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1

1

 

self-incompatibility

 

 

S

S S

S

S

S S

Bateman et al., 1955  

de 

Nettancourt, 2001; Fig. 1

S  



Fig. 1
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S

n

S S

S 2n

S

S

Fig. 2

S S

Nou et 

al., 1993; Shiba et al., 2002; Shiba et al., 2006  

Brassica oleracea

50 Brassica rapa 30 S

Ockendon, 1985; Nou et al., 1993  

 

papilla cell

foot

20 60 foot

Elleman and Dickinson, 1990 foot

Elleman and Dickinson, 1994; Dickinson, 1995

Elleman and Dickinson, 

1996

foot

 

 

S  



A

B

S1S3

S1S2

2n

n

2n

n

S1S2

S1

S1S2

S2

S1S2

S1S2

S1

S1

S2

S2

S1S2

S1S3

S1

S1S2

S2

S1S2

S3S4

S1

S1S2

S2

S1S2

S1

S1

S2

S2

S3S4

S1

S1

S2

S2
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Fig. 2

S
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S

S

SLG S-locus glycoprotein SRK S receptor kinase

SP11/SCR S-locus protein11/S-locus cysteine-rich protein

 

SLG S

55 kDa

Takayama et al., 1986, 1987; Nasrallah et al., 1987; Trick 

and Flavell, 1989; Lalonde et al., 1989; Chen and Nasrallah, 1990; Watanabe et al., 

1994

Takasaki et al., 2000  

SRK SLG S-domain

Stein et al., 1991 SRK SLG S

S60 S60S60 S9

SRK SRK9 S9S9

SRK S

Takasaki et al., 2000  

SP11 FDD fluorescent differential display

B. rapa S8S8 S12S12

Takayama et al., 2000 B. rapa S9S9

S

SP11 S

Suzuki et al., 1999 Schopfer 1999 B. rapa S8

SRK/SLG

SP11 SCR S-locus cysteine rich

B. oleracea S13S13

SCR13 loss of function

B. oleracea S6S6 SCR6 B. oleracea S2S2

S6S6 gain of function

SCR S Schopfer et al., 1999

SP11 S

Takayama et al., 2000

S8S8 S9S9 SP11 B. rapa cv. Osome S52S60
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S8S8 S9S9

Shiba et al., 2001 SP11/SCR

S

SP11 S

SRK B. rapa

Biotin SP11 SRK S SP11

SRK S -

Takayama et al., 2001; Shimosato et al., 

2007  

 

SP11 SRK

SRK

SRK

bait two-hybrid screening  

ARC1 arm-repeat containing protein 1 -catenin arm-repeat

SRK

two-hybrid Gu et al., 1998 ARC1

ARC1

Stone et al., 1999

ARC1 N E3 U-box

Azevedo et al., 2001 ARC1

in vitro E3

ARC1

ARC1 SRK

Stone et al., 2003  

THL1 THL2 thioredoxin-h-like 1, 2 SRK

two-hybrid Bower et 

al., 1996 Cabrillac 2001 SRK THL1

in vitro SRK S

SRK

SRK THL1

SP11 SRK SRK
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SP11 THL SRK

Takayama et al., 2001; , 2002 THL

THL

Haffani et al., 2004  

in vitro SRK KAPP kinase-associated 

protein phosphatase calmodulin SNX1 sorting nexin 1

Vanoosthuyse et al., 2003 KAPP

negative regulator Williams et al., 1997; 

Stone et al., 1998; Gomez-Gomez et al., 2001 Brassica olercea 

KAPP in vitro SRK

SRK negative regulator

Vanoosthuyse et al., 2003 calmodulin SNX1 SRK

calmodulin SNX1

Vanoosthuyse et al., 2003  

SRK two-hybrid 

screening

ARC1 ARC1

ARC1

 

 

Arabidopsis 

thaliana Oryza sativa Lotus japonicus

B. rapa
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B. rapa var. 

Yellow sarson B. rapa var. Yellow sarson

Yellow sarson S

modifier m

Hinata et al., 1983 m mm

M

Ikeda 1997 Differential Display

M

MIP-MOD

B. rapa B. rapa 

cv. Osome S8S8 MIP-MOD Yellow sarson

Waseokabu MIP-MOD

Yellow sarson

M -3 MIP-MOD

MIP-MOD M Fukai et 

al., 2001 M MIP-MOD

 

M

MLPK M-locus protein 

kinase Murase et al., 2004 MLPK

RLCK receptor-like cytoplasmic kinase

Shui and Bleecker, 2001 Yellow salson MLPK

194

in vitro

Murase et al., 2004 mm

SRK MLPK

SRK

 

 

Fig. 3

SP11 SRK SRK

SP11-SRK S  



Fig. 3

papilla cell

SRK

SP11

MLPK
ARC1

self-incompatibility response

self-pollen

protein degradation ? protein phosphorylation ?
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S  

SRK

ARC1 MLPK ARC1 SRK

ARC1

MLPK SRK

SRK ARC1 SRK MLPK

ARC1

 

 

MLPK

2  

MLPK

MLPK

MLPK SRK

MLPK

MLPK

in vivo
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MLPK  

 

 

 

Yellow sarson

MLPK M-locus protein kinase

Murase et al., 2004 MLPK N N-

Ser-rich

404 RLCK receptor-like 

cytoplasmic kinase MLPK

N

Murase et al., 2004 MLPK mm

MLPK

 

MLPK 5’ RACE MLPK N

2 isoform MLPKf1 MLPKf2

2004 MLPKf1 isoform 8

7 Fig. 1-1A

MLPKf2 MLPKf1 3

MLPKf1 N 410

Fig. 1-1, 1-2 MLPKf2 MLPKf1 N-

Fig. 1-1B RT-PCR

MLPKf2 MLPKf1

2004; Fig. 1-3

MLPKf1 MLPKf2

 

MLPK 2 isoform

MLPKf1 MLPKf2

MLPK  



Fig. 1-1 MLPKf1 MLPKf2

MLPK isoform MLPKf1 MLPKf2 mRNA
A B

N-
Ser-rich

ATP MLPKf1 112

1000 bp

ATG

ATG

MLPKf1

MLPKf2

A

B

MLPKf1

MLPKf2
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Fig. 1-2 MLPK 5’

MLPKf1 MLPKf2
MLPKf1 MLPKf2

in situ
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Ubiquitin

MLPKf1

MLPKf2

S
tig

m
a

A
nt

he
r

S
te

m

Le
af

2004

 28 cycles

 25 cycles

 21 cycles

Fig. 1-3 MLPK

MLPKf1 MLPKf2
RT-PCR 2004
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Takara  

 

Brassica rapa S8 S8S8MM S9 S9S9MM S12

S12S12MM B. rapa var. yellow sarson Sf2Sf2mm Arabidopsis thaliana

Columbia  

Sf2Sf2 Sf2Sf2MM mlpk/mlpk S8S8mm

B. rapa var. Yellow salson B. rapa S8

4 Sf2Sf2 mm

2004  

 

 

Real-time RT-PCR 

 

Real-time RT-PCR total RNA B. rapa S9S9MM

ISOGEN Nippongene

total RNA RNase-free DNaseI Qiagen 37

30 DNA total RNA

NanoDrop® ND-1000 Spectrophotometer

=260 nm  

One-step Real-time RT-PCR QuantiTect  SYBR Green RT-PCR kit Qiagen

MLPKf1 MLPKf1-F 5’-ATGGGGATTTGCATGAGTGTTC-3’

MLPKf2-52_R 5’-CTAGCTTGTTCTGACAGACACAGA-3’ MLPKf2

MLPKf2_F 5’-ATGGGTTTTGTGAAAAAAGTGCA-3’ MLPKf2-52_R

PCR [50 , 30 min; 95 , 15 min; (94 , 15 sec; 55 , 30 sec; 60 , 

30 sec) 40 cycles]  

total RNA 100 ng 20 µl

ABI PRISM 7700 sequence detection system (Applied Biosystems Japan Ltd.)
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PCR MLPKf1 MLPKf2

1 103 1 102 1 101 1 100 1 10-1 1 10-2 fg

100 ng total RNA cDNA

 

 

 

in situ  

 

in situ Takayama 2002

B. rapa S8S8MM

50 mM phosphate buffer(pH 7.2) 4% 

paraformaldehyde 0.25% glutaraldehyde Paraplast Xtra

Sigma HM640E, microm

8 µm Digoxigenin DIG DNA

sense antisense

DNA MLPKf1

5’-GATCCGTCTCAAAATCATGGGGATTTGCATGAGTGTTCAGGTTAAAGC

TGAGAGTCCAAG-3’ MLPKf2

5’-ACATTTGTCTGATCTCTTAATTACAACAAAACCATTTGTACTAAATTTC

GGATAAATGGG-3’ Fig. 1-2  

DIG hybridization buffer 20 mM 

Tris-HCl (pH 8.0) 2.5 mM EDTA 1 Denharlt’s solution 300 mM NaCl 50% 

formamide 10% dextran sulphate 1 mg/ml salmon sperm DNA 42

45 50% formamid

 2 SSC 33 mM NaCl 33 mM Na3(C6H5O7)･2H2O 2 45 2

SSC 2 1 SSC 1 TBST 20 mM 

Tris-HCl (pH 7.6) 137 mM NaCl 0.05% Tween20 Superblock PIERCE

30 1% BSA TBST buffer

1/500 Anti-Digoxigenin-AP Roche

TBST buffer 5 3 BCIP/NBT VECTOR laboratories, 

Inc.  
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pCMVTnT  vector Promega

pCMVTnT  vector XhoI

Geteway® rf A Cassettes Invitrogen pCMVTnTgw  

MLPKf1 MLPKf2 MLPKf1G2A MLPKf2G2A B. rapa S9S9MM

total RNA cDNA

PCR pENTR/D-TOPO Invitrogen

PCR

MLPKf1 MLPKf1_F 5’-CACCATGGGGATTTGCATGAGTGTTCAG-3’

