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Separation of Cytoplasmic Particles by 
Centrifugation in a Density-Gradient 

I f  cel lular  cons t i t uen t s  f rom t issue h o m o g e n a t e s  are  
i so la ted  b y  means  of di/[erential centri]ugation ~, t h e  
sepa ra t ion  of t he  va r ious  f rac t ions  depends  upon  dif- 
ferences  in s e d i m e n t a t i o n  ra te ,  wh ich  is d e t e r m i n e d  
m a i n l y  b y  t h e  mass  and  surface  of t h e  par t ic les .  This  
p rocedure  y ie lds  pa r t i c l e  f rac t ions  of  r e l a t i v e  p u r i t y  
only,  so tha t ,  espec ia l ly  for  smal l - s ized  par t ic les ,  t h e  
poss ib i l i ty  of  an  o v e r l a p p i n g  b e t w e e n  t h e  f rac t ions  
a lways  has  to  be t a k e n  in to  cons ide ra t ion  ~. 

D e n s i t y - g r a d i e n t s  were  i n t roduced  by  LINDE~STROM- 
LANG 3 for dens i t y  m e a s u r e m e n t s ;  sucrose  g rad ien t s  
have  been used b y  PICKELS a and  KAttLER and  LLOYD 5 as 
a t echn ica l  aid in c o u n t e r a c t i n g  the  convec t ion  cur ren ts ,  
which  occur  in ang le -head  cent r i fuges .  The  f irs t  to  use 
sucrose g rad ien t s  in the  cen t r i fuge  as a means  of sepa-  
r a t ing  par t ic les  of d i f fe ren t  dens i t y  were  E.  N. HARV:EY s 
and  E.  B. HARVEY ~ in t he i r  e x p e r i m e n t s  on the  s t ra t i f i -  
ca t ion  and  sepa ra t ion  of l iv ing  egg cells in the  cen t r i fuga l  
field, and  BRAKKE s and  HOLTI~R 9 p roposed  to use t he  
same pr inc ip le  for t he  s epa ra t i on  of cell cons t i t uen t s  in 
homogena t e s .  I n  the  p roposed  me thod ,  t he  range  of the  
dens i ty  g r ad i en t  is e x t e n d e d  b e y o n d  the  specif ic  g r a v i t y  
of t he  heav ie s t  c o m p o n e n t  and  cen t r i fuga t ion  is pro-  
longed  un t i l  al l  par t ic les  h a v e  c o m e  to  e q u i l i b r i u m  w i t h  
t h e  m e d i u m  a t  t he  co r respond ing  leve l  of dens i ty .  U n d e r  
such  condi t ions ,  there fore ,  t h e  particles are separated 
according to their density, since mass  and  sur face  Mfee t  
o n l y  t h e  s e d i m e n t a t i o n  ra te ,  b u t  no t  t h e  f inal  pos i t ion  
in t h e  g rad ien t .  

S ince  al l  m o d e r n  h igh-speed  cen t r i tuges  are  e q u i p p e d  
w i t h  angle-heads ,  which  are  r a t h e r  unsu i t ab le  for  th is  t y p e  
of  w o r k  x° t he  p resen t  w o r k  had  to  be  p o s t p o n e d  un t i l  a 
swinging  b u c k e t  r o to r  had  been m a d e  ava i l ab le  as an  
accessory  to  the  " S p i n c o "  cen t r i fuge .  

BRAKK~ s ac tua l l y  o b t a i n e d  a s epa ra t i on  of  p l an t  
v i rus  par t ic les  b y  g r ad i en t  cen t r i fuga t ion ,  b u t  in his 
case, t he  par t i c le  s epa ra t i on  was st i l l  due to  sed imen ta -  
t ion  rate .  D e n s i t y  equ i l i b r i um (a l though  m e n t i o n e d  as 
a sepa ra t ion  pr inciple)  was no t  a t t e m p t e d  and  was 
perhaps  also unob t a inab l e  wi th in  t he  range  of dens i t y  
e m p l o y e d  (1.04 to  1.16). A s imi la r  t e c h n i q u e  was also 
used by  BEH RENS and  TAUBI~RT I x m a i n l y  for t he  i so la t ion  
of cell  nuclei  f rom ace tone- f ixed  m a t e r i a l  in non -aqueous  
media .  

