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R~activatton des  so lut ions  de m o n o a m i n e o x y -  
dase  inactivAes par dtalyse  

Au cours  de  t r a v a u x  prdcddents ,  nous  a e o n s  c o n s t a t d  
clue des  so lu t ions  de  m o n o a m i n e o x y d a s e ,  o b t e n u e s  p a r  
ac t ion  du  l a u r y l s u l f a t e  de  s o d i u m  sur  les m i t o c h o n d r i e s  
de foie de r a t  *, p o u v a i e n t  ~tre  inac t ivdes  au  m o i n s  pa r -  
t ie l lement ,  p a r  dialyse.  Nous  a e o n s  done  uti l isd ce t t e  
t e c h n i q u e  p o u r  essayer  de  d d t e r m i n e r  la  n a t u r e  du  m d t a l  
d i v a l e n t  lid ~ l ' enzyme .  

L a  m o n o a m i n e o x y d a s e  des  m i t o c h o n d r i e s  d'e foie de  
r a t  a dr6 solubil isde c o m m e  su i t :  

Mitoehondries en suspension 

q- Iaurylsulfate ~ 0,2% 

centrifugdes 

><: culot C 

solution S 

Les  2 f r ac t ions  C e t  S son t  rou te s  deux  ac t ives ;  en  
c o m p a r a n t  les c ind t iques  des o x y d a t i o n s  de  la  n o r a d r ~ n a -  
l ine e t  de la  sd ro ton ine  ca ta lysdes  p a r  les m i t o c h o n d r i e s  
d ' u n e  pa r t ,  p a r  les f r ac t i ons  C e t  S d ' a u t r e  p a r t ,  on  con- 
s t a t e  (Tab l eau  I) qu ' i l  n ' e x i s t e  a u c u n e  d i f fe rence  signif i-  
en t i re .  L a  compos i t i on  a m i n o x y d a s i q u e  de  la  so lu t ion  S 
es t  d o n e  b ien  r e p r $ s e n t a t i v e  de  celle des  m i t o c h o n d r i e s  
enti~res.  

Influence de la dialyse. L a  so lu t ion  S a dtd dialysde 
cont re  une  so lu t ion  de l au ry l - su l f a t e  de soude  ~ 0,2% : 

dialyse contre du lauryl- 
sulfate h 0,2% renouveld 
routes les 12 h durde 
¢ jours 

V , 
liquides de dialysat 
eOntredialyse Sdo 
dliminds 

Solution S 

dialysc contre un volume 
4gal de laurylsul/ate ~ 0,2% 
pendant 4 jours, sans re- 
nouvellement du lauryl- 
sulfate 

I 
V 

liquide de contre- 
dialyse CdI 

coneentr~ apr~s dlimination 

dialysat 
SdI 

du laurylsulfate au quart du 
volume initial 

CdIc 

Les ac t iv i tds  de  ces d i f fd ren t e s  f r ac t i ons  a ins i  q u e  de  
leurs r e c o m b i n a i s o n s  s o n t  r a p p o r t d e s  d a n s  le T a b l e a u  I I .  

B i en  que  le t a u x  de  la  r 6 a c t i v a t i o n  o b t e n u e  en  mdlan -  
gean t  les f r ac t ions  Sdo et  CdIc  soft  tr~s faible, il es t  
s ignif icat i f  e t  a p p o r t e  la  p r e u v e  de la  prdsence  d a n s  le 
l iquide de  con t red ia lyse ,  d ' a u  mo ins  u n  d ldment  essent ie l  
au f o n c t i o n n e m e n t  de  l ' enzyme .  

R~activation par des ions mgtalliques. A u n e  so lu t ion  
inac t iv6e  t o t a l e m e n t  p a r  dia lyse ,  nous  a v o n s  a jou t$  les 
ions m6ta l l i ques  su ivan t s ,  en  e f f e c t u a n t  u n e  d ia lyse  in-  
Vers~e: Cu++, Cu +, F e + + +  Fe++, Co++, Mn++. 

