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B I O S Y N T H E S I S  O F  U B I Q U I N O N E - 9  IN T H E  
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The uptake of radioact iv i ty  f rom a c e t a t e - l - C  14 into ubiquinone-9 in thin s l ices  of regenera t ing  
albino ra t  l ive r  was inves t iga ted  on the 1st, 2nd, 3rd, 6th, 9th, 12th, and 15th day a f te r  par t i a l  
hepa tec tomy.  Marked acce le ra t ion  of ubiquinone-9 biosynthes is  was found during the f i r s t  3 
days a f t e r  r em ova l  of two- th i rds  of the l iver .  The max ima l  inc rease  in biosynthesis  (almost  
eightfold) was found 24 h a f t e r  hepa tec tomy.  This increase  in the ra te  of ubiquinone-9 b iosyn-  
thes i s  coincides with the t ime of inc reased  mitot ic  act ivi ty and acce l e r a t ed  biogenesis  of the 
mi tochondr ia .  A v e r y  sma l l  inc rease  in the biosynthesis  of ubiquinone-9 was found on the 12th 
and 15th days of regenera t ion .  
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During regenera t ion  of the l iver  a f t e r  pa r t i a l  hepa tee tomy a rapid inc rease  in the m a s s  of the r e s id -  
ual par t  of the organ is obse rved  [1, 4]. This per iod is cha r ac t e r i z ed  by intensified biogenesis  of the mi to -  
ehondr ia  [7]. The ubiquinone concentra t ion in the r egenera t ing  l iver ,  e x p r e s s e d  pe r  g r a m  protein,  despite 
the rapid  inc rease  in weight of the o rgan  r ema ins  p rac t i ca l ly  unchanged, and the re la t ive  concentrat ion of 
ubiquinone in the mi tochondr ia  r em a i ns  constant  [3, 5]. However,  the rate  of fo rmat ion  of ubiquinone in 
the no rma l  l iver  is low [13] and, for  that reason ,  ubiquinone biosynthesis  is evidently intensified during 
regenera t ion .  

The invest igat ion desc r ibed  below was c a r r i e d  out to study the ra te  of  b iosynthes is  of ubiquinone-9 
by s l ices  of r egene ra t ing  albino ra t  l iver .  

EXPERIMENTAL METHOD 

Noninbred male  albino ra t s  weighing 140-160 g were used.  Two- th i rds  of the l iver  was removed  by 
the method of Higgins and Anderson [10]. The lobes of the l iver ,  r emoved  at opera t ion or  taken f rom ani-  
ma l s  decapi ta ted on the 1st, 2nd, 3rd, 6th, 9th, 12th, and 15th days a f t e r  the operat ion were  used  for  p r e -  
pa r ing  s l i ces  0.3- 0.5 m m  thick [11]. The s l ices  w e r e  incubated for  6 h in' Krebs  - R i n g e r -  phosphate buffer  
[9] in the p re sence  of sodium a c e t a t e - l - C  14 (20 pCi i so tope /g  of l ive r  s l ices) .  A cur ren t  of oxygen was 
pas sed  through the buffer  [9]. The unsaponif ied lipids were  then ex t rac ted  f rom the sect ions [6] and c h r o m a -  
tographed  on an a lumina column [5] to obtain the f ract ion of ubiquinone. Ubiquinone-9 was separa ted  f rom 
the o ther  homologs on a thin l aye r  of LCL-254 s i l ica  gel, soaked with a 3% solution of mine ra l  oil in p e t r o :  
l e u m e t h e r ,  and 95%aqueous acetone was used  as the solvent [5]. The stain of ubiquinone-9 was r e c h r o m a -  
tographed on a thin l aye r  of s i l i ca  gel in benzene.  Ubiquinone-9 was eluted f rom the Silica gel withdiethyl  
e ther ;  some was used for  quanti tat ive de te rmina t ion  [6] and the r e s t  was applied to an a luminum foil t a rge t .  
The radioact iv i ty  was de te rmined  with a gas- f low counter  at tached to an ins t rument  of the "Pro tok"  type. 
The working space of the counter  was 2 l i t e r s .  The working gas was a mixture  of methane and propane.  
The resu l t s  were  subjected to s ta t i s t i ca l  ana lys is  [2]. 
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TABLE 1. Content  and B i o s y n t h e s i s  of 
Ub lqu inone -9  in Thin  S l i ce s  of  R e g e n e r a t -  
ing Alb ino  Hat L i v e r  (M• 
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EXPERIMENTAL RESULTS 

It will be clear from Table 1 that the ubiquinone con- 
centration, expressed per gram of liver slices, was lowered 
on the 2nd and, in particular, on the 3rd-4th days after 
hepateetomy. These results agree with those published 
by the writers previously [5]. 

