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ACIDS 

Recent isotope work has demonstrated that fat ty acids in liver and kidney prepa- 
rations are degraded to two-carbon (C2) fragments which may then condense to form 
acetoacetic acid (AAA) and/or be oxidized to COa via the tricarboxylic acid cyclO -1~. 
Even-carbon fat ty acids containing 13C or I4C in any odd carbon (carboxyl, r,  ~, etc.) 
form AAA in which the isotope resides only in the carbonyl and carboxyl carbons 9,10. 
WEINHOUSE, MEDES, AND FLOYD 1 first observed random condensation of C, fragments 
from carboxyl-labelled octanoate. However, subsequent work indicates that, in general, 
isotopic C a fragments from short-chain fat ty acids are not equally distributed between 
the carbonyl and carboxyl moieties of AAA 3, 5,e, 7, s, 11,12. 

The relative incorporation of isotopic C 2 fragments into the two moieties of AAA 
may be represented by the C*O:C*OOH ratio. Little at tempt has hitherto been made 
to explain the various C*O:C*OOH ratios obtained by different groups of workers 
except on a qualitative basis. A notable exception to this is the analysis put forth by 
CRANDALL AND GURIN 5 and CRANDALL, BRADY, AND GURIN 6. These investigators have 
proposed that the ratios observed by them for octanoate-I-14C (o.74), and octanoate- 
7 A4C (3.3) are mutually consistent if it be assumed that  fat ty acids give rise to two 
types of C2 fragments, (CH3CO-) and (-CHACO-). According to this concept, the first 
type is derived from the terminal two carbons distal to the carboxyl group of a fa t ty  
acid, and the second is derived from all other potential C 2 fragments of the fat ty acid 
as well as from the partial conversion of (CHACO-) --+ (-CH2CO-). The (CH3CO-) type 
fragments are presumed to be incorporated only into the carbonyl moiety of AAA, 
while (-CH2CO-) type fragments can go readily to either moiety. 

I t  has generally been assumed that  C2 fragments from many molecules mix so that 
the carbonyl and carboxyl moieties of any molecule of AAA can be derived from C2 
fragments from different fat ty acid molecules. The condensation of C2 fragments by 
this process would be intermolecular. Recent observations by BEINERT et al. 14 leave open 
the possibility that C 2 fragments from fat ty acids which condense to form AAA may 
not require the participation of an intermolecular condensing enzyme. According to 
GREEN 15, the results obtained with short-chain fat ty  acids can be explained on a basis 
of non-random, intramolecular condensation of C2 fragments on an enzyme surface. We 
interpret the hypothesis offered by GREEN to mean that the terminal two carbons distal 

* Aided by a grant from the American Cancer Society a,s recommended by the Committee on 
Growth of the National Research Council. 
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to the carboxyl group of an even fa t ty  acid do not differ (other than in position on 
the enzyme surface) from other potential C~ fragments of the fa t ty  acid. 

The purpose of this paper is to show how the concept of two types of C~ fragments, 
as indicated above, lends itself to a theoretical analysis for the distribution of isotope 
in AAA from short-chain, even-carbon fa t ty  acids (4-12 carbons). In making use, here, 
of this concept it should not be overlooked, however, that  the assumption of two types 
of C 2 fragments may be nothing but  a convenient device to represent a complex, non- 
random condensation process on an enzyme surface. 

I. TERMINOLOGY 

(CHACO-) = C 2 f r a g m e n t s  ar is ing f rom the  t e rmina l  two carbons  (distal  to the  ca rboxyl  group) of 
a f a t t y  acid. 

( -CH2C0- )  = C 2 f r a g m e n t s  ar is ing f rom non- t e rmina l  ca rbons  of a f a t t y  acid, or f rom the  convers ion 
(cHaco-) --~ (-CH2CO-). 

(-CH2C O-)i  = fsotopic  C 2 f r a g m e n t s  of t he  (-CHACO-) type  before di lu t ion by  non-isotopic  
f r agmen t s .  

( C H s C ' O - ) i  = Iso topic  Co f r a g m e n t s  of t he  (CHACO-) type.  
( -CH2C*O-)r  = R a n d o m i z e d  C 2 f r agmen t s  resu l t ing  f rom the  di lut ion of ( -CH2C*O-)i  f r a g m e n t s  

by  (-CH2CO-)  f r agmen t s .  
C*O :C*OOH = Ra t io  of isotope in t he  ca rbony l  mo i e t y  (or carbon) to t h a t  in t he  ca rboxy l  mo ie ty  

(or carbon) of t he  to t a l  A A A  formed.  
R := C * O : C * O O H  ra t io  for a non- te rmina l ly - labe l led  f a t t y  acid. 
R t = C*O:C*OOH rat io  for a te rmina l ly- labe l led  f a t t y  acid. 
Molar s.a. = Molar  specific ac t iv i ty ;  a rb i t r a ry  isotope concen t ra t ion  per  mole of f a t t y  acid or C,, 

f r agmen t .  
a = Molar  s.a. of ( -CH2C*O-)r  f r a g m e n t s  f rom a non- te rmina l ly - labe l led  f a t t y  acid. 
a t = Molar  s.a.  of ( -CH2C*O-)r  f r a g m e n t s  f rom a te rminal ly- label led  f a t t y  acid. 
x = Moles of AAA (Species A) ar is ing f rom condensa t ion  of (CHACO-) or (CHsC*O-)i  f r agmen t s  and  

( -CH2C*O-)r  f r agmen t s .  
3' = Moles of A A A  (Species B) ar is ing f rom condensa t ion  of ( -CH~C 'O- ) r  f ragments .  
(s.a. CO)t = Molar  s.a. of  ca rbony l  mo ie ty  (or carbon) of to ta l  AAA formed from a te rmina l ly -  

labelled f a t t y  acid. 
(s.a. AAA)¢ = Molar  s.a. of to ta l  A A A  formed  f rom a te rminal ly- label led  f a t t y  acid. 
c = N u m b e r  of ca rbons  per  molecule  of f a t t y  acid. 
] = Frac t iona l  convers ion ,  (CH3CO-) - ~  (-CH2CO-) or (CH3C*O-) i - -~  (-CH2C*O-)i .  

II. THE GENERAL CASE 

I. Non-terminally-labelled/atty acids 

Consider a fa t ty  acid of c carbons where c = 4, 6, 8, IO, or 12. Let us assume the 
given fa t ty  acid to contain an isotope in any odd carbon except the terminal two carbons 
distal to the carboxyl group. For convenience, let this fa t ty  acid have a molar isotopic 
concentration of unity in any arbitrary units, i.e., molar s.a. = I.  After the conversion 
of one mole of the fa t ty  acid into C~ fragments, the terminal type fragments, (CH3CO-), 
will have a molar s.a. = o, while the isotopic fragments, (-CH2C*O)i,  will have a 
molar s.a. = I. If  we now consider that  isotopic fragments randomize with non-isotopic 
fragments from the fa t ty  acid as well as from other sources, randomized fragments, 
(-CH2C*O-),, will be formed which, in general, have a molar s.a. = a < I. Condensation 
of (CH3CO-) fragments with (-CH~C*O-/, fragments yields, let us say, x moles of Species 
(A) of AAA, while condensation of (-CH,C*O-),  fragments (not necessarily all) yields 
y moles of AAA of Species (B), as indicated below. 

x moles CH3CO CH2C*OOH (Species A) 
~___w____~ ~ ..-,~ J 

S.a, = o s . a .  = (~ 
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v moles CHaC*O CHaC*OOH (Species B) 

s . a .  ~ a s . a .  - -  ( l  

Species A will be referred to as being formed by non-random condensation, and 
Species B by random condensation. 

