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INTRODUCTION 

Acetic  acid, ace toacet ic  acid, f l -hydroxy-f l -methylg lu tar ic  acid, fi-hydroxyisovaleric 
acid, f l -methylglutaconic  acid, and  f l , f l -dimethylacryl ic  acid  have  all been impl ica ted  
as being precursors  for the  b iosynthes is  of cholesterol.  Ace ta te  has been shown to give 
rise to ace toace ta te ,  h y d r o x y m e t h y l g l u t a r a t e ,  hydroxyisovalerate, d imethy lac ry la t e ,  
f i -methylg lu taconate ,  squalene,  and  cholesteroP - n .  Ace toace ta te  yields  hyd roxy-  
m e t hy lg lu t a r a t e  and  cholesterol  1~-14. H y d r o x y m e t h y l g l u t a r a t e  has been shown to 
form aceta te ,  ace toace ta te ,  hydroxyisovalerate, d imethy lac ry la te ,  f l -methylglutaco-  
nate ,  squalene,  and  cholesterop,4,6,12,1~-17. Hydroxyisovalerate can be conver ted  to 
ace ta te ,  ace toace ta te ,  h y d r o x y m e t h y l g l u t a r a t e  and  cholesteroP ~-~s. D ime thy l ac ry l a t e  
forms aceta te ,  hydroxymethylglutarate, hydroxyisovalerate, squalene,  and  cholester-  
oP 5-1s. The conversion of f l -methylglu taconic  acid  to cholesterol  has also been demon-  
s t ra tedlL 

F r o m  the  above  i t  is a p p a r e n t  t ha t  not  only  can each of these acids yield chol- 
esterol,  but ,  also, since i t  is ex t r eme ly  p r o b a b l y  t ha t  all  of the  react ions concerned 
are  reversible,  each acid can be de r ived  from each of the  others.  Therefore,  the  na ture  
of the  ear ly  s teps in the  conversion of ace ta te  to cholesterol  remains  in doubt .  A discus- 
sion of some of the  discrepancies  has  recen t ly  been publ ished b y  BLOCH TM. Possible 
p a t h w a y s  are as follows: 

~) Acetate -----> Acetone ---+ DMA > cholesterol 5, 20 
2) Acetate ----> HMG - -> HIV -----> DMA---+ cholesterol 21 
3) Acetate ~ HMG > BMG > DMA ---+ cholesterol 
4) Acetate ----+ HMG - + BMG --> cholesterol s 

The column chromatograph ic  procedure  of ADAMSON AND GREENBERG 22, supp lemented  
b y  paper  ch romatography ,  pe rmi t s  the  isolat ion from an incubat ion  mix tu re  of each 
of the  above  acids  except  ace toaee ta te .  By  appl ica t ion  of this  procedure  to the  mix- 
tures  resul t ing from the  incuba t ion  of 14C-labeled aceta te ,  h y d r o x y m e t h y l g l u t a r a t e ,  
or d ime thy lac ry l a t e  wi th  var ious  l iver  p repara t ions ,  more complete  informat ion  about  
the  in terconvers ions  of these acids and  the i r  pa r t i c ipa t ion  in cholesterol b iosynthesis  
has  been ob ta ined  t han  was h i ther to  known. The work repor ted  here lends suppor t  
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to the pathway of equation 4 above, in which cholesterol synthesis is accomplished 
independently of the formation of [3-hydroxyisovalerate or dimethylacrylate. 

EXPERIMENTAL MATERIALS AND METHODS 

The livers used were from Long-Evans  male ra ts  weighing approximate ly  IOO g. The livers were 
removed as quickly as possible after decapitat ion of the animal, weighed, and dropped into cold 
buffer solution. Liver slices were prepared free hand  by  slicing in iced buffer. Liver homogena tes  and 
cell fractions were prepared as described by  BUCHER 23,24. 

The incubation medium used consisted of o.i M potass ium phospha te  buffer, p H  7.2, MgC12 
(0.004 M), niacinamide (0.03 M), and glucose (o.02 M). When  centrifugal cell fract ionation was 
employed, the buffer medium contained, in addition, o.125 M sucrose. 2.5 ml of the buffer medium 
per g wet  weight of tissue were used throughout .  Incubat ions  were carried out  in the Dubnoff  
shaking metabolic incubator  for a 3 hour  period in an a tmosphere  of air. 

