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Non-incorporat ion de tr i t ium dans la d ihydro-  
m~naquinone-9 de Mycobacterium phlei au 

cours des oxydattons phosphorylantes  

Pour  exp l ique r  la pa r t i c ipa t ion  des m6naqu inones  dans  
les phosphory l a t i ons  oxyda t ive s  des sys t~mes  bact6r iens  
(BRODIE 1) VILKAS et  LEDERER z'3 on t  propos6 un m6ca- 
n i sme fa i san t  i n t e rven i r  ~ ta lois te m6thy le  en -- 2 e t  
la cha~ne lat6rale en -- 3 de la m6naqu inone  (voir sch6- 
ma). U n  au t re  m6canisme fa i san t  i n t e rven i r  les m6thy-  
16ne-quinones 2 a 6t6 propos6 p a r  ErUKSO~T et  al.*. 

Co m6can isme  impl ique  un  6change d ' hyd rog6ne  en t re  
l 'eau du milieu e t  la m6naquinone ,  a i f ec t an t  13 m6thy le  
en pos i t ion  -- 2 e t  le ca rbone  fl de la cha ine  lat6rate. Cet 
6change p o u r r a i t  s 'e f fec tuer ,  soi t  au s t a d e  de l ' i som6risa-  
t ion  suppos6e r6versibte  qu inone  1 ~ m6thy l6ne-qu inone  
2 ~, soi t  p a r  le cycle m~me des t r a n s f o r m a t i o n s  envisag6es 
(AH,  6ran t  un t r a n s p o r t e u r  p o u v a n t  l i b r emen t  6changer  
ses p ro tons  avec ceux du milieu). 

GUTNICK et BRODIE" on t  signal6 r4cemmen t  que des 
ex t ra i t s  irradi6s de M .  pMei,  d o n t  les p h o s p h o r y l a t i o n s  
on t  6t6 res taur6es  p a r  add i t i on  de phy l loqu inone ,  e t  
o x y d a n t  le m a l a t e  en pr6sence d ' eau  tr i t i6e,  incorpora ien t  
du t r i t i u m  duns  la phy l toqu inone .  Cet te  incorpora t ion  
6tai t  d 6 p e n d a n t e  de la pr6sence de p h o s p h a t e  dans  le 
milieu, e t  6tai t  suppr im6e pa r  le dini tro-2,  4 ph6nol.  Ce- 
p e n d a n t ,  SNYDER et  al. ~0 u t i l i san t  Ie m4me syst6me,  n ' o n t  
t rouv6  q u ' u n e  incorpora t ion  n6gligeable, aussi b ien  dans  
]a phy l loqu inone  a jout6e clue duns  la d ihydrom6naqu i -  
none-9  [MK-9(H2)]  endog6ne des ex t ra i t s  non  irradi6s, 
en  pr6sence de m a l a t e  ou de p y r u v a t e  c o m m e  subs t ra t s .  
Ces r4sul ta ts  con t rad ic to i re s  nous  a m 6 n e n t  ~. pub l i e r  nos 
p rop res  exp6r iences  dans  ce domaine ,  qui con f i rmen t  
en t i~ remen t  la non- inco rpo ra t ion  de t r i t i um duns  la 
phy l loqu inone  ou la d ihyd rom6naqu inone -9  au cours des 
p h o s p h o r y l a t i o n s  oxyda t ive s  duns les ex t ra i t s  de M .  phlei.  

L'ac t iv i t6  sp6cifique 61ev6e de l 'eau tr i t i6e que  nous  
avons  utilis6e (1 curie/ml,  fournie  pa r  le Commissa r i a t  
l 'Ene rg i e  Atomique)  nous  a pe rmis  de d isposer  d ' u n e  
act ivi t6  sp6cifique finale beaucoup  plus 61evfe que ceIte 
qui a servi  duns les t r a v a u x  d~j~ citds. N6anmoins ,  en 

pr6sence de ma l a t e  e t  de  f l - h y d r o x y b u t y r a t e  c o m m e  sub-  
s t ru ts ,  des  ex t r a i t s  p h o s p h o r y t a n t s  de 3¢. phtei  (BRoDI~ 
e t  GRAYn), inact iv6s  p a r  i r rad ia t ion  A 360 n m  et  d o n t  
l ' ac t iv i t6  es t  res taur6e  par  add i t ion  de phy l loqu inone ,  
son t  incapables  d ' i ncorpore r  d ' une  fa~on s ignif icat ive  la 
rad ioac t iv i t6  de l 'eau tr i t i6e duns  la phy l loqu inone  

Tableau I. Phosphorytations oxydatives par les extraits de M. phlei ~ 

Substrat Extrait Quinone A Pi 0 p/O 
ajout6e /*at. #at. 

