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SUMMARY 

1 The reversiblhty of c~trate synthesis and the effects of citrate and fluoro- 
citrate on c~trate synthesis in whole mltochondrla have been investigated 

2 Cleavage of otrate  to oxaloacetate (trapped as malate) and acetyl-CoA 
(trapped as acetylcarnltme) in whole hver mitochondrla can be demonstrated The 
maximum rate of this reversed reaction is at most 1/40 of the maximum rate of citrate 
synthesis 

3 Citrate and fluorootrate are competitive lnhibltors with respect to oxalo- 
acetate of purified pig heart synthase The K, for both compounds was found to be 
approx 1 5 mM 

4 Both otrate and fluorootrate inhibit citrate synthesis and increase keto- 
genesis m whole liver mltochondrla They probably act as competitive mhlb~tors w~th 
respect to oxaloacetate, since malate counteracts this inhibition 

5 For kinetic reasons it ~s concluded that the citrate synthesis reaction probably 
never approaches equilibrium in the intact tissue The ~mportance of citrate in the 
regulation of carate and ketone body formation in the liver is d~scussed 

INTRODUCTION 

Since citrate synthase (EC 4 1 3 7) represents the enzyme admitting acetyl 
groups into the otrlc acid cycle, the kinetic properties of this enzyme have been w~dely 
investigated Numerous mhlbltors have been found and suggested as physiological 
regulators Such regulators may be of particular ~mportance m the liver where a 
lowered rate of citrate synthesis wdl increase ketogenesls 

It has also been suggested that citrate synthase is an equilibrium enzyme and 
that the acetyl-CoA/CoA ratio of mltochGndna can be calculated from the citrate/ 
oxaloacetate ratio and the eqmhbrmm constant [1] 

Recently we have observed that fluorocltrate and citrate inhibit citrate syn- 
thesis and increase ketogenesls m liver mltochondna [2] These findings may be ex- 
plained by the fact that citrate is a competitive Inhibitor with respect to oxaloacetate 

Abbreviation HEPES, N-2-hydroxyethylplperazine-N'-2-ethanesulfonlc aod 
* On sabbatical leave from Department of Medical Biochemistry, Umverslty of Oslo, Norway 
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in c~trate synthesis [3, 4], and/or by a displacement of  equlhbnum In both cases a 
higher acetyl-CoA/CoA ratio and increased ketogenesls will result 

In the present paper we have checked the reversibdlty of  citrate synthesis in 
liver mltochondria and the effect of  citrate on citrate synthesis and ketogenesis from 
different acetyl-CoA precursors The results are discussed in relation to the properties 
of citrate synthase 

MATERIALS AND METHODS 

Malate dehydrogenase (EC 1 1 1 37), pig heart citrate synthase (EC 4 1 3 7), 
carnitlne acetyltransferase (EC 2 3 1 7), citrate lyase (EC 4 1 3 6), fl-hydroxybutyrate 
dehydrogenase (EC 1 1 1 30), glutamate dehydrogenase (EC 1 4 1 2), NAD, N A D H ,  
CoA and rotenone were all obtained f rom Sigma Chemical C o ,  St Louis, M o ,  
U S A Fluorocltrate, barium salt, was obtained from Calblochem It was converted 
to the sodium salt by addition of excess Na2SO4 prior to use 

(--)Carnltlne and (--)acetylcarnltlne were gifts from Otsuka Pharmaceutical 
Factory, Tokushlma, Japan (--)Palmltycarnltlne was prepared according to Bremer 
[5] 

Mouse liver mltochondrla were prepared by homogenizing the livers (usually 
five livers) in approx l0 vol of  0 25 M sucrose in a Potter-Elvehjem homogenizer 
with a Teflon pestle The cell debris and nuclei were sedlmented at 800 × g for 5 mln, 
and the mltochondrla at 8000 × g for l0 mln The mltochondrla were washed once 
in sucrose and finally suspended in 0 15 M KC1, usually to a concentration of approx 
20 mg of protein per ml Rat  liver mltochondna were prepared by the same procedure 
but were washed twice with sucrose Mltochondrlal incubations were stopped by 
addition of 1/4 vol of  2 M HC104 After removal of the protein by centrlfugatlon the 
supernatant was neutralized with 2 M K O H  

