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Study on the reaction mechanism of tRNA seleno-modification enzyme SelU
(RNA & L AUERER SelU D FSHEAEDITZE)
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Selenium (Se) is an essential yet toxic element for most organisms. Due to its narrow range of proper intake
compared to other trace elements, detailed studies are crucial for considering human health. Se is incorporated
into biopolymers as selenocysteine in proteins and 2-selenouridine in tRNAs. The 2-selenouridine
modification (R5Se2U) in tRNA is conserved across all domains of life, identified at the first position of the
anticodon of tRNAS, tRNASM, and tRNAMS, This modification is synthesized from 2-thiouridine (R5S2U),
a sulfur-modified precursor. R5Se2U functions to ensure accurate U-A or U-G base pair formation and
recognizes G more efficiently than R5S2U, altering the affinity between the mRNA codon and the tRNA
anticodon. Furthermore, the R5Se2U is highly sensitive to selenium concentration in the environment, so
Se-modification potentially regulates translational efficiency depending on Se availability.

tRNA 2-selenouridine synthase (SelU) catalyzes the Se modification of tRNA. Recently, 2-
geranylthiouridine (R5geS2U) has been reported as a reaction intermediate during Se modification mediated
by SelU. Thus, SelU first uses geranyl diphosphate (GePP) as a substrate to geranylate the sulfur at the 2-
position of uridine (R5S2U), producing R5geS2U. Subsequently, SelU uses selenophosphate (SePO3°") as a



substrate to replace the geranylthiol group (geS) with selenium. This reaction, which uses geranylation for
leaving group substitution, is highly unique and has not been reported in other tRNA maturation enzymes.
However, how SelU utilizes this unique intermediate remains unclear. SelU consists of two domains: an N-
terminal rhodanese domain (RHD) and a C-terminal domain (CTD) containing a P-loop motif, and both  are
required for catalytic activity. Although previous studies have reported how SelU recognizes tRNAs and uses
other ligands, the catalytic activities associated with each step, as well as structural information of the
rhodanese domain (PDBID: 3G5J) of SelU only, the detailed mechanism underlying the catalytic reaction
remains unclear. To address this issue, we carried out X-ray crystallography and biochemical analysis.

First, we investigated the relationship between the binding state of SelU to tRNA and its reaction activity.
Since SelU expressed in E. coli is purified as a complex with tRNA, isolated SelU was prepared to enable
more accurate biochemical experiments. Because most tRNA bound to SelU is geranylated, adding sodium
selenite (a precursor of SePO3*) during E. coli culture should promote the Se modification reaction and
dissociate tRNA. We added sodium selenite, observed the dissociation of tRNA (confirmed by SDS-PAGE
and urea PAGE analyses), and successfully purified the isolated SelU. Furthermore, tRNA dissociation was
not observed using SelU mutants lacking Se modification activity, supporting the conclusion that tRNA
dissociation is the completion of the Se modification reaction. In contrast, SelU mutants deficient in
geranylation activity were purified without tRNA regardless of sodium selenite addition. These results indicate
that SelU binds specifically and strongly to geranylated tRNA and exists as a complex with geranylated tRNA
in vivo, poised for the Se modification reaction.

Next, to elucidate the detailed reaction mechanism of SelU, we visualzed the SelU-tRNA complex using
X-ray crystallography. By using a co-expression system for sample preparation and molecular replacement
with the SelU structure predicted by AlphaFold2, the structure of the SelU-RNAS™ complex was determined
at a resolution of 3.1 A. This structure provides the first full-length model of SelU and insights into its binding
mode with the substrate tRNA. Electron density corresponding to the geranyl group was observed at position
U33 of the tRNA anticodon, indicating that the crystal structure captured a snapshot of the reaction
intermediate. The N-terminal domain of SelU displayed characteristic features of a rhodanese-like domain,
while CTD exhibited an a-helix-rich structure, connected to the RHD by an a-helix. SelU and tRNA were
bound across the entire molecule each other. The RHD recognizes the anticodon stem-loop and the CTD
interacts at multiple sites outside the anticodon loop. Such extensive interactions are consistent with the strong
SelU-tRNA complex formation. Using POCASA (POcket-CAvity Search Application) program, two pockets
with highly conserved residues were identified in the RHD and CTD of the SelU, respectively. The RHD
pocket exhibited high hydrophobicity, recognizing the geranyl group of U33 in tRNA. The CTD pocket was
large, spanning the SelU molecule, with the P-loop motif within its internal pocket. Additionally, the CTD
pocket recognized U45 in the variable loop of tRNAS™, These two pockets were separated by approximately
40 A, precluding direct interaction between them.

To further elucidate the roles of the pockets in each domain, site-directed mutagenesis was performed on
predicted essential residues of SelU, followed by detailed analyses. A conserved 97-CXRGGXRS-104 motif
was identified near the U33 recognition region of the RHD pocket. Mutants with alanine substitutions in this
motif were prepared, and their tRNA binding states were examined by adding sodium selenite during culture.
These experiments successfully identified critical residues involved in the reaction. Combined structural and
mutational analyses revealed that the RHD serves as a seleno-modification domain of SelU.

Considering the CTD pocket process P-loop, the function of CTD was investigated through docking
simulations with AutoDock4.2 to predict the binding of GePP. Based on the simulation results, mutational
analyses on conserved residues in the CTD pocket were performed. The results indicate that the CTD pocket
specifically recognizes GePP and serves as the active site for geranylation.
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In summary, SelU forms a specific and stable complex with geranylated tRNA to stabilize the tRNA as an
intermediate in vivo. This stable intermediate likely facilitates rapid reactions upon recognition of SePO3°", a
rare ligand in vivo. Structural and mutational analyses of the SelU-tRNA complex revealed that the RHD acts
as the catalytic domain for the second seleno-modification reaction, and the CTD contributes to the first step
of the geranylation reaction. Based on these findings, we propose a reaction mechanism for SelU that utilizes
two spatially separated catalytic centres, approximately 40 A apart, to carry out the two-step reaction.



