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UEE  AZEESS A Festy Mo ity dLESS FIAVIE Aos dEA it ojd Z2aEe
A Zo] YA Hitol| K'HE 24 o] 2Ad, pump A2}, NF-E2-related factor 2 (Nrf2) AL JX}E
AT T FAATE AT Aolgks THeE AT ofofl B A= ZEAT Aol 7|7t mhe A 4l
€l 2 ERK9} p-ERKQ] 2@ 2 B29| Mok Western 247 Az set yhgoz gagoz
A 1749 41 AKT/ERK ¢ *JEM] FFE A=A E st
of & 2 ZEAT Ho|7t AP Frkste P BYon, ERK
BA Ho] 222014 B4 Hol2ol wls) R B/ B s, Aol sfet
‘3&%‘5& HESSAE, 28I 278 % SEI2F 20 F559 88 Eidt. Z2F
AZ Aol Akte] WS4 ZEAT *‘017} leﬂ 245 HV‘*Q@?{P«WH A3 Stk ZEAIR
Aol p-Akte] AL TF FEAA 718t B
HETEATIME TE TES Ei‘it}. 7“21115? 4] H_L«l RK«] Eﬂ@lt&%"o—% AEAT Aol 2573 3F
29 HEE AR A AAH 3] 57}8 =9 37kE RAvh 2EA
2lo]29] p-ERK S| LR 9= A ol2 3 vlas) zho|7} %i‘zizb} T332 LEAIR Ao 2529 v
Az AelA B3] St
ool A3t AZEUS Al p-Ake] BB ZEAT Aot 2o W5S HUHOR F7 et AA T, p-ERKS] 2
2 ZEAT 4o 252 1 A3 S7HE Sk w2 AZE HolA o] Akt B ERK 4t3he] 3.2 o] 24
g o o] A fAA 2R ohzt Al W A g Qo] S8 AT TAT AUL A FAh
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Al ol A 9] Osteopontin & F7H H &

& FEIT7]. o S81 A
XA o A H/K-ATPase, Na/K-ATPase, NHE-3 %
-10 Hjgt inhibitor-sensitive o] %A 9] FA4%}F &
%715tH] Nrf2 mRNA @2 9] Wrdo] Z7hsof K
2Ho| oA oIt Nrf2 HARAAE Zetet ot
FRAE BT Aol stk

Akt protein kinase B (PKB)E ¥ A 1+ serine/
threonine protein kinase= phosphotidylinositol 3-kinase
(PI3K)/Akt AlEHE7 2ot} PI3K/Akt AT HAGHZE
chFEE 41 B 2] ofs) BB o] AE A
WAE, QAL N AEFA, o]F 193 AEFT|
Z2dste $8% dTS FHH[9-11]. PIBK F 2 ol
AB7 AEEH Akt A|ZE ZoA Azt o2
ol Fsto] F22Ql HIE do7]1, F 7¢ ofn|ieito]
LLEEo] AAEE =Y ol Akto] EA43te] B asi.
T ofu]ic At F ShubE= Aktl9) kinase domain®] $]X]|3h=
308 threonine 22 4] phosphoinositide-dependent kinase
1 (PDK D) &Ja) Q1AtstE o] &A1 (activation loop)
9] etYs}o] Hofstar, thE dtbi= Aktl19] C-terminal
domain®l] Y2)3}= 4739 serine 24 PDK20] &3] <l
AFstE o] Akto] gstol Toidtth[12]. o]2j]t Akt B4
Sl= insulin €A S £3) PI3K/Akt AEZE A=351a Al
o) AA WY R N ZAIE S 2este] B A
oA Akto] QA F7FAIZIAL[13], AQP-2 +EEE
H2AS 9T E oE ASHG 22 AUE AFA
ZO| 12} v oA AQP-2 TE F7HE 3 PI3K/Akt 7
25 ASerhar gto[14].

