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Structural studx_of the novel transcription mechanism essential for root
development of higher plants

Hirano, Yoshinori
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Two GRAS proteins, SHR and SCR, cooperatively direct asymmetric cell
division and the patterning of root cell types by transcriptional control in conjunction with
BIRD/IDD transcription factors. The crystal structures of the SHR-SCR binary and JKD-SHR-SCR ternary

complexes has been determined. Each GRAS domain comprises one o /B core subdomain with an o
-helical cap _that mediates heterodimerization by forming an intermolecular helix bundle. The a /(8
core subdomain of SHR forms the BIRD binding groove, which specifically recognizes the zinc fingers
of JKD. We identified a conserved SHR-binding motif in 13 BIRD/IDD transcription factors. Our
results establish a structural basis for GRAS-GRAS and GRAS-BIRD interactions and provide valuable
clues tﬁwards our understanding of these regulators, which are involved in plant-specific signalling

networks.

X GRAS 1DD



SHORT-ROOT (SHR)
(SCR) 2
SHR SCR

SCARECROW

GRAS

SHR
SCR

SCR,SHR
SCR, SHR

N

4 Zn finger

BIRD/IDD

MGP, JKD
SHR, SCR
DNA

yeast two-hybrid

GRAS

GRAS IDD

SCR, SHR
IDD
MGP, JKD
GRAS
SCR, SHR

GRAS
BIRD/IDD

SHR
SCR
SHR-SCR

SPring-8 X
20A X
SAD

SHR-SCR
JKD, MGP

in vitro
BIRD/IDD

JKD, MGP SHR-SCR

SHR-SCR

. SPring:8 X
2.7TA X
SHR-SCR

ITC
SHR-SCR  BIRD/IDDs

BIRD/IDDs  DNA

in vitro
in vivo

SHR SCR
11

SPring-8 X X
SHR-SCR

SHR  SCR
GRAS
GRAS



SHR SCR
SHR SCR o-helical
cap o
SHR SCR
SCL3
SCL5 GRAS
SCL3
SCL5
GRAS o-helical
cap

a-helical cap (green)
a/ core (cyan)
B6-a13-B7 segment
(light blue)

a-helical cap (magenta)
a/B core (blue)
B6-a13-B7 segment

(cyan)
N-strap (red)

. SHR-SCR

SHR  SCR

SHR-SCR
DNA DNA
DNA

SHR
SCR

BIRD/IDD
JACKDAW

JKD MAGPIE MGP SHR-SCR

JKD MGP

SHR-SCR

JKD MGP DNA
SHR-SCR
SHR-SCR
JKD
X
SHR
JKD
JKD DNA
ZF
4 ZF1 Z7ZF2 ZF3 ZF4
N ZF1 ZF2
ZF3 3 DNA
C ZF3 ZF4 2 SHR
ZF4
SHR SHR
ZF4
SHR JKD
16 BIRD/IDD
13
SHR
SHR-SCR
13
SHR-SCR SHR

BIRD

2 JKD-SHR-SCR
(DNA )

6
(1)Hirano Y, Nkagawa M, Suyama T, Murase K,
Shirakawa M, Takayama S, Sun TP,
HakoshimaT.



Structure of the SHR—SCR heterodimer bound
to the BIRD/IDD transcriptional factor JKD.
Nature Plants, 3, 17010 (2017)
DOI: 10.1038/nplants.2017.10
(2) Maki K, Han SW, Hirano Y, Yonemura S,
Hakoshima T, Adachi T.
Mechano-adaptive sensory mechanism of
a-catenin under tension.
Scientific reports 6, 24878. (2016)
DOI: 10.1038/srep24878
(3) Murase K, Hirano Y, Takayama S,
Hakoshima T.
Efficient expression of SRK intracellular
domain by a modeling-based protein
engineering.
Protein Expression and Purification pii:
S1046-5928(15)30070-X.
DOI: 10.1016/j.pep.2015.09.020
(4) Shibahara T, Hirano Y, Hakoshima T.
Structure of the free form of the N-terminal
VHI domain of monomeric a-catenin.
FEBS Letters Vol 589, No. 15, pp1754-1760
(2015)
DOI: 10.1016/j.febslet.2015.05.053
(5) Chamberlain PP, Lopez-Girona A, Miller K,
Carmel G, Pagarigan B, Chie-Leon B, Rychak
E, Corral LG, Ren YJ, Wang M, Riley M,
Delker SL, Ito T, Ando H, Mori T, Hirano Y,

http://bsw3.naist. jp/hako/
http://bsw3.naist. jp/research/index.php

Handa H, Hakoshima T, Daniel TO, Cathers
BE.
Structure of the human Cereblon-DDB1-
lenalidomide complex reveals basis for
responsiveness to thalidomide analogs.
Nature Structural & Molecular Biology Vol
21, No. 9, pp.803-809. (2014)
DOI: 10.1038/nsmb.2874
(6) Nakagawa M, Kagiyama M, Shibata N,

Hirano Y, Hakoshima T Mechanism of
high-affinity abscisic acid binding to
PYL9/RCARI.

Genesto Cells 19, 386-404. (2014)

DOI: 10.1111/gte.12140

2
o

a -catenin VH1

BMB2015 38
88
2015 12 2

@

“ DLLs-RLDs

56
2015 3 16

?1d=1463
http://ww_naist.jp/pressrelease/2017/0
2/003660. html

@
HIRANO YOSHINORI

50452529



