H/EXH’KF 56
HFEEMEX T —F (S TK) 77 IV —OWREE, SiE~0MEs

WIsmrgeds - #rdk # OREORZEREBL, EFRIITER)
LFBFTEE © LEMT  (RMKRE. LS

ol XEFEMNLE X —F 1 (SIK1) ZEERAI LT v FORIBIZRFRINIZ
FEINHEEFE UTHEELZ, 0%, SIK OEEMEZFIH U Tk
RBiYyF%)—¥ (SIK2) &AHARIERRMNF T —€ (SIK3) OREIZ SR Lz,
IhoXF—BikX ) —8 FAA COMEMLNS, AMPIZL DG bEh5 ¥
+~f(mmm)77 U—IZBT 5 Z ENHERI S B 28, FEEROBEEIIRMT
HDd,

SIK1 (3@ B E MR (Y1) W T, RIE BRI VE (ACTH) AL
X 0FESN, COFEIRERERT vnA RFRENVE A RIS OFEBL L
DV, SIK1 OFRIZEBLIY ACTHIZ X 2 RIBREAT aA Rk &kl
ORBEMH Uiz, RIBREAT oA FERVEVERIHEREO 7 1T ¥ — %
L7=ffir 52 & SIK1 1% ACTHIZ X %5 cAMP/PKA < 7 F ARG 2T+ 5 2 & |
ZOVEMEIX T 0 E S — L0 CRE TH Y, CREIZHEAT B KF D CREB 0 bZIP
RAAL U ERBAICHIT 2ERZHB T EBH LN ERoT, TNHDOTZ &
5. SIKI VLRI 28T ACTH IR O . AT v A RRLE AR
FORBFHZIToTWB LD L FREINIZ,

—J5. SIK2 (3sROUIENHIE (3T3-L1) 2SI~ & 43 b3 B8, ik
MMPEFHEEIND, SbIT, SIK2 A VA Y V¥ 7 VRES T IRS-1 O
Ser749 % Y VLT B, Fio, 2WPERITTT V<7 A (db/db) DEIHIET
SIK2 DZ R BEXOTEIEN LR LTS, 2o DREENS, SIK2 iX)IEIiHl
JHZRBWT, A VA U T FNVEERIT D E TS, A Y Vit BES LT
WaH0ETIRIE,

Plboz i, SIKLITRIEREICBWTEREAR L ACTH il L 57V K
AT 0y DOEACEERY S 25 2 L CIWEREICERICEE L, SIK2 XI55
T2 RBWT, ZOHIRSMEZENT 2 Z & TP RBIC RT3 Z & 2R
|7‘a~3—5
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7
BhkES 0238

BHEgESF—¥ (STIK) 773V —OERK. BiLE~DES

BhEkAf 95 - TR & (RIRRZFERER. EXRER)
HERZEE - LR  (EEKRFE. £ERE)

MEBK
cAMP-PKA-CREB 7 )V IE5E IC B 2 LR S 7 )ViRED 1 D

THDHDOHRST, L OIS ERZICEES T2, fIZERIBEEICBY
Tid. BIBEERERIVEY (ACTH) TEMLE N=EEERF CREB DRI
FEOREEMIETH D A704 REIVEYEHZ2EHRBERDECFRIETL
EEIFRTHSTWED, IEIMIETIX cAMP/CREB ¥ 7 F )VAREHIERH D 1
DORATH D EDELIPOFRINT NS,

H2EZy FEIBEEDL S BIEANERFICRENICHEIND Y V7))

iR (BFEXF—+¥ (SIK1)) ZHEELZ1). SIKI OEEEEEZIRETL
722 T A, SIK1 I cAMP-PKA ¥/ F )VRTHEIN, PKA TEMHEIN 3
cAMP-responsible element (CRE)Z & ICHITHIT 27 4 — RN I HFTHBHI L
ZHSDPICLER) £ LT, ZOEARIL CRE IZ/5HET 5 CREB @ bZIP K X
A THBHI L (3). THIT SIK1 IZ L% CREB MIfHFHESIX PKA 12X % SIKI
@E%mu/&m(Cth4/L#E?%&ﬁw)Eﬁbfsml@vwﬁ
BREOBITIEZICES TSP LE (4),
i, SIK1 @ 1 RiEE#FIA L CUERMERENER Y VBILBER (SK2)
DOHEBIC BRI LE (5) ARFEIX. SIK1 & SIK2 DSBS, hoE
FROMEEL T OFETHIER M T2 2 & dIC, SIKL & SIK2 OFEFFER RIS
CCOMBEERET S LT, HERFEPEME L OBEICOWTRE T 228 %
B & Uik,

IR

Zv b SKl K BEETFOEEET —F R—A TR LEL I A, KIAA0781
(GenBank™ No.AB18324) & @& X Nizt D cDNA DEET 5 L DHEL B
Lo BRRDBSIDI/U—-VIRRTERP oI L L. WREORETE
FIWVEIDIERICH =D, ¥ 72D cDNA DIEBRHPERTHHI L EEELT.

