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3-phosphoinositide-dependent protein kinase 1
(POK1) lZphospatydilinositol 3-kinase (P13-K) {&
FEcER LI h2ER ) v BILBRETHD, 1 v R
)V AEHDT 7 27 ¥ =5 FTHB Akt, pT0S6 7+ —
¥, atypical PKCs M EOEH Y v B{LEEE OEM:
LIcBi5 4 5 T EMRBIN TV %, AR TH,
Cre-loxp ¥ 2 7 & % W TS R/ PDK1 &z
Fx/RET 5= 2 (L-PDKIKO) #{ERL, 4 v R
VANERDO LT =7 ¥ = FOEELOBIRREHES
AR I 51 5 PDK1 OAEBKER AT L 7.
L-PDK1KO o fFlgic 81 3 PDK1 EHOREFE (35t
D 5 LT icHD LTl sEEROFBER
I L20%EERD LT, ) a-4rvE
BOBKRTITHBZT oK ZzoEREEZEZ SN, L-
PDKIKO OFFB T4 v 2 Y vikEMED Akt D308
MDY YBALIREL BT LTV, 47360 ) »
Bt 3N - o, L-PDKIKO ic BWTZEE
Wy, FERFEERRFOMBERCMEES v 2 ) ViE ERL
Tk, EaEERREOME ARG HEL T\,
—h, HRA VR Tt BIMEER RIS ET L
TV, UEoHERM S, PDKI BEKICBVW TS
Akt OFEHALICLEO N FTH B E & bz, HEAH
EEEOHFHCERGHEELRcT CEMAo» L -
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Phosphatydilinositl 3-kinase (P13-K) &1 ¥ X 1
v OREABETEA ORI EERREE RicTI5E Y
YEBALBEFETH 5V, PI3-K OFEEZHHER < ME
U 7l B AR A RIA £ R s & iaTid 4
¥ 2 v OXREORHASEASIH SN B, e,
A s B I BAIINHI B PIS-K 2RS¥y 2
T3 - I8E - EORH L2 iIc b 3 RBIEEH,A
CaleoESNTEDY, @AEkL~rTd PI3-K
PREFFEOEETHIHEETH 2 LS ML -
TW3,

PI3-K @ Fi# T3 Akt, p70S6+ + — ¥, atypical
PKC L DEkE Y vEALBRES A v 2 ) VEfDx
7208 —FELTHREETSZEEA SR TVASY,
PI3-K (3 #f2iE I F7E 9 % phosphatydilinosito (Pl)
4,52 ) VDA /v —LVEBOD3ME Y vEBLL,
P13, 4, 5-3 ) vE&% 4T %, 3-phosphoinositide
dependent protein kinasel (PDK]) (3% T,
P13, 4,5-3 V vBEELE FiciEbd 2EH Y v Bt
BRe LCRESNLY, PDK1 X P13, 4, 5-3 Y vk
DOEHETIT, Akt, p70S6 * + — ¥, atypical PKC
EVnosERY) vBBEBEEOFF—EEM N AL ViC
FhEddv) v 2v4=vEREE) vBILL, &Y
ftFalemrmoncy s, £, PDK1&RT4%2K
L IERMATIEA YR ) YRR UDE LB
R TARFEED Akt, p70S6 ++ —€RBEDER ) VR
{LBEZ D) v BRLPEE AR ITTRCIAEINY,
atypical PKC 2 &8 PKC 74 ¥V 7 # — L OEEM

*—7—F il #zFRE~ Y X, PDKI, PI3-K, 1 2 vk
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PIEESEESNEY, L L, PDKIB&EFE2XKIE
Lic= 9 A RBEHETT 5729, PDK1 ORI
PEELXLVTOL v 2 VIEBRED LS BEEE
KRiEg 3B »TER Y, &5, PDKL O7EHH
EEDNWREFCETTET LABEZTRE< Y 2 THE,
A v 2 REHD Akt OFEHALAIZIZEREICED
5LOMELHVY, ERICHEELALVTH Akt %
BUDELEPBKOTHOLY =2 ¥ —HFDiE
HALBERE 1< PDKL S4BT H 3 hELIZO>WT &8
S TR,