All metabohtes were measured enzymatlcally, coupled to appearance or dis- 
appearance o f N A D H  Malate was measured with malate dehydrogenase at pH 9 with 
approx 0 3 M hydrazlne as trapping agent for oxaloacetate Citrate was measured 
with citrate lyase coupled to malate dehydrogenase Oxoglutarate was measured by 
conversion to glutamate by glutamate dehydrogenase Acetoacetate and/%hydroxy- 
butyrate were measured with fl-hydroxybutyrate dehydrogenase, the former in 0 1 M 
phosphate buffer at pH 7 5, the latter in 0 7 M glycme buffer at pH 9, with approx 
0 3 M hydrazlne as trapping agent for acetoacetate Acetylcarnltine was measured by 
following spectrophotometrically the formation of N A D H  in the presence of carnltIne 
acetyltransferase, malate dehydrogenase, citrate synthase, malate, N A D  and catalytic 
amounts of CoA The carmtlne acetyltransferase was added last since thls enzyme 
also contained some citrate synthase 

Kinetic experiments on citrate synthase were performed on purified p~g heart 
enzyme The backward reaction was followed by measuring N A D H  disappearance in 
the presence of excess malate dehydrogenase, carnltine acetyltransferase and (--)car-  
nltlne (5 mM) Carmtme and carmtme acetyltransferase were added to remove acetyl- 
CoA formed in the reaction In this way the reaction was rectlhnear virtually until all 
of  the N A D H  had been oxidized 

The forward reaction was followed by measuring the formation of N A D H  in a 
system consisting of limiting amounts of  citrate synthase (80 mumts), excess mahc 
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dehydrogenase (25 units), carnltlne acetyltransferase (0 33 unit), acetylcarnitine 
(5 mM),  CoA (0 2 mM),  N A D  (5 mM),  N A D H  (0 2 mM),  and variable amounts  o f  
malate (0 5-20 mM)  N A D H  was added to "buffer" the system, 1 e ,  an increase in 
N A D H  (measured with a Unlcam SP1800 ultraviolet spectrophotometer  fitted with a 
Unlcam AR25 Recorder)  did not  change the N A D H / N A D  ratio and the oxaloacetate 
concentra t ion appreciably, and the reaction was, therefore, rectilinear for a much 
longer time than when no N A D H  is added f rom the beginning Also, larger absolute 
changes in N A D H  therefore could be measured, and the "buffering" o f  the system 
made it unnecessary to use fluorometers to measure initial, small changes in N A D H  
Also, the rate o f  N A D H  format ion in the presence o f  added N A D H  is a true measure 
of  the rate of  citrate synthesis and, under otherwise identical conditions, is as much as 
nearly twice as fast as the rate obtained (apparent) when no N A D H  is present ini- 
tially (For  mathematical  t reatment  see Shepherd and Garland [6] ) 

RESULTS 

Citrate cleavage m mttochondrla 
Since rat liver ml tochondr la  contain a relatively low level of  carnltlne acetyl- 

transferase [7], mouse hver was used for these experiments However,  with the ex- 
tremely slow citrate cleavage taking place, rat liver also has a sufficiently high level 
o f  the enzyme 

Table I shows that  it is possible to demonstrate  format ion  of  malate and acetyl- 
carnItine f rom citrate in liver mitochondria  The reaction was stimulated both by 
addit ion o f  carnltine and by rotenone,  the former  by removing the acetyl-CoA form- 
ed, and the latter by inhibiting the oxidation o f  N A D H  which is needed to reduce 
oxaloacetate to malate The reaction is very slow, however, and to demonstrate  the 
effect o f  carnltlne on malate format ion it was necessary to have an efficient block of  
the forward reactions o f  the citric acid cycle Rotenone  alone was not  sufficient, but  
sodium arsenite was Fluorocltrate and malonate  also were inefficient Even with 
arsenlte the stoichlometry o f  the experiments was relatively poor  More  malate than 
acetylcarnitine was always formed,  and some malate was formed in the absence o f  
carnitme as acetyl acceptor Since citrate was required also for this malate formation,  

TABLEI 

CITRATE CLEAVAGE IN MOUSE LIVER MITOCHONDRIA 

Complete system mltochondna (15 5 mg of protein) were incubated with lmldazole-HC1 buffer (pH 
6 5) 33 mM, KCI, approx 0 1 M, sodium arsenlte, 2 mM, rotenone, 40pg, citrate 9 mM, and (--) 
carmtme, 4 5 mM 
was 37 °C 

Complete system 
No citrate 
No carnmne 
No rotenone 

Total volume was 2 3 ml, the lncubatton time was 20 mm and the temperature 

Malate Acetylcarmtme 
formed formed 
(/~moles) (/~moles) 