The C*O:C*OOH ratio, designated here as R, is given by 

v a  "~' 

R = C*O:C*OOH -- -- Eq. (i) 
xa + ya x + )' 

and upon rearrangement: 
X 

I --- R -- Eq. (Ia) 
x + y  

But y/(x + y) represents the fraction of the AAA formed by random condensation, 
and x/(x + y) represents the fraction formed by non-random condensation. For non- 
terminally-labelled fat ty acids, the C*O: C*OOH ratio assumes added significance. The 
C*O:C*OOH ratio, R, represents the/raction o/the total AAA [ormed which results [rom 
random condensation, and z - -R represents the [raction resulting [rom non-random conden- 
sation. 

Notice should be taken that the interpretation given above for the quantities R 
and I - - R  places no restriction upon whether or not I. complete conversion of the fat ty  
acid to C 2 fragments occurs*; 2. (-CHACO-) fragments may be utilized for other proc- 
esses than AAA formation, or 3. C~ fragments from sources other than the fat ty  acid 
are incorporated into AAAY*. The freedom from these limitations thus constitutes the 
General Case. I t  is clear that the production of non-isotopic, endogenous (CHACO-) type 
fragments does not influence the interpretation that R represents the fraction of AAA 
resulting from random condensation. However, since in Section I1-2 equations are 
developed for AAA formation from terminally-labelled fat ty  acids, we shall assume that  
only (-CH2CO-) type fragments are produced endogenously. If the number of endogenous 
(CHACO-) type fragments which randomize with those from the fat ty  acid is small 
compared with those from the fat ty  acid, the above assumption regarding endogenous 
C 2 fragments is justified. (In this connection see also note page 40.) 

Several factors may affect the relative proportions of Species A and B of AAA, 
and the interplay of these would then determine the ratio, R. These factors are: 

I. fractional conversion of (CHACO-) --~ (-CHACO-); 
2. nature of interaction of Ca fragments from other sources with those from the 

fatty acid; 
3. extent of entrance of C2 fragments into the tricarboxylic acid cycle or utilization 

for other processes; 
4. extent of conversion of C a fragments to AAA. 
The quantity R tends to increase I. if (-CH=CO-) fragments from other sources 

interact with those from the fat ty  acid, or 2. as the chain length of the fat ty  acid in- 
creases. In both cases the quanti ty y increases, effecting a less asymmetric distribution 
of isotope between the carbonyl and carboxyl moieties of the total AAA. Thus in Eq. (i), 

~ For  example ,  ins t ead  of s t a r t i ng  wi th  one mole of t he  f a t t y  acid we could specify  k moles.  
T h e n  kx and  ky moles of species A and  B, respect ively,  would h a v e  been formed,  and  t he  factor  h 
would  cancel  ou t  in Eqs .  (i) and  (Ia). 

~t CRANDALL el al.5, e h a v e  shown  t h a t  ace ta te  and  p y r u v a t e  (by decarboxylat i0r~ of the  carboxyl  
carbon) give rise to a ( -CHoCO-)  type  of C 2 f r agment .  
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wi th  x ~ o, y m a y  va ry  be tween zero and  a number  larger  than  any  assigned number  
(infinity). The l imits  of R are  obvious ly  

O < R < I .  

In  this  connect ion GEYER, CUNNINGHAM AND PENDERGAST 7, working with  l iver 
slices, observed  t ha t  this  ra t io  for shor t -chain  f a t t y  acids label led in the  ca rboxy l  carbon 
does indeed increase t oward  un i ty  wi th  increasing chain length*. In  no case wi th  non- 
t e rmina l ly - labe l l ed  shor t -chain  f a t t y  acids has the  C*O:C*OOH rat io,  R, been found to 
be s ignif icant ly grea te r  t han  uni ty .  

The  upper  l imi t  for R, namely ,  uni ty ,  was observed  by  WEINHOUSE, MEDES AND 
I;LOYD 1 and  b y  GOLDMAN et al. 1° in exper iments  in which octanoate-i-13C or -I-14C was 
incuba ted  wi th  fas ted  ra t  l iver  slices. According  to  the  theo ry  p resen ted  here, the  A A A  
formed in those two cases consists a lmos t  en t i re ly  of Species B, the  a m o u n t  of Species A 
being negligible in comparison.  This  could resul t  if a large number  of endogenous 
(-CH2CO-) f ragments  mixed  with  those from the  f a t t y  acid, as has  been sugges ted  
prev ious ly  5it. 

I t  is not  surpr is ing t ha t  different  ra t ios  have  been ob ta ined  wi th  the  same label led 
f a t t y  acid in different  systems.  L iver  slices, which accumula te  considerable  A A A  dur ing  
the ox ida t ion  of f a t t y  acids, t end  to  y ie ld  A A A  wi th  high va lues  for R, whereas  the  
ra t ios  ob ta ined  wi th  the  same label led  f a t t y  acid  in k idney  slices, which accumula te  
min ima l  amoun t s  of ace toace ta te ,  are low. Thus  GEYER, CUNNINGHAM AND PENDER- 
C, AST v found  t h a t  the  C*O:C*OOH rat io ,  R, of A A A  from octanoate-I-14C was abou t  
0. 7 in l iver  slices, bu t  was as low as o.21 in k idney  slices. Since R represents  the  f ract ion 
of A A A  aris ing from r a n d o m  condensa t ion  of (-CH2CO-) t ype  fragments ,  only  21% of 
the  A A A  formed in k idney  slices resul ts  from random condensat ion,  while 79 % resul ts  
from non-random condensat ion.  I f  the  subs t ra te  (octanoate) were the  only source of 
(CHACO-) t ype  f ragments ,  the  conclusion reached  would be t h a t  a t  least  79 molar  
per  cent  of the  ca rbony l  moie ty  of A A A  formed b y  k idney  slices was der ived  from the 
t e rmina l  two carbons  of oc tanoate .  Since the  ca rbony l  moie ty  conta ins  one-hal f  the  
to ta l  a toms  of carbon of AAA,  at least 39% o/ the  total carbon o / the  A A A  produced in 
the kidney slices was derived/rom the terminal two carbons o/ octanoate in kidney. If  the  
convers ion (CHACO-) - -~ (-CHACO-) proceeds  to any  ex ten t  whatsoever ,  the  percentage  
is even higher  since (-CH2CO-) f ragments  from the  t e rmina l  two carbons  can be in- 

