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Summary 

Propionate inhibits oxygen consumption by rat liver mitochon- 
ria when elutamate, a-ketaglutarate, and succinate are sub- 

itrates. ~ a r n i t i n e  prevents thiseffect. The pattern of inhibition of 
4 C 0 2  release from metabolic intermediates indicates citric acid 
:ycle inhibition between succinate:coenzyme A (CoA) ligase 
:GDP) and malate dehydrogenase. Propionyl CoA is synthesized 
Tom propionate in mitochondria. Propionyl CoA is a potent 
nhibitor of succinate:CoA ligase with positive cooperativity and 
ialf-maximal inhibition at 2 X lo-' M propionyl CoA. 

~ Speculation 

Inhibition of oxidative phosphorylation and the citric acid cycle 
ay produce the Reye's-like syndrome which occurs in propionic 

Propionic acidemia is a rare inborn error of lipid and amino 
acid catabolism (2 1 ). It occasionally produces a toxic encephalop- 
athy resembling Reye's syndrome (26). Reye's syndrome probably 
results from disrupted mitochondrial metabolism (5). Similar met- 
abolic abnormalities occur in propionic acidemia and mitochon- 
drial disorders (26). including hyperammonemia. lactic acidosis. 
hypoglycemia. and ketosis. Understanding the effects of propionic 
acid on mitochondrial metabolism might. therefore. clarify the 
pathophysiology of the associated abnormalities in propionic aci- 
demia and be relevant to Reye's syndrome and other mitochon- 
drial disorders. 

buffer ( p H  7.4). Assays for the reverse reaction contained 0. I mM 
CiTP. 0.  I mM CoA. 10 mM MgC12. and 10 mM succinate in 100 
mM 4-(2-hydroxyethy1)-I-pipera~ineethanesulfbnic acid buffer 
( p H  7.4). Thioester concentration was followed at 235 nm with a 
Beckman model 25 recording spectrophotometer at 30°C' during 
the initial several min when linearity with time was observed. 
Enzyme concentration was adjusted to maintain initial rates of 
less than 0.04 A units/min. The reaction was initiated by addition 
ofenryme after a stable, llat baseline was obtained. The difference 
of molar absorptivities between succinyl C'oA and C'oA under 
these conditions is 4.0 mM cm (4) .  Purified pig heart succinate: 
C'oA ligase (SCL) was purchased from Sigma Chemical ('0. for 
use in the kinetic analyses. Statistical and Michaelis-Menton 
enxyme kinetic analyses match those used previously (29). Hill 
plots (7 )  were evaluated by linear regression analysis. Proplon~c 
acid was neutralized with NaOH or KOH before use in all these 
experiments. 

Propionate inhibited state 3 rates and slightly stimulated state 
u 2 

4 rates of oxygen consumption (Table I ) .  Both these effects 
contributed to a decreased respiratory control ratio ( R C R )  (Table 
2). These effects were observed with glutamate. tr-ketoglutarate. 
and succinate. There was no alteration of ADP:O ratios, despite 
the reduced RCR (Table 2).  Carnitine. when preincubated with 
propionate. prevented or minimi~ed these effects of propionate. 
This carnitine effect was variable and sometimes only seen at 
lower propionate concentrations. Carnitine did not reverse the 
effects of propionate in the short time (about I min) available 
after assessing the primary effect of propionate. These effects of 
propionate are illustrated in a representative set of experiments 
(Fig. I ) .  Propionate effects on other substrates suitable for polar- 
ogr&hic assays. including pyruvate:malate and palmitylcarnitine. 

METHODS could not be as accurately assessed because of the poor RCR's 
that occurred in control runs after the 5 min preincubation. 