0 30 0 23 
0 04 0 075 
0 14 001 
0 09 0 075 
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TABLE II 

EFFECT OF pH ON CITRATE CLEAVAGE IN MOUSE LIVER MITOCHONDRIA 

Mltochondna (7 5 mg of protein) were incubated wath 15 mM N-2-hydroxyethylplperazlne-N'-2- 
ethanesulfomc aod (HEPES), 15 mM phosphate (pH adjusted as shown with KOH), approx 85 mM 
KCI, 2 mM sodmm arsemte, 20/~g rotenone, 0 1 mM dlmtrophenol, and 10 mM otrate (--)Carmtlne 
was added as shown Total volume was 1 ml and incubation tame was 20 man The temperature was 
37 °C 

Malate formed (/emoles) 

pH -- carmtlne + carmtme 

65 009 015 011 
7 0 0 065 0 l0 0 07 
7 5 0 06 0 075 0 05 

Acetylcarnltlne formed 
(/~moles) 
÷ carmtme 

It may have been formed via a small leak in the arsenlte block or, more  likely, by 

removal  of  the ace ty l -CoA formed  by reactions other  than acetylcarnlt ine format ion  

(e g ketogenesis,  or hydrolysis) Other  addit ions such as dlni t rophenol  and phosphate  

had no effect on the system 

Table II  shows that  the cleavage is more  rapid at acid pH  At  pH  7 5 the effect 

o f  carnit ine was barely detectable This effect o f p H  is in agreement  with the propert ies  

o f  citrate synthase The  backward react ion o f  the enzyme has an op t imum at pH 6 l , 

whereas the forward react ion has its op t imum above p H  8 [8] 

In Table III  the rates o f  the forward and the backward react ions are compared  

Unde r  the condi t ions  used (pH 6 5) the forward  react ion with pyruvate  and malate  

as substrates was 70 times faster than acetylcarnit lne format ion  f rom citrate and about  

40 t imes faster than malate  fo rmat ion  (A small amount  of  malate  may have been 

formed f rom endogenous  substrates, see Table I ) At  higher p H  the ratios were even 

greater  since the rate o f  cleavage o f  citrate is diminished (Table II) 

The backward react ion in whole ml tochondr ia  evidently depends not  only on 

citrate synthase, but  also on mahc dehydrogenase and carnit ine acetyl transferase 

TABLE llI 

RELATIVE RATES OF CITRATE SYNTHESIS AND CITRATE CLEAVAGE IN MOUSE 
LIVER MITOCHONDRIA 

Mltochondna (13 mg of protein) were incubated with 22 mM lmldazole buffer (pH 6 5 or 7 5) and 
approx 100 mM KCI Forward reactton pyruvate, 4 5 mM, malate, 4 5 mM, fluorocltrate, 100 t~M, 
dlmtrophenol, 0 1 mM Backward reaction citrate, 9 mM, carmtlne, 4 5 mM, sodmm arsenlte, 2 
raM, rotenone, 40/~g Total volume was 2 3 ml The incubation t~me was 1~40 mm and the tempera- 
ture was 37 °C 

pH Malate formed Acetylcarmtme Citrate formed 
(pmoles) formed (pmoles) (t~moles) 

20 mm 40 mm 20 mm 40 mm 10 mm 20 mln 

Backward reactton 6 5 0 20 0 37 0 11 0 28 
Forward reaction 6 5 -- -- -- 3 1 7 5 
Forward reaction 7 5 . . . .  3 9 7 3 
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Mahc dehydrogenase ~s present in huge excess m ml tochondrm Carnl tme acetyl- 
transferase probably  is also present  in excess in the cleavage of citrate since much 
more rapid format ion  of  acetylcarnl tme has been observed in liver mltochondrm, 
e g with pyruvate as substrate [9] It  is likely, therefore, that  o t r a t e  synthase hmlted 
the react ion and that  it ran near its V The observed increase in rate resulting from 
lowering the pH supports  this conclusion,  since the backward reaction has a pH 
op t imum near pH 6 with purified citrate synthase [8] 

Since the backward reaction was so slow, no further kinetic characterization of 
the reaction in intact  m~tochondrm was a t tempted 

The forward reaction was nearly the same at pH 6 5 and pH 7 5 It is hkely, 
therefore, that  it was limited by puryvate dehydrogenase and not  by o t ra te  synthase, 

which has a pH op t imum above pH 8 

The effect oJ citrate and fluorocltlate on the forward reactlon 
Table IV shows that  fl-oxldatlon, l e the total  acetyl group format ion  from 