The fact will be noted that both the specific radio- 
activity and the incorporation of radioactivity into ubiqui- 
none in the slices rose considerably on the 1st, 2nd, and 
3rd days after the operation; this was clear evidence of 
the more rapid biosynthesis of ubiquinone at this period. 
On the 6th and 9th days of regeneration the rate of ubiqui- 
none biosynthesis was slowed and was almost indistinguish- 
able from that in the normal liver. On the 12th and 15th 
days a very small increase in the intensity of ubiquinone 
biosynthesis was observed. These changes in the rate of 
ubiquinone biosynthesis coincided with the fluctuating 
character of the increase in weight of the regenerating 

p a r t  of  the l i v e r  [1]. Dur ing  the f i r s t  days  a f t e r  the  o p e r a t i o n ,  when a m a r k e d  i n c r e a s e  in the  m a s s  of  the  
r e s i d u a l  l obes  of the  l i v e r  was  o b s e r v e d  on account  of i n c r e a s e d  m i t o t i c  a c t i v i t y ,  the  r a t e  of  ubiquinone  
b i o s y n t h e s i s  was  i n c r e a s e d ,  but  when m i t o t i c  a c t i v i t y  was l o w e r e d ,  the  r a t e  of  ub[quinone b i o s y n t h e s i s  was  
re  duce d. 

It m u s t  be e m p h a s i z e d  tha t  the  i n t e n s i f i c a t i o n  of ubiquinone  b i o s y n t h e s i s  in the  r e g e n e r a t i n g  l i v e r  
t a k e s  p l a c e  at  a t i m e  of  m o r e  r a p i d  b i o g e n e s i s  of  the m i t o c h o n d r i a .  The g r e a t e s t  i n c r e a s e  in m i t o c h o n d r i a l  
p r o t e i n  is  o b s e r v e d  d u r i n g  the  f i r s t  3 -4  days  a f t e r  h e p a t e c t o m y  [3, 7]. 

LITERATURE CITED 

1. V . M .  B r e s l e r ,  N. A.  C h e r n o g r y a d s k a y a ,  E. M. P i l ' s h c h i k ,  e t  a l . ,  in: The N o r m a l  and P a t h o l o g i c a l  
Cyto logy  of  the  L i v e r  P a r e n c h y m a  [in R u s s i a n ] ,  L e n i n g r a d  (1969), p.  90. 

2. E . V .  M o n t s e v i c h u t e - l ~ r i g e n e ,  Pa t .  F i z i o l . ,  No. 7, 71 (1964). 
3. I . V .  K u z ' m e n k o  and V. V.  F e d u r o v ,  in: C u r r e n t  P r o b l e m s  in the  B i o c h e m i s t r y  and C l i n i c a l  A s p e c t s  

of  R e s p i r a t i o n  [in R u s s i a n ] ,  Ivanovo (1972), p.  82. 
4. V . F .  S i d o r o v a  and Z.  A.  Ryab in ina ,  in: The R e g e n e r a t i o n  of  O r g a n s  in M a m m a l s  [in R u s s i a n ] ,  Moscow 

(1960), p. 199. 
V. V. F e d u r o v  and I .  V. K u z ' m e n k o ,  Byu l l .  ~ k s p e r i m .  Bio l .  i Med. ,  No. 9, 47 (19~1). 5 .  

6. F . L .  C r a n e  and R. A. Di l l ey ,  Meth .  B i o c h e m .  Ana l . ,  1_!1, 209 (196~). 
7. A . R .  G e a r ,  B i o c h e m .  J . ,  97, 532 (1965). 
8. D. G r e e n  and B. K. E l t a l i n ,  B i o c h e m i s t r y  of Qu inones ,  New Y o r k  (1965), p.  405. 
9. P . H .  Gold and R. E .  Olson ,  J .  B io l .  Chem. ,  241, 3507 (1966). 

10. G. Higgins  and R. A n d e r s o n ,  A r c h .  Pa th . ,  88,  25 (1931). 
11. H. MeI lwain ,  B i o e h e m .  J . ,  78, 213 (1961). 
12. R. Mor ton ,  Bio l .  Rev . ,  4_~6, 47 (1971). 
13. R . E .  Olson,  V i t a m .  H o r m o n . ,  24,  551 (1966). 

9 5 0  