The  p re sen t  no te  deals  w i th  a f irs t  set  of e x p e r i m e n t s  
on p r e v i o n s l y i s o l a t e d  c y t o p l a s m i c  par t ic les  of X e n o p u s -  
l ive r  t issue.  There  is ev idence  t h a t  m i t o c h o n d r i a  and  
submic roscop ic  par t ic les  (microsomes) reach  dens i ty  
e q u i l i b r i u m  a t  d i f fe ren t  levels  w i th in  t he  grad ien t .  
Moreove r  t he  dens i t y - r ange  is wider  for m i tochond r i a -  
l ike  pa r t i c l e s  t h a n  for Inicrosomes,  t h u s  sugges t ing  a 
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q u a l i t a t i v e l y  non -homogeneous  mi tochondr ia -popula -  
t ion.  

Preparation o[ the Gradients. A su i tab le  gradient-  
m e d i u m  m u s t  fulfi l l  t he  fo l lowing cond i t ions :  density 
ca. 1-30, chemica l  iner tness ,  low v iscos i ty ,  modera te  
osmot ic  ef fec t  and  misc ib i l i ty  w i t h  wate r .  As a mat te r  
of fact ,  t h e  m o s t  ser ious p rob l em consis ts  in f inding a 
so lu t ion  co r respond ing  to  such  a series of requirements .  

B y  m i x i n g  sucrose-so lu t ions  w i t h  "'Diodon'" (Di- 
e t h a n o l - a m i n e - s a l t  of  3 ,5-d i - iodo-4-pyr idone-N-ace t ic  
acid) 1 t he  fo l lowing s tock-so lu t ions  cou ld  be  obta ined:  

| 
Sucrose and 0.03 m Versene t 

Diodon , 0 4   0°/o 13o% I i 
I 1.10e I 11.66% 1.15/ 1.20g I Density 

W i t h  a ca l ib ra ted  mic ro -p ipe t t e ,  0.3 ml  of each  of the 
above  s tock-so lu t ions  (2°C) were  ca re fu l ly  layered  in 
plas t ic  tubes  of 1.5 ml  capac i ty ,  to  bui ld  up three-step 
g rad ien t s  of 0.9 ml  to t a l  vo lume .  Three  types  of gradi- 
ents  w i t h  d i f fe ren t  dens i t y - r anges  were  used, namely:  

Grad i en t  234 S (b, c, d) dens i t y  1.20-1.30 
G r a d i e n t  123 S (a, b, c) dens i t y  1.15-1.25 
G r a d i e n t  123 L (e, /, g) dens i ty  1.10-1.20 

To  check  t h e  dens i t y -d i s t r i bu t i on  in t h e  gradients ,  the 
tubes  were  i n t roduced  in to  t h e  op t ica l  s y s t e m  of an 
e l ec t rophores i s - appa ra tus  (0 ° C) .The re su I t ing"Sch l i e ren -  
C u r v e s "  ind ica ted ,  t h a t  a con t i nuous  g r a d i e n t  in density 
f rom the  t o p  to  t he  b o t t o m  of t h e  t u b e  was established 
a f t e r  10-20 h. 

Isolation o[ the Cytoplasmic Particle Fractions. Liver 
h o m o g e n a t e s  of y o u n g  Clawed Frogs  (Xenopus laevis 
Daud.)  2, p repa red  in 0.3 m sucrose  + 0.01 m "Ver- 
s e n e "  (Di -Na-sa l t  of e thy lene -d i amine - t e t r a - ace t i c  
acid) a were  s epa ra t ed  in to  two  f rac t ions  by  differential 
cen t r i fuga t ion  4, a f te r  r e m o v i n g  the  cel l -debris  and  nuclei. 
The  large cy top la smic  pa r t i c l e s  (=  /faction A) were 
s e d i m e n t e d  a t  5,000 g (30 rain) and  f rom the  superna tan t  
a second s e d i m e n t  was p r e c i p i t a t e d  a t  20,000 g (60 min) 
to  which  we refer  a s / f a c t i o n  I + B. B o t h  sed iments  were 
washed  twice  in t he  suc rose -ve r sene -med ium.  

