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IIL375 RO B ik 22145 5 25 113408 (serum and glucocorticoid inducible protein
kinase, SGK) J&— i R 1 22/ 53 S R 4 (e, 5 FO Ay B 10 e - e S
PEAKY 32 BPE 5 IO R A A0 2 IR A % B AN R )02, SGKIHG =% itk
A BI85 A7 52 1) AN [] B P9 R ARSI R 3% R, R 2 M N AR S @A it 1)
REVEACIC AL, 25 T AMUIGIE . BBy, &Il E A DAL i A A7 A/ s
TN AR, RO B i s AR R S DA DG

SR, SGKIFEAR ‘5 Fal % 1 (1 43 T H LA A ARG 2, LRI R AR
IR . JCHSGK MV 40 U 5 A ST AEAEAR 22 40 5L, 7R 20 i N R IR AR )
SGK 155 4l il IR AL AISGK LRI AR I A tAFAE 72 57 IR, SGKIF .4 i
SE AT AR AR NTR T 0 10 8, WIF 5T SGIL M0 40 i 52 1 A I T3 — 2B T 9T SGK 1
(1) JE 4 LA B AT 35 A L35 20y o P AT P A E R TG o AR ARSIt s, 3R
AT S B 40 Jo AL, western blot, BLACERRIIIER (RNAD SEHCAKM T/
B BE RS B 240 (mouse inner medullary collecting duct, mIMCD3) 1[4
JRAIL I SGK AN E AL A B, RN A 2 T 77 47 Flaghr 25 (1 SGK 1 3R 244
sgk1-Flag-pCM V5, i o G 40 B Ab 2% A K 43 B S5 AR T 4MIRSGKI7E
mIMCD3 4L iR A 1 Bl . &5 RAUERT T FEmIMCD3 40 g o A IR A I SGK 1 5E
D7 T fAZ T, ANEARIA I SGK AR A1 Mo SR A0 FRAZ#E A 43 A, AR EBEE 2 S0 Al
TAfuZ . I H, BATRIL T /EmIMCD341 i, & dh Ry 7R A5 m] 15 5 SGK 1

MR IL )5l (aldose redutase, ARD 1E 22 JulE A G 30 v 1) FROE Bl 70 b
PR B s v RS LR I JLAE SR IOBFUARAIE S SGKI 25 T W JRAs 95 (14 K
"o BRI, KT AR 5 SGKI Z[A) 2 S AFAE R R HIWFITIE A AR WAkiE . Fedl 1A

AR HI4L - RBEI417] (zopolrestat, ARD) Fl AR siRNA, 31 %55 40 o fk 2,
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western blot 258 RIHAT AR 5 SGK1 =AM, S8R KRIL, FARIMNEFRI
mIMCD3 4, 40N AR FETERE ART 13| 5¢ AR [ERIAH; AR siRNA H]I
Hl)5, SGKI1 1kt 32 2], ViriZ 40N SGKI1 [HI3IA 32 31 AR [ IE .

SRBEIA: ILIATHE K IR 5 T B R SGK); R IA S5 (ARD; 4l e fr



Abstract

Abstract

Serum and glucocorticoid inducible protein kinase, SGK is a novel member of
the serine/threonine protein kinase gene family. Unlike the vast majority of protein
kinases, which are predominantly regulated at the enzymatic level by posttranslational
phosphorylation and dephosphorylation, the transcript expression, activity and
subcellular localization of SGK1 can be acutely controlled by a diverse set of stimuli.
SGK is an important focal point of intracellular cross-talk to control many cellular
processes, including cell proliferation, osmoregulation, ion channel regulation and cell
survival and/or apoptotic responses. SGK1 is also found to contributes to the

development of many disease such as diabetic nephropathy and hypertension.

However, the precise mechanism by which SGK 1 plays important roles in those
signal transduction pathways has not been established. The substrates of SGK1’s
physiological effects also remain to be identified. The subcellular localization of
SGK1 has not yet been conclusively established and the studies of subcellular
localization of transiently expressed SGK1 using expression construct of SGK1 and
endogenous SGK1 have provided controversial results. In this study,
Immunocytochemistry and western blotting were performed to detect the expression
and subcellular localization of SGK1 in mIMCD3 cells. We discovered that SGK 1
was predominantly localized to the nucleus that can be greatly up-regulated by
hypertonicity. This result was confirmed by SGK1 siRNA which reduced the
expression of SGK1. Then the expression construct of SGK1 with Flag tag at the
C-terminus was used to determined the subcellular localization of transiently
expressed SGK1. We found that transiently expressed SGK1 can be detected in both
nucleus and cytoplasm, although the positive signals were stronger in nucleus than

that in cytoplasm.

Aldose reductase, AR as rate-limiting enzyme in the polyol pathway plays a
important role in diabetic nephropathy. Recently, some experimental studies have

suggest that SGK1 also contributes to the development of diabetic nephropathy. In



Abstract

this study, we provided the first evidence that the expression of SGK1 can be
significantly down-regulated when cells were treated with AR inhibitor. The
conclusion was also confirmed by AR siRNA which reduced the expression of AR. In
summary the expression of SGK1 can be significantly regulated by AR in cultured
mIMCD3 cells.These results have important implications for SGK’s roles in renal

physiology and pathophysiology.