Mitogen-activated protein kinase (MAPK)+ extracellular

e ox IN ot @ ol pg o
olN
=,
<
o
Mo
fllo

ol 4z N L
o
o

g o
o
Lo

o gt Z
o ot © &

oR

2o o

¢

AUNES

regulated protein kinase (ERK), c-jun N-terminalkinase
(JNK) /stress-activated protein kinase (SAPK), serine/
threonine protein kinase{! p38 MAPKZ &5 & A|E9]
23 A A A Ad Y tgFt NE VeSS '
Fote Aoz dEA Slth(15]. °] ¥ ERK= 444t
mitogen 5o oA SAH3}EHM NE FAHEE 4 AE,
MZZFA], &3] TojRth[16]. p38 MAPK= HRHA o=
A2 AEH A8} proinflammatory cytokineo]] &8l 43k
o] gFuksol $a% &S st apoptosis 5o T
RFTH17]. Balbi 5 [18]% A5 A9 @A st

£ Q2R 1 4-8A19) ST MAPK 2] Ay
o HFo2H Gk QA 119 o] MAPK Ao
oJsx 2AET stk wak AGe] Abshy AE A
+ ERK$} INK F 25 A=3to] ARA| 2 dAtE =4
5t [19], MAPK B2 59 sl Z-2 o3 7|7F Al
W AHESe] Aol SR B[R0, ol 2ol
MAPKE A2 oA cheyet Al m2tgo] Tojsinl, 2l
219 EEABAEONN ASFE ousbaint ERK 124
AZE Bo) Ake] AUSE AIHIL AT F4E S
Ak Weh21], B AZERE D) ARAHE Nif2
g o) Wl F7hE 22), Nif29] QAL R EZ
89192 MAPK, protein kinase C, PI3K 5| 3loH, &
AitadE st o7 AU FAAES f=E A
33 AEHAE MAPK ASAYEA 9 EA3E 23t
3L gtk o]} Bus ZebsE wf Akte} p-Akt 9 ERK
9} p-ERK 9| @y Hsl= AZEEF Al A o2
FEA FAA 2ART oyt AlZ Y Az o]
83 A%S & Zoz YzEd

olo] & A= AFAT 2o 7|3te W& AF AH
W Akt p-Akt % ERKQ} p-ERK S| 2& 9 29 ¥
£ Western 24 ¥ W22 3184 vy o 2 szt

sheiet.

Mz 3 U

Al
=

2 Ao AHEE TES AlF 2302 Wl 44 Spra-
gue-DawleyZ] =# &5 300t & o4l 22 F&35H31
ok A1 A4 Ao (150 mEq K */kg, TD88082, Harlan
Teklad, U.S.A)E, A2t ZEAISH 4] o] (potassium-free
diet, TD88081, Harlan Teklad, U.S.A.) 3Y, A3+ ZE
Ag Aol 1, Aawt-2 ZEAS 4o 25, A5+ &
Az Alo] 3= Ao|Ag& AFTh ZEAT AolF
Ho| JH7t #ishd Ao AR dultt AL FS 9
T Fo g Holg 245t

—
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2. CH 2219} Western 241

ZEAG Ao 717t wWE A% 22& HEsho] HA|
Aaol 97t §4 FZ2A &, 229 dFE Nonidet P-
40 buffer (150 mM NaCl, 1 mM benzamidine, 50 mM Tris
pH 8.0, Trypsin inhibitor 1 ug/mL, 5 mM EDTA pH 8.0,
1 mM PMSF, NP-40 1%)°]| ¥ 1 homogenizerZ £2}3}



lulose membrane®]| 4°Coj|A] 20 mAZE 12A]7F A o5} Th.
Membrane2 TBS-T buffer (20 mM Tris, 150 mM NaCl,
1 M HCI, pH 7.6, 0.1% Tween 20)°l| 5% skim milk7} &
714 blocking buffero]] A-2of A 2A|17F 53 A&sE & |
2} A Akt (Santa Cruz Biothchnology, California, USA;
sc-1619, 1:3,000), p-Akt (Santa Cruz Biothchnology, Cali-
fornia, USA; sc-16646R, 1 :3,000), ERK (Cell Signaling
Technology, Danvers, MA, USA; 9102, 1:3,000), p-ERK
(Cell Signaling Technology, Danvers, MA, USA; 9101, 1:
3,000) 4°Col A 14417t §HEAIF T ThA] TBS-TE 10
A 38 =A||3}3L peroxidase conjugated goat anti-rabbit
IgG (Santa Cruz, USA; sc-2004, 1:4,000)2 FX|3}%c}.
TBS-TE 3 FA|stal HHA ¢l ECLEH (Amersham,
USA)9]| 527t ¥EgAIXl & AZHE 2 @4t

