Reviews and Monographs E53td=k 21

) D
' ' Progress in Biochemistry and Biophysics
)4 2009, 36(3): 274~279

www.pibb.ac.cn

#1553 E8X TORC-CREB B & {ARIIAT
EEESME. #ERFRIXR"

X\ H OF #F SRR EBEMAR”
(FITFRFPEF B 2R, LIRS S0, Kt 300071)

WE IR N e 454 5 A (cyclic AMP responsive element-binding protein, CREB)%52 cAMP Fl Ca2 F [] 0 1 4 5%
K7, HHBEER =Y R iz AR FE, WA MG iE S As  WE SRS RMEEEME G, I 5. kK
P CREB 3% P15 4 5 7 (transducer of regulated CREB activity, TORC)ilid#% - Fig AR A5 CREB (135 M iy 2 1 H (1 5& A
M5 Rk, 75 S IR (salt-inducible kinase, SIK)jE 2 %R / A IRILAE, % SIK1. SIK2 Fl SIK3. X487 (1%
fig i 3 5 i TORC 8RR (KT, SR HAE - BUh 704, [B452 W CREB H AR R HRE, SR E HHR
i, SIK(SIKD)HJ& CREB H %K 2 —, Bt SIK 5 TORC-CREB & K B B —AN 5e 3 18 41 & 1538 45 34 % . TORC-CREB
SEWT AT ZMEE 508, WIS - diM. FFRE. 5 LR RRIEaIs, S5 p- QUM FG . AR e, 38
R A s B LR A A SRR B A IS, B S 14E SIK 4 TORC-CREB K &4 s st 7 Je H 5
M BB AR,
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SIK X CREB I H 5, AT AT REE A
SE M RO T IR B . A S E S I e SIK R}
TORC-CREB 5 &R 1) R i 15 e L 5 i e bl
PRI AR Z.

1 HFSHEE

SIK 44 SIK1. SIK2 11 SIK3, 4:HlH 3 A
[F] FRIHE BRI Ak 00, SIK J& — M2 20 1% / T2 IR T,
IR T 1) 5 W1 B2 v AL W (AMP-activated
protein kinase, AMPK)7# i — SRR o I HEAHL,
MV A [F]— K%, AMPK 76 [ BEH 1) B & R YR
(orthologue) FK A J B 9E K& B ¥ B (sucrose
nonfermenting 1, SNF1)I", {H 3 Ff SIK ¥ A g 5
AMPK [#] B+ v WHEEE BRI 284K, # SIK 32
AMP 302, SIK1 [ 44 FR ELBREL, 1999 4F P 4L
B va T R KRS BRI 440, SEks b
HLAE 1994 4 gl #1008 v b TG /N BRURCOIE, 4
i % 5 MSK % 0 Il SNF1 #¥ ¥ ¥ (myocardial
SNF1-like kinase, SNFILK)™. X9/ SIK1 7£ 2000 4
o0 % ) 4% 1Y 4 Qin 15 T ¥4 B (qin-induced kinase,
QIK), Al Ay " Bl 3 4R W8 e %% 5 R ¥ (winged helix
transcription factor)Qin % ‘3 #% 5% %, % # R BE A
SIK2, HJ¥HI XS HF I SIKIM. - SIK3 1) 51 44
4 QSK (qin-sensitive kinase).

2 SIK BYEMHFIES SIK1 B9#%-RF8

JRVE 3 Fp SIK RN, eI — R 45 1)
HAAILRIFRE: N o 13 &5 i . R 1)
SNH £ #J48(SNF1 homolog, SNF1 [H]J5)F1 C ¥ (1]
PKA 25038l 2). 7EIMBG25/10AH 24 T ATP 255
1 (P-loop) 1 — /> K56, MEIE T 7. SIK
5 A, AMPK ZX B0 —HE,  AETE AL (A-loop) |-
H—ARERTFEIR, 5% LKB1 P, X
PR A2 SIK A0 36 12 T 0 75 ()07 181, 7 SIK
SIK2. SIK3 73 /& T182. T175. T163. SIKI (¥
S186 1] B R Ak 6 T CRAIE SIK1 AL A RETR 143
AP,

GSK3p H

LKB1 fft.  CaMKII Akt PKA
K56 T182S186 T322 S365 S577
sy
27 271301 354 577 623 776

Fig. 2 Scheme of the secondary structure of SIK
B2 SIK M- REMTEE

SNH 4 Fr i AMPK X ik i b1 2k 4, SIK1.
SIK2. SIK3 ] SNH 5372 % 45 & 45 4 15l (ubiquitin-
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Pl n] el 5 P 45 i I B A HAE S S5
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5 /8 Y 2= HORUE B0 1T (Ca?/calmodulin-dependent
protein kinase Il , CaMK II) ISR A4 s, 72 I
S A0 A AT i IR A T 24 R A0 R P Nt P 1l 52 0%
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Bl B/AKt 1 FHA A, k£ 5 JB B 2% R b e Ak
HHEYILERL,