t GEYER el al. found that the ratios for odd-carbon fatty acids also increased with increasing 
chain length. D. D. CHAPMAN, in our laboratories, has found that the terminal three-carbon fragment 
from an odd-carbon fatty acid (pentadecanoic) apparently is not converted appreciably to a (CH3CO-) 
type fragment (unpublished observations). I t  is conceivable, therefore, that a small amount of endo- 
genous (CHACO-) type fragment is responsible for the effect with odd-carbon fatty acids. Carboxyl- 
labelled acetate, in the washed liver homogenate system where little or no endogenous production 
of C 2 fragments occurs, gives rise to acetoacetate with equal concentrations of isotope in the carbonyl 
and carboxyl carbons 5. However, when carboxyl-labelled acetate is incubated with nonisotopic 
octanoate in this washed liver homogenate, the isotope is found in higher concentration in the 
carboxyl carbon than in the carbonyl carbon 5. In liver slices, where endogenous production of C z 
fragments normally occurs, carboxyl-labelled acetate also gives rise to acetoacetate with a similar 
asymmetry of incorporation of the isotope TM. These observations indicate that a (-CH2CO-) type 
of fragment is formed from acetate which, under the influence of (CH3CO-) type fragments, is diverted 
preferentially to the carboxyl moiety of acetoacetate. Similarly, if C 2 fragments of odd-carbon fatty 
acids arising from carbons other than the terminal three carbons give rise to (-CHACO-) type frag- 
ments, they would then be directed preferentially to the carboxyl moiety of acetoacetate in liver slices. 

** Note that this is not due to the extent of dilution of the (-CH2C*O-)~ fragment per se, as R 
is independent ~f a, 
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corporated also into the carbonyl moiety of Species B and into the carboxyl moiety of 
both Species A and B of AAA. 

The above considerations allow us to draw two conclusions : i. since random conden- 
sation of (-CHaC*O-), fragments forming species B is less in the case of kidney, the 
incorporation of isotope into AAA should be less in kidney than in liver, and 2. since 
more (-CH2C*O-), fragments must then be available for other processes in kidney, 
owing to their low incorporation into AAA, the isotope percentage incorporated into 
CO s should be higher for kidney than for liver. 

Results of two typical experiments with kidney and liver slices, carried out by 
GEYER, CUNNINGHAM AND PENDERGAST v, are given in Table I. These results are quali- 
tatively in agreement with the conclusions drawn above. 

T A B L E  [ 

OXIDATION OF OQTANOATE-I-14C BY LIVER AND KIDNEY SLICES* 
(See text, Section II) 

tiC--c.p.m, in liC-c'p'm" liC-c'p'm" R = G *0 
Tissue * * octanoate-z-14C * * * in CO 2 in AAA C *O0~-'H 

L i v e r  6~ ,3oo  4 ,37  ° I 4 , 9 8 o  o .60  
K i d n e y  6 4 , 2 0 0  2 t ,  700  4, t 5 ° o. 23 

* R e p o r t e d  b y  GEYER, CUNNINGHAM AND PENDERGAST 7, E x p t .  N o .  164. 
** A p p r o x i m a t e l y  e q u a l  d r y  w e i g h t s  of  t i s s u e :  l i v e r  0 . 2 4 2 8  g ;  k i d n e y ,  o . 2 3 2 1  g.  

*** S u b s t r a t e  c o n c e n t r a t i o n ,  o . o o i  M .  

2. Terminally-labelled/atty acids 

Let us now consider a fat ty acid which contains isotope in the penultimate (~o--i) 
carbon, for example, CH3C*H2(CH,)c__3COOH. Terminal type fragments (CH3C*O-)i 
will now have a molar s.a. = I, while the isotopic (-CH2C*O-)i fragments derived from 
the conversion (CH3C*O-)i-~ (-CH,C*O-)i may randomize with any non-isotopic 
(-CHACO-) type fragments to form randomized fragments (-CHzC*O-), of molar 
s.a. = at. The two species of AAA may therefore be represented as 

x moles CHsC*O CH2C*OOH Species A 
v_.._._.y J k Y --' 

s.a. = I s.a. = at 

y moles CHaC*O CH2C*OOH Species B 
~-___..¢.~--) t-~----..v-L J 

s . a .  = a t s . a ,  = a~ 

The C*O:C*OOH ratio is given as 

C*O x + >'a~ 
Rt -- -- Eq. (2) 

C*OOH xat + )'at 

Eq. (2) may be rearranged to 

Eqs. (I) and (2a) lead to 

R e / e r e n c e s  p .  5 L 

X 
Rt -- Y + Eq. (2a) 

x + y at (x + y) 

I - - R  
a t -  Eq. (3) 

R t - -  R 
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Since the molar s.a. of the carboxyl moiety of both Species A and B is at, the molar 
s.a. of the total carboxyl moiety of AAA is also a,. Eq. (3) expresses, then, the relation 
between the molar s.a. of the carboxyl moiety of AAA for the case of a terminally- 
labelled fa t ty  acid of an even number of carbons a n d t h e  two C*O:C*OOH ratios, 
R and R,. 

Since the C*O:C*OOH ratio can also be expressed in terms of specific activities 

C*O 
R t  _ I 

C*OOH 

(s.a. CO), 
or Rt --  

a t  

Eqs. (3) and (4) lead to 

molar s.a. carbonyl moiety 

molar s.a. carboxyl moiety '  

Eq. (4) 

1 - - R  
(s.a. C O ) , -  - -  Eq. (5) 

i - -  R/R,  

where (s.a. CO)t = molar s.a. of the carbonyl moiety of AAA for the case of a terminally- 
labelled fa t ty  acid. 

Za~IN AND BLOCI~ n incubated butyrate-i-13C, -3-14C with rat  liver slices and found 
R = 0.428 and Rt = 3.49. Substitution of these values into Eqs. (3) and (5) leads to 
at = o.187 and (s.a. CO)t = 0.652. ZABIN AND BLOCH reported the following values: 

c.p.m. 14C in COOH of AAA 
- -  = O . 1 8 8  

c.p.m. 14C in C-3 of butyra te  

c.p.m. 14C in CO of AAA 
= 0.656 

c.p.m. Iac in C-3 of butyra te  

The theoretical values for at and (s.a. COb which were calculated using only the experi- 
mentally determined ratios R and Rt agree numerically with the ratios of 

c.p.m. 14C in COOH or CO of AAA 

c.p.m. 14C in C- 3 of butyrate  

Such numerical agreement must  be fortuitous, however. In general, ~4C data alone give 
no information as to specific activities, and a, and (s.a. CO), are defined as molar specific 
activities. The ratios given above involving c.p.m. ~4C become identical with a, and 
(s.a. CO)t when AAA arises from both butyrate  and endogenous C2 fragments only 
I. if the butyrate  is completely utilized, and 2. if for each mole of butyrate  that  dis- 
appears, one mole of AAA is formed. I. is of incidental importance only, but 2. permits 
calculations to be made a. for the extent of the conversion (CHs14CO-)i --~ (-CH214CO-)i, 
b. for the value of the molar s.a., a, of the (-CHiC*O-),  fragments with respect to 13C, and 
c. for the direct verification from the data of ZABIN.aND BLOCH 11 to the effect that  endoge- 
nous C 2 fragments are incorporated into AAA with essentially the same asymmetry  as 
the carboxyl C 2 fragment, (-CH~13CO-)i, of butyrate.  These calculations are as follows: 

a. Recalling that  R is numerically equal to the fraction of AAA arising from the 
condensation of (-CH2C*O-), fragments, one mole of AAA formed during the utilization 
of one mole of butyrate-3AaC of molar s.a. = I may be represented as 

i - -  R = x = 0.572 moles CHa14CO CH214COOH (Species A) 

s.a. = I s.a. = O.187 

Re/eremites p .  5 L  
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R - -  y - -  0.428 moles CHal*CO CH214COOH (,Species B) 

s.a. = o.187 s.a. = o.187 

Since, during the utilization of one mole of butyrate,  o.572 moles of Species A of AAA 
are formed, one mole of (CHa14CO-)i fragments must have been converted to (I.OOO 
--o.572)  = o.428 moles of (-CH~14CO-)i fragments. Thus, the fractional conversion, 
/, for (CHACO-) --* (-CHACO-) is equal to o.428 for butyra te  in liver slices. I t  will be 
shown in Section I I I  that  this figure is comparable to that  calculated for other short- 
chain fa t ty  acids in washed rat  liver homogenates. 

