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MAPK
INK  p38 MAPK
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TAKL MAPKKK TGF-B
TAKL  MAPK NLK
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TAK1
TAK1
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() TAK1
TAK1 MAPKKK
TAK1
TAK1
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TAK1

Wnt TGF-pB TAK1 TAK1 TAK1
Wnt TAK1-NLK
TAK1-NLK Wnt Wntl
Wnt5A Ca*
II CaMKII CaMKIlI TAK1
HIPK2 TAK1 NLK NLK
Wntl TCF NLK
Wnt5A - Ca* — CaMKIl - TAK1 - HIPK2 — NLK - TCF
TGF-B TAK1
TGF-B TAK1 TGF-B SnoN
SnoN TAK1
TAK1 TGF-B
IL-1 TNF
TAK1 TAK1
TAK1
I
1
in vitro
whole-mount in situ hybridization
RT-PCR
Wnt
XRassf6 XRassf6 Ras
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anterior-neural ridge ANR
ANR
FGF8-ERK MAPK

XRassf6  ANR ERK
Grainyhead XGrhi3
XGrhl3 BMP
Wnt
Pinhead Pinhead
Wnt Pinhead
Two-hybrid BMP
Smad6 Pinhead
Wnt Smad6 BMP
ERK MAPK ERK
ERK
Sprouty ERK Sprouty ERK
Nodal
2 Notch Wnt
Notch
Notch DNA CSL
Notch-CSL
Notch
Notch

Nrarp(Notch-regulated ankyrin repeat protein)
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Nrarp

Nrarp
Nrarp
Notch
Wnt Nrarp
Wnt
Whnt
Wnt Nrarp
Nrarp  Notch Wnt
LEF1
3 MAPK
MAPK
elegans MAPK
MAPK
-16 JNK-1  INK  MAPK JKK-1  JNK-1
INK JIP3
MAPKK - JNK-1 MAPK UNC-16
- JINK-1 JKK-1 MAPKKK
MAPKKK LRK-1 LRK-1
UNC-104

420

Notch
Wnt
Wnt

LEF1 LEF1
Nrarp  Wnt

JNK

-1 -1
MAPKK UNC-16
JKK-1

JKK-1



LRK-1 UNC-104

UNC-101 LRK-1
LRK-1
LRK-1
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LRK-1
JNK JIP3 JIP1

JIP1 JIP1 JIP-1
JIP-1 APP B

APL-1 APL-1 APP
APL-1 APL-1

JiP-1 APL-1
JIP-1 APL-1
JIP-1  APL-1 APL-1
JIP-1 26S
APL-1
JIP-1- APL-1 26S
APL-1 APL-1 JIP-1
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DNA
MAPK TAK1
TAK1
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I TAK1
TAK1
TAK1

p38 INK MAPK
MAPK

MAPK

TAK1

phenotype
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| TAK1
TAK1 MAPKKK

TGF-B
TAK1 XIAP TAK1
TAB1 TAKL Wnt
TAK1 Wntl
TAK1L MAPK NLK wntl TCF/LEF
TAK1
TAKL MAPKKK INK MAPK
IxB kinase (IKK)
TGF-B
<y IL-1 TNF
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Smads O @ @ ] Wnt1
TAK1
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TAK1

TAK1
TAK1
TAK1
1 Wnt TAK1 2 TGF-p
TAK1 3 TAK1
TAK1 4
TAK1 TAK1
1 Wntl TAK1
TAK1 NLK Wntl - B-catenin -
TCF/LEF 2 i TAK1
i TAK1 NLK i NLK
Wntl TCF/LEF
2 Wntl
1BEiEn iR
i TAK1
Wntl Whnt Wnt5A
Wnt5A ca* Il CaMKII
Wnt5A - Ca** - CaMKIl  TAK1
TAK1 CaMKII TAK1 CaMKII TAK1 NLK
Wnt5A CaMKiIl TAK1
Wnt5A CaMKIlI TAK1 [-cateinin
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Ca* - CaMKII
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+
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3 Wnt5A
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G Kinase “ - GST'LEF'1
PrantiHA| A58 | e (@D HA-NLK
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Ca2+
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CaMKII
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Wnt Response
4 Wntl Wnt5A
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Two-hybid
NLK
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TAK1-NLK TCF/LEF
NLK TCF/LEF