PKA S5 R85 A — AN BEORSF I 22 2418, 15
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H PKA G ixfr sUR AR RAL, (AR PKA H#EA
b, MR REZAT 2R AR AR A0S, 7E SIKI,
A —BtE PKA 45 R 38 3 5 1 DX Sl DR ot 24 IR R 4R
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MA K. S577 WA P BN N E LR — 2l
SIK1 AL TG PR FEAG, 2 A0 40 Bz % Hh 2140
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MR 14-3-3 T4 409, SIK2 ff) RKRR A #7Y
BRI M = S50 A 72 40 i 5T, SIK3 71 40 Ji A% R 40 i 5t
AT

3 SIK *f TORC-CREB ##E &A%
RIRIBEIEE X
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ML E (R IEE. TORC 1A SN 110
SRS T, AREE A - T AR R R LA AN
540 B [ o0 AT, AT 2 H R SRE DR 5
HREWE D). A ERER, 35 TORC ¥EI
W - R, 10 SIK # &K I TORC WAL i »
i SIK ARt TORC2 (1) S171, 2L M40 k%
b 2040 s, Ami] E SR S fEdn
W, B AL TORC2 528 rh iR A 14-3-3 45
Hry Wit PR A0 ) 45 25 1 30 19 1R I (calcineurin,
CaN)fift, WiWER21LJ5 TORC2 iR [H 41 k%, Wi
AR DR ) 5 5, X Fh SIK-TORC-CREB #£3% 5
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WA O LR E 8 B A AP R I, i
TORIJL I, BATE S RGE, EAGHEH S
M PRI Z A 5C . B T 17 TORC-CREB
BESEST A RSN, SIK I 115 F0Ath T 5% H (1 35 81 2 e
252 AR 1(insulin receptor substrate 1, IRS1)2
Na'-K*-ATP B2, M1 50 ZH 23 55 41 i) e i 22 B
JEE S AN M50 T4, R RS IR ANE S
3.1 BRDp YR

TERERIG, T 2 R B () T v TS 3R
B A Ca¥ WRFETHmy, k1R KR & R
Ay Ja B 5] A i v R R R 2 FE K (glucagon-like
peptide-1, GLP-1) [f) J /&, Ja & A (H i ik = 2k
CAMP-PKA i I 3 ] 2 4 0] 2 B 38 43 b 1) SR A
2SI E R R (R (W P S i ca N R T R
(viability), #E—LHIBFT KB, GLP-1 [FXF g4
AFAE PR I 25 Bl e T ). 84, A4t 4 GLP-1
AV ATPEAE B 40 f - IV RV 2 e AT 10 R H
(R R AT A2

LN SRR Ok i 7. CREB 4E+F B 4l i 1)
TSRO T I AT BRI R e RS B
4 (dominant-negative) CREB [t /> f , IRS2 A &
MR B MM T, HeZe R R E RS, 1 IRS2
J& CREB [ H IRz —. F I 2R, S133
MR & CREB Ja 3L R sk 1T H2, BT PKA
& cAMP B (1), CaMK /& Ca* 0 13 ,
NATTHEDIIX 5 2 45 GLP-1(i ik cAMP-PKA) il
I PGB I Ca)7E B 4l e b 2 B W R VR A7
K, SRR, cAMP L PKA. Ca* il CaMKIV
A LL@ER2 1k CREB [ S133, Ja5h H R .
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0 b SIS B R P,
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7 B 4 b S P R A I R B . DA
FIAN LR MING6 A BRI, AR
TBCIRAS T, TORC2 LB i 5 Wl 2 A 117 49 A1 70 4
JUBTN . S171 & BB IR A AL i FIFH S T vE
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3B TS T (MS) 4 2 1Z B 4 SIK2, PRI kA,
SIK2 #43d ik 521 TORC2 [¥94% - 43 Aii 1 52T Ui
H DI ek, SEPRacse RIN, SIK2 ¥ S587 4
PKA [MBERRALAL 5, BEIRALJS 7T e T2 SIK2 135
PET B, TORC2 BEF AL /KT T B, 4RI T il
FIFR 5 PR e s, 24K TORC2 B Ak 7K - 1 55—
ANHLH 38 0 o B IR TS 1, F T Ca® BEFRAIG
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&1 CaN [, JF O RS TP A3 B UE S,
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U Sy HE e SN 2540, KA Ja i) — AN P
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AHENILE L TORC2 RRL e tb MM 8 4i iy
SR, PRI/ S DU SIK2 BT RE Ok T Bk
PR IX — B R FH (0 78 A A
3.2 RfREER4AE

