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Regulatory Pathway of lon-Transporter Genes through Nrf2
Transcription Factor in Hypokalemic Condition
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Abstract : The Nuclear factor-erythroid-2-related factor 2 (Nrf2) plays a key role in the cellular defense against
oxidative stress. Low K* increased the reactive oxygen species and it stimulate Nrf2 activation. Previous our
study demonstrated that low potassium promoted expression of H/K-ATPase and kNBC1 by Nrf2 transcription
factor in cultured models. In addition, phosphorylation of ERK, JNK, p38 and PI3K was involved in the
activation of Nrf2 expression. This study aims to elucidate the mechanism which low potassium regulates Nrf2
expression through various in vitro and in vivo models. Using various kinase inhibitors, promotion of Nrf2
expression in low potassium condition was inhibited by LY294002 and SP600125 while PD98059 and SB203580
did not affect Nrf2, suggesting that phosphorylation of Akt and JNK is specifically involved in Nrf2 expression
in low potassium condition. Kidney tissues from low potassium diet rats showed increased phospho-ERK1/2 and
phospho-Akt in diet time dependent manner but no effect to JNK and p38 phosphorylation. Specifically, Phospho-
Nrf2 was also increased in nuclear compartment by low potassium diet. In order to demonstrate direct evidence
that low potassium regulates ionic transporters by Nrf2, Nrf2 knockout mice were employed. Mouse embryonic
fibroblasts (MEF) were harvested for the study. As expected, low potassium promotes expression of Nrf2 and
level of phospho-ERK1/2 and phospho-Akt in MEF-Nrf2 (+/+). Low potassium promoted expression of
kNBC1 and H/K-ATPase in MEF-Nrf2 (+/+), but unchanged or even decreased in MEF-Nrf2 (+/—) and MEF-
Nrf2 (—/—). Taken together, these results show that Nrf2 was activated by ERK1/2 and AKT in low potassium
condition and further regulates expression of kKNBC1 and colonic H/K-ATPase.

Keywords : Hypokaiemic condition, Akt, p-Akt, ERK1/2, p-ERK1/2, MEF-Nrf2 wild-type (+/+) cell line,
MEEF-Nrf2 Hetero (+/—) cell line, MEF-Nrf2 knock-out (—/—) cell line
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NBC-1 & o]2554 H& 9 F7H3-6]9F Nif2 mRNAS}t
chldlE o] 2718k B 11[7]5}99.3 Nrf27} NBC-1, colonic
H/K-ATPase Y Na/K-ATPase a3 0|25 9] ZHof o
3Hh= promotor AT [8]12 K™ BE ZHo| o] &4
Nif2 AAGAAE Z3eh B A Hofd 2oz A
Zstinh ZE29S tAM &5 of71A17 =t ©] 9
A= NBC-19] 849 &Js HCO3™ A&7t 57}st7] o
®olgt 3t [2] of7]°) K FEE FA3H= ©l H/K-AT-
Pase7} Hojst=t] Ut digollA 22 =] 22t gastric
H/K-ATPasel} colonic H/K-ATPase2 HH =T},

Nrf2+= Cap-N-Collar (CNC) A€ 9] basic region-leucine
zipper (b-Zip) HAAREJALZ A, erythroid-derived CNC
homology protein (ECH)2}x &8]7|%= 3}ar, T3 thofst
Ap=of| tsl} BEg-8h= redox /g AAIZA] AFSRe} AA)
Hhojof Tofdt= FAAL YEE 2Es7| = BTH(7.9-11]. Al
27} YRERE AL AAEA Nrf2E S5t A3t
U} phase II 31538t 849 & Fest=Ale €24 A
A GAT AEZ Yo A AzAGe] ou] Ql= JEE =
mitogen-activated protein kinases (ERK, p38 MAPK, JNK)
£ H|E3 Akt 9 PKC 53 22 7]UolA|of| o8] Nrf29]
SerineT} Threonine 7]9] QUASHE 34 Nrf27} Keapl 3}
EH & o Z9] o5} Antioxidant Response Element
2L 8oloHA Tthe 7HsAE AAIE TH[7,12-15].
E3 Lim¥} Ahn [7]& Nrf29] QAtstel= W7/H2 AlZ Y
4132k A AR whefste] Absh-ghel A|ARlo] Tofsk=
AARIAE E3] Nrf2-Keapl 2849 Cysteine-SH7} AFs}
H O ZMH Nrf2-Keapl 27} B3 o] 2 <3| Nrf27} Eoj
A Uet 3etE S2d Ao Rustct ALE Al
A AR FY Fol FTHEAL[16,17], F7HE A TE
© Nif29] 8 1 o5& HATTHT Wu[14,18]8 v Slof
AZEEF AFoA Nif2& A3 7]= QlAtstadeof of
3 got= AL TS Ao s AztEd