-139-



14 16 3

<™ 2O SIK1 FELEEF (LI SIK2 EIER) O cDNA Bz Alz. YU X
SIK2 OEFIERITE b KIAA0781 ICHYTZ YD R EST Z7u—> (5
AV146436, 3’id AA880086) D5k, YU X SIK2 ¥ NV FIFREEZAE
BERARIRL D RNA 7 5 RT-PCR B L W IBIE U7z 7' A X —IZI& F primer
(5-TTGGATCCATGGTCATGGCGGATGGCCCGAGGCA) and R primer (5-
CTAGGTCTCCCGGGCTAAGCAGCTCACAACCCATTGTGTTGTGGGGTCCACA
GOZHW,

I8 L 7=~ ™ X SIK2cDNA #IZAJEMIEFRIE RV & — (pTarget). GST @&%
YISy I~ Y & — (pEBG), B LU GFP @&~ ¥ — (pGFPC) ~HEFEL,
RIAERZIT o 20

ZLAHET ORBAENTICIE. 10 B ddY ¥ X &, HERETFIVI D XTI db/db
Lar b= LT CSTBLI6 YO RAZFIA LTz,

IRS-1 DHHKB LT cDNA IZHRFAKRFEDREHM—EBSE4E. IRS-1 D Ser789 D)
> IR HUAIE Vermont K2ED Xiao Jian Sun 54 D S 5TV =,

S

‘A . Domaini - Domain2 = - Domaind
TSR i .+ (kinase domain) . -

‘Rat - SIK1
Mouse SIK2

 house, SIK2
Hat . §IK1 101
Mouse ‘SIK2
C Bat: o sid 200
. Mouse’ SIK2: 194
© Rat. | IK1 3
Wouse SIK2

U Rat” SIK1 3943
Mouse SIK2 351’

" Rat’ - SIK1.
. Mouse. SIK2 .
C RatelBIK1 §7s : i i el

Mouse SIK2 " ; GSNBDPTLTSTRRGLADE

" Rat 5|K1
- Mouse SIK2:
S Rat Sk 7Ll
", Mouse SIK2.79

~ Bat | SIKp 7
- Mouse SIK2 wes:
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3

SiK 4 O -Forskoiin

B + Forskolin

o
@

a
<

~pGST-SIK1

CRE activity (fold of pTAL)
s 8

| ~<pGST-

| Syntide2 vector WT S577A K56M

_ - k‘ A3 SIK 2 [ -Forskolin

B + Eorskalin

5

CRE activity (fold of pTAL)
o
=3

ceop

WT S587A .. “Gector WT S587A KoM
1. 5w } SIK1 &< ™ R SIK2 DL

AT U EE. By VEMEIEME. C: MlBARTE.
D : CRE M#IFEED B,

SIK1 & SIK2 # Y37 QR X 1 IR T, SIK1 & SIK2 #2837 T
BRI 2R TEED 3 HATEET S (K 1A). N-Eh b Zheh. FAA
Y1, 2, 3, L&t KAV 1EFF—¥ KA VT, SIKI DHEE
56 BEH®D Lys & Met ICHET 52 LT, FF—EBEHERIE SIK ZEEKZFR
U7o SIK2 1& 49 BH® Lys YT 2, ThHERKIETY VBRIEEES
L Z o) VEMBIEEOR A DL T B (K 1B). BES V8T GFP %
FIF U@ 5. SIKL IB%IE T ICEMICHEE L. PKA OEMEEICHES T
WAE~BITTAMEL2ATZ 2L e®ELE (X 10). FzoMBAEE
B SIK] D& BEE R EMEM C & 5 CRE MERNEIECHEEICER T2 (K 1D).
Z ¢, SIK2 & RABCHEABEY CRE MEREHOMBEBE Uk, W T
2 MR e BTERMNE (3T3-L1) ZFIA L. PKA OEMHGIRAENALREEE
# (MIX: cAMP, F¥HABI >, 42V V) AW, ZORER. SIK2
I& PKA OIEMEOERICED S THIEICHFE Lz, SIKI OBABATIE PKA
I= k& % SIK1 O Ser577 DEEEH) VLD LETH Ho Ser577 % Ala ICEHL
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7= PKA fiitE SIK1 Id# 2 TBMICIEE . Z@ CRE MEES BN TH 5,
—77, SIK2 IZ PKA M4 ZR (Ser587Ala) ZEALTH. HEFEADEMMEDS
BEE2H00D, FREIMBENLE S, UL LRDS, CRE MHIFEIEIZ PKA
MHEERICIDEE oz, 2O LiE, MEABEEMLL CRE MEREEDZE
EIR—D Ser V) VBLTHAHAEINTNWE DD, FIEORETHZ L2
BT %, TOPKATY VBLZEZIT 2 Ser ld FAA V3 ICEET 5,

