
The Antioxidant Defense System Keap1-Nrf2
Comprises a Multiple Sensing Mechanism for
Responding to a Wide Range of Chemical
Compounds

著者 Kobayashi Makoto, Li Li, Iwamoto Noriko,
Nakajima-Takagi Yaeko, Kaneko Hiroshi,
Nakayama Yuko, Eguchi Masami, Wada Yoshiko,
Kumagai Yoshito, Yamamoto Masayuki

journal or
publication title

Molecular and cellular biology

volume 29
number 2
page range 493-502
year 2009-01
権利 (C) 2009 American Society for Microbiology
URL http://hdl.handle.net/2241/101728

doi: 10.1128/MCB.01080-08



D

A

B C
nrf2MO injection

In situ
analysis

6 h

Inducers

4 d

O

O

OH

prostaglandin A2 (PGA2)

O

O

OH

OH

O

O

diethyl maleate
(DEM)

sulforaphane
(SF)

ebselen (Ebs)

1,2-dithiole-3-thione
(D3T)

auranofin (AF)

tert-butylhydroquinone
(tBHQ)

O

O

O

O

N
S
O

C
S

S

S

S

HO

OH

N

Se

O

O

O

S

O O

O

O

O

O

O

Au
P

1,2-naphthoquinone
(1,2-NQ)

15-deoxy-Δ12,14-prostaglandin J2
(15d-PGJ2)

– DEM

gstp1

15
d-P

GJ 2

H 2O
2

ef1α

nrf2MO

No
injection

DEM 15d-PGJ2 H2O2Control

Probe: gstp1

f1



A
Nrf2 + Keap1

mRNA injection
Analysis of gstp1

expression
2 h 6 h

Inducers

DEM H2O2Control 15d-PGJ2

B

No
injection

Nrf2

Nrf2
Keap1a

Nrf2
Keap1b

K1b PosthatchK1a/b
SF, D3T, Ebs
tBHQ,1,2-NQ CdCl2, AFProbe: gstp1 PGA2 Nrf2NTnGFP

Keap1a
Nrf2NTnGFP

Keap1b

C

Neh2
eGFP

Neh4

Neh5

2xNLS

Nrf2NTnGFP

Nrf2NTnGFP

DEM

15d-PGJ2

Control

D

Types:

Control

f2



C

h Keap1
m Keap1

x Keap1
z Keap1a
z Keap1b

77
BC1

LCD
LCD
LCD
LCD
LCD

KCV
KCV
KCV
TCV
KCV

151
BC2

171

ACS
ACS
ACC
ACC
ACC

BC3

54 127 147z Keap1a
m Keap1

50 125 145z Keap1b

LCD
LCD

TCV
KSV

ACC
ACC

1b K124T
1b C125S

BTB DGR
IVRA Response

to DEM
Keap1b +

Keap1a –
C3 –
C2 –
C1 +

F

z Keap1b WT + Activators

O H

H2N

C-N

S
Activator

CysLys

NHH2N

C-N
O H

z Keap1b C125W

TrpLys

E

B

D

DEM

Control
gstp1

Nrf2 + + +++ –
– 1a

1b

–C1
25

S

z Keap1

gstp1

K1
24

T

W
T

Nrf2 + + +++ –
z Keap1 – 1a C2C11b –

+
C3

gstp1
ef1αDEM

Control
gstp1
ef1α

DEM
gstp1
γgcsh
ef1α

+++ –
–C1

51
S

W
T–

Nrf2
m Keap1

gstp1
ef1α

SF

gstp1
ef1αEbs

15d-PGJ2

gstp1
γgcsh
ef1α

Control
gstp1
γgcsh
ef1α

ef1α

ef1α

G

Nrf2 + + ++
gstp1
ef1αDEM

Control
gstp1
ef1α

1a C1
25

W

W
Tz Keap1

1b

–

IB: FlagKeap1
protein

f3



P-2P-1
P-1: C273HALTPR
       +15d-PGJ2

P-2: C288EILQADAR
       +15d-PGJ2

B

A Native m Keap1

 

0

100

800 1200 1600 2000 2400 2800
Mass (m/z)

In
te

ns
ity

 (%
)

0

50

100

800 1200 1600 2000 2400 2800
Mass (m/z)

m Keap1 treated with 15d-PGJ2

In
te

ns
ity

 (%
)

15d-PGJ2

PGA2

Cysteines

273 288

151 288 319DEM

273 297 489

613368 434 489

Activators
C

Keap1

m Keap1
Nrf2 + + +

–

gstp1

C2
73

S

W
T

+ –

C2
88

S

–

m Keap1
Nrf2 + + –+ +

– –

gstp1

DEM

+ + +– + + –

15d-PGJ2 ControlD

C2
88

S

W
T – –C2
88

S

W
T – –C2
88

S

W
T

50

ef1α

ef1α

f4



it275

WT

15d-PGJ2 AFDEMControl H2O2
C

F2 family analyzed
Genomes screened 

Isolated mutant lines

797
1557

Number

10

Mutants

A
Mutants

DEM+AF–
DEM–AF–

Control+

Phenotype

it275
it864it840it567

it949it664 it983it836it768 it817

B

Probe: gstp1
SF, D3T Ebs, CdCl2, tBHQ, 

1,2-NQ, PGA2

it275-independent it275-dependent

Inducers

Type

f5



A

B

CdCl2

AF

H2O2

Class 1

Nrf2

Cys151
D3T
DEM

SF

Class 4

Class 5

Class 6

Ebs

Class 2

Cys273

it275

it275

? it275
Class 3

Posthatch factors?

15d-PGJ2

1,2-NQ

Cul3
Keap1

Keap1

?

PGA2
tBHQ

15d-PGJ2

C285

PPARγ

Activation

IKKβ

Inhibition

C179

C273C151 Keap1

Inhibition Inhibition

PTP1B

Inhibition

1,2-NQ

C121
?

?

Anti-inflammationAdverse health effects

NFκB p65

C38

Inhibition

NFκB p50

C62

Inhibition

cJun

C269

Inhibition

f6


