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オ

PHYA A

phyA A

PHYA A ㈻

phyA A

PHYB B

phyB B

PHYB B ㈻

phyB B

cph1

Cph1 ㈻

オ

PHYA (N617) PHYA N ❻ 617 ㈻

phyA (N617) PHYA (N617) ㈻

PHYB (N651) PHYB N ❻ 651 ㈻

phyB (N651) PHYB (N651) ㈻

Cph1 (N514) Cph1 N ❻ 514 ㈻

PΦB-phyA PΦB phyA

PΦB-phyB PΦB phyB

PΦB-phyA (N617) PΦB phyA (N617)

PΦB-phyB (N651) PΦB phyB (N651)

PCB-phyA PCB phyA

PCB-phyB PCB phyB

PCB-Cph1 PCB Cph1

PCB-phyA (N617) PCB phyA (N617)

PCB-phyB (N651) PCB phyB (N651)

PCB-Cph1 (N514) Cph1 (N514) PCB ㈻
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㍂

さ

㈻

々

 (R)  (FR) 
FKF1
㍂

FKF1

R/FR
㍂

 (PΦB) 

㈻

C15 Z E E Z
 (Fig. 1) ㈻

R (660 670 nm ) Pr  (The red light-
absorbing form of phytochrome) FR (730 nm ) Pfr  (The
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far-red light-absorbing form of phytochrome) 
Pfr Pr

ON/OFF
ON/OFF 々

Fig.1

Rockwell
Rockwell et al., 2006) 

phyA phyE
PHYB PHYD PHYB/D/E PHYA

PHYC ㈻ I
II よ phyA

I よ phyB phyE II
phyA
phyB

㈻ 120 kDa
㈻ N ❻ C ❻

 (Fig. 2) N ❻ PΦB
C ❻

PAS C ❻
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PAS
 (Quail et al., 1995) phyB

N ❻ C ❻

さ C ❻ N ❻

 (Matsushita et al., 2003)

Fig. 2 B  (Rockwell et al., 2006 )

NTE (N-terminal extension) ㌹
PAS PAS (Per-Arnt-Sim) ゝ ㈻ PER

SIM ARNT ぜ
㈻ ┞ ㌹

GAF BLD (bilin lyase domain) PΦB
GAF (cGMP binding and stimulated phosphodiesterases,

Anabaena adenylyl cyclases, and Escherichia coli FhlA) 

PHY Pfr GAF
┞

PRD (The PAS-related domain)  2 PAS
さ

HKRD (Histidine-kinase-related domain)
ATP

よ

々

phyA phyB ↓

↓ phyA phyB
さ

phyA ㍂ FR
phyB ㍂ R

㈻ 100
pmol m-2 The very low fluence
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responses (VLFR) 1,000 µmol m-2 The low fluence responses (LFR)
100,000 µmol m-2 High irradiance responses (HIR) VLFR

phyA R FR
phyB LFR R

FR HIR
㍂ FR phyA R Pfr

phyB End-of-day (EOD) FR
EOD FR

R/FR
み

phyB

よ

phyC phyA 々

R ㍂

phyB/phyC phyB phyC
々

phyC ㍂

 (Franklin et al., 2003a, Monte et al., 2003) phyD R ㍂

phyB
phyB 々

Wassilewskija (Ws) phyD
↓

(Aukerman et al., 1997, Devlin et al., 1999) phyE
ふ phyB/phyE よ phyB/phyD/phyE
よ EOD

 (Devlin et al., 1998, Hennig et al., 2002,
Franklin et al., 2003b)

よ

㈻ さ
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phyA ㈻ FR R
よ

phyB ㈻ R
FR ㈻ ┞

㈻ ㈻

┞

よ

Synechocystis sp. PCC6803 ㈻ Cph1 ぜ

(Kaneko et al., 1996) Cph1
 (PCB) PCB PΦB D

Cph1 R/FR
 (Yeh et al., 1997)

Synechocystis sp. PCC6803
㈻ PixJ ぜ PixJ PCB

㈻

 (Yoshihara et al., 2006) Fremyella diplosiphon
㈻ RcaE ㌹

 (Kehoe and Grossman, 1997) Synechococcus elongates
(Schmitz et al., 2000) Rhodospirillum centenum (Jiang et al., 1999) 

㈻

㈻ ぜ

Deinococcus radiodurans Pseudomonas
aeruginosa ぜ BphP PCB PΦB

 (BV) 
 (Bhoo et al., 2001) N ❻

PΦB PCB
㈻

BV
Agrobacterium tumefaciens BV

㈻ Agp1 Agp2  (Lamparter et al., 2002)
㈻

さ
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さ ㈻

よ

㊪ ㊪ よ

よ ㊪

よ

㊪

┘

㊪

PΦB PΦB

in vitro
┞ ㈻

よ

┘

ぞ┞

VOZ VOZ

よ ┞ ㈻ VOZ
㊪ ぞ

よ
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HY2 よ

㈻ PΦB
PΦB さ

㊪ よ

5-  (ALA) ㈻

(Lagarias and Rapoport, 1980) ALA
㊪ IX

Mg2+ Fe2+

㊪

 (HO)  (BV) IXα BV IXα
 (PΦB ) 3Z-PΦB

3Z-PΦB 3E-PΦB 3E-PΦB ㈻

り

㊪

1999
hy1 よ HY1

(Muramoto et al., 1999)
hy (long hypocotyl) 1980 Koornneef
㍂ ↓ hy

5 hy1 hy3
㈻ PHYB hy4 ㈻ CRY1

hy5 ㊪ bZIP transcription factor
hy2 ㍂

hy1
 (Chory et al., 1989) hy2 R FR ㍂
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よ A
㈻

 (Parks et al., 1989) PΦB BV
hy1 hy2

hy2
㊪ BV IXα 3Z-PΦB PΦB

 (Parks and Quail, 1991)
HY1 ㊪ よ hy2

HY2

㊪ PΦB PΦB
PΦB

PΦB

HY2

HY2 PΦB CAPS
HY2

HY2 ㈻ よ HY2  PΦB
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Columbia (Col)
Landsberg erecta (Ler)
Wassilewskija (WS)

hy2-1  (Maarten Koornneef CS68 Ler )
hy2-101  (Jason Reed EMS89S73S-E Col )
hy2-102  (Jason Reed EMS195 Col )
hy2-103  (Allison Wilson IAAR-7 Col )
hy2-104  (Allison Wilson IAAR-12 Col )
hy2-105  (Jason Reed g10-9 Col )
hy2-106  (Aron Silverstone FN16-3 Ler )
hy2-107  (Nam-Hai Chua T-DNA Ws )

 (10 mM KNO3 10 mM , pH 5.5) 
4Υ 2 5

 (Nitto Boseki Co., Tokyo, Japan) 22Υ

CAPS
Ler hy2-1 Col F1

F2 hy2
1 ┘ 400 2 ┘ 2000 DNA  (Edwards

et al., 1991) DNA PCR
hy2

3 3
CAPS  C6 MnSOD 6

CAPS CAPS Table 1-1
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Table 1-1 CAPS

1 2 3 PCR DNA ∞
4 Polymorphism 5 DNA ∞ C6

MnSOD

HY2 よ

 WT hy2 DNA MZB10.18 1,983 bp
Ex Taq DNA polymerase (TaKaRa, Shiga, Japan) PCR

F : 5'-CGTTTGTCTCACTGAAACTG-3'
R : 5'-CAATCATCTTGAAATGCAGA-3'

PCR ExonucleaseI (1 U) Shrimp Alkaline Phosphatase (0.2 U) (GE
Healthcare Bio-Sciences Corp. Piscataway, NJ, USA) 37Υ 30

81Υ 30

HY2 cDNA
Col cDNA 300,000

plaque hybridization オ

MZB10.18 Ex Taq DNA polymerase PCR

Marker ＊1 Primers＊2 Product size＊3 Enzyme＊4 Polymorphism(bp)＊5

C6 5'-GCCTACCATCAATAAACC-3' 800bp Dde I Col 450, 350
5'-ATGAAAGACATCACAGATCC-3' Ler 650, 150

♯80 F 5'-ACAGCGAGATTCAAAGGTCCATTAACCGGA-3' about1100bp HapⅡ 1000 , 100
R 5'-GGGCTTACAGTGATATCTGCAAGACTTCTA-3' 1100

cMLP3E1 F 5'-TAATGCTTGCGACAAACAGG-3' 1552bp Afa I 1.2%agarose gel,polymorphisim
R 5'-GTTCATCTCAGGGCCAAAAA-3' between Col and Ler

cMXK7 F 5'-GCTTTCAGAAATCAGACCTCAA-3' about850bp Dde I 850
R 5'-CTGGTGTGGTTGATCGAATCT-3' 650, 200

cMZB10 F 5'-CTGCCAAGCTTCATTTGGTT-3' 797bp BseNI 535, 262
R 5'-GCAGGAGCTGCAGACAATCT-3' (Bsr I) 797

cMZB10.18 F 5'-CAATGCAGGTTTAACTTCAGCA-3' 463bp Dde I 86, 32, 233, 112
R 5'-CCATGGGAAAGTCTGCAAAT-3' 86, 265, 112

cF3L24 F 5'-TCAAGCCCTTTTCCAACATC-3' 601bp Hinf I 54, 29, 93, 232, 193
R 5'-TTCCCCATCTGAACTCAACC-3' 54, 29, 93, 425

cF8A24 F 5'-AATGATGCATGGTGTTGGTG-3' 800bp Mbo I 451, 127, 222
R 5'-GCTCGAGGAAAAGTCATCCA-3' 417, 34, 127, 222

MnSOD F 5'-TTACGCTTCCTGATCTTCCTTACG-3' about1230bp Tai I 700, 300, 230
R 5'-CTCCCAAACATCTATACCCACCAG-3' 1000, 230
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λZAPII cDNA
in vivo excision cDNA 

in vivo excision ZAP-cDNA GigapackIII Gold Cloning Kit (Stratagene inc.,
La Jolla, CA, USA) M13
cDNA

┞

Col DNA MZB10.18 901 bp 434
bp 3,004 bp KOD DNA polymerase (TOYOBO, Osaka, Japan) 
PCR
F : 5'-TCCCCCGGGTCTCAGCCATTGGAGATTGTT-3' ( Sma I site)
R : 5'-TCCCCCGGGCAGACGAACCTCTTGGGTGT-3' ( Sma I site)