Mitochondria were prepared from rat liver and polarographic Preincubation of mitochondria with propionate was necessary 
assays performed as previously described (27). Propionate was for consistent. maximal inhibition of state 3 rates. Following a 
preincubated with mitochondria for 4.5 min at 30°C before ad- preincubation of mitochondria and maximal inhibition of state 3 
dition ol'olher reagents; controls were preil~cubalecl withoul pro- rates, xubscqucntly a J J c J  1lli1~1ctlc)ndria a r c  not ir~irlicdii~tcly i ~ f -  
pionate. A final propionate concentration of 4.76 mM was used in fected. There was a variation in the susceptibility of mitochondria. 
standard assays. I4C-Labeled compounds were added (final con- The relatively high propionate concentration was used because all 
centration, 3.3 mM) after preincubation as above with additional preparations were affected at this level. Some mitochondrial prep- 
incubation at 30°C for 15 min and "COL. collection ah previously arations were affected at propionate concentrations as low as 0.4 
reported (28). For the decarboxylation studies. the polarographic mM. 
assay mixture was supplemented with ADP (final concentration. Carbon dioxide release from [I-"'Clpyruvate. [2-"Cjpyruvate. 
3.3 pM). glucose (final concentration. 33 pM). and yeast hexoki- (6-'"Cjcitrate. and [I-I4C]tr-ketoglutarate was not significantly in- 
nase (Sigma Chemical Co., St. Louis, MO; 1.9 IU/0.3 ml assay hibited by pro ionate. In contrast. IJCO2 release from [1.4-"'C] P - volume) to maintain state 3 rates during incubation. Ascorbate succinate, [U- '  C ]glutamate. and [U-'JC]malate was inhibited by 
and N.N.N1.N'-tetramethyl-p-phenylenediamine were used as pre- propionate (Table 3).  
viously described (30). Succinate:coenzyme A (CoA) ligase (GDP)  SCL was inhibited by propionyl CoA. Inhibition at low pro- 
(EC 6.2.1.4) assays had in final concentrations: 0. I mM GDP. 0. I pionyl CoA concentrations appeared to be simple noncompetitive 
mM succinyl CoA, and 10 mM MgCI2 in 100 mM phosphate on I/s versus I/v plots with KI of 0.1 to 0.3 mM. At higher 
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Table 1. Effecr of propronare on srate 3, rrate 4, and N.N.N',N1-terramethvl-p-phenvlenedramrne accorhate rate7 of orvgen consumprron 
(nA O/mm/mg profern) 

- - - - - - - - - - - - - - - 

State 3 State 4 
- - Substrate (3 3 mM) - - 

Control Prop~ondte (4 76 mM) Control Prop~onate (4 76 mM) 
--- - - - - - -- 

- - 

Glutamate 7 1 5 + 4 9 ' ( 1 I )  3 8 2 + 7 1 ( I I ) '  125?11(11)  179+12(11) '  
tr-Ketoglutarate 543 + 105 (6) 244 + 2 2 ( 6 ) '  14 2 + l 6 (6) 21 5 + 3 3 (6)' 
Succ~nate 148 0 k 14 0 (6) 100 9 + 15 4 (6)' 26 6 + 2 3 (6) 37 9 ? 6 6 (6)' 
N,N.N',N'-Tetramethyl-p-phenylened~am~ne 36 4 + 5 1 (6) 4 3 8 ? 6 6 ( 5 )  

ascorbate 
- - - - -  - - -- - - - - 

I Mean -t S E 
' Numbers In parenthe\e\, n 

' Slgn~ficantly le\s than control. I test (palred \amples). P < 0 01 
' S~gn~ficantly greater than control, r te\t (palred sample\). P < 0 05 

Table 2 Effect of propronare on oxrdatrve pho~phorvlarron 
- - - - -- - 

Resp~ratory control ratlos ADP 0 ratlo\ 
Substrate (3 3 - - - - -  - - - 

mM) Control Prop~onate (4 76 mM) Control ~ r o ~ ~ o n a t e '  (4 76 mM) 
- - - - - - - - - - - - 

Glutamate 6 4  + 0 5 ' ( l l ) '  2 1 + 0 3  ( 1 1 ) '  2 9 + 0 2 ( 1 1 )  3 4 * 0 3 ( 8 )  
14 3-9 3) ' 11  0-401 [2 2-5 O] 12 3 4  71 

cr-Ketoglutarate 3 8 + 0 5 ( 6 )  I 2 + O I ( 8 ) '  3 2 * 0 4 ( 6 )  
12 0-4 41 12 5-5 51 I I 0-2 O] 

