Crystal structure of an As(lll) S-adenosylmethionine methyltransferase with
both bound ligand and product demonstrates a conformational change in the N-
terminal domain during catalysis
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Arsenic is the most pervasive environmental toxic substance. Arsenic is ubiquitous in
water, soil and food and ranks first on the Environmental Protection Agency's Superfund Priority
List of Hazardous Substances. Arsenic(lll) S-adenosylmethionine (SAM) methyltransferase
(AS3MT in animals and ArsM in microbes) is the key enzyme of arsenic biotransformation,
catalyzing the methylation of inorganic arsenite to methyl, dimethyl and trimethyl products. As(lll)
methyltransferases are found in members of every kingdom, from bacteria to humans (EC
2.1.1.137). In the human liver, hAS3MT converts inorganic arsenic into more the toxic and
carcinogenic methylated species. CmArsM, an ortholog of hAS3MT from the thermophilic
eukaryotic alga Cyanidioschyzon merolae, was purified and expressed it in Escherichia coli. Here
we report a crystal structure of CmArsM with arsenic (Ill) bound in the As binding site and S-
adenosyl L- homocysteine (SAH) in the SAM binding site at 2.84 A resolution . The crystals belong
to the tetragonal space group P4,22, with unit cell parameters a=101.80 A, b=101.80 A, c=175.01
A, a=p=y= 90.0°, and two molecules in the asymmetric unit. As(lll) is bound to three conserved
cysteine residues, Cys44, Cys174 and Cys224. A conformational change in the N-terminal
domain of CmArsM with bound As(lll) and SAH alters the secondary structural elements, which
results in movement of a loop containing conserved cysteine residue Cys72 toward the arsenic
binding site. We previously reported the structure of CmArsM with bound SAM (PDB ID: 4FRO0),
which has a disulfide bond between Cys74 and Cys174. The As(lll)- and SAH-bound structure
lacks this disulfide bong. From these results we propose a new model for the reaction pathway
involving a disulfide bond cascade during catalysis. Crystallization trials of CmArsM with bound
ligands are in progress that have the potential to elucidate details of the disulfide cascade.
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