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Acetylglumte biosynthesis in isolated rat liver mitochordria 
is deperdent on glutamate and sttiated by arginine. Propionate and succi- 
nate inhibit thisglutamate-deperdentsynthesis and their effects seentobe 
cumulative. 

Hyperamsonenia is frequently associated with deficiencies in hrrman 

propionyl-caA carboxylase (1, 2), methylmalonyl-CoA mutase, or racenase (3, 4). 

In propionyl+oA carboxylase deficiency the hyperanmonenia is related to blood 

propiomte concentrations (5). In the rat, propionate inhibits urecyenesis 

in liver slices (6) and citrullinogenesis in liver mitochondria (7). Also, 

propionate appears to have no direct effect on the kinetics of carbamylphos- 

phate synthetase Iorornithinecarbmnylp~sphate transferase. Rathw, propio- 

nate appears to lm the concentration of substrates such as carbamylphos- 

phate (7). Regarding thepropionate-induceddecrease in carbamylphosphate, 

two clues are provided : one by studying the intramitochondrial concentration 

of ATP (ATPbeing a substrateof carbamylpbxphate synthetase I) andoneby 

studying the biosynthesis of acetylglutamate. Since carbmnylphosphate biosyn- 

thesis is strictly controlled by acetylglutmnate, it was of interest to 

axfinn whether propionate inhibits short term acetylglutamate biosynthesis 

(8), and if this inhibitory effect of propionate is modified by activators 

of acetylglutmnate synthesis such as arginine (9, 10, 11, 12) or by inhibitors 

such as succinate (12). 

MATFKMSANDMJZIKDS 

Male Wistar rats (200-300 g) were fed a standard diet provided 
by Usine d'Alimentation Rationnelle, 91360 Epinay sur Orge, Prance, 
@02 diet, 19 % protein). Livermitcchondriawereisolatedaccording to 
the methcd of Hcgti (13) and suspended in 250 I# nannitol, 2 nM Tris- 
Ha, pH 7.4. To study acetylglutamate biosynthesis, mitochondria 
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(akmt5qprotein) ware incubaw for15minat25'C inthe follcwingme- 
dim : 75 n-t4 Tris-HCl, pH 7.4 ; 15 nMKC!l ; 1 nM EXX!A ; 5 mV XI-J2 PO ; 16.6 
mKHc0 

2 
;10rrMornithine;10nMNHC1;311MATP;10nMmnnito.Gluta- 

mate, opionateaml sucoinatewere add 
4 

ed as potassim salts. FKkenom was 
always added with succinate. At the erd of incubation, acetylglutamate was 
assay&l by its activating effect on carbamyl phosphate synthetase I, as des- 
cribed by &&ijer et al (8). Acetylglutamate (0 to 15 nanumles) was added as 
irkermlstanlard. p4C] N-3 (specific activity 53 raJi/IRmle) was pwxha- 
sed francEA, Gif surYvette,E%mce. Proteindehxminationswremkiebythe 
biuret method (14). 

When mitocimrdria we incubated without glutamate, the acetylglu- 
tmate concentration was not significantly different fran that obtained with 
non incub&& mitcchordria, the concentrations being respectively 0.83 2 0.16 
amI 0.99 + 0.08 moles/l5 min,hg protein (30 anl 3 wperiments). These values 
we not modified by aqinine, an activator of acetylglutamte synthesis nor 
by succinate plus rotemne, the values being respectively 0.81 ? 0.06 ard 
0.81 + 0.13 mles/l5 mir&q protein (4 an3 11 experiments). 

There was a strong increase (Table I) in acetylglutamte biosynthe- 
siswhenglutamatewas added (3 times thebasallevels in 29 experiments, 
p < 0.001) ard this increased biosynthesis could still be stimulated by ar- 
ginine (maximal stimlation frm 1.5 nM arginine on). 

Table I : Effect of pmpiona~ and sumi~te on acetylglutamate 
biosynthesis in rat liver mitochondria 

canpounds add& withakpropionate withpropionate student's test 

+ 
NOlE 2.40 - 0.49 (29) 1.07 +_ 0.23 (13) p < 0.001 

+ 
Arginine 4.17 - 0.69 ( 8) 1.37 + 0.34 ( 5) p ( 0.001 

succinate 1.44 '_ 0.36 (14) 0.84 t 0.19 ( 7) p <O.OOl 

succinate + Arginine 2.30 +_ 0.63 ( 7) 0.84 z 0.16 ( 6) p < 0.001 

Mitodmndria kdxut5qprotei.n) were inmbated for 
15 min at 25'C in the standard mdim(desmibedinMaterialsand 
Methods) with 16 IN glutamate. Several axqcurds were add& to the me- 
dium :atthe finalconcentratiollof2~arginine,1O~rmccinate 
plus 16.6 

rs. 
M roterrme, 8 nM propionate. Nmker of erg?erim?nts are given 

in bra&e Results are expressed in mmles of acetylglutamte/l5 min/ 
rqprotein hrsan+sD). 
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Table II : Fmzpionate (8 IM) and suminate (1OnM) effects on 
I$+iV~&SMli~ia~incubateaWith 
various g utanrate concentxations. 