TCF/LEF NLK TCF4 178
189 LEF NLK
NLK TCF/LEF NLK-TCF/LEF-B-catenin
TCF-B-catenin DNA

p-catenin [\ 6 NLK TCF/LEF
ﬁ ﬁ NLK

TCF/LEF TCF/LEF

-catenin -B-catenin

B i NLK NLK TCF/LEF-B in  DNA
NLK TCF/LEF

TCF/LEF-B-catenin DNA
2 TGF-B TAK1 MAPKKK
TAK1 TGF-B TGF-pB BMP
TAK1
TGF-B TAK1
TAK1
TAK1 Two-hybid
TGF-pB SnoN TAK1
SnoN TGF-B Smad
SnoN TGF-B Smad
TGF-B Smad
SnoN TGF-B SnoN
TGF-B TAK1  SnoN
SnoN TGF-pB
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TAK1 SnoN

TGF-p TAK1 SnoN 7
TAK1 SnoN TGF-pB
TAK1
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unstimulated — w. w0 e TGF5 010300 10 30 min
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TAK1 SnoN TAK1 SnoN 115 117
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SnoN TGF-pB 8 TAK1
SnoN TAK1-SnoN
TGF-B small RNA
interference (siRNA) TAK1 TGF-B
SnoN 9 TGF-B
p21 TAK1 p21
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TNF TNF
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BMP — s LESME
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2SR \t//\di iated
s (O o

e St.85

St. 8.5
\ / = > epidermal induction
Ros— +Ca.Mg intact caps
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::} neural induction

Ot
o CaMg dissociated caps

1 Xenopus
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| ANR —— > forebrain |

anterior neural ridge (ANR)

. XRassf6 (ANR)

& BF1 (forebrain)

2 Xrassf6
1 14400
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51 i

Rassf6 XRassf6 XRassf6  Ras

anterior neural ridge ANR 2 ANR
midbrain-hindbrain boundary
ANR

FGF8-ERK MAPK
XRassf6 MO XRassf6
knockdown Whole-mount in situ
hybridization BF1
XRassf6
XRassf6  Ras ANR ERK
XRassf6  ERK
XRassf6  ERK MAPK
ANR XRassf6
Grainyhead-like 3 XGrhl3
XGrhl3
3 BMP
Sk 1gns|mal vegetal anterlor top (dorse]) Chordin BMP
. ( , O "-‘:: BMP
d.,. o - BMP
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gif . ~ XGrhi3
Vo s > *  XGrhI3-MO XGrhi3
BMP
3 XGrhi3
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BMP4 XGrhl3  Wnt
Wnt/

/ y K p-catenin <Gz Wit
epi-keratin £chordin

} FEEpksEE  XGrhl3  knockdown Chordin
\/ P EMEME

Chordin Wnt
4 xemis XGrhl3  Wnt Chordin
4
BMP Wnt FGF
XGrhi3
2
[-catenin Wnt
Wnt8 mRNA
5A
Wnt8 mRNA
cDNA
Wnt 5B Wnt
Pinhead Pinhead
Pinhead B-catenin  knockdown
Whnt 6 Pinhead-MO Pinhead
knockdown Pinhead
knockdown
Pinhead Pinhead

