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EXPERIENTIA 26/10 

Activit6 des flavonoIdes 6tudi4s sur l'enzyme respiratoire. 

I1 est  i n t6 r e s san t  de noter ,  en outre ,  que  l ' a n g m e n t a t i o n  
d ' a c t i v i t 6  e n z y m a t i q u e  cons ta t6e  pou r  ce r ta ins  p rodu i t s  
semble  li6e g l ' a p p a r i t i o n  d ' u n  p i g m e n t  color6, plus  ou 
moins  a b o n d a n t  s u i v a n t  les cas. 

Conclusion. Les fai ts  e x p 6 r i m e n t a u x  ainsi  m i s e n  6vi- 
d e u c e  nous  s e m b l e n t  jus t i f i e r  u n  p r o l o n g e m e n t  de ce t te  
6 tude  or ient6  dans  deux  d i rec t ions  p r inc ipa les  : 

1. T e n t e r  d%lucider  in  v i t ro  la r e l a t i on  e x i s t a n t  en t r e  
le f l avonoide  e t  l ' a c t iv i t6  e n z y m a t i q u e  mi tochondr ia l e ,  e t  
n o t a m m e n t  pr6ciser  la s t r u c t u r e  e t  le r61e du p i g m e n t  
color6 mis  en  6vidence.  

2. Conf i rmer  in v ivo  les r6su l t a t s  o b t e n u s  en admin i s -  
t r a n t  ~ l ' a n i m a l  les subs t ances  ~ 6tudier .  

Summary. The  effect  of 4 d i f fe rent  f l avonoids  on  t he  
r e sp i r a to ry  a c t i v i t y  of c y t o c h r o m e  oxidase  in r a t  l iver  
h o m o g e n a t e  was m e a s u r e d  in v i t r o  us ing  t he  W a r b u r g  
a p p a r a t u s .  The  resul t s  show t h a t  3 c o m p o u n d s  of t he  
ca t ech in  group  are especial ly  act ive .  
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I n t r a c e l l u l a r  L o c a l i z a t i o n  a n d  H e t e r o g e n e i t y  o f  A l k a l i n e  P h o s p h a t a s e  o f  Y o s h i d a  A s c i t e s  S a r c o m a  

Mul t ip l i c i ty  in  size ha s  been  s h o w n  for a lka l ine  phos-  
pha~ase  (o r thophosphor i c  m o n o e s t e r  p h o s p h o h y d r o l a s e  
EC 3.1.3.1) f rom h u m a n  p l a c e n t a  1, h u m a n  se rum S, r a t  
l iver  3 a n d  a mye lob las t i c  t u r n o u t  4. A large a lka l ine  phos-  
p h a t a s e  (excluded f rom S e p h a d e x  G-200) ha s  been  re- 
p o r t e d  in s e rum 2, a n d  in  a n  a n i m a l  t u m o u r  ~. This  associa- 
t ion  was f u r t h e r  e x a m i n e d  in t h e  a n i m a l  t u r n o u t  Y osh ida  
asci tes  s a r c o m a  a n d  t he  p r e s en t  p a p e r  r epo r t s  t he  f indings  
of t h i s  s tudy .  

The  t u m o u r ,  o b t a i n e d  f rom t he  Ches te r  B e a t t y  I n s t i t u t e ,  
London ,  was  k e p t  in  c o n t i n u o u s  passage  in r a n d o m  b red  
W i s t a r  r a t s  b y  t he  in j ec t ion  of 1.0 ml  of asci t ic  f luid i.p. 
R a t s  were  sacr i f iced 7 days  a f t e r  imp lan t ,  w h e n  t h e y  
y ie lded 10-20 ml  of asci t ic  fluid, c o n t a i n i n g  2-4  g of cells 
(wet  weight) ,  pe r  ra t .  T he  ceils were w a s h e d  in n o r m a l  
saline,  a n d  homogen ized  in a n  all  glass homogen i se r  
(Po t t e r -E lve j em)  in h y p o t o n i c  buf fe r  (Tris HC1 10 mdVI 
p H  7.7). F o r  d i f fe ren t ia l  c en t r i f uga t i on  t he  cells were 
s imi la r ly  r u p t u r e d  in n o r m a l  sal ine (ScHNmDER a n d  
t-IoGEBOOM~). T h e n  t he  p rec ip i t a t e s  were solubi l ized as 
follows: a) The  nuc lea r  f r ac t ion  b y  h o m o g e n i z i n g  in 
h y p o t o n i c  Tris I-IC1 (proceeded b y  2 i so tonic  sal ine 
washes)  ; b) a n d  c) m i t o c h o n d r i a  a n d  mic rosome  as a b o v e ;  
d) t he  soluble  s u p e r n a t a n t  was  lef t  in  n o r m a l  saline.  