The radioactive subs t ra tes  employed were as follows: 1-14C-sodium acetate (specific activity, 
2 4 /~c/mg), 1-14C-/~-methylcrotonic acid (dimethylacrylic acid) (specific activity, 11. 5 /~c/mg) 
purchased from Tracerlab, and 3-14C-/5-hydroxy-/~-methylglutaric acid, prepared by  Dr. MORTON 
ROTHSTEIN of this Depar tment .  

Non-radioactive subs t ra tes  and carriers included synthetic/~-hydroxy-/~-methylglutaric acid, 
t%hydroxyisovaleric acid, /5-methylglutaconic acid, and /~,/5-dimethylacrylic acid, These were all 
prepared by Mr. DONALD MORRISON of this Depar tment .  Both the high and low melting isomers of 
methylglutaconic  acid were prepared. I t  was found, however,  t ha t  the low melt ing sample was a 
mix ture  of the two isomers and this mixture  was therefore used. These non-radioactive subs t ra tes  
were used as diluents or t rapping  agents  in conjunct ion with the radioactive substrates .  They were 
employed in a concentrat ion of 4 ° microequivalents  per g of tissue, approximate ly  io t imes the 
usual  concentrat ion of the radioactive substrate .  

The method used for ch roma tog raphy  of the acidic cholesterol precursors  has been described 
by  ADAMSON AND GREENBERG 22., and is a modification of the method  of KINNORY, TAKEDA AND 
GREENBERG 25. Subsequent  experience has shown tha t  certain modifications of the published 
method result  in more consistently sat isfactory results. Subst i tu t ion  of NHaOH for N a O H  through-  
out  deproteinization-desalt ing t r ea tmen t  assures complete neutral izat ion wi thout  the accumula-  
t ion of non-volatile base in the dried residues. I t  was found tha t  the protein and salt can be more  
conveniently removed as follows : After incubation,  t ha t  por t ion of the mixture  to be used for chro- 
ma tog raphy  is poured into a 12 ml graduated  centrifuge tube and 5-1o microequivalents  of each 
of the acids to be separated are added to the sample as carriers. In  exper iments  where non-radio- 
active acids were added to the enzyme sys tem before incubation,  no additional carrier was added 
after incubation.  The centrifuge tube is immersed for approximate ly  i minute  in boiling water  to 
coagulate most  of the protein, and this is separated by  centrifugation for 5 minutes.  The super-  
na t an t  liquid is decanted into another  centrifuge tube  and the protein precipitate is washed once 
with I ml of water, again immersed in boiling water,  and recentrifuged. Two volumes of acetone are 
then added to the combined superna tan t  solutions. The acetone precipitates the remainder  of the 
protein and some of the salts. After centrifugation,  the solution is poured into a 5 ° m l  Er lenmeyer  
flask, made alkaline with an excess of concentrated NH4OH , and placed in a heated vac uum 
desiccator for drying. To the dry residue is added one drop of o.I % congo red and enough IO % 
HC1 to give a blue reaction by  the indicator (two or three drops). When  the residue has dissolved, 
4 ml of a mixture  of acetone and ether (2: i) are added and then decanted into a centrifuge tube.  
The salts remaining in the flask are extracted twice more with 4 ml port ions of acetone-ether and 
the combined extracts  are centrifuged. The supe rna t an t  fluid from this centrifugation is practically 
salt free. NH4OH is added in excess, and the sample is again evapora ted  to dryness in the vac uum 
desiccator. Ordinarily the dried residue from this evapora t ion  is suitable for chromatography .  
Sometimes it is apparen t  tha t  there is still too much  salt present,  in which case the final precipita- 
tion procedure is repeated. Acidification of the final sample for ch roma tography  and its t ransfer  
to the column mus t  be accomplished wi thout  the addit ion of more than  o.i ml of water.  I f  addi- 
tional liquid is required for quant i ta t ive  t ransfer  benzene m a y  be used. 