The  microscopica l  analysis  of fraction A revea led  the 
presence  of t yp i ca l  m i tochondr i a - l i ke  part icles .  The 
pe l le t  co r respond ing  to /raction T + B, was clearly 
composed  of two  par ts ,  n a m e l y  a t h in  reddish  layer of 
smal l  m i tochondr i a - l i ke  spherules  and a la rger  transpa- 
r en t  and  je l ly- l ike  p e l l e t .  T h e  mi tochondHa- l ike  sub- 
s t ance  couId be easi ly washed  a w a y  wi th  sucrose-versene- 
m e d i u m ,  y ie ld ing  a ye l lowish  suspens ion ,  which  we 
des igna te  as " i n t e r m e d i a t e  f r a c t i o n "  ( = / r a c t i o n  I) on 
accoun t  of  b o t h  the  i n t e r m e d i a t e  size n and  t h e  behaviour  
of  these  par t ic les  in t h e  dens i ty -g rad ien t .  The  remaining 
c o m p a c t  je l ly- l ike  sed iment ,  a f t e r  be ing  s t i r red  up in 
suc rose -ve r sene -med ium,  g a v e  a mi lky ,  bluish-opales- 
cen t  suspension,  con t a in ing  submic roscop ic  par t ic les  of 
0-1-0-2 # d i a m e t e r  ~ ( = / f a c t i o n  B). 

The  i so la ted  par t i c les  were  p re se rved  in t he  "D iodon"  
- suc rose - so lu t i ons ,  and  microscopica l ly ,  t he re  were no 
de tec tab le  morpho log i ca l  changes .  
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High Speed Centri/ugation of the Particle Suspension 
in Density-Gradients. D e n s i t y - g r a d i e n t s ,  k e p t  for  10-20  h 
a t  2°C, w i t h  a t h i n  t o p - l a y e r  of 0.05 or  0.1 m l  s u s p e n -  
sion of t h e  f r a c t i o n s  A, A + B, B, a n d  [ r e s p e c t i v e l y ,  
were s p u n  in  t h e  s w i n g - o u t  h e a d  of a r e f r i g e r a t e d  (t = ca. 
5°C) spinco-ultra-centri/uge (mode l  E)  a t  24,630 R P M  
(ca. 60,000 g for  t h e  b o t t o m  of  t h e  t ubes ) .  E v e r y  30 m i n  
the  r u n  was  i n t e r r u p t e d ,  t h e  r o t o r  t r a n s f e r r e d  to  t h e  
c o l d r o o m  (t = 2°C) a n d  t h e  t u b e s  p h o t o g r a p h e d  in  o r d e r  
to  o b t a i n  a n  o b j e c t i v e  r e c o r d  o n  t h e  s e d i m e n t a t i o n  for  
the  d i f f e r e n t  p a r t i c l e  f r ac t ions .  To i n d i c a t e  t h e  d e n s i t y  
levels ,  m i n u t e  a i r f i l l ed  g l a s s - beads  of k n o w n  d e n s i t y  
were i n t r o d u c e d  i n t o  t h e  g r a d i e n t s ,  t o  s e rve  as  r e f e r ence -  
bod ies  x. 

S a m p l e s  for  m i c r o s c o p i c  a n d  e l e c t r o n - m i c r o s c o p i c a l  
e x a m i n a t i o n  ~ were  w i t h d r a w n  f r o m  t h e  v a r i o u s  l a y e r s  
b y  m e a n s  of a c a p i l l a r y  p i p e t t e  t h e  t i p  of  w h i c h  was  b e n t  
to  a n  ang le  of 90 ° in  o r d e r  to  m i n i m i z e  ve r t i c a l  d i s t u r b -  
ances  due  t o  t h e  a s p i r a t i o n  c u r r e n t .  
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Fig. 1.--Approximate distribution of the particle fractions in dif- 
ferent "Diodon"-suerosc-gradients after centrifugation 

a = Gradient 234 S, b = Gradient 123 S, c and d = Gradient 123 L. 
The time of centrifugation is represented by the x-axis and the 
position of the particle fractions (A, B, I) is plotted on the y-axis as 
distance from the meniscus. The sedimentation of the different par- 
ticle fractions is represented by the increasing thickness of the bottom 
line. The results of the microscopical analysis of the different samples 
are represented by: + sample rich in mitochondria-like particles, 
. sample without or with only few mitochondria (in the latter case 

probably due to contamination). 

