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We report a new type of II2-III2-IV2 supercomplex in 
Apicomplexa-related parasites. The 1.8 megadalton 
supercomplex comprises 104 proteins and 114 lipids. 
The 2.1-Å resolution structure represents the first 
observation of CII in this type of supercomplex, and 
activity assays confirmed the presence of a complete 
electron transfer from succinate to molecular oxygen 
utilising CII. The distinctive feature is achieved via an 
apicomplexan subunit, which bridges two copies of CII 
with CIII dimer and CIV. The second finding is the 
identification of a negative regulator at the conserved 
site on CIII. We identified a heterodimer that is a 
protein binder locking the Rieske Iron-Sulfur Protein 
head in the c1 state, effectively inactivating electron 
transfer. Its C-terminus stabilizes the mobile head, while 
the N-terminus associates the heterodimer in the 
binding site of the universal electron carrier Cyt c. From 
an evolutionary perspective, the structure reveals a 
programmed +2 frameshifts, which illuminate 
evolutionary adaptations at the gene expression level.

Structure of the II2-III2-IV2 mitochondrial 
supercomplex from a parasite reveals a 

protein inhibitor of complex III
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