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z* -1socitrate NADP oxidoredmctaae (E.C. 1.1.1.42) catalyses the 

reversible oxidative decarboxylation of imcitrate to alpha-keto- 

glutarate and carbon dioxide with the specific participation of NADP. 

No fme intermediate has been isolated in the overall reaction nor have 

attempts to demonstrate the existence of oxalosuecinIc acid as a frae 

intermediate or in the ensyme bolllad form been successful (Siebert et al., 

1957; Plaut, 1963; Carsiotis, 1958). With large quantities of fairly 

purified ensyae and labeled carbon dioxide, we attempted to demonstrate 

ensyme bound oxalosuucinate in the owsrall reverse Feaution by use of the 

'chase' technique successfully enplaged to demonstrate substrate binding 

for several enzymes (Krishnaswamy et al., 1962; NishI.mura et al., 1963; 

tierson and Moister, 1966). Enzyme bound carbon dioxide was demonstrated 

both in the presence and absence of NADP or of alpha-ketoglutarate; the 

extent of binding was significantly greater in the presence of NADP or of 

alpha-ketoglutarate. Icnzpe bound oxalosuccinate was not found under 

these conditions. mar incubation of carbon dioxide tith the ensyme 

exerted a specific protective effect against inhibition by PCMR of the 

oxidation of isocitrate. 

KATERIALS AND MEZ'HODS 

Isocitrfc dehydrogenaae was prepared from pig heart acaoniing to 

the procedure of Gxnfflin and Ochoa (1950) and assayed as described by 
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Siebert et alo (1957). One unit is the amount of enayme which causes a -- 

change in absorbancy of 0.01 O.D. unit per minute at 340 mp at ro~lll 

temperature under standard conditions of incubation; specific activity is 

the number of units per mg of protein. DGisocitric acid was pnrchased 

from Fluka A.G, Buoha. SG. NADP and NADPN were products of Sigma Chemicals. 

Radioactive bicarbonate was obtained fram Atomic Energy Establishnent TraMbay, 

Bombay. Alpha-lcetoglutarate was purchased from Light Chemicals. Other 

chemicals used were of reagent grade. Isacitrate was chromatographically 

identified using n-butanal: acetic acid: vater solvent system (4rl:l). 

(Rf = 0.52). For details of experiments reported in the cannnunication, 

see under footnotes to Table 1 and Fig.1. 

RESULTS AND DISCUSSION 

Experiments described in Table 1 illustrate binding of earbon 

dioxide to the enzyme. The formation of isoait*teCM by the overall 

reverm reaction catalyzed by the enzyme was measured in experiment A. 

The dilution of carbon dioxide-Cl4 by addition of excess carbon dioxide&' 

during the first incubation was considerably greater than when added during 

the second incubation along with the other reactants. Thus, there was mom 

radioaetivfty in isocitrate foraed in incubates B, D and F ccnnpared to the 

aotresponding controls. This would strongly indicate binding of carbon 

dioxideC14 to the enme in a manner that it is available for fornation 

of isocitrate-C14. Such binding could take place independently to a 

significant extent (B). However, it wa8 considerably enhanced in the 

presence of IVADPH or alpha-ketoglutafate (D and 3'). Approximately 2500 

couth per minute would be expe&ed in the isooitrate fonaed in incubates 

C, E ani G if equilibration between labeled and unlabeled oarbon dioxide 

had reached aapletion and all of the EADPB was utilized for reaction. 

Much letas radioactivity than this was fouud in C, E and q thus appreciable 

catalytic form&ion of isoeitrate did not take place in the 15 second inter&l 
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TABIgl. POBMATIONCJF ENZY#EBOlJNDCABBON DIOXIDE INTEE REDUCTIVE 
CARBOKYLATIONOF ALPHA-KEfOGLWTARATGLT;ITdBATEBY ISOXTFUTEDEHYD~!!XUS!da 

IsooitmteC14 formed 
Mditions during Additions during 
First incubation, Second imubation, 

