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A k t i v i t f i t  E i w e i s s  s p a l t e n d e r  E n z y m e  i n  F i s c h e n  

l~ber  E n z y m a k t i v i t g t e n  in F i s c h e n  i s t  b i she r  ausse r -  
o r d e n t l i c h  w e n i g  b e k a n n t  ({3bers ich t  be i  1), o b wo h l  die 
n g h e r e  K e n n t n i s  v o n  F i s c h e n z y m e n  aus  t h e o r e t i s c h e n  
( K a l t b l i i t e r - S t o f f w e c h s e l p h y s i o l o g i e )  wie p r a k t i s c h e n  
G r i i n d e n  ( F i s c h e  als  N a h r u n g s m i t t e l )  b e d e u t s a m  se in  
soll te .  I n  d i e s e r  A r b e i t  w i r d  f iber  die  Ak t iv i t / i t  e in iger  
E i w e i s s -  u n d  P e p t i d e - s p a l t e n d e r  F e r m e n t e  be r i ch t e t .  

Methodik .  Z u r  U n t e r s u c h u n g  k a m e n  im Mgrz /Apr i l  
in d e r  N o r d s e e  g e f a n g e n e  F i s c h e :  i n n e r h a l b  wen i g e r  
M i n u t e n  n a c h  T 6 t u n g  w u r d e n  E x t r a k t e  m i t  l p r o z e n t i -  
g e m  K C I +  0,001 M V e r s e n  h e r g e s t e l l t  u n d  n a c h  
S t a n d a r d m e t h o d e n  u n t e r s u c h t :  K a t h e p s i n  u n d  n e u t r a l e  
P r o t e i n a s e  n a c h  d e r  A n s o n - M e t h o d e  ~, P e p t i d a s e n  u n t e r  
S t a n d a r d b e d i n g u n g e n  a m i t t e l s  N i n h y d r i n r e a k t i o n * ,  Ge- 
s a m t s t i c k s t o f f  n a c h  d e m  M i k r o - K j e l d a h l v e r f a h r e n .  

Tabelle I 
Kathepsinaktivit/it in Geweben von Fisehen und Sfiugetieren 
(Mittelwerte aus mindestens 3 Bestimmungen; in alkalischer 

Harnstoffl6sung denaturiertes H/imoglobin als Substrat; 
pH 4,0 mit 0,2 M Acetat; a7 °) 

Tierart 

Dorsch . 
Dorsch . 
Dorsch . 
Dorsch . 
Hering . 
Hcring . 
Hering . 
Hering . 
Seezunge 
Scholle . 
Ra t t e .  . 
Ra t te  
Ra t t e  
Schwein . . 
Schwejn . . 
Schwein . . 
Rind 
Rind 
Rind 
Kaninchen  . 
Kaninchen  . 

Gewebe 

• . Muskula tur  
Leber  
Milz 
M a g e n - D arm t r ak t  
Muskula tur  
Leber  
Milz 
Magen-Darmt rak t  
Muskula tur  
Muskula tur  
Muskel 
Leber  
Milz 
Muskel 
Leber  
Milz 
Muskel 
Leber  
Milz 
Muskel 
Milz 

mg Tyrosin 
freigesetzt/h 

j e g  Friseh- 
gewicht 

0,94 
6,09 

27,5 
5,33 
0,46 

11,1 
31,7 

9,53 
0,57 
1,04 
0,11 
1,81 
4,70 
0,07 
0,91 
2,80 
0,09 
2,17 
2,98 
0,05 
8,28 

