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Gu4rin et al. (1965) have shown recently that whole cells of M. phlei 
incorporate the methyl group of methionine-14CH 3 into the 2-methyl group 
of the dlhydromenaquznone-9 descrlbed by Gale et ai.(1963). Formula I, 
based on mass spectrometry has been proposed for this compound (Lederer, 
1964) and confirmed quite recently by degradation (Azerad et al. , 1967). 

O ~ C H 3 (z) 

The radioactive menaquinone (I) had been degraded and the incorPora- 
tion into the methyl group proved by the isolationof inactive phthalic acid 
and of radioactive acetic acid, having all its label in the methyl group. It 
has also been shown (Jaur4guiberry et al. , 1966 a) that all three deuterium 
atoms of methyl-d 3 methionine are recovered in the 2-methyl group of the 
menaquinone after incubation with whole cells of M. smegmatis. 

The biosynthesis of menaquinone was then studied with a cell-free ex- 
tract, which was recently shown to be able to methylate oleic acid to tuber- 
culostearic acid (Jaur~guiberry et al.,1966b), and again "radioactive dihy- 
dromenaquinone-9" was isolated and we reported thus the "biosynthesi s of 
vitamin K 2 by cell-free extracts of M. phlei" (Azerad et al. ,1965, 1966). 

We have found, since, that the "radioactive dihydromenaquinone-9" 

obtained from cell-free extracts is accompanied by a strongly radioactive 

contaminant, since, after irradiation at 360 m~, destroying all the mena- 

~) Abbreviations : Menaquinone-9 : MK-9 ; Dihydromenaquinone-9:MK-~Hz); 
2-Desmethylmenaquinone-9 : DMK-9. 

This paper is part of the thesis of Doctorat ~s-Sciences ofR. Azerad, 
Facult4 des Sciences d'Orsay, 1967 (AO IZ41). 
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Table I 

Incorporation of radioactivity from methionine-14CH 3 by M. phlei 

intact cells, sonicatedhomogenates and 10,000 g supernatants. 

Radioactivity in the MIi fraction 

Before AgNO3/silicag el 
chromatography 
MK + fatty acid methyl 

esters) 
dpm/Mmole MK 

X 

Intact cells 20,400 

8 rain. sonicated cells 
xx 

- Hornogenate 17, 300 
xxx 

- i0,000 g supernatant 33, 700 

3 rain. sonicated cells 

_ Homogenate xx 15, 300 

A f t e r  AgNO3/silicagel 
ch r omat og r aphy 

(MK) 

dpm/~tmole IVIK 

16,700 

920 

460 

l, 090 

X 
Conditions of incubation: 7. 5 g fresh bacteria/75 rnl tris buffer 0.01 M 

pH 7. 4 containing 1. 15 ~ KCI; Na malate , 3. 75 mmoles;methionine- 
14CH3 (10. 8 mC/mM), l0 ~curies. Final volume: 90 ml. 2 hours at 30 ° . 

XXConditions as above except that 7. 5 g of fresh bacteria were sonicated 

in 15 ml of tris buffer 0. l M, pH 7. 8 and 1 mrnole MgCI2, I00 ~moles 
ATP and only 250 Mmoles of Na malate were added. Final volume:18 ml. 

X~Conditions as above except that the homogenate was centrifuged at 
10,000 g for 20 rain. and dialysed overnight against trisbuffer 0.01 M 

pH 7. 4 containing i. 15 ~ KCI. 

quinone, the radioactivity migrated still at the same Rf on TLC. This ra- 

dioactive contaminant has, in several solvents, the same Rf values as di- 

hydromenaquinone-9, which is only weakly radioactive, but can be comple- 

tely separated from it by TLC on silicagel G with benzene, or on silver 

nitrate impregnated silicagel (solvent : hexane-methylethylketone, 8:2). 

This radioactive impurity, formed from methionine-14CH3 and puri- 

fied on a silver nitrate impregnated silicic acid column, has been found to 

be a mixture of esters of inactive fatty acids with methanol-14C, giving 

three radioactive spots on vaseline impregnated paper chromatography 
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(solvent : acetone-water, 97:3, Kf = 0.62, 0.71 and 0.92). After saponifi- 

cation or LiAIH 4 reduction of these esters, methanol-14C was identified 

as the only radioactive product ; dilution with cold methanol followed by 

reaction with p-nitrobenzoyl chloride afforded a radioactive p-nitroben- 

zoate which was recrystallised to constant specific activity. The fatty acid 

moieties were tentatively identified by VPC of the 14C-methyl esters on 

QF-I (I0%) column as palmitic, oleic and tuberculostearic acids. 