MLPK_R 5’-TCAGACAAACAGAGGCGAAGCAGACGGAC-3’ MLPKf2

MLPKf2_F 5’-CACCATGGGTTTTGTGAAAAAAGTGCAATC-3’ MLPK_R

MLPKf1G2A Mf1G2A_F

5’-CACCATGGCGATTTGCATGAGTGTTCAGGTTAAAG-3’ MLPK_R

MLPKf2G2A Mf2G2A_F 5’-CACCATGGCTTTTGTGAAAAAAGTGCA-3’

MLPK_R PCR [95 , 5 min; (94 , 30 sec; 55 , 30 sec; 

68 , 2 min) 35 cycles; 68 , 5 min] MLPKf1 MLPKf2

MLPKf1G2A MLPKf2G2A pCMVTnTgw

Gateway® LR Clonase® Enzyme Mix Invitrogen

 

 

TnT® Coupled Wheat Germ 

Extract Systems Promega  

L-[35S]Methionine GE Healthcare 0.1 µCi/µl

[9, 

10(n)-3H]Myristic acid GE Healthcare 1 µCi/µl

[9, 10(n)-3H]Myristic acid

10

SDS-PAGE

BAS2500, Fuji Film
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C Venus BY-2

gateway cassette

Venus  

Venus

Venus SmaI SacI

PCR pGEM T-easy

Promega PCR SmaVenusF

5’-CCCGGGACCATGGTGAGCAAG-3’ SacVenusR

5’-GAGCTCTTACTTGTACAGCTCGTC-3’  PCR [95 , 

5 min; (94 , 30 sec; 55 , 30 sec; 68 , 90 sec) 35 cycles; 68 , 5 min]  

SmaI/SacI pBI221 Clontech

SmaI/SacI SmaI

Geteway® rf A Cassettes Invitrogen

35Spro:gw:Venus/pBI221  

MLPKf1(-stop) MLPKf1G2A(-stop) MLPKf2(-stop) MLPKf2G2A(-stop)

MLPKf2 11-23 (-stop) B. rapa S9S9MM cDNA

PCR pENTR/D-TOPO Invitrogen

PCR

MLPKf1(-stop) MLPKf1_F MLPK (-stop)_R

5’-GACAAACAGAGGCGAAGCAGACGG-3’ MLPKf1G2A(-stop) 

Mf1G2A_F MLPK (-stop)_R MLPKf2(-stop) MLPKf2_F MLPK(-stop)_R

MLPKf2G2A(-stop) Mf2G2A_F MLPK(-stop)_R MLPKf2 11-23(-stop)

Mf2 HR_F

5’-CACCATGGGTTTTGTGAAAAAAGTGCAATCAAAAGGTGCGAGTCCGA

AGTATATG-3’ MLPK(-stop)_R PCR [95 , 5 min; (94 , 

30 sec; 55 , 30 sec; 68 , 2 min) 35 cycles; 68 , 5 min]  

MLPKf1(-stop) MLPKf1G2A(-stop) MLPKf2(-stop) MLPKf2G2A(-stop)

MLPKf2 11-23 (-stop) 35Spro:gw:Venus/pBI221

Gateway® LR Clonase® Enzyme Mix Invitrogen
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BY-2 PEG  

 

4  Cellulase Onozuka RS Yakult 0.3  

Pectolyase Y-23 0.4 M Mannitol 5 mM MES-KOH (pH 5.8) 2

50 g 2

wash buffer 0.4 M Mannitol 70 mM CaCl2 5 mM MES-KOH 

(pH 5.8) 2  

PEG Abel Theologis 1994

W5 buffer 154 mM NaCl 125 mM 

CaCl2 5 mM KCl 5 mM glucose 1.5 mM MES-KOH (pH 5.8)  

1.0 105 cells/ml 30

300 µl MaMg buffer 0.4 M mannitol 15 mM MgCl2

5 mM MES-KOH (pH 5.8) 30 µg

50 µg Salmon tests DNA SIGMA 300 µl PEG-CMS 0.4 M mannitol

100 mM Ca(NO3)2 40% polyethyleneglycol 4000 Furuka

20 W5 buffer 2

1 Murashige and Skoog Plant Salt Mixture 1 Gamborg 

B5 vitamine 3% sucrose 0.4 M mannitol (pH 5.8) 25

LSM510 META, Carl Zeiss

Venus  

 

 

B. rapa  

 

B. rapa MLPK MLPK

SLG9

gateway cassette SLG9

SLG9pro:SP11/pBI101

 

 SLG9pro:SP11/pBI101 HindIII/BamHI SLG9

pBI221 HindIII/BamHI

SmaI/SacI Geteway® rf A Cassettes Invitrogen

SLG9pro:gw/pBI221  

 

MLPKf2 11-23 B. rapa S9S9MM cDNA
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PCR pENTR/D-TOPO Invitrogen

PCR

Mf2 HR_F MLPK_R PCR [95 , 5 min; (94 , 30 sec; 

55 , 30 sec; 68 , 2 min) 35 cycles; 68 , 5 min]  

MLPKf1G2A MLPKf2 11-23

MLPKf1 MLPKf2 MLPKf1G2A SLGp:gw/pBI221

Gateway® LR Clonase® Enzyme Mix invitrogen

 

RFP SLGp:RFP

Murase et al., 2004  

 

 

B. rapa  

 

B. rapa Murase

2004  

Endofree Plasmid Maxi kit Qiagen

MLPK RFP 30 µg

2 mg 1.0 Micron Gold BIO-RAD 250 µl 100% 

150 µl 100% -20  

B. rapa S8S8mm

MS 1 Murashige and Skoog Plant Salt Mix (Wako) 1 Gamborg B5 

Vitamin 3% sucrose 0.2% phytagel (SIGMA)

Model PDS-1000/He Biolistic® Particle Delivery System BIO-RAD Rupture 

Disk BIO-RAD 900 psi

1 µg 2

25 20

LSM510 META, Carl Zeiss RFP RFP

S9S9MM

S8S8MM 1
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MLPK  

 

MLPK 2 MLPKf1 MLPKf2

N

2004; Fig. 

1-1, 1-2 MLPK 2 isoform

 

B. rapa cDNA 5’ RACE

MLPKf2 2004 RT-PCR

MLPKf2 MLPKf1

2004; Fig. 1-3

MLPKf2

MLPKf1

 

MLPKf1 MLPKf2

Real-time RT-PCR

MLPKf1 MLPKf2 mRNA

stage MLPKf2 MLPKf1

Fig. 1-4 MLPKf2

MLPKf1 MLPKf2

Fig. 1-4 SRK SLG

Nasrallah et al., 1988; Goring and Rothstein, 1992; Robert et al., 

1994

MLPKf1 MLPKf2

MLPKf1 MLPKf2

6~8 mm

stage MLPKf2 MLPKf1 MLPKf1 MLPKf2

Fig. 1-4 MLPKf1 MLPKf2

 

 

MLPKf1 MLPKf2
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MLPKf2

Fig. 1-4 Real-time PCR MLPKf1 MLPKf2

 total RNA
MLPKf1 MLPKf2 Real-time

PCR mRNA
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in situ

MLPKf1 MLPKf2  

Real-time PCR MLPKf1 MLPKf2

B. rapa S9S9 MLPKf1 MLPKf2

sense antisense in situ

Fig. 1-2 in situ

MLPKf1 MLPKf2

Fig. 1-5 MLPKf1 MLPKf2

 

 

 

MLPK  

 

MLPKf1 GFP GFP

MLPK

MLPK

MLPK

Murase et al., 2004 MLPKf1 N

N- Boisson et al., 2003 N-

MLPKf1 N-

2

MLPKf1 Murase et al., 

2004 MLPKf2 MLPKf2

N 2

Fig. 1-1B  

MLPKf2

MLPKf1

MLPKf2  [3H]-

N- MLPKf1

MLPKf2 [3H]-

Fig. 1-6 MLPKf1 N-

MLPKf2 N-

MLPKf1  

 



MLPKf1-sense

MLPKf2-senseMLPKf2-antisense

MLPKf1-antisense

Fig. 1-5  in situ MLPK

B. rapa S9S9 in situ
 MLPKf1 MLPKf2 Fig. 1-2

DIG antisense sense DNA
50 µm
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MLPKf1