je lllg 
Gesamt-N 

0,09 
0,78 
2,47 
0,36 
0,05 
0,74 
1,70 
0,79 
0,08 
0,18 

Ergebnisse. I n  T a b e l l e  I s i n d  d ie  Zah len  fiber (lie 
K a t h e p s i n - A k t i v i t X t e n i n  l e b e n d f r i s c h e n  F i s ch en  zu- 
s a m m e n g e s t e l l t .  D i e s e  s i n d  w e s e n t l i c h  h 6 h e r  als in den  
e n t s p r e c h e n d e n  G e w e b e n  y o n  S 'auget ie ren ,  die u n t e r  den  
g l e i chen  e x p e r i m e n t e l l e n  B e d i n g u n g e n  g e m e s s e n  wur -  
den .  I m  V e r g l e i c h  m i t  S / iuge t i e r en  (Rind ,  Schwein ,  
K a n i n c h e n  u n d  R a t t e )  f i n d e r  s ich  p ro  G r a m m  Fr i sch -  
g e w e b e  5 m a l  m e h r  K a t h e p s i n  in  d e r  Lebe r ,  6mal  m e h r  
in d e r  Milz u n d  1 0 m a l  m e h r  in d e n  Mu s k e l n  de r  u n t e r -  
s u c h t e n  F i s c h a r t e n .  U n t e r  d e r  A n n a h m e  i ib l icher  Q~0- 
W e r t e  b e d e u t e t  d ies ,  d a s s  F i s c h e  bei  e t w a  + 7 ° K 6 r p e r -  
t e m p e r a t u r  f ibe r  e t w a  d ie  g le iche  p r o t e o l y t i s c h e  W i r k u n g  
in i h r e n  O r g a n e n  v e r f f i g e n  ,,vie S~iugetiere bei  37 °. 

1 G. HAMOIR, Adv. Protein Chem. I0, 227 (1955). 
M. LASKOWSKI, in COLOWlCK-KAPLAS, Methods o] Enzymology, 

Bd. 2 (New York, 1955), S. 26. 
a E. L. SMITH, in COLOWlCK-KAPLAN, Methods o] Enzymology, 

Bd. 2 (New York 1955), S. 83, 93. 
4 S. MOORE und W. H. STEI~r, J. biol. Chem. o1I, 9¢17 (1954}. 

Auff i i l l igerweise  fehl t  in Milz, l .e l )cr  u n d  Muskc l  v o n  
F isc t len  j cg l i chc  Ak t iv i t i i t  e ine r  m'utralen t}roteinase, clio 
in d iesen  u n d  a n d c r e n  (} rganen  v{}n Rincl, i ( a n i n c l m n  
u n d  R a t t e  in e t w a  gle ich g ros sc r  Akt ivi t i i . t  wic  {I;ts K a -  
t h e p s i n  v{}r lmmmt ~. E r s t  w e n n  n a c h  3 - 5 w 6 c h i g e r  l~iihl- 
l age rung  de r  F i sc lmulske l  deu t l i c l l  I}aktericl l  ve rdo r l}cn  
ist  (10{}-5{}0 Mil l ionen B a k t e r i e n  je ml l g x t r a k t ) ,  t r i t t  
e ine  bei p l l  7,6 a k t i v e  Prc}toinase auf ,  {lie ih ron  U r s p r u n g  
v e r m u t l i c h  in den  Mikrcu}rganisnlen ha t .  l h r e  A k t i v i t i t t  
e r r e i ch t  nu r  f u n d  4 0 %  d e r j e n i g e n  cles l : i s chnms lce l -  
K a t h e p s i n s .  

Tab¢lh' 11 
Glycylglyein-l)ipeptidase-Aldivit.it in Fist'h- uml Siiugetierorgam,n 

T i e r a r t  

Schwein 
Scholle 
l(aninchen . . . 
Seezunge . . . .  
Mensch 
I )orseh 
P, at te 
I(axlinchcn . . . 
Schwein 
Kaninchen . . . 

{h'wt'be 

Niere 
Muskulatur 
I h 'rzmuskel 
Muskuhttur 
l ; terusmuskel 
Muskuhdur 
Muskulatur 
3luslcuhttur 
I )iinndarm 
17tertlsmusktd 

uMol (;lvcylglvcinl,, 
• " I ) P I I I P r  gespalteni/lllnng . 

{h.samt-N/:17" [Ktmgen 

110 
57 b 
49 a 
.19 b 
,18 a 
35 h 
24 a 
12 a 
I I a 

3 a 

a = Werte der I.iieratu,'N; b : eigvm..Mvssungen. 