JEF PR S AR R AR AR By LIRS R B RS e
(R OCBEMLI, AR B BTG R Pb e A 4 2 BopE AR
WS I R R R R . R VLIRS
N, OB A M4 W BE o ORE R, &
cAMP-PKA-CREB 5 5 &4, fEH4uhd s
S A0 W A 48 5 R T NS 2 ARy L EOTE T 1o
(PGC-la) sk H Kk, Ja#& i 5K+ Fox01 1)
WEOE T, =& B G A 20 e A A G REI)
Mok 5RIE, BRI B T I RN (PEPCK) 5
HIZEHE 6 WEIR (G6Pase), e HE T MR (14 4 H o),
HATA I, bl 25 & 83 52 TORC2 14 -
SR AT 52 CREB [R5, 4k 1755 H 11 3 A
MR SRIE., —DEEAZMRINZE, SIK1 A
CREB [t H 3L R 22—, 17 2% £ 5l bk & Bl 22 00
SIK2. SIK3 [RIAIT-RA I W gm. 5 SIK2 —
B, SIK1 e IR ALIT4H f i) TORC2 i 2 #5 tH £
W, kT b R 2R A DGR ) S S 3Rk, RS
IOBE R . 095 5 A A iR i 30X SIKT Bk
SIK2, #PRefd /N RUAA 5 tH A B, A8
A AH GBI L K RS BRIk, 4N SIK
ATRERAE . DUHRIR S T YR I A 1 O
Bz —.

JH- 2 B P SIK2 D2 732 £ i JB & 25 40 o JHE ok
PSR BB — . T 2R O A
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fitf B (PKB/Akt)fiff Fg 1t SIK2 1] S358, & 1k 11
SIK2 Pl il iR 1k, TORC2 1 2 %t 4 i i, 4%
T ARV Bl S 2B AH DG 11 % 5% 5 31k . TORC2
BRI BE LAY 268 28 U IARRfR, 3E— D4
Bl e 2R AH O Bl 1) B sk B R GA R, DRk, Al i
SIK2 A fit A& 4 FF 48 I M0 % B 1E 1) O B ML 361
z—.

33 BLEERER

B b MR R 5T R I R R T e ) S
A1, W& Z 5K AT, EE S5k
SRR AT, AR A 2 B E R T
FZACTIER R, B LR a0 M fe s 45 )L o B
P I3 S [ IR 3R () 3 WA R TR B T X T
PEAEFI LAAR, ACTH ib 75545 Ik LE24 [ i 32 11
AHOCIG ) s 5 3RIA, W28 T A= e ek 3 1 2 1
(steroidogenic acute regulatory protein, StAR).
CYP11Al. CYP11Bl. CYP11B2. CYPI7. CYP21%.

WL EUESE, ACTH &l i& cAMP-PKA-CREB
F9&rilF LIRE sk, ZAEM A% CBP
fRIAH 52, TS24 CREB (1] bZIP 4588 i 52,
SIK1 145 TS8R e sl il . 7E ik 3k SIK 1)
Y1 418, ACTH /531 CYPL1A #5%/K 71 A%
T A R AL, R R A5 S R 9 /T B2 K (reporter
analysis) % I, ACTH % 3 StAR ¥, TStk
SIK1 A B &40k ACTH 55 5 1) StAR #% 5%,
XSk Bk Uk TORC (W3 5. 9286 F 52,
ACTH 7EHIIN Y1 40l StAR 2% (A RIE M A,
PR TORC2 BRI KT PR, FLIX— 1 I Ag
% Staurosporine 54U, J5 & & AERE M HR 1 A
W5, BEAZANH] SIK), X Eegh Py FEE Y1 41
HAEAE SIK 15 (1) TORC-CREB & &1k, #t—3
AN E R 5098 40 g H295R & H, FSK Al
Staurosporine #BRES - ik P A3 S BEA I A (1)
ek, POLHEE Y W CREB BHFEEI0T 11 SIK1
(S577A), Hefg W] WA IR KL DA (4% 5%

L5 1 v B 25 0 40 e 5 5 SIKL B S ARAL
ACTH 1 #8%5S SIK1 75 Y1 40 0P 5%, mRNA
ORI = AR 1 h IR B, SR & TR,
12 h J5 [ BFE 2R KPR, PKA fEix—4 FH a3 %
4, ACTH AfgiF S SIK1 7 PKA B2 Kin-7 41
M sk, R U9 QIR RIS TG R PKA il
WG, ACTH 4 6% S SIK1 £F Kin-7 41 fid b #%
. X ACTH 'S SIK1 23 (1 I B2 5838 & DL,
A SIKL R IA AT 5, IR iR 28 [ e

B R A I U o R K IA . KRR SIKL X}
TORC-CREB & &4 (1) £t s 45t 1500, by T~ 288 ] e
WESS) AR, WopERE . e
IR HLE P AT, SIK ] BRI
Heo EJME BB 2 HR PR PR S R 0 25 )
HEFR.