Succ~nate 5 6 + 0 3 ( 6 )  3 4 + 0 5 (5)' 2 3  % 0 3 ( 6 )  2 3 It_ 0 3 ( 5 )  

[4 6-6 51 [2 1 4 7 1  [ I  6-2 5) 
- - - - - 

[ I  6 3 1 1  
- - - - - - 

' No blgnlfic.int difference w ~ t h  proplondte 
' Mean * S E 
' Numbers in parentheses, n. 
P < 0.005 by Mann-Whitney (Wllcoxin) statistic. 

" Numbers in brackets, range. 
" Unable to evaluate because of poor state 3 - 4 transition 

propionyl CoA concentrations, this plot was concave upward, 
indicating a different mechanism of inhibition. The Dixon plot (i 
versus I/v) was also nonlinear (Fig. 2). The Hill plots were linear 
(Fig. 3) with a Hill coeficient ( n )  of 3.29 rt 0.26 (mean f S.E.: 6 
determinat~ons) and hall-maximal inhibition at 246 f 27 pM 

v 
(calculated from log -- = 0 intercept). Propionic acid and 

V,, - V, 
propionyl CoA were not substrates for the enzyme when added to 
the reaction mixture in place of succinate or succinyl CoA, nor 
did propionate affect enzyme activity. Typical Michaelis-Menton 
kinetics were obtained in the absence of propionyl CoA with a 
succinyl CoA K,, of 23 pM and succinate K,,, of 313 pM in the 
forward and reserve reactions, respectively. 

Several other acyl CoA derivatives were evaluated for similar 
effects on SCL. These limited experiments, one or 2 Hill plots per 
compound. are included for completeness (Table 4) but must be 
viewed with caution until more extensive investigations are avail- 
able. 

DISCUSSION 

Propionyl CoA inhibition of SCL may explain the impaired 
oxidative metabolism produced by propionate. Many features of 
propionic acidemia may relate to this effect. Levels of this inhibitor 
are probably reduced by carnitine in vitro, suggesting a clinical 
therapeutic modality. 

Maximal effects occur with preincubation. implying inhibition 
by a metabolic product or depletion of vital compounds. Inhibitor 
is in the matrix rather than the incubation media because subse- 
quently added mitochondria are unaffected. Addition of propio- 
nate to mitochondria increases propionyl CoA and reduces free 
CoA and acetyl CoA (25). 

"Con release from [l-lJC]pyruvate, [2-I4C]pyruvate, [6-'"Cjcit- 
rate, and [I-I4C]a-ket~~lutarate  occurs between the pyruvate de- 
hydrogenase complex (PDHC) and succinyl CoA formation and 

is not inhibited by pro ionate. Complete release of ' 4 C 0 2  from P [1.4-14C]succinate. [U-I Clglutamate, and [U-I4C]malate require! 
more than one turn through the citric acid cycle. and decarbox, 
ylation of these compounds is inhibited by propionate. Thi! 
indicates that inhibition is between SCL and malate dehydrogen, 
ase (EC 1.1.1.37). 

Propionyl CoA is an inhibitor of SCL with positive cooperativ 
ity. The Hill coefficient suggests 4 propionyl CoA-binding site: 
per mole of enzyme. Cooperativity can be due to allosteric inter 
actions or. particularly with multisubstrate enzymes. to othe 
mechanisms (7). No allosteric regulation was recognized in othe 
studies, but they did not include propionyl CoA (17). 

Other acyl CoA derivates are approximately equipollent i~ 
inhibiting SCL. The concentrations required are similar to thosc 
affecting pyruvate carboxylase (EC 6.4.1.1) (24). succinyl CoA:3 
oxoacid transferase (EC 2.8.3.5) (6). carbamylphosphate synthe 
tase (9). and the glycine cleavage system (15). 