MLPKf2

MLPKf1
G2A

MLPKf2
G2A

Contro
l

[3H]-Myrstic acid

[35S]-Methionine

Fig. 1-6 in vitro

L-[35S]Methionine [9, 10(n)-3H]Myristic acid
MLPK MLPK

SDS-PAGE

pCMVTnT Control
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MLPKf1 MLPKf2 N

MLPKf2 N 11~23

Fig. 1-1B MLPKf2

 

MLPKf2

YFP Venus

Nagai et al., 

2002 MLPKf2 MLPKf2 2

MLPKf2G2A 11~23

MLPKf2 11-23 2~23 MLPK 2-23

Venus MLPKf2-Venus

MLPKf2G2A-Venus MLPKf2 11-23-Venus MLPK 2-23-Venus

Venus

Fig. 1-7A  

Venus Venus

MLPKf2 Venus

MLPKf2-Venus

MLPKf2 MLPKf1

Fig. 1-7B MLPKf2 2

Venus MLPKf2G2A-Venus

Venus MLPKf2-Venus

Fig. 1-7B MLPKf1 MLPKf1G2A-Venus

MLPKf2 MLPKf1 N

MLPKf2 11~23

MLPKf2 11-23-Venus

Venus

Fig. 1-7B MLPKf2 N

 

 

 

MLPK  

 

In situ MLPK isoform

MLPKf1 MLPKf2

MLPKf1 MLPKf2  



MLPKf1

-Venus

Venus

MLPKf1G2A

-Venus

MLPKf2

-Venus

MLPKf2G2A

-Venus

MLPKf2
11-23

-Venus

Ser-rich domain kinase domain

Hydrophobic region

MLPKf1

MLPKf2

MLPKf1G2A

MLPKf2G2A

G2A

G2A

MLPKf2 11-23

A

B

Fig. 1-7  MLPK

MLPK MLPK N .
Venus MLPK BY-2

Venus
10 µm

A
B
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MLPKf1 MLPKf2 mm

Murase et al., 

2004  

MLPKf1 MLPKf2 RFP

S8S8 mm

SLG9

RFP S9S9

S8S8

 

RFP RFP

Table 1-1 mm

RFP

MLPKf1 MLPKf2 RFP S9S9

S8S8

S8S8

Table 1-1 MLPKf1 MLPKf2 mm

MLPKf1 MLPKf2

 

 

MLPKf1 MLPKf2

MLPK

MLPK  

2

MLPKf1G2A MLPKf2 11-23

SLG9 RFP S8S8mm

MLPK MLPKf1G2A RFP

S9S9 S8S8

MLPKf2 11-23 RFP

 



Plant

S8S8mm

Transgene

RFP

RFP + MLPKf1

RFP + MLPKf1G2A

RFP + MLPKf2

RFP + MLPKf2 11-23

Pollen

self

cross

self

cross

self

cross

self

cross

self

cross

Pollen tube penetration/tests %

29/41 71

26/32 81

15/40 38

30/39 77

50/69 72

46/66 70

12/33 36

20/25 80

32/49 65

33/42 78

Table 1-1 mm MLPK

S8S8mm MLPK RFP
RFP S9S9

S8S8
2 RFP

: MLPKf1, 2 = 9.01, p < 0.01 : MLPKf2, 2 = 8.74, p < 0.01

 1, 2

1

2
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Table 1-1 MLPKf1G2A MLPKf2 11-23 mm

MLPK
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MLPK 2 MLPKf1

MLPKf2

MLPK 2

MLPK

 

 

 

1

alternative splicing Alternative splicing 1

mRNA

20 alternative splicing

Wang and Brendel, 2006

 

MLPKf2 vector-capping Kato et al., 2005

cDNA MLPKf1 3

RT-PCR

MLPKf2 MLPKf1

Real-time PCR

MLPKf1

MLPKf2 MLPKf2 -490~-1

data not shown MLPK

2 isoform alternative splicing

 

 

MLPK

alternative first exons AFEs

AFEs N
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Hugnot et al., 1992; Nakhei et al., 1998; Takano et al., 2000; Sun et al., 2001

EST AFEs

Kitagawa et al., 2005

AFEs SYN1

RAD21 SYN1

5’ 2 BP2

BP5

BP2

Bai et 

al., 1999 KNOX HOS66 AFEs N

2 homeobox HOS66S

HOS66L 1

HOS66L HOL66S

120

N

homeobox

Tamaoki et al., 1995 HOS66S HOS66L

Ito et al., 2002  

MLPK MLPKf1

MLPKf2 2

MLPK APK1b APK1b

MLPK 2 N

2004 APK1b

APK1a NAK

cDNA web Tair; http://www.arabidopsis.org/index.jsp

MLPK/APK1b

 

 

MLPK MLPKf2 MLPKf1

MLPKf2 MLPKf1

mm MLPKf2

MLPKf1
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MLPK APK1b APK1bf1 APK1bf2

APK1bf2 MLPKf2

APK1bf1 MLPKf1 2004

MLPK APK1b B. rapa

SP11

SRK SLG

Shimizu et al., 2004 MLPK

APK1bf2

APK1bf1

2004; Fig. 1-3 APK1bf2

MLPKf1 APK1bf1 B. rapa

MLPKf1 APK1bf1

MLPKf1  

APK1bf1 AFEs

APK1b APK1a NAK

T-DNA

2004 APK1b APK1a NAK 68~85

T-DNA

MLPKf1 APK1bf1

 

 

MLPK 2 isoform

MLPKf1 N

N N-

1 N

14

N- Src



 

- 36 - 

G

2004

 

Ca SOS3 salt overly sensitive 

3 Liu et al., 

1998 SOS3 2

SOS3 SOS3(G2A) sos3

2-Hydroxymristic acid

sos3 N-

SOS3 Ishitani et al., 2000

SOS3 Ca

SOS2 salt overly sensitive 2 Na+/H+ SOS1

salt overly sensitive 1 Halfter et al., 2000; 

Gou et al., 2001 SOS2 SOS3

SOS3

 

N

Lycopersicon esculentum

Pto Puseudomonas syringae pv. tomato

Pto P. syringae avr avrPto

Van den Ackerveken et al., 1996; Tang et al., 1996; Scofield et al., 

1996 Pto 2

Pto avrPto Pto

N-

Pto de 

Vries et al., 2006 Pto N-

N-

Andriotis and Rathjen, 

2006  

Solanum tuberosum CDPK
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PBS1 LeCRK1 N-

N-

N-

Raíces et al., 2003; Shao et 

al., 2003; Leclercq et al., 2005  

MLPKf1 N-

2

MLPKf1G2A mm

MLPKf1

MLPK

N-

MLPKf2

MLPKf1 N-

MLPK  

 

MLPK 2

MLPK N

2

MLPK
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MLPK  

 

 

 

MLPK 2 isoform MLPKf1

MLPKf2

SRK MLPK

MLPK SRK

SRK

SRK MLPK MLPK

MLPK  

pull-down two-hybrid BiFC

MLPK SRK

MLPK

MLPK  
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MLPKf1 112

MLPKf2K112R MLPKf1

GeneTailor  Site-Directed 

Mutagenesis System Invitrogen

Mf1K112R-1(5’-GGCATGGTTATTGCTGTCAGAAGACTTAACATA-3’)

Mf1K112R-2(5’-GACAGCAATAACCATGCCGGTTCCCGGTTT-3’) PCR

[95 , 5 min; (94 , 30 sec; 55 , 30 sec; 68 , 5 min) 35 cycles; 

68 , 10 min] PCR DH5 -T1R Invitrogen

MLPKf1K112R  

 

 

 

 

MBP maltose binding protein GST glutathione S-transferase

pGEX5X-3 GE Healthcare Bioscience pMALc2E New England 

Biolabs  

pGEX5x-3 SmaI pMALc2E BamHI pMALc2E

pGEX5x-3 Geteway R  rf C Cassettes

Invitrogen pMALc2E Geteway R  rf B Cassettes Invitrogen

pGEXgw pMALgw  

SRK8KD SRK9KD MLPK 1-23 MLPK 1-39 MLPK 1-52 MLPKf2 1-10

MLPKf2 11-23 MLPK24-79 B. rapa S8S8

B. rapa S9S9 cDNA PCR

DNA pENTR/D-TOPO Invitrogen

SRK8KD

SRK-KD8_F(5’-CACCCAAAATCGAGCAAAAGCAATGGCA-3’)

SRK-KD8_R(5’-TCCGCGGTTACCGGGCATCGATGACTGAG-3’) SRK9KD

SRK-KD9_F(5’-CACCAAAGGCGAGCAAAAGCAATGGCA-3’)

SRK-KD9_R(5’-AACCGCGGTTAGCGGGCATCTATGACTGA-3’) MLPK 1-23
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MLPK24-_F(5’-CACCGGTGCGAGTCCGAAGTATATGAG-3’)

