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The major  substances utilized as energy sources in myocard ium are carbo- 

hydrates  and fa t ty  acids. I t  is known that  a reciprocal relat ionship exists between 

consumpt ion of the two oxidizable substrates.  While fa t ty  acids are being utilized, 

glycolysis seems to be inhibited. SHtPP, OPIE AND CHALLONER 1 and OPIE, EVANS AND 

SHIPP 2 have demons t ra ted  tha t  glucose oxidat ion in isolated perfused rat  hear t  de- 

creased on addi t ion of palmit ic  acid to the medium. In exper iments  using rat liver, 

WEBER AND CONVERY a have shown tha t  free fa t ty  acids produced a direct inhibi tory  

effect on pyruva te  kinase which is regarded as a ra te- l imit ing enzyme in the glycolytic 

pathway.  The present s tudy was under taken  to invest igate  the effect of free fa t ty  

acids on this enzyme prepared from heart  muscle. 

Male Wis ta r  rats weighing 15o 2oo g were used. They  were killed by decapi- 

t a t ion  and the hearts  were homogenized in 19 vol. (w/v) of ice-cold o.25 M sucrose. 

The superna tan t  was obtained by centrifuging the homogenates  for 3o min at 

lO 5 ooo × g at o °. Py ruva t e  kinase was assayed according to the method  described 

by B{~CHER AND PFLEIDERER 4, using 55.3 mM potassium phosphate  (pH 7.4) (ref. 5), 

1.5 mM phosphoenolpyruvate  (PEP) and o.33 mM ADP.  F a t t y  acids used were capric 

acid, myris t ic  acid, palmit ic  acid and oleic acid. After  being dissolved in distilled 
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Fig. i. Effects of fatty acid on the activity of pyruvatc kinase in rat heart muscle. 0.2 ml heart 
supernatant was preincubated at 37 ° for 5 min with o.2 ml of sodium salt of fatty acid, and a 
o,2-ml aliquot from this mixture was added to reaction mixture. Control activity, taken as lOO%, 
was measured in the supernatant without fatty acid. The concentration of fatty acids during 
preincubation was 2.5 7. [ 2 raM. @, caproate; A, myristicate; ~ ,  palmitate; 0, o'leate. 

Fig. 2. Plot of the reciprocal of initial velocity against the reciprocal of the concentration of PEP 
in the absence and in the presence of oleate. () ~), without inhibitor, Km 9.o9" lo a M; Q--O, 
with 0.06 mM oleate, Km 2.0- IO -~ M. 

Abbreviation: PEP, phosphoenolpyruvate. 
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water, each fa t ty  acid, at different concentrations, was first incubated for 5 rain with 
the supernatants at 37 °. At the end of this preincubation period, the nfixture of 
supernatant and fa t ty  acid was added to the enzyme assay reaction mixture, and the 
activity was determined. Supernatant protein was determined by the biuret method ~. 

As shown in Fig. I the activity of pyruvate kinase was inhibited by pahnitic 
acid and oleic acid in proportion to the concentration employed. Among the four 
fa t ty  acids tested, oleic acid showed the greatest inhibitory action; in contrast, there 
was no inhibition by capric acid. The activity of the enzyme was ahnost completely 
depressed at concentrations above o.2 mM which are attainable under physiological 
conditions. The levels of Km for the substrate, PEP, were determined in the absence 
and in the presence of oleate. The results indicate that  this inhibition is a noncom- 
petitive one (Fig. 2). When fa t ty  acid was added directly to the reaction mixture, 
there was no inhibitory effect on the enzyme activity. As shown in Table I, a more 
potent inhibition was noted with longer periods of preincubation. The fact suggests 
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EFFI';CT OF PREINCUBATION TIME ON RAT HEART PYRUVATE K1NASE 
T h e  final c o n c e n t r a t i o n  of  o l ea t e  w a s  o.o6 mM .  
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that  some interactions between fa t ty  acids and the enzyme are needed before tile 
enzyme reacts other reaction components, especially with ADP and PEP. I t  is possi- 
ble that  during the preincubation, fa t ty  acyl-CoA is produced, which in turn manifests 
an inhibitory effect on the pyruvate kinase. Experiments are in progress to elucidate 
this point. 