34 BEAMN

S BER AR B A A 1 =254,
TERREGAIE N 5, WL ZRiiAR A= AL -
FRACRL R SE . IRITTR B A A nak. ST T HL
Hl, — A A& CREB FL4H B 3455 7 2(myocyte
enhancer factor 2, MEF2) PN K7, ZENLIAIIR
4 5 %2 CaN Fl CaMKIV [, k1M 3 8 PGC-1a
(R S 5 kP, U PGC-1a 51 T SRk
PRI G, LT (G 5 7 Sk — A

%F TORC nJ1E 4 CREB (W35 1, #Ed
A REIAE T UL I H Y PGC-1a N5
FKik, JEHETHOE SRR, AL - BRI
AL ¥ e 5RIA. FIH RT-PCR HK, KL
A TORC2. TORC3 ] mRNA J ¥z 5 #ii T % Fh 4]
2, BRERIL A RURAEETRI R, dEx
ik 3 Fl' TORC #Bfit 55 PGC- 1o o He H (KL PR iy 4
SR RIS, WA oo AR AL R
P SRS TR G U 3o, 1A RN A 4
b - BRI ARESE =y IRITTR B S Ak n s,

H A& AN F1 38 SIK Qi {e] i 15 - % Il TORC-
CREB & &4, {H SIK1 #% & I 15 S L 55—
AN AT 4k HDAC TT-MEF2, AN ™5 HDACTI -
MEF2 [#) SIK1 #ilF 555 H CREB [J¥5%. CREB
(1) 2L 3098 7 CBP/P300 s 41 55 1 72 4k [ (histone
acetylase), 1 i i 20 H5 1R A T OE ok
HDAC NI & 41 55 1 i 2 i (histone deacetylase), 5
B S DRl o) IR S S50 IR i i 4 e
5 TORC 25181, HDAC LRI - FRIE, 1M
HAJE B R A Kok e, B HDAC #5 Hh
FINHL . {HY5 TORC AW H 2, HDAC # i
S 05T A B e S R A, AT I B A s,
FEAR R LU & B HDAC BE4 LR AN [ 3k ik 1 1
1k, W CAMK. PKC$. PKD 5 MARK2, SIK1 #{
RILZNLA o HDAC (3. & ZEAMKE . &
15 W B PE CREB M 3R/ RIS RA R,
£l SIK1 ik F& K. HDAC T1 B 18 A4 2 J3F [ A% 1
MEF2 H [ R R IE AL, # SIK1 i ik T4 0k
BRL/IN BRI IAL B I S gk R L8 AN P
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LKBI to regulate the activity and localization of QSK and SIK.
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Regulation of TORC-CREB Complex by Salt-inducible Kinases:
Implications in Hypertension and Diabetes Mellitus

LIU Yu, LI Jing, JIN Da-Qing, TANG Xiang-Dong™
(Department of Pharmacology and MOE Key Laboratory of Biomaterials, Nankai University School of Medicine, Tianjin 300071, China)

Abstract Cyclic AMP responsive element-binding protein (CREB) is a transcription factor coactivated in
response to a simultaneous increase in intracellular cAMP and Ca*. The target gene products of CREB involve
broad physiological processes such as cell proliferation and survival, carbohydrate and lipid metabolism, steroid
synthesis, and learning and memory. The newly-identified transducer of regulated CREB activity (TORC) controls
transcription and expression of many CREB target genes by undergoing nucleo-cytoplasmic shuttling.
Salt-inducible kinase (SIK) is a group of serine/threonine protein kinase including SIK1, SIK2 and SIK3. These
kinases indirectly modulate CREB target gene transcription and expression by affecting TORC phosphorylation
and their subsequent distribution between nucleus and cytoplasm. In certain organs and tissues, SIK (SIK1) is also
one of the target genes for CREB. Thus, a complete negative feedback regulatory circuit may be formed between
SIK and TORC-CREB complex. To date, the latter has been identified in several organs and tissues such as
pancreatic B-cell, the liver, adrenal cortex and skeletal muscle where they regulate B-cell survival, hepatic
glyconeogenesis, steroid synthesis, and mitochondrial biogenesis and fatty acid oxidation in the skeletal muscle.
The feedback regulation of TORC-CREB complex by SIK and its implications in pathogenesis of hypertension and

diabetes mellitus are focused on.
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