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Citritase and isocitritase reactions: equilibria-energetics 

Two new enzymes have been found which catalyze the aldol condensations indicated by equations 
i and 2: 

Citritase: Oxalacetate -I- a c e t a t e ~  ~ Citrate (I) 
(Mg ++) 

Isocitri tase: Succinate + glyoxylate ~ ~ d-Isocitrate (2) 
(Mg ++, -SH)  

CitritaseZ, 2 is divalent metal  dependent  and isocitritase divalent metal and sulfhydryl  dependent  3. 
Citritase, a subs t ra te  induced enzyme, has been studied in extracts  of anaerobically grown 

Slreptococcus /aecal is  2, Escher i ch ia  coli 2 and A erobacter aerogenes 4. Isocitri tase is widely distr ibuted 
iu aerobicS, 6 and facultative bacteria TM and in fungi 7 ; its formation is favored by  aerobic growth 
on organic acids and repressed by growth on carbohydrate  6. 

Both reactions are reversible, as demonst ra ted  by exchange experiments  with 2~C labeled 
substra tes  s. In  reaction i, acetate-2-aaC was incorporated into citrate in the presence of unlabeled 
oxalacetate, magnesium and the enzyme citritase. Evidence for the reversal of the citritase 
reaction has also been obtained by WHEAT AND AJL 9 in isotope exchange experiments.  In  reaction 
2, succinate-2,3-14C was incorporated into isocitrate in the presence of unlabeled glyoxylate, 
magnesium, cysteine, and the enzyme isocitritase. The reversibility of the isocitritase reaction 
was suggested by the initial experiments  of CAMPBELL et al. TM with crude extracts  of P s e u d o m o n a s  
aerug inosa  and by OLSON'S 7 exper iments  with mold extracts.  Evidence of its direct reversal, tha t  
is, isocitrate formation from succinate and glyoxylate has been obtained by following TPN 
reduction in the presence of added isocitric dehydrogenase. 

In view of these evidences of reversibility, the equilibrium of each reaction was measured 
by determining subs t ra te  and product  concentrat ions at equilibrium. 

TABLE I 

ClTRITASE EQUILIBRIIIM 

Added (time o) Found, at equilibrium (20 rain) (citric) 
K = - -  

Acetic OAA * Acetic OAA * Citric** (OAA) (Ac) 
I~M /ml*** l*M /ml l~M /ml I~M /ml I~M /ml I/ M 

155 7-7 254 5.55 1.14 1.33 
I 5 5  15.  4 1 5 3  1 0 . 6  2 . 1 3  1 . 3 I  

33"3  27"8  3 2 . 3  2 2 . 2  I .O I "39 

3 ° 25  2 9  18 .  5 1 . 0 5  I ' 9 5  

15o 25 146 15.9 4.02 1.74 
25o 25 244. 3 13. 7 5.65 1.68 

- -  2 5 - -  18. 3 0.23 - -  
1 0 0  - -  1 0 0  0 0 - - -  

A v -  1.56 

Per ml: 5 ° / t M  Tris buffer, p H  7.6; 2 /*M MnSO4; 27 ° C; under N2; lO/~M units 
S . / a e c a l i s * ,  Sp. Act. = 4); reaction s topped with o.I ml i o n  H2SO a. 

* Aniline citrate method (N. L. EDSON, Biochem.  J . ,  29 (19351 2o821. 
** Pentabromacetone  method (S. NATELSON, J. B. PINCUS AND J. K. LuaovoY, 

275 (19481 745). 
* * *  Reactants  expressed in units  measured, for moles/liter mult iply by io a. 

citritase (from 

J .  B io l .  Chem. ,  

For citritase, the equilibrium constant ,  1. 5 1/3I (Table I) corresponds to a AF  of 240 calories 
- - i . e . ,  favors synthesis.  Four teen  measurements  of the equilibrium from both  directions gave 
at the extremes a variabili ty of ± 16o calories, thereby confirming by  direct measurement  the 
, 4 F  = - - 7  ° calories calculated by BURTON 11 from the heats of combust ion and equilibria data  
for the analogous CoA reactions. The present  calculations fronl equilibria data  of reaction I would 
appear  to be subject  to less error than  BURTON'S calculations, which suffer from lack of a precise 
heat  of combust ion  value for acetate, or than  those of KAPLAN TM deduced from calculations of 
the free energy of format ion of reactants ,  
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TABLE I I  

ISOCITRITASE E()UILIBRIUM 

Found~ at equilit~rium (3o rain) (d-isocit.) 
- K = =  

Added (time o) 5uccinic* Glyoa ylic*" lsocitric*** (gly.) (succ.) 
ItM/mI t~31 .ml /tM m! I~M/ml l/3I 

Succinic Glyoxylic 
3.33 3.53 3 .08 2,9 ° 0.39 43.6 
3.53 6.67 5.97 2.97 o.73 4t.2 
7 .o6 6.67 5.45 6.28 o.7o 2o. 5 

d -  Isocitric 
1.67 i .67 i .63 o.o67 24.6 
3.33 3 .lo 3.o3 o.36 38.4 
5.00 4.26 3.52 0.55 36.6 

A v -  34.3 

Per ml: 50/~M Tris buffer, pH 7.6; 2 it.'lI MgC12; 1 l ,M cysteine; 27' C; under N2; lo uni ts  iso- 
eitritase (from P. aeruginosa 3, Sp. Act. = 35); reaction stopped with o.1 ml IOO % trichloracetic 
acid---or  when succinate was to be determined by  boiling three minutes.  

* Succinoxidase method (DEITRICH e/ at., Arch. Biochem., 41 (19521 118). 
** 2,4-Dinitrophenylhydrazone method (T. E. FRIEDEMANN AND G. E. I-{AUGEN, J .  Biol. Chem., 

147 0943) 4151 . 
* * *  Isocitric dehydrogenase method (S. OCHOA, in The Enzymes 2, t oi 7; edited by  J. B. SUMNER 

AND K. MYRBXCK, Academic Press, New York, 19511. 

The isocitritase equilibrium constant ,  32 l/3[, (Table II)  corresponds to AF -- 2,Ioo :t:: 200 
calories. These free energy data, favoring synthesis, may  lack significance as an indication of 
the importance of reactions i and 2 in synthesis  because of the difference in number  of reactants  
on the two sides of the equations;  i.e. first order for subst ra te  in the cleavage direction, and 
second order for synthesis;  thus, for the two reactions at i molar  concentrat ion of reactants,  
their equilibria would favor synthesis  to the extent  of 45 % and 85 %, respectively, whereas at 
io s molar  (i t tM/ml) only i % and 3%,  respectively, of the reactants  would be converted to 
citrate and isocitritate. 

In summary :  The citritase and isocitritase reactions are exergonic in the direction of syn- 
thesis to the extent  of approximate ly  200 and 2,000 calories, respectively. A large concentrat ion 
effect is introduced: since the reaction is 2rid order in the direction of synthesis  as contrasted 
to Is t  order in cleavage. Water  is not a reactant  in these aldol condensations, and thus  does 
not  serve as a driving force as for the condensing enzyme reaction xa. 
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