Dieses  wieclerum wird in s e ine r  A k t i v i t i i t  d u r c h  d ie  
m e h r w 6 c h i g e  K i ih l l age rung  n i c h t  vPriinch,rt .  F.ine "0bt r- 
s c h l a g s r c c h n u n g  ze ig t  z u d e m ,  d a s s  d ie  in 1 g I r i s che r  
F i s c h m u s k u l a t u r  v o r h a n d c , l e  1,[at lwl)sinaktivit l i . t  a u s -  
re ich t ,  um thco re t i s ch  imwrha l l )  24 Ii I)ei 37 ° 2!11) nlg Pro-  
te in  a b z u b a u e n ,  also fas t  (h)ppel t  s[)vic, I, wie 1 g F i s c h -  
muske l  an P r o t e i n e n  en th i i l t  (run(I 1 5(} rag). ( ) l )wahl  d i c se  
A b b a u w c r t e  in der  1)raxis h ie  c r r c i c h t  werch~n k 6 n n e n ,  
i l lus t r ie ren  (lie Zah lcn  jecloch s e h r  c iml r ing l i ch ,  class d ie  
b e k a n n t e ,  i i l)eraus lc ichte  Vcrdcr l ) l ich l¢c i t  cles l : i sch-  
f leisches d u r c h  die g e w e b s c i g e n c n  l , :nzyme erk l i i r t  wer -  
den  kann .  

Decarboxylascn fiir ( ; lu tamins i i .u re  untl  A s p a r a g i n -  
sii.ure s ind b i she r  m)ch hie  in t i e r i s chen  ( ) r g a n e n  geflt t l-  
den  worden  ( A u s n a h m e  : 7 - A m i n o l m t t o r s i h l r e - I ] i l d u n g  in 
S/ iuget ierhi rngewcl)o) .  I)a j e d o c h  be, ira F i s c h v e r d e r l )  d ie  
l ) e c a r b o x y l i e r u n g s p r o c l u l d e  } , -Aminol )u t l e r s l iu ro  uncl 
/ / -Alanin f r i ihzei t ig  a u f t r e t e n  n, w u r d e n  F i s c h n l u s k e l -  
c x t r a k t c  mi t  ( ; l u t a m i n s i i u r e  bzw.  As l )a rag ins ih l ro  in 
G e g c n w a r t  von l 'yr idoxal-5 ' - t f lU~sl)hat  bci 37" i n k u b i e r t  
und  anschl iessencl  i m l ) i e r c h r o m a t o g r ' q ) h i s c h  t ln i t ' r s t lch t  ; 
y - A m i n o l m t i e r s i i u r e  und  / / -Alanin  s ind  u n t e r  die.sore Bc- 
d i n g u n g e n  n i c h t  auf f indb : t r .  I h t s A u f t r e t e n  w m  p-Amino- 
but tcrsS.ure  in g c l a g e r i e n  l : i schen Imcleutet  chdmr n a c h  
u n se r en  F r f a h r t m g c m  d a s  \ ;o r l i egen  o ine r  b a k t e r i e l h m  
V e r u n r e i n i g u n g ,  d a  f r i sche  F i s c l m m s l w h l  keinc; y- 
A m i n o b u t t c r s i t u r c  ztt b ih len  vern l i igen .  [l-Alanin h in -  
gegen  k a n n  auch  aus  c ine r  S p a l t u n g  w m  A n s e r i n  clurcll 
A n s e r i n a s e  v e n t s t e h e n  und  ist d a h e r  kein I n d i k a t o r  c i n e r  
bak te r i e l l en  \Zerunre in igung .  

Glycylglycin-Dipeptidase k o m m t  in F i s c h m u s k e h l  
e b e n s o  wie K a t h e p s i n  in r e c h t  hol ler  A k t i v i t i t t  vor .  In  

G. Sn.mErT uml E. AI~I.OFV, unver/iffi'ntlichte Ver,mche. 
e I'L RANKE Illld F. I ] I ~ A M S T E I ) T ,  mr¢ '} l .  I:ischvreiwiss. a, 19:| 

(19.%). - E. RANm:, B. RA~RI.: trod F. Bramstt.:m', Arch. I:isclwrei- 
wiss. 6, 3.1:1 (1955). 

