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MEERAL., RYBEGFORRHHZEL THENECOXFEERERRLEEZFZLET D, AHET
. EFBEHREEELCRY, PIEAOIABEZASHICTRHEZBEL .
BEBAFERRICK 2T, P04 XFXAFTHKphyBOSFHERMES. BHAXXERNAKE (SA
XS )RRERBL Iz, phyBFf —EBHRELTHFETZICEZHSHICTREEEIL, D FHEHE
ZERAVWTPEOD FBIFEZREL L, Tz, PrETHRAFEMNBRENf EUBDEEHSHICLE
( Oide et al. (2019) FEBS J. ) »
EREPEOEFEMREIEN S, SAXSETINEREETXHRABELUL A B, &5
o, BRRISAAEFREMEZAVTISEREL EPEOS FREZHEL 1. REFROphyB
F. AREOCS FEZF OHKREQEICLEXNTIY NTAREAL 2 24, SAXSEFILEFEL
BVWEHSEGERL, LAL., 0ABAICphyBD FARBER OKERREICT 5V EBHTE
EL, BEREMESFEMNFrELUTVRAREEN S, SRTBBREODHEERF08 mIZE E
FOo2TVD, BRLEEHT, KBRAATORREOPEMZERT D HEEEEL I,
phyBld, BEESENKREVEFEREh, BESHKEZEBL BN A EN TARTH D, RXS
VEBNBEESEESHIILZICBBRARBRICIOVTISA AEFEMBERTETV, BE
EROERFIBEZATBEZASHICL, RAMEFOBRIXIF - EHELEZE
KLU = (Oideetal (2020) FEBS J.) . £, BTEMBE TR AFAD FOTRCANA RN
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Plant phytochrome B (phyB) is a red/far-red-light receptor protein with phytochromobiline as a
chromophore. PhyB is in red-light-absorbing (Pr) form in the dark. When irradiated by red light,
phyB is converted to far-red-light absorbing (Pfr) form to control gene expression in nuclei. The
activity of phyB in Pfr form induces various types of photomorphogenic responses in plants. In this
study, the structure of Pr form was studied by using cryo-electron microscopy (cryoEM) and small-
angle X-ray scattering (SAXS).

PhyB from Arabidopsis was expressed and purified by using a protocol established in our
laboratory. The molecular organization and shape of Pr in solution were studied by SAXS using
synchrotron X-rays at SPring-8. The SAXS profile revealed that phyB exists as a dimeric form. In
addition, by applying an ab initio molecular shape determination algorithm with a protocol for
selecting most probable molecular shape, the molecular model of Pr at a low resolution was
determined. In addition, SAXS experiment revealed an aggregation property of Pfr form (Oide et al.
(2019) FEBS J.).

The molecular shape of phyB was also studied by electron microscopy for negatively stained Pr.
After two-dimensional classification, we obtained molecular images very similar to the SAXS
model. CryoEM observations toward structure analysis at near-atomic resolution were carried out
by using the latest model of cryo-electron microscopy. Purified phyB solution was irradiated by far-
red light to accumulate Pr form before flash-cooling. Since phyB has a planar molecular shape, the
contrast in electron miscopy images was lower than those of globular proteins with molecular
weight of 280 K. Classification of picked up molecular images gave a set of averaged shape of Pr
explained as different views of the SAXS model. However, probably because of Brownian motion
of phyB in thin liquid film of 100-nm thickness, phyB molecules reach to the liquid-air interface
within 0.1 s much longer than the time necessary to flash-cooling procedure. At the interface, phyB
molecules are in preferred orientation and/or denaturation. Therefore, nominal resolution of a
reconstructed three-dimensional electrostatic potential map is limited at 0.8 nm. To improve the
resolution as well as to try crystallization, we are searching method necessary to avoid preferred
orientation and denaturation.

Since phyB molecule is composed of six functional domains connected with loops, any structural
analysis protocol incorporating structural heterogeneity in solution is necessary. In this study, we




developed an analysis method to visualize metastable conformation and free-energy landscape of
them from electron microscopy images. The method was applied to a standard specimen,
glutamate dehydrogenase, and we successfully visualized four metastable conformations at near-
atomic resolution with their free-energy differences(Oide et al. (2020) FEBS J.). In addition,
electron miscopy is difficult to identify oxygen atoms of proteins and also water molecules in
hydration layer. To propose molecular model of phyB including hydration layer, we started the
development of software to predict hydration structure of any proteins by using deep learning.
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Structural study of red/far-red-light receptor protein phytochrome B by using cryo—electron microscopy