2 A= Nif2 AAR-AAZE of| QlAkS A A0 o) &
33t =A] ex vivo AlZHFAE H in vivo FEHHS &
3 Frgstaat skt AZg iR dolA CV-1,293T &
MEF A E25 HoF § mRNASH Sle 255h0] RT-
PCR 9 Western #2415 A&5}3laL, ZEAIgE Ao] A%l
A TS =23}o] Western B4 02 Nrf2u} 0] 24244
5= Akt

Hol| whal A= 230 g W29 A< Sprague-Dawleyd 4=
A dF 3outE|2 oA Fo2 FEEFAT A1 B4
4]0] (150 mEq K*/kg, TD88082, Harlan Teklad, U.S.A.)
=, A2ES ZEAF Ao (potassium-free diet, TD88081,
Harlan Teklad, U.S.A.) 3%, A3 ZEAS 4o] 15,
A4 ZEAT Aol 25, A5 ZEAT Ao] 332
20| H-g- AFTH ZEAT Aol ol Ayt Wt
g AR AR duitt HL FE H2 79 JoE 9
o] & 2As}ITtH2).

2. MZE MEefo| M MZHi 2T} transfection

HEK 293T¢} CV-1 A|ZF= ATCC A Z3|AHATCC,
Manassas, VA, USA)o| A 43T 212H9] H|EF= Lee
S[8] B et AFS FsGinh &, ol& AlEF= 100
U/mL penicillin, 100 pug/mL streptomysin® 10% fetal bo-
vine 30| X3H I EZEF Dulbecco’s modified Eagle’s
Y (DMEM, Gibco, Gaithersburg, MD, USA)S A
8ol 5% CO.9t 37°C =5 A5t AlZujgF7]ollA] vj
Fotleh AlZ= 387 trypsinol] AX| & FZ&381ch o
oFst QlAFsFl A A {LY294002 (PI3K inhibitor), 10 uM;
PD98059 (MAPK inhibitor), 20 uM; SB203580 (p38 MAPK
inhibitor), 20 uM; SP600125 (JNK inhibitor), 20 uM} & %]
A & 12417 52t vttt MEF (mouse embryonic
fibroblast)-Nrf2 wild-type (+/+ ), MEF-Nrf2 Hetero (+/—)
2 MEF-N1f2 knock-out (—/—) A ZFE AYE L8 AE
st oksirieh7t Al Flc. HHe] ARgu 24
2 3] Y8 K9 =& 54,2.7,2,1.3. 1 mMof| A HjoFs}
fom K 527t 27mME  7H8 22 235 YERI AT
[8].

3. & RNA £2|2} RT-PCR 24

RNAE v MEF A|ZFZXE Trizol €N (Invitro-
gen, USA)Z o]83te] &3¢ 1 RT-PCR 242 ¢34
+= Invitrogen One step 1™ Reverse Transcription PCR kit
(Invitrogen, USA)E ©]-€3}%th. PCR AL 95°CoA] 5
£ 95°CollA] 30%, 58°CollA] 30%, 72°CollA] 30Z2 403];
72°ColA 10&20]%t}t. ARE-H PCR primer <4 (5 to 3)=
mNrf2 (F): GCG ACG GAA AGA GTA TGA GC, (R) GTT
GGC AGA TCC ACT GGT TT; kNBC1 (F): CAC TGA
AAA TGT GGA AGG GAA G,(R): GAC CGA AGG TTG
GAT TTC TTG; Colonic H/K (F): GTC GAG CTG GCA
GAC CAG AAA GAT, (R): TGC ACC TAT CCA CAG
AAG GAT GGA, p-actin (F): AGA GCA TAG CCC TCG



TAG AT, (R): CCC AGA GCA AGA GAG GTA TC%r}.
PCR AHE2 1% agarose 29| A7]FEA|7]2L cyber green
GAE o] 83ty TEABIATE ZHE2 B-actin® 2 H| I ATF

sshct.

