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Figure 4: Putative kinase domain pairing in the CaM KII!  holoenzyme 
observed by single particle EM. (a)  Left, Distribution of kinase domain 
pairing arrangements, based on measured inter-domain distances (as 
described in main text). Holoenzyme structures were categorized as being 
arranged with 0 – 6 kinase domain pairs. Right, Illustration representing 
holoenzyme structures with various kinase domain pairing arrangements. 
These structures (and other various arrangements of kinase pairing) are 
suggested to be in equilibrium with various unpaired kinase arrangements. (b) 
Crystallographic structure of the C. elegans CaMKIIα kinase/regulatory 
domain (yellow/red ribbon; PDBID 2BDW19) previously shown to form a 
dimeric interface involving the regulatory domain (red). (c) Left, Reference-free 
2D class average observed for a small population of CaMKIIα particles 
apparently organized with all kinase domains forming paired interactions. 
Right, Crystal structures of the hub complex (blue surface) and dimeric kinase 
domains (yellow surface) are fit into the EM densities. Scale bar = 25 nm.  
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arranged as kinase dimer pairs (Fig. 4b,c). The crystal structure of C. elegans 

CaMKII kinase domain dimer fits well into the peripheral EM densities of this 

particular 2D class average (Fig. 4c, right). The low population of particles fitting 

to this individual class (< 1% of classified particles) is consistent with the 

determined population distribution in Fig. 4a.  

 

Wild type CaMKIIα remains extended under molecular crowding 

The compact conformation CaMKII holoenzyme model is based on the crystal 

structure of a linker-less (LL) CaMKIIα mutant expressed in bacteria23 (Fig. 5a). 

This compact form of CaMKII is expected to be a non-activatable state because 

the CaM binding site is buried within the compact kinase/hub interface. However,  

it was suggested that this compact form enables cooperativity, because CaM 

binding at one subunit would disrupt the compact conformation at adjacent 

subunits, thereby facilitating subsequent CaM binding to the neighboring kinase 

domains23. In support of this notion, the (LL) mutant was reported to have a 

dramatically increased EC50 for activation by Ca2+/CaM (~500 fold) and a mildly 

increased Hill coefficient (~1.5 fold) compared to full-length wild type CaMKIIα, 

consistent with a compact conformation that decreases Ca2+/CaM binding and 

enhances cooperativity in solution23. By contrast, our EM studies conducted on 

diluted full-length CaMKIIα wild type was observed to form a predominant 

extended conformation, consistent with the less than 3% of subunits in a 

potentially compact conformation. However, it was suggested in the previous  