MLPK_R(5’-TCAGACAAACAGAGGCGAAGCAGACGGAC-3’) MLPK 1-39

MLPK40_F(5’-CACCATGGGAAGCAAATGCTCTTCTGTG-3’) MLPK_R

MLPK 1-52 MLPK53-_F(5’-CACCCCTCGAACCGAAGGAGAGATCTTG-3’)

MLPK_R MLPKf2 1-10 Mf2_11-_F 

(5’-CACCGTTTTTTTATATGTAAACTATTTGTTTGGT-3’) MLPK_R

MLPKf2 11-23

Mf2 HR_F(5’-CACCATGGGTTTTGTGAAAAAAGTGCAATCAAAAGGTGCGAG

TCCGAAGTATATG-3’) MLPK_R MLPK24-79 MLPK24-_F

Mf2-79stop_R(5’-TCAATTCCTAGTTGCTGCTTTGAG-3’) PCR

[95 , 5 min; (94 , 30 sec; 55 , 30 sec; 68 , 2 min) 35 cycles; 68 , 5 min]

 

SRK8KD SRK9KD MLPK24-79 pGEXgw

MLPK 1-23 MLPK 1-39 MLPK 1-52 MLPKf2 1-10 MLPKf2 11-23

MLPKf1 MLPKf2 MLPKf1K112R

pMALgw Gateway® LR Clonase® Enzyme 

Mix Invitrogen  

 

 

MBP  

 

BL21-codon plus (DE3)RIL Stratagene

2 YTA 16 g/l Tryptone 

pepton 10 g/l Yeast extract 5 g/l NaCl 50 µg/ml Ampicillin pH 7.0 37

2 YTA 1/100

O.D. 600 0.5 30 IPTG 1 mM

1 3

10 ml PBS buffer 20 

mM phosphatebuffer (pH 7.4) 0.9%(w/v) NaCl

 

BugBuster Master Mix Novagen

100,000 g 20 min

MBP

amylose resin New England Biolabs

kinase assay buffer 20 mM Hepes-KOH(pH 7.4)
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150 mM NaCl 0.01% TritonX-100 10% glycerol -80

SDS-PAGE BSA

 

 

 

GST  

 

GST-SRK9KDK557R

BL21-codon plus (DE3)RIL Stratagene

 

GST Glutathione 

uniflow Resin Clontech

kinase assay buffer 20 mM Hepes-KOH (pH 7.4) 150 mM NaCl

0.01% TritonX-100 10% glycerol -80

SDS-PAGE BSA

 

 

 

pull-down  

 

pull-down

2 µg binding buffer 20 mM Hepes-KOH (pH 7.4) 150 mM 

NaCl  5 mM MgCl2 5 mM MnCl2 1 mM EDTA 0.05% Triton-X100 1 mM DTT

100 µl 10 µl Glutathione uniflow Resin

Clontech 4 2 1,000 rpm

30 sec 500 µl binding buffer 3

100 µl 2 SDS-PAGE sample buffer 100 mM Tris-HCl (pH 6.8) 4% SDS

20% glycerol 0.01%(w/v) BPB 50 mM DTT 96 5

20 µl SDS-PAGE

MBP

Silver staining II Kit Wako

MBP Anti-MBP Monoclonal Antibody New England 

Biolabs HRP  anti-rabbit IgG HRPconjugate BIO-RAD

ECL plus GE Healthcare  
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split-ubiquitin membrane-based yeast two-hybrid system  

 

split-ubiquitin membrane-based yeast two-hybrid Dualmembrane

two-hybrid pCCW-SUC pPR3-C Dualsystems Biotech

pCCW-SUC SfiI

Geteway R  rf C Cassettes pCCW-SUCgw

pPR3-C ClaI Geteway R  rf A Cassettes

pPR3-Cgw  

SRK8KDt MLPKf1t MLPKf2t B. rapa 

S8S8 cDNA PCR DNA

pCR®8/GW/TOPO Invitrogen TA

SRK8KDt

SRK8_Ft(5’-ATGCAAGGTGTACGATACATCTATC-3’)

SRK8(-stop)_R(5’-TCCGCGGTTACCGGGCATCGATGACTGAG-3’) MLPKf1t

MLPKf1_Ft(5’-ATGGGGATTTGCATGAGTGTTC-3’) MLPK(-stop)_R MLPKf2t

MLPKf2_Ft(5’-ATGGGTTTTGTGAAAAAAGTGCA-3’) MLPK(-stop)_R

PCR SRK8KDt [95 , 5 min; (94 , 30 sec; 55 , 30 sec; 68 , 

2.5 min) 35 cycles; 68 , 5 min] MLPKf1t MLPKf2t [95 , 5 min; (94 , 30 

sec; 55 , 30 sec; 68 , 2 min) 35 cycles; 68 , 5 min]  

SRK8t pCCW-SUCgw MLPKf1t MLPKf2t

pPR3-Cgw

Gateway® LR Clonase® Enzyme Mix Invitrogen

 

 

BD Clontech web

http://www.clontech.com/images/pt/PT3247-1.pdf NMY32

Dualsystems Biotech 30 YPDA 10 g/l Bacto yeast extract

20 g/l Bacto pepton 20 g/l glucose 40 mg/l adenine

2 ml YPDA O. D600=0.2~0.3 30 3

6,000 g 1 min

2 1 ml 1 M 

50 µl 50%(w/v) Polyethylenglycol 

4000 Furuka 240 µl 1 M 36 µl 96

 5 mg/ml Salmon test DNA SIGMA 10 µl 0.5 µg/µl plasmid DNA 50 µl

voltex 30 30
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42 20 6,000 g

2 30 2 SD/-L, -W

SD/-L, -W, -Ade, -H

 

 

 

in vitro  

 

200 ng reaction buffer 20 

mM Hepes-KOH(pH 7.4) 150 mM NaCl 0.01% TritonX-100 5 mM MgCl2 5 mM 

MnCl2 10% glycerol 1 mM DTT 5 µCi [ -32P]ATP (GE Healthcare Bioscience)

10 µl

1 µg 5 µg cold-ATP

50 µM 30

SDS-PAGE sample buffer 96

SDS-PAGE CBB

CBB EPSON

BAS5000, Fuji 

Film  

 

 

BiFC Bimolecular Fluorescent Complementation  

 

BiFC

pBI221/S7RNase:VN pBI221/S7SLF:VC

2004 pBI221/S7RNase:VN

pBI221/S7SLF:VC XbaI/XhoI Geteway R  rf A 

Cassettes 35S:gw:VN/pBI221

35S:gw:VC/pBI221  

B. rapa S9S9 Arabidopsis thaliana

cDNA PCR DNA

pENTR/D-TOPO Invitrogen

SRK9(-stop)

SRK9_F(5’-CACCATGAAAGGTGTACGAAACAT-3’)

SRK9(-stop)_R(5’-GCGGGCATCTATGACTGAGCAGGT-3’) sRLK1(-stop)
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sRLK1_F(5’-CACCATGGCTCCGTCGTTAAGGAATTTCA-3’)

sRLK1_R(5’-ACTTATTTCTTTGACCTTGACATCACT-3’) sRLK2(-stop)

sRLK2_F(5’-CACCATGACTCGTTTACCCTTACCTTTC-3’)

sRLK2_R(5’-TACAAAACCTAAATCTTCATCTTCTAC-3’) PCR

[95 , 5 min; (94 , 30 sec; 55 , 30 sec; 68 , 2.5 min) 35 cycles; 68 , 5 

min]  

SRK9(-stop) sRLK1(-stop) sRLK2(-stop)

MLPKf1(-stop) MLPKf2(-stop) 35S:gw:VN/pBI221 35S:gw:VC/pBI221

35S:gw:Venus/pBI221 Gateway® LR Clonase® Enzyme Mix

Invitrogen  

 

35S:eCFP/pBI221

 

BiFC 35S:eCFP/pBI221

PEG eCFP Venus

LSM510 META, Carl Zeiss  

 

 

B. rapa Ser-rich MLPK  

 

MLPK 2-52 B. rapa S9S9 cDNA

PCR DNA pENTR/D-TOPO

Invitrogen

MLPKD2-52(5’-CACCATGCCTCGAACCGAAGGAGAGATCTTG -3’)

MLPK_R PCR [95 , 5 min; (94 , 30 sec; 55 , 30 sec; 68 , 

1.5 min) 35 cycles; 68 , 5 min] MLPK 2-52

SLGp:gw/pBI221 Gateway® LR Clonase® Enzyme 

Mix Invitrogen  

RFP

B. rapa S8S8mm Sf2Sf2MM

B. rapa
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SLG9 gateway cassette

SLG9pro:SP11/pBI101 HindIII/SacI

Geteway® rf A Cassettes Invitrogen SLGp:gw/pBI101

 

SRK gateway cassette

Arabidopsis thaliana Columbia

DNA S PCR

Hind KpnI

SacI

SRKpro_F(5’-AAGCTTAATTTCGGGTTGTACGTTTTGAGA-3’)