3 B
— 3]

A g o0 g 5 ac)
CoS=SH STt Pog
SoEGELESEEEL s
n<ORrR=ImInI<In si1

SIK2 i Pref-1
c/EBPB

SIK1 C/EBPS
SREBP-1

G3PDH C/EBPu

285 PPARY

18S aP2

2, SIK1 & SIK2 ORISR &I bICFES FE

WIZ, SIK1 & SIK2 @ mRNA DA 7 & el bictE > REEDEL &M
U7 FERDS SIK2 EFMRRICEVWRRAFEINTWED, P&
b F~I IR O H Tl B ElEMilE (WAT) L#BEisiE (BAT) TORHE
DEEZECTH o= (K24), SIK1 W&k 70—V JICHVWEREBPXTO4 F
EERBTEVWREADR S =, Bt (3T3-L1 Mifg) S REREH TS
BICHERZ <. SIK2 FEHI bR GI D & BB I ., A b T ORI HESR
INTWEe TOFEICKTFIAYY U HBRBES LTV (X 2B-D), SIK1
XA b BB I —BMIcFE I h i,

SIK2 OFEBFH AR TEN L RIVICEZNTWSEED, SIK2 5 CREB
ST FINENT HIEBHROSMGASOA RS T, BIFfilEOMEZTDO DI
HBIE5 T B L ERET 5, BHAIRRTOA VRV TFNVIEA VX)) ZEK
- DFEADF IRS-1 ZALUTHEINT WS, IRS-1 OFRE D IERHIAEDBGAIC
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MoTERT . F B2 BERFEOET VI Y k OFFEE Tl IRS-1 D Ser789
75 AMPK DAL D AMPK BEMET Y VBREE N TNS C LHHEXINTVWS (6)0
Z 2. SIK2 =L % IRS-1 D Ser789 D) VB DBEEDOKET EIT o 7o

A ~ B GST-human IRS-1
Substrate _GST- 'é\@ LI < 87941:
' £ Q .@“s@
*
CR: GST & oY a5

2P0 . pGST—lRS""I
WH: IBS1 1 pGST-IRSA
PpS789(ra (pS794)
WB: 1RS GSTARS-1

D 80
—
.4
=
. o. 60.
(kDa) 5
IP: pS789 175 =
WB: psS789 °
. = 40
83 z
=
IP: IAS-1 175 9
* . h © R
WB: IRS-1 o
[
83 &)
SIK2 175 ¢
iP: SIK2 17
e Forskolin
WB: SIK2 skeEseny| — |+ | —|+ 1 —1+
83 human (RS-1 — WT S794A

3, SIK2 2 &% IRS-1 DY VL

GST Aier SIK2 i in vitro T ¥ b IRS-1 D 784-793 DATF F % Y VR L= (X
34), 70 1) VLI IRS-1 O Ser789 #ERE ¥ B LED Lizo KiS, COS i
1 GST-BE Ot b IRS-1 & SIK2 % FRICHBR S Tillaz 71 F—7 (P)
=S5~V LT, GST #RALT IRS-1 ¥ > /87 245 L, IRS1 D) vt
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DEEZRET U, IRS-1 D) VBT F—¥iEEE2ET % SIK2 L OHRER
TERULE (K13B)o /=, & M IRS-1 D Ser794 (v kD IRS-1 D Ser789 I=
HY) OERIE. IRS-1 D) VEMLEZ T SIK2 G ICEIhR ok,

B, PT/UANVIAEFALUTARKED IRS-1 O SIK2 X5 VB{L%
MEt Lo R, FF—UiE2ED SIK2 OERBEXEHMIRAT IRS-1 @
Ser789 M) VL EFTHEZ V= (X 3C)o —H. IRS-1 D Ser789 OV »BED
SIK2 @ CRE MIHREMEICHIT 2 EZEE Lz/ER (X 3D). IRS-1 O Ser789
DY VERbIE SIK2 I &3 CRE MlicidB 543, #1 U3 CRE iEME% LR
¥LRRERIZ,