Palmitic acid and oleic acid are known to be utilized mainly in heart nmscle 7. 
A reduction of pyruvate  kinase activity occurring during the increase of the intra- 
cellular concentrations of these fa t ty  acids consequently leads to the overall inhibition 
of glycolysis. The biological significance of these findings may be that  they indicate 
a regulatory mechanism involved in substrate economy of myocardial energy pro- 
duction. 
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BBA 63363 
Sur une nouvelleforme d'ATP:arginine phosphotransf~rase, de poids 
mol6culaire 160 000 

A l'occasion de t ravaux r~cents, il a fit~ 6tabli que certaines ATP:guanidine 
phosphotransf6rases (EC classe 2.7.3), la cr6atine kinase (EC 2.7.3.2 ) et l 'arginine 
kinase (EC 2.7.3.3 ), peuvent  exister dans la nature 5, l '6tat actif non seulement sous 
plusieurs formes mol~culaires (isoenzymes) mais sous plusieurs tailles molficulaires. 
Ainsi, la cr6atine kinase, dont le poids mol~culaire est d'environ 8o ooo chez les vertfi- 
br~s 1,2 et chez certains oursinsi, a, peut atteindre un poids mol~culaire double dans le 
muscle d'une esp6ce particuli~re, Echinus esculentus, et d@asser 2oo ooo dans les 
spermatozoides de cet animal 2. De m~me, des arginine kinases de poids molficulaire 
environ 8o ooo ont ~t~ mises en ~vidence dans les muscles d'oursin, de Travisia, de 
siponcle 3, de nombreux ~chinodermes 2 et de quelques mollusques 4, alors que l'arginine 
kinase du muscle d'~crevisse 5, de homard" et de nombreux mollusques 4 a un poids 
mol~culaire d 'approximat ivement  4o ooo. Ces deux types d'arginine kinase, de poids 
mol6culaire simple et double, peuvent coexister dans certains muscles de mollusques 4. 

Nous d~crivons ici, ~t partir  du muscle de deux ann61ides polych~tes marines, 
Sabella pavonina et Spirographis spallanzanii, la caract~risation d'un troisi~me type 
d'arginine kinase, dont le poids mol6culaire est sensiblement double de celui de l'argi- 
nine kinase d'oursin, de siponcle et de Travisia 3 et quadruple de celui de l 'enzyme des 
crustacdsS, 6. Une r~activit6 particuli~rement large vis-~t-vis de divers analogues de la 
L-arginine ayant  6t6 signal6e pour l'arginine kinase de Sabella v, nous avons 6galement 
entrepris d'6tudier quelques caract~res de sp6cificit6 de ces nouveaux enzymes. 

Le travail  a ~t6 ex6cut6 sur des extraits enzymatiques acellulaires bruts de la 
paroi nmsculaire des deux vers: les tissus 6talent homog6n6is6s en pr6sence de deux 
volumes de tampon Tris HC1 0.o5 M (pH 7.5) additionn6 d 'EDTA 0.4 mM et de 
dithiothr~itol 0. 4 raM, ~ o °, et l 'homog6nat 6tait centrifug6 (IO rain ~t 34 8oo × g). 
Pour l '~tude des sp6cificit6s, les extraits enzymatiques ont 6t6 pr~alablement fraction- 
n6s sur colonnes de Sephadex G-2oo. Les mesures d'activit6 ATP :guanidine phospho- 
transf~rasique vis-a-vis de la L-arginine et des divers substrats guanidiques essay6s 
ont ~t~ effectu~s selon PRADEL et al. 8. 

Le poids mol6culaire de l'arginine kinase de Sabella et de celle de Spirographe 
a ~t6 compar~/~ celui de prot~ines standard par deux m6thodes diff6rentes: 

(I) Centrifugation en gradient de densit6 de sucrose selon MARTIN ET A M E S  9, 
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