Free CoA also affects SCL. Hill coefficients and half-maxima 
inhibition concentrations are such that at low concentrations Cok 
has a modest effect, and propionyl CoA is without effect. A 
higher concentrations, propionyl CoA is a more potent inhibito 
than an equivalent amount of CoA. Thus. if total CoA (free plu 
propionyl) is constant and the effects are additive. SCL is inhibitec 
as the proportion of CoA in the propionyl CoA form is increased 

High acyl CoA levels may regulate citric acid cycle flux. Positivi 
cooperativity optimizes regulatory potential by providing , 
"chemical switch" that turns off an enzyme at a critical inhibito 
concentration. In patients with organic acidemias. this can resul 
in catastrophic effects when high acyl CoA levels are the result o 
their metabolic block rather than reflecting their overall metaboli 
status. 

Propionyl CoA inhibits the PDHC (2). and propionate inhibit 
state 3 rates of oxygen consumption with pyruvate as substrat 
(34). This oxygen consumption depends not only on NADI 
generated by the PDHC but. to a large degree. on subsequen 
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ergy deficiency state (30) or the inhibition of carbamylphosphate 
synthetase by propionyl CoA (9). Impaired flux through the citric 
acid cycle might contribute to the lactic acidosis and ketosis 
because catabolism of these compounds requires the citric acid 
cycle. 

Table 3. The effect ofpropionare on the decarbo.r,.larion of 
metabolic intermed~ate.~' - -- - -~ - -  - 

C'ompound (3.3 mM) C'ontrol Propionate (4.76 mM) - -- - -- 

[ I-"C']Pyruvate 10.30 f 2.01"(X1 8.01 f 1.50 (8)  
12-"C'IPyruvate 0.47 ? 0.13 (7)  0.34 + 0.12 (7)  
[ ( / - I J<  ']Palmi rate 0.48 + 0.13 ( 6 )  0.35 _+ 0.08 (6) 

16-' 'C'IC'itrate 2.39 f 0.38 (6)  2.41 + 0.43 (6)  
[ I-"C'lct-Ketoglutarate 8 . 0  + I .84 (5)  5.44 + 1.10 (5)  

I U-"C']<;lutamate 3.13 + 0.50 (8)  1.17 + 0.16 ( n ) l  
[ I.4-"('ISuccinate 3.43 + 0.64 (7)  1.68 + 0.38 (7)' 
[ U-"C'IMalate 0.98 2 0.19 ( 5 )  0.28 + 0.03 (4)" 

- ~ - 
I nmoles/min/mg protein. 
' Mean * S.E. 
' Numbers In parentheses, n. 
' P i  0.02: r test. unpaired samples. 
" P i 0.01: Mann-Whitney (Wilcoxin) statistic. 

4nn] C Proptonate and Carn~tlne 

0 100 200 3 0 0  
1 Propionyl C O A :  pM 

I.'lg. I. Elt'ect of propionate on oxygen consumption. Mitochondr~a 
were preincuba~ed for 4.5 min with no additions ( A ) .  with 4.76 rnM 
propionate ( R ) ,  or with 4.76 mM propronate:5 mM carnitrne (0. Propio- 
nate inh~brted the state 3 rate and lowered the KCK. Carnitme prevented 
this effect. Number.\ below Imes. oxygen consumption In nA/min/mg 
protein. 

oxidative react ions in the citric acid cycle. We observed n o  effect 
on [I-"CJpyruvate decarboxylation although we used concentra- 
tions of propionate sufficient to inhibit oxy en consumption with 8 pyruvate (34).  Also, decarboxylation of [2-'  Clpyruvate via acetyl 
CoA was not affected. indicating that reduced oxygen consump- 
tion is not due to depletion of CoA or inhibition of the PDHC. 

Serum propionate levels reach 5 mM in propionic acidemia 
( 2  1). Infusion of propionate at this concentration produces tissue 
levels of about 50 pM propionyl CoA (20. 25). Mitochondria1 
levels are probably higher. particularly in the human disorder 
where propionate is derived from mitochondria1 propionyl CoA. 
Concentrations used in our studies approximate those encountered 
in clinical situations. 