Nous  a e o n s  dosd la  c o n c e n t r a t i o n  de  l ' ion  m d t a l l i q u e  
l ~ q u i l i b r e  e t  mesurd  l ' a c t i v i t d  des  so lu t ions  a ins i  t r a i t des  
( l"ableau I I I ) .  Seul  l ' ion cu iv r ique  rdac t ive  l ' e n z y m e  inh ib$  
pa r  dialyse,  I i  es t  i n t d r e s s a n t  de n o t e r  que  le t a u x  de 
r~ac t iva t i on  es t  i n d d p e n d a n t  de la  c o n c e n t r a t i o n  en  cuivre ,  

p a r t i r  d ' u n e  c e r t a i n e  va leur .  
Filtration sur tamis motdculaire. N o u s  a v o n s  f i t t rd la  

Solution d e m o n o a m i n e o x a d y s e  en  l a u r y l s u l f a t e  de  s o d i u m  

sur  des co lonnes  de S d p h a d e x  de poros i td  v a r i a b l e :  G 25, 
G 50, G 75, G I00.  

Que lque  sof t  le S~phadex ,  n o u s  n ' a v o n s  o b t e n u  q u ' u n e  
f r a c t i o n  p r o t ~ i q u e  ac t ive .  Avec  les G 25 e t  G 50, o n  
n ' o b s e r v e  a u c u n e  pe r t e  d ' ac t iv i t~ .  Avec  G 75 e t  G 100, 
on  c o n s t a t e  une  d i m i n u t i o n  de  l ' a c t iv i t6  d ' e n v i r o n  50%.  
I1 n ' a  pas  dtd poss ib le  d a n s  ces 2 cas, de  r e s t a u r e r  l ' a c t i v i t 6  
perdue ,  ni p a r  a d d i t i o n  d ' i ons  cu ivr iques ,  ni  p a r  a d d i t i o n  
des d iverses  f r ac t i ons  d ' d l u t i o n  des  co lonnes :  la l e n t e u r  
de  l '61ution e n t r a t n e  v r a i s e m b l a b l e m e n t  u n e  a l t e r a t i o n  
de  I ' enzyme .  

Conclusion. Ces expdr iences  a p p o r t e n t  done  b i en  la  
p r e u v e  que  le cu iv re  es t  u n  61dment i n d i s p e n s a b l e  all 

Tableau I. Lcs mesures de consommation d'oxyg~ne ont dt~ faites 
par Ia mdthode de CREASY 3 et le dosage des protdines par la mdthode 

de GORNALL 3 

Substrat Sdrotonine Noradrdnaline 

Constantes Km Vm Km Vr~ 
mesur~es 

Suspension de 5 × 10 "q 0,18 2,4 × 10 -s 0,12 
mitochondries 

Culot C 6 x 10 - t  0,20 2,5 × 10 -s 0,12 

Solution S 4,9 × 10 - t  0,17 2 x 10 -3 0,10 

Tableau II. L'activitd monoamineoxydasique est exprimde en pl O 3 
consommd par rain et par mg de protdine 

Fractions de Aetivitd 
dialyse rhonoamineoxydasique 

S 9 × 10 -~ 
Sdo 0 
SdI 4,75 x 10 -~ 
Sdo + CdI 0 
SdI + CdI 5 x 10 -~ 
Sdo + CdIc 1 x 10 -2 

Tableau III. L'activitd monoamineoxydasique est exprimde en p] 
d'O~ consommd par min et par mg de protdine 

Concentra- 
tion de l'ion 
mdtallique 

Activitd amineoxydasique 

SO4Mn SO,Cu SOtFe (SO4) a Fes ClsCu 2 SO4Co 

5 x l O  e - 2,5 x 1 0  -s  0 - 0 - 

1,8 x lO s - 13,25 x 10 -~ - 0 0 - 
1,1 x 10 t 0 12 x 10 -3 0 0 0 0 
2,2 x l 0  t 0 11,25 x I0  -~ - - 0 0 