4. THH 2310l Western £A

DEA Alo] 717P82 Ag 222 A&ste] 34 54
A7l &, 229 AEE Nonidet P-40 buffer (150 mM NaCl,
1 mM benzamidine, 50 mM Tris pH 8.0, Trypsin inhibitor 1
pg/mL, 5mM EDTA pH 8.0, 1 mM PMSF, NP-40 1%)o]l ¥
I Z4fste] #EAS WSt 22N AFAS 27
T2 13,000 pm o2 2087 YAEE s AS5H2 A
A 35 WO 3715 AABLS W 23 QUOR AL
7] 9l gzl o g o] T —70°Ce] RaHiTh. Al ZH)
Foll Al B AIZ pelletS RIPA 2ZH (Sigma-Aldrich, St.
Louis, MO, USA)2. 2 B35l TS =&3)9ith &3
% ol 30~100 pg2 8% polyacrylamide gelol| 7] 3%
3t T2 nitrocellulose membrane®]] 4°ColA 20 mAE 124]
7+ A o)3}4th. Membrane2 TBS-T buffer (20 mM Tris, 150
mM NaCl, 1 M HCI, pH 7.6, 0.1% Tween 20)°] 5% skim
milk7} 71 blocking buffero]] A-2ofA 247t F¢k #]2
g & 12} A Nif2 (Santa Cruz, USA), ERK1/2, Akt, INK,
p38, phospho-ERK1/2 (p-ERK1/2), phospho-Akt (p-Akt),
phospho-p38 (p-p38) polyclonal antibody (Cell Signaling
Technology, USA), phospho-JNK (p-JNK, BD Transduction
Laboratories, USA) phospho-Nrf2 monoclonal antibody
(Epitomics, USA), B-actin (1 : 1000; Millipore, USA)]| 4°C
oA 1417t ¥H-SAIZTH THA] TBS-TE 1084 3¥ 4245}
Il peroxidase conjugated goat anti-rabbit IgG (Santa Cruz,
USA 1:2,000)2 22]5}51t}h TBS-TE 3 54|51 T4
2l ECL §- (Amersham, USA)°l| 587t §H-A1Z1 & A|ZE
HZ FASFY L densitometry 2 8}

R

o\ 4

O
=L

2

AZE F2hoNA ookt Qlikstas AAA (LY294
002, SP600125, PD98059, SB203580)S 293T Al| 0] A
5l S F&35}o] Western 2402 A3t
AZE F2ANA F7HE Nrf29] #EZFo] LY294002
9} SP6001252 A w| 50% o4 Hadtes AL TF
g 4= 919l PD980594} SB2035808 A S w= A
o] W3}7F YSiTh(Fig. 1). ol Nrf2 AARRAR 2443}
Akte} INK At 47 B S 7hs A4S AlARSHE 279
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-
N

FAIRE Aol AFzA oA Nrf2 Tl Az Foft
| ZEAG Aol7t AojAfE 718 p-Nrf2
AZZ e TEEA] Foy o= ZEA