Inhibition of the citric acid cycle would impair energy genera- 
tion and the catabolism of many substrates. Propionate inhibits 
ureagenesis ( 8 ) .  and hyperammonemia might result from an en- 

Fig. 2. Ilixon plot. Positive cooperativity between inhibitor molecules 
is dernon.\trated. Effect of propionyl CoA on succrnyl CoA formation (e) 
and disappearance (0) is shown. 

- 4  -3 
LOG Propionyl CoAi 

Fig. 3. llill plot for propronyl CoA inhibition of succinate:CoA ligase 
(GI)P). Linearrty is observed in measuring the eflect of propionyl CoA on 
succ~nyl CoA formation (a) and d~sappearance (0). Data are plotted 

v 
according to the relationship: log - = log K - n log [propionyl v,, - v, 
C'oA]. where V, ,  is the activity wrthout inhibitor. V, the activity with 
propionyl CoA, and n is the tiill coefficient. 
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Table 4. Acyl CoA inhibition of succinare:CoA ligasel 
~ -- - 

Half-maximal inh~bi- 
Compound Hill coefficient 
- - - - 

tion (pM)' 
--- ~- -- -~ - ~ ~- p~ 

Propionyl CoA 246 + 27' (6)' 3.29 + 0.26 (6) 
Acetyl CoA 272. 283 3.50. 2.7 1 
Tiglyl CoA 114. 113 2.02. 1.16 
Methylrnalonyl CoA 303 3.52 
Glutaryl CoA 264 3.2 1 
Butyryl CoA 274 3.2 1 
Crotonyl CoA 173 2.26 
Free CoA 

- --- 

349 * 16 (4 )  2.27 * 0. I2 (4) 

I None of the acyl CoA compounds were substrates. Assay at saturating 
(97 pM) succinyl CoA and following its disappearance. 

' Hill plot log (A) = 0 intercept. calculated by linear regression 

analysis. 
' Mean + S.E. 
' Numbers in parentheses, n 

Hyperglycinemia in propionic acidemia may result from inhi- 
bition of the glycine cleavage system ( I  1, 31). Alternatively. acyl 
CoA derivatives may affect the succinate-glycine cycle. This pro- 
posed cycle remains poorly defined. 8-Aminolevulinic acid syn- 
thetase initiates the cycle: succinyl CoA and glycine condense. 
releasing COa. Subsequent reactions form y.8-dioxovaleric acid 
and a-ketoglutaraldehyde (14. 19). It is not clear whether succinyl 
CoA is reformed from succinate (via SCL) or from u-ketoglutarate 
(via its dehydrogenase). If the former is the case. then our results 
may provide an explanation for the hyperglycinemia in propionic 
acidemia. Our results may also have significance to patients with 
acute intermittent porphyria because crises are related to increased 
6-aminolevulinic acid synthetase activity and changes in y,6-diox- 
ovalerate excretion (14). 

Fatty liver in propionic acidemia indicates impaired catabolism 
of fatty acids. Inhibition of palmitate decarboxylation in our study 
did not reach statistical significance. but did in another investi- 
gation (8). Low concentrations of propionate (0.5 mM) reduced 
acetyl CoA and acetyl carnitine formation apparently by inhibit- 
ing fatty acid activation or /I-oxidation because propionate does 
not inhibit acetyl CoA synthetase (EC 6.2.1.1). deplete available 
carnitine. or accelerate acetyl CoA removal by citrate synthase 
(EC 4.1.3.7) at these low concentrations (20). Activation bf  fatty 
acids occurs by three mechanisms. High propionate concentrations 
may impair activation outside the matrix to a carnitine derivative - - 
by sequestering carnitine as a propionyl derivative. Activation 
also occurs in the matrix by either an ATP- or GTP-dependent 
acyl CoA synthetase (EC 6.2.1.3). The ATP-dependent acyl CoA 
synthetase produces AMP. and the only mechanism for converting 
AMP back to ADP in the matrix is by the GTP-AMP transphos- 
phorylase (EC 2.7.4.10) (10). Therefore, both matrix-activating 
enzymes rely on GTP. The major sources of matrix GTP are SCL 
and ATP:nucleosidediphosphate phosphotransferase (EC 2.7.4.6) 
(16). Thus. oxidation of citric acid cycle substrates and fatty acids 
are mutually controlled (22). Inhibition of SCL by propionyl CoA 
could reduce matrix GTP and fatty acid activation. Low matrix 
G T P  could contribute to the fatty liver in propionic acidemia. 
Low matrix GTP could also impair gluconeogenesis because the 
GTP-dependent gluconeogenic enzyme phosphoenolpyruvate car- 
boxykinase (EC 4.1.1.32) is located in the mitochondrial matrix in 
man. 