T h e  d a t a  f r o m  d i f f e r e n t  e x p e r i m e n t s  i n v o l v i n g  t h e  
th ree  t y p e s  o f "  D i o d o n " - s u c r o s e - g r a d i e n t s  a re  a s s e m b l e d  
in F i g u r e  1, a-d; t h e  a p p r o x i m a t e  p o s i t i o n s  of p a r t i c l e  
layers,  a f t e r  d i f f e r e n t  t i m e s  of  c e n t r i f u g a t i o n ,  a re  ind i -  
ca ted  s c h e m a t i c a l l y .  

I n  t h e  h e a v i e s t  g r a d i e n t  (234 S) t h e  p a r t i c l e s  of  a l l  
f r ac t ions  (A, B ,  I )  a re  k e p t  in  s u s pens i on .  A c c o r d i n g  t o  
the  p h o t o g r a p h i c  record ,  e q u i l i b r i u m  is e s t a b l i s h e d  a f t e r  
a p p r o x i m a t e l y  2 h a t  60,000 g. T h e  fractions A a n d  I 
r e spec t ive ly  f o r m  a t h i n  l a y e r  j u s t  be low t h e  men i scus ,  

1 Such beads have been used for years at the Carlsberg Laboratory 
for the characterization of gradients. Although cumbersome to make 
they are better suited for the purpose than any substitute so far 
tried, on account of their stability. 

2 R. WEBER and F. CARLSV:N, unpublished. 

w h e r e a s  t h e  pa r t i c l e s  of fraction B a p p e a r  as a dense  
b l u i s h  c loud  a b o v e  t h e  b o t t o m  of t h e  t u b e  (Fig. 1 a). I f  
t h e  d e n s i t y  of t h e  g r a d i e n t  is dec reased ,  t h e  l aye r s  due  
to  fractions A + I s p r e a d  o u t  t o w a r d s  t h e  b o t t o m  ( lb ) .  
T h u s  t h e  p a r t i c l e s  of fraction A h a v e  a l m o s t  c o m p l e t e l y  
s e d i m e n t e d  if  t h e  b o t t o m - d e n s i t y  is 1.20. On  t h e  o t h e r  
h a n d ,  fraction I a t  t h e  s a m e  c o n d i t i o n s  s t i l l  f o rms  a con-  
c e n t r a t e d  t o p - l a y e r  (Fig .  l d) of l i g h t  pa r t i c l e s ,  w h i c h  
p r o b a b l y  r e p r e s e n t s  t h e  s m a l l e r  m i t o c h o n d r i a  ( =  " i n t e r -  
m e d i a t e  p a r t i c l e s " ) .  T h e  s u b m i c r o s c o p i c  p a r t i c l e s  of 
fraction 17 (mic rosomes)  s e d i m e n t  m o r e  r e a d i l y  t h a n  
m i t o c h o n d r i a ,  s ince  a t  a b o t t o m - d e n s i t y  of 1-25 t h e y  
a re  p a r t i a l l y  a n d  a t  1.20 t h e y  a re  c o m p l e t e l y  s e d i m e n t e d  
a f t e r  a r u n  of t w o  h o u r s  a t  60 ,000 g. 

O u r  e x p e r i m e n t s  t h u s  i n d i c a t e  t h e  p o s s i b i l i t y  of 
s e p a r a t i n g  a t  l e a s t  m i t o c h o n d r i a  f r o m  mic ro somes ,  i f  
c e n t r i f u g a t i o n  is p e r f o r m e d  in  a " D i o d o n " - s u c r o s e -  
g r a d i e n t  w i t h  a s u i t a b l e  d e n s i t y - r a n g e .  J u d g i n g  f r o m  t h e  
e q u i l i b r i u m  p o s i t i o n s  of t h e  pa r t i c l e  l aye r s  in  t h e  dif-  
f e r e n t  g r a d i e n t s  a n d  f r o m  t h e  c o n d i t i o n s  for  s e d i m e n t a -  
t i o n  t o  t h e  b o t t o m ,  we m a y  a s s u m e  a d e n s i t y - r a n g e  of 
1-10-1 .20  for  m i t o c h o n d r i a - l i k e  p a r t i c l e s  (fraction A + I) 
a n d  1-25-1,30 for  m i c r o s o m e s  (fraction B). 