Aol 3dR o D=7 A&sto] 23R o o W
< B9 3FFNAE BHEUY. ol ZEAT 4

7t AojdSE do g go| SHEE & 4 Ut (Fig.
2a, 2b). ERK1/29] &2 ZEAT 40| 7|7to| ©E ®
3= 2ozt A g ou p-ERK129] WL Z-EA3
Alo|7} oA g F7tste Aol &
o] IS Bt Akte} p-Aktd] HE S Z
1504 ddo] F7tstr] Al&tsto] ZAEAe
A4-E 27189, INKSF p38e] &L &
of E ®3l= 27k A9 et p-INKE} p-p389)
UE2 Ao o] B2 ¢kl Z-FAo] ¥iste] whE A}
ol= U SAth(Fig. 3a). CV-1 I} MEF A| 30| A Z-§ el
2 joFet & gl FE510] Western 413 A7} CV-1
N ZFo| A p-Akte] &2 10E] AlZste] 347714
A& =, p-ERK1/29] &@L 584 F7tst7] Al&st
o} 3027tA A|&H Ut (Fig. 3b). MEF A3 A p-Akt
O] WA 10&0] F7Fst7] AlZsto] 3AI7M7HA] 2|45,
p-ERK1/29] I&d-& 354 F7}st7] A|Zrste] 30&7t
A A &= Tk (Fig. 3¢). ol AZFof et of7he] Zpo]
= YA A ZE dE oA p-ERK1/29] A o] A Az
P p-Akte] WAO| Fof A&tz AR Hof Nrf2 ¥
Z o] ERK1/27} A A|&skal 1 o Akt7} #od
o2 JZE
293T, CV-1 A| 2585k oy 2} MEF Al 2ol A = AZ
F Y Al Nif2& 4937124 &1st7] {8 ohgsgt
AZE ¥R ACZ RT-PCR AL 33511t} Fig. 4a,
4boll A HolFEzo] 27 mMY| AZF vigFRolA Nif2
o] &Ao] HuxE WdEHE AL A E3H 2.7
mM&] AZE vk oheFst AZTHEE Nrf2 2 o]
2545459 mRNA HES 31t A} G4+ ojv] AZ
F iz A A Nif2, kKNBC1 2 colonic H/K mRNA
Ao F7HtE BESHATH(Fig. 4¢, 4d, 4e E 4f).

AZ4E AE] MEF A|Z 3o A] Nrf27} ion transporter
o] W F7het WRo] YA A 8 MEF-Nrf2
wild-type (+/+), MEF-Nrf2 Hetero (+/—), MEF-Nrf2
knock-out (—/—) MZFA AL mRNAZ RT-PCR A
S $335to] Nrf2¢+ kNBCI, colonic H/K ¢ mRNA
AL sttt AZF vz oA MEF-Nrf2 wild-
type (+/+4)9] Nrf2 & o] F7}st9 AT MEF-Nrf2 Het-
ero (+/—) AIZFo| AL 2343, MEF-Nrf2 knock-
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Nrf2

(a) 12

Low K+ 2.7mM 1

Normal  None [\ PD SB sP OSE
N2 [— == e o e | 06
B-actin[| —— —— — e — | 0.4 B Inhibitors
e B I I B
0 T T T T

None LY294002 PD98059 SB203580 SP600125

Nrf2
(b) Low K+ 2.7mM
45
Normal 0 5 10 20 30 LY (M) 3‘51
Nifo [ e e e e 3
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B actln| — — —— — — _J 5 I I m LY294002
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1:5
Normal 0 1 _ SP (uM)
Nri2 [ e S S | 1 1
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0 i}
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Fig. 1. Akt and JNK specific inhibitors block low-potassium stimulated Nrf2 activation. (a) 293T cells were treated with indicated pharmaco-
logical inhibitors in the normal or low potassium media for 12 h (LY294002, 10 uM; PD98059, 20 uM; SB203580, 20 uM; SP600125, 20 uM).
Cells were lysed, and Western blotting was performed using anti-Nrf2 antibodies. (b), (c) Cells were treated with indicated concentration of
LY294002 or SP600125 for 12 h. Cells were lysed, and Western blotting was performed using anti-Nrf2 antibodies.

(a) out(—/=) A|ZFAAE drdo] HA| ¢3-S sttt
KNBC19} colonic H/KS] mRNAZE A AHZE Abe)
P-Nrf2 MEF-Nrf2 wild-type (+/+) AZF A= F7I5t4 ot
Nri2 Nucleus MEF-Nif2 Hetero (+/—) A Z29} MEF-Nrf2 knock-out
(—=/=) AZzFqA= AU B8 (Fig. 5a,
B-actin 5b)
(b) .
P-Nrf2 -_'I_ ,é
Cytoplasm
Nrf2 2 A= AZE AHAA olE AAEEATE Nrf2
g3t wofst=A], 2l SA3HE Nrf27} o] 24
o | ~——— $A9) wae %‘f@r—g— uAEAE FotrIA Y4 F
Z