Key words: serum and glucocorticoid inducible protein kinase; aldose reductase;

subcellular localization
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1.2 SGK &I

SGK /2 1993 4FFirestone! 125 A\ #:con8. 6d6 K il FLARSE 4 Ha rbr, 3 e B 5 it
VR 3 2 s R 1 22 S TR 22 ¥ O R I TR) — T o 1) 22 2R 5 U R A 1 . 4
21 P 52 1B Rz e LY R, SGKE PRI 7 30min. PN R iV Ty, #ieHs 2L
iy 4 A9 L3 FIOHE B2 T 5 15 5 B O ——SGK . IZB LR 42 K 2.4kb, gafih—
49K DK R I . 65, 19994FKobayashit?/45 A 75 N AN BRI 2 PR PR HL 2 300
T I3 A PR G 5 SRR ) Y5 A e P A 1T IR DR, Dk i o 11 599 31 i
% ASGK2. SGK3, ity i i A B SGK B iy 44 HSGK 1. SGK1. SGK2HISGK3
R T SGKIMH MG, H Wit 9tin 2 Mt SGK 1. X =it MR 1 fHE AL
S BAT ik 80% HUAH R 2 FE R P51 . S SGK—FF, SGK2. SGK3 il it
T PR L LA i P %% - 1 ( phosphoinositide-dependent kinase 1, PDK )21t
TSGR EIRR e PR The A7 S0 A 3805 - te4h, SGK2. SGK3 R i
RXRXX(RIRE 2/ A RIS, S/T) X35, SR, e ERZ I a8
FZIAREZ4b: 41, PDKIXFSGKI1. SGK2HISGK3MBMRALAL AR, 4350
Thr256. Thr193 81 Thr253; SGK3-5SGK1—FELE &L 3547 B m AP I KT8, 1M
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SGK2 HAEMF. B Wellph B mdkil: fERat2 AT 4E40 iUt , SGKI15Z ML =i
FEAKA RN S PR i R0E, TISGK2. SGK3 AN 3 1M1 15 B JE AL ) 0 5 %
185 SGKI PG AT 58 2= ik R LIE3 -3l (phosphoinositide 3-kinase, PI3K) %
LRI B0, TTSGK2. SGK3 R/ 4kl .

1.3 SGK 1 8944

SGK 12 iz 2 imN AK¥ir)  FAI GRS I i (C AKi) = &R0 2B
{ESWISS-MODEL[R] Y5 A5 10 H () SGK 1 1) = 4 £k el vh {83, SGKTH) ) 45
Rtk N S5 8240 2355 2 HE IR, 0% 1 LTy i) - Z A KR 81, TP G ATP
SEE IR AL, 2 M A A X DL R s - AN
( importin-o) IR 4% E A5 5 (nuclear localization signal, NLS) , JER& T Difgtt
()22 /I A R & AR (1) o BARSGK1EE>PH(pleckstrin homology, PH) 4%
Foy, (H L4585 5 FPEEB (protein kinase B, PKB) HA & B AN, JCIL &
B SR 5 PKBAT 54 % AR, HPKB— AR R IR AMIRXRXX (R
R TP AMRIRIE,S/IT) X—KEF. HPKB—Ff, SGKItLA P NEER 1 Ser/Thr i
WAL, AR T AL S M BRI 3R B The256, 55— Ar TC R
[f)Ser422, LPKBIUThr308. Serd73MRILAHM. sk, RZPKBIIKY H iy K
P ESGK IR, Lkl 5 45 13 -3 (glycogen synthase kinase 3, GSK-3)'),
Forkead#% 3% K 7 1% fiFox03al™*!, Raf . IxBi#M#B(IxB kinases B, IKKB). cAMP
N 4545 75 1 (cAMP response element binding protein, CREB) " '"4%, {H 2 SGK 1
L PKBBERRAL IS AL RN A AR TR, 5100 5 25 #E RE R 2 L FoxO3affi Thr32, SGK1
ffFoxO3alliSer315 BRI, MPKBM BR L Ser253!"

1.4 SGK 1 #9835 41 &l

1.4.1 SGK1 By RAT

5 H AT 2RI 48K 22 £ 0N 32 S B0 S IR R S R IR A 1Y i
W EARINZE, SGKITEH /KN Lk 32 21— R 51 40 o R e, XA
25 R A AN (RN A0 i R AN TR AT BT AN o Bk 108 B iR AT ALY, 5 SR T
FUEAL R T e AR R A S B EAE K R (insulin-like
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Lysine 127
ATP binding site