N. 14. Jom.:s, ]~i,whem. J. a0, 81 (I,ffmS). 
~1 1"2 I.. SMITII, J. biol. ChenL. 17.7, 571 (PalH), - l). ,q. ROlItN.~ON, 

S. M. I h r s B A u M  u m l  J. p. (;RI.:I'N:gTI~IN, J. bio l .  Chem.  ¢02, I (195:1). 
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Tabe t l e  I I  s i nd  e igene  M e s s u n g e n  (mi t  b b e z e i c h n e t )  
z u s a m m e n g e s t e l l t  ; sie w e r d e n  m i t  D a t e n  aus  de r  L i t e r a -  
f u r  s (mi t  a b e z e i c h n e t )  ve rg l i chen ,  die au f  e n t s p r e c h e n d e  
R e a k t i o n s b e d i n g u n g e n  u m g e r e c h n e t  w u r d e n .  M a n  s ieh t ,  
d a s s  die  A k t i v i t ~ t e n  in  F i s c h m u s k e l n  a n  de r  o b e r e n  
G r e n z e  d e r  ffir v e r s c h i e d e n e  S g u g e r - M u s k e l g e w e b e  er-  
h a l t e n e n  D a t e n  l iegen.  B e r e c h n e t  a u f  m o l a r e r  Bas i s  ve r -  
m 6 g e n  F i s c h m u s k e l e x t r a k t e  77ma l  m e h r  G l y c y l g l y c i n  
zu s p a l t e n ,  als  d u r c h  K a t h e p s i n  aus  H ~ m o g l o b i n  T y r o s i n  
f r e igese t z t  wird .  So l l t en  a n d e r e  P e p t i d a s e n  des  F i sch-  
m u s k e l s  g h n l i c h  h o h e  A k t i v i t ~ t e n  b e s i t z e n  (was n o c h  
n n t e r s u c h t  w e r d e n  soll), so i s t  a n z u n e h m e n ,  dass  ka -  
t h e p t i s c h e  S p a l t p r o d u k t e  y o n  P e p t i d n a t u r  i m  F i sch-  
m u s k e l  a l s b a l d  zu Aminos~iuren  a u f g e s p a l t e n  werden .  

Die  b i s h e r  e r h a l t e n e n  D a t e n  w e r d e n  aus f t ih r l i ch  a n  
a n d e r e r  S te l le  pub l i z i e r t .  

Der Verfasser dankt der Research Corporation, New York und 
dem Ern/ihrungswissensehaftliehen Beirat der Deutsehen Fisch- 
industrie far die Untersttitzung der Arbeit, ferner der Firma Hoff- 
mann-La Roche fiir Pyfidoxal-5'-phosphat. 

G. SIEBE~T 

Physiologisch-chemisches Institut der Johannes-Gulen- 
berg-Universittit zVlainz, IO. September 7957. 

Summary  

F r e s h  t i s sues  f r o m  sea  f i shes  show m u c h  h i g h e r  
a c t i v i t i e s  of c a t h e p s i n s  t h a n  t h e  c o r r e s p o n d i n g  m a m -  
m a l i a n  t i ssues .  T h e  s ign i f i cance  of t h e s e  f i nd ings  is 
d iscussed .  T h e r e  is no  i n d i c a t i o n  for  t h e  p r e sence  in 
f resh  e x t r a c t s  of f i sh  musc le  of e i t h e r  p r o t e i n a s e s  w i t h  a 
p H  o p t i m u m  n e a r  n e u t r a l i t y  or  of d e c a r b b x y l a s e s  for  
g l u t a m i c  a n d  a s p a r t i c  acids.  Tile a c t i v i t i e s  of g lycyl -  
g lyc ine  d i p e p t i d a s e  in  f ish musc le  a re  f o u n d  to  be  a t  t h e  
u p p e r  l i m i t  of t h e  v a l u e s  o b t a i n e d  b y  o t h e r  w or ke r s  w i t h  
m a m m a l i a n  t i ssues .  