SRKpro_R(5’-GAGCTCAAGGTACCATGTTGTTCATTTTCC-3’) PCR

[95 , 5 min; (94 , 30 sec; 55 , 30 sec; 68 , 2 min) 35 cycles; 68 , 

5 min] DNA pGEM T-Easy Promega TA

SRK Hind /SacI

pBI121 Clontech Hind /SacI

KpnI Geteway® rf A Cassettes Invitrogen

SRKp:gw/pBI121  

APK1b 2-50 MLPK 2-52 Arabidopsis 

thaliana B. rapa S9S9 cDNA PCR

DNA pCR®8/GW/TOPO Invitrogen

APK1b 2-50

APK1bMet53_Ft(5’-ATGCCAAGAACTGAAGGAGAGATCTTG-3’)

APK1b_R(5’-TCAAACAAACAGAGGCGAATCAGA-3’) MLPK 2-52

MLPKMet53_Ft(5’-ATGCCTCGAACCGAAGGAGAGATCTTG-3’) MLPK_R

PCR [95 , 5 min; (94 , 30 sec; 55 , 30 sec; 68 , 2 min)

35 cycles; 68 , 5 min]  

APK1b 2-50 MLPK 2-52 SLGp:gw/pBI101

SRKp:gw/pBI121 Gateway® LR Clonase® Enzyme Mix

Invitrogen

Agrobacterium rhizogenes EHA105  
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1996

 

A. thaliana Col-0 22 14 10

OD600 0.8

1/2 MS salt 1/2 Gamborg B5 vitamin 5% sucrose 0.5g/l MES-KOH

10 µg/l 6-Benzylaminopurine, 200 µl/l(v/v) Silwet L-77 pH 5.7

400 mmHg 5

2 4

 

60 mg 15 ml

70 % 3 % 

0.1% 60 µg/ml

GM 1 MS salt mix 100 mg/l myo-inositol 1

Gamborg B5 vitamin 1% sucrose 0.2% agar powder pH 5.7 22 C

14 10 1~2

 

 

Real-time PCR Real-time PCR Total 

RNA

Real-time PCR Comparative Ct Web

http://docs.appliedbiosystems.com/pebiodocs/04303859.pdf

PCR

GAPDH At3g04120 2{( Ct ) (GAPDH Ct )}

 

MLPK 2-52 MLPK_6F-RT(5’-ACTACCGTGTTCAGATGTCTCGACGT-3’)

attL2_R-RT(5’-ACCACTTTGTACAAGAAAGCTGGGTC-3’) APK1b 2-50

APK1b_6F-RT(5’-AGATGCCTCACATTCGAGATAAAGCT-3’)

attL2_R-RT(5’-ACCACTTTGTACAAGAAAGCTGGGTC-3’) GAPDH

GAPDH_F(5’-GACCTTACTGTCAGACTCGAG-3’)

GAPDH_R(5’-CGGTGTATCCAAGGATTCCCT-3’) PCR
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[50 , 30 min; 95 , 15 min; (94 , 15 sec; 55 , 30 sec; 60 , 30 sec) 40 cycles]

 

 

Kho and Bear, 1968

6 75%(v/v) ethanol 25%(v/v) acetic acid 2

1 N 60 2

2%(w/v) 2%(w/v) K3PO4 2

50 (v/v) 

VECTASHIELD VECTOR

Axiophot; ZEISS 365 

nm  
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SRK-MLPK  

 

SRK MLPK

pull-down  

MLPKf1 N MBP maltose-binding protein

MBP-MLPKf1 SRK9 N GST glutathione 

S-transferase GST-SRK8KD

Glutathione Sepharose

SDS-PAGE MBP  

GST-SRK8KD MBP-MLPKf1

Fig. 2-1 lane 4 GST

MBP-MLPKf1 Fig. 2-1 

lane 6 SRK8KD MLPKf1

pull-down SRK8KD MLPKf1

pull-down

 

 

 

two-hybrid SRK-MLPK  

 

two-hybrid SRK-MLPK

MLPK SRK

Dualsystem Biotec DUALmembrane 

system

SRK MLPK two-hybird

Stagljar et al., 1998  

SRK8 C C Cub LexA-VP16  



MBP-MLPKf1

MBP

GST-SRK8KD

GST

input elution

+

-

-

+

+

-

-

-

+

-

+

-

-

+

+

-

+

-

-

+

WB : -MBP

(kDa)

MBP

MBP-

MLPKf1
75

50

Silver stain

input elution

+

-

-

+

+

-

-

-

+

-

+

-

-

+

+

-

+

-

-

+

Fig. 2-1 pull-down SRK-MLPK

GST GST-SRK8KD Glutathione Sepharose MBP
MBP-MLPKf1 SDS-PAGE

MBP

1 2 3 4 5 6 1 2 3 4 5 6
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bait vector MLPKf1

MLPKf2 C N NubG

prey vector

vector empty vector

SD/-Leu/-Trp/-Ade/-His

Fig. 2-2

SRK8 MLPKf1 SRK8 MLPKf2

NubG Cub

LexA-VP

Fig. 2-2  

 

 

BiFC SRK-MLPK  

 

MLPK SRK BiFC Bimolecular 

Fluorescent Complementation

BiFC Venus

2

Venus

2

2 Venus

Hu et al., 2002  

BiFC SRK

SRK9 C Venus

SRK9 Venus

SRK9 Venus

Fig. 2-3  

MLPK SRK

MLPKf1 MLPKf2 Venus N

VN MLPKf1-VN MLPKf2-VN SRK9 Venus

C VC SRK9-VC  



Fig. 2-2  two-hybrid SRK-MLPK

SD/-Leu/-Trp A SD/-Leu/-Trp/-Ade/-His B
 C

1

2

34

5

6

1

2

34

5

6

SD/-Leu/-Trp/-Ade/-His

SD/-Leu/-Trp

Bait vector

SRK8

SRK8

SRK8

Prey vector

MLPKf1

MLPKf2

MLPKf1

MLPKf2

1

2

3

4

5

6

A

B C
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Fig. 2-3 SRK sRLK1 sRLK2

Venus SRK9 sRLK1 sRLK2 BY-2

 Venus Marge

SRK9-Venus

sRLK1-Venus

sRLK2-Venus

Venus
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eCFP

eCFP Venus

 

MLPKf1-VN MLPKf2-VN SRK9-VC

eCFP 50% Venus

Fig. 2-4

LSM 510 META

Venus

Fig. 2-5 MLPKf1 VN VC MLPKf2 VN

VC VN SRK9 VC Venus

Fig. 2-4  

 

BiFC SRK9-MLPK 2

SRK

MLPK BiFC

cDNA

At1g09970

sRLK1 (stigmatic RLK-1) At5g25930 sRLK2 (stigmatic RLK-2)

sRLK1

sRLK2

2007  

sRLK1 sRLK2

Venus sRLK1-Venus sRLK2-Venus

Venus

sRLK1-Venus sRLK2-Venus Fig. 

2-3 MLPKf1 MLPKf2

BiFC sRLK1 sRLK2 VC

sRLK1 VC sRLK2 VC MLPKf1 VN

MLPKf2-VN

Venus Fig. 2-6 MLPKf1

MLPKf2 SRK

 

 



MLPKf1-VN

SRK9-VC

MLPKf2-VN

SRK9-VC

VN

SRK9-VC

MLPKf1-VN

VC

MLPKf2-VN

VC

Fig. 2-4 BiFC MLPK-SRK

BiFC eCFP
BY-2

eCFP Venus Marge
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MLPKf2-VN

SRK9-VC

Venus

Intensity

150

100

50

0

MLPKf1-VN

SRK9-VC

150

100

50

0

150

100

50

0

520 550 580

Emission wavelenght (nm)

Fig. 2-5

BiFC
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Fig. 2-6 BiFC MLPK sRLK1 sRLK2

BiFC eCFP
BY-2

eCFP Venus Marge

MLPKf1-VN

sRLK1-VC

MLPKf2-VN

sRLK1-VC

MLPKf1-VN

sRLK2-VC

MLPKf2-VN

sRLK2-VC
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SRK-MLPK in vitro  

 

BRI1 BAK1

Li et al., 2002; Nam and Li, 2002 MLPK-SRK

in 

vitro  

SRK8 N GST

GST-SRK9KD MLPKf1 N MBP

MBP-MLPKf1 GST SRK9KD MBP-MLPKf1

 -[32P]-ATP GST-SRK9KD

MBP-MLPKf1 32P

GST-SRK9KD MBP-MLPKf1 32P

Fig. 2-7 lane 1, 2, 5  

MLPKf1 SRK9

MLPKf1 ATP

MLPKf1 112

MLPKf1 MLPKf1K112R, Fig. 1-1B MBP

MLPKf1K112R SRK

 

MLPKf1K112R MBP MBP MLPKf1K112R

GST-SRK9KD MBP MLPKf1K112R

-[32P]-ATP 32P

MBP MLPKf1K112R

Fig. 2-8 lane 3 GST-SRK9KD

Fig. 2-8 lane 2 MBP
32P

Fig. 2-8 lane 1 GST-SRK8KD MLPKf1

MLPK SRK

 

 