For  the work with cholesterol precursors,  two solvent sys tems have been used as previously 
described 22. In  one system (designated as BE) the initial solvent is benzene and it is gradual ly  
replaced by  ether  as the lat ter  is delivered into the bo t t om of the mixing vessel. The other  solvent 
sys tem (referred to as the s tandard  system) uses benzene and, instead of ethyl ether, a mixture  of 

* After its submission for publication, it was found tha t  the large t i t ra t ion and radioact ivi ty  
peaks mistakenly identified as hydroxymethy lg lu ta ra t e  in Fig. 2 ref. 22 actually represents  /q- 
hydroxybutyr ic  acid. The s ta tements  therein about  the high act ivi ty and recoveries of hydroxy-  
methylg lu tara te  are therefore erroneous. 
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T A B L E  I 

SEPARATION OF ACIDS CONCERNED IN CHOLESTEROL BIOSYNTHESIS BY TWO 
DIFFERENT CHROMATOGRAPHIC SYSTEMS 

Fraction number o/ eluted acid (zoo drop/factions) 
Eluent solvents 

DMA HOAC B M G H  BMGL HIV NUCC BHll HMG 

B E  system IO 58 61 67 84 13o 142 178 

Std. system 8 61 74 8o 93 15o 181 

Abbreviat ions  used in tables and figures are: DMA, fl,fl-dimethylacrylic acid; HOAC, acetic acid; 
BMGH, high-melt ing isomer of ~-methylglutaconic  acid ; BMGL, low-melting isomer of E-methyl- 
glutaconic acid ; HIV,  ~-hydroxyisovaleric acid ; BHB, chiefly f l -hydroxybutyr ic  acid, bu t  succinic 
and lactic acids, if present,  are also represented in this peak; HMG, fl-hydroxy-fl-methylglutaric 
acid. 

pet roleum ether and ethyl ether (I : I). The lat ter  mixture  is delivered into the mixing flask during 
the  collection of the first 5,0o0 drops only. I t  is then replaced by  ethyl ether  for the remainder  of 
the run. This replacement was found to has ten  the elution of the slowest appearing acid (hydroxy- 
methylglutarie.)  The location of the acid peaks observed wi th  the two different solvent systems is 
shown in Table I. I t  can be seen tha t  with the BE solvent system, acetic acid and the high-melting 
isomer of fl-methylglutaconic acid are only very slightly separated. In  cases where it is not  neces- 
sary  to detect radioactivi ty in the acetate peak (i.e. in incubations which use acetate as the radio- 
active substrate)  this sys tem can be used for test ing the radioactivi ty of the two isomers of ~- 
methylglutaconic  acid if the aqueous  layers are made acidic before plat ing and drying. Since the 
acetic acid is volatile and the ~-methylglutaconic acid is not, any  radioactivi ty remaining on the 
planchet  is due to the lat ter  acid. The BE sys tem was used only when it was desirable to test  the 
radioact ivi ty of a given acid by  using two different solvent systems, or when it was desirable to 
separate  the radioact ivi ty of succinic acid from tha t  of f l -hydroxybutyr ic  acid. The peak labeled 
B H B  is a complex peak containing, wi th  the s tandard  system, not  only f l -hydroxybutyrie  acid and 
succinic acid bu t  also lactic acid. Al though the succinicqactic peak is separable from the fl-hydroxy- 
butyr ic  acid on a BE column, the large amoun t s  of BHB formed by liver from the subs t ra tes  em- 
ployed here usually obscure the succinic acid peak. Because of the multiple na ture  of this peak, 
t i t ra t ion and radioactivi ty curves seldom coincide. In  no case was any carrier hydroxybutyr ic  
lactic, or succinic acid added. All t i t ra t ion in this area represents endogenously formed acid. 

Acetoacetate, being extremely unstable  in the acid form, does not  survive the deproteiniza- 
t ion-desalt ing procedure. If  acetoacetic acid is added directly to the column, as much as 5 ° % of it 
can be recovered in a peak located in the same region as fl-methylglutaconic acid. Therefore, frac- 
t ions between acetic and hydroxyisovaleric acids were routinely acidified before plat ing in order 
tha t  no radioactivi ty due to either acetate or acetoacetate would be a t t r ibuted  to methylglutaconic 
acid. I t  was assumed tha t  the magni tude  of the hydroxybutyr ic  acid radioactivi ty peak could be 
taken as an approximate  measure  of the degree of acetoacetate formation.  