Role  of Catalase  in He inz  Body  F o r m a t i o n  

T h e  m o s t  p r o b a b l e  t h e o r y  e x p l a i n s  t h e  t l e i n z  b o d y  
f o r m a t i o n  as a d e g r a d a t i o n  p rocess  of c e r t a i n  cell com-  
p o n e n t s  c a u s e d  b y  h y d r o g e n  perox ide ,  w h i c h  a c c u m u -  
l a t e s  if c a t a l a s e  is i n h i b i t e d  b y  seve ra l  m a t e r i a l s  ~. E x o -  
gene  h y d r o g e n  p e r o x i d e  does  a c t u a l l y  p r o d u c e  H e i n z  
bod ie s  in  p o t a s s i u m  c y a n i d e  po i soned  red  cells  2. On t h e  
o t h e r  h a n d ,  c a t a l a s e  ac t s  in  c e r t a i n  c i r c u m s t a n c e s  
p e r o x i d a t i c a l l y  3, a n d  s u c h  a n  ef fec t  of t h e  c a t a l a s e  is also 
p r e s e n t  in  c o n n e c t i o n  w i t h  c a t a l a s e  poisons .  Ca t a l a se  
poisons ,  s u c h  as an i l i ne  a n d  2 , 4 - d i c h l o r o p h e n o l ,  i n -  
h i b i t  n o t  on ly  t i le  ca t a l a se ,  b u t  t h e  i n h i b i t o r  also c h a n g e s  
in t h e  p r e sence  of c a t a l a s e  a n d  p e r o x i d O .  

I t  is poss ib le  t h a t  i n h i b i t e d  c a t a l a s e  m a y  also h a v e  a n  
a c t i v e  role in  t h e  H e i n z  b o d y  f o r m a t i o n ,  a n d  t h e r e f o r e  
t h e  pos s ib i l i t y  of H e i n z  b o d y  f o r m a t i o n  in red  cells 
w i t h o u t  c a t a l a s e  or  w i t h  a low c a t a l a s e  c o n t e n t  m u s t  
be  i n v e s t i g a t e d .  

Ca t a l a se  i n h i b i t i o n  b y  p o t a s s i u m  c h l o r a t e  is i r re -  
vers ibIeL a n d  t h e r e f o r e  t h e  p o t a s s i u m  c h l o r a t e  t r e a t -  
m e n t  of r e d  cells s e e m e d  to  be  a s u i t a b l e  m e t h o d  t o  

i S. BRENNER and A. C. ALLISOS, Exper. 9, 381 (1953). 
L. MAGOS, Exper. 12, 264 (1956). 

a D. KEILIN and E. F. HARTREE, Proc. roy. Soc. [B] 119, 141 
(1936). 

L. MAGOS, A. M. A. Arch. Industr. Health. 15, 148 (1957), 
5 H. BLASClfKO, Biochem. J. 29, 2303 (1935). 

o b t a i n  r ed  cells w i t h  a tow c a t a l a s e  c o n t e n t  ~. I n  th i s  
e x p e r i m e n t ,  0.5 ml  of w a s h e d  h u m a n  red  cells were  in- 
c u b a t e d  a t  37-0°C w i t h  0.2 ml  of 1-9~o p o t a s s i u m  chlo- 
r a t e  a n d  0.8 ml  of  M/15 p h o s p h a t e  b u f f e r  of p H  7-0. At  
d i f f e r en t  t imes ,  t h e  r ed  cells were  w a s h e d  w i t h  phys io-  
logical  sa l ine  3 t imes .  I n  t h i s  m a n n e r  r ed  ceils were 
g a i n e d  w i t h  a b o u t  5 0 %  (60 min) ,  4 0 %  (90 rain) and  
30% (120 min)  ca t a l a se  c o n t e n t .  

To  0.5 ml  of t r e a t e d  a n d  w a s h e d  r e d  cells, a like 
a m o u n t  of c i t r a t e  p l a s m a  a n d  1-0 ml  of 1"0% p o t a s s i u m  
c y a n i d e  and ,  a f t e r  5 min ,  1.0 ml  of 1 .0% h y d r o g e n  
p e r o x i d e  were  added .  H y d r o g e n  pe rox ide  was  d isso lved  
in M/15 p h o s p h a t e  b u f f e r  of p H  7.0. T h e  e x p e r i m e n t  was 
c a r r i e d  o u t  a t  37.0°C. S a m p l e s  t a k e n  a f t e r  30 m i n  were 
s t a i n e d  b y  \ 'Volfer 's  s t a i n i n g  t e c h n i q u e  w i t h  m e t h y l  
v io le tL  

Th i s  e x p e r i m e n t  h a s  s h o w n  t h a t  if r ed  cells a re  in- 
c u b a t e d  w i t h  p o t a s s i u m  c h l o r a t e  60 m i n  before  the  
c y a n i d e - p e r o x i d e  tes t ,  H e i n z  bod ies  s t i l l  appea r ,  as a 
rule,  in  t h e  m a j o r i t y  of t h e  r ed  ceils. I f  t h e  t r e a t m e n t  is 
f i n i shed  in  t h e  9 0 t h  min ,  H e i n z  bod ie s  a p p e a r  o n l y  in 
few cells. 

