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— i s, FAFE Bel-2 family protein HIFRAIHSEE M anti-apoptosis B /&
pro-apoptosis FRIDJRE & K A A2 BAEH, iR AR RS S | voltage-dependent
anion channel(VDAC)@IZEME, B AIIEMIASE. (BRI AF R 0T 722 it & 2
Bel-2 family protein ) 73 4b—1ii, [ T #84% apoptosis LASl, Bel-2 family protein
SR 2 40 i R ZE O AREHE A

BAD 2 Bcl-2 family f{l— &, J&J#A pro-apoptotic f{] BH3-only protein, & BLfi
ARBE AN L () Bel-2, BelxL 5%, il VDAC (BB N, BAD & {E ki A7 5
JE_EJE i BAD complex, BAD complex & a4 AN glucokinase 7% 1 beta-cells
[¥] insulin secretion. HE/~FA™ BAD W] RE7EAN ML) 2 TARRH G T LA Brafis. itk
o P4 (1072 2 T 45 ORISR A% anaplerosis B4, % 1 185+ BAD i 4 2 anaplerosis
(ORI, FRAMSETAH M BEEE anaplerosis #I7] Aminooxyacetic acid(AOA), B
BAD [ FR Ak IR BE 20 8%, p-BAD(S136) 1 T1, p-BAD(S155) & [%; % 41 i bz 7
glutaminolysis inhibitor, BPTES 143 2| [F] () & Basb K, 58] BAD HIBEMRACNAE
I R 47 B% anaplerosis 1% 1 1 & P4 B2 BE soluble adenylyl cyclase inhibitor, KH7,
BAD B4R 78 (1) 24 3 BL 4] anaplerosis AHIF], &t BARIARES anaplerosis i 14 1T {E
#¢HH1 cCAMP-PKA signaling 7£ BAD complex #1784 . It4h AOA, BPTES, KH7
R B S B 22 5] p-S6K 1(T389) F B4, p-Akt(S473) LIRS, 2 34L& mTORCI i
PE R F% mTORC2 i& 4 L7+, mTORC2 %t Akt(S473)IiE L 4% 42 A membrane raft,
S MG p-BAD(S136), ] AEfE A% BAD complex H1) WAVE-1, i pUki4R

% EI 4 M nutrient transporter FHUTEHURIERR, (2 RIARFEELT anaplerosis SA1%
74 cAMP-PKA FlBE4IE1L p-BAD(S155). #R#ELL F 8 Bags i, S50 BAD f#k
BRAGAR B8 & I JE R A7 anaplerosis 75 PE, H A nfE & BAD complex HKE4
cAMP-PKA signaling, 8% i mTORC1 Al mTORC2 5 14 52 B2 28, #5441
H i A B R

#E T FIAR#E: BAD; BAD complex; VDAC; Akt; cAMP-PKA signaling; anaplerosis;
AOA; BPTES; KH7
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Abstract

The Bcl-2 family is the best characterized protein family involved in the regulation
of apoptotic cell death, consisting of anti-apoptotic and pro-apoptotic members. These
proteins determine the life or dead of cells by altering the VDAC permeability, which is
located on the mitochondrial outer membrane. However, recent studies suggest that
bel-2 family proteins have cellular functions beyond regulation of apoptosis.

The BAD protein is a pro-apoptotic member of Bcl-2 family whose ability to
heterodimerize with Bcl-2 and Bcl-xL, and increase permeability of VDAC. On the
mitochondrial outer membrane, Bad assemble a complex together with PKA, PPlc,
WAVE-1, and glucokinase. BAD complex and the phosphorylation state of BAD
regulate the glucokinase activity in hepatocytes and the insulin secretion in beta cells,
raising the possibility that BAD may be involved in nutrient metabolism. The
mitochondrial anaplerosis activity is in response to cellular nutrient availability. To
investigate the interaction between BAD activity and anaplerosis, we treated U20S cells
with anaplerosis inhibitor, aminooxyacetic acid(AOA), and measured the
phosphorylation levels of BAD. We found that AOA induces BAD(S136)
phosphorylation and reduces BAD(S155) phosphorylation. The treatments with BPTES
result in the same BAD phosphorylation state, suggest that BAD phosphorylation states
correspond to mitochondrial anaplerosis activity. In addition, soluble adenylyl cyclase
inhibitor, KH7 treatments have the same effect. Suggest that mitochondrial anaplerosis
activity may be coordinated by BAD complex through the cAMP/PKA signaling.

Treatment with AOA, BPTES, KH7, both reduce the activity of
mTORC1(p-S6K1-T389 decrease),and induce the activity of mTORC2(p-Akt-S473

decrease). mMTORC2-Akt(S474) phosphorylates BAD at S136, may occur in membrane

il



raft. The phosphorylation of BAD(S136)may regulate WAVE-1(the component of BAD
complex), and make mitochondria move to plama membrane in order to acquire nutrient.
Sequentially, cAMP-PKA signaling phosphorylate BAD(S155).

The results suggest that BAD phosphorylation states correspond to mitochondrial
anaplerosis activity, and mitochondrial anaplerosis activity may be coordinated by BAD
complex through the cAMP/PKA signaling; furthermore affect mTORC1 and mTORC2

activity to regulate metabolism and cell growth.

Key words: mitochondria;, BAD; BAD complex; VDAC; Akt; cAMP-PKA signaling;

anaplerosis; AOA; BPTES; KH7
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Chapter1 5| &

Bcl-2 family proteins 4 E 4l apoptosis FIaHTE, WG SAMEIIRT, HE4E T4
MIRIAESE . R T e pro-apoptotic i PEELJE anti-apoptotic V&PE. PRIZAyE ¥
42 apoptosis FIE B, I 2 A FUARE B s EH PR AN AL T (programmed
cell death) [HJIIEE I

BCL-2 (B-cell lymphoma-2) & &7E B Af M ISk 9 (B-cell follicular
lymphomas) H1[] t(14;18) 44 o fEHE A7 B 2L pE pi S5 T, 7RI (A f & BCL-2 1k e
[A] £ immunoglobulin heavy chain gene promoter fll chromosome 14 _I[f] enhancer 5l
B RE . RERIM L, BCL-2 overexpression f A% H A oncogenes
overexpression —Hk S L EAN UG A=, A G HIHIANMIAET: 2. Apoptosis 4 ik 72
Ry —FEANTHRSAE IAE S K5 2 1) oncogene 858, 40 MYC, & 5L 3504 o3 2k 11
WAk Y, BB AR & i apoptosis AT AR, T A RE BEER S REAT 2N
PRI A . DRI 28 MYC A BCL-2 W3 B overexpression, Hft & 75 ik ELJ83 8%,
e H A 8 b AR I RE R °. R T ) BCL-2 RIHAR BCL-2
family i & 72 apoptosis F&/7 FT 281, G5 55 F R 05T S AT AL T, AHAREEAL |
U R 5%

TEMFFSEA R, 2/0F 12 FiA% 00 Bel-2 family protiens, L7 Bel-2 H O
A A A = HEAE RS BE ZASEREEUA Bel-2 IR EE, 188 BRI
FEIE apoptosis ANFEIIIENE. FTA R Bel-2 family BB ##EA 2/0—F 1) Bel-2
homology domains (BH domains) °. BH domain %)% 4 ffi: BH1, BH2, BH3 Al
BH4. K471 anti-apoptosis %8 2 /0% BHI, BH2 domain, [MEL Bel-2 @ AH
BRI B R AL 43U BH domains; pro-apoptosis Ji & Rl 7> AP AH, HR 5 B
Bel-2 AU R 75 52 Bel-2 ELIBAR A {3 /& BAX A1 BAK 147 BHI1, BH2, BH3
domains. AH#ERZ T Bl Bel-2 AHALR S R 5 BH3 domain, #7445 BH3-only
proteins’, 41 BAD, BID, BIM, NOXA, %%, BH3-only proteins ¥4 il 5k 5 2
HIIHBT #aR %2 Bl I apoptosis 727 4674, BH3 domain 4%/ % minimal
death domain, %% pro-apoptotic ZhHEFT L BRI & .