DNA ∞ pBS-SK+ Sma I site
Sma I site

MZB10.18-pBS ┘ Hind III Sma I 
pBIN19 DH5α

A. tumefaciens C58C1RifR (pGV2260) HB101 (pRK2013)
A. tumefaciens  ( , 2001) 

hy2-1 ㈻㌹

hy2 よ

WT hy2 ISOGEN (NIPPON GENE CO.,
LTD., Tokyo, Japan) RNA RNA 10 µg 1.2 % 

-
(Hybond-N, GE Healthcare Bio-Sciences Corp.) ㌹

HY2 cDNA
Eco RI Xho I site DNA ∞

GFP ㈻ よ

HY2 cDNA  (TP) 
186 bp (N ❻ 62 ┞ ) 

KOD DNA polymerase
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F : 5'-CATGCCATGGCTTTATCAATGGAGTTTGG-3' ( Nco I site)
R : 5'-CATGCCATGGTTTCTTCTAAAGCAGACTCTG-3' ( Nco I site)

PCR pTH2XA (Takemura M., unpublished work) Nco I site
pTH2XA 35SΩ-sGFP-S65T (Chiu et al., 1996) 

5 HY2 TP-pTH2XA
 (Nicotiana tabacum) 

 (QIAprep Spin Midiprep Kit, Qiagen GmbH, Hilden, Germany) 
 1 µg φ 1.0 µm ( )  1.5 µg

 φ 1.6 µm ( )  1100 PSI ┷  28 inches Hg
 (PDS-1000/He, Bio-Rad Laboratories, Inc., Hercules, CA, USA) 

22Υ Ⅴ

 (LSM510, Carl Zeiss, Jena, Germany) ふ

J. C. Lagarias (U. C. Davis) 

HY2 ㈻

45 HY2 (mature HY2 mHY2)
HY2 cDNA

F : 5'-GAAGATCTGTCTCTGCTGTGTCGTATAAGG-3' ( Bgl II site)
R : 5'-TCCCCCGGGTTAGCCGATAAATTGTCCTGTTAAATC-3' ( Sma I site)

PCR pGEX-6P-1 (GE Healthcare Bio-Sciences Corp.) Bam HI/
Sma I site

HY2 ㈻

mHY2-pGEX ㈻㌹ DH5α 100 µg/ml
 LB  500 ml O.D.578 0.6 37Υ

0.6 1 mM Isopropyl-β-D(-)-
thiogalactopyranoside (IPTG) 37Υ 3 mHY2

3 L
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Lysis buffer (50 mM Tris-HCl (pH8.0) 100 mM NaCl 0.05 % Triton-X100
2 µg/ml leupeptin 2 mM PMSF 3 µg/ml pepstatinA 1 mM DTT) 20 ml

PBS
-  (Sigma Chemical Co., St. Louis, Missouri,

USA)  (1cm 3cm) 5 PBS
㈻ GST-mHY2 50 mM Tris-HCl (pH8.0)

10 mM GST-mHY2 Digestion buffer
(50 mM Tris-HCl (pH7.0) 100 mM NaCl 1 mM EDTA 1 mM DTT) 

100 µg GST-mHY2 2 PreScission Protease (GE
Healthcare Bio-Sciences Corp.) 4Υ 5 GST

オ -
mHY2

㈻

㈻ Bradford  (Bradford, 1976) mHY2 280 nm
280 nm  1.0 = 0.64 mg/ml

 (Gill and von Hippel, 1989)

mHY2
BV mHY2 ㈻

 (Terry and Lagarias, 1991) mHY2 mHY2
1 ml 50 mM TES-KOH (pH 7.3) 6.5 mM glucorse-6-phosphate 0.82 mM NADP+

1.1 units glucose-6-phosphate dehydrogenase 4.6 µM ferredoxin 0.025 units/ml
ferredoxin NADP+ oxidoreductase (FNR) 10 µM BSA 5-10 µM

BV
28Υ mHY2
Synechocystis sp. PCC6803 Cph1 ㈻ 20 30

 (Terry and Lagarias, 1991) 
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HPLC mHY2
BV mHY2 HPLC オ

C18 Sep-Pak Light
(Waters Associates, Milford, MA, USA) C18 Sep-Pak Light

3 ml acetonitrile 3 ml dH2O 3 ml 50 mM 4-methylmorpholine/glacial
acetic acid (pH 7.7) 3 ml 50 mM
4-methylmorpholine/glacial acetic acid (pH 7.7) 3 ml 0.1 % (v/v)
trifluoroacetic acid (TFA) 2 ml 100 % acetonitrile

┷ ⇩ DMSO よ acetone 20 mM
formic acid (50 50, v/v) 200 µl HPLC HPLC
Phenomenex Ultracarb 5 µm ODS (20) (4.6 mm 250 mm) 
(4.6 mm 30 mm) acetone : 20 mM formic acid (50 : 50, v/v) 380
nm 0.8 ml/min
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HY2 hy2

 (Nam et al., 1989) HY2 3
hy2 391 DNA

3 CAPS  C6 MnSOD よ

2 CAPS
C6 MnSOD

HY2 C6 MnSOD
cMLP3E-1

cF3L24 360 kb HY2
HY2

ゝ 1 cM 200 kb
HY2 cMLP3E-1 26 kb cF3L24

76 kb cMLP3E-1 cF3L24 360 kb
ゝ HY2 250 kb 360 kb

391 F2 HY2
F2 hy2 2,464

DNA PCR DNA
HY2 cMZB10

cF3L24 66 kb  (Fig. 1-1)

HY2

HY2 66 kb 11
22 HY2 PΦB

ぜ PΦB
㈻ PΦB
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10/782 3/782 1/782 3/782 6/782 15/782

26/3818 17/3818 6/3818 1/3818 0/3818 7/3012

3

HY2

MZB10 (P1, 86 kb)
F3L24 (BAC, 107 kb)

Contig

100 bp

hy2-101
G181R

hy2-102
3' splicing
acceptor
AG to AA

hy2-103
R252Q

hy2-107
3' splicing
acceptor
AG to AA

hy2-105
25-bp
delation

hy2-106
5-bp
delation
Ser to stop

hy2-1
hy2-104
P128L

ORF ┞ ㈻

MZB10.18/F3L24.1 HY2

Fig. 1-1 HY2

3 HY2 CAPS c
2

MZB10 F3L24 BAC HY2
ゼ

hy2
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Fig. 1-2 HY2

ゼ
hy2

gaattccccacgtcaacgtgactgtgcattccacgtggcggatgtgggccctatagttgg 60
accatgactcggacggatgttgaaattcattgtcgttgccaattgcgtttgtctcactga 120

aactgtgaaaattttatctcttttatagataaAGAATCTTGCTTTTTTCAGTTTTCAGTA 180
TGAAGAAGAATTGAAGAGAGTGTCCGAGGAAGGAGACCTTTGGTTTCAGTTTGTGAGTCT 240

TGTTGTAATGGCTTTATCAATGGAGTTTGGGTTTTCAATTGGGTCATGCTTCAAGGCACC 300
M A L S M E F G F S I G S C F K A P

AAACCCACCTGTTCTAATCTCTGCAAGCCCTAATAAGATCAATTTCACGTTGAGAAGGAG 360
N P P V L I S A S P N K I N F T L R R R

AAAGAAAAGATTCTTACTTAGAGTCTCTGCTGTGTCGTATAAGGAATTCGCAGAGTCTGC 420
hy2-106 *****

K K R F L L R V S A V S Y K E F A E S A
TTTAGAAGAAACCAGGAAAAGGATCGTTCTTGAACCTTCACATCTCCAGgtatatgcaat 480
L E E T R K R I V L E P S H L Q

tacatttcgttagtgtagtgggaggattatatttctcattgtttcttgctgtgaattttg 540
ggtaaattgatttgagttgtcattaggaaccaaacaaataactttactgttatagactgc 600
ttatataagtaaaagttcagattttgtttttctaatcacgaaactgtttcagGAAAAGTA 660

E K Y
TAGTAGCATGACAGGACTAGATGGTAAGACCGAACTTCAAATGCTTGCTTTTAAATCTTC 720
S S M T G L D G K T E L Q M L A F K S S

AAAGATTAGACTCTTGAGGAGTATGGCAATAGAGAATGAGACAATGCAGgtttaacttca 780
K I R L L R S M A I E N E T M Q
gcagtacaaactgattgctttagtcccatttccttactttcaattgattgattgtttgta 840

hy2-105 *************************

tcttcgcttagGTCTTTGACTTTGCGGGTTTCATGGAGCCTGAGTATGATACTCCCATAT 900
hy2-1,hy2-104 T

V F D F A G F M E P E Y D T P I F
TCTGTGCTAACTTTTTCACATCTACCAACGTTAACATAGTTGTATTgtaagttatcttct 960

C A N F F T S T N V N I V V L

agttatgctggagttatcaggtctgtattgtccaaactgatgttcaatattttactgtat 1020
gttcttctttagGGACCTTAATCCTTTGCATCAGTTGACTGACCAGACGGATTACCAAGA 1080

D L N P L H Q L T D Q T D Y Q D
CAAGTATTATAACAAGATAATGTCCATATATCACAAATATGCTGAGgtgaccacaagaat 1140
K Y Y N K I M S I Y H K Y A E
acaccaaattactcaattgcaagtaaacctaatgctgaggtgtaaatgactgatcttgag 1200

atttatttgcagACTTTCCCATGGGGAGGGAAATTGACTGGTGAATCCATAAAGTTTTTC 1260
hy2-101 A

T F P W G G K L T G E S I K F F
TCGCCTTTGGTGATGTGGACTAGGTTTTCGTCTAGCAAAGAAAAACATAAGGCTTTGTTC 1320
S P L V M W T R F S S S K E K H K A L F