b. Since all fragments of the (-CH2CO-) type which interact with one another are 
assumed to randomize, the molar s.a. of (-CHiC*O-),  fragments with respect to 14C or 
laC must be proportional to the relative number of (-CH=C*O-)i fragments of each kind 
(laC-or 1at-labelled) which undergo randomization. Thus, for each mole of butyra te  
utilized, o.428 moles of (-CH=14CO-)i fragments and i.ooo moles of (-CH~laCO-)i 
fragments are formed. The molar s.a. of (-CH=C*O-), fragments with respect to 14C was 
shown to be equal to o.187; therefore the molar s.a., a, of (-CH2C*O -), fragments with 
respect to laC must be o.187/o.428 --  o.437. We may now represent the AAA formed 
during the utilization of one mole of butyrate-I-laC of molar s.a. = I as 

i - R  = .r = 0.572 moles 

R = y = 0.428 moles 

CHACO CH=laCOOH 

s.a. = o s.a. = 0.437 

CHalaC CH~laCOOH 

s.a. = 0.437 s.a. = 0.437 

Hence, (0.428) (0.437) = o.187 and (0.572 + 0.428 ) (0.437) = 0.437 moles of (-CH213CO-)i 
fragments reside in the carbonyl and carboxyl moieties, respectively, of the AAA. Since 
only one mole of AAA is formed per mole of butyra te  utilized, the molar s.a.'s of the 
earbonyl and carboxyl moieties with respect to laC are o.187 and o.437, respectively. 
The corresponding molar s.a.'s reported by Z ~ I N  AND BLOCH f were o.196 and o.458. 

c. The sum of the moles of 14C- and laC-labelled C 2 fragments and endogenous C~ 
fragments in the two moieties of AAA must equal r.ooo. The moles of the isotopic 
fragments in the two moieties are numerically equal to the respective molar s.a.'s of 
these moieties. Hence, the number of moles of endogenous C2 fragments in either moiety 
is obtained by subtracting the sum of the molar s.a.'s for 14C- or 1at-labelled C~ fragments 
for that  moiety from unity, i.e., from the number of moles of AAA formed when one 
mole of butyra te  is utilized. This C z fragment balance is indicated in Table II .  I t  is 
clear from Table I I  that  endogenous C 2 fragments (12C) are incorporated into AAA with 
essentially the same asymmetry  as the carboxyl C~ fragments (laC) of butyrate .  

The molar s.a. of AAA, (s.a. AAA)t, is given by the sum of the molar s.a. 's of the 
carbonyl and carboxyl moieties. Thus addition of Eq. (3) to Eq. (5) gives 

(~ - -  R) ( i  + Rt) 
(s.a. AAA)t = (s.a. CO)t + at = Eq. (5a) 

Rl - -  R 

where (s.a. AAA)t is the molar s.a. of the AAA for the case of a terminally-labelled 
fa t ty  acid. Except  where small amounts of AAA are formed from fat ty  acids, as was 

a t o m  per  cent  excess laC in CO or COOH of AAA 
t Repor ted  as 

a t o m  per  cent  excess laC in C-.t of b u t y r a t e  
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T A B L E  i1 

INCORPORATION OF 13C- AND 14C-LABELLED C 2 FRAGMENTS FROM BUTYRATE-I-laC, 
-3-14C INTO ACETOACETATE MOIETIES IN THE PRESENCE OF LIVER SLICES* 

Theoretical * * Observed* * * 

~Ioles of isotopic C a frag- Moles of isotopic C~ frag- 
Isotopic ments in AAA moieties per CO Isotopic nwnts in AAA moieties per CO 

C~ mole of butyrate utili*ed C~ mole of butyrate utih~ed 
fragment COOH fragment COOH 

CO COOH CO COOH 

14C 0.652 o.187 Rt  = 3.49 14C 0.656 o.188 Rt  = 3.49 
13C o.I87 0.437 R = 0.428 13C o.196 0.458 R = 0.428 
12C o.161 0.376 0.428 I~C o.148 0.354 o.418 

(endogenous) (endogenous) 

* Assuming  t h a t  one mole of AAA is formed dur ing  the  u t i l i za t ion  of one mole of b u t y r a t e ,  
jus t i f ica t ion  of which  is g iven in the  tex t .  

** Calcula ted  on the  basis  t h a t  R t = 3.49 and R = 0.428 as observed.  
*** Taken  from the  d a t a  of ZABIN AND BLOCH 11. 

discussed in connection with kidney, the quanti ty (s.c. AAA)t is generally less than unitv. 
In this case the limits of Rt are readily obtained. For if (s.a. AAA)t < I, we have 
from Eq. (5 a) 

( I - - R )  (I +Rt) 
< I  

R~ - -  R 

or RIR > I 

Recalling that  o < R < I, the limits of Rt may then be given as 

I < Rt < p if (s.c. AAA)t < I 

where p is greater than any assigned number. 
I t  is interesting to note how (s.a. AAA)t may be greater than unity although the 

molar s.a. of a fa t ty  acid is unity. This can result as follows: Suppose that  one mole 
of butyrate-3-14C is converted to one mole each of (CH3C*O-)i and (-CH2CO-) fragments, 
and that  o.5 mole of the former is converted to (-CHzC*O-)i fragments. This would 
result in 0. 5 moles of (CH3C*O-)~ with molar s.a. = I.O, and 1.5 moles of (-CH2C*O-), 

o.5 
with molar s.a. --  --  o.333. If, now, I.O mole of (-CHiC*O-), condenses with oxal- 

1.5 
acetate and is oxidized to COs or proceeds along synthetic pathways other than AAA 
formation, the remaining C~ fragments may condense to give o. 5 mole of AAA. The 
carbonyl moiety will have a molar s.a. == I, and the carboxyl moiety a molar s.a. 
- o.333. The (s.a. AAA)~ would then just be z -}- o.333 =~ 1.333. Note that  in this case, 
Rt = 3.o. If  carboxyl-butyrate had been used, R would be zero, i.e., the isotope would 
be found only in the carboxyl carbon. The low values observed for R with a carboxyl- 
labelled fa t ty  acid in kidney slices indicate that  a process similar to the example given 
above is occurring in the kidney slice. That is to say, AAA /rom even/arty acids in kidney 
arises in large measure/rom the terminal two carbons. 