{E anti-apoptotic 5 pro-apoptotic i B [H], & #EH heterodimerize 2% H FI1E b
1



RS T 1) apoptosis pathway i 488 €t i caspase (13510 A AETS K pathway
oy RsiFE, PLFRANTRZE Bel-2 family protein B W —7 caspase 4T AR M5 53, The
intrinsic pathway X # %% 4 Bcl-2 regulated 5% /& mitochondrial pathway, & K495 H
[RGB i BRI, DNA damage, B 26t = growth factor 5555 K = RLE), H
# caspase-9 I7E4k °. The extrinsic pathway Z{f % death receptor pathway, & #
death receptors 1% +& Fas B¢ & TNF receptor-1 (TNFR1) FrR(E)), death receptor il
death domain & &% HH7E4H W {0 ) adaptor protein Fas-associated death domain

(FADD) recruit 7%t caspase-8. 18 {f{F H & B R iF caspases B HITEAL, 152
caspase-3, -6, or -7, EFEH A5 BAT A Bel-2 family 12282 ',

Bcl-2 regulated apoptosis pathway &% 52 FLAR#ESME VDAC KBS MG N, 2
% apoptogenic factors {5/ cytochrome ¢ 1 BIABLO & # Bl #] cytosol H', EEL
caspase 111, BAX Fl BAK #5844 2 12 B A B o S R ARG /M. VDAC il & M
Bcl-2 family protein, Bel-2 fil Bel-xL & il BAX fil BAK, T1fii BH3-only proteins
A] BE o BB A FH] Bel-2 YA anti-apoptotic family % &, {#£5 BAX Al
BAK #E L 1.
ITAE A Bel-2 family proteins 4 JIJJ2 apoptosis HIHAM TN REZ M 16 55, #7844

Day Jobs (FH¥fAFAHE apoptosis A night killers THRE), 1 Ui B AN BEACET i 47 fE
RE. $HEE TIEETE. A ATPEEAN . autophagy SEEEMURLEE T, DURIAR BT RE A5,
TEAR 82 U 70 P 5 3R 3 M, Bcl-2 family proteins & §$% Fi 47 & 1) fission Al fusion.
MR8 5 AR WS B AL B R E T T AR &8 1) Bcl-2 related protein, CED-9 11 BH-3 only
protein, EGL-1'%. EGL-1 €454 03] CED-9, {ff CED-9 4% &1l CED-4,
CED-4 it €5 L4782 1) caspase, CED-3">"% #E IL#f% caspase-dependent cell death.
CED-9 & iz (g Fedi f b fki AR A 58, [X % CED-9 & B2 dynamin-like GTPase %%
HAEA, 1 dynamin-like GTPase Rl & 3% i 4R #% fusion (FZO-1/MFN1-2) Al fission

(DRP-1) PV, FEMF AL AL G SR BL, Bel-xL & ¥R Drpl 28 HAE AN
FRACAN L R AR B fission Al fussion fUIEZFE ', BAX & #)i# MFN2-dependent

. . . 19
mitochondrial fusion s



1.1  BAD complex £ Bk 45 #8 45 B A AR 38 16 H

BAD /& Bcl-2 family ffj]— &, J&JA BH-3 only [] pro-apoptotic protein, & kil
FIARBEAMEE 1) Bel-2, Bel-xL &5, i/ anti-apoptotic R . BAD [HiEPEHL
TRIA Serl12, Serl36, Serlss —fRfiBMIBHRIL, &L BRI, BAD
B 14-3-3 protiens &G R AN E , PHIEE BEURARBEE EY) Bel-2, Bel-xL )
AEHAER %, Serl12 €4 PKA, Raf, ERK, p90Rsk etk ', Ser136 i
Akt B SOK1 BEERIL 7, Ser155 €4 PKA WEER{L . (HAERAIE, Serl12 i
Serl55 B Er# PKA BMRIL, 1M Ser136 MIBEMRRILARSI ST . Serl36 [KIBERR b 1
¥R 14-3-3 proteins &% 4, &3 BAD &4 conformation change, f#15 Serl155 B %
Dtk 2. Serl12 Bl Ser136 £i7 /A BAD Eil 14-3-3 proteins [ binding site®*°,
1M Ser155 £/ B2 Bel-2, Bel-xL #5411 BAD BH3 domain |, Serl55 SR ILFTH5 )
B 5 &R 8115 BAD BH3 domain &2 Bel-2, Bel-xL hydrophobic groove H%2 HAE
B%{%, /& BAD BiEBH Bel-2, Bel-xL [IBISH5 B8 37,

f£ 2003 4 Danial 5 3%3& > nature ¥R IR, BAD & 2 HLEUR AR A R
(AR L, 72 T4 FA Rz 4 i RS _E, BAD € B2 PKA, PP1., WAVE-1, glucokinase
JE . BAD complex, #4572 BAD #2K, complex Bt VAT, & EEURARHEIR L 11
glucokinase 5 /b, JE 1P, I IG B A E D BL ATP ZE Z T Ff. BAD
knockout mice 7 # IR ME AT glucose fEEW LR, F BAD /2 glucose
homeostasis JITf5 Z2[f]. BAD (BRI B8t ELFE% glucose homeostasis HF#f, #F
7% Serl12, Serl36, Serl55 [ Serine Bi# AL Alanine (BAD™**), BAD M BHR
b, FiARBENE 1 glucosekinase VETEH & EIE I N . 48452, BAD complex
A7 7E Bl BAD [ IR 4k & s 4% I 41 Y glucokinase MVEPE, 22 glucose
hemeostasis™

T 2008 fF KL nature medicine Kk TH4E i, BAD HIE & 722 beta
cells 178 2 ¥ 1 ) insulin 203 (glucose-stimulated insulin secretion, GSIS*"),
BAD™ beta cells [{] GSIS €283 ) %, BAD™ islets [f] glucokinase ¥ 11 tH 2E 5 B%
i 183K BAD St A1145 beta cells MELIEAN glucose 195K REAE i H AH % & 1 insulin,
Wit —2D 45 BAD ¥ GSIS [3A1% 52 BH3 domain A, LL& L BAD BH3

domain peptide fE%9[EI{E7E BAD™ islets [ JEH REEMKM GSIS, tHiE— 35w
3



glucokinase s& BH3 domain [] target. BAD R IR REH B 312 GSIS A/,
BAD’** mutation & 3 GSIS F#{, 1 BAD Serl155 {7/ BH3 domain, ###% BAD £
Bel-2, Bel-xL ¢ HAEFH, BAD®'** mutation 8 & GSIS &%, 1M AL K82 BAD™
mutation 2%, K BAD Serl55 BIRA 2 7% GSIS RS, UL western blot 43
BT fasted mice 73t (4 islets 11 3 B3| BAD(Ser136, Ser155)BR 1L N A B S
4G UL ISR ST A RIAREE ) BAD complex Bd BAD ()RR AL IR FE € 34
R AR S I glucokinase TEPERT beta cells ) GSIS B beta cells [ insulin 437
FERAAMEE TR E A RSUE, AR ES M, SOERIR S 2R
5 L BAD complex B2 BAD R AY K REAR 7] e B 40 i A= 1= 72 & ()45 47 P

b

1.2 KL ARBE7E A0 M AR R ke ) AR B

AR AR i d LR — T B ) A R A AR A M s S,
TR RIS P3G A5 A0 A, KT 4 P 400 o 36 bt A BT 1) A0 L 2 2R T 4L 481
B, ERAERMHEK. EMAT SR KA A EEE A (cell proliferation), £
WAy, R AAA R (cell growth) BRAHI/M2L (cell division), A
RWEB LM R, HENEIMBINGG, AT, s
Wi fIE T RE BRIy e AR R ) AR . AR I 52 3 & Rl AN [ MR (R 4%, A T o
P BEEY. MM S (biomass) MIASECH | A M S5 A58 0K ME (146 B Al
&, HMERF D HBAMMA R E T (fidelity), #REAIRE RIBR b EESR, &
SICAR M R T VR A RE, AT AR R AR I, T R, fE S R AR A e A