TCTGCGTTTCTAGAGTACTATCAGgtatatactcagcggccaaaagctaaggttttattg 1380
S A F L E Y Y Q
gaaactttgactgagaatctatcatcttcttcctacagGCATGGCTTGAGATGACAATCC 1440

hy2-107 a
A W L E M T I Q

AAGTGAGGGAGGAGATGGAACCATCTCATGTGAGAGCCAATTGTGAAGCACAACACAAGT 1500
V R E E M E P S H V R A N C E A Q H K Y

ACCTGACATGGCGAGCACAAAAGgtgatttcatttccttttgtgtaatttgcatgtttga 1560
hy2-103 A

L T W R A Q K

acagacactgtatctgtattgttacaatggatattgatttggtgtttgcagGATCCTGGA 1620
hy2-102 a

D P G
CATGGTCTTCTTAAAAGATTAGTAGGTGAAGCAAAGGCAAAGgtataaaagatttgatcc 1680
H G L L K R L V G E A K A K

cattagtgtccccattattaattagcttgtgaagatgttgaaaatgatttgaacaaaatc 1740
agGAGCTGCTAAGGGATTTCCTGTTCAATGGGGTGGATGAGTTAGGCACAAAAACATTCA 1800

E L L R D F L F N G V D E L G T K T F I

TTGATTACTTTCCAGAGTACCAAACAGAAGATGGAACTGTAAGCGATAAACGAAGTATCA 1860
D Y F P E Y Q T E D G T V S D K R S I I

TTGGGAAGTCATATGAAACTCGTCCATGGGATTTAACAGGACAATTTATCGGCTAACAAT 1920
G K S Y E T R P W D L T G Q F I G

GATATATGTGAACAAGTCAGATTTCAGAGTCATCAACACAAGAGGACGTGAACTTAGGGA 1980
AGTAGGAATAAGAAAGAGCAGCATGAGGAGTCTCTCAGGTCTATCTGCATTTCAAGATGA 2040

TTGTTTGAGTTACCATGCATTGTAGTTTTACAAGTGTAGCTCTCAGCCCTTCATCAAAAT 2100
GAGAATCCTCGAGTATGATATGATTTTAATGAAAATGTATTCGTCTCTacctaatcaaca 2160
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Co
l

hy
2-

10
5

hy
2-

10
3

hy
2-

10
4

hy
2-

10
1

L e
r

hy
2-

1

hy
2-

10
6

W
s

hy
2-

10
7A

1.35 kb

rRNA

hy2 MZB10.18
MZB10.18 HY2 hy2

hy2 MZB10.18
8

ぜ hy2-105 25 bp hy2-106 5 bp hy2-1
hy2-101 hy2-102 hy2-103 hy2-104 hy2-107 1
よ hy2
MZB10.18 HY2  (Fig. 1-2)

hy2 MZB10.18 よ

㌹

MZB10.18 HY2 ッ hy2
MZB10.18 よ hy2-1
hy2-106 hy2-107 ぜ  (Fig. 1-3)
MZB10.18 HY2

Fig. 1-3 hy2 よ

A. HY2 MZB10.18

B. rDNA loading control
1 Total RNA

10 µg

HY2
MZB10.18 HY2 □┢

MZB10.18 CAPS
MZB10.18 0  (Fig. 1-

1)

┞

hy2 MZB10.18
┞ hy2-1 MZB10.18



22

3 kb DNA ∞

hy2 ㍂

MZB10.18 hy2
 (Fig. 1-4)

Fig. 1-4 ┞

A. 1 ┷
hy2 hy2 ┞  (T3 ) hy2 ┞ ㍂

B. 2 ┷
hy2 hy2 ┞  (T2 ) hy2 ┞

hy2 MZB10.18
よ よ ┞ MZB10.18 /F3L24.1 HY2

HY2 cDNA
HY2 MZB10.18 cDNA

HY2 cDNA
DNA cDNA HY2

1,669 bp 8  (Fig.
1-1) cDNA 1,307 bp 984 bp  (Fig.
1-2)

hy2  (Fig. 1-1) hy2-1 hy2-104
3 Pro-128 Lys

↓ hy2-101
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5 Gly-181 Arg hy2-103 6 Arg-252 Gln
hy2-106 1 Ser-5

null hy2 よ mRNA
ぜ

hy2-102 7 hy2-107 5
3' hy2-105 2

3
hy2-107

5 HY2
hy2-105

HY2 ㈻ ┞ ㈻

HY2 ㈻ 329 38.1 kDa
ば ㈻ ゼ HY2 ㈻ ┞

┞ ㈻ ぜ ┞

㈻ 23 %
よ Red Chl catabolite reductase (RCCR)

┞ 11 %
RCCR HY2 ┞ ㈻

HY2 1

HY2 ㈻ P sort
Chloro P HY2 45

Ⅴ

 (Fig. 1-5) 45 ⇅ HY2
㈻ 33.0 kDa HY2 HY2

㈻ HY2
HY2

HY2 C ❻ 8 ┞ 45 HY2



24



25

よ

HY2 ㈻

ッ さ  (TP) 
㈻ ッ HY2 ㈻

62 GFP ㈻

よ GFP
㈻ HY2 TP-GFP ㈻

Ⅴ  (Fig. 1-6) Ⅴ ㈻

HY2 TP-GFP

㎰ ∞ GFP ふ GFP

HY2 62
HY2 ㈻

よ HY2 HY2
㈻

Fig. 1-6 HY2 TP-GFP ㈻
よ

A. GFP
B. HY2 TP-GFP

C. ㎰ HY2 TP-
GFP

D. C
A.B. 100 µm C.D.

10 µm
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HY2
HY2 よ HY2 ㈻

mHY2 GST ㈻ DH5α
2 mHY2

SDS-
 (SDS-PAGE) mHY2 30 kDa

mHY2  (Fig. 1-7)

Fig. 1-7 HY2 ㈻ (mHY2) 

mHY2 SDS-PAGE 1. IPTG
㈻ 2. ㈻ 3. 4. 

5. GST 6. 

Cph1 mHY2 よ

HY2 PΦB mHY2
BV  (Cph1) 

BV mHY2 Cph1
676 nm 724 nm

 (Fig. 1-8) mHY2
BV mHY2

Cph1
mHY2 BV

Cyanidium caldarium
 (Beale and

Cornejo, 1991)
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0

0.01

0.03

0.02

-0.01

550 650 750

676

724

Δ
 a

bs
or

ba
nc

e

Wavelength (nm)

ッ オ

mHY2
BV

HY2 HY1

Fig. 1-8 BV mHY2 Cph1

mHY2 BV mHY2 Cph1

HPLC BV mHY2
mHY2 PΦB mHY2 BV

mHY2 BV
HPLC Fig. 1-9 mHY2 BV

BV 3Z-PΦB
3E-PΦB mHY2 BV

3Z-PΦB り PΦB
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BV

BV , 3E-PΦB

mHY2+BV

Time(min.)

10 20

mHY2+BV , BV

Re
la

tiv
e 

ab
so

rb
an

ce
 a

t 3
80

 n
m

3E
-P
Φ

B

3Z
-P
Φ

B
BV

Time (min.)
10 20

Fig. 1-9 HPLC BV mHY2

BV mHY2 HPLC BV
2 ┘ BV 3E-PΦB 3E-PφB 3 ┘ mHY2
BV 4 ┘ mHY2 BV ,

BV
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Fig. 1-10 ㊪

HY2 PΦB
㊪

mHY2 BV 3E-PΦB
PΦB 3Z-PΦB

3E-PΦB HY2 さ BV
㈻ mHY2 PΦB HY2
㊪  (Fig. 1-10)
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HY2 PΦB
HY2 HY2

㈻ PΦB Cph1 BV ㈻ HY2
HPLC よ

HY2 BV 3Z-PΦB
HPLC

3Z-PΦB 3E-PΦB HY2
さ 3Z-PΦB 3E-PΦB

3Z-PΦB 3E-PΦB PΦB
 (Terry et al., 1995)

PΦB さ

3Z-PΦB 3E-PΦB HY2 り

↓ hy
 (yg-1 au)  (pcd1 pcd2)  (pew1 pew2) 

PΦB
PΦB PΦB

HY2
HY2

㈻ ┞ 11 % Red Chl catabolite reductase (RCCR) 
RCCR よ Red Chl catabolite

Fluorescent Chl catabolite HY2
り PΦB

in vitro  (Wuthrich
et al., 2000) 2004 Elm1 (Sawers et al., 2004) 
2005 AUREA (Muramoto et al., 2005) PΦB

┞ Physcomitrella patens Adiantum
capillus-veneris Oryza sativa PΦB ぜ  (Fig. 1-11)

1 HY2
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hy2-106 よ ㌹

null

hy2
elm1
3 C ❻ ㈻

PΦB よ

㈻  (Sawers et al., 2004) DNA
PΦB au6

㍂
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Fig.1-11 HY2

CLUSTAL W BOXSHADE HY2
P128 hy2-1 hy2-104 G181

hy2-101 R252 hy2-103 N133
auw auls au

HY2

I
NADP+

 (Fd red) 
よ HY1 HY2

 ( 2001)
HY1

HY1
I

 ( 2001) HY2 HY1 Fd red
HY2 I

N133P128

R252

G181
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″

Fd red NADPH Fd red HY1 HY2
HY1 HY2 よ

mRNA  (data not shown)
PHYB

┊ HY1
HY2 Fd red

PHYA
オ HY1 HY2 □┢ PΦB

PHYA HY1 HY2
り

(Suzuki et al., 1991)

BV PΦB

 (PCB)  (PEB)  (PXB)
 (PUB) 4 BV  (Fig.