TABLE IV 

EFFECTS OF FLUOROCITRATE AND CITRATE ON CITRATE FORMATION IN RAT 
LIVER MITOCHONDRIA 

Rat liver mltochondna (10 mg of protein) were incubated with 20mM HEPES buffer (pH 7 0), 
approx 100 mM KC1, 0 1 mM dlmtrophenol, and 1 mM malate The following additions were done 
as shown ( )palmltylcarmtme, 0 125 mM, pyruvate, 1 mM, ( )acetylcarnitlne, 1 mM, sodium 
arsemte, 2 mM, fluorocltrate, 0 1 mM, citrate, 1 mM Total volume was 2 5 ml The lncubat~on 
t~me was 4 mm and the temperature was 37 °C 

Acetyl-CoA Inhibitor Otrate a-Ketoglutarate Acetoacetate 
precursor formed formed formed 

(#moles) (/~moles) (/~moles) 

Palmltylcarmtme Arsemte 0 14 0 51 0 13 
Palmltylcarmtme Fluorocxtrate 0 52 0 28 
Palmltylcarmtme Fluorootrate 

+ c i t r a t e  0 33  - 0 34 
Acetylcarmtme Fluorocltrate 0 38 Trace 
Acetylcarmtme Fluorocltrate 

+ c~trate  0 0 9  - -  Trace 
Pyruvate Fluorootrate 0 45 -- Trace 
Pyruvate Fluorocltrate 

-~ otrate 0 20 -- 0 05 
None Fluorootrate 0 17 -- 0 
None Fluorocltrate 

~- citrate 0 -- Trace 

palmltyl  carmtme (citrate + a-ketoglutarate + 2 × acetoacetate) was unaffected by 
f luoroot ra te  and c~trate, but  less citrate and more ketone bodies were formed Thus, 
the sum of citrate and a-ketoglutarate formed from paimltylcarnl tme and malate in 
the presence of arsemte was greater than  the citrate formed m the presence of fluoro- 
citrate (see also Fig 2) A further decrease in o t ra te  and an increase in acetoacetate 
was found upon  addi t ion of o t r a t e  m addit ion to fluorocltrate 

C~trate format ion from pyruvate or acetylcarmtine again was depressed by 
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ci trate ,  but  now there  was no co r re spond ing  increase in ace toace ta te  fo rma t ion  This 
re&cares  tha t  bo th  the pyruva te  dehydrogenase  and  ca rmtme  acetyl  t ransferase  were 
inhib i ted  by accumula ted  acetyl  C o A  In ano the r  exper iment  (not  shown) o t r a t e  
s t rongly  decreased the &sappea rance  o f  bo th  ace ty lca rmtme and mala te  m uncoupled  
ml tochondrm Al together ,  the results  indicate  tha t  o t r a t e  mos t  hkely  inhibi ts  p n m a -  
rdy  the UtdlZatlon o f  ace ty l -CoA,  and only secondardy  ~ts fo rma t ion  To corre la te  
feedback  lnh~b~tlon by  ci t ra te  on ci t ra te  synthes~s in in tac t  m~tochondna  w~th the 
proper t ies  o f  o t r a t e  synthase,  kinetic  exper iments  on pure  p~g hear t  o t r a t e  synthase 
were pe r fo rmed  Recent  s tu&es have shown tha t  c i t ra te  synthase f rom different 
species and f rom &fferent  an imal  organs  are very s lmdar ,  a l though the kinetic  con- 
s tants  may  vary  to some extent  [4] W~th pig hear t  synthase we found  the K m for  
o t r a t e  in the backward  react ion to  be 1-1 5 m M  at p H  7 M a t s u o k a  and Srere [4] 
found  a K m of  0 16 m M  at p H  6 1 and 3 m M  at p H  8 1 for  the  ra t  hver  enzyme We 
have also measured  the ra t io  between the V o f  the fo rward  and  the backward  reac- 
t ions for  the p~g hear t  enzyme Rat ios  o f  abou t  200, 300 and 400 were found  at  p H  6 5, 
7 0 and 7 5, respectively 

Smith  and W d h a m s o n  [3], found tha t  o t r a t e  ~s a compet i t ive  inh ib i tor  w~th 
respect  to  oxa loace ta te  m the fo rward  reac t ion  [11] They  found  the K, to be 1 6 m M  
at pH 7 4 Fag 1 confirms this f inding and shows m a d & t l o n  tha t  f luorocl t ra te  slml- 