I n  a p r e v i o u s  pape r ,  a n  e x p e r i m e n t  was  desc r ibed  
w h i c h  ha s  s u g g e s t e d  t h a t  t h e  role  of c a t a l a s e  i n h i b i t o r  
c a m l o t  be  l im i t ed  to  t h e  c a t a l a s e  i n h i b i t i o n ,  b u t  i t  p lays  
a d i r e c t  role  in  t h e  H e i n z  b o d y  f o r m a t i o n  2. T h e  p r e s e n t  
s t u d y  h a s  g i v e n  e v i d e n c e  t h a t  t h e  n e c e s s a r y  c o n d i t i o n  
for  H e i n z  b o d y  f o r m a t i o n ,  bes ides  t h e  i n h i b i t o r  a n d  
perox ide ,  is t h e  su f f i c i en t  q u a n t i t y  of ca ta lase .  F o r  these  
reasons ,  i t  a p p e a r s  p l aus ib l e  t h a t  t h e  H e i n z  b o d i e s  are 
p r o d u c e d  as a r e s u l t  of t h e  i n t e r a c t i o n  of e a t a l a se ,  in- 
h i b i t o r  a n d  h y d r o g e n  pe rox ide .  I n  t h i s  process ,  n o t  on ly  
p e r o x i d e  is used  as a s u b s t r a t e  b u t  also t h e  inh ib i to r .  
T h e  f o r m e r  is used  b y  t h e  c a t a l a s e  f u n c t i o n  of t h e  ca ta -  
lase,  t h e  l a t t e r  b y  the  p e r o x i d a s e  f u n c t i o n  of t h e  ca ta lase .  
I n  t h i s  way ,  b o t h  m e c h a n i s m s  a c t  t o g e t h e r  a n d  b o t h  are  
r e s p o n s i b l e  for  H e i n z  b o d y  f o r m a t i o n ,  a n d  w h e n  t he  
c a t a l a s e  ox id izes  i t s  i n h i b i t o r  p e r o x i d a t i c a l l y ,  i t  does  t he  
s a m e  w i t h  c e r t a i n  ceil c o m p o n e n t s .  

L. MaGos  

State Institute o[ Occupational Medicine, Departement 
o] Industrial Hygiene, B**dapest, October I, 1957, 

Zusammen/assung 

Bei  de r  B e h a n d l u n g  v o n  E r y t h r o z y t e n  m i t  K a l i u m -  
c h l o r a t  s i n k t  m i t  de r  B e h a n d l u n g s d a u e r  die F/~higkei t  
z u r  B i l d u n g  y o n  He inzk /Srpe rchen .  Dies  we i s t  d a r a u f  
h in ,  da s s  die K a t a l a s e  e b e n s o  s eh r  V o r b e d i n g u n g  der  
H e i n z k 6 r p e r c h e n b i l d u n g  i s t  wie  K a t a t a s e - I n h i b i t o r  und  
Pe rox id .  

6 L. MAGOS, in this issue. 
7 Planches d'ttgmatologie, Sandoz (Basel 1950). 

Catalase  Inhibi t ion by  P o t a s s i u m  Chlorate  
in Red Cells  

Cata l a se  i n h i b i t i o n  b y  p o t a s s i u m  c h l o r a t e  is irre- 
ve r s ib l e  1. O n  t h i s  bas i s  i t  is e v i d e n t  t h a t  t h e  ea t a l a se  
a c t i v i t y  of r ed  cells a f t e r  w a s h i n g  w i t h  phys io log ica l  
sa l ine ,  r e m a i n s  as low as a t  t h e  end  of t h e  p o t a s s i u m  
c h l o r a t e  t r e a t m e n t .  

1 H. BLASCtIKO, Biochem. J. 29, 2303 (1935). 