Isovaleric acid emerged from the column very early, with the peak appearing at  about  40o 
drops. I t  precedes dimethylacrylic acid and if small amoun t s  of each acid are present,  isovaleric acid 
and dimethylacrylic acids are separable.  

Pyruvic  acid recovery is very  low, so tha t  demonst ra t ion  of its formation from acetate is 
difficult. On the column described here, it is not  separated from hydroxyisovalerate, al though it is 
eluted very slightly later. In  cases where there is a possibility tha t  14C-pyruvic acid has been formed, 
the radioactivi ty in hydroxyisovalerate mus t  be confirmed by paper  ch romatography  as described 
below. Fumaric  acid is eluted from the column in the same fractions as the low-melting isomer of 
methyl-glutaconic acid. These two acids are also separable by  paper  chromatography.  With  3 hour  
incubations,  radioactive fumaric acid was rarely detected. 

For  confirmation of radioact ivi ty of hydroxyisovaleric acid (in the presence of radioactive 
pyruvic  acid) or of methylglutaconic acid (in the presence of fumaric acid), paper  ch romatography  
was employed. The solvent sys tem used, developed by  Dr. ADELBERG*, consists of a mixture  of 
ethyl ether, benzene, formic acid, and water  in the ratios of 35:15:14:  io. The top layer of this  
mixture  is used for ascending ch roma tography  with W h a t m a n  No. I filter paper. The acidified 
sample containing less than  5 micro-equivMents of each acid, is spot ted at  the origin and the 
ch romatogram is allowed to develop overnight.  The paper  is allowed to dry in air for one hour  and 
is then  sprayed with 0.04 % bromcresol  green. The spots which are thus  located can then be cut 
from the paper,  eluted, and counted. 

* We are indebted to Dr. A. E. ADELBERG, Depar tmen t  of Bacteriology, Univers i ty  of California, 
or a description of this  solvent prior to publication. 
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RESULTS AND DISCUSSION 

Figs.  1 -  4 i l lus t r a t e  t y p i c a l  c h r o m a t o g r a m s  o b t a i n e d  b y  t r e a t m e n t  of  an  i n c u b a t i o n  

m i x t u r e  as desc r ibed  above .  T h e  d i f fe ren t  f igures are  on ly  q u a l i t a t i v e l y  c o m p a r a b l e  

s ince  d i f ferent  a m o u n t s  of t issue,  subs t r a t e ,  a n d  non- i so top ic  carr iers  were  used  in t h e  
d i f ferent  g roups  of i ncuba t ions .  

A s u m m a r y  of t he  i n f o r m a t i o n  o b t a i n e d  f rom the  e x p e r i m e n t s  p e r f o r m e d  is g iven  

in Tab l e  I I .  A l t h o u g h  on ly  one  c h r o m a t o g r a m  for each  k i n d  of e x p e r i m e n t  is r epre -  

s en t ed  in Tab le  II, m o s t  of t h e  i n c u b a t i o n s  were  r e p e a t e d  a n u m b e r  of t imes ,  so t h a t  
each  c h r o m a t o g r a m  desc r ibed  is r e p r e s e n t a t i v e  of seve ra l  t r ials .  

TABLE II  

D I S T R I B U T I O N  O F  R A D I O A C T I V I T Y  I N  S U S P E C T E D  I N T E R M E D I A T E  A C I D S  O F  

C H O L E S T E R O L  B I O S Y N T H E S I S  

Chromat- R a t  liver Radioact iv i ty  in  recovered carrier acids 
ogram preparation Substrate 

No .  H O A C  a B H B  b H M G  c H I V  d B M G  e D M A  / Chol.g 

ih +Chol. homog.i Acetate-14C Si + + '+ 
2 +Chol. homogJ HMG-14C + + S - -  
3 +Chol. homog.i DMA-14C + cold BMG + + - -  + 
4 k +Chol. homog.i DMA-14C + cold HMG + + - -  + 
7 Slices Acetate-14C S + + + 
8 Slices HMG-14C + + S - -  
91 Slices HMG-14C + cold DMA + - -  S 4- 

io Slices HMG-lac + cold HIV + - -  S trace 
i i Slices DMA-14C + + + + 
I2m Slices Acetate-laC--o. i  dV/ 

phenyl butyrate S + + + 
14 --Chol. homog.n Acetate-14C S + + + 
i 5  --Chol. homog.n DMA-14C + cold HMG + - -  - -  + 
I8 Supernatant liquid Acetate S + + + 