* 2 5 m M  4 - "1"25 mM f l u O r ' O c l - /  

1 2 1 2 
1 

[~Matate m M ]  

Fig 1 Citrate and fluorocltrate as competitive lnhlbitors of citrate synthase The reaction mixture 
contained pig heart citrate synthase, approx 80 munlts, carnitme acetyltransferase, 0 35 unit, mahc 
dehydrogenase 25 units, acetylcarnitme, 5 raM, NAD, 5 mM, NADH, approx 0 2 mM, CoA, 0 2 
mM, imidazole-HCl buffer, pH 7 0, 35 mM, malate, varying, 0 5-20 mM, and where indicated, 
citrate or fluorocltrate, 2 5 mM The reaction was started by the addition of citrate synthase and 
followed m a Unlcam SP1800 ultraviolet spectrophotometer with a SPI805 Programme Controller 
Total volume was 1 ml and the temperature was 23 °C (room temperature) 

lar ly  ~s a compet i t ive  inh ib i to r  with respect  to oxa loace ta te  F r o m  the d rawn hnes in 
F ig  1, an appa ren t  Km of  2 5 m M  for mala te  was ca lcula ted  for  bo th  exper iments ,  
and  f rom these values and the N A D H / N A D  + ra t ios  used in the reac t ion  mixtures  the 
Km for oxa loace ta te  was ca lcula ted  to be 1 8 and  2 5 # M  m the two exper iments ,  
respect ively F o r  c i t ra te  a KI o f  1 25 m M  for f l uo roo t r a t e  a KI o f  app rox  1 5 m M  
were ca lcula ted  Thus,  f luorocl t ra te  is near ly  as efficient as o t r a t e  as a compe tmve  
inh ib i tor  o f  o t r a t e  synthesis 
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The ke togemc effect o f  f luorocl t ra te  was coun te rac ted  by mala te  (F ig  2) This 
in terac t ion  is compet i t ive  in nature ,  since a higher  concent ra t ion  of  mala te  was re- 
qui red to  suppress  ketogenesls  when the concent ra t ion  o f f luoroc l t r a te  was elevated A 
s imilar  exper iment  was pe r fo rmed  at  p H  6 6 and a lmos t  ldenUcal curves were obta ined,  
a l though  the m a x i m u m  rate  o f  ketogenes~s was less than  half  the rate  at  p H  7 4 

We have also tes ted the ketogenlc  effect o f  f luorocl t ra te  (0 1 m M )  in different 
energy states of  ra t  hver  ml tochondr i a  Wi th  pa lml ty lca rn l tme  and 1 m M  malate  in 
the  m e d m m ,  f l u o r o o t r a t e  app rox ima te ly  doub led  ketone body  fo rma t ion  in State 4 
(abou t  85% f l -hydroxybutyra te  and 15% acetoaceta te)  In State  3 (excess A D P )  
ke tone  body  fo rma t ion  was t r ip led  by f luorocl t ra te  (30 % hydroxybu ty ra t e  and 70 % 
ace toace ta te)  Thus,  the ketogenic  effect is not  l imited to the  low-energy or  uncoupled 
state of  the ml tochondrm 

LEIO-  
o 

hos- 
o 

~ o-  
E 

E 

2 o 4 -  

cl t rate 

\ ~ 01 mM F c f t ra te  

I I I 
0 2 4 10 

tvlatate, (mM) 

Fig 2 The effect of fluorocltrate on otrate synthesis and ketogenesls m rat hver mltochondrla Rat 
liver mltochondna (3 4 mg of protein) were incubated with lmldazole-HC1 buffer, pH 7 4, 30 mM, 
bowne serum albumin (fatty aod free), 04%,  carbonyl cyamde-m-chlorophenylhydrazone, 10 
nmoles, (--)palmltylcarmtlne, 0 31 pmole, malate, varymg, 0-10 raM, KCI, approx 0 07 M Total 
volume was 2 5 ml The incubation time was 10 rain and the temperature was 37 °C O---O, no fluoro- 
citrate, •---zS, 0 1 mM fluorocltrate, © - - © ,  2 mM fluorocltrate 