Propionyl CoA can be readily converted to propionylcarnitine 
in liver ( I ) .  At high propionate concentrations (4 mM in infusates), 
free carnitine is reduced to 10% of control in liver (20). This might 
account for the protective effect of added carnitine in our system. 
This observation might be relevant to the treatment of patients 
with propionic acidemia. Carnitine has been administered safely 
in other clinical situations ( 13.23) and might ameliorate symptoms 
in propionic acidemia by reducing levels of toxic propionyl CoA. 

Carnitine may prevent the adverse metabolic effects of othe 
organic acids (3. 12). 

Our results may be important to other organic acid disorder 
including methylmalonic aciduria. /I-ketothiolase deficiency, anc 
glutaric aciduria. Also. levels of short- and medium-chain organil 
acids are significantly elevated in serum of Reye's syndrom~ 
patients (18. 32. 33). Future studies of these disorders migh 
include assays of acyl CoA tissue and mitochondrial concentra 
tions. Direct assay of SCL may not be useful because acyl CotJ 
derivatives would be diluted in preparing tissues for SCL assay. 

RtFERENC'ES A N D  NOTES 

I .  Bohmer. T.. and Bremer. J : Proplonylcarn~t~ne physlologlcal var~at~ona m elvc 
Bloch~m. Blophys. Acta. 152: 559 (1968) 

2. Bremer. J.. Pyruvate dehydrogenase. substrate spec~lic~tv and product lnhlhlllor 
Eur J Blochem.. X :  535 (1969) 

3. Brendel. K.. and Brassler. R.: Mechanism of  lnhlh~t lon ofgluconeogenes~s by 4 
pentenoic acid. Am. J Clln. Nutr . 2.1. 972 (1970). 

4. ('ha. S.. and Parka. R F... Jr . Succln~c thlok~nase. I Pur~licatlon c i l  the enrqm 
l tom plg heart J. Blol. ('henl.. . I ' k  1961 ( 1964) 

5 DeVlvo. D. C'.: Reye syndrome: a metahol~c response l o  an acute niltochondrla 
~nsul l? Neurology. 28: 105 (1978). 

6. DeV~vo. D .  C.. and Ohen. K. A,. lnhlh~t lon o f  succlnyl-C'oA: 3-oxoacld trans 
Itra\e hy coenryme A analogues. Trans. Am Soc. Neurocheni . 10: 225 ( I979 

7. Fromm. H. J. l n l t ~a l  Rate Enlyme Klnetlcs p. 236 (Springer-Verlag. Berllr 
1977). 

X. Cilascow. A. M .and Chaae. H.  P.: t l lec t  ofprop~onlc ac~d  on fatty acid cixldat~o~ 
and ureagenesls. Ped~atr. Rea.. 10: 683 (1976). 

9. Ciruskay. J. A .  and Rosenberg. L. E.: l n h ~ h l t ~ o n  o l  hepatlc mltochondr~a 
carhamyl phmphate synthetase (('PSI) hq acyl C'oA esters poss~hle mecha 
nisms of hyperammonemia i n  the organlc ac~demlas Pedlatr Res.. 1.1 47 
(1979). 

