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A study of new gibberellin signal transduction pathway
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MR IO EE (J£30) : In this study, we analized a new gibberellin (GA) signal transduction pathway.
We found that the concentrations of intracellular Ca?* are increased through a new signaling pathway in
response to GAs. Furthermore, we found and analyzed a transcription factor GAF1 that specifically
binds to DELLA proteins, negative regulators of GA signaling. Our biochemical studies suggest that
DELLA proteins promote target genes of GAF1 as coactivators of GAFL.

IS TR E R
(EFHAL - 1)
[ERESES keSS & &t
2009 £ 1,600,000 480,000 2,080,000
2010 4 4,200,000 1,260,000 5,460,000
2011 4B 4,200,000 1,260,000 5,460,000
2012 - 4,200,000 1,260,000 5,460,000
FHE
wmoEt 14,200,000 4,260,000 18,460,000

WHIE R - oA
B OF - M - RS - Y148 - BB
F—U— K FoaE BEH#E, ¥7—8, hLrevh

1. WFERHAEMSAI DW= N5, GA DOZRFIT L5 EADHIFEK D5 fif

URUL U (GA) [ THEY D RCE B 7 e
ERZ TR ALE L Thb, GA HEN
G RABZEOWNITIX, 5 BETFIHTFEICLD
KEHRE LT, GAZRIZED GA ZHIK
NIEMALEND L. GA 155D F
DELLA # /87 'E L E3 OfEAIMEE S,
DELLA % L /R E R b FxF o —26S 71
TTV—LARIZEOGRIND, EDORE.
DELLA # > /72X 0 S Cun=K
TOEBEL. GA EEMuESNd EEZD

LW AII A — R D FENEFR—T
HV . GA EREZEOME IR S
Hbhi-, LrL, ZOFEFTLOFLERD
DELLA # /X7 EDOFEHZ X IE D, R
FPICRESNTWRY, EBIZ, ZOFET )V
WCITE BB SN CE AN R A
EEBLAEVWSELRO LD, H 2 XY E
HEE O BRI EITIT GA E S EEICB W Tl
N CaZ* D FHS, Yur A v —Pnps
TAHZENFTIRENTWD, EZANGAIZ



X % DELLA % v /37 B D43 RICIT Ca®t e 7
TV T H N TEDO) VB EBEEE L
TWWRWE STV, S BIZAEHTOIER
NTE LT ED GA ZBEIKOIFEIZH 57
Tl o7,

2. e B
oz 13 GA WA B A O Hi5 5 8 5% Db %
1T>TCWb, ZHE TIZ bZIP iz 5. [K+ RSG
N GA AL KR BEL T2 EEE T & L
GA OWAEEFMHEICEG L TnD Z EH B0
IZL7=, 14-3-3 1L RSG @ Ser-114 ® U &1k,
Z iR LTS L RSG A I REET S
Z & TEOBREEEZ AICHIET 5, & HIZRSG
OB BEL GA WEREIC L » THI &S H
% Z &, RSG OHEREZHET % & GA ARl
FBE T NtGA200x D7 4 — K3 7 Hil#HIN
milEsnsZEx2RWELZ, 612, GA
IKAFHIIT RSG O Ser-114 D Y L Ak % fidifii4
HEFT—VIIANT T MEFMES NI
*F—+¥ (NICDPK1) THDZ L ZHALMNIC
L7z, &5 FHX I, T E THREED FEAN
R TH - 7= DELLA BNEEDaT 7T 4
— & —L U THSRET 5 = & Ca® THEAIN GA
JSED—ERE RS D Z L Z 5T L,
DELLA DOIER & X7/ E L CTHTICinE
K GAF1 % [F7E L7z,
AWFTETIX GA M FARIE R DARFTE 7y DR
HEHEME L, LTOMREEITS,
DOCa i AFHI7: GA (B AR ER 2RI 5,
Ca®" K77 GA ISEE s 1% [RE Lt
%, Ca'ffFRy 72 /%1% DELLA 24 5%
B EMNL 72D, ZivE H DELLA O filc
AN Al sl I A AR i G 1 ViR AWVl
BiHRD,
@DELLA CHHEAVEAT % GAF1 OFHE % fif
¥4 %, GAF1 DFER)E A1 % [F7E L DELLA
MNGAFL DT 77 4 _N—H— & L TENE
5 OIEHACIZES 53 205, GA IZ&
% GAF1 OREHERIE 25~ 5,

