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Relation of cholesterol synthesis and NADPH oxidation by microsomal 
electron transport system involving P-450 

With microsomes from liver, it has been found that  the hydroxylation of various 
drugs such as aminopyrine or aniline is inhibited by carbon monoxide in the same 
manner as is the oxidation of NADPH by an electron transport  system involving 
P-45 ol-3, which is capable of binding carbon monoxide 4. In addition, it has been 
shown that  liver microsomes, prepared from rats which had been treated with pheno- 
barbital  in  vivo, exhibit a parallel increase in the content of components of the electron 
transport  system and in the activities of oxidative demethylation 5. From these 
findings, it was suggested that  the electron transport  system was functional in the 
hydroxylation of the drugs, and this suggestion has been currently accepted. The 
drugs reported hitherto are apparently unphysiological, nevertheless the requirement 
of the electron transport  system for the hydroxylation of a naturally occurring sub- 
stance can be considered in view of the fact that  cholesterol is synthesized by a series 
of reactions, including certain microsomal ones, which require both NADPH and 
molecular oxygen e. 

The present paper deals with studies on the synthesis of cholesterol from either 
acetate or mevalonate. I t  was found that  cholesterol synthesis was faster with liver 
preparations from phenobarbital-administered rats than with those from control rats, 
and was inhibited by  carbon monoxide. 

Male rats of the Sprague-Dawley strain were divided into two groups. One 
group were for control and the others were fed with a diet containing o.I % pheno- 
barbital  for a week. The assay of cholesterol synthesis was carried out according to 
the method of BUCHER et al. 7. The livers from the rats of the two groups were sepa- 
rately homogenized in 2.5 vol. of the medium of pH 7.4 containing o.o04 M magnesium 
chloride, 0.o3 M nicotinamide, o.125 M sucrose, o.ooi M disodium EDTA, o.oi M 
glutathione and o.i  M potassium phosphate buffer, followed by centrifuging at 
ioooo × g for IO min. The resulting supernatant was used as a liver preparation for 
the assay. The components of the reaction mixture were as follows; in a total volume 
of 2.5 ml, 2.0 ml of the liver preparation, o.oo16 M NAD, o.o16 M potassium fructose 
1,6-diphosphate, and 0.0o4 M [I-z4Clacetic acid or [2-1*Clmevalonic acid (o.i #C). The 
reactions were carried out at 37 ° for I and 2 h with mevalonate and acetate, re- 
spectively, and then stopped by adding 2.5 ml of 15 % potassium hydroxide in 95 % 
ethanol. After being heated at 60 ° for I h, the resulting mixture was supplemented 
with 2 mg of carrier cholesterol, and extracted with 20 ml of petroleum ether. The 
extraction was repeated two times, and the extracts were mixed and evaporated to 
dryness. The resulting residue was dissolved in io  ml of acetone-e ther  (I : i,  v/v). 
To the solution was added 2.5 ml of 1% digitonin in 5o % ethanol in order to precipi- 
tate cholesterol as its digitonide. The resulting precipitate was washed successively 
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TABLE I 

E F F E C T  OF C A R B O N  M O N O X I D E  ON S V N T H E S I S  OF C H O L E S T E R O L  x!VITH A C E T A T E  A N D  ~,VITH 

M E V A L O N A T E  

Gas phase 14C incorporation into cholesterol 

with [14Clacetate with E14Clmevalonate 

Counts~rain % Counts/rain % 
per mg* per mg 

95 % N2, 5 % 02 87 (IOO) 147o (IOO) 
95 % CO, 5 % 02 69 79 73 ° 5 ° 

* Total counts incorporated per endogenous cholesterol + carrier cholesterol (2 mg) in each 
incubation mixture. 