Malate non ir- 
radi6 2,20 1,65 1,33 
irradi6 b t,05 0,94 1,11 
irradi6 1,92 1,48 1,29 ph ylloquinone e 

2 tzM/ml 
ff-Hydroxy- non ir- 
butyrate radi6 3,52 2,27 1,55 

irradi6 1,39 0,92 1,51 
irradi6 phylloquinone 2,83 2,10 1,34 

2 lzMlml 
non ir- 
radi4 5,19 3,08 1,68 
irradi6 0,87 1,70 0,51 
irradi6 phylloquinone 1,32 2,67 0,50 

5 t~M/ml 

Succinate 

Les mesures d'oxydation sont effectudes par la m6thode de War- 
burg, duns des conditions identiques ~ celles de GUTNmK et BRODIE s 
et BROmE et GRAY u, except6 pour la concentration en prot4ines 
(28 mg/ml d'extrait) et la pr6sence de s6rumalbumine (2 mg/ml). 
Les phosphorylations sont mesur6es par l'incorporation de Pi 8~ 
(phosphate min6ral radioaetil) dans le mannose-6-phosphate en pr4- 
sence d'bexokinase (WADK1NS et LEnNINGER ~s) pendant 15 min. 
b L'irradiation est effectu6e h 4°C h Paide d'une lampe Mazda 
TWFN 20 pendant 50 min en agitant t'extrait sous une 6paisseur de 
3 em (BRomEI*). c La phylloquinone est ajout6e aux extraits et la 
dissolution obtenue en agitant magn6tiquement ~ 4°C pendant 
quelques minutes (un contr61e effectu6 par dosage spectrophoto- 
m6trique indique si la dissolution est totale). 
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CH20H 1 A. F. BReD,E, in Biochemistry o~ Quinones (Ed. R. H. 
MORTON; Academic Press, London and New York 1965), 
p. 355. 

o M. VILRAS et E. LEDERER, Experientia 18, 546 (1962). 
0N2<2 R - ~  3 M. VILRAS et E. LEDERER, Bull. See. Chim. Fr. 2505 

(1965). 
4 R. G. ERIKSON, A. F. WAGNER et K. FOLK~Ra, J. Am. 

chem. Soc. 85, 1535 (1963). 
'~ L'6tude ehimique, en milieu acide, de cette isomdrisation 

(MAMONT et al.~; COHOS et alfi; CONES et MAMONT 8} 
a montr6 qu'elle est pratiquement irr6versible dans les 
conditions utilisdes ; ceci ne permet pas d'exclure a priori 
sa r6versibilit6 6ventueUe dans les processus biologiques. 

II po MAMONT, P. COHEN, R. AZERAD et M. VILRAS~ Bull. 
See. Chim. ]:r. 2513 (1965); 2824 (1965). 

? P, COHEN, P. MAMONT, R. AZERAD et M. VILKAS, C. r. 
hebd. S6anc. Acad. Sci., Paris 251, 5144 (1965). 

