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Hello Aconitase! (citrate[isocitrate] hydrolyase) 

 Vital enzyme involved in  

the Krebs Cycle – converts  

citrate to isocitrate 

 

 One of the initial proteins 

studied that had a [4Fe-4S]2+  

cluster 

 

 Early studies into inactivation and 

studies by mutagenesis to allow 

crystallization to learn more about 

iron cluster 

Top: Wiki: User: Narayanese 

Above: Beinert, H.; Kennedy, M. C. Eur. J. Biochem. 1989, 186, 5-15 

http://en.wikipedia.org/wiki/Image:Citric_acid_cycle_noi.JPG
http://en.wikipedia.org/wiki/Image:Citric_acid_cycle_noi.JPG


States of Aconitase 

 Inactive: [3Fe-4S]+ 

◦ Obtained via 

 Aerobic purification 

 Treatment with H2O2 

 

 Active: [4Fe-4S]2+ 

◦ Obtained via 

 High levels of Fe in vivo 

 Reduction (adding e-) 

Beinert, H.; Kennedy, M. C. Eur. J. Biochem. 1989, 186, 5-15 

Villafranca, J. J.; Mildvan, A. S. J. Biol. Chem. 1972, 247, 3454-3463 



Aconitase - Protein 

 The protein is designed to 

stabilize the [4Fe-4S] 

cluster with cystine 

residues and 

accomidate  

citrate  

 

 Quick demo 

PDB: 1aco, 1ami, 1amj 
Beinert, H.; Kennedy, M. C. Eur. J. Biochem. 1989, 186, 5-15 



Oxidation States 

 Note that the Fea atom leaves and rejoins. 

S = ½  

S = 2  S = 0  

S = 1/2 

S = ½   

Tong, J.; Feinberg, B. A. J. Biol. Chem. 1994, 269, 24920-24927 



Spectroscopy - EPR 

a = purified aconitase [3Fe-4S] 

b = transformed in vivo yeast aconitase, small [3Fe-4S] 

c = non-transformed in vivo – [4Fe-4S] 

d = 1b – 1c, signal of oxidized aconitase 

e = 1b plus additional 6mM H2O2 a 

f = 1e – 1c, signal of oxidized aconitase 
Brown, N. M., et al. J. Biol. Chem. 2002, 277, 7246-7254 

Beinert, H.; Kennedy, M. C. Eur. J. Biochem. 1989, 186, 5-15 



1H / 2H ENDOR 

 No real change from A to B.. 

 Huge change between B and C – only 

difference is solvent: 2H2O vs 1H2O, 

respectively 

◦ hyperfine coupling is large =>  

cluster bound HxO (x = 1, 2) to Fea 

Beinert, H.; Kennedy, M. C. Eur. J. Biochem. 

1989, 186, 5-15 

Since solvent species 

in left 2H ENDOR 

exhibits two distinct 

protons, the 

additional ligand is 

H2O 

 



Mechanism 

 

Villafranca, J. J.; Mildvan, A. S. J. Biol. Chem. 1972, 247, 3454-3463 



Mechanism 

 Most definitely stereospecific! 

Beinert, H.; Kennedy, M. C. Eur. J. Biochem. 1989, 186, 5-15 



Model Compounds 

 Nickel triionized citrate was used to obtain a crystallographic structure 

 Obtain ideas and precedents for metal complexes with aconitase 

Strouse, J. et al. J. Am. Chem. Soc. 1977, 99, 562-572 
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