A s s u m i n g  t h a t  t h i s  s e p a r a t i o n  m e t h o d  is o n l y  d e t e r -  
m i n e d  b y  t h e  d e n s i t y  of t h e  c e l l - c o n s t i t u e n t s  a n d  in  no  
w a y  a f f ec t ed  b y  t h e  m a s s  a n d  t h e  su r f ace  of t h e  pa r t i c l e s ,  
i t  w o u l d  fol low t h a t  t h e  p o s i t i o n s  of t h e  v a r i o u s  f r a c t i o n s  
re f lec t  in  some  r e s p e c t  t h e i r  q u a l i t a t i v e  c o m p o s i t i o n .  T h u s  
t h e  n a r r o w  d e n s i t y - r a n g e  f o u n d  for  m i c r o s o m e s  (fraction 
B), wou ld  i n d i c a t e  a q u a l i t a t i v e l y  r a t h e r  u n i f o r m  p o p u -  
l a t i o n  of c y t o p l a s m i c  pa r t i c l e s .  O n  t h e  o t h e r  h a n d ,  t h e  
w i d e r  r a n g e ,  e s t i m a t e d  for  m i t o c h o n d r i a - l i k e  p a r t i c l e s  
(fractions A a n d  I ) ,  m i g h t  be  c o n s i d e r e d  as  a n  i n d i c a t i o n  
fo r  a h e t e r o g e n e o u s  n a t u r e  of  t h e s e  cell  c o n s t i t u e n t s .  

U n f o r t u n a t e l y  t h e r e  is l i t t l e  i n f o r m a t i o n  o n  t h e  
d e n s i t y  of  cel l  pa r t i c l e s ,  S o m e  v a l u e s  for  p l a n t - v i r u s  
p a r t i c l e s  were  c a l c u l a t e d  to  1.251 a n d  1-27 ~ r e s p e c t i v e l y  
a n d  m a y  t o  a c e r t a i n  e x t e n t  s e rve  as  c o m p a r i s o n  w i t h  
our  d e n s i t y - r a n g e  for  m i c r o s o m e s  (1-25-1 .30) .  

On  t h i s  o c c a s i o n  we s h o u l d  n o t  fo rge t  t h a t  t h e  d e n s i t y  
of c y t o p l a s m i c  pa r t i c l e s ,  as  t h e y  were  u sed  in  o u r  ex -  
p e r i m e n t s ,  are  d e p e n d e n t  on  b o t h  t h e  h o m o g e n a t e -  a n d  
t h e  g r a d i e n t - m e d i u m .  F u r t h e r m o r e  i t  m u s t  be  s t r e s s e d ,  
t h a t  we h a v e  no  i n f o r m a t i o n  a b o u t  t h e  poss ib le  i n f l u e n c e  
of t h e  m e d i u m  on t h e  dens i t y ,  t h e  c h e m i c a l  c o m p o s i t i o n  
a n d  t h e  e n z y m a t i c  a c t i v i t y  of t h e s e  pa r t i c l e s .  So fa r  we 
can  o n l y  s t a t e  t h a t  t h e  e q u i l i b r i u m  p o s i t i o n  of t h e  l aye r s  
was  s t ab l e ,  a n d  t h a t  t h e r e  was  n o  d e t e c t a b l e  m o r p h o -  
logical  a l t e r a t i o n  of  t h e  pa r t i c l e s  b y  t h e  g r a d i e n t -  
m e d i u m .  F u r t h e r  e x p e r i m e n t s  a re  n e c e s s a r y  in o r d e r  to  
e l u c i d a t e  t h e s e  q u e s t i o n s ,  to  d e t e r m i n e  t h e  y ie ld  of t h e  
v a r i o u s  p a r t i c l e s  a n d  t o  c o m p a r e  p a r t i c l e  f r a c t i o n s  
i so l a t ed  b y  t h e  p r e s e n t  m e t h o d  a n d  b y  d i f f e r en t i a l  

c e n t r i f u g a t i o n .  H.  HOLTER, ~,{. OTTESEN, 
a n d  R.  WEBER a 

Carlsberg Laboratorium, Copenhagen, May  31, 1953. 

Note added in proof: While the present communicationwas in print, 
there appeared a note by SCHNF.IDEI% DALPON, KUSS, and FELIX, 
Nature 172, 161 (1953), reporting the successful isolation of GoLG~ 
substance from Rats epididymis by similar technique. 