Two-hybrid

435



ahd

AifFE FEEAEHE stage 32
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i S m B[ control ][ B -catenin MO |
|| Wnt8 mANA , | ]
./ injection HE,.__/
4 stage 8.5 ’
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2l i Sk
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RNA RNA 6 Pinhead  Wnt-B-catenin
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BMP Smad6é  Pinhead
BMP Smadl Smad5 Smad4
Smadé  BMP
Smadl Smad5 BMP
Pinhead  Smad6 Smad6 BMP
Wnt BMP
Pinhead wnt Smad6
BMP BMP
Wnt
ERK MAPK
ERK
ERK Sprouty
ERK
Sprouty ERK
Sprouty ERK
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Xenopus gastrula Chordin
{ Sprouty ERK
v D ERK
’ Nodal ‘ ERK-MO
Sprouty 4 ERK ERK
& |Z knockdown
ERK activity ERK activity ERK
7 Sprouty ERK Sprouty ERK
Nodal
Nodal
Nodal
Sprouty ERK Nodal
Sprouty ERK
7 ERK
ERK
Sprouty Nodal
1] Notch Wnt
Notch Notch
Nrarp Notch-regulated ankyrin repeat protein 2
114
Nrarp
2 Nrarp Nrarp-a Nrarp-b Nrarp-a Nrarp-a
Nrarp-b MO
MO
Nrarp-a MO 1 Nrarp-b
MO
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Nrarp-a MO

Uninjected nrarp-a MO
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o

1 Nrarp-a
Uninjected Nrarp-a MO Nrarp-a MO
2 5
Nrarp  Notch Nrarp-a MO
Notch
Wnt Nrarp
Wnt LEF1-B-catenin
TOPdGFP Wnt
LEF1-B-catenin DNA GFP Green Fluorescent
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TOPdAGFP Nrarp-a MO GFP
Wnt Nrarp-a MO
2 Wnt

2 Nrarp-a
Wnt
GFP
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Crestin
GFP
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mitf Nrarp-a MO 3

Nrarp-a  Wnt

Uninjected

3 Nrarp-a mitf
2 18ss, prim-5  mitf
Nrarp-a  Wnt Wnt
Wnt LEF1-B-catenin
Nrarp LEF1-B-catenin Nrarp LEF1-B-catenin
Nrarp  B-catenin LEF1
Nrarp  LEF1
LEF1
LEF1 LEF1 MO LEF1 MO
Nrarp-a MO LEF1
MO Wnt TOPdGFP mitf
LEF1 Nrarp
Nrarp  LEF1 LEF1 Nrarp LEF1
DNA Nrarp LEF1 DNA
LEF1 Nrarp
LEF1 Nrarp-a MO
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LEF1

MG132

T7-LEF1

Nrarp

Notch
Nrarp-b MO
(mib)

Nrarp
Nrarp

MO
Nrarp-a

NICD

LEF1 Nrarp-a MO LEF1
[-catenin LEF1
LEF1 MG132 LEF1
Nrarp LEF1
LEF1 HEK?293
T7 MG132
LEF1 LEF1
Nrarp LEF1 LEF1
Nrarp LEF1
Nrarp LEF1
Nrarp LEF1
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Notch
Nrarp  Notch Notch
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herl her4 4 Mind bomb
Notch herl  her4
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Nrarp  mib Notch
NICD NICD
NICD Myc NICD mRNA
Myc GFP mRNA Nrarp-a mRNA Nrarp-a MO, Nrarp-b
Myc
NICD Nrarp
4B NICD Nrarp
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4 Nrarp  Notch
A Nrarp Notch
mib 3 her4
hybridization
B Nrarp  Notch (NICD)
Nrarp-a MO, Nrarp-b MO
Notch Wnt
NICD LEF1
LEF1
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LEF1 Wnt
LEF1
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MAP MAPK
MAPK
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whole mount in situ

10 (herl)
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Caenorabditis elegans C. elegans
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L1DD SNB-1::GFP
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in vivo
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1 UNC-16 JIP3 JNK MAPK
UNC-16 JNK
JNK-1 MAPKK JKK-1 SEK-1
JKK-1 DD VD
jnk-1 jkk-1 L1 DD SNB-1::GFP
unc-16 UNC-16 JNK-1 MAPK
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UNC-16-JNK-1 Two-hybrid
UNC-16 KLC-2
UNC-16 KLC-2
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D UNC-16 GFP
nerve cord klc-2 unc-116
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JKK-1-JNK-1 jnk-1 L1 DD
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LRK-1 LRK-1 Ras
MAPKKK WDA40
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L1 DD jnk-1  unc-16 SNB-1::GFP
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2 MAPK
Pseudomonas aeruginosa