1-12) ㈻

㈻

II
 (Grossman et al., 1993) PCB

Cph1
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Fig. 1-12

BV

㊪ BV
Synechocystis sp. PCC6803  (Cornejo et al., 1998)

┞ ぜ

BV り

HY2 ┞

㈻ ぜ

Frankenberg N. Lagarias JC.
よ PCB PEB

HY2 ┞

7  (Synechocystis sp. PCC6803, Prochlorococcus marinus sp.
MED4, Synechococcus sp. WH8102, Anabaena sp. PCC7120, Nostoc punctiforme,

Synechococcus sp. WH8020, Prochloroccocus marinus sp. SS120) 15
ぜ 3 BV 3Z-

PCB PcyA (3Z-phycocyanobilin:ferredoxin oxidoreductase) 
HY2 BV A 2 D

2 り PebA (15,16-
dihydrobiliverdin:ferredoxin oxidoreductase) BV 15
16 り BV 15,16-dihydrobiliverdin
(DHBV) HY2 ㈻

PebB (3Z-phycoerythrobilin:ferredoxin oxidoreductase) 
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DHBV A 2 り 3Z-PEB
HY2 ㈻  (Fig. 1-13)

HY2
HY2 PcyA PebA PebB

(Frankenberg et al., 2001)。

Fig. 1-13

BV

HY2 ┞

㈻ ぜ よ

Anabaena Crocosphaera Gloeobacter Nostoc Prochlorococcus
Synechococcus Synechocystis Thermosynechococcus Trichodesmium 27

┞ PcyA PcyA PebA
PebB
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PcyA

PebA

PebB

HY2

HY2 ┞

㈻ Nostoc punctiforme PebB ┞ 23 %
々 HY2 PcyA PebA PebB HY2

PebB clade HY2 PcyA clade  (Fig. 1-14)
㈻ り

Fig.1-14

CLUSTAL W N-j Tree オ ANAVT Anabaena
variabilis ATCC 29413 GLOVI Gloeobacter violaceus NOSPU Nostoc punctiforme PCC73102
PROMM Prochlorococcus marinus MIT 9313 SYNPX Synechococcus sp. WH8102 SYNSC
Synechococcus sp. CC9605 SYNY3 Synechocystis sp. PCC 6803 THEEL
Thermosynechococcus elongatus BP-1 TRIEI Trichodesmium erythraeum IMS101 Ac
Adiantum capillus-veneris (A. capillus) At Arabidopsis thaliana (A. thaliana) Le Lycopersicon
esculentum (L. esculentum) Os Oryza sativa (O. sativa) Pp Physcomitrella patens (P. patens)
Zm Zea mays (Z. mays)
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PUB BV 4 5 15 16
PXB BV 4 5 181 182

HY2 PebB ┞

PUB PebA PXB PcyA ┞

PebA PcyA ┞ ぜ

BV ㈻ PcyA PebA/PebB
PUB PXB  (Frankenberg et al., 2001)

PcyA PebA/PebB PUB PXB
PCB PEB PUB PXB

PUB PXB よ ぜ

HY2 PcyA PebA PebB ┞ PUB
PXB り PCB PEB ㈻

4 5

HY2 PcyA PebA PebB RCCR
hy2

hy2-1 hy2-104 Pro-128 Leu hy2-101 Gly-181 Arg hy2-103
Arg-252 Gln  (Fig. 1-11) PΦB

Pro-128
RCCR

ば

Gly-181 HY2 PcyA PebB Arg-252 HY2
PebB A

aurea auw auls

Asn-133 Tyr-133 ( Asn-140) 
 (Fig.1-11)

auw auls Asn-133 5
㎰ ㈻

AU 342 au
C ❻ 26
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PΦB C ❻

au
PΦB 8

PΦB C ❻ PΦB
さ

Arg-100 Pro-128 Asp-146 Pro-149 Phe-192 Ser-193 Tyr-248 Asp-256
Leu-279 Phe-280 ( HY2 ) 

Hagiwara PcyA BV 々
PcyA BV

 (Hagiwara et al., 2006) Phe-192 Tyr-248 Phe-280 PΦB
PcyA PebA PebB Phe-

192 BV A Tyr-248 Phe-280 D
PΦB

A D
PcyA BV 々 BV A D PcyA

B C
— ㈻々 A D

り さ PcyA り BV
D A

 (Frankenberg and Lagarias, 2003) PcyA
D A 4 さ PcyA
BV A D ㎰ Glu-105 His-116 Asp-133 Tyr-248 Gln-

252 Glu-105 Asp-133 D
Asp-133 1 ┘ Glu-105 2 ┘

 (Hagiwara et al., 2006) A His-116 Tyr-248 Gln-
252  (Hagiwara et al., 2006) A D

A Asp-133 A 1
┘  (Hagiwara et al., 2006) Asp-133

D A 2 D
His-116 B C

Asp-133  (Hagiwara et al.,
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2006) Tyr-248 A 2 ┘

 (Hagiwara et al., 2006) 5
PΦB Tyr-248

PcyA BV
Asp-133 BV D A さ

PebA PebB HY2 Asn
Asp-133 au

Asn-133 ┞ Asn-133 PΦB

PcyA PebA PebB Asp au Asn-133
PΦB Asn-133 り

Asn
り

Asp-133
PcyA Gln-252

hy2 Arg-252 ┞

Arg-252 A
hy2 Arg-252 Gln-252

A PΦB
Gln Arg さ

HY2 PebA PebB PcyA
HY2 PebA PebB Arg-103 Asp-126

Leu-145 Ala-214 Pro-257 Gly-267 4
り PcyA 2 り

HY2 PebA PebB

HY2 HY2 PΦB
㊪

PcyA よ PcyA/BV 々 よ

ぜ
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PΦB PCB
よ

よ
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フ

㈻ ㈻

㈻ ㈻ よ

㈻ ┷

㈻

㈻ モ ㈻

㈻

Ⅴ PHYA
20 % C ❻ ㈻

㈻ ㈻

 (Tomizawa et al., 1991) ㈻

㈻

㈻

 (Wahleithner et al., 1991, Deforce et al., 1991)
1 g 11 µg ㈻

 (Wahleithner et al., 1991)

PΦB PCB PΦB
PCB

PΦB

BV PΦB
 (Terry and Lagarias, 1991)
┞HPLC PΦB

 (Li and Lagarias, 1992)
PCB

⇩
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Ⅴ

PCB PΦB D Ⅴ

PΦB ㈻

PCB PΦB
10 nm 15 nm

R/FR
PCB PΦB

PCB ㈻

PΦB
さ

HY2 PΦB
HY1 HY2 PΦB

PΦB り

さ

よ

PΦB
PΦB
㈻ PΦB

㈻ PΦB
㈻

PΦB
PHYA PHYE

Ⅴ ┞

㈻

よ

よ ㊪ よ

PΦB HY2

PΦB PΦB

┘
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㈻ よ
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pKT210 pKT211 pKT218 pKT270 pKT271 pKT272  (
) オ

pKT210 (BV IXα )
ho1  (sll1184) Synechocystis sp.

PCC6803  DNA PCR PCR KOD
DNA polymerase PCR
KOD DNA polymerase PCR pQE-30 (Qiagen GmbH) Eco RI-Sal
I site pKT210

F 5’-GGAGGAATTCTTAAGAAGGAGATATACATATGAGTGTCAACTTAGCT
 -3’ ( Eco RI site)

R 5’-GCGCTCGAGGATAAGTTGTCACGCTAGGTA-3’ ( Xho I site)

pKT211 (PCB )
PCB:ferredoxin oxidoreductase pcyA  (slr0116) 

Synechocystis sp. PCC6803  DNA PCR Ho1
pcyA PCR pKT210 Xho I site

pKT211
F 5’-GCGCTCGAGTATTCCCATTGCTTTGCCCTA-3’ ( Xho I site)
R 5’-CGGCTCGAGGCTAAACAACCTACGATTAGT-3’ ( Xho I site)

pKT218 (PΦB )
PΦB HY2 HY2 cDNA

∞ (mHY2) PCR
PCR Xho I Sal I pQE-30

Xho I site Eco RI-Xho I site ho1
PCR mHY2 pKT218
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F 5’-GGAGCTCGAGAAGAAGGAGATATACATATGAGAGTCTCTGCTGTGTC
    GTAT-3’ ( Xho I site)

R 5’- GGAGGTCGACCTGAGAGACTCCTCATGCTG -3’ ( Sal I site)

pKT270

pKT210 T5 ho1 PCR
PCR pACYC184 Xba I-Sal I site pKT270

F 5’-GTCTGCTAGCAAATCATAAAAAATTTATTTGC-3’ ( Nhe I site
T5 Pro Nhe )

R 5’-GCGGTCGACGATAAGTTGTCACGCTAGGTA-3’ ( Sal I site)

pKT271

pKT211 T5 -ho1-pcyA PCR
PCR pACYC184 Xba I-Sal I site pKT271

F T5 Pro Nhe
R 5’-CGGGTCGACGCTAAACAACCTACGATTAGT-3’ ( Sal I site)

pKT272

pKT218 T5 -ho1-mHY2 PCR
PCR pACYC184 Xba I-Sal I site pKT272

F T5 Pro Nhe
R 5’-GGAGGTCGACCTGAGAGACTCCTCATGCTG-3’ ( Sal I site)

cDNA  (Col ) 
Pfu DNA polymerase (Stratagene, inc.) AtPHYA AtPHYB PCR

オ Nde I
site
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PHYA 5’F 5’-GGAATTCCATATGTCAGGCTCTAGGCCG-3’
PHYA 3’R 5’-GGAATTCCATATGCTTGTTTGCTGCAGCGAG-3’
PHYB 5’F 5’-GGAATTCCATATGGTTTCCGGAGTCGG-3’
PHYB 3’R 5’-GGAATTCCATATGATATGGCATCATCAGCATCAT-3’

PCR pBC-SK+ Eco RV site

cDNA

pKT214 (Cph1 )
Synechocystis sp. PCC6803 DNA PCR cph1

PCR pQE-30 Bam HI-Sma I site pKT214

F 5’-CGCGGATCCATGGCCACCACCGTACA-3’ ( Bam HI site)
R 5’-TCCCCGGGTTAGTTGCCAATGGGGAT-3’ ( Sma I site)

pKT306 (PHYA (N617) )
PHYA cDNA PHYA N ❻ 1-1851 bp (617 ) 

PCR PCR pTXB1 (New England Biolabs, Inc. USA)
Nde I-Xho I site

F PHYA 5’F
R 5’-CCGCTCGAGAGCTTCTAGTTCTTGTATACC-3’ ( Xho I site)

pKT307 (PHYB (N651) )
cDNA PHYBN ❻ 1-1953 bp (651

) PCR ∞ pTXB1 Nde I-Eco RI site

F PHYB 5’F
R 5’-CCGGAATTCTGCACCTAACTCATCAATCCC-3’ ( Eco RI site)

pKT313 ( PHYB )
オ PHYB cDNA-pBC Nde I 
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PHYB ∞ pTXB1 Nde I site pKT313

PΦB PCB
pKT211 pKT218 pKT214 M15 50 µg/ml

50 µg/ml LB OD600 0.6
1 mM IPTG 25 Υ 130-180 rpm

Lysis Buffer (50 mM Tris-HCl (pH8.0), 50
mM NaCl, 1 mM EDTA, 1 mM DTT) 4Υ
15,000 rpm 10 PΦB PCB