In comparative experiments with M. phlei resting cells, sonicated 

homogenates and the corresponding i0,000 g supernatants, it was found 

that these esters were only formed after cell sonication, even during short 

periods (Table I). Resting cells incorporated most of the radioactivity into 

MK-9(H2) as shown previously (Gu~rin et al. ,1965). 

The formation of 14C-methanol can be ascribed to a non enzymatic 

degradation of the S-adenosyl-14C-methionine formed from methionine- 

14 
CH 3 in the extracts, since boiling abolished the formation of radioactive 

14 
esters from methionine- CH 3 but not from S-adenosyl-C3H 3-methionine. 

Methanol-14C was also incorporated in the same ester fraction by boiled 

extracts (Table II). 

Table II 

Incorporation of radioactivity from various p~cursors in the methyl 
ester fraction by cell-free extracts of M. phlei. 

Additions 

15 pcuries methionine-14CH 3 
(spec i f ic  ac t iv i ty :  10. 8 m C / m M )  

II  II 

5 pcuries S-adenosyl methionine-C3H 3 
(specific activity: 10 mC/mM) 

I t  I!  

i0 pcuries methanol- 14C 

(specific activity: 0. 03 mC/rnM) 
II II 

Extract 

native 

boiled 

nat ive  
boi led  

native 
boiled 

Tota l  i n c o r p o r a t i o n  
dpm 

13, 800 
0 

5, 750 
40,000 

I, 810 
925 

X 
All other conditions as described by Azerad et al. (1965). 
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The e s t e r  f o r m a t i o n  can  be due to the  p r e s e n c e  in  c e l l - f r e e  

e x t r a c t  of a c y l C o A  ab l e  to r e a c t  wi th  a ny  m e t h a n o l  l i b e r a t e d .  

D e s m e t h y l m e n a q u i n o n e s  as p r e c u r s o r s  of r n e n a q u i n o n e s .  

In  an  a t t e m p t  to i n c r e a s e  the  i n c o r p o r a t i o n  of r a d i o a c t i v i t y  f r o m  

rne t t~onine-  14CH 3 in to  the  r n e n a q u i n o n e ,  d e s r n e t h y l m e n a q u i n o n e -  9(DMK- 9) 

a p o s s i b l e  p r e c u r s o r  of MK-9(H2) ,  was  added.  Good i n c o r p o r a t i o n  of 

T a b l e  III 

I n c o r p o r a t i o n  of r a d i o a c t i v i t y  f r o m  r n e t h i o n i n e - 1 4 C H 3  in to  the  menaqu inc~e  
and  the e s t e r  f r a c t i o n s  by  c e l l - f r e e  e x t r a c t s  of M. phle i .  

A d d i t i o n s  

3. 7 p m o l e s  D M K - 9  i n :  

- m i c e l l a r  l e c i t h i n  s u s p e n s i o n  
O. 1 m l  (10 r n g / m l )  

- BCG p h o s p h o l i p i d  s o l u t i o n  
0. 1 ml (I0 mg/ml) xx 

E x t r a c t  x M e t h i o n i n e  I n c o r p o r a t i o n  in to  
r n e n a q u i n o n e  e s t e r  

m l  -14CH3 f r a c t i onX X X  f r a c t i o n  

p c u r i e s  dpm dpm 

15 i0 Z9,500 

15 10 2 1 , 4 0 0  

no DMt( + 1 m l  l e c i t h i n  
s u s p e n s i o n  30 

1, 5 ~mo le  D M K - 9  i n  1 rn l  
l e c i t h i n  s u s p e n s i o n  30 

3 ~rno les  D M K - 9  in  1 rnl  
l e c i t h i n  s u s p e n s i o n  30 

6 Mrnoles D M K - 9  in  1 m l  
l e c i t h i n  s u s p e n s i o n  30 

15 1,000 785 

15 4,000 2,700 

15 4,700 1,080 

15 12,100 2,300 

x 
All conditions as described byAzerad et al. (1965),except that the 
extract was dialysed overnight against i00 volumes of trisbuffer 0. 01 M 
pH 7~ 4, c o n t a i n i n g  KC1 1. 15 ~'~ 