ARE TR, PR-KEEHREA*F - LoiEHR
B 5 PDKI OBBEHREA v 2 ) v ORBFAHIER
ICH % PDK1 OAENERAPOMIcT B0
Cre-LoxP ¥ 2 7 £ 2B\, FEEENIC PDKI %
RiET B2y REERL, FORBBAERRITL 1=,

(5 &)
FRiEsS 289 PDK1 RIB2 9 XDIERK

B THERMEABZ Eick ) PDKL BEFOE S,
FTadxzyy ORI loxP BEFIZBA LY 2
(PDK1flox/+) %{ERiL7to &< 2% CAG 7o
E—F-5&DCre)avtr—E¥E2REICHKET
53 VRAVz=y 7 (Tg) =92 (KEARFEEIGH
—EL X5V LA a# PDKl ~F o /Rig<
Z (PDK1+/—) %fEf% L, PDKl+/— R+ ORHE
> 5 PDK1 & €R#E< v 2 (PDK1—/—) OfEk*%
HAt, Ft, PDKiflox/+ R+ DREIZ L H PDK
1EEFEMT U Vit loxPBEINEBET A< 9 2
(PDKl1flox/flox) BRI 7 v wvic B4R PDKI #
ZFE2FTS<Y R (PDKI+/+) 21BT, HEDOL
BAB s 2 -y 2B U1, £7, PDKlflox/+
E, TVTIvFoE—y— 1tk Cre)avEF—
XTSRRI T 5 Tg 7 2 (AlbCr, ¥E
@Iﬁi@ﬂb"%ﬁﬁ D.Reloith 18 X v f#t5) 0 & D3H

C&Y, PDKlEEFHRMT Y vic loxP BFIEE L,
m’)ﬁ?ﬂﬁ&%ﬁﬂ’] Cre Va2 v+ —¥A2RBET 3~
v 2 (PDKl1flox/+;AlbCr) % &7, PDKlflox/
+AlbCr & PDKlflox/flox & OB I & b, PDK1
BEFEMT U vIc loxPEFZE L, »oFEERE
BicCre Y a vy —E2RHT2~9 2 [PDKI-
flox /flox; AlbCr(L-PDL1KO)] %& 1, &5 L., PDK1
flox/flox & L-PDK1KO & ORE%2IT\V, Bohi
PDK1flox/flox & L-PDKIKO R #/v5 x — 4 %
HBARE LT,

A4L770y FRUMSE MBS 22 VEORHE
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LivtL ko #5227, T Akt Hifkid Upstate
Biotechnology #t & 0, Akt ®308fL % 7z 1%, 47341
Y v EBALEREGUA R Cell Signaling ftL DAL
foo A VR VEEHD Akt D) vEE{LR <Y 2 %
I6FRHERR, * v 77 - VKRBT T M EHEIL ~
ZY v (w9 2{KE 1kg H b 5BAD) 2EHIK
®/E5L, SARICHBERE L, REERDTEER,
—80CTHREL 2, MIEBE»LSEHO LY M
fanls b B e LB, 14/ 7oy PICEL 72,
MERBREMEBOTI/ VT R b 7o (SRR
HED &y, 42 YERMFERVTeY 24
Y2 ) v ELISA # v b (¥ &) Itk DHIEL 2,

ROBEWERRUBERS VR VAR

BOBEERRRTIE, ~v 22 168MkaD%, *
VIS - VKRBT Ty kB Lkg b0 2g DT
FOBESUEBKERONICRE Lk, BEIc
Bk L oM %A L, MEERE L, B v
2y vEMRBRTE, MEEARREDvy I, &
fefgic ey RfKE L kg H7:0 1 B0 b b @kt 4
YA vERESL, ERECMEESREL 7,

kg K]