FEA A R EFR T, DZEERNE A A R 2, A AR Al
FROP 5 K IR EEAE , TERER 2 BT, 38 2% el A0 RIS 1 72 T8 6 2R A8 H AR i 44
R e, S A AR & BT D AT S, TS L R AT A R B,
PrAERLARSZ
AR AR 23 A AN T8 AR A B ZE AR B S ORI 722 5, AN S AR A
T ELMERR R AR AR BT RE R AR B 11 S R R A A FH 20 2 A A B P 35 11
TIPEAS EIRIE R (glycolysis) FIRIARES = FREREER (TCA cycle) #i5¢
CO,, JFEAN) NADH 1 F 78 7~ ELUR S AR A7 s AR5 o (11 1) el il 7 e
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BhEE, HEB) Fo-Fi ATPase A ATP SEAR M, /& st fg & 5 2 d R AR BEE
RE B L RO SR AL AT AR A i U ) LU A AR 2 - EE I e B R U, AR Ay
Warburg effect®, [KZFR T RER TR, AR M40 MIE 75 B4 20 DR 18 B ¥ 2 il
BRESTAESRITIEY), A& 2 Biomass (%R, FIEER. AEEI%E), iEM ik
ARHE IR A gt B BB S NS 2 A A PR SR S L, B RR I SO R A R
FH (Metabolic reprogramming) *.

13 WEEHBRSERERRKN ZEZRERKE

Warburg effect

Warburg effect &£ 1956 4F i Otto Warburg T4 i, th 5 B bRk 38 A= 1) e 41
P AR T B R R LI A DR 2, B TEAG SR D0 T R B AR 2 LR
HepEE ATP, T JEAS B S B B AL 18 K 27 B 58 A LR COY . A Warburg
R % 2 IR 2y e 00 A AR 110 i 0 4 A 759 400 B o v KR e 4 P 2 A i, (HL
KB FIEE, 3 2 R AR I A PR AR I RE e A PR, BLAE
— R AR I A (AT T T Warburg effect OIS, W52 37 Warburg effect
P = 4 L DR 2% A AR A R PR P A AR T R, BT SEAEAT Warburg effect %
18 L6 DL AR 2y H VAR AT A A B 7 S, A A R P R RO AR
e SR THT b T AR AW AR P A AR 00 2l ATP LA RR AL AR P S5 2 A2 1 36 i
ATP MMRZ, (R EHEMMG L, BRIER A5, &4 ATP 1Ef) 2
PGS TR AV T B v 1) S ) — T O 2 T 26 3 e A 2 m] (A M A 5
FIHHIETBEY), 9140 glucose-6-phosphate #% 1 Pentose phosphate pathway (PPP)
4 ribose-5-phosphate, LA LA LR, BAESTAE 4 NADPH, A Bhjis i5 8 Ffltx
BRI, 53— B A FH o ] £ 49 3-phosphoglycerate RIREHI{F 2l SRR A1 IS &
FRIARRIR . BT LA Warburg effect 1 7540 M 7E B A0 AR A 0 7 THI AT BE A B 34 *2,

Warburg effect 12 1] DLigE 4165 £ reactive oxygen species (ROS) &E’E, Fselh
SEACTERR AL se A R AR AT 0, Y ZHIE I T TR B A i IR, B
& 7 T EIESER complex I il complex 11T %5 5) & 4 ROS, F i - 4 B A= R iy R A K
BNERE, BeE TR REEE, A8 T EOR S A AR R 1 ROS B SSEAM i 4

W, ERRAEREIE. ¥iEE Warburg effect F/ERE R, WEERAKAA ROS K E
5



47

TERERRAE I PREGEAT I UL T, 2RI NADH & & Bl S50 HIbE R4 F 10 AT
KT RIS EEN A, QMRS lactate dehydrogenase A (LDH-A) FIF 1k,
# pyruvate #ER 5% lactate, [F]HF EE 3T A 2E NAD', 4EFF & L6 NAD/NADH [dif5
AR F B ST RIS T - T ALBRRI PR EIAmAs s © - thtiEen » R aEt
%570 e » Warburg effect Fias S F H S 0eRaVi2 Bt ATP LGl E RATFRHVAE

o

il

1.4 KIAR 2% TCA cycle A SR AR

R EE A e B TARSC Aa bl A A%, RLARBE HOACEN A (O BB i, DR & FFAH
BANARTERENGRIEE . EAESEES T, rUCRRmEE B0 14
A R REIE TRy FREE I TCA cycle P [ EYIRE t, ER B> 1T& BUMATEEY) ,
W%y cataplerosis. I U0& BT AN PRI RS 2L fatty acid, IEWFK citrate &K AR Y
TCA cycle [ H AL E, F1 CoA —iEA&SH ATP citrate lyase #E{5i% acetyl-CoA,
P fatty acid synthase 5 % fatty acid BUAEAS i HARIE LA K cholesterol isoprenoid.
TF 58 0 95 30 S A 00 A 1) IE 5 4 I A2 A1 IR I ATP citrate lyase Al fatty acid synthase
RH R 7, BURAA T A RN TR ARIEE. 2 ERE
B RTEYI 2 TCA cycle B9 [ EWEATEIZ/EH (transamination) $2,
Oxaloacetate #8215 7 4= aspartate, $2MLG K asparagine HIFTJEY); a-ketoglutarate
4% 2E glutamate, 7] LIBEEEHR AL proline, aginine, Fl glutamine.

EEFGE I B EY) &3 TCA cycle 55— {H 4 8 BT 1 S (truncated
cycle)™™, % T 4R TCA cycle HIIEEE, YA HMHEY, #E{E anaplerosis.
glutamine #4724 /& anaplerosis =2 2RM 7L )& 3, FAJER RO 7 A0 B IEAT 1
& glutamine-dependent anaplerosis®’. glutamine J& L7 o & & 2 MG RERR, 4%
Hi glutamine transporter Z3EF7 47 #81% # 1T glutaminolysis, glutaminolysis 32 Wi/
IRE S IE, B glutamine #% glutaminase (GLS) K glutamate F1 NH;, ZR1%
glutamate F i — D glutamate dehydrogenase (GDH) HH{REY a-ketoglutarate, [E
N TCA cycle #i7e. &M MANFEAEIE A5 (O AN M 40 75 i 1 glutamine {44 77,

SRUEFF anaplerosis/cataplerosis #F4E H g€ KT, LUEBMAERMFHREE DT
6



A%, Warburg effect SRR AR BT A4 & i f €4 (anaplerosis/cataplerosis) i5
P TEACE B, AR T AR I /R SR AT A EE 2 (metabolic
reprogramming ), % AH M 7E fE & BL A= G e 77 TR A HE B i & AR R AR R, R
BRI 4784 anaplerosis/cataplerosis ¥4I A =G RIS ML 2.