+ + + 
+ trace trace 

- -  S trace 
- -  S trace 
+ + + 
+ trace + 
+ - -  + 
+ - -  + 
+ S + 

+ - -  + 
- -  JI- - -  

- -  S - -  

+ + - -  

a = Acetate; b = hydroxybutyrate: assumed to reflect radioactivity of acetoacetate; c = fl- 
hydroxy-fl-methylglutarate; d = fl-hydroxyisovalerate; e = fl-methylglutaconate; / = fl,fl-di- 
methylacrylate; g = cholesterol, h = Chromatogram of Fig. I. i = Homogenate capable of syn- 
thesizing cholesterol from acetate. 1" = Substrate. k = Chromatogram of Fig. 2. l = Chromatogram 
of Fig. 3. m = Chromatogram of Fig. 4. n = Homogenate showing no synthesis of cholesterol from 
acetate. 

F r o m  t h e  f igures a n d  f rom Tab le  I I ,  c e r t a in  in fe rences  can  be  d rawn ,  n a m e l y  t h a t :  

(i)  N e i t h e r  hydroxyisovalerate nor  d i m e t h y l a c r y l a t e  is an  o b l i g a t o r y  p recu r so r  
of choles terol .  I t  is to  be  o b s e r v e d  t h a t  in some  of t h e  i n c u b a t i o n s  of 14C-hydroxy- 

m e t h y l g l u t a r a t e  w i t h  l ive r  slices, cho les te ro l  syn thes i s  occur red  w i t h o u t  app rec i ab l e  

f o r m a t i o n  of hydroxyisovalerate ( c h r o m a t o g r a m  No. 8) or  d i m e t h y l a c r y l a t e  (chroma-  

t o g r a m  Nos.  8-1o).  W h e n  n o n - r a d i o a c t i v e  hydroxyisovalerate was a d d e d  a t  t h e  beg in-  
n ing  of t he  i n c u b a t i o n  ( c h r o m a t o g r a m  No. io)  the  r e c o v e r e d  ac id  was on ly  v e r y  s l ight -  
ly  r ad ioac t ive .  W h e n  n o n - r a d i o a c t i v e  d i m e t h y l a c r y l i c  ac id  was  a d d e d  as a t r a p p i n g  

agen t  a t  t h e  b e g i n n i n g  of t h e  i ncuba t i on ,  t h e  r e c o v e r e d  d i m e t h y l a c r y l a t e  was  non-  
r a d i o a c t i v e  ( c h r o m a t o g r a m  No. 9). The  fac ts  t h a t  these  s a m e  slices were  capab le  of 
s y n t h e s i z i n g  cho les te ro l  f r o m  14C-dimethylacry l ic  ac id  ( c h r o m a t o g r a m  No. I I ) ,  a n d  

t h a t  t he  a d d i t i o n  of n o n - r a d i o a c t i v e  hydroxyisovalerate or d i m e t h y l a c r y l a t e  depressed  
t h e  specific a c t i v i t y  of t h e  cho les te ro l  s y n t h e s i z e d  f r o m  14C-hyd roxyme thy lg lu t a r a t e  

or  f rom 14C-acetate i nd i ca t e  t h a t  t h e  a d d e d  n o n - r a d i o a c t i v e  ac ids  were  m e t a b o l i c a l l y  
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Fig. i ,  Chromatogram of carboxylic acids isolated from incubation of liver homogenate with sodium 
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Fig. 2. Chromatography of carboxylic acids isolated from incubation of liver homogenate with 

/~,/~-dimethylacrylic acid-I-14C and unlabeled/~-hydroxy-/~-methylglutaric acid. 
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Fig. 4. Chromatogram of carboxylic acids isolated from incubation of liver slices with sodium 
acetate-i-x4C and unlabeled o.oi M a-pheny]butyrate. 

active. This being the case, it seems impossible that in these incubations radioactive 
dimethylacrylic or hydroxyisovaleric acid could have been formed during the course 
of cholesterol synthesis without contaminating the non-radioactive pool of acid al- 
ready present. 