PDK1+/~[FLO%RMH D S PDK1—/— ld 4R,
PDK1 025 TOXRBRIGEIICB W TERENTS %
T EDREE N, RIZ PDKLEZFAD loxP EH)
WAD PDK] ORBSLEZBRE S5 £ — s ~DFE
ZRET 51709, PDKliflox/+ELOREASES
n 1z PDK1+4/+ & PDKl1flox/flox &2\ Tl
FAlf, HAE®RSEBE TOBET, PDKI+/+ &
PDK1flox/flox D EICEZ B -1 (Ml-a) %12,
i (K1-b) 2R U»Z oMo RS o PDK1 &
BRBEE (F-smR&d), SEMTOEEEME
(Kl-c) RUA v 2 Y vl (F—FREF), REHEE
BTMERSA v 2 ) Vi (F-9RE$), B0
BAERBOME FARIE (F-4RE9), 412
) v ERARSOMER TRIE (F~-5R&d) on
hd, PDK1+/+ & PDKliflox/flox DREITE %
Dot YEOERDM S, PDK1 #EFEAD
loxp BLFI DA, PDKI BEHORBRE, Witk
VA VR VEEHICEEERITES WV T EARIE S
ni:, i< PDKlflox/flox & L-PDKIKO ORI
L0, MBEFOTIZREZBTENLERKT &
IZ & AT ER 7 PDKL O/RIBAS <9 215X 3
TEEBR L, MBETEOSY ZEA Y FILOE
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&/ 7oy MEMICEL 22,

c. PDK1+/+, PDKIflox/flox W< ¥ X DZEEM M D sk
PDK1+/+(n=9), PDKlflox/flox (n=9) O&#EzT D 8 BED <~ X DIMIE4, BEEHEA T TR0
2 D12 ORNCHIE U oo MEFHIRITIC t REZE FH WV 120

Alicf€ - THAE L 72, PDKlflox/flox & L-PDK1KO
DEREZI28HE THRE LM, MR TELZDE
motc (K2-a), IFIzE T 3 PDK1 BEHOREE L,
L-PDK1KO Tz PDKlflox/flox it L 5 LI Fic
B LTV, MoERics W TRmBERETELE
»3 (K2-b) FRHEENE CreVa v EF—¥DK
Rick VP TDO A PDK1 Bz FORBME|» 4 L
fcZEBTRB AN,

FEEE R B O fFE R 13 L-PDKIKO < PDKl1flox
/flox ITH LI20%ETF LTk (K3-a)e ~< b+
Ve I AV VREICLBEBENIRS TR, L-
PDKIKO D i3/ NEREE O BHE PG & ik
B o to 43, PDKlflox/flox i X & FFMAADIC
BOWTT ) a-rrEREPOLLLEELNAENE
iDL T8y, O 1 X /NEh o (K3
b)o

Akt D30B(ID R LA = vERIIPDKLIckh Y v
BILEnB EZZITNTVWAY, £ v 2 ) v OBRA
BEICLBIFMTO Akt DY VE(LARE Lz & T
%, L-PDKIKO T3 Akt D308K1D Y B {k 14 EHE
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MIFlEhTwieds, PDKLIMEREME K ) vBLE: 2
FBEEZONTVARATNO ) VLV DIEEEIC 1L
FEBAONE b - (K4) ., TOERNS, T
KB8WT PDKI @0 ORFERETIc LY, PDKI %k
BHD v 7 F ZOMEINE L TVWS Z EMRE S
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L-PDK1KO @ Z2 g B I ¥ 12 PDK1flox/flox i< b
LT, fl4fEic bR L TV (M5-a) o FEESIE AR
DI L-PDKIKO THWEAIZR L 7208, HEE
(d75h -7 (K5-b) o L-PDKIKO @4 » 2 Y V@i,
PDK1flox/flox it L ZEERE TH 8 15 (K5-¢) iT,
PERFE AR THI6.56F (K5-d) ic8mL T Wiz, %72,
L-PDKIKO it EOEAEERREMIT L2 A, #
B EMEL 2Lk (K6-a), L-PDKIKO o4&\
A v 2 izt d 5 MkERE T RIG 13 PDK1flox /flox
HUTHERICREIEL T (K6-b),
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a. PDK1flox/flox, L-PDKIKO ffj= v 2 O& B ¥ 1F 5 fFE DAL
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EREELA L Toy FEFTICHEL