6 p. COHEN et P. MAMONT, Bull. Soc. Chim. Ft., h parMtrc 
(1967), 

9 D. L. GUTNICK et A. F. BRODIE, J. biol. Chem. 240, 
3698 (1965). 

10 C. D. GNYDER± S. J .  DI MAR1 et H. RAPOPORT~ J. Am. 
chem. Soc. 88, 3868 (1966). 

n A. ~. BRODIE et C. T. GRAY, J. biol. Chem. 219, 853 
(1956). 
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Tableau 11. incorporation de tri t ium pendant  l 'oxydation phosphorylante par des extraits de M. phlei ~ 

Substrat Extrai t  Quinonc Activit6 spdcifique hieorpora- 
isol6e ~ tion a 

dans le milieu darts la quinone~ % 
d' ineubation en en dpln/p.M 
dpm/ttat .  H 

Malate irradi6 phylloquinone 170,5 • 10 ~ 131 (4) 0,08 4- 0,01 
non irradid MK-9 (H2) 165,6 • 10 a 180 (6) 0,10 4- 0,01 

f l 'Hydroxybutyra te  irradi6 phylloquinone 33,6 • 10 a 24 (4) 0,07 4- 0,02 
non irradi6 MK-9(H2) 158,57 • 10 a 445 (6) 0,28 4- 0,02 

Suecinate non irradi6 MK-9(H2) 158,06. l0 s 1131 (7) 0,71 4- 0,01 

Les incorporations ont  dt~ r6alis~es en pr6senee d 'eau triti6e darts des conditions identiques A celles de ta mesure des P/O avec des extrai ts  
Simultan~ment test6s pour leur capacitd phosphorytante (Tablean I) ; les essais off les P/O n'6taient  pas satisfaisants n 'on t  pas ~t6 retenus. 
Volumes d 'extrai t :  de 5 mI/ i  45 rot; dur6e: 40 rain. ~ La phylloquinone est isoMe sans addition d'entrMneur; la m6naquinone est isol~e apr~s 
addition de 4 h 5 mg de MK-9(H2). M6thode d'isolement {AzERan et at.~s}: extraction ~ l 'ae6toac, puis ~ l 'hexane et ehromatographies 
rdp6t6es sur couche mince de gel de sflice. ~ Aetivitd corrigde pour les dilutions ~ventuelles par un entraineur. Comptages par  scintillation 
liquide au moyen d 'un  Packard Tri-Carb 3314. Le ehiffre entre parenthSses indique le hombre de purifications sur plaques n6cessaires pour 
obtenir l 'aetivit6 spdcifique donn~e, a -4- ddviation s tandard sur la moyenne, 

Tableau III. Purification de la dihydrom6uaquinone-9 isol6e aprbs 
incorporation de tri t ium par des extrai ts  de M. phIei non irradids 

Stade de 
purification 

Activit6 spdeifique de la quinone en 
dpm/ktM~ 

Substrat  

Malate /~-Hydroxy- Suecinate 
butyra te  

l'2xtrait hexanique 2012000 1267000 1224000 

Chromatographies sur 
silieagel G : 

l~re chromatographic 36 313 * 35370 ~ 3867 ~ 
2~me chromatographic 3 065 ~, 19555 3 680 
3~me ehromatographie 2436 17661 3 026 
4~me ehromatographie 1807 9 990 c 2656 
5~me chromatographie - 570 a 2 548 
6~me chromatographie 180 a 445 1061a 
7~me ehromatographie - - 1 131 

Corrig6e pour l 'additiou d'entrMneur, b Solvant:  hexane-MeCOEt 
(97 : 3). ~ Solvant : hexane-MeCOEt (9:1). a Solvant : benz6ne. 