Inspection of Eqs. (4) and (5 a) reveals that  the molar s.a.'s of the carbonyl and 
carboxyl moieties of AAA for a terminally-labelled fa t ty  acid are exceptionally useful 
quantities. Their sum and quotient give (s.a. AAA)t and Rt, respectively, and hence R 
may be determined from Eq. (5 a) after substitution and rearrangement. 
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VOL. l l  (1953) . \cETOACETATE FORMATION FR()M F.\TTY .\('I1)S 45 

I t  should be emphasized again that  the relationships so far derived are general, 
in that  C 2 fragments from the fa t ty  acid do not necessarily have to be completely 
converted into AAA, but  may be available for other synthetic processes, and that  
(-CH2CO-) type fragments from sources other than the fa t ty  acid can simultaneously 
be incorporated into AAA. 

Unfortunately, sufficient data are, as yet, unavailable for a further verification of 
the analysis of the General Case. In most of these instances, where AAA formation 
would be amenable to the General Case, only the C*O:C*OOH ratio, R, for the non- 
terminally-labelled fa t ty  acids has been determined. In view of the multiplicity of 
possible factors involved (see above), more information is needed, such as the knowledge 
of the quantities Rt, a,, or (s.a. AAA h, to verify quanti tat ively the mechanism predicted 
by the analysis for the General Case. However, the washed liver homogenate system, 
as used by CRANDALL et al.S, e, presents fewer variables, and we have found that  such 
a system represents a "restricted" case to which the equations derived for the General 
Case apply. 

III.  A RESTRICTED CASE: WASHED LIVER HOMOGENATES 

The washed liver homogenate system presents a restricted and simple case because 
the C, fragments from the fa t ty  acid may be incorporated nearly quanti tat ively into 
AAA ~, ~, 1~. 

Several important  relationships may be obtained for this restricted case. The 
number of moles of AAA formed from one mole of the fa t ty  acid is given by x + y 
(by definition). If  c = number  of carbons per molecule of the fa t ty  acid: 

c/4 = x + y Eq. (6) 
Eqs. (I) and (6) yield 

y = (c/4)R Eq. (7) 

x = (c/4) ( i - - -R )  Eq. (8) 

Since we may assume that  the C~ fragments from one mole of the fa t ty  acid appear 
quanti tat ively in AAA, and since the molar s.a. of the fa t ty  acid was taken as unity, 
the total  isotopic content of AAA from one mole of fa t ty  acid must  be unity. 

Therefore: 
xa + 2 ya --  I Eq. (9)* 

I 
or a - -  - -  Eq. (9a) ~ 

x + 2 y  

CRANDALL AND GURIN 5, and CRANDALL, BRADY AND GURIN 6 have found that  
octanoate-I-13C or -I-14C yields a C*O:C*OOH ratio, R, of about 0.7**. Using a value 
of 0.70 for R, and c = 8, Eqs. (7), (8), and (9) lead to 

x = 0.60 
y = 1.4o 
a = 0.29 

In seven experiments 5, the average of observed values for the molar s.a. of the 

t Eqs.  (9) and  (9a) are ob ta ined  in the  same form if, in more general  terms,  k moles of the 
f a t t y  acid are considered.  

?? Actua l ly ,  va lues  of 0.74 and 0.75 were observed in expe r imen t s  wi th  oc tanoa te - i J4C,  and 
an average  va lue  of o.66 wi th  octanoate-l-13C (refs. 6 and 5, respect ively) .  
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carboxyl carbon, which is equivalent to the quantity a, was 0.26. Although the calculated 
value, a = 0.29, appears to be in good agreement, the quanti ty a is relatively insensitive 
to changes in R, and hence to changes in x and y. The quantity, a, can only have values 
between a = o.25 ° and a = o.333. This results because a maximum of 3, or a minimum 
of 2, non-isotopic (-CH2CO-) fragments may randomize with each isotopic (-CH~C*O-)i 
fragment when using octanoate, depending upon the degree of the conversion (CHACO-) 
- ~  (-CH2CO-). The resulting randomized fragments, (-CHiC*O-),, will then have a 
molar s.a. within the narrow range of I/3 to 1/4. A slight contamination of CO 2 (as well 
as of acetone) in the determination of the s.a. of the carboxyl carbon has been indicated 
by CRANDALL eta/. 5,6. If this contaminating CO s has a lower s.a. than that of the COs 
derived from the carboxyl carbon of AAA, it would be expected that the observed 
average value of a (0.26) would be lower than that predicted according to theory (0.29). 
The observed C*O:C*OOH ratio would also be somewhat in error since the ratio of 
specific activities of the carbonyl and carboxyl carbons of AAA was used to determine 
this ratio. However, a small change in R effects an even smaller change, percentagewise, 
in the quantity a. We conclude that the observed value of a agrees, within experimental 
error, with that calculated from the observed value for R in the experiments of CRANDAI, L 
et al. Equations (7), (8), and (9) thus provide a useful check on experimental procedures 
in the washed liver homogenate system under discussion. 

If x = 0.60, the conversion (CHACO-) --~ (-CH2CO-) must be (i.oo - -  0.60) ioo 
= 4o%, or one mole of terminal two carbons gives rise to 0.40 mole of (-CH2CO-) 
fragments identical with those derived from the rest of the molecule. Thus, the fractional 
conversion is given as ] = 0. 4 if R = 0.70. If R = 0.75, the following values are obtained: 
x = 0.50, y = 1.5 o, a = 0.285, [ = 0.5. I t  will be recalled that / was calculated to be 
equal to 0.428 for butyrate in liver slices (Section 11-2). 

The usefulness of the above derived equations can be exemplified by verifying the 
C*O:C*OOH ratio, R, for another fatty acid, hexanoate-i-laC. If it be assumed that 
the fractional conversion (CHACO-) - ~  (-CH2CO-) is identical with that of octanoate 
for R = 0.70, then / = 0.4 and x - 0.60, and the observed ratio is given by Eq. (Ia) 
rearranged as follows: 

x 0.60 
R = I - -  - - I  Eq. ( Ib)  

x + y  x + y  
0.60 

But x + y = c/4, and c = 6 for hexanoate; therefore R = I -- 0.60. The ratios 
1.5 

observed by CRANDALL AND GURIN 5 were 0.58 and 0.56 for two experiments with hexano- 
ate. The theoretical confirmation o/ the ratio observed with hexanoate-I-13C illustrates in 
a striking/ashion the applicability o~ the concept o/two types o/C~/ragments. 

For the special case under consideration, another important relationship may be 
derived. Since the molar s.a. of the fatty acid was taken as unity, the total isotopic 
content of the AAA from one mole of the fat ty acid must be unity. The moles of AAA 
formed from one mole of fatty acid of c carbons is equal to c/4; hence the molar s.a. 

I 
of the AAA must be -- 4/c. Substitution of 4/c for (s.a. AAA)t in Eq. (5a) derived 

(c/4) 
for the General Case gives, for the restricted case under consideration, 

( I - - R )  (I +R,) 
4/c = Eq. (IO) 

R, - -  R 
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In  their liver homogenate system, CRANDALL et al.5, 6 found R = 0. 7 with c = 8, 
i.e., with carboxyMabel led octanoate.  Subs t i tu t ion  of these values into Eq. (IO) gives 

Rt = 3.3. The values found ranged from 2. 9 to 3.6 for three observat ions e. The reverse 
calculation was made in another  manne r  by  these invest igators;  using the average of 
the observed values, Rt = 3.3, it was shown tha t  the expected ratio, R, should be 0. 7. 