F2 A5k Xo] 3 - 2 A3z
Fig. 2. P-Nrf2 accumulates in the nucleus following low K" stim- : 1 Hol A7 AR} CV-1, 293T MEF A
=

ulation. (a) Western blot analysis reveal that the accumulation of A4 ‘3‘4 Z—] ZE A EH °ﬂ k] HH & °]'°:] Z+Z} RT-PCR

p-Nrf2 and Nrf2 protein from nuclear extract increased in the rat I} Western 2402 AFs}sle] Nrf2 AAFSARL] 7]
kidney according to potassium depleted diet. (b) In cytoplasm ex- o _ =
tract, the abundance of Nrf2 protein increased but p-Nrf2 protein AL F98 Aolh. £ Aol A LY294002, SP600125,

was undetected. PD98059, SB203580 ¢1Atsta A AAAE ALE Wi



(a)
P-ERK1/2
ERK1/2
P-Akt
Akt
Bactn | S —— —
b (@0\ CV-1 cell li L K+ (2.7 mM)
-1 cell line : Low K+ (2.7 ml
( ) éo 0 3 5 7 10 30 min 1 3hr
P-AKT ‘—— e ._‘_.:’:_—-:=!'_-“—-.___.‘
AKT \--——-----‘
P-ERK1/2 "—"4 L e e e——— &‘
ERK1/2 ‘,;_ P ————

Bactn e - - - - — -

MEF cell line : Low K+ (2.7 mM)
(c) 0 3 5 10 30min 1 3hr

p_AKT‘ —— — — — ———‘

AKT‘ ---_-—-‘

P-ERK1/2 ‘ —

ERK1/2 ‘ —

Fig. 3. Effect of low K* on phosphorylation of ERK1/2 and Akt in
rat kidney, CV-1 cell and MEF cell. (a) Expression levels of both
phosphorylated and total ERK1/2, Akt, JNK and p38 were measured
by western blot analysis in the kidney of potassium depleted rats.
A transient increase in the phosphorylation of ERK1/2 and Akt was
observed in potassium depleted rat kidney, whereas the phosphor-
ylation of JNK and p38 did not changed. (b) CV-1 cells exposed
to normal or low potassium media for indicated time periods and
harvested in protein lysis buffer. Western blotting was performed
using specific antibodies. In low potassium condition, stimulated
phosphorylation of ERK1/2 as early as 5 min, and this increase per-
sisted through 30 min. The activation of Akt was observed at 30 min,
and this activation persisted through 24 h. (c) MEF cells stimulated
phosphorylation of ERK1/2 as early as 3 min, and this increase per-
sisted through 30 min. The activation of Akt was observed at 10 min,
and this activation persisted through 3 h.

ZZANA 293T A ZFo] A2} Western £45HAE Y
AZE F2doNA F7HE Nif29] & =ko] 1Y294002
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9} SP6001252 AL mw 50% oA 7rAdhe st
T Ao PDY80592) SB2035802 A 3L w= W3}
7b RAL, ZEAT Ao AFxZ o A= ERK1/29} Akt
9] &X443}t5 )2l phospho-ERK1/2, phospho-Akte] &
Aol ZFAG Ao|7t AojAE F7FHAL INKS} p38
o] B W37t ISl ol9 2 &L PI3K/Akt 9
MARK/ERK AT HEH 2= theet Adat 4 24l
Aol o BAtEH, o]= Qs AlZAT, JHAN HY,
AlZFA], olF 9 N2F7|E 2Hste 583 98 8t
™ o] 23t kinaser= AR A A= TRt Al 227 A
Aol k= Bar(2,19-211¢F, Nif29] 14k &4z 4
891932 MAPK, protein kinase C, PI3K &5-©°] 2H8-3}12
B LFS Ashe dEEd 8 f=E AR &
EdAl MAPK ASAHDA ] $452 2ggTe 1
218 ZQFsHH Nrf2 AARFAAL S48k Akt INK
APgta 27F JoRE AASte adoln AZEEF
A% Akto} p-Akt 9 ERK®} p-ERK S| THlld W3} (2]
7b o] &dA AR 2T ofet N Z Y ASAY
of glo] Fast J4dS & Aoz YZEHJ

