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HEIIL, ZADDRFBX T LAY — AOREREZB)H L C RNAP 11 O [VE 78 2 (25 2 A 2 9]
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FJEZFT AP LRIZE b SN OB AR T 20813 H 5 2 L &2/RLT- (Kashiwagi ,
Shichino, Osaki et al. Nat Commun, 2021)
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Support; we provided our sample production technologies; systematic protein production using the
cell-based and cell-free systems, production of the proteins containing synthetic or modified amino
acids, and high-throughput protein purification and crystallization. For example, two types of microbial
rhodopsins, which are light energy-harvesting devices different from the photosynthetic system, from
cyanobacteria were prepared by the E. coli cell-free synthesis system and crystallized. In collaboration
with the Structural Analysis Area, we determined their crystal structures at 1.90 A and 2.65 A
resolution, respectively, at SPring-8 BL-32XU using zoo system (Hasegawa et al ., Sci. Rep. 2020). We
also prepared protein complexes and membrane proteins for cryo-electron microscopy (cryo-EM) study,
with several kinds of the characterization/analysis. In total, we have supported 44 projects.

Collaboration; In collaboration with Kurumizaka’s group, we determined by cryo-EM single-particle
analysis a series of structures of the nucleosome-transcribing RNA polymerase II (RNAP II) and
elucidated the mechanism by which RNAP II progresses through a nucleosome while removing DNA
from the histone surfaces (Kujirai et al ., Science 2018) . We also analyzed the cryo-EM structures of
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the nucleosome-transcribing RNAPII complexed with conserved elongation factors EIf1 and Spt4/5, and
revealed the mechanism by which these factors facilitate the RNAP II progression through the
nucleosome by lowering the nucleosomal barriers (Ehara et al ., Science 2019) . Furthermore, by
including more factors, we obtained structural snapshots of the nucleosome passage by the RNAP II
elongation complex, with deep insights into the mechanism of chromatin transcription.

Advancement; as for the advancement of supramolecular complex preparation technology, we
succeeded in efficiently preparing a complex of HCV IRES and translating ribosome by using a human
in vitro translation system, and in determining cryo-EM structure at near atomic resolution
(Yokoyama, Molecular Cell 2019).

As for electron microscopy techniques, we evaluated the properties of samples by negative staining,
and compiled a database of acquired images of negative-stained samples and the results of image
processing, as well as the grid preparation conditions for cryo-electron microscopy and the judgement
of quality of acquired cryo-EM images. When we carried out the “support” task on a wide variety of
samples, we have often observed complexes that were monodisperse and showed appropriate size in
negative staining electron microscopy but dissociated or denatured in cryo-EM. We considered that this
was caused by protein denaturation at the air-water interface and conducted a systematic specimen
screening combining the addition of various detergents and the use of grids with a self-made thin
support carbon film for cryo-vitrification. For the eIF2-eIF2B complex (Kashiwagi et al ., Science
2019) and the ELMO/DOCK/Rac complex (Kukimoto-Niino et al. Science Adv. 2021), the addition of
detergents and the use of carbon films-supported grids led to cryo-EM structural determination at near
atomic resolution.

As for the development of computational methods, in order to facilitate the construction of models
from cryo-EM maps, we have developed a three-stage process that includes segmentation, prediction
and matching to build an initial structure that fits into the experimental cryo-EM map. We use deep
learning neuro network to segment a cryo-EM map into small regions and then to predict the structure
of the fragment that would fit in the segmented map. The predicted 3D models of these fragments are
fit as rigid bodies into the density and further refined to provide an initial model of the underlying
structure corresponding to the cryo-EM map. We have also developed a fragment assembly based
method for the generation of de novo structural models to facilitate the interpretation of cryo-EM
maps. An evolutionary coupling directed contact map based de novo modeling approach was first used
to generated multiple plausible candidate models. These models were then clustered and local quality
assessments were conducted to select high quality candidates based on consensus. The reliably
modeled regions were used to compile a fragment library. These fragments were assembled together to

create improved models, which were subsequently fitted into the cryo-EM maps.