None 8.30 + 2.75 2.38 + 0.27 
Propionate 12.20 -L 2.27 1.28 + 0.11 
succinate 14.90 + 3.89 1.77 + 0.23 

Theseresults~cbtained fran linear recjn?ssion 
plotscalculatedfran4~~~withcpltinhibitormdfrcm2 
exper~tswi~eachinhibitor (4glutmate cmamtrations for each). 
Mi~iawereincubatedat25°Cf~15min.~~(means+sD) 
are expressed for 4 in mmles acetylglutamte formed/l5 min/mg 
pmteh. 

Therefore, the effects of pmpionate at-d succinate on acetylgluta- 
mate biosynthesis Were tested with glutmMte (Table I). Propionate decreased 
this synthesiswhileargininermainedaweakactiMtor (p<O.O5 in5 &peri- 
n-tents). succinate ws allotbr inhibitm of acetylglutamate biosynthesis (60% 
of the synthesis obtain& with glutamate alone, p < 0.001 in 14 experiments). 
Rotemne, almys add&with succinate, had no effectonacetylglutamate syn- 
thesis. In presence of succinate, axginine renained an activator (p < 0.001 
in 8 experiments) while.propionate xnqletely inhibited acetylglutamate syn- 
thesisand arginhewasmlongfzanactivator. 

Theeffectsof~opionateand succinateinpresenceofvaryi.ngglu- 
tamateconcentrationsare slmwninTableII.FTopionateand succinate increa- 
sed the s for glutamate (p <O.OOl) and decreased VM by about 40% for succi- 
nate (p < 0.001) and 50% for propionate (p< 0.001). 

EKmss1m 

As Meijer et al (8), we observed noticeable acetylglutamte biosyn- 
thesis in pesence of glutamate, the substrate of acetylglutamate synthetase 
together with acetyl-CrA. (xur results (0.086 t 0.019 mle@in& protein for 
lOM4glutamate) weresimilartothoseofthesarmeauthors~repcnteda~~ 
duction of 0.1 nmle@in/mq protein at 25' C. This biosynthesis is increased 
by arginine, an activator of the acetylglutamte synthesis in isolated mito- 

chordria (9, 10) a& on partially pxified acetylglutamate synthetase (10, 11). 
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Inpresenceofglutamate,Fnrapionateconsiderablydecreasesacetyl- 
glutanratesynthesis.This~ybe~~inedbytwomechanisns:adecreaseof 
the available acetylXoA, and an inhibition of acetylglutamte synthetase by 
propionyl~ and by the qmthetized propionylglutamte. Actually, propionate 
is activated in propionyl+oA via the acetyl-CoA synthetase pthway (15), 
usingCaAanl~.ThisdecreasestheintramitochordrialpoolofacetylCaA. 
Ithasbeen slmwnthat,whenmitocbxkdria areincubatedwithpropiorbate ard 
carnitine (16), propionylcarnitine is formed in lieu of acetylcarnitine (acyl- 
caxnitineardacyl+3Aderivativesare sulzposedtobeina steady-state). A 
decreaseofacetyl-CoAwould explainour firdingofadecreasedV~inpresence 
of lxmpionate. This had alrmdy been observed with purified acetylglutamate 
synthetase (12). A decrease of acetyl-CoA would explain the weak stimlation 
of acetylglutmate biosynthesis observed with arginine. !JWUmmxe, propio- 
nyl-CoA may either inhibit acetylglutamate synthetase (unpublished results) or 
becane its substrate, leadirag to the formation of prcpionylglutamate, an inhi- 
bitor of acetylglutmate synthetase (12) : this might explain the varying Ems 
obsfxvf3dwithpropionate. 

The inhibitory effect of succinatemayalsobe explainedbyadecrea- 
se of acetylXoA levels. Succinate, through the tricarboxylic acid cycle, forms 
axaloacetate,whichcondenseswithacetylCaAtoyield citrate. The maxa- 
chanisn is proposal by Meijer et al (8) to explain the inhibitory effect of 
malate on acetylglutamate biosynthesis. The varying I$,, observed with succinate 
may be explained by a direct inhibition of acetylglutkate synthetase (12). 

!Cheseinhibitionsmybecanpared totheone irduCedby4-pentenoic 
acid (17). This acid, which decreases acetyl-CoA levels (18), inhibits citrul- 
lincgenesis in rat liver slices by decreasing ATP and probably also acetyl- 
glutamate.Tkrefore, propionate reacts atleastatonelevel of ammniameta- 

bolim in mitcchcdr’ ia by decreasing acetylglutamate biosynthesis in presence 
of arginine and glutamate. 

-: 

ThiSl335BEhwaS sqporkdbyagrautfranFacul~deI@decine 
Necker-ENantsMdLades,byagrant(~B;RD/P578) franDGRSIandwith 
help of ERA-CNRS 47 and INSEEW. 
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