㈻ 30

HPLC よ

pKT211 pKT218 ㈻㌹ Lysis Buffer
acetone 0.1 % TFA

10 C18 Sep-Pak light cartridge (Waters Corp.) 
C18 Sep-Pak Light

3 ml acetonitrile 3 ml dH2O 3 ml 0.1 % TFA
3 ml 0.1 % TFA 3 ml acetonitrile 0.1 % TFA (20 80, v/v) 

2 ml acetonitrile 0.1 % TFA (60 40, v/v) ┷

⇩ dimethyl sulfoxide (DMSO) よ 5 µl
acetone 20 mM formic acid (50 50, v/v) 200 µl HPLC

Wakosil-  5C18HG 
acetone 20 mM formic acid (50 50, v/v) 0.8 ml/min

380 nm
BV IX rHY2 BV IX in vitro PΦB

Spirulina PCB rPcyA BV IX in vitro PCB

PΦB PCB
pKT271/pKT306 pKT271/pKT307 pKT271/pKT313 pKT272/pKT306

pKT272/pKT307  pKT272/pKT313 ER2566 ㈻㌹ 2 % glucorse
50 µg/ml 30 µg/ml LB 250
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500 ml OD600=0.5 37Υ ┖ OD600=0.5
1 mM IPTG 18Υ

5 15 ml Lysis buffer (50 mM 
 (pH7.0), 100 mM NaCl, 0.1 % TritonX-100, 1 mM 2-mercaptoethanol, protease

inhibitor cocktail) 15,000 rpm 10
bed volume 0.5 1 ml Chitin Beads ラ

bed volume 20 column buffer (50 mM
(pH7.0), 100 mM NaCl, 0.1 % TritonX-100, 1 mM 2-mercaptoethanol, 5 mM EDTA, 1

mM PMSF) bed volume 3 cleavage buffer (20 mM Tris-HCl
(pH7.8), 500 mM NaCl, 0.1 mM EDTA, 50 mM DTT) 

4 Υ 2

1.5 L 50 ml Lysis buffer (20 mM
Tris-HCl (pH7.8), 500 mM NaCl, protease inhibitor cocktail) bed volume

3 ml 75 ml column buffer (20 mM Tris-HCl (pH7.8), 500 mM NaCl, 0.1 mM
EDTA) 

㈻ ″  (Intralux 6000-1;Volpi
AG,Schlieren,Switzerland) 

 (BP-W1 660 R-72; Kenko, Tokyo, Japan) 10
├  (HP 8453 UV-Visible

system, HEWLETT PACKARD, Germany S-3100 Series, SCINCO Co.,
Ltd. Korea) FR

R

Zinc Blotよ
SDS-PAGE ㈻ SDS- 100
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mM Zinc acetate 150 mM Tris-HCl (pH7.0) 30 ┖

 (FM-BIO-2; Hitachi Software Engineering, Yokohama,
Japan) UV illuminator Zinc Blotよ CBB

specific absorbance ratio (SAR) 
㈻ 1 ml  (50

mM  (pH7.0), 100 mM NaCl) HiLoad™
16/60 Superdex™ 200 pg    ÄKT �A �p�u�r �i �f�i �e�r � 0.5
ml/min 280 nm 660 nm (for PΦB)  650 nm (for PCB)

1 ml R
FR-LED R-LED (SANYO Electric Co., Ltd., Osaka, Japan)

10  (HP 8453 UV-Visible system,
HEWLETT PACKARD) 280 nm

660 nm (for PΦB)  650 nm (for PCB) 
㈻  (SAR) 

PCB ㈻ 20 mM
PCB 20 µM 20Υ 30

1 ml PCB Spirulina

よ

PHYB
200 mouse IgG  (A9044, Sigma-

Aldrich, USA) 10,000 ECL Plus Kit
(Amersham Biosciences CO.) LAS-1000 (Fuji Photo Film Co., Ltd.) 

B ㌹

25 % (wt/vol) 
4 Υ Lysis buffer

㈻ ″

R 10 22Υ
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0 15, 30, 60, 120
(HP 8453 UV-Visible system, HEWLETT PACKARD) 

660 nm 730 nm (for PΦB) 650 nm 715 nm (for PCB) 
Pfr オ

Relative Pfr amount (%) =               100

ΔA=Pr –Pfr ΔAFR = FR ├ ΔA ΔA (t=0) =R
├ ΔA ΔA (t=n) = n ΔA

ΔAFR – ΔA (t=n)
ΔAFR – ΔA (t=0)
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PΦB PCB

さ

 (HO HY1 Ho1)
PCB:ferredoxin oxidoreductase (PcyA) PCB

 (Landgraf et al., 2001)
PΦB  (HY2) 

PΦB HO PcyA HO HY2
PCB PΦB PCB

pKT211 PΦB pKT218
Cph1 pKT214

Pr Pfr
PCB PΦB よ

pKT218
max;668 nm min;714 nm (Fig. 2-1, A ) pKT211

max;660 nm min;705 nm (Fig. 2-1, A )
 (Lamparter et al., 1997) pKT211 PCB

pKT218 PΦB
HPLC

pKT218 HPLC
よ BV IX 3Z-PΦB  (Fig. 2-1, B )

pKT211 Ho1
BV IX 3E-PCB

 (Fig. 2-1, B ) ┘ PΦB
PCB PΦB

PCB
㈻
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Fig. 2-1 PΦB PCB

A. PΦB PCB
Cph1

;pKT218 (PΦB ) ;pKT211 (PCB
)

B. PΦB PCB
HPLC よ

BV IX PΦB HY2 PCB PcyA in vitro BV IX
㈻ Cell Medium

 pKT218 PΦB ;pKT211 PCB
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PΦB PCB

phyB N ❻ さ

 (Matsushita et al., 2003) ㈻

PHYA PHYB N ❻

㈻

pMB1 ori PΦB
PCB p15A ori
pKT306 (PHYA (N617) ) pKT307 (PHYB (N651) ) 
pKT271 (PCB ) pKT272 (PΦB ) 

 (Fig. 2-2, A) Zinc Blot よ
4

 (Fig. 2-2, B)
 (Fig. 2-2, C, Table 2-1) PΦB-phyA

(N617) max 662 nm, min 728 nm PCB-phyA (N617) max 652 nm, min 717 nm
PΦB-phyB (N651) max 662 nm, min 724 nm PCB-phyB (N651) max 650 nm, min
715 nm ┘

1 L 
PΦB-phyA (N617) 1.8 mg PCB-phyA (N617) 1.8 mg PΦB-phyB

(N651) 3.3 mg PCB-phyB (N651) 2.6 mg  (Table 2-1) 
Intein-CBD Tag Tag

オ

His Tag
㈻  (Data not shown)

intein-CBD Tag ㈻
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Marker

Fig. 2-2

A. ( ) pKT307/pKT272 ㈻㌹
㈻ ( )

㈻
0.5 mg/ml

B. ㈻ CBB ( ) Zinc-Blotよ ( )
2 µg/lane ㈻ 10 % SDS-
C. ㈻

フ

PCB Cph1 (N514) 
㈻ 10

 (Gambetta and Lagarias, 2001)
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PHYB (N651) phyB (N651) 
phyB (N651) 

㈻  (Fig. 2-3, A)

㈻

280 nm Pr 660
nm  (specific absorbance ratio; SAR) 1

 (Nakazawa et al., 1990) SAR ┘

SAR PΦB-phyB (N651) SAR 0.96 PCB-phyB
(N651) 1.05  (Fig. 2-3, B, Table 2-1)
phyB (N651) 100 % 

phyB (N651) PCB
PCB SAR PΦB-phyB (N651) 0.98 PCB-phyB

(N651) 1.03 PCB  (Fig. 2-3, C,
Table 2-1) phyB (N651) 

Table 2-1 SAR

λΔAmax λΔAmin yield*     SAR**
Sample adduct (nm) (nm) (mg) -PCB +PCB
phyA (N617) PΦB 662 728 1.8 ND ND
phyA (N617) PCB 652 717 1.8 ND ND
phyB (N651) PΦB 662 724 3.3 0.96 0.98
phyB (N651) PCB 650 715 2.6 1.05 1.03

1 L
㈻ ゝ 200 1,000 ml 3

ゝ
SAR ㈻ 280 nm Pr 650 660 nm

+PCB PCB
㈻ SAR

ND
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Fig. 2-3 phyB (N651) フ

A. phyB (N651) CBB ( ) Zinc-Blotよ ( )
10 µg/lane Tag Chitin Beads

7.5 % SDS-
B. phyB (N651) 

PΦB-phyB (N651) PCB-phyB (N651) FR Ⅴ R

C. phyB (N651) CBB ( ) Zinc-Blot よ
( )

10 % SDS- 1 µg/lane ㈻ +PCB
㈻ PCB
㈻

Marker

Marker
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phyB
N ❻ Intein-CBD Tag

PHYB
PHYB よ

PHYB phyB (N651)
㈻ PΦB PCB

㈻  (Fig. 2-4, A)
Zinc-Blotよ phyB PΦB PCB

 (Fig. 2-4, B) phyB
Zinc-Blot よ chitin beads

㈻ ㈻

phyB PΦB PCB
PΦB

phyB 662 nm 724 nm PΦB
PCB

647 nm 714 nm PCB  (Fig.
2-4, C)

phyB Pfr Pr ↓

㌹  (Kami
et al., in preparation) phyB (N651) 2 Pfr

PΦB-phyB (N651) 20 % PCB-phyB (N651)
80 % ㌹

 ( , 2005) ㌹ phyB (N651) 
phyB ㈻ phyB Pfr

PΦB-phyB 20 % PCB-phyB 70 %  (Fig. 2-4, D)
phyB (N651) ㌹ phyB

(N651) phyB ㈻
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Fig. 2-4 phyB フ

