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Elucidation of osmotic stress sensing mechanisms in plants.
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Osmotic stresses, such as drought and high-salinity, negatively affect crop

productivity. We need to elucidate the osmotic-stress sensing mechanisms in plants to improve stress
tolerance. A plant hormone abscisic acid and SnRK2 protein kinases act as master regulators of
osmotic stress responses. However, the initial responses of SnRK2s in response to osmotic stress are
remain unknown. Then we performed interactome analysis of SnRK2, and we identified RAF kinases as
interactors of SnRK2s. We revealed that accumulated or transported abscisic acid in response to
osmotic stress activate RAF-SnRK2 cascade for initial response to osmotic stresses. These results
were published in the international journal PNAS.

SnRK2



¥ X C—19. F—19—1, Z—19 ({5m)

1. WFERHE S YO 5

HEREAR DOERBEETNC L 0, TIEOZOBRFE LRGNV EL TN D, TIEOREE R EOKIKRZ
A LV RIIEMDEFEMZ RE IR T S50, BRAEEL ST 57023k KRZ A R
L 22 LTI Z RSB OB N EH L 7> TV D, MWIZZ DX 57X ML RIZxT 5
BHEREARE 2 CTITBE < 2 TV D, ARFFE TITHEY DA KRS 2 b L A it S 2 45 1
LUV TR 2 28 T, L0 AR L RAIZRUVMEMOBRICERRL L9 &2 T,

K RZ A B L RSB TRV E L ThHHT TV Ve FDO T CHeT 59~
77 A 11 SnRK2 % > /X7 Ex T —ENEERKEEEZ R L T0D, WK REZA N LA
Bzt H e, MMENTT 7y o BRERE L, 77 Z A 1T SnRK2 FF—E 3L+ %
Z & TA NV AMHHEESEENIGE D, — T ANV AZZIT THLT TV VBB ERET D
F TOYHICERES, 727 T 2 111 SnRK2 ¥ —E N7 72 ¥ VIR FANIIE (L & &
DTS EEIIIH O NI EN TV, ELITHEINED L HIZA F L RAZKA L TWSH D
IZOWTHRMEHTH S,

2. e EM

AT Tl BN A B L A2 L TH 5 SnRK2 ¥ —P #EM LS E 5 ETOR L X
JEAEE L OISR 2 0 T LV T3 5 Z L 2 BV & L7-, 512 SnRK2 F - —8 3k
SREZEHCY) UEBLIREEN KR E S BT 5 Z L v5, SnRK2 ¥+ —F 0 Lificix, &bk 5%4
VORI X T —EBDOEFEENREEIN TV, SnRK2 £+ —F OHlIfIR 287 IBH L nZT 5
ZEBTENIT. HEMOKSRZ A N LRI D — A T A Z LN TX A,

3. WFZED Ik

INFETIZ, ¥ XV EMOMBEERNT FIETH 2 0B REIE L . X X BT RIET
bBHWRI v~ NI T T 4 —F T NEESHTE LC-MS/MS) A G bR FEICLY, v
X7 BB EAE TN T OB FE AR Uiz, BECAFEEZANC, 72772 111
SnRK2 ¥ F—FDHREa /ThiHY 77 5 AT SnRK2 FF—F OMAE/ERK 7% 2 HFEET 5 =
LI L TWA, KRFEZHWT, 727 5 Z 111 SnRK2 ¥ F—F D EiRiEMALR T O A %
&R B AR AR R 20 5384k Lic, %0V TS B 7 M AR K -0 R ZE BAK O fihir <2
U UEBALIRMT NS, 72 5 A 111 SnRK2 FF— V¥ DIEMALR 0@k az B o=, &
SIS BT EAHIN - DO REZEBARKDORREA L A FIZBI 2 REUMBHTL N7 A2 U7 K
— DEATEATVN, HLEE A B L RPIHSE OB ERE ROV Tatgam L7z,

4. WF7EE R

HARFETRRE & LC-MS/MS ZflA B - FEIC IV, 727 Z 2 111 SnRK2 OF AA/EH N1 D
FEMIMRT 24T IR o7y FOFER B2 7L —71ZJ@T D Raf-like X /X0 E X% F—ET7 73V
— (B2-RAF) IZJ& 5% 4 DD X o 737 & RAFT, RAF10. RAF11 353 L TORRAF12 2347 27 5 & 111 SnRK2
OFEAEHR 7R & U CRE Sz, £ 2 TIRIZ, BiFCIEIZ L W ¥ 727 Z A 111 SnRK2 &
—¥ & B2-RAF O ANEH Z AT LTG5, WE ISMIREICB W THAEH L TnD Z L3RS
iz, WITB2-RAF 239727 Z A 111 SnRK2 ¥+ —t % U b L CTHEMALTE 20028 50T
THEDOICY LR AT o7, ZOFEF., B2-RAF (3727 7 A 111 SnRK2 ¥ —E % H
U UL L TIEM L LTV D Z e R &N, AW ZZ TS, Mo L —71c kb
B2-RAF L3177 2 ) —"Td» 5 B3-RAF 2897 7 Z & 111 SnRK2 OIEVELIRFTH 5 Z & R
SNz, £ T, B2-RAF & B3-RAF (2 X 2977 Z X 111 SnRK2 OIEMALDZE 5 2 #iit L7z, B2-
RAF IZIZBEA R L ARLT 7V v URAERIML CTHLHE D U VR IEMEITE L Lo 7273,
B3-RAF OIEVEIGITIRBIE A b L ARRZIERICTRL 725 2 & DR S iz, IRIZ B2-RAF KRAEZ FLK
& B3-RAF KIBZEFRIKICHBIT AV 727 5 A 111 SnRK2 OIEMALZ 1M L7- & = A, B2-RAF KEZS
BRI A L ZAWINZ BT 5372 5 2 111 SnRK2 FF+—F OIEMALA A LT —
7. B3-RAF RIBZ IR TITRLBEA N VAR 59727 X 111 SnRK2 7 —E OiEHAb
D LTz, & 51T, B2-RAF KRHBZE BAKIL B3-RAF RIBERMAK LV H5RWT 7' o L BRHRK
AR U, DLEDZ 2 s EEREMER D B2-RAF XA N L ZOWMICB W TER S S
WIEBRE SN T 7 v E N LT 7 2 5 2 11T SnRK2 ¥ —E2EMHEL L THBY . 3%
JEA B L AKTFR 72 B3-RAF [XEZEA R L ADBY-TYH 7 7 T A 111 SnRK2 FF—F &3EMEL L
TWDZEWRENTE (K),