1.5 #MEAERRF O E: mTOR complexes

Mammalian target of Rapamycin (mTOR) & #f ik & i B2 1O Fa i 35
AR FF 2 BB E. mTOR &K WA A 588, 70 % mTOR
complex 1(mTORC1)EZ mTOR complex 2(mTORC2 ), mTORC1 ffJ#H £l & mTOR,
mLst8, Raptor, PRAS40 /& Deptor 5§, 51 &#7 rapamycin $1#], S ELFRE S
7EH mRNA translation EZ#I#l] autophagy 55, FJAAHM A R FE biomass;
mTORC2 HJ#H A A& mTOR, mLSTS, Rictor, mSinl, Protor %, ¥} rapamycin #fI]
AU, TTREAS H Rho family proteins 4% 4 i B 2L AT 40 M B FE 0 e, (HHELYE
B ] i R 56 4 BT

mTORC1 WIVEMEEE G T &M B/ R R REE, BYEEME growth
factors, nutrients, energy ¢ 15, (i HAIBIIRE R SHRA4 K. mTORC1 HH
PG % small GTPase Rheb, Rheb i GTP 4% & &%t mTORCI, I FKBP38
Hi| € Bil Rheb-GTP 355 mTORC1 HI45&47, %4 mTORCI [#] endogenous inhibitor.
Rheb-GTP _LJi# 1) TSC1/2 #4 GTPase-activating protein( GAP)i% 14, & % Rheb-GTP
15 % Rheb-GDP ifij #7245/ mTORC1, #Ifi] mTORC1 it .

Growth factors i1k mTORC1 @ 1$ 4L i PI3K iF {4 Akt (Thr308), HIHILH]
Akt ERAL TSC2 #1i] TSC1/2 ¥} Rheb B /E ], {1115 Rheb-GTP i1t mTORCI .
Growth factor #f mTORC1 FI3 i € 4% mTORC1-S6K 1 £ ] &,

Nutrients CREpjll 2R ) ¥ mTORC1 WIEALIEEE, AiF7iieE &4 H Rag
family of GTPase (Rag A/B fll Rag C/D) B Ragulator JZ % complex $E4E1E lysosome
WIZRTH, F&IEER & 3% 9% mTORC1 1 Rheb %I Ragulator-Rag complex I &, {15
mTORC! # Rheb i1k 7% {HZ lysosome f] amino acid IREEIL A AE 58 &AL AP R
A M BE B FH R i B BROIRRE, P AT e 8 A FoAth e 2 e Al B BERZ 22 mTORC1 Ji5 1%
TR AR o . = mTORC1 HAfiE 1, Ml erBRAL TUFH S6K1 B 4E-BP AR
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e JE SRR B R

S6K1 & A AGC protein kinase family, AGC protein kinase family [y& 4 75 %
catalytic activation loop F/ hydrophobic motif W # FIBEER (LG, S6K1 H catalytic
activation loop (Thr229) H PDK1 f#&{k, 1M hydrophobic motif (Thr389) &
mTORC1 BEERIL, #iELH S6K1 & ¥} 40S ribosomal protein S6 Bl FR A4 1 {12 1E
5°TOP (5’ end oligopyrimidine tract) mRNAs [JsiEE, 18 H 518 2 Wi i 75 22
(e, AR S — D F A A B T R — AR A AR R 1 1E [ 65 7,
AEERFFAEH, #ES mTOR ZF#% 5° TOP mRNAs BB, (HZ S6K1
S6 LT A ALK, HTEL mTORCI Anf {2 iE e mRNA FIEEEII8E R0 T

75

o

mTORC! ¥} 4E-BP1 BRI & {75 4E-BP1 fE1E45 4 cap-binding protein eIF4E,
fii eIF4E fE %12 Bl eIFAF complex [FITE %, 11 cap-dependent translation initiation®,
oAb Ay — SRR R AR A A LA A R I BT, 140 Hifl-a, c-mye,
cyclinD, b {4 £ BAR S B 42, AT BRAR P AE RAHBA GO ZEThEE . el itk wl
mTORC 5 H % 8 1 5 (i s s 2 il A A it A2 4=, B2 mTORCI ¥ inhibitor &
S AN RERS R O S O R B TR, (A AR R

PR mTORCI LEjtesRk, A% mTORC2 HifTsi#/>, HAjS A mTORC2 &
growth factor (fFl 4 insulin) J&4k, #E7H A mTORC2 & & L T Ii# ) AGC kinase
subfamily % 8,0 & Akt, SGK1, 1 PKC-o. SGKI1 [{)ThRE Ay Bl 1l 0 5 2
4 E 77, i PKC-o €75 B8 %8 actin cytoskeleton F# 40 T 4k 78,

Akt FITE AR 0 i & A B B SEPE RO SE 2, a0 & AR (glucose
metabolism), A4S (survival). 4K (growth). 345 (proliferation), A i
T- (apoptosis) %5 7, Rij—ZHi C.ALHE ] Growth factor & 4E ] PI3K/PDK1 R
1k Akt(Thr308), & Akt(Thr308) # &1k, mTORC2 &i%lZ1k Akt ] hydrophobic
motif (Serd73), fHifF Akt B RIIETE. i Wi E B R Ak S5 I8 B 3 A A S 1 4
MR E, A FEEARMERARE TR, 2 Akt SN TIED
TIRZ, #ilin GSK3. MDM2. p27. FoxO. BAD %45, . FoxO B2 BAD FRAM
MRS A S V)RR, Akt ¥ FoxO Fl BAD (Ser136) ifgfh, @rafie 7 5% i

14-3-3 &4, 40 H: pro-apoptotic functions™™.
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Akt B8 mTORC1 1 mTORC2 #3F2 HAEH, mTORC2 &1k Akt (Serd73),
AL Akt (1) B3, mTORC1 RIE &85 Thr308 BERILIN Akt iG1k, HESRHEFiTE H
mTORC1 G4 A 75 Z Akt 1) Serd73 R IL, 0w & 5% A RE B 2 18 4%
mTORC2-Akt-mTORC1 gtk L il &, {H2 Akt 5 &44K5F mTORCI 5
mTORC2 2 [H] FlIEME ) H B 2 —

1.6 FiARBER B E mTOR complexes G P

&iA UL ERGAFRAM T ## E mTORC1 Al mTORC2 7EAM g A= 4173 v vh Lo 5 6 1)
i, A H mTORCI WG & S BN IR v 494k, SRR &, 59— 34
5018 41 M A R B, & B Biomass FT 7 I AT BE 4 K B 4> b kL AR B4
anaplerosis/cataplerosis FTH2fit, 1M H. anaplerosis FICRHARER A K H AN IS L =2
IR, FTLAAl e SRR K 25 R 4788 anaplerosis/cataplerosis 1Ml &4, SR7% 3
IEF] mTORC1, f#fF mTORC1 #iiGfk. iBHEIA TR mTORCT JEFERRIG 1L %
SRR B BTN, R 3R R R IR BRI 48 B lysosome 1 AL 5% 31464
mTORC1. {HIET]HEZHMAE starvation T4 FORE. 4R starvation
(FRAE, EiAT autophagy 73 fif 0 70 i # DAAREREAN M 15 ) A8 BRER A7 VS, HRRG 4N Al
WAA 2 32 R AITT e A2 lysosome, (H 2 & AL R, & 1A 2 E A biomass,
TL 2 AN SR A AN A N (e, R A % 5T 4 R 1 S £ 1 AR R
A0t X0 1 0 A BE 42 ALY, T LA autophagy-lysosome 13 1Ak i R Ja il ik
1%, A0 MR R T (AT B R biomass. PRI B A IE 3 4% 2 IR RE 2L & Fh AT
M5, FARBEZLL lysosome BEAFIHEA#, BiEHAHE RS T AR W 13
P, PR AR A SR ER 4G mTORC, {43 mTORC1 Re#RFAE R A W&, WA
R AT A Biomass ) R . #E A6 M) mTORCI & IE Al 65 ) oKL AR B 1 A2 5
B, W R85 2 [#) nutrient transporters AN M ERFEAM AR E B ILAMRLAR B
BT A BANR T & AR AUAN alycolysis, TR 1 T 4x1H (A 4845 . g sy
BE AR mTOR complexes EBLRLARAE 178 FLAE FZEAN M AR R 3 A2 h AT % 3
PEE R .