3. WD ik

DCa** & GA 18 SAniEDfFHT

Ca" e Rk E 7213 Cat ko H—H Ly
H & T GA RIS 1% O Ca™ 25 (b %
FRD, TXTPD DELLA Bz FE KRB L
uA XF RS HEERKE VT GA KT
#72 Ca?t i s 25k A DELLA (ZHAET 2 Dl
~5,

(@DELLA L HHAANEMT % GAFL OEREMHT
GAF1 DIEREIE 2B L, DELLA % a7
7T 4 _R—H—L LT GAFL N Z DEETD
REEZHET TP T A
WL VRS, 7 a~F o REIEIC LY
in vivo (235175 GAFl & HEREE T DRSS
IR D, BIFC & ELKEIC LD
DELLA & GAF1 @ invivo (23 A 4H HAEH

AL, GAFL [ZITA RO @ iE s 1
GAF2 WFAET 5 D T gafl DEIAIFELN
TdH %, gafl gaf2 O " HZ SRR 2 FERL LR
W2 R %,

4. HWFZERH

DCa?* & GA 15 BARIEDIRMT
INETGAIZ LD Ca¥*d—ilf 513 ca**
FERE A AW THEIZR S, GA H5#% 5 K
#BEINTERL, GA ERBEDOAAL vTF L&
S5 DELLA D43 GA #5589 30 731412
BERENAH DT, Ca'EfE FRAD GA E5{a
EFOLDIZEHE L TWS D0, Bied Kk
7R E T DT HIBITE 2o 7o, WG
513 Ca?"E BRI EANC LV AtGA200x1 72
ED GA ARkl EBIE T D GA IZ X HisE
HENMBF S D ZEERHLE, &61C
GA |Z X % RSG ¥ F—¥ NtCDPK1 & Ca*"iz
L AHEY UERiE GA #5144, 1 BEREILIN
WCERZIAZEEZALNI L, 2O DFHR
X GAIZ LD Ca®' 2 L F13 GA #5144 105K
RNV, GA B EEICEEGTH L
BoNET %, Cat R R EITA N A H R 24N,
I EREIL SN TS, T D7Dy
FIRA~OE D IARIIMER D DL & E 2.
FexlTCa v —F RV BE R RBT A
Bl v A X RS & VTR Ca®t i
FEAERE LT, TO/R, GA #5%HHT
IR Ca®' B E MBS hT-, — . R
IEME GA O GAg-Me D #5-TlE Ca?' i ir s
BITRRD B o Tz, 5 OFERITIEME
B GA FRRAIC Ca™ R LRSIV, Lo
 Z AL DELLA D43 L0 H B 262 Ha
Z L ARLTWS, GA 1% DELLA D44
NEPFCaBEL LHSEDZ LAVRESN
72o GA 1§ 5{5iE Tlx DELLA DRI A A
vFEEZLNTE 2, AR TEL IR
13 DELLA IZHRAE L 72V R 1D GA 13 Bin
ERBEOFEEE B L TR, BREN, 45
#1329 NT?D DELLA % K48 L7- FLEZ RK
T RCO GABNZFEZ KB L ZEHE
BIR7 B AWT GARFEERKICBITS
Ca?" ¥ FR ORI AW LM LT TE
Thd,

Q@DELLA EHHAEMERAT % GAFL OREREMENT
DELLA (X DNA &Il = & 727, #8558
T AREREIZ AT o 72, Tk id DELLA I
RN CHIR B EEZ R T2 &R 8 b,
DELLA [IHEYHMAEN C b IR EAEE DO FERE 2
HLTWD &P L, FEBEIC—BIRILR
\Z & BIENT T GAF1 12 X % AtGA200x D#EE:
TEM X DELLA ik 0 FH LRI,
L7273 T DELLA (% PIF 72 ¥ DfEE K T &
A LIEREZ #5721 TR <iE o a
TIT4N—FZ—L LTHRETSEEZD
Nic, 7v~F o kBRI X DT Ofk
H. GAF1 1% AtGA200x & invivo [ZFUWTHE