A. phyB よ ( ) CBB (
)

㈻ 8 µg/lane 7.5 % SDS-

B. phyB Zinc-blotよ ( ) CBB ( )
Tag Chitin Beads 7.5 % SDS- Zinc Blot
よ UV illuminator
C. phyB

;PΦB ;PCB
D. phyB ㌹

;PΦB Ⅴ ;PCB n 3
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㈻

 (Wahleithner et al, 1991., Deforce et al, 1991)
㈻

PCB
PCB

PΦB Ⅴ

Ⅴ

PCB-Cph1 PΦB
PCB PΦB ㈻ PΦB

PCB D
PCB PΦB

Pfr phyB
㈻ レ

よ

㈻

His Tag
N ❻

intein-CBD Tag
Tag DTT

Tag

phyB phyB (N651) ふⅤ

㈻ phyB

さ

PΦB
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よ

Ho1 mHY2 PΦB
HY2 PcyA HO

HO HY2 PcyA
㈻

り  [2Fe-2S] 

(Kakuta et al., 2001) Frankenberg Lagarias Anabaena PcyA
よ

PcyA  [4Fe-4S] 
り ㈻

 (Frankenberg and Lagarias, 2003)
PcyA
HO HY2

よ PcyA
㈻

 (PEB) ㌹

PCB PΦB ㌹

PEB
37Υ HY2 ㈻

モ 16Υ 25Υ PΦB
HY1 よ 16Υ 37Υ ┞

3  (Muramoto et al., 2002) HY2 PcyA
㈻

PCB PΦB 25Υ 37Υ
HO HY2 ㈻ SDS-
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PAGE
PΦB ㈻

フ

N ❻ Cph1
Cph1 (N514) Ho PcyA

PCB-Cph1 (N514) 10
(Gambetta and Lagarias, 2001) phyB (N651) 
ぜ Zinc blotよ phyB (N651) PHYB (N651)

PΦB PCB
PCB in vitro

Cph1  (Lamparter et
al., 1997) ㈻ PCB PΦB

PCB PΦB 25Υ
18Υ

Ho1 HY2
PCB-Cph1 (N514) Ho1 PcyA IPTG
PCB arabinose Cph1

PCB-Cph1 (N514) 
㈻ ㈻

PCB PΦB
100 % 

㈻

PCB PΦB ㈻

㌹ ┞

  ( ) 100 %
よ
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㌹

phyB R Pfr
Pr ㌹

PΦB PCB  (PCYA1) 
よ  (Kami et al., 2004)

PCYA1 ㍂

㍂

FR PCYA1 ㍂

phyB PCYA1 phyB
㍂

FR phyB ㍂

 (Kami et al., in preparation) PCB-phyB
Pfr ッ

㌹

PCB-phyB PΦB-phyB ㌹

phyB ㌹

さ

㌹ ぜ 2004
Oka PCB AtphyB Pfr ㌹ 2

80 %  (Oka et al., 2004)
㌹ PΦB-phyB (N651) 2 20 %

PCB-phyB (N651) 80 % Pfr  ( 2005) phyB
PCB-phyB 70 % Oka phyB (N651)

80 %
Cph1 12 PΦB 65 % PCB 30 %

㌹  (Yeh et al., 1997) AtphyB ぜ

phyB  in vitro ㌹ PΦB
PCB 2 80 %

 (Ruddat et al., 1997) AtphyB
D ㈻ ㈻
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phyB D
㈻

phyB 1
phyB1 phyB2 ㌹

さ

PΦB PCB PixJ
㈻

N ❻

さ

さ
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┞ よ

㊪ よ

├ ┞ ┊ 1998
CRY1 phyA ┞  (Ahmad et al., 1998) ┞

PIF3  (Ni et al., 1998) 
14 ┞

NDPK2 (Choi et al., 1999) PKS1 (Fankhauser et al., 1999) Aux/IAA
(Colon-Carmona et al., 2000) cry2 (Mas et al., 2000) AOD1/ZTL/LKP1 (Jarillo et al.,
2001) ARR4 (Sweere et al., 2001) ELF3 (Liu et al., 2001) PIF4 (Huq et al., 2002)
PIF1 (Huq et al., 2004) PIF5, PIF6 (Khanna et al., 2004) PAPP5 (Ryu et al., 2005)

オ ┞ ㈻

phyA phyB phyA phyB ┞

㈻ ㈻

Ⅴ PIF ㌹ PKS1
㈻ ㈻ ㈻ PAPP5

cry1 cry2
ARR4

㊪ 々 ぜ

よ

┞ ┞

し

phyB PΦB
N ❻

 (Matsushita et al., 2003)
C ❻

┞ C ❻
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さ N ❻ ぜ

PIF3 ぜ PIF3 PHYB C ❻

Two hybrid (Y2H) basic
helix-loop-helix (bHLH) ㌹

C ❻ PAS Pfr phyB
PIF3 ㈻ ㌹

PIF3
N ❻  (Zhu et al., 2000) PIF3 phyB

 (Kim et al., 2003) PIF3 よ

 (Bauer et al., 2004) 
PIF 々

┞ さ ┞

さ

㊪ よ ぞ┞

さ

Ⅴ

よ ㍂

レ よ

よ ┞ フ

┞

┘ ぜ ┞

よ ぞ┞ よ ┘

├

Ⅴ Y2H
ぞ┞ VOZ1

VOZ2 VOZ よ VOZ
㊪

ぞ
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Y2H
pGBKT7  (Clontech Laboratories, Inc., Mountain View,

CA , USA) Nde I site GAL Binding domain
(GBD) Nde I site

pGBKT7 (M) 
PHY-pBC Nde I site

∞ pGBKT7 (M) Nde I site
C ❻ GBD Bait

Bait ㈻㌹  (Frozen-EZ Yeast Transformation ,
ZYMO RESERCH, Orange, CA, USA) AH109 Prey

cDNA cDNA
Col ├ cDNA pADGAL4

 ( ┬ ) 
㈻㌹ 30Υ 1 Bait

PHYA SD (  (Trp)  (Leu)  (His)
) PHYB SD (-Trp, Leu, His) + 1 mM 3-amino 1,2,4-

triazol (3-AT) 
 (Zymoprep yeast

plasmid Minipreparation Kit, Zymo Rsearch) 
DH5α 50 µg/ml LB

 (QIAGEN Mini Prep Kit) 
よ

pGADF 5’-
TACCACTACAATGGATG-3’ 

TCP Col mRNA ㌹ Rever Tra Ace-α (TOYOBO)
Oligo (dT) 20  (TOYOBO) RT-PCR ㌹

KOD DNA polymerase PCR
pGADT7 (Clontech Laboratories,
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Inc.) オ

TCP3 (At1g53230)

F 5’-GGAATTCCATATGGCACCAGATAACGAC-3’ ( Nde I site)
R 5’-CCATCGATTTAATGGCGAGAATCGG-3’ ( Cla I site)

TCP7 (At5g23280)

F 5’-GGAATTCATGTCTATTAACAACAACAACAAC-3’ ( Eco RI site)
R 5’-CCGCTCGAGTTAACGTGGATCTTCCTCTC-3’ ( Xho I site)

TCP8 (At1g58100)

F 5’-GGAATTCATGGATCTCTCCGACATC-3’ ( Eco RI site)
R 5’-CCGCTCGAGTCACTCAGAGCTATTTGAGTTC-3’ ( Xho I site)

TCP10 (At2g31070)

F 5’-GGAATTCATGGGACTTAAAGGATATAGCG-3’ ( Eco RI site)
R 5’-CCGCTCGAGTTAGAGGTGTGAGTTTGGAG-3’ ( Xho I site)

TCP13 (At3g02150)

F 5’-GGAATTCATGAATATCGTCTCTTGGAAAG-3’ ( Eco RI site)
R 5’-CCGCTCGAGCTACATTTGCCTCGGATC-3’ ( Xho I site)

TCP14 (At3g47620)

F 5’-GGAATTCATGCAAAAGCCAACATC-3’ ( Eco RI site)
R 5’-CCGCTCGAGCTAATCTTGCTGATCCTCCTC-3’ ( Xho I site)

TCP15 (At1g69690)

F 5’-GGAATTCATGGATCCGGATCCG-3’ ( Eco RI site)
R 5’-CCGCTCGAGCTAGGAATGATGACTGGTGC-3’ ( Xho I site)

TCP20 (At3g27010)

F 5’-TCCCCCCGGGAATGGATCCCAAGAACCTAAA-3’ ( Xma I site)
R 5’-TCCGAGCTCTTAACGACCTGAGCCTTG-3’ ( Sac I site)

TCP21 (At5g08330)

F 5’-GGAATTCCATATGGCCGACAACGAC-3’ ( Nde I site)
R 5’-CCATCGATTCAACGTGGTTCGTGG-3’ ( Cla I site)

TCP22 (At1g72010)

F 5’-TCCCCCCGGGAATGAATCAGAATTCCTCTGTTG-3’ ( Xma I
   site)

R 5’-TCCGAGCTCTCACTTTTTGTCATCACCAC-3’ ( SacI site)
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VOZ Y2H
KOD DNA polymerase PCR

pGADT7
オ

VOZ1 (At1g28520)

F 5’-GGAATTCCATATGACGGGGAAGCG-3’ ( Nde I site)
R 5’-CCATCGATTCAGGGGATATAATAGTCGC-3’ ( Cla I site)

VOZ2 (At2g42400)

F 5’-GGAATTCATGTCAAACCACCCGA-3’ ( Eco RI site)
R 5’-CCGCTCGAGTCACTCCTTACGACCTTTG-3’ ( Xho I site)

さ ┞

Bait PHYs-pGBKT7 (M) Prey pGADT7
Bait Prey AH109 ㈻㌹ Y2H

SD (-Trp, Leu, His) SD (-Trp, Leu,
His) + 1 mM 3-AT

β-Galactosidase
PHYs-pGBKT7 (M) pGADT7 Y187 ㈻㌹

β-Galactosidase Clontech ♣ Yeast Protocols
Handbook Liquid Culture Assay Using ONPG as Substrate

RT-PCR mRNA よ

RNeasy Plant Mini Kit (QIAGEN) mRNA
Rever Tra Ace-α Oligo (dT) 20 First strand cDNA

㌹ PCR Master Mix (Promega, Madison, USA) 
PCR

VOZ2 ㈻ よ

 (100 mM Tris-
HCl (pH 8.0), 25 % ethylene glycol (v/v), 2 mM DTT, Protease inhibitor cocktail) 
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よ 10 % SDS-
SDS-PAGE 40 µg ㈻