MLPK N MLPKf1 MLPKf2

Ser-rich 2004 Fig. 1-1B Ser-rich  



Fig. 2-7 in vitro

GST-SRK9KD MBP-MLPKf1 -[32P]-ATP
SDS-PAGE

CBB

GST-

SRK9KD

MBP-

MLPKf1

GST

MBP

105

75

50

Autoradiography CBB stain

GST-SRK9KD

MBP-MLPKf1

GST

MBP

(kDa)

1 2 3 4 5 6 7 1 2 3 4 5 6 7
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Fig. 2-8 SRK MLPK

GST-SRK9KD MBP-MLPKf1K112R -[32P]-ATP
SDS-PAGE

CBB

MBP-MLPKf1K112R

GST-SRK9KD

MBP

MBP-MLPKf1K112R

MBP

GST-SRK9KD

Autoradiography CBB stain

105

75

50

(kDa)

1 2 3 1 2 3
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SRK MLPK

Ser-rich SRK

MLPKf2 Ser-rich 24~79

GST GST-MLPK24-79; Fig. 2-9

SRK  

GST-SRK9KD GST-MLPK24-79 -[32P]-ATP

GST GST-MLPK24-79

Fig. 2-10 lane 1, 2 ATP

557

SRK9KD GST GST-SRK9KDK557R

GST-MLPK24-79 Fig. 2-10 lane 3

GST-SRK9KD

MLPK Ser-rich SRK

 

 

 

MLPK in vitro  

 

MLPK Ser-rich MLPK

MLPKf1 MLPKf2

MBP MBP-MLPKf1 MBP-MLPKf2

in vitro -[32P]-ATP

MBP-MLPKf1

MBP-MLPKf2

Fig. 2-11 lane 1, 4  

MLPKf1 MLPKf2 N MLPKf2

Fig. 1-1B

MLPKf2 N 1~10

MLPKf2 1-10 11~23

MLPKf2 11-23 MBP

Fig. 2-9 MBP-MLPK 11-23

MBP-MLPKf1 Fig. 2-11 lane 4, 5, 6

MLPKf2

MBP-MLPKf1

MBP 2  



MLPKf1

MLPKf2

MLPKf2 2-10

MLPKf2 11-23

MLPK 1-23

MLPK 1-52

MLPK24-79

MLPK 1-39

MLPK 2-52

Ser-rich domain kinase domain

Hydrophobic region

Fig. 2-9 MLPK N

MLPKf1 MLPKf2 MLPK
MLPKf2

MLPKf1G2A

MLPKf2G2A

G2A

G2A
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Fig. 2-10 SRK MLPK Ser-rich

GST-SRK9KD GST-M24-79 -[32P]-ATP
SDS-PAGE

CBB

75

50

GST-MLPK24-79

GST-SRK9KD

GST-SRK9KDK557R

GST

(kDa)

Autoradiography CBB stain

GST-SRK9KD

GST-SRK9KDK557R 

GST

GST-MLPK24-79

1 2 3 1 2 3
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Fig. 2-11 MLPK

MLPK MBP -[32P]-ATP
SDS-PAGE

CBB

GST GST-MLPKf1K112R
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MLPKf2

 

 

Ser-rich MLPK

N MLPK 1-23

Ser-rich MLPK 1-52 MBP

MBP-MLPK 1-23, MBP-MLPK 1-52

Fig. 2-9 Ser-rich MBP-MLPK 1-23

Ser-rich MBP-MLPK 1-52

Fig. 2-11 lane 2, 3 MLPK

MLPK 2

MLPKf1K112R GST

GST-MLPKf1K112R Ser-rich MBP-MLPKf2 1-52

MBP-MLPKf2 1-23

GST-MLPKf1K112R 32P

Fig. 2-11 lane 8, 9 MLPK Ser-rich

N GST GST-MLPK24-79

Fig. 2-12 GST-MLPK24-79

MBP-MLPKf1 MBP-MLPK 1-23

Ser-rich MBP-MLPK 1-39 MBP-MLPK 1-52

Fig. 2-12  

MLPK N MLPKf2 MLPKf1

MLPKf2 Ser-rich MLPK

 

 

 

Ser-rich MLPK  

 

in vitro MLPK N Ser-rich

Ser-rich MLPK constitutive active CA

MLPKf2 2~52

MLPK 2-52 RFP  



Fig. 2-12 MLPK MLPK Ser-rich

MLPK MBP GST-MLPK24-79 -[32P]-ATP
SDS-PAGE
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B. rapa S8S8mm RFP

Fig. 2-9  

MLPKf2 RFP RFP

S9S9 S8S8

Table 2-1A S8S8mm MLPKf2

MLPK 2-52  RFP

RFP

Table 2-1A MLPK 2-52

CA MLPK

 

 

 

CA MLPK MLPK 2-52  

 

MLPK 2-52 CA

A. thaliana SRK SP11

Kusaba et al., 2001 SRK SP11

Nasrallah et al., 

2002; Nasrallah et al., 2004 CA MLPK

MLPK 2-52

 

MLPK 2-52 CA

MLPK 2-52 MLPK

APK1b

APK1b 2-50

Fig. 2-13A B. rapa SLG9

SLGp SRK (At4g21370) SRK

SRKp SRK Kusaba (2001)

SLG Iwano 2004

 



Pollen tube penetration / tests(%)

Pollen tube penetration / tests(%)

15 / 36

27 / 38

22 / 50

22 / 49

42

71  

44

45  

Table 2-1  S8S8mm Sf2Sf2MM CA MLPK

Transgene

RFP + MLPKf2

RFP + MLPK 2-52

Pollen

Self

Cross

Self

Cross

39 / 49

34 / 44

34 / 48

25 / 36

80

77  

71

69  

Plant

S8S8mm

Transgene

RFP + MLPKf2

RFP + MLPK 2-52

Pollen

Self

Cross

Self

Cross

A

B

Plant

Sf2Sf2MM

A S8S8mm CA MLPK (MLPK
2-52) RFP RFP

S8S8 : 2 = 6.40, p < 0.02

B S9S9MM CA MLPK
(MLPK 2-52) RFP RFP

S9S9 : 2 = 6.27, p < 0.02
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SLGp:APK1b 2-50 #01

SRKp:APK1b 2-50 #03SRKp:MLPK 2-52 #04

Wild type

B

A

Fig. 2-13

MLPK APK1b Ser-rich
SLGp:APK1b 2-50 SRKp:MLPK 2-52 SRKp:APK1b 2-50

A
B

Ser-rich domain
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SLGp:MLPK 2-52 SLGp:APK1b 2-50 SRKp:MLPK 2-52

SRKp:APK1b 2-50

T1 GM

SLGp:APK1b 2-50 T1 77 SRKp:MLPK 2-52 T1 56

SRKp:APK1b 2-50 T1 76

SLGp:APK1b 2-50 SRKp:MLPK 2-52 SRKp:APK1b 2-50

3 Real-time PCR

data not shown

Fig. 2-13B SLGp:MLPK 2-52 T1

MLPK53 APK1b53 CA

 

 

CA MLPK 2-52 APK1b 2-50

SRK

CA MLPK 2-52

SRK

SRK B. rapa Sf2Sf2 2004; Fujimoto 

et al., 2006 MLPK 2-52

MLPK 2-52 SRK S8S8mm

Table 2-2A Sf2Sf2MM

Table 2-2B CA MLPK 2-52

SRK

SRK MLPK 2-52 CA

SRK MLPK

MLPK 2-52 CA

SRK

MLPK SRK  
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MLPK SRK

in vitro MLPK

Ser-rich SRK

MLPK Ser-rich MLPK

Ser-rich MLPK 2-52

constitutive active CA

MLPK 2-52 SRK B. rapa Sf2Sf2

MLPK SRK

 

 

 

SRK-MLPK

pull-down Dualmembrane two-hybrid

BiFC  

SRK-MLPK

pull-down

Dualmembrane two-hybrid

BiFC

SRK-MLPK

SRK SP11

SRK SP11

ERK

extracellular signal-regulated protein kinases JNK c-Jun N-terminal kinases

MAPK mitogen-activated protein kinases scaffold protein

MAPK MAPKK MAPKKK

Weston 

and Davis 2002; Morrison and Davis 2003 scaffold protein

SRK MLPK
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SRK-MLPK

BiFC

BiFC Venus

pull-down SRK-MLPK

in vitro MLPK Ser-rich

biotin SP11 B. rapa SRK

MLPK SRK-MLPK

Shimosato et al., 2007;

 

SRK-MLPK BiFC in vitro

BiFC SRK-MLPK

SP11

SRK MLPK SP11 SRK

 

 

SRK-MLPK RLK 2

BRI1

brassinosteroid-insensitive 1

BAK1

BRI1-associated receptor kinase 1 Wang et al., 2001; 

Li et al., 2002; Nam and Li, 2002; Russinova et al., 2004 BRI1 BAK1

2

BRI1 BAK1

TGF transforming growth factor 

T RII type 2 

receptor TGF T RII

T RI type 1 receptor T RI

T RI R-Smad receptor regulated Smad
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Massague, 1998

BRI1 BAK1

RTK: receptor tyrosine kinase

PDGF EGF

Src

Thomas and Brugge, 1997; 