1.7 cAMP-PKA signaling W] & & $i 47 88 i) A 3 5B

TEM LA, 28 —EEE cyclic AMP (cAMP) €751t cAMP-dependent
protein kinase (PKA) I 22 A M (&0, sl 7isim . & a iR
FI54E, FERISRAS NI cAMP 8L PKA HIAF7E. cAMP =% i RAE A 7] 1)
adenylyl cyclases it 4, 43 )il & transmembrane adenylyl cyclase (tmAC) Al soluble
adenylyl cyclase (sAC), 1 — el A fERLARBE T /E 2 sAC sAC & # bicabonate
T H3 ATP A Ca® HOVEFERUR . KidRf TCA cycle 4TI, 1E isocitrate #
isocitrate dehyrogenase BH4 5%, o-ketoglutarate, Hil o-ketoglutarate #% a-ketoglutarate
dehydrogenase B, succinyl-CoA i Wi flil 20 BR & Bl it CO,, cabonic anhydrases

(CA) & CO, 55K bicabonate, Hl# sAC 4 cAMP, HETMHIL PKA, K
CO,-HCO’-sAC-cAMP-PKA [f] signaling cascade®' . fEZEREMANLT, TCA cycle
[1J1E4T HH glutamine-dependent anaplerosis AN )4 78 intermediate FTSRHE), #252
FLERAE N K] cAMP-PKA signaling [ /2 FHE B AT 431 . DR IHORL A A8 7T e 2 55
H cAMP-PKA signaling 52 mTOR complexes.

PKA B A-kinase anchor protein (AKAP) A& HAEH, i H H e ] A1 2 [H] b
FIHF 5L, AKAP BA5 scafford protein [ DEE, & %A protein kinase, phosphatases,
adaptor molecules, AC, phosphodiesterases (PDE) , mRNAs %% i AKAP comlex,
B REETEIR Rl as (A RiARES) %, PDE @3 AC &L cAMP 4y
fiit i, AMP, Xt PDE MM e %047 cAMP-PKA signaling [R&IZEREM B, &4
] B, 1 phosphatases BRI & 7847 € #IVUE FIHIELC T # PKA B HAD protein
kinase PTiHIRERRIL EBR, #LIRIE, TERUR ] ERRFEEVE. KiARE3E L AKAP
A AKAPI21. Rab32. WAVE-14%, Hrft WAVE-1 SURIARESII M A B, FERRAE
ANMLRORT FU b 358, WAVE-1 D) fRe & LB AGIRREFTai iz, & el Arp2/3
A B actin polymerization, A AREEFS BN BRSO K . WAVE-1 il PKA
% BAD complex 1] &, Fr AIRAMEE 2 7ERLAR B8 A ] anaplerosis 2 42 ] cAMP-PKA
signaling A 1] §7E BAD complex i35, #E M2 2 BAD g
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Chapter2 E B H K

MRIEA ST B = SR Al T 48 e, M A A4 BEAR . (W38 cells) &
2 anaplerosis [F #1171 aminooxyacetic acid(AOA ) & #{% %] mTORCI 754 F%,
mTORC2 &M BT R, Wl 2R R AR S anaplerosis & 5% 2 mTORC1 Al
mTORC2 [F)iE M, cAMP-PKA signaling 7] A2 B, BEHITTRE 2. FLIEIREN
Fi 484X (anaplerosis/cataplerosis ) 1% 2 A4 1] CO, # B8R Y bicarbonate, %1k sAC
e cAMP-PKA signaling, Fiifi —%f mTORCs signaling 1552

K AR B8 {7 7E BAD complex, B8 & BAD, PKA, PPlc, WAVE-1,
glucokinase. PKA [JfE7E ] FEAUKPLARAE N cAMP-PKA signaling & 1E BAD
complex 1% & . BAD 72 BAD complex [F#% Ly, %4 BAD, BAD complex A&
JERG BEFUEE H BAD HOBERR AR REFR 2 3 2 BURLAR SR AR B A E T, P DURLAR
B B ACHIRRE P BE S EAE BAD HIBERRAGIIRRE o WAVE-1 & #5HiH1% actin
polymeraztion tik AR 8 1) 53, 7T REH BRLAREE 2 nutrient transporter P IT 421K
NEHETE .

wEer DL ERTRENE, ERAN R OARHIE TS A e H

1. R BAD HIBERRIGARRE R 5 [ JERLAREE anaplerosis/cataplerosis

2. cAMP-PKA signaling & 757 £ BLfi #4748 anaplerosis/cataplerosis ¥ BAD g

PIE R 2, #EEH4%E mTORCs &4
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Chapter 3 fFR}E F¥E

31 MHE

Anaplerosis inhibitor, AOA, [ Sigma-Aldrich, Stock J&/% 45 500mM
Glutaminolysis inhibitor, BPTES, f#H Sigma-Aldrich

Pyruvate, i H Sigma-Aldrich

a-ketoglutarate, H#H Sigma-Aldrich

Soluble adenylyl cyclase inhibitor, KH7, H#H Sigma-Aldrich

Protein kinase A inhibitor, H89, [ H Sigma-Aldrich

3.2 MR

AR AL F IR V2 BRORAZ IR IR T, RTINS, SR8 BRNE B 37°CokitiEHh,
RPUKERI Al A5 & F AR 2R EZ 2 NE 37°C growth medium [ flask H,
BEHE flask FEAMML 0S5, #RF ERMER 37°C, 5% CO2 MBI, B—
KA% R growth medium, A% %P R FEHOCHTEF ) growth medium.

3.3 A

AR REE R 80% ~ 90%, ALZAMEEANARAE, DMRSAIM AR, Bt
IRFF BT AT 15 e SE A2 B, I\ PBS RAEIE I, #35MN | mL trypsin-EDTA, B jirEs
T PR 2~3 208, 440 flask, fFRAE B EAIRVER, TIAGEE growth medium
#0E trypsin fEF, 35 78 pipetting AT B 4], HUE & LU AT B 9] 22
flask H1, 4 /& 7 mL [¥) growth medium, J§[B] 35 AH AL % .

3.4 HRAEYER

B INBE R B IR A% A A MG RS 2Rk dish WY growth medium,
PAVK PBS H¥EM X, I 1 mL PBS 2441 EIF, &L 1020 x g @l 5 758
WCEEAM G, #2F% PBS 1% I\ BLAH f BEFE S5 511 lysis Buffer (50 mM Tris-HCI, 1%

NP-40, 2.5% Sodium Deoxycholate, 150 mM NaCl, | mM EDTA, 50 mM NaF, | mM
12



Na3;VOy, protease inhibitor) & 20K I 30 min /&, HEEKF 15 min BEZANM, HLL
12900 x g #ff-C> 20 min, #EOSER EIERRIA SR RE S Y, HiRAEL
ZIBC A% sample, B LA 5 TRFE 22-80°C UKAH PRAF o

3.5 EHEIREHEERER N A

B E IR E 8 ] Bradford protein assay (f§H Bio-Rad) 77#7, #EERANC &k
SENEAEE, H%EMAN Laemmli Sample Buffer, & 10 708, # AR ZIEH
AR N -20 C VKA R-AT -