a~outde. L e s  m 6 m e s  e x p 6 r i e n c e s  r 6 p 6 t 6 e s  s a n s  i r r a d i a t i o n  
p r 6 a l a b l e ,  e n  p r 6 s e n c e  d e  m a l a t e ,  / % h y d r o x y b u t y r a t e  e t  
s u c c i n a t e  c o m m e  s u b s t r a t s ,  s u i v i e s  de  l ' i s o l e m e n t  de  
M K - 9 ( H 2 )  endog~ne, m o n t r e n t  u n e  i n c o r p o r a t i o n  16g~re- 
m e n t  s u p 6 r i e u r e  m a i s  e n c o r e  t r ~ s  fo ib le  ( T a b l e a u  II). I1 
e s t  ~ n o t e r  q u e ,  p a r a d o x a l e m e n t ,  l ' a c t i v i t 6  l a  plus f o r t e  
e s t  o b t e n u e  a v e c  le s u b s t r a t  s u c c i n a t e ,  d o n t  l ' o x y d a t i o n  
e s t  l i6e ~ u n e  p h o s p h o r y l a t i o n  p e u  d 6 p e n d a n t e  d e  la  p r6 -  
s e n c e  d ' u n e  m 6 n a q u i n o n e  ( B R o m E  e t  ADELSON li) ( T a b -  
l e a u  I) .  A u  c o u r s  d e  l a  p u r i f i c a t i o n  d e  M K - 9 ( H 2 )  il  a 6t6  
d i f f ic i te  d ' o b t e n i r  u n e  a c t i v i t 6  s p 6 c i f i q u e  c o n s t a n t e .  
Cel le-c i ,  q u i  d 6 c r o i t  a u  f u r  e t  A m e s u r e  d e s  p u r i f i c a t i o n s  
p a r  c h r o m a t o g r a p h i e s  s u r  c o u c h e  m i n c e ,  e s t  p r o b a b l e m e n t  
d u e  g d e s  t r a c e s  d ' i m p u r e t 6 s  l i p i d i q u e s ;  d o n s  ta  p l u p a r t  
d e s  cos  u n  e h a n g e m e n t  d e  s o l v a n t  c h r o m a t o g r a p h i q u e  

e n t r a t n e  u n e  d i m i n u t i o n  b r u t a l e  d e  c e t t e  a c t i v i t 6  ( T a b -  
l e a u  I I I ) .  

U n  6 c h a n g e  d ' h y d r o g ~ n e  e n t r e  l ' e a u  d u  m i l i e u  e t  l a  
m 6 n a q u i n o n e  e s t  d o n e  e x c l u  p a r  c e s  e x p 6 r i e n c e s ;  c e t  
6 c h a n g e  d e v r a i t  e n  e f f e t  e n t r a i n e r ,  d o n s  les  c o n d i t i o n s  
e m p l o y 6 e s ,  l ' i n c o r p o r a t i o n  d ' u n e  q u a n t i t 6  i m p o r t a n t e  de  
t r i t i u m  d o n s  la  m o l 6 c u l e  de  q u i n o n e .  U n  e f f e t  i s o t o p i q u e  
f a v o r i s a n t  la  r u p t u r e  de  l a  l i a i s o n  C - H  n e  p o u r r a i t  
q u ' a u g m e n t e r  ce  ~ d ' i n c o r p o r a t i o n .  I1 f a u t  s i g n a l e r  q u e  
HORT~ e t  al.  x6 o n t  p u  p r 6 p a r e r  la  p h y l l o q u i n o n e  d o u b l e -  
m e n t  m a r q u 6 e  a u  C I4 e t  H 8 d o n s  le m ~ t h y l e  -2 e t  q u ' i l s  
n ' o n t  p u  o b s e r v e r ,  d o n s  d e s  c o n d i t i o n s  a n a l o g u e s ,  a u c u n  
c h a n g e m e n t  d a n s  le r a p p o r t  H a / C  la d e  la  p h y l l o q u i n o n e  
a u  e o u r s  d e s  p h o s p h o r y l a t i o n s  o x y d a t i v e s  d o n s  d e s  e x -  
t r a i t s  de  M'. phlei .  

I1 r e s t e  n 6 a n m o i n s  p o s s i b l e  q u e  s e u l e  u n e  p e t i t e  q u a n -  
t i t 6  d e  q u i n o n e ,  f o r m a n t  u n  p o o l  s6pa r6 ,  e s t  r a i se  e n  j e u  
d a n s  le m 6 c a n i s m e  i n d i q u 6  e t  q u e  s a  r a d i o a c t i v i t 6  6 v e n -  
t u e l l e  p a s s e  i n a p e r ~ u e  e n  r a i s o n  de  l a  d i l u t i o n  p a r  d e s  
q u a n t i t 6 s  i m p o r t a n t e s  de  q u i n o n e  i n a c t i v e .  D e  p l u s ,  o n  
p o u r r a i t  e n v i s a g e r  q u e  l a  f o r m e  a c t i v e  de  l a  q u i n o n e  s o i t  
la  m 6 t h y l ~ n e - q u i n o n e  2, f o r m 6 e  i r r 6 v e r s i b l e m e n t  g p a r t i r  
de  la  q u i n o n e  l ,  e t  f o n c t i o n n a n t  d o n s  u n  cyc l e  de  t r a n s f o r -  
m a t i o n  e x c l u a n t  c e t t e  q u i n o n e .  