The preceding theoretical t r ea tmen t  of the restricted case may  be represented 
graphically to i l lustrate  its application in washed liver homogenates. To do this, Eq. (IO) 
is solved for several Rt's (taking positive values only) by  subs t i tu t ing  values of R from 

R = o t o R  = I fo rc  = 4 , 6 , 8  . . . .  etc. By plot t ing Rt vs. R f o r c  = 4 , 6 , 8 . . .  etc., 
a family of curves is obta ined (see Figs. I and 2). If, now, the fractional conversion, 

/, of (CH3CO-) type fragments  to (-CH2CO-) type f ragments  is located on each curve 
of c = 4, 6, 8 . . . .  for the corresponding value of R, straight lines, representing the 
fractional  conversion of te rminal  fragments,  may  be drawn which intersect  the family 
of curves. The fractional conversion, /, is located on each curve as follows: Since x 
represents the moles of AAA due to unconver ted  (CH3CO-) fragments  from one mole 
of a fa t ty  acid, the q u a n t i t y  I - -  x is jus t  the fractional  conversion, i .e . , / .  Thus [ ~- I - - x .  
The corresponding values of R for each e when / = o.o, o.i ,  0.2 . . . .  I .o may  then be 
calculated from Eq. (8) with the subst i tut ion,  x = I /. 

I t  will be noted  tha t  the m a x i m u m  value of R is un i ty  for all curves, and  this 
m a x i m u m  value obtains  when / = I .o, or when c increases wi thout  bounds.  A m i n i m u m  
value of R is approached for each fa t ty  acid when / = o. The m i n i m u m  values of R 
for the various fa t ty  acids, and  values for x and  y of Species A and  B of AAA are 
summarized in Table I I I .  The m i n i m u m  values of R for each fa t ty  acid are represented 
graphically by  the R = k which each curve approaches asymptot ica l ly  as the fractional 

conversion / approaches zero. As / approaches o, Rt increases without  bounds  for each 
fa t ty  acid. The lower l imit  of R~ is uni ty .  

The applicabil i ty of these graphs is shown in the examples presented below: 
Example  L Given any  two of the values, R, c, Rt, or ], the other two are readily 

obtained.  Thus  if R -=-- 0. 7 for octanoate  is located on curve c = 8, values for R~ = 3.25 

TABLE III 

M I N I M U M  V A L U E S  O F  R F O R  T H E  R E S T R I C T E D  C A S E  

(f = o) (See text, Section III) 

Fat t y  acid c ~ no. o f  carbons 
i n  fa t ty  acid x y R 

Butyrate 
Hexanoate 
Octanoate 
Decanoate 
Dodecanoate 

4 1 . 0 0  0 0 

6 1.oo 0.50 0.33 
8 1 . 0 0  1 , 0 0  0 , 5 0  

t o  1 . 0 0  1 . 5 0  0 . 6 0  

~2 r .OO 2.00 0.67 
(14) * I .oo 2.50 o.71 
(16) * I.OO 3.00 0.75 
(I8) * I.oo 3.50 0.78 
( 2 0 )  * 1 , 0 0  4 . 0 0  0 . 8 0  

* These values merely specify the carbons of a fatty acid which contains C 2 fragments equivalent 
m number to those from a lower chain fatty acid plus additional (-CH2CO-) type fragments. Thus 
c = 16 indicates one (CHACO-) type fragment and 7 (-CH2CO-) type fragments. This is equivalent 
to that produced when pyruvate is added to octanoate so as to double the number of C 2 fragments 
arising from octanoate (see footnote t* page 39 and text). 
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2 5  

2 0  

15 

Rt 

I0 

0 
0 

and for / = 0. 4 may be read from the ordinate and diagonal lines, respectively. If for 
hexanoate, / = o.4, as was the case with octanoate, R for hexanoate is read as o.6o, 
and Rt as 3.oo. 

Example 2. If C 2 fragments of the (-CHACO-) type from sources other than a given 
fatty acid (for example, from added pyruvate) interact with those of the fatty acid, 
the pattern of AAA formation would be the same as if a longer chain fat ty acid than 
the given fatty acid were employed (assuming / = constant). (See footnote to Table III) .  

As more and more (-CHACO-) frag- 
ments interact with those from the 
given fatty acid, both R and Rt increase. 
As shown in Fig. I, R increases linearly 
with Rt. 

For the case where / = o. 4, as with 
octanoate-I-14C (R = o.7o ), the ratio 
Rt can never be greater than 4.o, i.e., 
the point where / = o. 4 intersects 
R : I .O. 

Example 3. CRANDALL et al.5, e ob- 
served that the ratio R for octanoate- 
I-C* increased from 0. 7 to 0.86 as 
pyruvate was added (see** page 39), 
but observed no increase in the ratio 
Rt from the value 3.3. However, since 
the value for Rt could not, according 
to theory, be greater than 4.0, if / = 0. 4 
(see Example 2), it is not surprising 
that an increase was not observed. 
Pyruvate was added at a concentration 
sufficient to double the number of C~ 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 I.O fragments produced when octanoate 
R was incubated alone. Hence the ratios 

Fig. I. Plot of R vs. R~ for short-chain fa t ty  acids R and Rt will be determined by the in- 
in the washed liver homogenate system. Legend: c, tersection of c = 16 with / = 0. 4 on the 
number  of carbons in the fa t ty  acid, or in cases above 
c = i2 in the sense discussed in the text ;  Re and R, graph. Inspection reveals that, at this 
C*O:C*OOH ratios for terminally and non-termi- intersection, R has a value of 0.85, and 
nally-labelled fa t ty  acids, respectively; [, fractional 
conversion of (CH3CO-) --+ (-CH2CO-). Dotted R~ a value of 3.6. Only a slight increase 

region is expanded in Fig. 2. in Rt results, and the experimental vari- 
ations were greater than the calculated 

increase (see Table IV). Even if ] changed with the added pyruvate, R cannot, in this 
case, be less than 0.75 (see Table I I I  for c = 16). 

CRANDALL, BRADY AND GURIN e have calculated that the ratio with octanoate-i-14C 
should increase from 0. 7 to 0.86 with the added pyruvate. However, this method of 
calculation should be regarded only as a good approximation if ] remains constant, 
since it was assumed that the distribution of the terminal fragment in the carbonyl 
and carboxyl moieties of AAA was the same with or without the added pyruvate. In 
other words, these workers assumed that Rt did not change with added pyruvate. That 
the approximation was a good one is supported in two ways: I. no significant increase 
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in Rt was observed with added pyruva te ;  and 2. the slope of / --- o. 4 is such as to indicate 
only a slight increase in Re with the amount  of added pyruvate .  