㈻ Bradford
5,000 Rabbit IgG  (PI-1000,

Vector Laboratories, Burlingame, CA, USA) 5,000 モ

ECL-plus LAS-1000 X
VOZ2

GST-VOZ ㈻

VOZ VOZ 
KOD DNA polymerase PCR

オ

VOZ1

F 5’-GGAATTCATGACGGGGAAGCG-3’ ( Eco RI site)
  R 5’-ACGCGTCGACTCAGGGGATATAATAGTCGC-3’ ( Sal I site)
VOZ2

F 5’-GGAATTCATGTCAAACCACCCGA-3’ ( Eco RI site)
  R 5’-CCGCTCGAGTCACTCCTTACGACCTTTG-3’ ( Xho I site)

PCR pGEX-6P-1 (GE Healthcare Bio-Sciences Corp.) 
VOZ1 Eco RI-Sal I site VOZ2 Eco RI-Xho I site

VOZ BL21 (DE3) ㈻㌹ 50 µg/ml
LB 200ml OD600 0.6 1mM

IPTG 16Υ 5
Lysis buffer (50 mM  (pH 7.0), 100 mM NaCl, 0.1 %

TritonX-100, 1 mM 2-mercaptoethanol, protease inhibitor cocktail) 
Bed volume 1ml glutathione sepharose

4B (GE Healthcare Bio-Sciences Corp.) ラ 1M NaCl
PBS PBS in vitro
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in vitro
1. in vitro㌹ ゼ in vitro

PHY-pBC cDNA ∞ pGBKT7 Nde I
N ❻ PHY cDNA KOD DNA

polymerase PCR PCR pGBKT7 Nde I
PHYA N ❻ 1-1851 bp (617

┞ ) PHYB N ❻ 1-1953bp (651 ┞ )
オ

PHYA

F PHYA 5’F (  )
R 5’-ACTCATATGAGCTTCTAGTTCTTGTATACCATC-3’ ( Nde I site)

PHYB

F PHYB 5’F (  )
R 5’-TCTCATATGTGCACCTAACTCATCAATC-3’ ( Nde I site)

[35S] TNT T7/T3 Coupled
Reticulocyte Lysate System Kit (Promega, Madison, USA) in vitro㌹
ゼ ㈻

㈻ 10 µl GST-VOZ ㈻

gluthatione sepharose 4B 20 µl 2 ┖

 (Pierce Biotechnology, inc., Rockford,IL, USA) 
500 µl PBS 9 2

20 µl 75Υ 5
10 % SDS- SDS-PAGE
⇩ BAS RI

2. in vitro
PΦB-phyA (N617) PΦB-phyB (N651)

35 µg R FR 5 GST-VOZ ㈻

gluthatione sepharose 4B 20 µl phyA (N617) 
phyB (N651) 20Υ

2 ┖ ┖
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1 phyA (N617) 
5 phyB (N651) 

1
500 µl PBS 5 2

20 µl 95Υ 5
10 % SDS-

SDS-PAGE Zinc blotよ
Zinc blotよ オ

Col
voz1-1 (GABI_418B02 ; BC3)

voz1-2 (WISCDSLOX489-492O10 ; BC )
voz2-1 (SALK_021718 ; BC3)

voz2-2 (SALK_115813 ; BC )
phyA-211
phyB -9

 voz1/voz2-1 (voz1-1 voz2-1 ; BC3)
voz1/voz2-2 (voz1-2 voz2-2 ; BC )
phyA/voz1 (phyA-211 voz1-1)
phyA/voz2 (phyA-211 voz2-1)
phyA/voz1/voz2 (phyA-211 voz1-1 voz2-1)
phyB/voz1 (phyB-9 voz1-1)
phyB/voz2 (phyB-9 voz2-1)
phyB/voz1/voz2 (phyB-9 voz1-1 voz2-1)

22Υ
16 h L/8 h D 8 h L/16 h D
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Col ㈻㌹ T1
T1

㍂

1/10 MS, 0.8 % FR 10
phyB 2 4
40 ├ R-LED FR-

LED 5 ㍂ 22 Υ

 オ FR 3
3 ┷

16 h L/ 8 h D 8 h L/ 16 h D 22Υ 100
150 µmol/m2·s

┞

Gateway cloning technology (Invitrogen, Carlsbad, USA) 
Col VOZ1 3,379 bp

├ VOZ2 1,870 bp ├

PCR オ

VOZ1 F 5’-AAAAAGCAGGCTTGTGGTAAAAGGCGATCAA-3’
 R 5’-AGAAAGCTGGGTAGGGGATATAATAGTCGCTTAG-3’

VOZ2  F 5’-AAAAAGCAGGCTATTTTCCAACAGATGATGATC-3’
       R 5’-AGAAAGCTGGGTACTCCTTACGACCTTTGGTTG-3’

PCR attB1 adapter  (5’-
GGGGACAAGTTTGTACAAAAAAGCAGGCT-3’) attB2 adapter
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(5’-GGGGACCACTTTGTACAAGAAAGCTGGGT-3’) PCR
KOD DNA polymerase DNA ∞ BP

pDONR-221
LR pGWB1 VOZ

∞ pGWB1  ( ) PCR
BP LR Invitrogen ♣ A.

tumefaciens C58C1RifR voz
T1

0.126 cm2

1 ml ゝ 652 nm
665.2 nm 750 nm

ゝ Porra  (Porra et al., 1989)

1 % 150 µl
100 µl dH2O 250 µl

530 nm 657 nm
ゝ (A530-A657) 1,000

Neff and Chory  (Neff and Chory, 1998) 

CONATANS Flowering locus T よ

 (16h L /8 h D) 15 4
24 RNeasy Plant Mini Kit

mRNA Rever Tra Ace-α Oligo (dT) 20 First
strand cDNA Total RNA 50 ng ┞ ㌹

SYBR Premix Ex Taq (TaKaRa Bio Inc., Shiga, Japan) 10 µl
モ ABI 7700 (Applied biosystems, CA, USA) Real-Time PCR
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CO F 5’-GCTCCCACACCATCAAACTT-3’
CO R 5’-GTCGTGCCCTGTTGTTCTCT-3’
FT F 5’-TATGATACGAGTAACGAACGG-3’
FT R 5’-AACACTCTCATTTTCCTCCC-3’
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┞

ぞ ┞ Y2H bait
Y2H

GAL Binding Domain (GBD) Bait ㈻ N ❻

N ❻

ぜ C ❻ GBD PHYA Bait
cDNA 1.4 106 130

99
7 64 PHYB Bait

cDNA 1.8 106 200 163
24 125

┞

PHYA PHYA
Y2H

PHYA PHYB Bait
TCP VOZ (Vascular plant One Zinc

finger) 々

㌹

よ

Table 3-1
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Table 3-1 Y2H

Locus Clone
Number Number Annotation

Transcription
At2g42400 10 VOZ2
At1g53230 1 TCP3
At5g23280 1 TCP7
At1g58100 4 TCP8
At2g31070 2 TCP10
At3g47620 5 TCP14
At1g69690 1 TCP15
At5g08330 14 TCP21
At1g72010 1 TCP22
At1g27730 2 salt-tolerance zinc finger protein
At1g75240 1 zinc finger homeobox family protein / ZF-HD homeobox family protein
At1g75560 1 DNA-binding protein
At2g02070 1 C2H2-type zinc finger protein -related
At4g38900 1 bZIP protein

Siganl transduction/response
At1g09570 1 phytochrome A (PHYA)
At2g25440 1 leucine rich repeat protein family
At4g31820 1 phototropic response protein family

Protein transport/sorting
At1g09070 1 C2 domain-containing protein
At3g59920 2 Rab GDP dissociation inhibitor

Protein synthesis/degradation
At1g02305 1 cathepsin B-like cysteine protease, putative
At1g74970 1 ribosomal protein S9 -related
At1g75950 1 E3 ubiquitin ligase SCF complex subunit, SKP1/ASK1(At1)
At2g45180 1 protease inhibitor/seed storage/lipid transfer protein family
At3g09440 1 heat shock protein hsc70-3 (hsc70.3)
At3g16640 2 translationally controlled tumor protein -related
At4g15000 1 60S ribosomal protein L27 (RPL27C)
At5g06600 1 ubiquitin-specific protease 12 (UBP12)
At5g09900 1 26S proteasome regulatory subunit (RPN5), putative
At5g20890 1 chaperonin, putative

Energy 
At1g12840 1 vacuolar ATP synthase subunit C -related
At1g15820 1 chlorophyll a/b-binding protein Lhcb6
At1g29920 1 photosystem II type I chlorophyll a /b binding protein,putative
At1g30380 1 photosystem I subunit X precursor
At1g79040 1 photosystem II polypeptide -related
At2g30570 1 photosystem II reaction center 6.1KD protein
At3g54890 1 light-harvesting chlorophyll a/b binding protein
At3g61470 2 light-harvesting chlorophyll a/b binding protein
At5g66570 1 photosystem II oxygen-evolving complex 33 (OEC33)

Metabolism
At1g09420 1 glucose-6-phosphate dehydrogenase -related
At1g67090 1 ribulose-bisphosphate carboxylase small unit -related
At2g27490 1 dephospho-CoA kinase family
At2g36530 2 enolase (2-phospho-D-glycerate hydroylase)
At3g15850 1 fatty acid desaturase family protein
At5g14780 1 formate dehydrogenase (FDH)
At5g26000 1 glycosyl hydrolase family 1, myrosinase precursor
At5g38410 1 RuBisCO small subunit 3b

Cytoskeleton
At5g05170 1 cellulose synthase, catalytic subunit (Ath-B)

Injury/pathogen response
At3g56800 1 calmodulin

Scavenging reactive oxygen species
At1g20620 1 catalase 3
At4g35090 1 catalase 2

Unknown
At1g01320 1 tetratricopeptide repeat (TPR)-containing protein
At1g18260 1 suppressor of lin-12-like protein-related / sel-1 protein-related
At5g10860 1 CBS domain containing protein
At5g50900 1 C2 domain-containing protein/armadillo/beta-catenin repeat family protein
At1g01360, At1g21065, At1g22930, At2g46820, At3g15380, At3g15840, At3g24100
At5g11500, At5g13610, At5g47580   

A
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Locus Clone
Number Number Annotation