3,6 x I04 - 12,5 x I0  -s  - 0 0 - 

1,1 x IO s 0 12,25 x 10 -s 0 - 0 0 

t M. H. CoQ et C. BARON, Experientia 20, 374 (1964). 
N. H. CREASe, Biochem. J. 64, 178 (1956). 

s A. G. GOR•ALL, C. J. BARDAWILL et N. H. Dxvm, J. biol. Chem. 
177, 751 (1949). 
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fonc t i onnemen t  de la monoamineoxydase .  I1 est  indiscu- 
table ,  en  outre ,  que  le cu ivre  es t  lid ~ l ' e n z y m e  pa r  des 
l iaisons su f f i samment  fortes,  pu i sque  le mdta l  n ' e s t  pas  
exclus de  la  l ipoprot~ine p a r  passage sur  Sbphadex.  

Nos r6sul tats  semblen t  en  con t rad ic t ion  avec  ceux  de 
NARA ~ qui  ind iqua l t  qua  la dialyse n ' inac t ive  pas la 
m o n o a m i n e o x y d a s e  mi tochondr ia le .  I1 est  v ra i semblable  
qua  ce t t e  con t rad ic t ion  s ' exp l ique  par  le fair  qua  ces 
au teurs  on t  utilis6 des t emps  de dialyse t rop  cour ts  pour  
p e r m e t t r e  une 61imination de l ' ion  m6tal l ique.  

dialysis. The  add i t ion  of cupr ic  ions to  these  inac t ive  
prepara t ions  allows a comple te  reac t iva t ion .  

H.  COQ et  C. :BARON 

Laboratoire de thdrapeutique du Centre d'Etudes du 
Bouchet, Vert-le-Petit (91), et Laboratoire de Chimie 
Biologique de la Facultd des Sciences de Dijon (21), 
(France), 24 avril 1967. 

Summary.  The  solutions of monoamineox idase  from 4 S. NARA, B. GOMES et K. T. Yxsv~oBe, J. biol. Chem. 2¢1, 12 
r a t  l iver  mi tochondr i a  can  be  inac t iva t ed  b y  a longlast ing (1966). 

T h e  E f f e c t  o f  U r e m i c  S e r u m  o n  C a r b o h y d r a t e  
M e t a b o l i s m  i n  R a t  D i a p h r a g m  

There  are essent ia l  differences of opinions as to  whe the r  
abnorma l  ca rbohydra t e  me tabo l i sm in pa t ien ts  w i th  renal  
insuff iciency is caused by  a p r ima ry  defect  of carbohy-  
d ra te  me tabo l i sm in t he  l iver  or  in t he  per ipheral  gIucose 
ut i l izat ionZ-L I t  is ev iden t  t h a t  l iver  takes  a pa r t  1, b u t  
only  1 di rect  proof  of pa r t i c ipa t ion  of muscle  has been 
presented  as ye t :  t h e  forearm of pa t ien ts  w i th  renal  in- 
suff iciency takes  up  glucose to  a smal ler  e x t e n t  t h a n  is 
t he  case in h e a l t h y  persons,  if t he  glucose up t ake  was 
s t imula ted  b y  insul inL Addi t iona l  d a t a  on muscle  glucose 
me tabo l i sm and  a more  conven ien t  mode l  for these  
s tudies are p resen ted  in th is  paper .  

Methods. Fas t ing  venous  blood was ob ta ined  f rom 
pa t ien ts  w i th  renal  insuff iciency or  f rom volunteers .  Af t e r  
the  30 rain s tand ing  a t  room tempera tu re ,  samples were 
cent r i fuged and the  sara were i m m e d i a t e l y  used as media  
for incubat ion .  U n d e r  t he  basal  condi t ions  i t  was no t  
necessary  to  ad jus t  p H  of t he  serum. I n  cases, where  
l ac t a t e  o r  g -ke tog lu ta ra te  were  added  to  t he  sera, p H  
was ad jus t ed  to  7.4. 