E x a m p l e 4 . T h e C * O : C * O O H r a t i o s  ?.o I I i o I o I 
obtained with octanoate-IJ4C and - \ \ \ \ I o o ,, 

-7-14C, by CRANDALL et al.5,% are ex- 6'°~ o "~ 2~ -~" ~' 
plainable on a basis of / : 0.5 as well o '~o 
a s / =  0. 4 . This results, as shown in 50- * 
Figs. I and 2, from the fact tha t  the line 
/ : 0. 4 intersects c ---- 8 at R : 0.70, 40- 
giving R, : 3.25, and / : 0.5 intersects - 
c : 8 at R = 0.75, giving Rt = 2.50. ~o j  
Since for either / = 0. 4 or / = 0.5, either 
R or R t falls within the range of values ao 
observed by  CRANDALL et al .5,% we 
cannot  distinguish between / : 0. 4 or t.0 [ I I I 1 , 0.6 0.7 0.8 0,9 
/ = 0.5. A summary  of values of R and 
R t predicted by  the theory  for / : 0. 4 lqg. 2. ],;xpanded port ion of Fig. [. / -- I.O, 

which is not  indicated, is represented by  the 
a n d / =  0. 5 is given in Table IV. point (,, I). 

TABLE 1V 

P R E D I C T E D  V A L U E S  F O R  C * O : C * O O g  R A T I O S  O F  S H O R T - C H A I N  F A T T Y  A C I D S  R E P R E S E N T I N G  

T H E  R E S T R I C T E D  C A S E  ( S E E  T E X T ,  S E C T I O N  I I I )  

f :5 

'f:6 

f:7 

N 

l0 

C *0 : C*OOH C *0 : C *00H observed 
Subs?rate theoretical values 

/ -- o.4t ] -- 0.5? 

Butyrate-  1-14C o. 4 ° o. 5 ° 
Butyrate-3-x4C 2.5o 2.oo 
Hexanoate-i-14C 0.60 0.67 o.56tt, o.58?? (Ref. 5) 
Octanoate.i_14C 0.70 0.75 0.74 , 0.75 (Ref. 6), o.66tt, ??? (Ref. 5) 
Octanoate-7-14C 3.25 2.5 ° 3.6, 2.9, 3.5 (Ref. 6) 
Decanoate-i-14C o.76 o.8o 
Decanoate-9-14C 3.4 ° 2.6o 
Dodecanoate-  1-14C o. 80 o. 83 -- 
Dodecanoate- I  I-I*C 3.5 ° 2.65 - 
Octanoate-i-14C + pyruva te§  0.85 0.88 o.8i, 0.82, 0.82, 0.86, i.oo (Ref. 5) 
Octanoate-7-14C + pyruva te§  3.63 2.75 3.0, 3.2, 3.8 (Ref. 6) 

Equal  to the fractional conversion of the terminal  C 2 fragment:  (CHACO-) ---+ ( -CH2CO)  
(see text).  

?t Value(s) are probably  low due to methodology (CRANDALL, BRADY AND GURIN% p. 847 ). 
l"tt Average of 7 determinat ions.  
§ Pyruva te  added in such a quan t i t y  as to double the number  of C 2 f ragments  arising from 

octanoate alone. On Graph I see intersection of ] = 0. 4 and [ = 0.5 with c = 16. 

IV. CONCLUSIONS 

From the foregoing analyses, several generalized s ta tements  may  be presented 
relative to the C*O:C*OOH ratios, R, and R~. 

I. The C*O:C*OOH ratio, R, for non-terminally-labelled fa t ty  acids, may  vary  only 
between zero and uni ty  (Section I I - I ) .  

2. The corresponding ratio, Rt, for terminally-labelled fa t ty  acids, may  vary  only 
between uni ty  and infinity (Section 1I-2). 
I~'e/eren(es p. 51. 
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3. R i n c r e a s e s  t o w a r d  u n i t y  as  t h e  c h a i n  l e n g t h  of t h e  f a t t y  ac id  inc reases ,  a n d  

d e c r e a s e s  as  t h e  c h a i n  l e n g t h  d e c r e a s e s  (Sec t ion  II-i). 
4. Rf i n c r e a s e s  w i t h o u t  b o u n d s  as  t h e  f r a c t i o n a l  c o n v e r s i o n ,  /, dec reases ,  a n d  de-  

c reases  t o w a r d  u n i t y  as  t h i s  c o n v e r s i o n  i n c r e a s e s  (Sec t ion  III). 
5. R d e c r e a s e s  as m o r e  ( -CHACO-)  t y p e  f r a g m e n t s  a re  u t i l i z e d  for  p roces se s  o t h e r  

t h a n  a c e t o a c e t a t e  f o r m a t i o n ,  a n d  i n c r e a s e s  t o w a r d  u n i t y  as  m o r e  f r a g m e n t s  of t h i s  t y p e  

i n t e r a c t  w i t h  t h o s e  f r o m  t h e  f a t t y  ac id  to  f o r m  A A A  (Sec t ions  I I - I  a n d  1 I -2 ) .  

6. R i n c r e a s e s  t o w a r d  u n i t y  as t h e  c o n v e r s i o n ,  /, i nc reases ,  a n d  d e c r e a s e s  as t h i s  

c o n v e r s i o n  d e c r e a s e s  (Sec t ion  I l l ) .  

7. Rt m a y  b e  g r e a t e r  t h a n  u n i t y  a n d  f in i te ,  a l t h o u g h  R a p p r o a c h e s  i n f i n i t e s i m a l l y  

close to  u n i t y ,  b u t  o n l y  if  / is n o t  e q u a l  to  ze ro  (Sec t ion  III). 
8. T h e  p r o d u c t  (RtR) is g r e a t e r  t h a n  u n i t y  if (s.a. AAA)f  is less t h a n  u n i t y  (Sec t ion  

11-2) .  
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SUMMARY 

i. A theoretical interpretat ion of acetoacetate formation from isotopically-labelled, short-chain 
fa t ty  acids of the even series is given which is based upon the concept of two types of two-carbon 
fragments, namely, (CHACO-) and (-CHACO-), introduced by CRANDALL et al. The former type 
results exclusively from the terminal  two carbons of a fa t ty  acid, and the lat ter  type arises from 
other two-carbon units of the fa t ty  acid as well as from the conversion of some of the fragments 
of the (CHACO-) type. 

2. Two species of acetoacetate are considered, one of which results from condensation of 
(CHACO-) type fragments with fragments of the (-CHACO-) type, while the other arises exclusively 
from fragments of the lat ter  type. 

3. The C*O :C*OOH ratio for non-terminally-labelled fat ty  acids with isotope in an odd carbon 
is shown to be numerically equal to the fraction of acetoacetate arising from the condensation of 
(-CHACO-) type fragments. 

4. When small amounts  of acetoacetate are formed from even fa t ty  acids, the terminal two 
carbons distal to the earboxyl group are the major source of acetoacetate carbons. 

5- The formation of acetoacetate in slices and washed homogenates of ra t  liver is consistent 
with the view tha t  from 4 ° to 5o% of the terminal two carbons of a fa t ty  acid apparent ly  become 
identical in reactivity with the two-carbon fragments derived from the rest of the molecule. 

6. Two-carbon fragments from non-fat ty  acid (endogenous) sources are incorporated into aceto- 
acetate with a similar, if not the same, asymmetry  as non-terminal  two-carbon fragments. 