3.6 THTREE
F|FH SDS-PAGE 7riite HE, BRRERBAR O TMEBRE > TEINE, &K

BB T BIE L A 5%~15%1 gradient gel, FFEEBEREMIE AR Marker A
SDS-PAGE & FJ7 [, DL 15~20 mA B FE i Sas) & B 2 5 i, 5084220 B Ry [ 49
1~2 /NRE, BB B 0% %) 0.22 um PVDF membrane ., PVDF 1 ] i 221
methenol {51t, #f gel. membrane. filter paper. {EARAIN TR E L T L&, N
Bio-rad tank, M tranfer buffer #ATHE . B AR E 220 mA. KifH 2 /MRp. B
HTEAE L 5% 45k BSA i Blocking 1 /MRf. 4535 F—Hi, 12 —HiAIRsRH
RBPIRGRCR T E AEE—PiikiE S —HiM ZHi2 M7 UL TBST #E¥E membrane,
I3 RABEIR 10 7088, —HiL—PUHEHARE £ ] anti-rabbit B¢ anti-mouse, f#fF
% 4°C overnight — K, ZHi 5818, FLLRIELELHEPE membrane, 31 ECL
substrate AT L2 10, PLER GRS M RGURIERSE, FI5HE € R B A

=

Ho
— PR A% 2 1 p-S6K 1-Thr389( 1:1000 )~ p-Akt-Ser473( 1:1000 )~ p-BAD-Ser112
(1:500) ~ p-BAD-Ser136 (1:1000) - p-BAD-Ser155 (1:500) LL_FE#ELIHA 3%
BSA 1, actin (1:10000) FECEIFA 5%HY4-4 -
THIMERERZ R | anti-rabbit (1:20000) -~ anti-mouse ( 1:10000) BCE Y 5%Z-4Y
1:[:{ o
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Chapter4 #HR

4.1 AOA #I#| R 4% 48 anaplerosis {# 75 p-BAD (Ser112)
T %, p-BAD (Ser136) L F+. p-BAD (Ser155) F

s

% T 8ES BAD WL AL BLK AR BE anaplerosis [ H5 14, TR AM 4 A by 47 A
anaplerosis FRFHI%L AOA. AOA & i N\ KiAREE %] GDH FiE M 1§75 glutamate
V1A B Y, a-ketoglutarate N TCA cycle HiEAT# 75 BHE R 47 #E anaplerosis.
B JEE REEAN M (U20S cells) JEFE 3mM AOA 12 /NHp%, Blishlal LLig, &5
FHHR p-S6K1 (Thr389) T F4ER p-Akt (Ser473) Tt (Fig. 1a), 73 A% mTORC1
TEPER T BB mTORC2 WETER) BT, BRSGHTE WI3S cells B3 AOA HH Bkt R
FARF, WI3S cells JEARFEIG AL M IEF40M, e T ER, HHEKENAHE
B 1 H A1 A AT L b, K ARES anaplerosis #RE ¥ mTORC1 B mTORC2 [yt
fE1352 %%, anaplerosis B2 cataplerosis =i 8)j[1) s &, ] anaplerosis Ht% i~ #1
anaplerosis/cataplerosis ¢ #5, FIAREG A R B G B B A EMREHRE S T4 5
FHTHRYD I DhRE, it DA 153 R A 2 2R B A4 A2 R (1) mTORC1 J&PE T FE, 1M
mTORC2 [ b T 7] § /& K A mTORC1-S6K 1 ¥} IRS-1 1] negative feedback 1 F il 2%,
SEE P growth factor {E LA mTORC2 J& 1% FFt.

AOA #iiti| anaplerosis tHf§i#3 BAD MR REM S, HH p-BAD (S136)
Tt (Fig.1a), BAD (S136) &# Akt 8¢ S6K1 BfR1k, 7F AOA EHMIHI T,
p-S6K1 HIiE T T % p-Akt FIiEHE EF: Hat &5 BAD (S136) i FR 1Lt /& p-Akt
FIfER, HEANRSEHE, Akt KITEARE F, Frll BAD (S136) # Akt @R
I R P R TEAR RS A B 5 4, T AR e A A o

p-BAD(S112, S155) € [A % AOA 1 anaplerosis 1M | F#(Fig.1b) BAD(S112)
€% PKA, Raf, ERK, p9ORSK 21k, BAD (S155) &4 PKA B2k, PKA &l
B R AL B 54T (14§, p-BAD (S155) FF#ME PKA HINETEMRAR, 1804537
471 cAMP-PKA signaling [ JEXI 4% %% anaplerosis/cataplerosis #41% i1 BAD complex

AL cAMP-PKA signaling )R] BEPE
14



4.2 BPTES H)I il . 4% #8 anaplerosis £ 75 p-BAD( Ser112)
EF. p-BAD (Ser136) EF. p-BAD (Ser155) F

[

% Y EAINHEE BAD WERRIL BRI AR Y anaplerosis FIBFEE, AL 5 —FE
anaplerosis [F1#Ifi|#], BPTES. BPTES [t AOA Fii=—, 0|1 target thEL AOA
AN[F], BPTES & i N FiAREE b B — P H %] glutaminase, f#i15 glutamine 1 N\ KL AR B8
1% JEVE A Y, glutamate, L2 #IH glutaminolysis 155 — IR = JE, 26—
S A BH BT ) 15 1945 48 1) 20 BE 75 4T, glutamine #EVEES H glutaminolysis BER AL
o-ketoglutarate i 75 K A7 % TCA cycle intermediate fiT LA{#75 anaplerosis 52 2| #l1) .

B U208 cells 7050 5 uM + 25 uM ) BPTES 6 /IMHE:f B Bigd B 8530
mTORC1 VEVEM N %, mTORC2 JEMER) FF (Fig.2a), 11 H 52 2EF8 BEAR 95 R 22
BPTES (IR R NG, 25 uM bt spuM B 208 . B8 AOA EH SR &
Baak WAHE], SHIE—D RS BRI AREE anaplerosis B 5228 mTORCs 35 .

BZ P BPTES %f p-BAD (Ser136). p-BAD (Serl55) M2 thEL AOA R
[d], p-BAD (Ser136) [ % p-Akt (Ser473) y&:_ETHifi ETF, 1 p-BAD (Serl55)
n] BE X Ay BPTES #Iil] anaplerosis 1§ 1§ cAMP-PKA signaling " F%1f] F f%(Fig. 2ab) .
& ¥ BPTES &% p-BAD (Serl112) LF (Fig.2b), H& AOA BEHI&E AR, KM%
TR BAD (Serl12) M4 TiR%, % PKA, p9ORSK,ERK,Raf. BPTES ¥
SEAEIRRLL Sy TN BAD (Serl12) BERRALA 15 H 1% 55 .

4.3  o-ketoglutarate 7] DA [B]#8 AOA ¥} mTORCs 52 BAD
Ser136 B R AL [ 5 &

DL EBRE I AOA kI AREE anaplerosis 522 mTORCs & 45 BAD )R
AR RE, HE A LA o-ketoglutarate B2 AOA FL[A] B H, o-ketoglutarate BEBkIE AOA
(R E P B2 RE N Ri AR S TCA cycle #i 78 intermediate, 1§43 TCA cycle &% 1E
TWIEE, BISR T REAEI/E AOA ¥ mTORCs B BAD R b IR B8 1% I 5 22

4ERFEH, PL 5 mM o-ketoglutarate F1 3 mM AOA JL[E]JZFE U20S cells 12 /Ny

%, HLEUEEFE 3 mM AOA HIZHA| L, p-S6K1 (T389) Al p-Akt (Serd73) ]
15



e e 18 B ER = HI AHAH I B /= (Fig. 3a), /&R a-ketoglutarate AE #0118 AOA
¥} mTORCs IR 2,
AOA ¥t p-BAD (Ser136) (52 E AL EHE a-ketoglutarate [H148 (Fig. 3a), {H
& a-ketoglutarate fl£% P12 AOA Frfiif3 p-BAD (Ser155) ~[% (Fig.3b), [FlReiE
P g-ketoglutarate 2 AOA, p-BAD (Serl55) [FEIRHEEEH AOA ZAZ,

4.4 Pyruvate 7] PL[H 18 AOA ¥} mTORCs 82 BAD( Ser112,
Ser136) B¥ER AL I &

k% T a-ketoglutarate LLAh FAMH LA Pyruvate 2Kk [0]18 AOA ¥t anaplerosis fJ 1],
Pyruvate /& Glycolysis ), &ERAREE N pyruvate dehydrogenase (PDH) ##
B acetyl-CoA #E N TCA cycle, tH&E# pyruvate carboxylase B OAA [FIAKIE
A TCA cycle fi 7t .