D iaph ragms :  male  Wis t a r  ra t s  weighing 150-180 g, las t  
fed 20 h before t he  exper iment ,  were  decapi ta ted ,  the  
d i aphragm was wi thdrawn,  cu t  in to  4 pieces and r andom-  
ized wi th  d iaphragms  of o ther  rats.  The  samples  were  
i m m e d i a t e l y  p u t  in to  the  cooled se rum and  incuba ted  in 
W a r b u r g  vessels for 1 h a t  37 °C in oxygen  a tmosphere .  
T h e  d iaphragms  were weighed aSter t he  incubat ion.  

Se rum glucose concent ra t ions  before  and af te r  incuba-  
t ion  were de te rmined  b y  the  glucose oxidase  method ,  
~-ke tog lu ta ra te  enzymat ica l ly  b o t h  by  s t andard  commer -  
cial  ki ts  (Boehringer).  Se rum as well  as t issue l ac ta t e  
concent ra t ions  were  de te rmined  by  the  :BARKER, SUM- 
M~-RSON me thod  6, glycogen concen t ra t ion  in t he  dia- 
p h r a g m  by  the  an th rone  m e t h o d  7 af ter  double  precipi ta-  
t ion of glycogen b y  ethanol .  

Results. R a t  d i aphragm incuba ted  in the  se rum of 
pa t i en t s  w i th  renal  insuff iciency ut i l ized in the  course of 
1 h less glucose t h a n  d i aphragm incuba ted  in the  se rum 
of vo lun tee rs  (Table}. The  difference was no t  condi t ioned  
b y  differences in g lycemia  which was a p p r o x i m a t e l y  t h e  
same.  Oxygen  consumpt ion  did no t  change  (Table), t hus  
ins tead of glucose, o the r  me tabo l i c  subs t ra tes  m u s t  h a v e  
been metabol ized.  Glycogenolysis  was therefore  measured ;  
while synthesis  of glycogen was found in d i aphragms  
incuba ted  in cont ro l  sera, t he  d iaphragms  incuba ted  in 
uremic  sara ut i l ized glycogen (Table). T h a t  means  t h a t  

g lycogen served in these  condi t ions  as a subs t ra te  for 
energet ic  metabol i sm.  I t  should  be men t ioned  tha t ,  f rom 
the  q u a n t i t a t i v e  po in t  of v iew,  glycogen va lue  is low. 

U n d e r  t he  condi t ions  ment ioned ,  l ac ta te  was released 
f rom the  d i aph ragm into  t he  serum.  However ,  t he  dia- 
p h r a g m  released l ac ta te  in to  the  uremic  se rum in a 
s ignif icant ly  lower a m o u n t  (Table). I f  l ac ta te  concent ra -  
t ion was increased by  20 mE/ l ,  d i aphragms  incuba ted  in 
control  sara still  released lactate,  d iaphragms  incuba ted  
in uremic  sara took  up lac ta te  (Table). 

Substrata utilization by diaphragms incubated in serum. Negative 
values mean synthesis and eventual release of substrata into the 

serum 

Substrate Added Control Uremic Difference 
eoncen- sera sera 
tration 
mM[1 

Glucose 

mg/g/h 

Glycogen 
mg/g/h 

Lactate 
mg/g/h 

~-ketoglu- 
tarate 
mg/g/h 

Oxygen 
/zl/g d.w.[h 

20 

I0 

16.7 :/: 6.32 7.82 4- 4.25 P <  0.001 
( .  = 13) (n = 13) 

-0.310 :I: 0.069 0.326 4- 0.035 P<: 0.01 
(n = 9) (n = 8) 

-2.75 4- 1.47 -0.789 4- 1.45 P <  0.001 
(n = 13) (n = 17) 
-0.287 :/:: 1.60 1.80 4- 0.79 P <  0.05 
(n = 10) (n = 6) 

-0.237 4- 0.138 0.181 ± 0.230 P <  0.01 
(n = 6) (n = 5) 

6.44 :t: 0.54 6.90 -t- 1.41 
(n = 15) (n = 17) 
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