WIZ, ZAVE TIZAR L7z B2-RAF-SnRK2 U gk 1 A - — R OATFREFROMIICEY A
72, B2-RAF ¥ —EOXKEERILTIL, #EA NV RASEERBE T ORBFENIERITEL 72
HZENRENTZ, ZOZ L X EBEO A ABTRE FICOWTHIEH L U EDOZ £k,
HEIE A N U AR HERE T 5 B2-RAF-SnRK2 [XFEMEA N U R ISENMEEIS T O W HIFEE I IER I E
HTHDH LR EN, LEICEY, 37275 A I11 SnRK2 7% B2-RAF & B3-RAF (2L % 2 %



Ty T OIEMALEZT D Z L 2D THLNZ LT, 5%, B2-RAF °B3-RAF # ¥ —7 v h & L
1727 ) DR, TEMFTAERIDOBRIC L VIEMDO A N L A FICHBRCTE 2 /&SN D,

ARFFE CHEST U 7= 008 i ek & LC-MS/MS Z LA ot 7 A AR R+ DO MEFR AT T45 % 56
ELTHRE L7 (Soma et al., 2022, Methods Mol Biol), F7-. ITHEDEREA ML AIEIZ
BIFD T FNAREIZ DWW TR E LTS L7z (Soma et al., 2021, Plants), B2-RAF-SnRK2
LA T T UL VIBEER R N L ARSI OV T ORI, EIRESHE PNAS (C B E;
X7~ (Soma et al., 2023, Proc Natl Acad Sci U S A.),

KARZA LR

ERAAT RALAEET ool
B - X

FIVIUR
2EG

1

JI—7F A B2-MAPKK JI—7 A B2-MAPKKI
B2-| B3-MAPKKK
PP2C RAF7/10/11/1 PP2C RAF7/10/11/1 RAF3/4/5

~

AREB/ABFs AREB/ABFs

(O
00

AL AFEEERTFORR
RAF-SnRK2 iR 03HIH 5 5 K RZ X b L X FHICERED € T ALK
WHEAEGRET TR, Z7v—7APP2C A DflflIc X o TH 77 7 X NIl SnRK2 O
IR T T2, YK RZIREBICHEND ., TTV Y VBBEEREL., 77
Y VIBRRR LG T 5 Z L TPP2C IC X 2 ADKIHIEER S B, Z DFf, B2-RAF
¥ 727 7 A 1l SnRK2 %i&EPMEAL L T iid AREB/ABF G KT 0L Z /AL TX b
VABILTORMZFET L5, LV AL RmERML 725 L, B3-RAF 230& (L L.
B7 7 7 AN SnRK2 OiFH%Z XV E©D 2 & TIH%h5 R ML RAMELESRT 5,



6 3 0 1

Soma Fumiyuki Takahashi Fuminori Shinozaki Kazuo Yamaguchi-Shinozaki Kazuko 2462
Affinity Purification Followed by Liquid Chromatography?Tandem Mass Spectrometry to ldentify 2022
Proteins Interacting with ABA Signaling Components
Methods in molecular biology (Clifton, N.J.) 181 189
DOl
10.1007/978-1-0716-2156-1_14
Soma Fumiyuki Takahashi Fuminori Yamaguchi-Shinozaki Kazuko Shinozaki Kazuo 10
Cellular Phosphorylation Signaling and Gene Expression in Drought Stress Responses: ABA- 2021
Dependent and ABA-Independent Regulatory Systems
Plants 756 756
DOl
10.3390/plants10040756
74
( ) 2020
580-585
DOl
4
2020
763-767

DOl




78

2020
504-506
DOl
Soma Fumiyuki Takahashi Fuminori Kidokoro Satoshi Kameoka Haruka Suzuki Takamasa Uga 120
Yusaku Shinozaki Kazuo Yamaguchi-Shinozaki Kazuko
Constitutively active B2 Raf-like kinases are required for drought-responsive gene expression 2023

upstream of ABA-activated SnRK2 kinases

Proceedings of the National Academy of Sciences -

DOl
10.1073/pnas. 2221863120

RAF-SnRK2

62

2021

RAF

62

2021




Soma Fumiyuki Takahashi Fuminori Kidokoro Satoshi Kameoka Haruka Suzuki Takamasa Uga Yusaku Shinozaki Kazuo
Yamaguchi-Shinozaki Kazuko

Identification of upstream kinases that regulate SnRK2 kinases in Arabidopsis

The 33rd ICAR

2023




