in pro- 
gress and will be reported on later. 

H. P. VON HAHN 

Zoologisches Inst i tut  der Universiliil Bern, June  77, 1959. 

Zusammen/assung 

In der regenerierenden Schwanzspitze der Xenopus- 
larve bleibt die Katalase-AktivitXt (bezogen ant Total- 
stickstoff) bis zum Ende der Regenerationsperiode auf 
etwa 50% des normalen Niveaus, w/ihrend sie im an- 
schliessendcn Schwanzstumpf unver/indert ist. 3-Amino- 
1, 2, 4-triazol erniedrigt die Katalase-Aktivitft t  in den 
Regeneraten, den Stiimpfen und dem Kontrollgewebe 
nicht-amputierter  Larven auf etwa 20-40% des normalen 
Niveaus. Es bewirkt eine kurzfristige 1Regenerations- 
hemmung in den ersten Tagen nach Amputation,  die im 
weiteren Verlauf wieder voltstXndig ausgeglichen wird. 
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Die Komplement-hemmende Wirkung 
einiger Antiproteasen 

Zum Wirkungsmechanisrnus des Komplements bet im- 
munologischer H/imolyse geh6rt eine prim/ire Aktivierung 
yon C't durch den Antigen-Antik6rper-Komplex (eventuell 
auch eine unspezifische Aktivierung durch die proteoly- 
tischen Enzyme Plasmin und Trypsin) zu ,ak t ivem C'p), 
welches die Eigenschaften einer Protease mit  Esterase- 
Aktivit/ i t  aufweisen soil 1-3. Die Hemmung dieser ersten 
Stufe und damit  des ganzen Komplements kSnnte fiir 
Atlergie und Immunohii.ma~tologie yon grosser Bedeutung 
sein 3'4. CUSH~AN et al. s," beobachteten die hemmende 
Wirkung yon Substanzen wit p-Toluolsulfonyl-t-arginin- 
methylester, einigen Polypeptiden, Aminos/iuren und 
Diisopropylfluorophosphat; diese waren jedoch entweder 
zu wenig akt iv  oder wegen ihrer Toxizit/it  therapeutisch 
nicht verwendbar. 
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