1 N. TAYLOR and M. LAUFFER, Amer. Chem. Soc. 116 th Meeting, 
Atlantic City, N. J. 1949, Abstract of paper, 18C. 

2 M. SCHACIIMAN and M. LAUFFER, J. Amer. Chem. Soc. 71, 536 
(1949). 

a Aided by a grant of the ~Eidg. Kommission zur FSrderung der 
wissenschaftlichen Forschung aus Arbeitsbeschaffungsmitteln des 
Bundes,. Present address: Zoologisches Institut der Universitfit 
Bern (Schweiz). 
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Z u s a m m e n f a s s u n g  

Ers t e  Versuche  zur  LTltrazentr i fugierung isol ier ter  
Z y t o p l a s m a p a r t i k e l f r a k t i o n e n  aus Kra l l en f rosch lebe r  
( X e n o p u s  laevis Daud.)  in ~ D i o d o n , - S a c c h a r o s e - G r a -  
d ien ten  mi t  ve r sch iedenen  D i c h t e b e r e i c h e n  zeigen, dass 
mi tochondr i en -  und m i k r o s o m e n a r t i g e  Zel lpar t ike l  in 
ve r sch iedenen  Zonen der  Grad i en t en  ins Dich teg le ich-  
gewicht  g e b r a c h t  we rden  kSnnen.  Die Lage  der  Pa r t ike l -  
zonen in den Grad ien t en  is t  abh~ngig  yon  den gew/ ih l ten  
D i c h t e e x t r e m e n ,  woraus  abzu le i t en  ist. dass die Tren-  
n u n g d e r  F r a k t i o n e n  im wesen t l i chen  du rch  die U n t e r -  
schiede in der  P a r t i k e l d i c h t e  bed ing t  ist.  F i i r  die iso- 
l i e r ten  Mi tochondr i en  wurde  so eine D ich t e  yon  1,10 bis 
1,20, i t ir  die Mikrosomen  h ingegen eine solehe yon 1,25 
bis 1,30 gefunden.  

Hydrogen Peroxide in T u m o u r s  

I t s  Possible  S ign i / i cance  in  Carcinogenesis  

Dur ing  the  las t  t w e n t y  years,  we h a v e  s tud ied  the  
ac t ion  of h y d r o g e n  perox ide  on pro te ins  and  h igh  spl i t -  
p roduc t s  of p ro te ins  consis t ing  in an agg rega t ion  of 
molecules  w i th  an  increase  of N p rec ip i t ab le  b y  t r i -  
ch loroace t ic  acid  1 and  of t u r b i d i t y  ~. This  p h e n o m e n o n  
was fu r the r  i nves t i ga t ed  and cal led 3 " a g g r e g a t i o n  
e f f ec t "  of H20  ~. Whi le  f o r m e r l y  we cons idered  such  
effect  as chief ly  due  to  an  i n t e r ac t i on  w i t h  an  e n z y m a t i c  
sys tem,  and  the re fo re  co r respond ing  to  a t rue  poly-  
mer isa t ion ,  we were l a t e ly  incl ined to a d m i t  an  ox ida t ion  
of hydroph i l i c  groups  of pro te ins  and  pep t ides  molecules  
and  s u b s e q u e n t  process  of phys ica l  aggrega t ion .  The  
f o r m a t i o n  of S-S-br idges  be tween  molecules  t h r o u g h  
ox ida t ion  of SH-g roups  was also t a k e n  in to  cons idera t ion .  

A re la t ion  of th is  effect  of H20  ~ to  s imi lar  processes  
and  the i r  i m p o r t a n c e  for t he  p ro t e in  syn thes i s  were  
l a rge ly  discussed 4. 

YAMAFUJI and  coworkers  5 pa id  g rea t  a t t e n t i o n  to  the  
ac t ion  of H20~ on prote ins ,  cons ider ing  i t  to  be a t rue  
p o l y m e r i s a t i o n  5. T h e y  t h i n k  t h a t  po isoning  ca ta lase  in 
the  l iv ing  o rgan i sm (e.g. by  h y d r o x y l a m i n e ) ,  p e r m i t t i n g  
the  H202 fo rmed  in t he  o x i d a t i v e  m e t a b o l i s m  of cells 
to escape des t ruc t ion  by  this  enzyme ,  m a y  g ive  rise to  
po lymer i s a t i on  of some pro te in  cons t i t uen t s  and  b r ing  
a b o u t  the  f o r m a t i o n  of v i rus  part ic les .  These  au tho r s  
there fore  a d m i t  an endogenous  or igin  of some vi rus  by  
means  of a b n o r m a l  H20  , c o n c e n t r a t i o n  in t issues.  