URFA C 2 Nrf2= Al oA ESHEe A= &4
SEA|GE, A|azo] AbSHE, HMALZISHA L AEH A7) 7 A
W oA slE = A 2 4 NAD (P)H-quinone oxidore-
ductase (NQO1), glutathione S-transferase (GS7s), gluta-

> o K

mate cysteine ligase (GCL), heme oxygenase 1 (HO-1)T}
e ATl GG HAFS 2T Arh22).
£ AFolMe AZE GH ¢ Nrf2of] 3t o] A
£9) 287)8S AL, ALE AH 59 Nif2e)
AF Z7He ol 2tSAE Bl Nt Fad 9%

o
742 7bsAel AUtk R, ol ATLE (131819 f3tu
A& Aol AE ROSY A4e] F7h8, 5718 ROS
W&} Wozol o5 FAUTHL Bug A

=
75 B2 2 dF9AE ROSY A4S ZHT & 9
2]

7t ZEAIT 2lo] oA p-Nrf2E TES 4= 9o (Fig.
2a), Y02 o]FH p-Nif22 I3l gt o] 25EA| 5ol
2 7S AASHE ot o] AZE AH
A ROSY] AAo] =51 ROSY BE=AAL B2
zojdjel MEZEFo| Fojdts e FAAEY] Td
< wifske S8% AsHY 7|Holgs AHdE F

3 =3 ok EA, Nif2of] o3t o] pFAEY 2EL
o] 25FA FAAS Tholl 7Y zpo]o] glof Bilth
Lee 5 [8]2 NZFo AZF AHE AZFLS o Nrf22}

=
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(b) Nrf2
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Low K+ (2.7 mM)

48 hr

48 hr

kNBC1
(c-terminal)

(d) (e) (® _
mNrf2 kNBC1 Colonic H/K
25 2
1.8
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1.4+ o ; i i
1.5 1 1.2
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1/ = 0.8+
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0.2
24hr | 3hr | 6hr | 12hr| 24hr| 48hr 24hr | 3hr | 12nhr| 24hr| 48hr 24hr| 3hr | 6hr |12hr |24 hr | 48hr
Control Low K+ Control Low K+ Control Low K+
(5.4 mM) (2.7mM) (6.4 mM) (2.7mM) (6.4 mM) (2.7mM)

Fig. 4. Low-potassium Enhances Nrf2 gene in MEF cells. (a, b) MEF cells were treated with low potassium media, total RNA was extracted,
and Nrf2 mRNA expression was analyzed by RT-PCR. Nrf2 expression was measured with various concentrations of low potassium at 12 h
(control 5.4 mM; low potassium 2.7 mM, 2 mM, 1.5 mM, 1 mM). The expression levels of Nrf2 are up-regulated during low potassuim at 2.7
mM. (c) Expression of Nrf2, kNBC1 and colonic H/K at various time periods in 2.7 mM low potassium conditions. (d~f) Densitometric analy-

sis of mRNA expression levels of Nrf2, kNBC1 and colonic H/K.

ol essAE Wil FAPA ZAHE AE B
I AARIAFAA G A} Nrf2 (dominant-negative Nrf2)S
P @A Z S o AZF dEolA AR ol AE
9] Wy o] &3] JA == AL 2Q3F o1t ChIP assay
AES E3] Nrf29} 0] 2444 ¢l colonic H/K-ATPase2}
kNBC1 7t9] A& o2 Ado] o]FoFE YRt ol
Nif27} A A o2 kNBC19 T2 R E Jdof ZA3s1A
9t colonic H/K-ATPase®] T2 HE FHo= A HAHoR
AstA FeS HolFIth colonic H/K-ATPase -S4 A}
9] 5'-flanking GGl 2709 Nrf2 ZgAIO|ET} S
B3, o] T 9] Ato]Ex HAMA|Z} AO|ERHE oF