(2) fl-Methylglutaconic acid may be an obligatory cholesterol precursor. While 
direct proof for such a statement is difficult to obtain, the data of Table II  provide in- 
direct support for it. In every case where cholesterol synthesis was observed, radioac- 
tive fi-methylglutaconic acid was detected (chromatogram Nos. 7-11). In other cases, 
where cholesterol was not synthesized, no radioactive methylglutaconic acid was 
formed (chromatogram Nos. 3, 4, 14, I5). RABINOWITZ AND GURIN 6 similarly observed 
that no radioactive methylglutaconic acid could be recovered from a particle-free 
extract after an incubation, with 14C-acetate, during which no l~C-cholesterol was 
formed; radioactive fl-methylglutaconic acid was obtained from similar extracts which 
did form cholesterol from acetate. 

From the chromatographic data, no conclusion can be reached as to which isomer 
of fl-methylglutaconic acid is a cholesterol precursor, since radioactivity was not con- 
sistently observed in one isomer that was unaccompanied by radioactivity in the 
other. 

(3) fi-Hydroxyisovalerate or dimethylacrylate apparently can yield acetate with- 
out the intermediary formation of hydroxymethylglutarate. Reactions involving the 
formation of dimethylacrylic acid or hydroxyisovaleric acid by the condensation of 
acetic acid with some three carbon unit such as acetone have been suggested previous- 
ly5,20,21 and their occurrence has not been disproved. If 14C-acetate is used as the 
substrate, the pattern of labeling in the derived five carbon acid will be the same 
whether it is formed via acetone or hydroxymethylglutarate. Use of labeled acetone 
does not furnish definitive proof as to whether the suggested reaction occurs, because 
acetone apparently forms acetate with great facility 2s. RABINOWITZ 4 found that 
hydroxymethylglutarate was a more efficient precursor of hydroxyisovalerate than 
was acetate. However, from the degradation of the hydroxyisovalerate derived from 
hydroxymethylglutarate, he concluded that although some of the hydromethyl- 

Re/erences p. 479. 



478 L . F .  ADAMSON, D. M. GREENBERG VOL. 23  (I957) 

glutarate was used as an intact unit, there was a great deal of breakdown and equili- 
bration with acetate. Perhaps the strongest argument against formation of a five 
carbon acid by  condensation of three and two carbon units is the fact that  the demon- 
strated reversible formation of hydroxyisovalerate from acetate via hydroxymethyP 
glutarate4,15, TM appears to accomplish the same result, and the proposed reaction 
would therefore be redundant. However, the work reported here provides support for 
some formation of acetate from dimethylacrylate independently of hydroxymethyt-  
glutarate synthesis. The most obvious mechanism for this formation would be a re- 
versal of the proposed 2-carbon plus 3-carbon condensation. 

The evidence bearing on this point is seen in chromatogram Nos. 3, 4 and 15. In 
these instances, 1-14C-dimethylacrylic acid was incubated with liver homogenates. 
In the latter two cases, the incubation mixture also contained non-radioactive 
hydroxymethylglutarate.  Re-isolation of the hydroxymethylglutarate after the in- 
cubation period of three hours revealed no radioactivity in this acid. In all three cases, 
however, the acetic acid was definitely labeled. If this acetate was formed by way of 
hydroxymethylglutarate,  the newly formed hydroxymethylglutarate must have re- 
mained completely isolated from the non-radioactive acid pool, both during the in- 
cubation and during the subsequent t reatment  of the sample. Such an occurrence 
se(ms unlikely, but not impossible. BACHHAWAT, ROBINSON AND COON 15 could not 
demonstrate the formation of hydroxymethylglutarate from hydroxyisovalerate 
without the use of malate for inhibition of the cleavage enzyme which forms aceto- 
acetate and acetate from hydroxymethylglutarate.  Since hydroxymethylglutarate,  
when newly formed, is probably in the form of a coenzyme A derivative, and may also 
be chemically distinct from the free acid because of combination with enzyme, it could 
conceivably split to acetoacetate and acetate without any formation of free hydroxy- 
methylglutarate.  