AL TWDZ ENRHELMNIR T, £7- BIFC
15 LR IL R X DT OFE R, GAFL &
DELLA Of#EATE GA IZX - THIFIE TV
D ENHLNI o T,

GAFL [ZIFAREME D OV BIE - GAF2 23 F
FELTERY gafl ORBFRIFEZTH D, £
Z T gafl gaf2 @ " EEERA/ER U CRET
Liz& 2 A, EMOREMZ R4 2 L2
BN/ o T2, GA KRIEERIK gal-3 13EME
Z LT3, GA #5412 X 0 HHAIMNEIES
%, LU, gafl gaf2 —EZERAKIT GA 4%
HLTHREDRENRD bNhoT-, =
DG ST gafl gaf2 —HE 28 BARIE GA R D
BFLTWAZEEREBLTWVS, —H,
GAF1 RN FBLT 2 I E sk L, BpAER
M LA THEICE L& <, GA &b
SN XS BRI EER L, GA HEANC
M Z R L7 (1X)

S 0 :

22

GAF10X Wt
(&) GAF1 BEIFRIBIKIL GABEHFIZMttt %=
7.

ISR EILZGAFL A Z I E T LT
RO A=A NZE Y GA B FIREICE
WTHEHEREE ZRZLTWDL I EERL
TW5,

5. F7pREiwmLE
(WFFEAREE . WFIT 03 S ONEHERF 7235 1
1L TAR)

CGdessamsr) (B8 f)

1. Ito, T., Nakata, M., Ishida, S. and Takahashi, Y.

(2011) The mechanism of substrate recognition
of Ca**-dependent protein kinases. Plant Signal
Behav. 6, 924 - 926. 2 HifT.

2. Fukazawa, J., Nakata, M., Ito, T., Matushita,
A., Yamaguchi, S. and Takahashi, Y. (2011) bZIP

transcription factor RSG controls the feedback

regulation of NtGA20ox1 via intracellular
localization and epigenetic mechanism. Plant

Signal Behav. 6, 26-28. #Hif.

3. Ito, T., Nakata, M., Fukazawa, J., Ishida, S.
and Takahashi, Y. (2010) Alteration of substrate

specificity: The variable N-terminal domain of
Ca*"-dependent protein kinase is important for
the substrate recognition. Plant Cell 22,
1592-1604. #Hif.

4. Fukazawa, J., Nakata, M., Ito, T., Yamaguchi,
S. and Takahashi, Y. (2010) The transcription

factor RSG regulates negative feedback of
NtGA200x1 encoding GA 20-oxidase. Plant J. 62,
1035-1045. At f

5. Nakata, M., Yuasa, T., Takahashi, Y. and Ishida,
S. (2009) CDPK1, a calcium-dependent protein

kinase, regulates transcriptional activator RSG in
response to gibberellins. Plant Signal Behav. 4,
372-374. &HiA.

6. Kusaba, M., Maoka, T. Morita, R. and Takaichi,

S. (2009) A novel carotenoid derivative, lutein

3-acetate, accumulates in senescent leaves of rice.
Plant Cell Physiol. 50: 1573-1577. # i

7. Morita, R., Sato, Y., Masuda, Y., Nishimura,
M., and Kusaba, M.(2009) Defect in NON
YELLOW COLORING 3, an o/p hydrolase-fold

family protein, causes a stay green phenotype
during leaf senescence in rice. Plant J. 59:
940-952. A

8. Sato, Y. Morita, R., Katsuma, S., Nishimura,
M., Tanaka, A., and Kusaba, M. (2009) Two

short-chain dehydrogenase/reductases,
NON-YELLOW COLORING 1 and
NYC1-LIKE, are required for chlorophyll b and
light-Harvesting complex Il degradation during
senescence in Rice. Plant J. 57: 120-131. #&#t
A

(3R] G271

1 KIEAER, GHRE. A S b2, EissIr
URVY MR HREICEET 22 N E
U U FE{bE%ESE NtICDPKL O H U YRkl &



LEERetE OfFtT 55 54 Rl 0 AKEA A BT
& 2013/3/22  [ILIKE:

2. THE, JeHEME, mAE, SEET JA
7T EAICHIE S bHLH RS R -
JAML Ofigtfr 55 54 [8] 0 AR L
2013/3/222 [l | IR

3. TRIERZ KRB, BRAWOR, B2 A B Yk,
B BRI S RES, m SRS T
DERGAGH & R T b K ORI H B O fii
7 EFT—r v a vy 7@ BRI (G
REEGY A IV &GN AT LILAE)
ATV 2013/1/25

4. TRIEERE KRR, BEAMOR ARHE 2 HE A Bk,
A TR, S R ER, s T
IZ X %5 DELLA-GAFL #&1KE N L7-in5H
Ht R OfFAT” 5 35 [ H AT
FRERV—I va vy mHERESES
2012/12/12 4RAFRETE.