One of t he  mos t  i m p o r t a n t  fea tu res  of e n z y m a t i c  
p a t t e r n  in t u m o u r s  is r ep re sen ted  by  a s t rong  decrease  
of ca ta lase  ac t iv i ty .  Th is  was f irs t  shown by  GREEN- 
STEIN and coworkers  e, who  s tud ied  the  a c t i v i t y  of some 
enzymes  in ra t s '  hepa tomas ,  in n o r m a l  and  r egene ra t ing  
l ivers.  The  re la t ionsh ip  be tween  ca ta lase  a c t i v i t y  in 
h e p a t o m a  and in no rma l  adu l t  l ive r  was 1 : 1000; where-  
as t he  di f ferences  concern ing  o the r  enzymes  were  m u c h  
smaller .  R e g e n e r a t i n g  l ive r  has nea r ly  t he  ca ta lase  
a c t i v i t y  of no rma l  l iver.  A decrease of ca ta lase  a c t i v i t y  

1 p. RONDONI and L. PozzI, H. S. Z. phys. Chem. 219, ooo (1933); 
235, 81 (1935). 

2 p. RONDONI, H. S. Z. phys. Chem. ~54, 207 (1938). 
3 p. RONDOm and hi. BASSL Enzymologia 15, 70 (1951). 
4 p. RONDONI, Ergebn. Enzylnforsch. 10, 65 (1949). 
5 Many papers in Enzymologia 13, 14, 15 (1949-1951); see. 

chiefly lb, °23 (195~). - K. YAMAFUJ~ and K. ROSA, Biochem. Z. 317, 
81 (1944). - K. YAMAFUJI and F. YOSHmARA, Biochem. Z. 317, 87 
(1944). - K. YA.~IAEUJI and Y. SmROZC, Biochem. Z. 317, 94 (1944). 

6 j .  p. GREENSTEIN, V. J. WENDELL, and J. WHITE, J. nat. 
Cancer Inst. 2, 17 (1941). See also: J. P. GREENSTEIN, Biochemistry 
o/ cancer (Academic Press Inc., New York, 1947. 

in l ivers  of t u m o u r - b e a r i n g  ra ts  was also demons t ra ted  
by  GREENSTEIN and  coworkers ,  and  la te r  t h r o u g h l y  in- 
ves t iga ted  by  o the r  au thors1 :  thus  CUDKOWlCZ * found 
a s t rong  decrease  of ca ta lase  in l ivers  of benzpyrene-  
t r e a t ed  ra ts  as soon as 60 days  a f te r  the  in jec t ion  of the 
hydroca rbon ,  i.e. before  t he  appea rance  of a sarcoma 
a t  the  in jec t ion  site. 

A work ing  hypo thes i s  was a d v a n c e d  b y  I~ONDONI 3, 
who  sa id:  " T h e  s t rong  d iminu t i on  of ca ta lase  act ivi ty  
in a t issue m a y  induce  an a c c u m u l a t i o n  of H~O~ having 
an aggrega t ion  or  po lymer i s a t i on  ef fec t  on some proteins 
and h igh  sp l i t -p roduc t s  of prote ins .  Such  aggregation 
effect  m a y  be the  s t a r t i ng  po in t  for t h a t  p ro te ins  rear- 
r angemen t ,  pe rhaps  u l t r a s t r u c t u r a l  in na ture ,  which 
brings a b o u t  the  m a l i g n a n t  change  in ce l l "  (p. 272). 

Accord ing  to  such  hypo thes i s  t he  carc inogenic  agents 
m i g h t  be cons idered  as ca ta lase  poisons :  rea l ly  CUD- 
KOWlCZ found  t h a t  l iver  ca ta lase  can  be pa r t i a l l y  inhib- 
i t ed  in  vitro by  two powerfu l  carc inogenic  hydrocarbons 
(3 ,4-benzpyrene  and m e t h y l c h o l a n t h r e n e )  dissolved 
wi th  caffein,  and  no t  by  some non-carc inogen ic  hydro- 
carbons .  H o w e v e r ,  w a t e r  suspensions  of hydrocarbons 
were  in e v e r y  case devo id  of i nh ib i t i ng  ac t iv i ty .  