Gel f i l t r a t ion  profi les  of t he  cell f r ac t ions  were o b t a i n e d  
us ing  a 50 • 2 cm c o l u m n  of S e p h a d e x  G-200. Alka l ine  

p h o s p h a t a s e  a c t i v i t y  was m e a s u r e d  us ing  t he  m e t h o d  
descr ibed  b y  DUI~NE et  a l )  and  is expressed  ill I U :  cyto-  
ch rome  oxidase  ac t iv i ty ,  used as a m a r k e r  for t he  differen-  
t ia l  c en t r i f uga t i on  procedure ,  was m e a s u r e d  b y  t he  mano-  
me t r i c  assay  of SCHNEIDER a n d  POTTER 6 and  t o t a l  
n i t rogen  was d e t e r m i n e d  b y  t h e  mic ro -K je ldah l  m e t h o d  
modif ied  b y  CoNwAYL 

Yosh ida  asci tes  s a r c o m a  has  low a lka l ine  p h o s p h a t a s e  
ac t iv i ty ,  0.01 I U / m g  N, as c o m p a r e d  w i t h  0.41 I U / m g  N 
for a n o t h e r  a n i m a l  t u m o u r ,  Shay  Chlo roma  (DONNE et  
al.4). The  celi-free ascit ic f luid c o n t a i n e d  a r e l a t ive ly  large 
a m o u n t  of enzyme.  

1 N. K. GHOSH and W. H. FISHMAN, Biochem. J. t08, 779 (1968). 
2 j .  DUNNE, J. J. ~'~NNELLY and K. F. McGEENEY, Cancer Phi lad .  

20, 71 (1967). 
a R. KOSCHNITZ, J.  PATSCH and M. PE2ERLIK, Eur. J. Biochem. 5, 

51 (1968). 
4 j .  DUNNE, J. J. FENNELLY and IK. F. McGEENEu Biochem. J. 

770, 12p (1968). 
W. C. SCHNEIDER and G. H. HO~EBOOM, J. biol. Chem. 783, 123 
(1950). 

6 W. C. SCHNEIDER and V. R. POTTER, J. biol. Chem. 749, 317 
(1943). 

7 E. J. CO,WAY, in MicrodiJ]usion Analysis and Volumetric Error 
(Crosby, Lockwood & Son Ltd., London 1957). 
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The  in t r ace l lu l a r  d i s t r i b u t i o n  of a lka l ine  p h o s p h a t a s e  
is g iven  in  t h e  Table .  T he  e n z y m e  was loca ted  m a i n l y  in 
the  soluble  s u p e r n a t a n t  f r ac t ion  (30,000 • g for 7 h), w i t h  
some a c t i v i t y  in  t h e  nuc lea r  a n d  m i c r o s o m a l  f ract ions .  
A l t h o u g h  a s imi lar  f ind ing  ha s  been  r epo r t ed  b y  CHAUD- 
HAIRY et  al. s, for t h e  e n z y m e  of T r i b o l i u m  confusum,  t he  
loca l i sa t ion  of a lka l ine  p h o s p h a t a s e  does seem to  depend  
6n  t he  source. The  e n z y m e  in m a m m a l i a n  t i ssues  occurs  
p r e d o m i n a n t l y  in  t h e  mic rosoma l  f r ac t ion  (MORTON"; 
VAES a n d  JACQUES1~ in H e - L a  ceils i t  occurs  in  t he  
nuc l ea r  f r ac t ion  (Cox a n d  GRIFFIN11), a n d  in t h e  l iver  of 
t u r n o u t  bea r i ng  an i m a l s  t he  e n z y m e  is l o c a t e d  ill t h e  
nuc lea r  a n d  mic rosoma l  f rac t ions  (NAKATA et  a1.12). The  
v a r i a t i o n s  in  t e c h n i q u e s  of h o m o g e n i z a t i o n  and  isola t ion  
of cell f r ac t ions  used b y  d i f fe ren t  i nves t i ga to r s  could also 
be  a f ac to r  c o n t r i b u t i n g  to t h e  a p p a r e n t  v a r i a t i o n  in 
in t r ace l lu l a r  loca l i sa t ion  of t he  enzyme.  

~2he gel f i l t r a t ion  profi les  (Sephadex  G-200) of t he  
h o m o g e n a t e  a n d  soluble  s u p e r n a t a n t  f r ac t ion  (Figures a 

Iutracellular localization of alkaline phosphatase in Yoshida ascites 
sarcoma cells 

Fraction Total Total Specific 
activity activity activity 

(%) 

Nuclei 0.053 (104.3) 21.2 (17.6) 0.002 (21.3) 
Mitoehondria 0.0 (456.06) 0.0 (77.3) 0.0 (574.3) 
Microsomes 0.048 (30.0) 19.4 (5.07) 0.007 (23.3) 
Solablesupernatant 0.148 (0.0) 59.4 (0.0) 0.125 (0.0) 

and  b) show 2 peaks  of e n z y m e  a c t i v i t y  in  t he  nuc lea r  
f r ac t ion  a n d  6 peaks  of a c t i v i t y  in  t he  soluble  s n p e r n a t a n t .  
The  f i rs t  or exc luded  e n z y m e  p e a k  of b o t h  f rac t ions  is 
e lu ted  w i t h  t he  vo id  v o l u m e  of t h e  co lumn  as is a phos-  
p h a t a s e  found  in h u m a n  t u m o u r  e x t r a c t s  (FENNELLY 
et  a1.13). 