% &< pentobarbital sodium (50 mg/Kg, ip)2 2 0} 35}
o E7E =A% & WL F3l phosphate buffered
saline (PBS; 137 mM NaCl, 2.7 mM KCl, 4.3 mM Na;HPOys,
1.4 mM KH,PO4)3 paraformaldehyde-lysine-periodate
(PLP) Qo2 T7 IHART. 7] LN 164]
7t 59 4°C 114 % PBSE 33] H|A 3} ethanol 2 g
TAE AA F wax (polyethylene glycol 400 distearate,
Polysciens Inc. Warrington, PA, USA) (203} ¢ t}. Zuj
A 222 74 HU/2 6um YA Yol Wz 3}
5 Ago] olgatelet. MlxAs whgo] A8E YA
A= Akt (Santa Cruz Biothchnology, California, USA;
sc-1619, 1:800), p-Akt (Santa Cruz Biothchnology, Cal-
ifornia, USA; sc-16646R, 1 : 400), ERK (Cell Signaling
Technology, Danvers, MA, USA; 9102, 1:200), p-ERK
(Cell Signaling Technology, Danvers, MA, USA; 9101S, 1:
400)9th. AY 2 A3 GM-L Vector ABC Kit (Vector
Laboratories, California, USA)E ©]&3}lAt}t. &, &<
H4E AX AHLE YA peroxidase A4S A A3}
#13 60% methanolol %<1 3% H,0,0l 30& F2]A|7] ch
2 PBS& A &3} ). 5% normal horse serum, 5% normal
goat serum, 10% normal goat serum 2.2 30&7}F §H-§-A| 7
Fave vSoH WS sk YA 4CoN
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14~16A17t RESAIZ T WESAIZ] 222 PBSE 524 3
H A|Z3}aL biotinylated anti-goat IgG} biotinylated anti-
rabbit IgGol| 302 7F X A]7] th2 avidin-biotin conjugate
of 3087t BESAIF T ¥hgo] £ HHE PBSE Al¥
% 3,3-diaminobenzidine tetrahydrochloride (DAB)S.2 7
7 AR o 9dS A% F permountE FY
sto] Fetain g om P,

2

1. Western £Ad

Akt®} p-Akt T2 60 kDa J 0|31 Z-FEAS 4o|7t
NP, F716te FdE BAL, ZEAT Aol 1322
oA A4 Aol vls F7tst7] Al&Fste] ZEARE Al
o] 339 19 WHL Bt ERK T2 42 44kDa
Aol ZEAIG Aol 257N BAF Aol HlF]
OFZt F7Fe AR U A ZEARE AolFolAe B
Ao 3t FARE HES Bt p-ERK T2 42.44kDa
BEola ZAFAT Aol 2504 MY IHE BY

ZEAIRE Aol 33FoAe ARt Fastg ot ?‘Exﬂﬂ
Alo] 1Ftolut A4} Alo|FE k= F7tsk3ih(Fig. 1).
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2. Moz x5}

el

Akt®} p-Akt @ ERK®} p-ERKO| tidt A% W &3
LS dotE7] A Wz tet AYPS LA

7k %i‘iio‘/} HATSAL2 ZEAIS 4o] 1379 v
AN TANAN F7Vet7] AlZFste] ZEAISE 4o] 233
A dA8] ettt O 9 AERFEAS, 2d 9 £4
Z2RENAE 559 715 Bt (Fig. 2). B4 4