F ig  2 also shows tha t  mos t  of  the ci t rate  fo rmed  in the absence of  f luorocl t ra te  
evident ly  was oxidized,  since less c i t ra te  accumula ted  in the absence o f  f luorocl t ra te  
in spite of  the  fact  tha t  ketogenesls  was more  suppressed by mala te  Since more  ci t rate  
accumula ted  with a low than  a high concent ra t ion  o f  f luorocl t rate ,  it  is l ikely tha t  the 
ketogenlc  effect o f  a low f luorocl t ra te  concent ra t ion  is due mainly  to the accumula ted  
c i t ra te  This is xn agreement  with our  previous  observa t ion  tha t  c i t rate  add i t ion  alone 
can be ketogenic  in coupled  ml tochondr i a  
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DISCUSSION 

The results here reported for whole mitochondrla are in good agreement with 
the properties of  isolated citrate synthase 

According to the Haldane relationship the ratio between the V (forward) and 
the V (backward) is determined by the expression 

Ve/Vb =- Ke,a K1 K2 
K3K, 

where Keq is the equilibrium constant for the reaction, K1 is the Km for oxaloacetate, 
K2 the Km for acetyl-CoA, K3 the Km for citrate in the backward reaction, and K4 the 
K m for CoA in the backward reaction From the kinetic constants reported by 
Matsuoka and Srere [4] for rat liver citrate synthase, the Vr/Vb can be calculated 
vr/% =- 2300 at pH 8 1 

Since vf decreases and vb increases at lower pH, the ratio is lower at physio- 
logical pH With pig heart citrate synthase we found Vr/Vb to be approx 400 at pH 7 5 
In intact mltochondrla we found the ratio to be at least 40 at pH 6 5 

Since the V of the backward reaction is very slow, it is evident that the rate 
of the backward reaction must be negligible under all conditions The forward reac- 
tion must approach this low value before the reaction can approach equlhbnum 
Most likely, therefore, the citrate synthase must deviate appreciably from equlhbrIum 
under all physiological conditions, and to calculate the mltochondnal  acetyl-CoA/ 
CoA ratio from the oxaloacetate/citrate ratio and the equilibrium constant [1] seems 
of doubtful validity 

This conclusion is supported by calculation of the mass-action ratio for the 
combined mahc dehydrogenase-cltrate synthase in heart mltochondrla by Wllhamson 
et al [10] This mass-action ratio deviated by two orders of magnitude from the 
equilibrium constant at pH 7 4 

The feedback inhibition by citrate shows that the oxaloacetate/cltrate ratio 
(rather than the oxaloacetate concentration) is important  for the rate of citrate for- 
mation This might be unexpected since the Km for oxaloacetate is very low ( <  5 #M) 
and the Kl for citrate is relatively much higher (1-4 mM) However, the concentration 
of oxaloacetate in the mitochondrla is believed to be less than its low K m value, and 
the concentration of citrate in mltochondrla in VlVO has been calculated to be well 
above ~ts Kl concentration [11] Studies in vitro have also shown that citrate can 
accumulate m the mltochondrlal matrix under certain conditions [12] Thus, a regu- 
latory effect of  citrate is possible, as shown by the inhibition of citrate synthesis and 
stimulation of ketogenesis by fluorocltrate and citrate m our experiments The keto- 
genlc effect of  low concentrations offluorocltrate most likely IS due mainly to accumu- 
lated citrate since the ketogenlc effect is relatively strong even at very low concen- 
trations Thus the fluorocltrate formed from 40 nmoles of fluoroacetylcarnitlne was 
ketogenic in liver mltochondria [2] 

Regulation via the other substrate/product pair (acetyl-CoA/CoA) is similarly 
possible However, the acetyl-CoA concentration in mltochondrla probably ap- 
proaches the mM range which is many times its K m (10-20 #M), and since the K1 
for CoA ~s much higher (70 #M) [3] It seems less likely that the acetyl-CoA/CoA ratio 
influences the rate of  citrate synthesis to the same extent as does the oxaloacetate/ 
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citrate ratio Similarly, the Kl for succlnyl-CoA is relatively high [3], and high succlnyl- 
CoA/CoA ratios are required to inhibi t  citrate synthesis appreciably 

The c~trate concent ra t ion  in liver has not  been found  to vary to any great 
extent However, the dis t r ibut ion of citrate between cytoplasm and m~tochondrm has 
been calculated to vary [1 l] Such a variable dis t r ibut ion may be due to the recently 
reported lnh~bltmn of the citrate t ranspor ter  in the mi tochondr ia  by palmltyl-CoA 

[13] 
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