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Vitamin B6 (also called pyridoxine) is a central cofactor for over a hundred enzymatic processes and 
plays a critical role in the defense mechanism against oxidative stress [1-2]. While plants are able to 
synthesize vitamin B6 de novo [1,3], humans lack this ability and fully rely on external food nutrition for 
its intake [4]. In plants, vitamin B6 is synthesized by a PDX1 dodecamer, complexed with a variable 
number of PDX2 subunits (up to 12). Arabidopsis thaliana has three homologs of PDX1, designated as 
PDX1.1, PDX1.2 and PDX1.3, along with one homolog of PDX2 [3]. While PDX1.1, PDX1.3 and 
PDX2 are all active enzymes, PDX1.2 is inactive but still essential for plant development and also the 
regulation of PDX1.1 and PDX1.3 catalytic activity in vivo [5]. In addition, while the structure of 
PDX1.3 has been solved by X-ray crystallography [6], the homomeric PDX1.2 pseudoenzyme and 
PDX1.2/PDX1.3 heterocomplexes remain uncharacterized at the molecular level.  
 
To address these gaps, we combined cell-free expression [7], functional assays, native mass 
spectrometry, single particle cryo-electron microscopy and other biochemical approaches to evaluate the 
structure and kinetics of PDX1.2 and its interaction with PDX1.3. Here, we highlight the newly solved 
structure of homomeric PDX1.2, its assembly into heteromeric complexes with PDX1.3 and propose a 
new mechanism for how PDX1.2 regulates overall vitamin B6 biosynthesis in the plant.  We show that 
all PDX1.2/PDX1.3 heterocomplexes were found to exist as a population of dodecameric assemblies 
rather than a single species of one defined stoichiometry. In all co-expression conditions tested, we 
detected populationa of 6-8 complexes of variable stoichiometry, driven by availability of each protein. 
A higher ratio of PDX1.2 DNA template fed into the cell-free reaction resulted in a higher number of 
PDX1.2 subunits present in the heterocomplexes and correlated to a decrease in overall kinetics for PLP 
synthesis despite improving the stability of the entire complex. Overall, this study highlights a powerful 
and highly integrated biochemical, mass spectrometry and imaging approach to dissect heteromeric 
complexes and their association mechanisms [8]. 
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Figure 1. Cryo-EM (a) and Native Mass Spectrometry (b) was performed for homomeric and 
heteromeric PDX1.2/PDX1.3 complexes to understand the impact of variable stoichiometry of each 
subunit toward the co-complex structure and function. 
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