5kb ol $1xata gitt. 23818, FAKZ Ato|E 9] 717t

A= % e spiat sp27h AT 5 A= AR
GC-rich 28| Eo] =7} Q3L ChIP assay 2
7} o] &g Ao ZRRE JAo SplIt Sp27t FHAH L
2 A= AE EOEH%M A, AFEHA o AALA

318 AEH A =& EHAE 9 Nrf2-c-Jun E&A+= PKC
o o3 A3/} Hojx|a1, o2 o] FHTE Spl HA| &
EF A A57F S o c-Jund EAAE AT BH G

A28} ZA37} c-Jung E0] F7]= anchor T A2 A
o] 4L Fra Ft o] 2T FASS EYE Nif2-Spl
A7 AdE AE 5 24 S 243 5
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Fig. 5. Effect of low K on Nrf2 expression in Nrf2 (—/—) MEF cell. (a) MEF cells of each genotype were incubated in low potassium (2.7
mM) media for 24 and 48 hr. (b) Densitometric analysis of mRNA expression levels of Nrf2, kNBC1 and colonic H/K in MEF cells during
pretreatment with low potassium. Low potassium promoted expression of Nrf2, kNBC1 and colonic H/K-ATPasein MEF-Nrf2 (+/+), but un-
changed or even decreased in MEF-Nrf2 (+/—) and MEF-Nrf2 (—/—).
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Nrf2 FARREAS| O|24-&A| R ZE7|1H

253 AZE AN BAALTS ol FATL, F7HE BAALFE N9 B 1 o5 FHATHT 3
31, Nrf2 &A3}= extracellular-regulated kinase (ERK), Jun N-terminal kinase (JNK), p38¥} phosphatidyl-inositol
3-kinase (PI3K)2h= QlAStA A7} 2H88t= ALo® FEA ok & AF= AZE dHoA ofd JAistasrt
Nif2 873 3to]| #ofshi=A], 22|32 S/J3HE Nif27} o] 24549 L@ o] YA YotEuz} A4 9 ZEA
3t &Jo] 81 A3 CV-1,293T @ MEF (mouse embryonic fibroblast) 4| ZFE AT W AZHE Abe|of| A vl sl
Z}ZF RT-PCR3} Western 4 0 2 A3l 4 Tt

AZE MR AN 2718 Nif2o] WHzo] LY2940029} SPE001252 A2sAS ) ZHashs AL BEE 4 9
1ot PD980592} SB2035802 Halstge wi Mar} Tt o= Nif2 AARG A} BABlo] Ak} INK QIAL
s}a47} BolT 7P 4S AASHT ZEBAR Ao] AFEHeIAL ERK1/2 o Akie] 248k FE2) phospho-
ERK1/2, phospho-Akt®] W& o] Z-EAgt 4lo]7t AojA4E F71613aL INKS} p382] B2 Wb} gt AZE
A CV-1 H|EZZF0]| A= phospho-ERK1/2, phospho-AktS] W& o] 2715+ 8Helsteitt. T3t phospho- Nif27} ZHg
A Ao]7t Aojds oz Wol HAES & 4 AT AZF w2 MEF-Nif2 wild-type (+/+) AlZF0]
A= Nrf2 2 o] =713 X 9F MEF- Nrf2 Hetero (+/— ) AlZZ50)| A= 7348931, MEF-Nrf2 knock-out (—/—) Al
EZF| e o] Hx| ¥3-S BHelstH T kNBC13} colonic H/K 2] mRNA 28 HA] AZ-5 =7 MEF-Nrf2
wild-type (+/+) HZFAN A& ZE718H9 21 MEF-Nrf2 Hetero (+/— )2} MEF-Nrf2 knock-out (—/—) M| ZFof| A=
A A 2S wEsHAT

ool AntE AZE AEiolAl Nrf2i= ERK1/29}F Akto]l 0J3) gd3t=| 1, E/d3tE Nrf2= kNBC13} colonic H/
K-ATPase --82+2] HAS 248 Ao 333130t

ot 7| et . 245 A, Akt, p-Akt, ERK1/2, p-ERK 1/2, MEF-Nrf2 wild-type (+/+ ) A| 3%, MEF-Nrf2 Hetero
(+/-) AlZ23, MEF-Nrf2 knock-out (—/—) A|Z3F
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