ol p-Akt THo] HANGAHLS EFFEAH £4

TSR EANA S5E9 THS HAN, ARFeAEH A
Dbl A WA TAEHUASG. ZEAT Aol p-Akt
oI FHe A Aol vlas) Zpo7t gl |
AuksAde ZEAR Aol 1,257 HEGSAlE, AY
B SAZLRENA =4 TEEAL EEEEA
HAA e F5EY T7H HATh(Fig. 3).
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Fig. 1. Western blotting showed the protein level of Akt, p-Akt, ERK, p-ERK in Low K* (LK) diet rat kidney. (A) The protein level of Akt
was gradually increased in LK3D, LK 1W, 2W, and 3W diet rat kidney in comparison with the normal diet rat kidney. (B) The protein level
of p-Akt was gradually increased in LK 1W, 2W, and 3W diet rat kidney compared to the normal diet rat kidney. (C) The protein level of
ERK was increased in LK 1W, 2W, 3W diet rat kidney compared to the normal diet rat kidney. (D) The protein level of p-ERK was mark-
edly increased in LK 2W diet rat kidney compared to the normal diet rat kidney. Data are expressed as mean +S.E.M, and each experiment
conducted 3 repeats per conditions. 3-actin was used as control. Differences were considered significant at *p <0.05, **p <0.001 (ANOVA
one way statistical analysis compared to the normal group) (Normal: normal diet rat kidney, LK3D: Low K" diet rat kidney for 3 days,
LK1W: Low K" diet rat kidney for 1 week, LK2W: Low K" diet rat kidney for 2 weeks, LK3W: Low K" diet rat kidney for 3 weeks).
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Normal

LK1W

LK2W

Fig. 2. Images showed the expression of Akt in Low K* (LK) diet rat kidney. We checked the expression of Akt in kidney using 3,3'-Di-
aminobenzidine (DAB) staining. (A~C) Renal cortex, (D~F) outer medulla. In normal group, immunoreactivity of Akt was moderately
detected in the distal convoluted tubule (DCT) and cortical thick ascending limb (CTAL) and outer medullary thick ascending limb (MTAL),
and weakly in cortical collecting duct (CCD) and outer medullary collecting duct (OMCD). The immunoreactivity is prominently increased
in outer medullary collecting duct especially in K+-depleted diet 2 weeks (Akt: Akt, CTX: renal cortex, OM: outer medulla, Normal: normal
diet rat kidney, LK1W: Low K* diet rat kidney for 1 week, LK2W: Low K diet rat kidney for 2 weeks. Scale bar: 30 um, CTAL: cortical
thick ascending limb (arrow), MTAL: outer medullary thick ascending limb (asterisk)).

9 ZAYEH, HEFEA BN E F55Y 37 B3 AR 9 2FRIA e ol EAStE T, o] Qs AE A
t}(Fig. 5). FEAE, QHAL Y NEFA, o5 2 AZFTE X
Aot F8% &2 r}(9-11]. B3 T PI3K/Akt

MAPK/ERK Al HE 7 29| S/43t= A ZoA A=

a1 =l AtEALZ O] g FFA W7t EL 2 AZHE Gl (23]

M EZS] B3}, B, apoptosis®t Z2 ThFSH N EZHFSS

PI3K/Akt 2 MARK/ERK ASAGAZ L= thokst A3 ZA3}= serine/threonine kinase2 G484 Jom o]&|3t

M=
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Fig. 3. Images showed the expression of p-Akt in Low K* (LK) diet rat kidney. We checked the expression of p-Akt in kidney using
3,3’-Diaminobenzidine (DAB) staining. (A~C) Renal cortex, (D~F) outer medulla. In normal group, p-Akt is moderately detected in the
proximal convolute tubule (PCT) and outer medullary thick ascending limb, and weakly in distal convoluted tubule and macula densa (MD).
The expressed localization of p-Akt proteins in K+—depleted groups was not different from normal group, but the immunoreactivity is sig-
nificantly increased in distal convoluted tubule, macula densa and outer medullary thick ascending limb in K+-depleted diet 1 and 2 weeks
groups (p-Akt: phosphorylation of Akt, CTX: renal cortex, OM: outer medulla, Normal: normal diet rat kidney, LK1W: Low K" diet rat
kidney for 1 week, LK2W: Low K" diet rat kidney for 2 weeks. Scale bar: 30 pm, MD: macula densa (arrow), MTAL: outer medullary thick

ascending limb (asterisk)).

kinaset= Alg2Z oA thekgt Al 2283 Aol e
Aoz HuF ek AFAZY Az AgnA o vA]= ¢
ol tigt A= u| ksl Akte} p-Akt @ ERKS} p-ERK
kg o] AZEEF Aol AT AL v FF
< WEstuA sHgt. oo E A= A4 9 AEAT
2]o] 7]|7kef w2 FFH Ao A Akte} p-Akt ¥ ERKS}

p-ERK THard 9l R o] Wsls drobH 12} Western &
43} e 2 35hY WS B Aol

Western 423} Akt®} p-Akt T2 60 kDa o]l
ZEARE Aol7t IAPH4E 7tk TS 2. 7
BRI Ho] 1:oIX A4 Aol o] ula) Z7a7] A
Zhsto] ZHEAISE Ao] 35| H1e] WA Bk ¥
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ERK