7. In those investigations where sufficient information is available, observed values for the 
C*O:C*OOH ratio or specific activities of acetoacetate moieties agree closely with those predicted 
by  the theory presented here. 

Rt~SUMt~ 

i. Les auteurs donnent  une interprdtat ion th6orique de la formation d'ac6toac6tate ~ par t i r  
d'acides gras ~ chaine br~ve de la s6rie paire marqu@s par  des isotopes, interpr6tation basle sur la 
conception introduite par  CRANDALL et al. de deux types de fragments ~ deux atomes de carbone, 
(CHACO-) et (-CHACO-). Le premier type r6sulte exclusivement des deux atomes de carbone 
terminaux d 'un acide gras; le deuxi~me r6sulte d 'autres  unit6s ~ deux atomes de carbone de l'acide 
gras et aussi de la t ransformation de certains des fragments du type (CHACO-). 

2. Les auteurs consid~rent deux esp~ces d'ac6toac6tate, l 'une r6sultant de la condensation de 
fragments du type (CHACO-) avec des fragments du type (-CHACO-), l 'autre 6tant  consitu6e unique- 
merit de fragments du deuxi~me type. 

3. I1 est montr6 que le rapport  C*O:C*OOH pour des acides gras qui ne sont pas marqu6s 
dans le groupe terminal  mais dans un atome de carbone impair  est num~riquement 6gal ~. la fraction 
d'ac~toac6tate r6sultant  de la condensation de fragments du type (-CHACO-). 

4- Lorsque de faibles quantit6s d'ac6toac6tate se forment ~ par t i r  d'acides gras, pairs, les deux 
atomes de carbone les plus 61oign@s du groupe carboxyle forment la source principale d 'atomes de 
carbone d'ac6toac6tate. 
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5. La  fo rma t ion  d ' ac6 toac~ta te  dabs  les t r anches  et les homog4na t s  lav6s de foie de ra t  esl 
en accord avec  l ' id4e que  le 4 ° ~ 50% des deux  a t o m e s  de carbone  t e r m i n a u x  d ' u n  acide gras  acquier t  
a p p a r e m m e n t  la m~me  r4act ivi t4  que les f ragnlen ts  ~ deux  a t o m e s  de ca rbone  p r o v e n a n t  du reste 
de la moldeuie.  

6. Des  f r a g m e n t s  /t d eux  a t omes  de carbone  p r o v e n a n t  d 'ac ides  endog~nes  au t r e s  que  les acides 
gras  son t  incorpor6s daBs l ' ac4toac4ta te  avec  une  asym4t r i e  semblab le  s inon iden t ique  ~ celle des 
f r a g m e n t s  g 2 C non  t e r m i n a u x .  

7. L a  o~ des  donn4es  suff isantes  son t  "~ disposi t ion,  les va leur s  observ6es pour  le rappor t  
C*O:C*OOH ou act iv i t4  sp4cifique de l ' ae6toac4ta te ,  s ' a cco rden t  bien avec  celles p r4vnes  pa r  la 
th4orie  propos4e dans  ce m4moire .  

Z U S A M M E N F A S S U N G  

i. Es  wird eine theore t i sche  Dars t e l lung  der  Ace ty l ace t a tb i l dung  aus  mi t  I so topen  gekenn-  
ze i chne ten  ku rzke t t i gen  Fe t t s i iu ren  m i t  gerader  Koh lens to f fanzah l  gegeben,  die au f  der  A n n a h m e  
von  zweierlei T y p e n  yon  Zweikol i lenstoffbruchst t icken,  n~ml ich  der yon  CRANDALL u n d  Mi ta rbe i te rn  
e ingef t ihr ten  (CHzCO-)-  u n d  ( -CHzCO-)-Bruchs t i i cke ,  a u f g e b a u t  ist. Die ers te  T y p e  s t a m m t  aus-  
schliesslich aus  den zwei ends t~nd igen  K o h l e n s t o f f a t o m e n  einer Fe t t s i iure ;  die zweite  Type  k a n n  
aus  ande ren  Zweikoh lens to f fa tomeinhe i t en  einer  Fe t t s i iure  ebenso e n t s t e h e n  wie du rch  U m w a n d l u n g  
einiger Bruchs t t i cke  des (CHDCO-) Typs .  

2. Es  werden  zwei A c e t y l a c e t a t a r t e n  in B e t r a c h t  gezogen:  Die eine e n t s t e h t  bei der  K o n d e n -  
sa t ion von  (CHzCO-) Bruchs t i i cken  mi t  Bruchs t i i cken  des ( -CH2CO-)  Typs ,  w~thrend die ande re  aus-  
schliesslicli aus  Bruchs t i i cken  des le tz teren T y p s  en t s t eh t .  

3. Das  C*O:C*OOH VerhS.ltnis ftir nicl i t  ends t i ind ig  mi t  e inem Isotop in e inem u n g e r a d -  
zahl igen Koh lens to f f a t om gekennze ichne te  F e t t s ~ u r e n  ist  - -  wie gezeigt  wird - -  zahlenmXssig  gleich 
dem bei der  K o n d e n s a t i o n  aus  ( -CH2CO-)  Bruchs t t i cken  e n t s t e h e n d e n  Bruch te i l  Ace ty l ace t a t .  

4. W e n n  geringe Mengen  Ace ty l ace t a t  au s  geradzahl igen  Fe t t s i iu ren  gebi ldet  werden,  so s ind 
die zwei a m  wei tes ten  yon  der  Ca rboxy lg ruppe  e n t f e r n t e n  endst~tndigen Koh lens to f f a tome  die 
H a u p t q u e l l e n  der Ace ty l ace t a tkoh lens to f f a tome .  

5. Die B i ldung  yon  Ace ty l ace t a t  in Schn i t t en  und  gewaschenen  H o m o g e n a t e n  von  R a t t e n l e b e r  
s t i m m t  mi t  der  Ans ich t  iiberein, dass  4 o - 5 0 %  der zwei ends t~nd igen  K o h l e n s t o f f a t o m e  einer  Fe t t -  
s~Lure in der Reak t i v i t~ t  iden t i sch  werden  mi t  den  Zweikohlens tof fbruchs t i i cken ,  die yon  d e m  Res t  
des Molekiils s t a m m e n .  

6. Zweikohlens tof fbruchs t i i cke  yon  (endogen gebildeten)  Nich t fe t t sXuren  werden  in Acety l -  
ace t a t  m i t  e iner  5.hnlichen wenn  n ich t  gleichen Unrege lm~ss igke i t  e ingebau t  wie die n ich t  ends t~n-  
digen Zweikohlens tof fbruchs t i icke .  

7. Bei den  U n t e r s u c h u n g e n ,  in denen  geni igend Einze lhe i ten  be r ich te t  werden,  s t i m m e n  die 
b e o b a c h t e t e n  W e r t e  ftir das  C*O:C*OOH-VerhAl tn i s  oder  ftir die spezif ischen Akt iv i t i t t en  der 
Ace ty lace ta th~ l f t en  gu t  iiberein mi t  denen,  die mi t  Hilfe der  hier  darge leg ten  Theor ie  vo rhe rgesag t  
wurden .  
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