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cAMP-dependent protein kinase (PKA) is a ubiquitous broad specific kinase that regulates diverse fundamental processes in cells including growth, differentiation, and memory. The two general classes of PKA regulatory subunits, RI and RII, differ in sequences, in their ability to be autophosphorylated, in their sensitivity to be activated by cAMP, and in their subcellular localization. Each family has alpha and beta isoforms.  

The regulatory (R) subunits of PKA are modular and highly dynamic. In the absence of cAMP the R subunit dimer is attached to two PKA catalytic (C) subunits and maintains the enzyme in an inactive tetramer. In this study, our goal is to understand how the full length tetrameric holoenzyme, PKA-I beta, is assembled as this represent the physiological state of PKA. Biophysical studies using small angle x-ray scattering (SAXS) revealed that the shapes of the various R subunits and holoenzymes are quite different. The PKA –I beta isoform is unique among the PKA isoforms in that the free homodimer is quite compact while the holoenzyme is much more extended. 

We were able to obtain, for the first time, a crystal structure of a tetrameric holoenzyme, PKA-I beta, comprising both full length RIb and C subunits. The overall shape of PKA-I beta tetrameric crystal structure is consistent with the SAXS data and is different from the PKA-I alpha tetrameric model. We suggest that the different architectures are due primarily to differences in the N-Linker regions within the R subunits and that the allosteric signaling in each holoenzyme will be distinct. 

Elucidation of the heterotetramer complex will enable us to understand the molecular features of inhibition and to better understand how cooperativity is achieved.  This also provides us with an opportunity to use PKA as a prototype for understanding the macromolecular assembly of macromolecular protein kinase complexes.
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