Fig. 4. Images showed the expression of ERK in Low K" (LK) diet rat kidney. We checked the expression of ERK in kidney using 3,3"-Di-
aminobenzidine (DAB) staining. (A~C) Renal cortex, (D~F) outer medulla. In normal group, ERK is moderately detected in the distal
convoluted tubule and outer medullary collecting duct, weakly in cortical collecting duct, cortical thick ascending limb and outer medullary
thick ascending limb. The immunoreactivity is prominently increased in outer medullary collecting duct especially in K*-depleted diet 2
and 3 weeks (ERK: ERK, CTX: renal cortex, OM: outer medulla, Normal: normal diet rat kidney, LK2W: Low K" diet rat kidney for 2
week, LK3W: Low K" diet rat kidney for 3 weeks. Scale bar: 30 um. CTAL: cortical thick ascending limb (arrow)).

qzAstat 27004 Akt HHlo] Helilg gL HEFS
A, AARERE U 2AETLRBA A FEES YHE
AT, 24 9 H2SAPTRAAE WA BREA
ZEAT o] Ao AANSHE ZEAT Ao 152
o HlR&ARTRN S7457) Aztste] ZEAT Alo]
22zl BA8 ZrleT. 1 o WEELAW, B
9 £ ZLRBAL F5ES 2748 Bt o9 2

=
FEAUT £ARLHLAN FEES U w
EFEABIY ADHFAAL B Ak 2EAT
ol p-Akte] HANS S LEAT Ao 1,252
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Fig. 5. Images showed the expression of p-ERK in Low K* (LK) diet rat kidney. We checked the expression of p-ERK in kidney using
3,3'-Diaminobenzidine (DAB) staining. (A~C) Renal cortex, (D~F) outer medulla. In normal group, p-ERK is moderately detected in
nucleus of cortical and outer medullary collecting duct and weakly in distal convoluted tubule and inner medullary collecting duct. The
expressed localization of p-ERK proteins in K+—depleted groups was not different from normal group, but the immunoreactivity is promi-
nently increased in the nucleus of outer medullary collecting duct especially in K -depleted diet 2 weeks (p-ERK: phosphorylation of ERK,
CTX: renal cortex, OM: outer medulla, Normal: normal diet rat kidney, LK1W: Low K" diet rat kidney for 1 week, LK2W: Low K" diet rat
kidney for 2 weeks. Scale bar: 30 um. DCT: distal convoluted tubule (arrow)).

in=)

o MEFLAT, AAWEY SATLREAA A %

HAT EEESA BN =Y T BT
o gre ade 924 8B A4 F AH 439 By
ZA5}3H4 oA p-Akt Tjo] 2H O EZ AW, W
EgeAded TaEAGE 2htE ARSI (27],
in vivo cryotechnique (IVCT) 7]|H-& 0]83F AAAS A
F Aol M p-Akt Tiljo] EEHA|H AEL A LA S

AUths I [28]94E FAFSHETH ESE A4taT AFHo]
A] phospho-(Ser/Thr) PKA/C substrate(P-PK-S), Na/HCOs
cotransporter-1 (NBC-1) 59 §4%7} o]& FjollA &
sttt B2 76k Protein kinase (PKs)7} 413
9o g ATl &gt ATHAG g FGolA DAl
Atste] TS Ao = AZAET AEAT Ao|F
9] p-Akt Tt o] ZFEAG Ao|7t AojA4E A



Ao 2 7S BAFE, o]+ Western 244
ARt e olggh Akt BT = dedFEAE
PI3K/Akt B2 & A3} streptozotocin Tl -4t
X179l p-Akt IS ST THE 27 [29], AA
oA E43tE Akte MEZAFES AAstL QA4S
3 AES2]S A3 p-Akt TjEtd o] Zlsiti=
ARE AASFATH30]. 0|9} o] PI3K/Akt A3 HE7
27} ARz A oA oheFet A 2 2ARJIA | o5
SAstE, o] 2 Q3| Al 4 E AE, GAAL HYL A
ZZFA, o5 @ NEF7| S8 IS girh= o]AHY
HATFE A [9,10], AZEE S AlFol A Akt p-Akt
datd o] A Uett /43tE ] A Y AsdY =
ARIZALZ o3t 7He Aol F5EH U

