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In this project, we provided our expertise in molecular modeling, molecular conformation sampling, and
sophisticated free energy calculation method to support both wet and dry researchers and analyzed their
molecules of interest. We emphasize that out of 26 supports, 3D structures of the target molecules were not
known in the 21 collaborations. In the remaining five collaborations, we analyzed the molecular mechanism with
molecular modeling and simulation based on the structure the collaborators determined. Here, we briefly report
two topics out of the 26 supports.

Analysis of a plant hormone, gibberellin, oxidation enzyme and our method improvement

A proper concentration of a plant hormone, gibberellin, is metabolically maintained in cells. The crystal

structure of one of the key molecules, an oxidation Path search of gibberellin ~ Energy landscape
enzyme was determined by Ueguchi et al., Nagoya /AL L NP for the path
Univ. Unfortunately, the essential Fe?* ion for the N A < J? ¢ e
function was not ligated in the crystal structure. So, we @ V4
) . . i . . GA4 8
first determined the ion position with QM calculation. [ ‘:mter ofrmass 3 { C“L f f
Next, we carried out molecular dynamics (MD) “ Nejghboring protein i ;
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simulation and investigated the dynamics and ) i
gibberellin elimination path with free energy calculation U = (min(r —1,(¢),0))*

ro(t)zp'(c=0)+cc ‘_u % 38 4 ‘u
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(right figure). Our MD simulation and mutation
experiments revealed that the enzyme regulates the metabolic speed of gibberellin to auxin by changing the
oligomerization states. This result was published in Nature Communications in 2020 and was press-showed.
Analysis of NSD2 methylase and nucleosome complex structure and the mechanics

Dimethylation of histone H3 Lys36 (H3K36me2) regulates gene expression by antagonizing the repressive
effect of polycomb group proteins. Aberrant H3K36me2 upregulation, either
by overexpression or point mutations of NSD2, an H3K36 dimethytransferase,
causes cancers. To understand how NSD2 methylates H3K36 and how its
oncogenic point mutants aberrantly activate, here we report the cryo-EM
structure of the catalytic fragment of NSD2 bound to nucleosome at 2.8 A
resolution (right figure, NSD2 shown in purple). The nucleosomal DNA is
partially unwrapped, facilitating the NSD2 access to H3K36. NSD2 interacts

with DNA and H2A in addition to H3, consistent with its robust and specific
activity toward nucleosomal H3K36. Based on the determined structure, we carried out MD simulation to
understand why E1099K and T1150A mutations uptake methylation. We found that the autoinhibitory loop,
conserved among the NSD proteins, changes its conformation upon nucleosome binding to accommodate H3 on
A its substrate-binding cleft. The two oncogenic mutations both are

‘) experimentally shown to increase the catalytic turnover. Our MD

Al ) simulations suggest that both mutations change the dynamics of the

‘¢ autoinhibitory loop to adopt open conformations more often for the N-

: utoinhilfla)ry terminal tail of H3 and stabilize the H3 bound form cooperatively with the

ﬂ Iogﬁ‘,‘ first a-helix of H3, the C-terminal region of H2A, and the DNA at two
locations (superhelical location -1 and linker DNA position). However, the

way to change the dynamics of the autoinhibitory loop was different. E1099K changes the hydrogen bond

network around the loop while T1150A changes the hydrophobic interaction. The results were published in

Nature Communications in 2021 and were press-showed.

5



