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Tyrosine phosphatase-inspired redesign of A17 catalytic antibody
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The development of organophosphate hydrolyzing abzymes may lead to a new generation of
bioscavengers against organophosphate poisoning. Antibody A17 is able to perform the first
stage of paraoxon hydrolysis, which makes it a promising target for further design. [1]

We studied the possibility of catalytic tyrosine reactivation in A17. Structural analysis of
tyrosine-phosphatase enzymes showed the necessity to introduce an acidic residue in the vicinity
of the catalytic tyrosine. H-Alal07 being mutated to glutamate was found to be an optimal
substitution for this task. We tested conformational stability of structures with additional
mutations using molecular dynamics (MD) simulations. Modelling of the H-Ala107Glu abzyme
inactivation with hybrid quantum mechanics /molecular mechanics (QM/MM) simulations demonstra
lower reaction barriers. However we observed proton transfer between H-Ala107Glu and phosphoryl
oxygen of paraoxone, which may complicate catalytic tyrosine reactivation.

In order to facilitate the second stage of paraoxon hydrolysis we introduced a catalytic dyad
into the A17 structure (His-Glu). The resulting abzyme demonstrated possible effectiveness
during QM /MM reaction simulations, having the activation barrier at 21.4 kcal/mol. In order
to improve the conformational stability of new catalytic residues we searched for additional
mutations using Rosetta Enzdes protocol followed by MD simulations of the resulting structures.

The reported study was funded by RFBR, project number 19-34-51043. The research is
carried out using the equipment of the shared research facilities of HPC computing resources
at Lomonosov Moscow State University. 2]
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