Western 5421} ERK @& 42 44 kDa A Eo|al Z&
FAIE Ao] 2ol A Aol Hlg 7t F7}st
AT Y2 ZEgAGE Aol A A Aol &
ARgE S 2 GTh p-ERK TS 42 44 kDa FE0]3L
ZEAG Ao] 23Tl 2o WAL B ZEAT

o ot

oo oD S

k

FEAT AAPYH R SAZLH RN
e Byl gt 22 & ]

ERK ¥h¥lo] WEg&A gt YaaelA asgrs »
319 A2H 8 A F A7 A A8}

&7o)A ERK @ijo] £AF 2R E 3 upZE&A 3
A FEEge 243213 dAEATE A Ao p-
ERK o] Houh-a-d2 22 9 upg&2d3gae 3
M FEE HAL HYy, AEFSAH, $5A8F
oA FA LEE U, ZEAT o]+ p-ERK
HAYRSAS ZEAIT Ao 13732 B4 Aol fAt

A @A ST 1 9 2R, dEFeAl
Ae T2 71 EA £587TE M= &
A EEEU o= 454 8

HPZR ke do A T Edve Hal[32], W E
B e Adote w2 Y SR =2d 97 A
B AgE9 oM F7HEARE 273313 dA[EA
o ZEAIR 4o]F9 ERK} p-ERK Sddo] ZEA|
gt 2jo] 7|7ko] AojdeE SIS EAFYEH, ol

24 apde 08 440 4487 ERK BHg

-

ne
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JSA A ABFAEFG Ao JFFS Fo| p-ERK T <
ARG 2= AYGETAAN F7HE T 21
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Alteration of Akt, p-Akt, ERK, and p-ERK Proteins Expression
in the Kidney of Hypokalemic Rat

Choon Sang Bae, Hye Jung Cho, Kyu Yoon Ahn

Department of Anatomy, College of Medicine, Jeonnam University

Abstract : Hypokalemia causes metabolic alkalosis and morphological changes of the kidney. K" balance is
regulated not only by ion channels or pump gene, but also by various genes including NF-E2-related factor 2
(Nrf2). Previous study suggested the possibility that Akt and ERK kinase may be involved in Nrf2 transcriptional
gene activation. In present study, we investigate the alterations of Akt, p-Akt, ERK, p-ERK protein in both normal
kidney and K*-deficient diet kidney using Western blot analysis, and immunohistochemisrty.

Our western blot data showed that the expression of Akt and p-Akt was increased gradually in K'-depleted
diet (from 1W-3W) compared to normal group. The expression of ERK and p-ERK was markedly increased
in K+-depleted diet 2W in comparison with normal group. Based on our immunostaining results, Akt protein
immunoreactivity was prominently increased in outer medullary collecting duct, especially in K+—depleted diet
2 weeks. The localization of p-Akt proteins in K*-depleted groups was not different from normal group, but the
immunoreactivity was significantly increased in distal convoluted tubule, macula densa and outer medullary
thick ascending limb in K+-depleted diet 1 and 2 weeks groups. ERK protein immunoreactivity was prominently
increased in outer medullary collecting duct, especially in K+—depleted diet 2 and 3 weeks. The localization
of p-ERK proteins in K'-depleted groups was not different from normal group, but the immunoreactivity was
prominently increased in the nucleus of outer medullary collecting duct especially in K*-depleted diet 2 weeks.

Taken together, we suggest that the expression of p-Akt was gradually increased in K+—depleted groups of
kidney, but the expression of p-ERK was markedly increased in K+—depleted diet 2 week group. Hence, the
promotion of AKT and ERK phosphorylation in hypokalemic condition may be involved in the regulation of ion
channels, ion transporters and subsequent intracellular signal transduction.
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Correspondence to : Kyu Yoon Ahn (Department of Anatomy, College of Medicine, Jeonnam University)
E-mail : kyahn@jnu.ac kr