A \WAT BAT Liver Sk M B WAT BAT Liver Sk M

WT db WTdb WT db WTdb

f|<SIK1  C WAT BAT Liver SkM
- 28S WT db WTdb WT db WTdb

pGST-
Syntide2

X4, 2BERETIVC D X (db/db) IZBIF 3 SIK DRI

BEIC2APERET IV YR (db/db) 2B 5 SIK OFFZMRET Uiz, BFER
IUABLC2RBERETIV YL 10 BEEREL. A > 2 > ORERE
WTH D, aeaEia. BaEEERE. . BE5H TORRZRE Lz,
¥ 3, SIK2mRNA OFEBITBFERB LU 2BMERETIV YU X TEIBERETO
Tar o7z (X14A). SIKImRNA & 2 BBERE )V~ o X O ERe g, .
B CTRRADTHE L T\, SIK2 ¥ 287 (M 4B) B L UEREEE ([X4C)
F2BERET IV DU D AEEHMETIRITEL T b, R iCHEiER
fifaclidmd LTz,
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EE

SIK1 D& ZFIH U= » S #i /- 72—+ SIK2 DREIEIZEII L 7=, SIK2
I TRV REAEESI W, VI INTF IS Ko 2R ) L CHE
1. CREB Dl IRS-1 DV VBRILZTOIFEREZ/ . 7=, SIK2 D) V&
TEMED 2 BEIRET VS U X O H AR CIUE L TWBEXIE, SIK2 B
VR VIERBUWEICBE ST A L ETRET S,

S DRE

INF TOMEILEICEEELRZ W7 SIKL S SIK2 DAEEEOBETTH 5.0
Z LT, SIK1 ® SIK2 A7 04 MERF#EETPA 2RV T FNVICEET 5
HMRZH/LIEDBTERE, SEIZIND invitro DIERDBERL NV TH KHLX
NTWBE P, E7z. SIK ZIERNE U BQDIGEEDORRICHRIL TS Z &
FEDEDDEEL 2D, FHERERMTIEH 2D, SIK2 BEAEYIXE LB
WCHAREEDPE U DEREZHTNS, = SIK2 7))V FXF7 0V ELICE
55 R TR T 2HEDETCVD, 5T, SIK IZIE5 3 01 VEER

(SIK3) b7 L. ERL )V TOD SIK DREFADGBETH 5,
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Involvement of salt-inducible kinase (SIK) family enzymes in
diabetes and hypertension

Hiroshi Takemori and Junko Doi
Department of Molecular Physiological Chemistry, Osaka University Medical School
Department of Life Science, Kinran College

Summary

The cloning of salt-inducible kinase-1 (SIK1) that was specifically expressed in the adrenal
glands of high-salt diet-fed rats led to subsequent clonings of adipose-specific SIK2 and
rather ubiquitous SIK3. The three enzymes constitute a novel serine/threonine kinase
subfamily, a member of AMP-activated protein kinase family. Physiological roles of SIK1
and SIK2 have been investigated. The SIK1 transcript was expressed very early in the
ACTH-stimulated Y1 cells, even before the expression of transcripts for CYP11A and StAR
protein. Forced expression of SIK1 inhibited the ACTH-dependent expression of CYP11A-
and StAR protein-genes. Cotransfection assays employing CRE-reporter gene showed that
SIK1 could repress the PKA-dependent activation of CRE by acting on the CREB’s bZIP
domain, though the target site of SIK1-mediated phosphorylation has yet to be determined.
The ACTH/PKA-dependent nucleocytoplasmic shuttling of SIK1 took place in Y1 cells,
implicating that the intracellular movement of SIK1 might be a physiologically important
determining factor for regulation of steroidogenic gene expression in the early phase of
ACTH-stimulation. The SIK2 gene was expressed in 3T3-L1 cells at a very early stage of
adipogenesis. SIK2 could phosphorylate Ser-794 of human Insulin-Receptor-Substrate-1 in
vitro as well as in vivo. Besides, the SIK2 activity in db/db mice adipose tissues was
significantly higher than that in wild-type adipose. These results strongly suggest that SIK2
may play important role(s) in modulating the insulin-signaling cascade of adipocytes, and
thus, may be involved in the development of insulin resistance. Taken together, these results
suggest that the SIK isoforms regulate hormonal signal transductions in adrenal as well as in

fat tissues.
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