TABLE II 

E F F E C T  OF P H E N O B A R B I T A L  A D M I N I S T R A T I O N  ON S Y N T H E S I S  OF C H O L E S T E R O L  W I T H  A C E T A T E  A N D  

W I T H  M E V A L O N A T E  

Rats for liver preparations a4C incorporation into cholesterol 

with [14Clacetate with E14C]mevalonate 

Co.nts/.min % Co.nts~min % 
per mg per mg 

Control lO2 (ioo) 2670 (IOO) 

Phenobarbital-administered 120 I 18 12250 460 

* Total counts incorporated per endogenous cholesterol + carrier cholesterol (2 rag) in each 
incubation mixture. 

wi th  acetone,  a c e t o n e - e t h e r  (I : i ,  v/v) ,  and  ether.  The washed cholesterol  d igi tonide  
was dissolved in an appropr i a t e  volume of methanol .  Ra d ioa c t i v i t y  was measured  on 
an a l iquot  of the  solut ion b y  a sc int i l la t ion counter.  The quan t i t a t i ve  de te rmina t ion  
of cholesterol  was carr ied out  according to the me thod  of ZAK et al. ~. 

When  ei ther  Ea4Clacetate or [14C~mevalonate was added  to the  react ion mix tu re  
conta in ing  the l iver  p repara t ion ,  the  r ad ioac t iv i ty  was incorpora ted  into the  chol- 
esterol  synthesized,  p rovided  t ha t  the  react ion was carr ied out  under  aerobic con- 
dit ions.  The 14C incorpora t ions  (cholesterol synthesis)  with ace ta te  and  with meva-  
lonate  were reduced in ra te  when the react ions were carr ied out  under  gas phases 
conta in ing carbon monoxide :  a t  95 % CO, the ra te  was 79 % with  ace ta te  and  5 ° % 
with  meva lona te  (Table I). Since the  l iver  p repara t ions  used conta ined  microsomes,  
it  seems ra t iona l  to speculate  t ha t  the  blocking of the  microsomal  electron t r anspor t  
sys tem due to the  b inding of the  P-45o wi th  carbon monoxide  is responsible  for the  
carbon monoxide  inhibi t ion of the  cholesterol synthesis .  

In  good accordance with  the  findings of ORRENII:S, ERICSSON AND ERNSTER 5, 
it  was found tha t  wi th  the  l iver  p repara t ions  used, components  of the  microsomal  
electron t r anspor t  sys tem ca ta lyz ing  the oxida t ion  of N A D P H  through  P-45o b y  
molecular  oxygen were r e m a r k a b l y  increased in amoun t  when the ra ts  were fed with  
a diet  conta in ing phenobarb i ta l .  In  addi t ion,  i t  was found t ha t  the  cholesterol  syn the-  
sis wi th  ace ta te  and  with  meva lona te  were fas ter  when the  react ions  were carr ied  ou t  
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with the liver preparations from the phenobarbital-administered rats than with those 
from the control ones; the increase in rate was much more significant with mevalonate 
than with acetate (Table II). These data also suggest an intimate relation between 
the cholesterol synthesis and the microsomal electron transport system. BUCHER et al. ~ 
reported that in the cholesterol synthesis with acetate, a rate-limiting process was 
the formation of mevalonate. I t  is probable, therefore, that a reaction involved in 
the synthesis of cholesterol from mevalonate depends upon the NADPH oxidation 
catalyzed by the electron transport system. The substrate for the reaction should be 
a physiological one. 
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Effect of carbonyl cyanide p-trifluoromethoxyphenylhydrazone on chlorophyll 
fluorescence and photosynthesis 

According to current theory z relating chlorophyll fluorescence to photosynthetic 
electron transport, fluorescence is emitted from photosystem II  and becomes stronger 
as the acceptor for system II  becomes more reduced. Increased fluorescence after 
3-(3,4-dichlorophenyl)-I,I-dimethylurea (DCMU) addition is due to blocking of a step 
between systems I and I I - - reoxidat ion of the system II  acceptor being prevented. 
DCMU would not affect photosystem I or its associated dark reactions (including 
phosphorylation). The theoly predicts that uncouplers of phosphorylation will not 
decrease the strong fluorescence of DCMU-inhibited cells, since they act on the 
system I side of the DCMU-blocked step and cannot increase the supply of acceptor 
for system I I  In fact, this paper shows that the uncoupler carbonyl cyanide p-tri- 
fluoromethoxyphenylhydrazone (FCCP) more than halves the fluorescence of DCMU- 
inhibited cells. 

Abbreviations: DCMU, 3-(3,4-dichlorophenyl)-i,I-dimethylurea; FCCP, carbonyl cyanide 
p-trifluoromethoxyphenylhydrazone. 
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