10 Heldt. H W.. and Schwalhack. K The panlclpatlon ofCiTP-AMP-P tranaliras 
In substrate level phosphate transfer o f ra l  h e r  m~tochondrla. Eur J. Blochem 
I I99 (1967) 

I I Hlllman. R, t . .  and Otto. E. F.: l n h ~ b ~ t l o n  o f  glyc~ne-ser~ne Interconversion 11 

cultured human lihrohlaats by products of~soleuc~ne cataholl\m. Ped~atr. Res 
,Y 94 1 ( 1974) 

12. Holland. P. C.. and Sherratt. H.  S. A .  Blochemleal efl'ects o f the hypoglyceml 
cc~mpound pent-4-enole acld and related non-hypoglycenilc lally acldz Blo 
chem. J.. I l n :  157 (1973). 

13 Karpat~. C; . Carpenter. S. tngel. A Ci.. Walters. <i . Allen. J . Rothman. S 
Kla\aen, C i  .and Mamer. 0 .  A,. The syndrome ol'syatem~c carnltlne delic~ency 
Cl~nical. morphological. h~ochemical. and pathophyalolog~cal features Neu 
rologq. 2.5 I6  (197.5). 

14 Kl\\sl. ti J .  He~lrnryer. I M (;. J r .  : ~nd  Iie~lrneycr. I I rrcrcttc,n y? 

dloxovaler~nlc acld and 8-amlnolaevulln~c acld In varlous d~sorders o f  haen 
synthesis Germ. Med. Mth.. 14. 405 ( l969). 

15. Kolvraa. S. l n h l h ~ t ~ o n  o f  the glyclne cleavage system hy branched-cham amlnl 
ac~d  merabol~tes. Ped~atr. Res.. I 889 (1979). 

I6  Krchs. H . D~\cuaslon In: P. A. Srere. R W tatahrook. Mlcriienv~ronments an( 
Metahol~c ('ompanmentat~on. p. 62 (Academic Press. Inc.. New York. 1978) 

17. Lel t~mann. C.. Wu. J . .  and Boyer. P L). Suhunlts. conlposltton, and relate1 
propertle\ ol'succ~nyl Coenryme A synthetase. Blochemfitry. V 2338 ( 1970). 

IX. Mamunea. P.. DeVrles. Ci. ti . .  Mlller. C'. D.. and Dav~d.  R. B. Fatty aclc 
quantltatlon In Reye's 5yndrome. In: J D Pollack. Reve's Syndrome, p 24: 
(Cirune & Stratton. New York. 1974). 

19. Nemeth. A. M.. Russell. C '  S.. and Shemln. D - The succ~nate-glyc~ne cycle. I1 
Metahol~sm ol A-arn~nolevulln~c auld. J. Blol. Chem . 220: 415 (1957). 

20.  Pearson. D. J . and Tuhhs. P. K. :  Ca rn~ t~ne  and der~vat~ves In rat tlssue. Blochem 
J . 105, 953 (1967). 

21. Roaenberg. L. E.: Disorders o f  proplonate, methylmalonate, and cohalamlr 
metahollsm. In.  J. B. Stanhury. J B Wyngaarden. D S. Fredr~ckson. Th< 
Metabolic Basls o l  lnherlled D~sease. Ed. 4. p 41 1 (Mcciraw-HIII Book C'o. 
New York. 1978) 

22. Rosa~. C R . Alexandre. A,. C'ar~gnan~. G.. and S~l~prand. N.: Regulatlo~ 
mechan~sm fbr fatty acld and (r-ketoglutarate ox~datlons. B~och~m.  B~ophy. 
Acta. 2.14: 3 1 1 ( 197 1 ) 

23. Scarlato. (i.. Pellogrln~. ti.. Cerri. C'.. Meola. ti.. and Ve~cstelna. S :The \vndromt 
o f  carnitine defi;~ency: morphological and metahohc correlat~ons i n  two cases 
('an. J. Neurol. Set.. 5: 205 (I97X). 