Threonine 256
phosphorylation site

~ Neddd-2
binding site
PPFY 295-298

K1 SWISS-MODEL [RJE @ KISGK IR =445 B (5] H3CHR[3])

growthfactor-1,IGF-1)!"" . Bk 5o 8 (P losgmal i ps3t . (e omif i =
(ESH)!'™, #:4k 4= KK 7B (transforming growth factor B, TGE-p) 121 a4
A KR 7 (fibroblast growth factor, FGF) 2502 DI isid R, e 4k i st
B2 DNASE ' 5717014 22 B R 25 m] LU 1Y SGK IR 5% . Gary L.
5 N T 8 sie IK 1 45 B ) PN R 4 MatInspector 42 HY T ZESGK 113 3 IX A5 ¥
Z A SRR P A A TR AL (12D, AR S E I ES G A, i, -1000 bpZidi
(IR Bz U % N2 76 (glucose response elements, GRE) 271, -1380 bpAil-1345
bp 2 [AI[AIpS3 (K145 Ay s 270 X VB U] T SGKI K11k 2 T LARESZ i ik %
(RIS R 0, TE 2 R A RS Bl X AT 3K 4 22 PR e s DR 7 4 5 o s ] R R B
HLANEME R B, TR s /K L SGKIIM KIS «
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.......... AP
-1799 FXR VDR-RXR (MafG) HSF ggp SP1 STAT(2)()E2F SP1 :l_.l

[ 1EH

=

cREL EEREE 053  GRMRPR AP1 ATF6 [ SP1(@X)
SMAD3 SMAD4 — [ PPARRXR

TAX-CREB E2F(2X) — ATF6

VDR-RXR(3X)

E —¥ consensus transcription factor element predicted by Matlnspector (Genamatix)
Il > characterized transcription factor element

B2 SCGK1EZIX ERERE T &M A (5] 833D

1.4.2 SGK 1 BY#E& 1L 18T

B T PO P T AN, SGKUESZ B EEJG BB A/ L WAL VR T o &)
VO ok A ) ()45 5 0 1 T A SGK UM T TG X 2 i (1 s, 2 SGK 5y — R
TE T B, SR RN R S A AR A R AR T A A,
SGK 1A BIX (i, AEfEAr PSR M#E; Tk, 2R i oMl s
PI3K, 1M SGKIMIAE A PI3KAE 5 e i@ AR (1 il B 7 B W R AL T i, AT 7
B Th A AN TR 1 IO AT 22 0 A M AR AE 8 (3D o« XA S S
B HPBKIGWPKBIE R 2R, PrANF S, SGKI%APHE HtL, ARELPKB
IBFERPIBK IS PR AL = W)W e IR LY — B IR (PIP3 )45 4, MUk, PDKI1MIPIFSE 7
SEWEESGKI T 75 1Y, MIPKBHIEGE A LAMKHIPIF Fe/7 . SGKI B HuE 4
PIP 346 (1) Tl R B UL 44 #5384 - 2 ( phosphoinositide-dependent kinase 2,
PDK2) 21k Serd 22 F i IR IR WLEE-3, 4, 5 —#EIR(PIP3 ) ALK #t I PDK 1 i IR 1t
Thr256 ik #, B, PDK24PIP3 Jn, Wil SGKI_EA T C-A b Y i 7K 5
Rt iRy Serd 2254 KL, Serd22 4 IR AL J5 (2 BEPDK 1 PIF 3> B SGK145 &, Tl
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HPDK 1R Thr256 #RIL, M52 BoESGK 1 >, 0% J5 I SGK 178 41 i
SR el aE Nl Az b R A LR ) S T RE .

Extracellular
stimuli

Extracellular
stimuli
PDK1) = P|3-K
Muclear receptor,
Cell surface receplor, 2. Control of Sgk
and Stress activated catalytic activity by
pathways protein () oK PI3 kinase cascade
\‘L_ Inner surface of
|T plasma membrane
Cytoplasm (ENaCMNeddd-2)

by control of
Sgk promoter activity

1. Regulated expression ‘

Importin-.

sgk Nucleus Mitochondria
mRMA (Stress response)
()
Sgk
protein

{Growth factor
Response)

Nuclear Sgk targets

3. Stimulus dependent control
of Sgk compartmentalization

K3 SGKIMETHLE (5] B3CHER[3])D

1.5 SGK 1 BYZR R E {L

importin-a 3 7 SGKI¥I4% Ji 4R « importin-afi§ YU HIz 26 5 11 (4% wE A
Y, B SE- HIAE A (importin-B) KL UM EAEHMEZ A2 AE A
Pridl Z LB SR TN W50, SGK173 1131~ 14147 2 5L 1R
(KKAILKKKEEK) 4% (545, H Al #importin-o iU . SGK1#) =4 &5 4 €]
R, SGKIZ EALE 5L T-SGK 14 T4 R, S AF T importin-aZh &
AN SIS ARUE B T SGK 1R & ALA5 5 1 52 e N SGK1 454 Fllimportin-a | 4%
BN . SGKIMZE M55 A7 5588 v] LU 59 SGK 1 5 importin-alf) 454
BHEFE AR, SGR Ul HoAZ e A 45 5 S importin-a4h & b SGKIERE 2 1115 5
AT R NAZFRAL T BB LR

SGK 1)V AM i 5E A7 52 AN I Ak &M Al SORT 4 1t J 300 ) 7™ 42
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