Schlessinger, 2000 Li 2002 in vitro

BRI1 BAK1 BAK1

Nam Li 2002

BRI1 BAK1 BRI1

BAK1

BRI1 BAK1

 

MLPK Ser-rich SRK

MLPK SRK SP11

Fig. 2-14 SP11

SRK MLPK Ser-rich

MLPK

MLPK SRK

MLPK

SRK co-receptor

 

 

 

in vitro MLPKf1

MBP-MLPKf1

MLPKf2 MBP-MLPKf2

MBP-MLPKf2 MLPKf2

MLPKf2

N MBP

MBP-MLPKf1 N

MLPKf1  



MLPKf1

MLPKf2

A

B SP11

plasma

membrane

SI signaling

Ser-rich

domain

Kinase

domain

Myristoylation or

Hydrophobic region

(A)
(B)

MLPK
SP11 SRK  SRK MLPK Ser-rich

MLPK
MLPK SRK SI

Fig. 2-14 MLPK-SRK

- 73 -

inactive form

SRK

active complexactive form
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N-

Src c-Abl

Abelson tyrosine kinase c-Abl MLPK

N 2 isoform c-Abl 1a c-Abl 1b 1b 

1a N- c-Abl 1b N

N- SH2 Src homology 2 SH3

Src homology 3 proline-rich DNA

N

hydrophobic pocket

SH2 SH3

Hantschel et al., 2003; Nagar et al., 2003

Lycopersicon esculentum R

Pto 2

2~10 Pto

GST-Pto[N-10] Pto 2~10

myr-Pto[2-10] Pto

Pto

negative regulatory putch NRP Pto

GST-Pto[N-10]I214D

Pto N NRP

Wu et al., 

2004; Andriotis and Rathjen, 2006  

MLPKf1 N-

c-Abl Pto N-

MLPKf2

N- MLPKf1

MLPKf1

 

 

MLPK Ser-rich MLPK

Ser-rich SRK MLPK

BRI1
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BKI1 BRI1 kinase inhibitor 1

Wang and Chory, 2006 BKI1 N C Ser-rich

C Ser-rich BRI1

BKI1 bri1

BES1

BKI1 BKI1 Ser-rich

BRI1 BRI1 Wang and 

Chory, 2006 BKI1 Ser-rich MLPK Ser-rich

Dominguez et al., 2003; Wu 

et al., 2005; Briknarova et al., 2005 MLPK Ser-rich

 

MLPK RLCK RLCK

N Ser-rich

Ser-rich

RLCK

Pseudomonas syringae avr avrPphB R

PBS1 Swiderski and Innes, 2001; Shao et al., 2003

APK2a Ito et al., 1997

ARSK1 Hwang and Goodman, 1995

MLPK Ser-rich

Ser-rich

 

MLPK Ser-rich

MLPK Ser-rich

RLCK
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MLPK SRK co-receptor

SRK-MLPK

SRK

ARC1 Gu et al., 1998 ARC1 E3

SRK

Stone et al., 2003 ARC1

SRK-MLPK ARC1

Stone et al., 1999

pull down in vitro

SRK-ARC1 data not shown

ARC1 SRK-MLPK

SRK MLPK

 

SRK

MLPK
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[32P]-  

 

[32P]- Cabrillac 2001

B. rapa S9S9MM S8S8mm

5~6 mm 5 125 µCi PHOSPHORUS-32 GE 

Healthcare Bioscience 25 µl 10 mM MES-HCl pH 6.0

0 1 4  

 

 

 

 

 

SDS

2  

B. rapa SDS PPMdb Plant Plasma 

Membrane DateBase web http://sphinx.rug.ac.be:8080/ppmdb/index.html

[32P]- 4

B. rapa 50 5 [32P]- 25 µl

10 mM MES-HCl pH 6.0

homogenization buffer-1

50 mM Tris-HCl (pH 7.0) 4% SDS 20% glycerol 10 mM NaF 25 mM 

-glycerophosphate 1 mM DTT 1 complete (Roche)

95 3 6,000 rpm 20 min

90 -30 2

15,000 rpm 20 min 4

 

 

[32P]-

50 100 µl homogenization buffer-2 50 mM 

phosphate buffer (pH 7.0) 150 mM NaCl 10 mM NaF 25 mM -glycerophosphate
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1 mM DTT 1 µM okadaic acid 5 µM mycrocystin LR 25 mM EDTA 1 complete 

(Roche) 6,000 g, 20 min, 4

120,000 g, 60 min, 4

90% -30 2

15,000 rpm 20 min 4

 

 

 

 

 

Multiphor II GE Healthcare Bioscience

2-DE sample buffer 7 M urea 2 M thiourea

100 mM DTT 0.5% Triton X-100 4% CHAPS 0.5% IPG buffer (pH 5-6

pH3-10)( GE Healthcare Bioscience) 100 µl

15,000 rpm 20 min

Immobiline Dry Strip pH range 4-7 (18 cm)

 5-6 (18 cm) GE Healthcare Bioscience sample buffer 14

pH range 4-7 500 V 6

3,500 V 6 3,500 V

24 pH range 5-6 0 V 500 V

3 500 V 3,500 V 3

3,500 V 18 -30

 

 

SDS-PAGE 240 mm 350 mm 1 mm

Oguri et al., 2002 10% T 2.7% C

10 ml SDS A 50 mM Tris-HCl (pH6.8)

6 M urea 30% glycerol 1% SDS 65 mM DTT 20 10 ml

SDS B 50 mM Tris-HCl (pH 6.8) 6 M urea 30% glycerol

1% SDS 135 mM iodoacetamide 20

SDS SDS-PAGE 0.5% 

agarose M GE Healthcare Bioscience 20 mA/gel

13  
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2001

 

50%(v/v) 5%(v/v) 

20 50%(v/v) 

10 10

0.2 mg/ml 1

1 3 4 1 mg/ml 

4 20 1 3

0.037%(v/v) 20 mg/ml

5%(v/v) 

5 5  

Silver Staining Kit GE Healthcare Bioscience

 

EPSON

BAS5000, Fuji 

Film  

 

 

 

 

C4 POROS R1/10, 4.6 mm  

50mm; PerSeptive Biosystems HPLC

homogenization buffer-2 1000 1 ml  

0.1% TFA 3 ml/min

0 64% 10

19.2%

1 ml/fraction 24

1 ml 1 1 ml

2DE-sample buffer
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Shevchenko 1996

2002B  

3 4 mm

, 

15 mM K3[Fe(CN)6] 50 mM Na2S2O3 100 µl 10

500 µl 10

100 µl

5

10 mM DTT 25 mM 

NH4HCO3 100 µl 56 1 25 

mM NH4HCO3 100 µl 55 mM 

ICH2CONH2 25 mM NH4HCO3 100 µl 45

100 µl 50% CH3CN 25 

mM NH4HCO3 200 µl 10

10 µg/ml Trypsin: Trypsin, modified, sequencing 

Grade (Roche) 50 mM NH4HCO3 50 µl 45

37 16

25 mM NH4HCO3 10 µl

10 20 µl 10

5% 10 µl 10

20 µl 10

5 10 µl MS 10% 

CH3CN 0.1%(v/v) formic acid 20 µl MS  

 

 

 

 

LCQ DECA, ThermoQuest MS

Xcalibur for LCQ DECA ThermoQuest

Mascot http://www.matrixscience.com/
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NCBInr  

 

 

BrIPP  

 

5’ RACE 3’ RACE BrIPP

cDNA B. rapa S9 ISOGEN

total RNA oligo(dT) primer Superscript GIBCO

5’-RACE 3’-RACE 5' poly(G) DNA 

tailing kit Roche PCR

EST IPP

IPP F2 5'-GATCTTGAGATTGGACCTGGAG-3’ IPP F3D

5’-ATHGCNGTNTGYGTNGAYGAYCCNGA-3’ IPP F7

5'-GATCAGGGTGAGAAAGATGACA-3’ IPP 

R3D 5’-TCNGGRTCRTCNACRCANACNGCDAT-3’ IPP R6

5'-GACGAAACCATAGTTGTGAG-3’ IPP R8

5'-TGATGAGTCCAGTCTTTTTGTCA-3’ 3’RACE

Eco-Not T 5'-ACTCGAATTCACGCGGCCGCATTTTTTTTTTTTTTT-3’

5’RACE Eco-Not C

5'-ACTCGAATTCACGCGGCCGCACCCCCCCCCCCCCC-3’ 1st PCR

2nd PCR Eco-Not T Eco-Not C Eco-Not

5'-ACTCGAATTCACGCGGCCGCC-3’ 1st PCR [95 , 

5 min; (94 , 30 sec; 42 , 30 sec; 68 , 2 min) 10 cycles; (94 , 30 sec; 42

(+0.2 /cycle), 30 sec; 68 , 2 min) 30 cycles; 68 , 5 min] 2nd PCR

[95 , 5 min; (94 , 30 sec; 55 , 30 sec; 68 , 2 min) 35 cycles; 68 , 5 min]

