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Selenium is an essential micronutrient distributed from bacteria to humans. It is incorporated into proteins and
RNAs, as selenocysteine (Sec) and 2-selenouridine residues, respectively. For both of the Sec synthesis and RNA
modification pathways, selenophosphate is utilized as a reactive selenium donor. Selenophosphate synthetase (SPS)
is the enzyme responsible for the synthesis of selenophosphate, by activating selenide with ATP. Many SPSs are
themselves Sec-containing proteins, where Sec replaces the catalytically essential Cys residue. We solved the crystal
structures of SPS from a bacterium Aquifex aeolicus, and performed mutational analyses. The structure of SPS
complexed with a,B-methylene ATP (AMPCPP) revealed that SPS is a homodimer, and ATP-binding site is formed
at the subunit interface. Four Asp residues coordinate four metal ions to ligand the AMPCPP phosphate groups. The
conformations of the N-terminal flexible loop, including the essential Sec (or Cys) and Lys residues, differ between
the two subunits (open and closed). The AMPCPP vy-phosphate group is solvent-accessible, and a putative
nucleophile could attack it to generate selenophosphate and ADP. Selenide attached to the Sec (or Cys) residue, as a
perselenide (or selenosulfide) group, could be the nucleophile, upon closing the N-terminal loop. A well-ordered
water molecule, fixed close to the B-phosphate group, could be the nucleophile in the subsequent ADP hydrolysis to

orthophosphate and AMP.