C. elegans
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PMK-1
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GCs-1 SEK-1 PMK-1 Nrf2
SKN-1 in vitro SKN-1 74
340 PMK-1 in vivo SKN-1
sek-1 pmk-1
340 SKN-1
SKN-1
sek-1
SEK-1-PMK-1
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gsk-3(RNAI) SKN-1 SKN-1 GSK-3
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4) JIP1 JIP-1

JIP1 JIP2 JNK MAPK MAPKK MAPKKK
JIP-1/JIP-2
in vivo
JIP-1/JIP-2
JIP-1/JIP-2 JIP-1 jip-1
JIP1 APP
KLC
APP APL-1 JIP-1 JIP-1
APL-1 KLC-2 jip-1
APL-1 unc-116
APL-1 673 JIP-1
APL-1
JIP-1  APL-1 APL-1
JIP-1 APL-1 JIP-1 Two-hybrid
26S F-box JIP-1
APL-1
APL-1
673
APL-1 APL-1
JIP-1 F-box APL-1
5
APP APP B y—
B APP B
—
APL-1
APP B
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Microtubule
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APL-1
5 APL-1/APP
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1 TAK1 TNF IL-1
TAK1 Wnt
TAK1
TAK1 TNF
Wnt
TAK1
wnt TGF-B
TAK1 TAK1
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TAK1
TAK1
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TAK1 TAK1

TAK1 TAK1

TAK1
TAK1
2
3 p38  INK
MAPK MAPKKK MAPKK MAPK
MAPK
MAPK
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I TAK1-NLK
TAK1
Wnt
NLK

Wnt

NLK
cDNA
JAK-STAT
JAK

STAT3

STAT3
STAT3-SA  NLK

STAT3
STAT3
STAT3-YF

STAT3
STAT3

MAPK NLK TCF/LEF
NLK
NLK
NLK C
Two-hybrid
STAT3 STAT3
C
STAT3 C

NLK STAT3 C

NLK STAT3 STAT3 C
NLK
Cc
NLK STAT3
NLK STAT3
STAT3-SA C
STAT3
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TGF-B FGF
NLK STAT3 TGF-B
BVgl BMP4
NLK STAT3 FGF
NLK STAT3
NLK STAT3 TGF-B
TAK1 TGF-p MAPKKK wnt
TAK1 NLK
TAK1 NLK STAT3

TAK1 BVgl BMP4
TAK1 FGF
TAK1 NLK STAT3
TGF-B
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I WNK1

Wnt Wnt
GSK-3 GSK3p Two-hybrid
WNK-1  MAPKKK
WNK1/WNK4 WNK-1
WNK-1 SPA-1 SPAK
SPA-1 WNK1/WNK4
SPAK WNK1
WNK-1 WNK1/WNK4
WNK1
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STE20 SPA
SPAK SPAK
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(R/K)FX(V/1) WNK1 SPAK OSR1
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SPAK/OSR1  Na*-(K%)-CI- NKCC1 NKCC2 NCC N
NKCC2 NCC
Bartter Gitelman
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WNK1 - SPAK/OSR1 NKCC2 NCC WNK1
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MAPK MKK7-JNK Wnt

PKC aPKC
Par-1 14-3-3 Par-1
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SoxD bHLH Xngnrl
I Wnt JNK
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Wnt Wnt
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planar cell polarity: PCP
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JNK JNK MAPK
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MAPK in vitro INK
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convergent extension
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wnt ERK p38
Wnt Wnt5A JNK
Wnt5A conditioned medium INK
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JNK Wnt5A
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JNK-WT  MKK7-DED MKK7-IJNK stage
14 stage 34
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456



Par
Par-1 6
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MO JNK
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