total e.p.m.b 

3Q”, 25% IS, 25% Expt. IT Expt. IIC 

A. EiNZd4$+d-KG NADPB =,9QQ 38,000 

B. ENZ+C1402 ~-KG+NADPI.d2~ 6,200 4,700 

C. ENZ+C"02+c1202 o(-KG+NADPE 100 308 

D. ENZd4~+NADPB d-KG+tPo, =,900 11,100 

E. ENZ+C"02+C12~+NADW CL-KG 400 390 

F. ENZ+C14%+ N-KG NADl'B*c1202 17,050 13,OoO 

G. ENz+c140z+ oLKG+tP$ NADFN 620 543 

The reaction mixtu~~a (rim&l wl\me, 3.1 d) contained Tris-BCl buffer 
pH 7.4, 1OO~molee; magmesits chloride, 5pmoles; sodin biearbonate&4 
1.34p moles (Sp.act. 14.45Fc/1~aole); alpha-ketoglutarate ( a-KG), 
l2kmoles; NADFN, 0.4 I-L mole and potsssila bicarbonate, 3500Pnoles and 
8.5 ag of enzyme (4200 units). The first incubation was followed by 
addition of a eixture of ntactants Micated in the second incubation. 
Addition of 1 ml of 6 N Bcl after the second incubation to stop the 
reaction completely xvaoved carbon'dioxide-Cl4; ensgaaticallJr foxmed 
labelled isoeitrate was detenmined in aliquots of the protein free 
supernatants using a windowless gas flow counter. 

Identity of isocitric acid thus formed was established by use of the 
material isolated in the forward naaction catalyzed by the ensyne. It was 
also chramatographiaally characterised. 

When enzyme heated at 100% for 10 minutes was used in incubations 
A, B, D and F, radioaotive isoeitrio acid was mot formed. 

befon, the reaction was ameted. When the woond incubation uas prolonpd, 

there was a rapid snd progzx~sive decrease in radioactivity in isoeitrate 

in B, D and F indiaating a rapid exchange bet-en enzyme bound carbon 

dioxide-Cl4 and fme carbon dioxide-@. In imubate F, it was not possible 

to trap say enzyme both oxalosuecinate as its 2,4-dinitrophenylbydrazom 

derivative. Presumably, under acid conditions used, a rapid decarbcnrylatioa 

of the beta keto acid fomed in stoichiarnetry to the enzyme might have 

occurred. 
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Fig. 1. PROIWTION BY wZYMl3 BOlJNB CABBON DICKIDE AGAINST 
INHIBITION BY PARACBLOFfOHBRXRIBENZOATE (PCHB). 

The reaction mixtures contained in a total wluae of 3 ml., Tria-HCl 
buffer, pB 7.4, 19O#~moles; aodium bicarbonate, 50kmolea; DL- 
isocritric acid, 9Fmlee; mngamae chloride, $!j.Lmoles; NADP, 
0.4pmole and enzyme, 0.613 II 
out atrocatemprature (25%. !f 

(125 units). Incubations were carried 
PCMB was used at a conoentration of 

o.l~role. Conditions Of incubation were as follews: 

1 - (Eaz+C~)l' + &O)l' + (Iaocitrio acid+&++ +NADP)G' 
2 - (~z+lVMB)l* + (H20 or C 
3 - (Eaa+W$)l' + (KW8)lf + 4 

)I' + (Isoeitric acid+h+' +NADP)Gt 
Isoeitria mid+ti++ +NADP)0' 

4 - Same as 3; eoacentratioa of emzyme used was Q.l23 mg (25 Imita). 

Susceptibility of isocitrate dehydrogenase to sulfhydql inhibitors 

like parachlomemuribenaoate (ECHB) is well reeognised (Lotspeich and Peters, 

1951: Siebert et al., 1937). Protection againat inhibition by PCMB has been 

observed by prior incubation of the enayme with isocitrate or NADP in the 

presence ofmanganese; it was also notiaed that alpha-ketoglntarate aad 

axalosnecinate were protective in a similar manner while aarbon dioxide was 

not effective{ Siehert et al., 1937; Carsiotis, 1958). However, ander our - 

experimental aoaditions, it has been possible to demonstrate alearly such a 

protective effect of oarbon dioxide by prior incubation and binding with the 
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enzyme (Fig.1). Requirement for a divalent metal ion for suoh binding vas 

not observed. After a brief imubation of the enzyme with RXB, addition of 

oarbon dioxide did not result in reversal of inhibition. Degree of inhibition 

and reversal depended on the enzyme conaentration. A attip of such protective 

effect by carbon dioxide of the reductive carbo?ylation of alpha-ketoglutarate 

presented difficulties. Much higher aoncentrationa of RX!3 are requixwd for 

50 psn?ent inhibition of the activity; this oatalytia activity ia at least 

10-15 times lower than the oxidative deearboxylation aatalysed by a unit of 

enayme . 

As a result of these experiments, it is masonable to ass88 that 

fomtion of enzyme bouud carbon dioxide involves a rtilfhydryl group of the 

enzyme as a point @f cabination, jwt as in the aase of isoaitrate or NADP 

mported earlier (aChoa and Ueiao-Tabori, 1948; CarsiotAs, 1958; Siebert 

et al., 1957). Study of binding of aarbon dioxide to the ev offers 

aoope for investigations to mderstaad this phenomenon in relation to the 

meahanirar of the owrall reaction and the preoiaa chemical nature of such 

bindingto a site onthe enzyme. 
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