I t  m a y  be m e n t i o n e d  t h a t  accord ing  to  recent  in- 
ves t iga t ions  t he  mode  of ac t ion  of ionis ing  and  exciting 
rad ia t ions  on ceils can be a t  least  pa r t i a l l y  expla ined  by 
the  f o r m a t i o n  of hyd roxy l i c  radicals  f rom water ,  i.e. a 
chemica l  m e c h a n i s m  i n v o l v i n g  ox ida t ion  react ions  and 
v e r y  l ike ly  some k ind  of p ro te in  d e n a t u r a t i o n .  Besides 
this,  a f o r m a t i o n  of H202 by  i r r ad i a t i on  of water  or 
aqueous  so lu t ions  has been found  in some exper iments  4. 

A d i rec t  proof  of t he  role of H202 in carcinogenesis  has 
ne i the r  been g iven  nor  proposed,  so far  as we know.  Such 
a d e m o n s t r a t i o n  m a y  be v e r y  diff icul t ,  because the 
perox ide  a f te r  f o r m a t i o n  in suff ic ient  a m o u n t  to induce 
the  ce l lu lar  change  can be v e r y  qu ick ly  des t royed  in the 
me tabo l i c  pool. H o w e v e r ,  we h a v e  a t t e m p t e d  to  estimate 
the  con ten t s  of H20  ~ in no rma l  and  t u m o u r  t issues (rats 
and  mice) by  the  fo l lowing method ,  p e r m i t t i n g  an 
a p p r o x i m a t i v e  and  c o m p a r a t i v e  eva lua t ion .  

M e t h o d . - - T h e  an imals  were  ki l led b y  bleeding.  The 
t issues were i m m e d i a t e l y  homogen i sed  in an  aq. 6.5%- 
so lu t ion  of I (CN in order  to de s t roy  e v e r y  enzymatic 
ac t iv i ty .  E s t i m a t i o n  of d ry  weight .  A 20 %-solut ion of 
t r i ch lo roace t i c  acid  is added  (1:1) to  t he  homogenate.  
Af t e r  a few minu te s  f i l t r a t ion  t h r o u g h  paper ,  a clear 
so lu t ion  is ob ta ined ,  to  a known a m o u n t  of which some 
mil l i l i ters  of a so lu t ion  of t i t a n i u m  su lpha te  are added. 
Such a so lu t ion  is m a d e  by  dissolving the  t i t a n i u m  salt 
in w a r m  n H~SO 4. A yel low colour  is deve loped ,  which is 
p h o t o m e t r i c a l l y  (FISCHER e l ec t ropho tome te r )  checked 
aga ins t  a s t a n d a r d  (homogena te  + t r ich loroace t ic  acid 
+ n H2SO 4 w i t h o u t  t i t a n i u m  salt). As the  eolour  changes 
to  some ex ten t ,  an empi r ica l  cu rve  ough t  to  be estab- 
l ished for e v e r y  h o m o g e n a t e  (using a p a r t  of homogenate 
where  H202 has been des t royed  by  s i lver  powder  and 
ano the r  w i th  known  a m o u n t  of H202 ), in order  to evalu- 
a te  t he  H202 con ten t s  f rom the  p h o t o m e t r i c  figures. 

We  m u s t  r e m a r k  t h a t  p h o t o m e t r i c  va lues  do not 
a lways  give a regular  s t r a igh t  line, and the  colour 
de r ived  f rom the  r eac t ion  H,O2 + Ti2(SO4)3, which is 
qu i te  s table  in s imple  w a t e r  solut ion,  fades  away  at a 
d i f fe ren t  speed in t he  homogena t e s .  

W e  m a y  s u m m a r i z e  our  r e l a t ive  resul ts  in the  follow- 
ing Tables .  

1 H. v. EULER and L, HELLER, Z. Krebsforsch. 56, 395 (1949). 
2 G. CUDKOWICZ, Tumori, ~8, 176 (1952). 
3 ]?. RONDONI, Boll. Oncologia (Lega ital. per la lotta contro i 

tumori) 26, 245 (1952). 
C. BIACI~L Nuntius radiologicus 18, 97 (1952) (a review). 