I1 r e s s o r t  c e p e n d a n t  de  l ' e n s e m b t e  de  t o u s  ces  r g s u l t a t s  
e x p 6 r i m e n t a u x  n 6 g a t i f s  q u ' u n e  c o u p u r e  de  l i a i s o n  C - H  
d o n s  les  m 6 n a q u i n o n e s ,  a u  c o u r s  d e s  o x y d a t i o n s  p h o s -  
p h o r y l a n t e s ,  e s t  t r~s  p e u  p r o b a b l e ,  ce  q u i  r e m e t  e n  q u e s -  
t i o n  le m 6 c a n i s m e  e n v i s a g 6  p o u r  l e u r  a c t i o n .  Ce m 6 -  
c a n i s m e ,  q u i  n ' a  r equ  j u s q u ' g  p r 6 s e n t  a u c u n e  c o n f i r m a t i o n  

12 A. F. BRODIE et J. ADELSON, Science 1,49, 265 (1965). 
1~ C. L. WADKIr~S et A. L. Lm~Nt~a~lq in Methods in Enzymology 

(Ed. S. P. COLOWrC~ et N. O. KAPL•N; Academic Press, London 
and New York 1963), vol. 6, p. 265. 

ii A. F. BRODIE, in 3~Iethods in Enzymology (Ed. S. P. COLOWICK et 
N. O. I{APLAN; Academic Press, London and New York 1963), 
vol. 6, p. 306. 

la R. AZERAD, R. BLEtLER-HII.L et E. LEDERER, Bioehem. biophys. 
Res, Commun. 19, 194 (1965). 

x6 C. E. HORTH, D. MeHALE, L. R. JEFFEIES, S. A. PRICE, A. T. 
DIpLoeK et J. GREEN, Biochem. J, 100, 424 (1966). 
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expdrimentale biochimique, a d'ailleurs ~t~ critiqu~ 
(LI~DERER et V~LXAS ~7) et semble devoir 6tre compl~te- 
ment  abandonn5 ~s,~9. 

17 E. LEDERER et M. VILKAS, Vitams Horm. 2d, 409 (1966). 
xs Des exp6rienees analogues effeetu6es sur des mitoehondries de 

occur de pore ou des partieutes submitoehondriates phosphory- 
lantes ont montrd qu'aueune radioactivitd n'est incorpor~e clans 
l'ubiquinone-10 endog~ne (B. FOUmtER et Y. GAUDEMER, r~sultats 
non publi~s). 

~0 Nous remercions Monsieur E. LEnERER pour l'int~r~t port5 ~ ce 
travail qui a b~n~fiei6 d'une subvention du Centre National de la 
Recherche Scientifique (R.C.P.21 *Oxydations Phosphorylantes~). 

Summary. During oxidative phosphorylation with cell- 
free extracts of Mycobacterium phlei, carried out in the 
presence of tr i t iated water, only negligible incorporation 
of t r i t ium has been found either into endogenous MK- 
9(H2) or into phylloquinone added to the irradiated 
extract. These results rule out previously postulated 
mechanisms involving the enzymatic isomerization of 
menaquinones into quinone-methides 2. 

F. SCHI~RRER, ~:{. AZERAD 
et M. VILKAS 

Institut de Biochimie et Laboratoire de Chimie 
Organique Biologique, Facultd des Sciences, 
Orsay ( Essonne, France), 28 novembre 1966. 

A 'Dehydroascorbic Acid Reductase' Factor in 
Guinea-Pig Tissues  

I t  is well established tha t  dehydroascorbic acid re- 
ductase exists in plant tissues ~,2 and in microorganisms 3,4. 
This enzyme catalyses the formation of ascorbic acid 
(AA) trom dehydroascorbic acid (DHAA), reduced gluta- 
thione acting as the hydrogen donor. More recently, 
evidence has accumulated tha t  points to the existence of 
a similar DHAA-reductase factor in the blood and liver 
of a number of species~. This letter reports the existence 
of this factor in other  tissues of the guinea-pig and at- 
tempts  tha t  have been made to purify and characterize it. 