1. HIREBRFROBE

WM E T S Phytochrome B(phyB, 2F& 130k) [T, BT FSEO—LEZRERICEOFKBL - EFRNNLZIEEAE THS, phyB
(X THRESLRIUNE (Pr B) IZHID ., FEHLITEK>TRFIFIRURE! (Pfr B) ITHAFEMIZEIL T 5, Pir B ITHEEAICTEBT
LCEEFHHEQAELHEERL. RAGERFOREHEHEZECCTEMBEARDO A BB BICEEFRET 5. AMETIE. BEF
FEMEETEICRY . Pr B DI AEEFBHELNTSEEHEL:,

BEEAFEBERICEO>T. VOAXFTXFTHXE phyB OSHEZRE S, BT HXER /DA BEL (SAXS) REREEEL -, phyB N2
RELTHEETHEEFHOMNCTEHELELIC, P FHBHEEEZERANVTPr 2O FREREL, -, Pfr R THEIFEEREN
H LB ELHESMIZLT=(Oide et al. (2019) FEBS J.),

BE PrAOEFEMBEBESEND, SAXS ETILEREIOHBIRMNEELILI-BHLBLNT=, 512, BBEISAHEFIEWMEE
AWTAFEEELE PrEOSFBREHEL-, RERIRD phyB [T, ARREDHFEFZEH IDHRREAGICLERTIVIS A EM
21=h%, SAXS EFILEFE LGN EHN DB ESBT=, LML, 0.1 B LUAIZ phyB D FHAEERTIO/KEEREIZT SO ESH THIE
L. BRERESFEENELTODAEEMENEL. ZRTEEBBDO D EREIL 08 nm [CEEF->TLS, HERIELEDHT. [ER
HCORRERPCERFEHETIHEEERL,

phyB (&, BERLENKRENETEIN . BESHEZEELL-BIAENTARTH D, FAMBEHBEETIZESAH T LIS
Bl KBRBRICOVW TSI EFEMBRENZTVD. BEEHOARFOBEEZRITHEEZHESHNIZL, FAMVEEFHDE EEI*
X — R EHTEEEEZELT=(Oide et al. (2020) FEBS J.), £f=. EFEMB TIEIKFK S FORIBFIEAR#BLEMNS, HFED
EERTICHA. ATHEEERAN-KMEETATO S LDOEEERA =,
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Plant phytochrome B (phyB) is a red/far-red-light receptor protein with phytochromobiline as a chromophore. PhyB is in red-light—
absorbing (Pr) form in the dark. When irradiated by red light, phyB is converted to far-red-light absorbing (Pfr) form to control gene
expression in nuclei. The activity of phyB in Pfr form induces various types of photomorphogenic responses in plants. In this study,
the structure of Pr form was studied by using cryo—electron microscopy (cryoEM) and small-angle X-ray scattering (SAXS).

PhyB from Arabidopsis was expressed and purified by using a protocol established in our laboratory. The molecular organization and
shape of Pr in solution were studied by SAXS using synchrotron X-rays at SPring—8. The SAXS profile revealed that phyB exists as a
dimeric form. In addition, by applying an ab initio molecular shape determination algorithm with a protocol for selecting most probable
molecular shape, the molecular model of Pr at a low resolution was determined. In addition, SAXS experiment revealed an aggregation
property of Pfr form (Oide et al. (2019) FEBS J.).

The molecular shape of phyB was also studied by electron microscopy for negatively stained Pr. After two—dimensional classification,
we obtained molecular images very similar to the SAXS model. CryoEM observations toward structure analysis at near—atomic
resolution were carried out by using the latest model of cryo—electron microscopy. Purified phyB solution was irradiated by far-red
light to accumulate Pr form before flash—cooling. Since phyB has a planar molecular shape, the contrast in electron miscopy images
was lower than those of globular proteins with molecular weight of 280 K. Classification of picked up molecular images gave a set of
averaged shape of Pr explained as different views of the SAXS model. However, probably because of Brownian motion of phyB in thin
liquid film of 100—nm thickness, phyB molecules reach to the liquid—air interface within 0.1 s much longer than the time necessary to
flash—cooling procedure. At the interface, phyB molecules are in preferred orientation and/or denaturation. Therefore, nominal
resolution of a reconstructed three—dimensional electrostatic potential map is limited at 0.8 nm. To improve the resolution as well as
to try crystallization, we are searching method necessary to avoid preferred orientation and denaturation.

Since phyB molecule is composed of six functional domains connected with loops, any structural analysis protocol incorporating
structural heterogeneity in solution is necessary. In this study, we developed an analysis method to visualize metastable conformation
and free—energy landscape of them from electron microscopy images. The method was applied to a standard specimen, glutamate
dehydrogenase, and we successfully visualized four metastable conformations at near—atomic resolution with their free—energy
differences(Oide et al. (2020) FEBS J.). In addition, electron miscopy is difficult to identify oxygen atoms of proteins and also water
molecules in hydration layer. To propose molecular model of phyB including hydration layer, we started the development of software
to predict hydration structure of any proteins by using deep learning.
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