5. Fukazawa J, Murakoshi S, Teramura H,
Nasuno K, Nishida N, Yoshida M, Kamiya Y,
Yamaguchi S, Takahashi Y, “GAF1, ADELLA

interacting protein, regulates gibberellin

Ry

Ry

signaling in Arabidopsis™ Frontiers in plant
biology: From discovery to applications
(Nature conference), Ghent Belgium, 2012/10/4
6. TrRfk—, Ok, mifkEr > rA X7
R F OERFRF VIPLUARSG O #iia N RTE
WZDOWTOME 69 [BlH [E Y EMY 7=
2012/5/112  EIRRY: EHREREZHE
TRHEZ, BB, TRIEBZARRS, OUERE,
EEGIT ALY CAESREERES T
AtGA200x2 D7 1 — K73 7 il A o fig b
%5 69 [mlPEYERY) 2 2012/5/11  BAR
R

8. NILALK, Ok, @ik
B AR RI 595 CaP ket & v /X7 Y
VIRLEESE NICDPKL OFEREHIEI O MR 55
69 Al [E I EY 72 2012/5/11  BARK

TRy

?

9. s, LIEH, AHI A, EiEhEIT
7uF A %5 —+F NtCDPK1 |2 k% 14-3-3
DEER T RSG ~DHEET LV ORGE 5
53 [A] H AfEM A #E4x 2012/3/16 FERPEHE
R

10. Fukazawa, J., Murakoshi, S., Teramura, H.,

Nasuno, K., Nishida, N., Yoshida, M., Kamiya, Y.,

Takahashi, Y. and Yamaguchi, S. (2012)
DELLA-GAF1 complex regulates gibberellin
signaling in Arabidopsis. Symposium in 53"
annual meeting of Japanese society of plant
physiologists. Kyoto, Japan, 17" March. #4153
{i#

11. BB CDPK OFLE RN & e
HilfE BARERFER R T A KRR
HEmRKEBAERSZ NI ET BTV
fts AFMbxy FU—2 2011/9/22  [E5
SR EIBR Y SRR

12. fAm T, Ok 15, @fs B
VU NGB 53 D Ca¥ kKAFH U R
L% 3% NICDPKL DA H [E MU [EE 7 2 |
2011/5/14  F)IIK:

13. FEAREIOR, (FHRE, TRIEE KRS, SifEs
I IRV AMERBEICEAE T HEEER
F GAFL T K 2 B 7 e i B £ 7 /v D IGE
VU A 4y 2010/5/14 IR
14. A EFE, PR, O, ST
AtGA200x1 D7 4 — RNy 7 HilfNZ BT 5
HA B[R ATHB3L DREREMEAT, = U [EhE
W, 2011/5/14  F/)IIKS

15. /NEFIER . BT, EEBT  BER
T GAFL (2 k% AtGA30x1 il ikt
Ot T EN ERY 2, 2011/5/14  F)
R

16. frR2 #t—, OHik 15, =l B oA
X F AT OB T VIPLAIRSG D% RERF
Hr. PEMEREY 2, 2011/5/15  F&)IIRF

A}



17. PBITEL, OHERE, BRAHOKR, TRIEFEX
BB, @t #R5HF GAFLIZ L % GA 2
A R R RS T OGO fRST 5
52 [l H Ati A #7722 2011 4F 3 J1 20-22 H |
HALK

18. Fukazawa, J., Murakoshi, S., Teramura, H.,
Nasuno, K., Nishida, N., Yoshida, M., Kamiya, Y.,
Takahashi, Y. and Yamaguchi, S. (2011) Analysis

of transcriptional regulation by GAF1 complex in
GA signaling. In functional role of the negative
regulators in plants. Symposium in 52" annual
meeting of Japanese society of plant
physiologists. Sendai, Japan, 21% March. #7%:#%
1