a. PDKlflox/flox, L-PDKIKO
i< o X DOIFEERED K
PDK1flox/flox (n=5), L-
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O3 BEDO <Y RIZBWT, [
BEAE N THE (Body weight;
BW) XUNFBE=R Liver
weight;LW) %2R L, KFi&
flox/flox L-PDK1KO EROKEICEDZE AV
[LW/BW(%)] % i B ] T e
L1, #z CtRE%
flox/flox L-PDK1KO R R
. PDKl1flox/flox, L-PDK1KO
W= v 2 OFFRHHE O Hig
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DEREGFHO § BRDO< T X
2 HRERHE A T ISR A BREL L,
0% EE <Y v THEE
Utz BiK, 2¥3 7 ¢ v
EET- B 2ERL,
H-E %47 -7 (X100
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flox/flox L-PDK1KO

Insulin
IB: anti-pAkiT308 1 <— Akt
IB: anti-pAktS473 : <€+— Akt
IB: anti-Akt1 - <«— Akt

X 4

PDK1flox/flox, L-PDKIKO lj= ¥ 2 OFFffIc B 34 » X ) VRIEHD AKT OV v EB{Lo g
PDK1flox/flox, L-PDK1KO D&BEEFR D 8 BED v 2tk VT, #@RIE, 1 v 2 ) VHER, JE
S#ehznh oFBERRL, AAMSE (100ug) BB LA 4/ 7oy MEFICHL 72,
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a. PDK1flox/flox, L-PDK1KO i< v 2 O 728 A D Hoig

b. PDKIflox/flox, L-PDK1KO ij<= v X OERHES T DIk o Lk

c. PDK1flox/flox, L-PDKIKO i< v 2 DZEER A » 2 ) VHOD H#E

d. PDKl1flox/flox, L-PDKIKO i< v Z DFEEEAR TD A v 2 1) VIEOD s

PDKl1flox/flox (n=9), L-PDKIKO (n=9) O&Z#ETEHD §BEHO < v 2icB VT, MMEBEEAETFTRUIS

R ER T W22 O THRTI0E A S 12B DRic > W CITMEME, £ » 2 ) Y lEARIE L 7oy SEEHENT
It REA BV (*, p<0.05)
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5 PDKl—/— @B o5hih -1, %2 T CreloxP
Y27 AT K 0 PSRN PDKL 2R84 5 <Y
Z (L-PDKIKOQ) %fER% L 7z, L-PDK1KO o FFigic
B % PDKI EHRREBRINREO 5 YT TET
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ROBEEE LD - 12,

L-PDKIKO T, MHEHERSBOFEEORD2E
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HEEENONERR Moy 1 DK T,
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Establishment of liver specific 3-phosphoinositide-dependent
protein kinase 1 knockout mice(L-PDK1KO) and analysis
of their glucose metabolism abnormality

Akihiko Nishizawa

Division of Diabetes, Digestive and Kidney Diseases, Department of Clinical Molecular Medicine,
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[Abstract]

3-phosphoinositide-dependent protein kinase 1 (PDK1) is a protein kinase phosphorylated
by phosphatydilinositol 3-kinase, and is thought to play a role in the activation of effectors
of insulin action such as Akt, p70 S6kinase and atypical PKCs. In this study, we have
generated liver-specific PDK1 knockout (L-PDK1KO) mice with the use of the Cre-loxp
system, and investigated physiological roles of PDK1 in the activation of effectors of insulin
action, and in glucose homeostasis. The abundance of hepatic PDK1 protein was less than 5%
of that in control mice. In the randomlyfed state, the liver mass of these animals was
reduced by about 20% compared to controlmice,probably due to the decrease in the
accumulation of glycogen. Insulin-induced phosphorylation of Thr308, but of Serd73, of Akt
was markedly inhibited in the liver of L-PDK1KO mice. In L-PDKI1KO mice, the blood
glucose and the plasma insulin concentrations in the fed and fasted state,and the glucose,
increasing effect during glucose tolerance tests were elevated, while the glucose-lowering
effect of exogenously administered insulin was diminished. These results suggest that PDK1
1s essential for insulin-induced activation of Akt and for normal glucose homeostasis in

living animals.
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