PCR

PCR

pGEM®-T Easy Vector Promega TA

BrIPP ORF

PCR PCR

BrIPP-1 BrIPP-1 F

5’-ATGAGTGAAGAAACGAAGGAG-3’ BrIPP-1 R

5'-TCAACGTCGCAGGGTATG-3’ BrIPP-2 BrIPP-2 F

5’-ATGAGTGAAGAGCAGCAGCGACCT-3’ BrIPP-2 R
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5’-TTACAAGAAAAAACAGAGAAAGTA-3’ BrIPP-3 BrIPP-3 F

5’-ATGAGTGAAGAAACATATGAAGAA-3’ BrIPP-3 R

5’-TCATCTCCTCAAGGTATGGAGAAT-3’ BrIPP-4 BrIPP-4 F

5’-ATGGCGCCACCCATTGAGATTGCT-3’ BrIPP-4 R

5’-TCACCGTCTCAAGGTTTCCATGAC-3’ BrIPP-5 BrIPP-5 F

5’-ATGGCTGATATCAAGGATGAAGGA-3’ BrIPP-5 R

5’-CTAACGCTGCAGGCCAGCTTTGAT-3’ PCR [95 , 

5 min; (94 , 30 sec; 55 , 30 sec; 68 , 1 min) 35 cycles; 68 , 5 min] PCR

pGEM®-T Easy Vector TA  

 

 

His-BrIPP1  

 

BrIPP-1 6 His

 

B. rapa S12S12 cDNA PCR

BrIPP1 pCR®T7/NT TOPO

Invitrogen TA BrIPP-1_F

BrIPP-1_R PCR [95 , 5 min; (94 , 30 sec; 55 , 30 sec; 

68 , 1 min) 35 cycles; 68 , 5 min]  

T7 BL21 (DE3) 

pLysS

lysis 

buffer 100 mM phosphate buffer (pH 8.0) 300 mM NaCl  8 M Urea complete(EDTA 

free) (Roche) 5 mM mercaptoethanol 10,000 g

20 min 4 Ni-agarose Clontech 1 ml 4

1 TALON Disposable Column Clontech

lysis buffer elution buffer 100 mM phosphate buffer (pH 

5.9) 300 mM NaCl 8 M Urea 6M Urea

dialysis buffer 100 mM phosphate buffer (pH 7.0) 200 mM NaCl

Urea 2 M  
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BrIPP1  

 

His-BrIPP1

His-BrIPP1

( ) His-BrIPP1

NHS-acrivated Sepharose 4FF GE Healthcare Bioscience 1 mg

His-BrIPP1 BrIPP1 N

 

His-BrIPP1 10 ml IgG PBS buffer

20 mM phosphate buffer (pH 7.0) 0.9% NaCl PD-10 column GE 

Healthcare Bioscience His-BrIPP1 PBS buffer

0.1 M Glycine-HCl (pH 1.8) 1 M Tris-HCl (pH 

9.5) NAP  column GE Healthcare Bioscience

BrIPP1  

 

 

 

 

B. rapa S9S9 200

2DE-sample buffer blotting 

buffer 3.02 g/l Tris, 14.4 g/l glycine, 20%(v/v) methanol, 0.1%(w/v) SDS 10

PVDF Hybond-P; GE Healthcare

TRANS-BROT SD CELL Bio-Rad 10 V 30

PVDF Euglena cAPX

Euglena cAPX

Yoshimura et al., 2000  

 

 

 

 

[32P]- B. rapa S9S9MM 100 S8S8

S9S9 60 1 ml

homogenization buffer 50 mM phosphate buffer (pH 7.0) 10 mM NaF 25 mM 

-glycerophosphate 1 complete (Roche) 6,000 g, 20 min, 
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4 120,000 g, 60 min, 4

[32P]- 900

1000

50 µg BrIPP1 20 µl rProteinA 

Sepharose GE Healthcare Bioscience 1 4

1 ml wash buffer-1 50 mM Tris-HCl (pH 7.0) 500 mM NaCl

10 mM NaF 25 mM -glycerophosphate 1 mM DTT 1 complete(Roche) 3

wash buffer-2 50 mM Tris-HCl (pH 7.0) 10 mM NaF 25 mM -glycerophosphate

1 mM DTT  2 100 µl 2-DE sample buffer

10
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Fig. 3-1  [32P]-

32P

 

[32P]-

B. rapa [32P]-

[32P]- [32P]-

S9S9 0 1 4 [32P]-

4 [32P]-

Fig. 3-2A [32P]- 4

 

B. rapa

S8S8

S9S9

Fig. 3-2B 4 [32P]-

 

 

 

 

 

[32P]- S9S9

0 60 60

Fig. 3-3

 



Fig. 3-1
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[32P]-

SDS-PAGE



0 hr 1 hr 4 hr

stigma

pistil

A

B

0, 1, 4  [32P]-A

B

Fig. 3-2 [32P]-
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S9S9  S9S9

self

S9S9  S8S8

cross



Fig. 3-3

[32P]- S9S9  S8S8

S9S9 60
60 60

pH 4.0 pH 7.0

kDa

- 105

- 50

- 30
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S9S9  S9S9

self

0 min

S9S9  S9S9

self

60 min

S9S9  S8S8

cross

60 min
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0 60 60 3

self-pollination

1 cross-pollination

1 pollination

4 s1 c1 p1 p2 p3

p4 Fig. 3-3, 3-4 6

Table 3-1 s1

c1

 

Goring ARC1 SRK

Gu et al., 1998 ARC1

73,500 6.6

 

 

 

B. rapa S8S8mm  

 

MLPK SRK

s1 c1 SRK-MLPK

 

2 s1 c1 SRK-MLPK

MLPK B. rapa S8S8mm

S8S8 s1 c1

S8S8mm

s1 c1 Fig. 3-5

S8S8mm

 

 



Fig. 3-4

Fig. 3-3

- 90 -

30 kDa
S9S9  S9S9

self

0 min

30 kDa

S9S9  S9S9

self

60 min

30 kDa

S9S9  S8S8

cross

60 min



spot ID

p1

p2

p3

p4

s1

c1

M.W.

35

35

35

35

29

29

kDa

pI

4.8

4.9

5.0

5.1

5.6

5.9

self/cross

self

cross

Table 3-1

60
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30

30

30

S8S8MM  S8S8MM

self

S8S8MM  S9S9MM

cross

S8S8mm  S8S8MM

self

Fig. 3-5 mm

[32P]- S8S8MM S8S8mm  S8S8

 S9S9 60
S8S8MM  S8S8MM  S8S8MM  S9S9MM S8S8mm 

S8S8MM 
s1 c1

- 92 -
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s1 c1  

 

s1 c1

 

s1 c1

 [32P]-

phosphate buffer

s1

c1 Fig. 

3-6  

s1 c1

 [32P]- 100

[32P]-

900 1,000

19.2% 1 1 ml 24

Fr. 1~24 Fig. 3-7A

Fr. 1~6 Fr. 7~12 Fr. 13~18 Fr. 19~24 4

s1 c1 Fr. 1~6

Fr. 7~12

Fig. 3-7B Fr. 3 Fr. 4 Fr. 5 Fr. 6 4

Fr. 6

29.8~32.0% s1 c1 Fig. 3-7C

1

60 5,000

29.8~32.0%

 



Fig. 3-6 s1 s2

[32P]- S9S9  S8S8  S9S9

60

s1
c1
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Soluble fraction

Membrane fraction

S9S9  S9S9  S9S9  S8S8



[32P]- S9S9  S9S9 60
HPLC POROS R1/10, 4.6

mm  50 mm; PerSeptive Biosystems

a
c
e
to

n
itrile

 (%
)A

U
 (

2
2
0
 n

m
)

0

1.0

2.0

3.0

10

64

01

02

03

04

05

06

07

08

09 11 13 15 17 19 21 23

10 12 14 16 18 20 22 24
Fraction Fr.

A

Fig. 3-7

A
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Pre-treatment
50 stigmas

After HPLC purification
5000 stigmas

30 kDa

30 kDa

Silver stain

Fr. 01-06

Fr. 07-12

Fr. 13-18

Fr. 19-24

Fr. 3

Fr. 4

Fr. 5

Fr. 6

B

D

A 6

Fr. 3~6

Fr. 6
s1

c1

Fig. 3-7

B

C

D

C
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Fig. 3-7D  

 

s1 c1

nano LC-nano ESI MS

MS/MS Mascot

Table 3-2

s1 soluble inorganic pyrophosphatase IPP

2 Brassica juncea ascorbate 

peroxidase APX 2

P<0.05

c1 IPP

1 Raphanus sativus APX 1

 

Euglena APX

Yoshimura et al., 2000

s1 c1 APX

Fig. 3-8 s1 c1

APX APX

s1 c1 IPP

 

 

 

Brassica rapa IPP  

 

B. rapa IPP

B. rapa IPP  

B. rapa EST expressed sequence tag

IPP 2

B. rapa S12S12

cDNA 5’RACE 3’RACE

IPP 639 bp 621 bp

2 BrIPP-1 BrIPP-2 
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