19. Fukazawa, J., Nakata, M., Ito, T., Ishida, S.
and Takahashi, Y. (2010) The transcription factor

RSG regulates negative feedback of NtGA20o0x1

encoding GA 20-oxidase. 20Th International
conference of Plant Growth Substances (IPGSA),
Tarragona (Spain) 28th June - 2nd July 2010

20. Ito, T., Nakata, M., Fukazawa, J., Ishida, S.,
and Takahashi, Y. (2010) Alteration of substrate

specificity: The variable N-terminal domain of
Ca**-dependent protein kinase is important for
the substrate recognition.  21st International
Conference on Arabidopsis Research, Yokohama,
Japan, June 6 - 10, 2010.

21. Nakata, M., Mitsuda, N., Takahashi, Y. and

Takagi, M. (2010) Identification of Transcription

Factors Involved in Jasmonic Acid Signaling in
Arabidopsis. DECODE Winter Workshop 2010,
Niigata, January 18-20, 2010.

22. lto, T., Nakata, M., Ishida, S. and Takahashi,
Y. (2010) Alteration of substrate specificity of a
protein kinase: The variable N-terminal domain
of Ca**-dependent protein kinase is important for
the recognition of the substrate, transcription
factor RSG. DECODE Winter Workshop 2010,

Niigata, January 18-20, 2010. <<DECODE
prize>>

23. Fukazawa, J., Murakoshi, S., Teramura, H.,
Nasuno, K., Nishida, N., Yoshida, M., Kamiya, Y.,
Yamaguchi, S. and Takahashi, Y. (2010) GAF1,

GAIl Associated Factor 1, is a novel
transcriptional factor regulates GA signaling in
Arabidopsis. DECODE Winter Workshop 2010,
Niigata, January 18-20, 2010.

24. GHEEIE, HH, AHE HA, EEHT
TaT A xS ORERERIEORIE B
N AKTEE TR T A XS —F
NtCDPK1 @ N Kb O A7 eI L8 5 1R
RSG DIERMICE N CTEETHD H 51
o] B AR A B2 . 2010/3/18, REAKF:
25. ZEMSEE, OHRE. AES B4, @G
I GA 74— Py 7N HERET S % T
—® NtCDPK1 D U »RALERALOfRHT %5 51
[E] A A £ 2 2010/3/19, REAK
26. Ito, T., Nakata, M., Abe, Y., Fukazawa, J.,
Ishida, S. and Takahashi, Y. (2009) The variable
N-terminal domain of NtCDPK1 is required for

the recognition of the target protein RSG that
regulates transcription of GA biosynthetic genes.
Plant Biology 2009, Honolulu, Hawaii, July
18-22, 2009.

27. Fukazawa, J., Ishida, S., Nakata, M., Ito, T.
and Takahashi, Y. (2009) RSG, a bzIP

transcription factor, is involved in the feedback

regulation of the
TERPNET 2009, 9th International meeting

GA 20-oxidase gene.
Biosynthesis and Function of Isoprenoids. Tokyo,
May, 25-29, 2009.

(XE) Gt21F)
1. Takahashi, Y. and Ito, T. (2011) Structure and

function of CDPK: A sensor responder of
calcium. In Coding and Decoding Calcium

Signals in Plants. S. Luan, ed., Signaling and



Communication in Plants 10, 129-146, Berlin:
Springer-Verlag. DOl:
10.1007/978-3-642-20829-4_9.

2. PR, AH S B4, @GR (2010) ¥
ALY VIREICBT D B AT IEBLHIE FEY)
DY T FIRE— G F LIS —, 119-125,
SRR

(Z Dfth)

A==
http://home.hiroshima-u.ac.jp/bio/PMOLPHY S/t
akahashi.htm

6. MFFCRERR

(1) WrgefaEE

kg B (TAKAHASHI YOHSUKE)
TSRS « REFEBTEEER - 2%
e %5 90183855

(2) 9oy
C )
MREE

(3) EHEMF T

B 15 (KUSABA MAKOTO)
TSR RS « REFEBTEFER - 2%
92 %5 : 20370653