PL 3 mM pyruvate B 3 mM AOA IL[FFEHE U20S cells 12 /MR 4 REUR,
mTORCs 35482 BAD (Ser112, Ser136) FIBEER 1L AR RE AT AT LA#E [7148 (Fig. 4ab),
MM BAD (Serl55) MBI VLM [FITE (Fig. 4b), B a-ketoglutarate [FIRURAH
[ o

4.5 %] soluble adenylyl cyclase 5% mTORCs ¥ 14l
BAD B AL R 5B

BT AR IRAM AR E R 5 cAMP-PKA signaling & 75 2 B ki 42 8% anaplerosis il
mTORCs 15V 2 3%, Fi4R 88 N cAMP-PKA signaling 175652 sAC Fi
i, BrCAFRAMEERE sAC inhibitor, KH7, #i%%:& 154 EL4H| anaplerosis ZRLII AR -

#0208 BB KH7 6 /MRpAZ, 8 Bush RE7R mTORCI 3 %, mTORC2 &
PE BTt (Fig.5), ERLA AOA, BPTES #lIfil#i4%#4 anaplerosis IR RAH A .

IM7E BAD FEER AR RE 7 T, RI#i%3] p-BAD(Ser112) T % p-BAD(Ser136)
EFF, p-BAD (Ser155) FB& (Fig.5), Bl AOA JZFRRC A .
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4.6 H#H PKA 848 mTORCs 3% & EF+F1 BAD BEig

$23% BAMMEFH PKA inhibitor, H89 K4 sAC Fl tmAC # &% ATP i il cAMP
A PKA, FirLL H89 A4 ER KH7 LU 2R A7 A B i, ¥ U20S A E 2 10 uM
H89 6 /N4 HEER, mTORCI B mTORC2 fvEtEE ETF (Fig. 5a),
mTORC1 & KI5 28R H AOA. BPTES. KH7 &S RAA . [K A #0H] PKA 7F
AT AL DA 5 B T R B . ORI RS RLAR B8 I AR VS, BT AT e A Hofth
18 mTORC1 754 7.

M 7E BAD B AARRETT I, 0] PKA & flif% p-BAD (Ser112) TFF%. p-BAD
(Ser136) LJt. p-BAD (Serl155) F[% (Fig. 5ab), #5HEL AOA. KH7 BEEAH
L. #1 BAD ¥4 cAMP-PKA signaling [¥) 7] BEME:

17



Chapter 5 F1&f

5.1 PARBEAETE M (anaplerosis/cataplerosis) ¥} 5% #f

HAE R R BB

FERFEWEFCHR, 43 R F W REAS [ ) anaplerosis 4717, AOA E& BPTES, 7K
7B 5 B RLAREE anaplerosis/cataplerosis ¥f mTORCs fJ522E, 7E AOA, BPTES, HJ
BREET, #er{if3 mTORC1 k&g . FiiR#% anaplerosis [ JEW &AM EE CKF
ARMEETR) BRI, R A A R Ry R R Bl KRR glutamine, B2 7E
FiARRE N &S H glutaminolysis fUH, #EHARL TCA cycle [¥) intermediates, R1% 4% HH
cataplerosis [ H 24 i rh 3R AL & A 5 01 2E A AT SRS, T IS IR B AR R
(PRt B B R AR BE AR DO REIRL 4% anaplerosis B #0IHI I 26R%, A0 VA8 1S
& 1 9N Biomass It s i %8 B2 T AU, AT S W% /2 BE it starvation —
B, RETEBERRGNE, BN RIG A #&A 0 mTORCL KT,
mTORC 2k 257 1 & i A5 4 i B2 B3 1 2 B B & USRI T %, k258 autophagy
RAPHI R, AP ST, A BAR 2 AL 2 apoptosis.

MAERLAR B A B mTORCs HIAE BAEH [, FRAMHIR H T AT BEMHE i 7 14K
HEGE, WEiE cAMP-PKA signaling, KZRigRHE N cAMP-PKA signaling /&
anaplerosis FTEH5 T R 1 2L ASFN 5%, & anaplerosis BE#l TCA cycle ff HAZ & 1T,
1E isocitrate #EHA LY, a-ketoglutarate, Bl a-ketoglutarate B2 % succinyl-CoA & P
SRR REH COL 48 CA B bicarbonate iifh SAC, sAC #§ ATP 5/ cAMP
i PKA, /1% PKA F52%2 mTORCs KH7 P ¥ mTORCs K52 %28 8 anaplerosis
Y, AOA. BPTES Hifel, HEINT cAMP-PKA signaling Bf% anaplerosis Hi
mTORCs ] fEdE

5.2 mTORC2-akt (Serd73) EM: FF AN EE S
B EFE AOA, BPTES, KH7 I, 954 mTORC2 i1 LTI SR, M FiHtH
Akt (Serd73) BERRALFZEEW FTF, Akt BR T Serd73 LL4N, 1B Thr308 7 B &

WEmz 4k, MGk Akt (Thr308) ffJ+% PDK1, Akt (Thr308) S/ | H growth factor
18



G ALI PI3K signaling pathway, {Ef37% & 172 PDKI1 j&4k Akt (Thr308) [ E AL
JAANMIRE |, T mTORC2 t7F membrane rafts #% 9531 H. Akt (Ser473) tHfl&7F 1L
S AR R Akt TR LIEANIRAS 34, T &k Akt BEER AL 1Y NI 20 7 vl R0 22
S ML A RE B IE A . k5 mTORC2-Akt signaling 7] A€ f& —Ff recruit 45 €
F % 350 A0 5 30 P AR BB
FRAP S SERL AR B D (¥ e B R A A B A R AR W M B, R AR R L IR

FEMREGITZ —, I ek T ERAS H nutrient transporter 1 B4 4% & 4]
BIERLARBEACE e ? — MRS, AT AR ) B B T RE 2B free diffusion B2
vesicle trafficking, {H2EHEERE A K] GeA0 I8 AR VA ZRLAR Y, w56 A4 i
75 % RS A IR 5 A2 4l A free diffusion (77 sCIEHf, 7T E DH 2 Bl b (i 3,
TE B RLAR B AT 4 A S BT . T #5722 vesicle trafficking IR, W28
B 1% /2 SNAREs [] vesicular transport protein 2R 45 surface marker, #4712 vesicle
FEMSE E 11 docking B# fusion, (FALARRENINR FALWR-GEMME A, ARt
V% LA vesicle trafficking 77 AUBERIARAS. IRTTEA —HATReME, FRAMANIERIAR
BT — M RS, AEHI LA (microtubules) 1A HLIE, 7E4NAR A PLIE
(IF2Eh 12 AY B AR AT Bl R B R ATUIR (fusion ), 98770 24 A BB IR R AR B (fisson )
ig Le ) R RFVE BLACE A D) IO BAR, RIRIE SO Rp PR, AT ReAT — B 20 IR AR B
& F2 BN A nutrient transporter T BB B IE R . BAD complex 1 fE £ Bl
Hrhr, BAD complex W] WAVE-1 & a2 K AR 8811 70, WAVE-1 KRR LR 8
22 Arp2/3 #5411 actin polymerization, 18 il DR8] f8 7] LAREERL AR B8 Bh 21 41 f
J¥% nutrient transporter fffi/T, B{/& & BRI AR 4 7F nutrient transporter BT [ & HAL E
AR AR Y AE SRS E IRUUIE R . T BAD (S136) &4 Akt-S473 BEFR{k, AL
BAD (S136) P4 mTORC2-Akt (Serd73) MM ILIE MIf 21 v] RE AL S KL
AR S CLASHE th BAD complex I T4 recruit 241 A nutrient transporter P/ % HY
TR -