The  exclus ion of th i s  e n z y m e  f rom S e p h a d e x  G-200 
suggests  t h a t  i t  has  a m i n i m u m  molecu la r  we igh t  of 
600,000 (ANDI~EWSX4). This  m a y  be  a f u r t h e r  ev idence  of 
a possible  assoc ia t ion  of a mac romolecu l a r  fo rm of a lka l ine  
p h o s p h a t a s e  w i t h  neoplas ia  (DtJN~E et  al. 2, ~). The  e lu t ion  
p o i n t  of t he  s ix th  peak  of e n z y m e  a c t i v i t y  of t he  soluble  
s u p e r n a t a n t  f r ac t ion  would  ind ica t e  i t  h a s  a molecu la r  
we igh t  of 8 to  10,000 (ANDREWS 14) wh ich  is v e r y  smal l  for 
a lka l ine  p h o s p h a t a s e .  The  e tu t ion  p o i n t  of t h e  o the r  5 
e n z y m e  peaks  sugges t  t h a t  t h e y  m a y  resu l t  f r om poly-  
mer i za t i on  of th i s  s i x th  p e a k  e n z y m e  or a l t e r n a t i v e l y  
f rom d e p o l y m e r i z a t i o n  of t h e  exc luded  enzyme.  The  
a lka l ine  p h o s p h a t a s e  of E. coli is a d imer  of mo lecu la r  
we igh t  86,000 b u t  t he  m o n o m e r s  of a lka l ine  p h o s p h a t a s e  
w i t h  molecu la r  weigh~ 43,000 are e n z y m a t i c a l l y  i nac t i ve  
(SCHLESINGER 15). BUTTER\u i6 ha s  sugges ted  t h a t  t h e  
a lka l ine  p h o s p h a t a s e  of h u m a n  ur ine  or ig ina tes  f rom t h e  
k i d n e y  b y  a process  invo lv ing  t he  d issoc ia t ion  in to  s u b u n i t s  
of t he  k i d n e y  e n z y m e  ; t h e  depo lymer ized  k i d n e y  enzyme,  
however ,  was, l ike t h e  E. coli monomer ,  inac t ive .  I f  
depo lymer i za t i on  resu l t s  in loss of e n z y m e  ac t iv i ty ,  t he  
a c t i v i t y  of t h e  smal l  s i x t h  p e a k  e n z y m e  could be  due  to  
t he  poss ible  r eaggrega t ion  of e n z y m e  molecules  in t h e  
col lec t ion t ubes  fol lowing gel f i l t r a t ion  a n d  before  t h e  
e n z y m e  assay.  The  r eaggrega t ion  a l t e r n a t i v e l y  could h a v e  
been  induced  b y  t he  s u b s t r a t e  or t he  p H  of t he  a s say  
mix tu re .  Mul t ip l i c i ty  in  size ha s  been  shown  for a lka l ine  
p h o s p h a t a s e  f rom o t h e r  sources  - h u m a n  p l acen t a l  e n z y m e  
(GHosH and  FISHMAN 1) and  t h e  e n z y m e  of the  soluble  
f r ac t ion  of r a t  l iver  (KoscI~NITZ et  al.3). 

Total alkaline phosphatase activity expressed in ~xmoles of p-nitro- 
phenyl phosphate hydrolyzed/min; specific activity expressed in 
~moles/min/mgN. Cytochrome oxidase activity, used as a marker 
for the differential centrifugation procedure, is shown in brackets 
and. is expressed in ~zl O2/10 rain (total activity) and ~zl O2/10 mill/ 
mg:aN (specific activity). 
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Gel filtration profile (Sephadex G-200) of a) homogenate and b) soI- 
ubie supernatant fraction of Yoshida ascites sarcoma. , alkaline 
phosphatase activity ([zmoles of p-nitrophenyl phosphate hydrolyzed/ 
min/1. 

Zusammen/assung. I n  Y o s h i d a - S a r k o m z e l l e n  is t  die 
a lka l i sche  P h o s p h a t a s e  vo rwiegend  in der  pa r t ikeKre ien  
F r a k t i o n  in gel6ster  F o r m  lokal is ier t .  Ge l f i l t r a t ion  f t ih r t  
zu e iner  A u f t r e n n u n g  des E n z y m s  im pa r t ike l f r e i en  1Jber- 
s t a n d  yon  6 F r a k t i o n e n ,  des ]Enzyms in den  Ze l lke rnen  
bei  2 F r a k t i o n e n .  
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