Transcription
At1g28520 5 VOZ1
At2g42400 4 VOZ2
At1g58100 1 TCP8
At2g31070 8 TCP10
At3g47620 12 TCP14
At3g27010 1 TCP20
At1g08680 1 ARF GAP-like zinc finger-containing protein (ZiGA4)
At1g09750 1 chloroplast nucleoid DNA-binding protein-related
At2g26580 1 plant-specific transcription factor YABBY family protein
At3g02150 1 TCP family transcription factor TFPD
At3g24050 1 GATA transcription factor 1 (AtGATA-1)
At4g17230 1 scarecrow-like transcription factor 13 (SCL13)
At4g22820 1 zinc finger -related protein
At4g25320 1 DNA-binding protein-related
At5g04340 1 c2h2 zinc finger transcription factor -related
At5g66320 1 GATA zinc finger protein

Protein transport/sorting
At1g07140 2 Ran-binding protein (atranbp1a)
At5g16620 1 proline-rich protein family

Protein synthesis/degradation
At1g07940 1 elongation factor 1-alpha (EF-1-alpha)
At1g09690 1 60S ribosomal protein L21 (RPL21C)
At1g58983 1 40S ribosomal protein, putative
At1g72370 1 40S ribosomal protein SA (RPSaA)
At2g21390 1 coatomer alpha subunit
At2g43190 1 ribonuclease P family protein
At3g05590 1 60S ribosomal protein L18 (RPL18B)
At3g11940 1 40S ribosomal protein S5 (RPS5B)
At3g27430 1 20S proteasome beta subunit B (PBB1)
At3g63490 1 ribosomal protein L1p family
At4g36800 1 RUB1-conjugating enzyme RCE1, putative
At4g39200 1 40S ribosomal protein S25 (RPS25E)
At5g02500 1 heat shock protein hsc70-1 (hsp70-1) (hsc70.1)
At5g52640 1 heat shock protein 81-1 (HSP81-1/heat shock protein
At5g60390 1 elongation factor 1-alpha (EF-1-alpha)

Protein kinase
At3g01090 1 Snf1-related protein kinase KIN10 (AKIN10)
At4g18710 1 shaggy-related protein kinase etha (EC 2.7.1.-)
At4g31170 1 protein kinase family
At4g35310 1 calcium-dependent protein kinase, putative (CDPK)

Siganl transduction/response
At5g61530 1 auxin-regulated protein

Injury/pathogen response
At2g14080 1 disease resistance protein (TIR-NBS-LRR class),putative
At2g41100 1 calmodulin-related protein 3, touch-induced (TCH3)
At3g52400 1 syntaxin of plants SYP122
At5g66900 1 disease resistance protein (CC-NBS-LRR class), putative

Energy 
At1g06680 1 photosystem II oxygen-evolving complex 23 (OEC23)
At1g30380 1 photosystem I subunit X precursor
At1g29930 1 light-harvesting chlorophyll a/b binding protein
At1g79040 1 photosystem II polypeptide -related
At2g30570 2 photosystem II reaction center 6.1KD protein
At3g47470 1 light-harvesting chlorophyll a/b binding protein
At4g04640 1 ATP synthase gamma chain 1, chloroplast (ATPC1)
At4g27520 1 plastocyanin-like domain-containing protein
At5g01530 2 light-harvesting chlorophyll a/b binding protein
At5g66570 2 photosystem II oxygen-evolving complex 33 (OEC33)

Locus Clone
Number Number Annotation

Metabolism
At1g01090 1 pyruvate dehydrogenase E1 alpha subunit
At1g02730 1 cellulose synthase family
At1g05200 1 glutamate receptor family (GLR3.4)
At1g20620 1 catalase 3
At1g23820 1 spermidine synthase -related
At1g27450 1 adenine phosphoribosyltransferase 1, APRT
At1g67090 3 ribulose-bisphosphate carboxylase small 1A
At1g68530 1 very-long-chain fatty acid condensing enzyme (CUT1)
At1g80360 1 aminotransferase family
At2g29110 1 glutamate receptor family (GLR2.8)(GLUR9)
At2g30870 1 glutathione transferase, putative
At3g01550 2 triose/phosphate translocator, putative
At3g02230 1 reversibly glycosylated polypeptide-1
At3g09840 1 transitional endoplasmic reticulum ATPase -related
At3g19010 1 flavonol synthase family
At3g29360 1 UDP-glucose dehydrogenase -related
At3g45300 1 isovaleryl-CoA-dehydrogenase precursor (IVD)
At3g50270 1 hydroxycinnamoyl/benzoyltransferase-related
At4g01850 1 S-adenosylmethionine synthase 2
At4g02520 2 glutathione transferase, putative
At4g02860 1 phenazine biosynthesis PhzC/PhzF family protein
At4g38970 1 fructose-bisphosphate aldolase, putative
At5g24210 1 lipase (class 3) family
At5g24530 1 oxidoreductase, 2OG-Fe(II) oxygenase family
At5g38410 1 RuBisCO small subunit 3b
At5g38430 1 RuBisCO small subunit 1b
At5g42650 1 allene oxide synthase / cytochrome P450 74A
At5g47890 1 NADH dehydrogenase 10.5K chain-related protein
At5g51970 1 L-iditol 2-dehydrogenase (sorbitol dehydrogenase),putative
At5g54770 1 thiazole biosynthetic enzyme precursor (ARA6) 

Scavenging reactive oxygen species
At3g49120 1 peroxidase, putative

Transporter
At4g13510 1 ammonium transport protein (AMT1)

Homeostasis
At5g02380 1 metallothionein 2b

Cytoskeleton
At1g78830 1 curculin-like (mannose-binding) lectin family
At4g29350 1 profilin 2

chromatin structure
At3g18035 1 histone H1/H5 family protein

Unknown
At1g07620 1 GTP-binding protein -related
At1g15670 1 Kelch repeat containing F-box protein family
At1g16480 1 pentatricopeptide (PPR) repeat-containing protein
At1g72610 2 germin-like protein (AtGER1)
At2g03730 1 ACT domain-containing protein
At3g11700 1 beta-Ig-H3 domain-containing protein / fasciclin domain-containing protein
At3g54300 1 synaptobrevin -related protein
At3g58820 1 F-box protein family
At4g32060 1 calcium-binding EF-hand family protein
At5g19120 1 conglutin gamma - like protein
At5g19140 1 aluminium-induced protein - like
At5g47790 3 forkhead-associated domain-containing protein
At1g13470 2 expressed protein
At1g34350 2 expressed protein

At3g13030, At3g15420, At3g15450, At3g62550, At4g08555, At4g17250, At4g22890 
At5g01350, At5g13210, At5g52780

At1g66970, At2g14560, At2g25510, At2g27950, At2g39740, At3g06150, At3g12760   
At1g05860, At1g08380, At1g08640, At1g14880, At1g29970, At1g35210, At1g52200      

B

A PHYA B PHYB clone
number Unkown clone number オ

1
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┞

┞

10 TCP VOZ1 VOZ2 Y2H

Bait
5 TCP (TCP3, 7, 14, 15, 21) 

5 TCP (TCP8, 10, 13, 20, 22)
PHYB  (Fig. 3-1, A) VOZ PHYA

PHYB  (Fig. 3-2, A)

Fig. 3-1 TCP ┞ よ

A.  (His) さ
His His 1 mM 3-AT

Bait PHY Prey TCP
B. β-Galactosidase

PHYA TCP PHYB TCP Y2H β-Galactosidase
3

   Prey
　  ー

　TCP3

　TCP7

　TCP8

　TCP10

　TCP13

　TCP14

　TCP15

　TCP20

　TCP21

　TCP22

P
H

Y
A

P
H

Y
B

ー P
H

Y
A

P
H

Y
B

ー P
H

Y
A

P
H

Y
B

ー

Bait

-Trp,Leu -Trp,Leu,His -Trp,Leu,His
+1 mM 3-AT

A

B
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┞ フ Y187 β-Galactosidase
PHYA TCP7 14 15 21 PHYB TCP7 21

TCP14 TCP15 PHYA
TCP β-Galactosidase

TCP よ  (Fig. 3-1, B) VOZ VOZ1 PHYA

VOZ よ  (Fig. 3-2, B) β-
Galactosidase ㈻

VOZ2 VOZ1
㈻ pGBKT7

Fig. 3-2 VOZ ┞ よ

A. Hisさ
His His 1 mM 3-AT

Bait Prey
B. β-Galactosidase

PHYA VOZ PHYB VOZ Y2H β-Galactosidase
3

A B
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VOZ
VOZ The Arabidopsis Information

Resource (TAIR) The Institute for Genomic Research (TIGR) expressed
protein

VOZ1 VOZ2 2 ┞

VOZ1 486 VOZ2 450
㈻ 53 % ┞

┞ P. patens ( ) O.sativa (
) Z.mays ( ) ㈻

N ❻ P.patens
C ❻

 (Fig. 3-3) ┞

C ❻ ┞

ぜ Medicago truncatula ( ) Trifolium pratense
( ) Lotus japonicus ( ) Euphorbia esula ( )
Ipomoea nil ( ) Curcuma longa ( ) Capsicum annuum ( )
Triticum aestivum ( ) Hordeum vulgare ( ) Lactuca serriola ( )
Glycine max ( ) L. esculentum ( ) Solanum chacoens ( ) Solanum
tuberosum ( ) Vitus vinifera ( ) Fragaria vesca ( ) Saccharum
officinarum ( ) Gossypium hirsutum ( ) N.tabacum ( )
Brassica rapa (oleracea,napus) ( ) Helianthus annuus ( ) Coffea
canephora ( ) Carica papaya ( ) Cycas rumphii ( ) Picea
glauca ( ) Pinus taeda ( ) Citrus clementina ( )

┞ ㈻ ぜ

VOZ さ

1
2 2

ぜ

2004 Mitsuda Vacuolar H+-pyrophosphatase (V-PPase) 
AVP1 ㈻ VOZ

VOZ 1 in vitro C-X4-
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C-X13-C-X3-H Zinc finger motif ㌹

GCGT (N 7) ACGC DNA
 (Mitsuda et al., 2004)

VOZ VOZ
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Fig. 3-3 VOZ ┞ ㈻

CLUSTAL W BOXSHADE AP008207 AP008211 O.sativa
AY740527 Z.mays AB164647 P.patens ㈻ Zinc finger motif
N ❻ Domain A C ❻ Domain B Mitsuda
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