XXkindly dona t ed  by Dr. E r n a  Vi lkas .  

x~-~he r n e n a q u i n o n e  f r a c t i o n s  w e r e  o b t a i n e d  by  r e p e a t e d  t h i n - l a y e r  
c h r o m a t o g r a p h y  on s i l i c a g e l  G wi th  h e x a n e - E t C O M e  (9:1) and b e n z e n e  
as s o l v e n t s .  A l l  the  r n e n a q u i n o n e  f r a c t i o n s  w e r e  t h e n  t e s t e d  for  p u r i t y  
by  T L C  c h r o m a t o g r a p h y  on A g N O 3 - i r n p r e g n a t e d  s i l i c a g e l  and r a d i o -  
a c t i v i t y  s c a n n i n g  (Snyde r ,  1964). In  a l l  c a s e s ,  a l l  the  r a d i o a c t i v i t y  

was  a s s o c i a t e d  on ly  wi th  the DMK + M K - 9  spot.  
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r a d i o a c t i v i t y  in to  the  m e n a q u i n o n e  was  o b t a i n e d  by u s i n g  s o l u t i o n s  of 

D M K - 9  in  m i c e l l a r  s u s p e n s i o n s  of soy  b e a n  l e c i t h i n  (S igma)  ( 2 0 m g / m l )  

o b t a i n e d  by  the F l e i s c h e r  and  K l o u w e n  t echn ique (1961) .  A w a t e r  s o l u t i o n  

of BCG p h o s p h o l i p i d s  gave  v e r y  s i m i l a r  r e s u I t s .  The  i n c o r p o r a t i o n  of 

the  1 4 C - m e t h y l  g r o u p  of l a b e l e d  m e t h i o n i n e  in to  m e n a q u i n o n e ,  o b t a i n e d  

wi th  t h e s e  DMK " s o l u t i o n s "  is  shown in  T a b l e  III. 

The  r a d i o a c t i v e  DMK + m e n a q u i n o n e  m i x t u r e  i s o l a t e d  was  c h r o m a t o -  

g r a p h e d  on s i l v e r  n i t r a t e  i m p r e g n a t e d  s i l i c a g e l  p l a t e s  r u n  wi th  h e x a n e -  

m e t h y l e t h y l k e t o n e  (8:2) (Beau  et al., 1966) g iv ing  c l e a r - c u t  s e p a r a t i o n s  

of /vIK-9 + DM1K-9 and  M K - 9  (H2); a l l  the r a d i o a c t i v i t y  was  a s s o c i a t e d  wi th  

the  M K - 9  + D M K - 9  spot.  V a s e l i n  i m p r e g n a t e d  p a p e r  c h r o m a t o g r a p h y  wi th  

a c e t o n e - w a t e r  (95:5) (Beau  et a l . ,  1966) showed  a g a i n  tha t  a l l  the r a d i o -  

a c t i v i t y  was  a s s o c i a t e d  wi th  MK-9.  

A d d i t i o n  of NADH or  N A D P H  to the  i n c u b a t i o n  m i x t u r e ,  m a i n t a i n e d  

u n d e r  n i t r o g e n  p r e s s u r e  to avo id  r a p i d  r e o x y d a t i o n  of the r e d u c e d  c o e n -  

z y m e s ,  r e s u l t e d  in  the  s a m e  o v e r a l l i n c o r p o r a t i o n ,  bu t  s i l v e r  n i t r a t e  

c h r o m a t o g r a p h y  r e v e a l e d  tha t  u n d e r  t h e s e  c o n d i t i o n s  10 to 20 ~ of the  

to t a l  coun t s  w e r e  a s s o c i a t e d  wi th  M K - 9  (H2) (I). 

Our  e x p e r i m e n t s  s e e m  to p r o v e  tha t  c e l l - f r e e  e x t r a c t s  of M. ph l e i  

can  c a t a l y s e  the fo l l owing  r e a c t i o n s :  

D M K - 9  > M K - 9  > MK-9(H2)  (I) 
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