I t  should be pointed out that  the act ivi ty of the acetate in these cases is much 
less than in comparable incubations with liver slices which were capable of forming 
both hydroxymethylglutarate  and cholesterol from labeled dimethylacrylate (chro- 
matogram No. II) .  This decreased conversion of dimethylacrylate to acetate in the 
case of homogenates is also reflected by a greatly decreased radioactivity in the fi- 
hydroxybutyrate.  That  the amount of acetate formed is relatively insignificant is 
further demonstrated by the virtual (but not complete) failure, with dimethylacrylate 
as substrate, of cholesterol synthesis by homogenates which are capable of forming 
cholesterol from acetate. These facts, taken together, may be an indication that  nor- 
mally the formation of acetate from dimethylacrylate independently of hydroxy- 
methylglutarate synthesis, if it occurs, represents a pathway of minor significance. 

(4) a-Phenylbutyric acid, while inhibiting cholesterol synthesis, does not inhibit 
the formation by liver slices of any of the acids observed here (chromatogram No. 12). 
Indeed the radioactivity of fi-hydroxybutyric acid and of hydroxymethylglutarate 
were unusually high, suggesting inhibition of some step subsequent to the formation 
of these acids. In addition, a radioactivity peak corresponding to the usual position 
of crotonic acid was found to be of unprecedented magnitude. Since crotonic acid is 
formed from fi-hydroxybutyrate and the latter was very radioactive in this case, it is 
assumed that  the peak does represent crotonic acid although it was not further iden- 
tified. The radioactivity of the recovered dimethylacrylate is uncertain because of the 
large ti tration peak for the a-phenylbutyric acid which obscures completely the titra- 
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t i o n  fo r  d i m e t h y l a c r y l a t e .  T h e r e  is  a p e a k  o f  r a d i o a c t i v i t y  i n  t h i s  a r e a  w h i c h  c o r r e -  

s p o n d s  m o r e  n e a r l y  t o  t h e  u s u a l  p o s i t i o n  o f  i sova ler ic  a c i d  t h a n  t h a t  o f  d i m e t h y l -  

a c r y l a t e .  I t  i s  r e a s o n a b l e  t o  e x p e c t  t h a t  b o t h  o f  t h e s e  a c i d s  w o u l d  b e  l a b e l e d  i n  t h i s  

i n s t a n c e .  

STEINBERG AND FREDRICKSON 27 c o n c l u d e d  t h a t  t h e  e f f e c t  o f  a - p h e n y l b u t y r a t e  

w a s  t o  i n h i b i t  t h e  f o r m a t i o n  o f  a c e t y l - c o e n z y m e  A o r  e l s e  i t s  c o n d e n s a t i o n  t o  f o r m  

a c e t o a c e t y l - c o e n z y m e  A.  S u c h  a c o n c l u s i o n  is  n o t  c o m p a t i b l e  w i t h  t h e  r e s u l t  r e p o r t e d  

h e r e .  

S U M M A R Y  

Resu l t s  ob ta ined  by  the  appl ica t ion  of a c h r o m a t o g r a p h i c  m e t h o d  for t he  isolation,  f rom a s ingle 
i ncuba t i on  mix tu re ,  of var ious  acidic cholesterol  p recursors  are presented .  Ev idence  is g iven  which  
indica tes  t h a t  : 

i .  Ne i the r  f l .~-dimethylacryl ic  acid nor  fl-hydroxyisovaleric acid is an  obl iga tory  percursor  
of cholesterol .  

2. f l -Methylglutaconic  acid m a y  be such  a precursor .  
3 . /~ , f l -Dimethylacryl ic  acid and /o r  ~-hydroxy-isovaleric acid can,  to a l imi ted  ex ten t ,  yield 

a ce t a t e  in l iver homogena te s ,  w i t h o u t  t he  i n t e rmed i a t e  fo rma t ion  of f l -hydroxy-~-methy lg lu ta r i c  
acid.  

4. a - P h e n y l b u t y r i c  acid p robab l y  inh ib i t s  cholesterol  syn thes i s  by  inf luencing some  s tep  
b e y o n d  t he  s teps  leading to t he  fo rma t ion  of t he  acids  s tud ied  here. 
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