24. Scrutton. M .  D . and White. M .  D. Pur~ l ica~ lon and propen~es o f  human llve 
pyruvate carhoxylase. B ~ w h e m  Med.. V: 271 (1974). 

25. Sol~ng H - D  Anlon transport through the ~nner  mltochondr~al membrane-rite o 
regulation of gluconeogenes~s'? In: F. Lungu~st. N .  Tygstrup: Regulat~on o 
Hepatlc Metahol~sm. p. 48 (Academ~c Press, Inc.. New York. 1974) 

26. Stumpl: D. A: Mltochondrlal mult~system d~sorders (' l ln~cal. h~ochemlcal an( 
morpholog~cal leatures. In: H .  R. Tyler. D.  M .  Dawson: Current Neurology 
Vol. 2, p. 117 (Houghton Ml fn ln  Co . Boston. 197')). 

27. Sturnpl: D A.. McC'ahe. F.. R. B.. Parks. J K.. Bullen. W W.. and Schlll. S 
I.o<,sely ctwpled mltochondrlal oxldatlve phozphorylatlon ~nduced hy protc 
porphyrln. Blochem Med.. 21. IX? (1979) 

28.  Stumpf, D. A,. and Parks. J. K.: ir~edreich's ataxta: I. Normal pyruvate dehy 
drogenase complex act~vl ly In platelets. Ann. Neurol.. 4 366 (1978). 



PROPION ATE 1131 

Stumpf. D. A.. and Parks. J. K.. F r ~ e d r e ~ c h  ataxla: 11. Normal klnetlcs of 
l ~ p o a m ~ d e  dehydrogenase. Neurology. 29: $20 (1979). 

. Stumpf. D. A.. and Parks. J .  K.: Urea cycle regulation: I. C'oupllng of orn~th lne  
metabolism to m~tochondrial ox~dative phosphorylat~on. Neurology. .lo: 178 
(IYXO) 

Tada. K.. Corhell. I.. M.. Eeckels. R.. and Eggermont. E.: A block In glyclne 
cleavage reactlon as a common mechantsm In ketot~c and nonketot~c hypergly- 
clnemla. Ped~atr .  Res.. 8: 721 (1974). 

. Trauner. D.. Nyhan, W.  L.. and Sweetman. L.: Short-cham organlc acldem~a 
and Reye's syndrome. Neurology. 25: 296 (1975). 

. Trauner. D .  Sweetman. L .  Holm. J.. Kulov~ch. S.. and Nyhan. W .  L.: Blochem- 
rcal correlates of illness and recovery In Reye's syndrome. Ann. Neurol . 2: 238 
(1977). 

)pyrtghtO I980 lnternat~ondl Pedlatrlc Research Foundallon. Inc 
3 1-399X/XO/141O-1127SO2 IN/O 

34 Walajtya-Rode. F. I.. Studlea on the Influence of  fall) a c ~ d s  on p)ruvate dehy- 
drogenase Interconverslon ~n rat I ~ c e r  Eur. J .  Blochem.. 71: 229 (1976). 

35. The authors appreciate the helpful comments of Dr Stephen Goodman. 
36. Requests Ibr reprlnts should be addresbed to: Dr. Davrd A. Slumpi; D~rector 01 

Ped~atric Neurology. Box C'22Y. Unlvera~ty of C'olorado Health Sc~ences 
Center. 4200 Eaat N ~ n t h  Ave.  Denver. ('0 80262 ( U S A )  

37. T h ~ h  reaearch wah aupponed by a C'linlcal Re\earch Cirant from the Mu\cular 
Dystrophy Assoc~atlon: NIH Program Prqect  Grant H D  OX315 and NIH 
('enter Grant HD 04024. hoth from NICHD 

38. Rece~ved for p u b l ~ c a t ~ o n  November 13. 1979 
39. Accepted for publlcatlon January 21. 19x0. 


	Propionate Inhibition of Succinate:CoA Ligase (GDP) and the Citric Acid Cycle in Mitochondria
	Summary
	Speculation
	METHODS
	RESULTS
	DISCUSSION
	REFERENCES AND NOTES