Normal animals fed on a compounded pellet diet 
(Oxoid SGI) with a daily supplement of cabbage were 
killed by decapitation and the tissue to be examined was 
removed rapidly, homogenized in isotonic saline and the 
particulate fraction separated by centrifugation for 30 
min at  5°C (16,500g). The supernatant was dialysed for 
15 h at 5°C against 0.01M phosphate buffer, pH 6.9. 

'DHAA-reductase '  act ivi ty  was measured by deter- 
mining the amount  of AA formed when 4 ml of the 
preparation were added to a mixture of 5.75 #moles DHAA 
and 16.25 /~moles reduced glutathione (GSH) in 6 ml 
0.12M Na2HPOJKH~PO 4 buffer, pH 6.9, and the result- 
ing mixture incubated at 20 °C for 20 min. The reaction 
was stopped by the addition of 10 mt 8 % metaphosphoric 
acid, precipitated protein removed by centrifugation and 
the AA determined by the 2 : 6 dichlorophenol-indophenol 
method % 

Results (expressed as nm moles AA formed per min 
per g protein) for guinea-pig preparations were: stomach 
550, brain 330, adrenals 300, small intestine 240, lung 
220, liver 218. 

The crude preparation obtained from the stomach and 
small intestine was further purified. The fraction obtained 
between 30% and 60% saturation with ammonium 
sulphate was dissolved in the minimal amount  of 0.1M 
phosphate buffer pH 6.9 and dialysed for 15 h at 5°C 
against 0.001M phosphate buffer pH 6.9. The dialysate 
was washed through a column of Sephadex G 200 gel 
with 0,05M phosphate buffer, pH 6.9. The active fraction 
was retarded by the column and it was possible to effect 
a 20-fold purification of the factor. 

The properties of the preparation werc, in general, 
similar to those of the liver preparation previously de- 
scribed ~. The pH opt imum (difficulty measurable be- 
cause of the rapid increase in rate of the chemical reaction 
above pH 7.0) appeared to be about  5.9. Heat ing the 
preparation at  98°C pH 6.9 for 3 rain resuIted in a 50% 

loss of activity. Incubation with ficin for 1.5 h at 37 °C 
and pH 6.9 total ly destroyed the act ivi ty;  incubation 
with trypsin reduced the act ivi ty  by 77 %. 

Snlphydryl compounds were essential as reductants in 
the system; cysteine was only 20 % as effective as gluta- 
thione in this respect. NADH~ was inactive as a hydrogen- 
donor - a finding in line with similar results obtained by 
other workers using bacterial preparations of the factorL 
The factor showed 50 % greater act ivi ty  towards dehydro- 
isoascorbic acid than towards dehydroascorbic acid~, 

Azide and fluoride had no inhibitory effect at 1 • 10-3M 
concentration at  pH  6.9. lodoacetic acid, iodoacetamide 
and p-chloroacetophenone (all at  2 -10 -4M)  produced 
4 9 0 ,  56% and 15% inhibition respectively. Hg ions 
(1 • 10-SM) produced 92 % inhibition. 

The thermolabili ty of the factor, the reduction in 
act ivi ty  effected by proteotytic enzymes, the substrate 
specificity and the action of inhibitors are highly sug- 
gestive of the existence in animal tissues of an enzyme 
capable of catalysing the reduction of DHAA to AA. 

The presence of a comparat ively high concentration of 
the factor in the stomach wall is of especial significance 
in view of the recent reports that  in the guinea-pig both 
DHAA and AA are absorbed from the stomach s and tha t  
orally administered DHAA is more effectively reduced 
to AA by the body than is i.p. administered DHAA 0. 

.Rdsumd. Dans des tissus de cobayes il existe une 
prot6ine capable de catalyser la r~duction de l 'acide d6- 
hydrascorbique en acide ascorbiqne. Sa distribution, sa 
purification, sa sp~cificit6 et son action en presence 
d 'enzymes inhibitrices typiques ont  ~t~ ~tudi6. 
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