53 p-BAD (Ser136), p-BAD (Serl55) K402 &S

FEH —RERAREE#E 5 BAD complex [H%E BI/r i 7E nutrient transporter B} T &

IR M ] AEPE A B, % & BAD iR Bcel-2, BelxL IR HAER, i#76 Bcl-2,
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Bcl-xL 7E voltage-dependent anion channels (VDAC) 1B R b (e fz, ek
FE ] RE A8 H VDAC HENFIARBEH, &R AR B8 mTORC2-Akt (Serd73) signaling
recruit 41 I nutrient transporters [t 218, BAD (Ser136) #f iR, {HitkR: BAD

(Serl55) MiABBEERIL, BAD IR Bcl-2, Bel-xL (45 S AHET B2 (R4 Serl55
BRI & BAD #EBH Bel-2, Bel-xL HIURELER), VDAC HIEZE R S, 15 HEEE
FZtH VDAC M N RARRE AR, A% &8 H anaplerosis 7%t cAMP-PKA signaling,
G RRE HUE R SR, B BAD complex 4 1) cAMP-PKA signaling 5t & B Rt
BAD (Serl55), i VDAC HJEENEFEAS, 56 g BUEE IR Tk, SRR AT REE &
BAD BB Bcl-2, Bel-xL B K1 4 BAD (Ser136) BEERILAI TR, FiAzas st & dfk b
nutrient transporter 7 &, EFATHAMMTIEE (FTHEA cataplerosis). A A
MEEE AOA. BPTES I, W] G ak &b AR B 1 71 RE S0 B SE MRt N\ b4z, (H
N AFAH 2 A c AMP-PKA signaling HJARRE it LA &8 525 mTORC1 5 L T B
mTORC2 35E ETF, F1 p-BAD (Ser136) EJt, p-BAD (Serl55) FREMIFIS.
SR & EFE PKA inhibitor, H89 IKf, EESREEREMIIEVIAAML, (FRALARBE 1 LR RR AR
I A2 B, T LA mTORC 3 I A 4 [ HoAt plg T B, e T K] 2 fiE 2 4K
1b S IEAN B PR WSO B R 79 mTORC L W 1 B Ft-

AR T KL 4R B anaplerosis/cataplerosis % [ 22 & 1] 15 1 i 1 5 2

mTORCs W& PEHH AT BE AT FHTERER], R AT DL 2 BEA, (St — 2D (4T
BRI .

=
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a Con AOA b Ccon AOA

—- p-Akt (S473) p-BAD (S112)

-BAD (S155

- —
actin

Figue 1

U208 cells fZ 2 3 mM ] AOA 12 /MK, LA western blot fHHIFI R &E. (a) AOA i
RS Akt(S473) a1k _ETh S6K-1(T389)Mifa 1k K%, fL# mTORC2 W& ETt,
mTORC1 iGN . H#IEL5 BAD(S136)ffR L T . (b) BAD(S112, S155)% /%
B,
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BPTES BPTES
Con 5 25 Con 5 25
o —— -kt (5473) S8 soci
-S6K 1 (T389 [ SE W] p-BAD (S155)
— | V5O (T359)
PR .' i p-BAD (8136) M actin
M actin

Figue 2

U20S cells 73 FEFE 5 uM, 25 uM ] BPTES 6 /Mif, DL western blot {5 I & .
(a) 25 uM BPTES JEHHi£3 Akt(S473)f 1L b T, S6K-1(T389)MEMR L T F%; Rk
mTORC2 i&E ETF, mTORCI WM N . %3] BAD(S136)BMRIL ETh. (b)
BAD(S112)ffR ik T+, BAD(S155)@fR Ik T F%.
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o-KG
+
Con AOA AOA

I D-Ak (S473)

p-S6K1 (T389)

[« @ =% | p-BAD (S136)

f--—-ﬁmm

Figue 3

a-I_EG
Con AOA AOA
"C ® =¥ | p-BAD(S112)
p-BAD (S155)

f--—-ﬁmm

U208 cells EFIFEH 3 mM AOA 52 5 mM a-KG 12 /M, LL western blot {115
f. (a) 0-KG ATLAEIE AOA FRflif Aku(S473)BRa1L L-TF, S6K-1(T389)BE L
% BAD(S136)Ra b LTt (b) AOA MV [HI 5 AOA iR BAD(S112, S155)

RERAL T B
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Pyruvate Pyruvate
+ +
Con AOA AOA Con AOA AOA
WD w | p-Akt (S473) i.. p-BAD (S112)
- . | D-SOKI (T389) (W W~ |, BAD (S155)
[ 8 T | p-BAD (8136) [ actin
P —— actin

Figue 4

U20S cells 3L 7 3 mM AOA Bl 3 mM Pyruvate 12 /N, L western blot {531
B, (a)pyruvate A] LLEI{E AOA FITflif3 Akt(S473)BfR 1k L7, S6K-1(T389)MH
1 RBE, BAD(S136) BRI LTI . (b) pyruvate FJLA[EITE AOA Fridh il
BAD(S112)@ R 1k T F%, (H %A1 BAD(S155)BEMRAL T % .
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KH7  HS89 wxsnamm KH7  HS89
Con 5 40 10 puM Con 5 40 10 uM
[FSsSa—— | »-Akt (S473) F T 8 p-BAD (S112)

¥ ’ BAD (8155
e — | D-S6KI (T389) p (S155)
» - v — e —— 10
S | -BAD (S136)

——— T

Figue 5
U20S cells 77 FZFE 5 uM, 40 uM KH7 F1 10 uM H89 , 6 /MK:, LL western blot {5

MRBIE. (a) KH7 B Ake(S473)BEMRM LTt S6K-1(T389) BRI T F4; 1R
#* mTORC2 itk BT, mTORCI &4 T F%. H89 JEFALTG Akt(S473)BEmR L LT,
S6K-1(T389) Mgtk - Ft; 183 mTORC2 1 mTORC1 #&E & 7. KH7 1 H89 &
MBS 5 Ry BAD(S136)fEEE 1k ETF. (b) KH7 F1 H89 R 3 By itk BAD(S112, S155)f#
BRAL T F%
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a plasme membrane

b plasme membrane

¢ plasme membrane

XOR M E R LE Bl Ag



d plasme membrane

plasme membrane

plasme membrane

36 S B IS L 4546 \

Cataplerosis



Appendix 1

AT Model Z 7R EEl. (a)BAD(S136)# mTORC2-Akt(S473)se ik, (L
AR — BERLAR B AT A AN PR 3. (b) LS BAD(S155) A4 ER 1k, BAD 5 Bcl-2
MEEGAHE E%, VDAC HEIEVEN N, KGR VDAC EARAREE . (o) NRLAR
8 () F FE B2 47 78 TCA cycle (anaplerosis). (d)Anaplerosis B8] TCA cycle i1k sAC
11 2 £ cAMP-PKA signaling. (e) cAMP-PKA signaling 1 BAD complex ¥4, &
cAMP-PKA signaling 2 i 5| — @ f2 1%, BAD(SIS5)?EZ@$@§1JCO (H)[A % BAD(S155)
fIBEER 1L, BAD B2 Bel-2 45 & F#1K, VDAC JEEMRE/D, FEERRERER, Fids

P % 14T cataplerosis B ThfE .
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