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WFZER RO EE (Fn0) : £ . Mammalian target of Rapamycin (mTOR) D ##IF 25 1 L OIS
BIAZH T D EENERZEDTETWD, —F, MTORFDEF DFER, HiXmikEE & 2
DIEFFE 2G| & 2§ #HOBEERE (R EIEREE) Dd D, HEEH X2 O EIE 7
BED—DOTH HAEEHMALIEICB O TAD L, TADASRE I R 72 & OMRIE R & E5
FANCHEERBED &H D FHOEAE pd0 % WLH L7z, & 2T, RISTEHRIZEB VT, 2O pd0
D3 Z AU D AR R JEIEAEAE ORI AL L IS O Ik 2@ Dx—7 7 7 ¥ —Thd &
Bz, TOBEEZMIAL, OV CITARRIER & R4 2 RRHZNH X 5 FiEE ML T 5 2
ExZHME LT, pd0°TSCLTSC2 D/ v 7 X Al z H T pd0 & tuberin, hamartin 35 &
O PIBK-AKT-mTOR ZIZ B 5T 2B FVE & ORRAZ T~z £ OfER, pd0 13 FKBP12, FKBP38
DOFRBLEMNHEIEEfRE R L. /3= 1 22X, FKBPs, tuberin, hamartin 72 & & FI#EIZ mTOR
FOFENCEHET 2 HHHOERE TH Y . hamartin & EF L~V THEA L tuberin & 13 hamartin
Z4 LT TH-complex A LTHEY . BAEVOLZEICEE L T2 TRV RIE S vz,

e OBEEE (#3C) : Tuberous sclerosis complex (TSC) is an autosomal dominant disease
characterized by the hamartomas. Two genes, TSCI and TSCII, which encode hamartin and
tuberin respectively, have been shown to be responsible for TSC. Hamartin and tuberin are
associated with each other physically in vivo, and function in the same complex. We had
identified that a 40 kD protein, p40, recognized by one monoclonal antibody, was
significantly reduced in TSC patient cells. To compare the relation between clinical
symptoms and loss of p40, the amount of p40 in the peripheral lymphocytes from TSC
patients was related to the clinical symptoms, especially the neural symptoms of TSC such
as convulsion and mental retardation. In this report, we showed the interaction of tuberin
and/or hamartin and other proteins involved in the mTOR system with p40. To examine the
association of p40 and tuberin or hamartin, knocked-down experiments and coprecipitation
experiments were conducted. As a result, p40 was positively related to FKBP32 and
FKBP12 and was directly associated with hamartin and indirectly with tuberin presumably

via hamartin.
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1. WFFERRAA S P DT 5

AMEFEI BT B [EN - S OWFTEEN I &
ML E ST
Mammalian target of Rapamycin (nMTOR){%, ~
a7 A RRGAEWE T N~ A 2 DIERY
mrELTRESNZE) v - ALA =%
F—BO—FETRAx DY 7 F LD F—RA
YR THD, ZDHHmTORCLIFHET F
FRICBIE- LT, MO BEFECAEAF OFHE % ]
V. BEOFENEAET 5 LRIFFC, EEO
WAL RIESINE BB T 5, & BITHEIET
X, 7R h—3 A% autophagy (J Neurosci 28
6926-37,2008) DM @ L T, TV NA~
—J7(Nat Genet 36 585-95,2004), /~>F > ks
% (J Neurochem 93 105-17,2005), /X—F% >/
>¥%5(J Biol Chem 278 25009-13,2003). [ FJE
(Neuron 50 377-388,2006), # 7 i, #d%nfE
= (Ann Neurol 62 641-655,2007), 7 fEE
(Ann Neurol 63 444-453,2008), T A/7>/u(Ann
Neurol 63 444-453,2008) 72 & O FFAR AL 25
~ORBRENER STV D,

JSEED 2N E TOMERE LB E 255
T > - 1R
L AT, BERBEIIC IV T, MR EE
ERE & PRI D —#HOBEEDH D, FEHITERE
{BJE(TSCLTSC2), L w27 U T ¥
(NF1), = 77 >4%, Bannayan-Zonana JiE B,
7'u T v AJEWERE (PTEN), peutz-jeghers JiE
B (LKBY) 2 ENZUCdH =5, Zhbidn
TG E A & T 25 OEiE L
WAFERDEFE 2L D THY | £ DOFIE
AJ = AL mTOR AN EG LT %
(Proc.Natl.Acad.Sci 102 8573-78,2005), Z#l15
MTOR DIERZ I L T\ 2% & D D—2IZ
tuberin hamartin complex (TH-complex) 23 & %,
TH- complex |35 EIHEME(LIEDJF K E H Tdh
» . Rheb (Ras homologue enriched in brain) ™
GTP binding protein & L Cfllj& mTORC1 %%
AT % & [ARFIC, mMTORC2 & E#HRE G L,

Akt IZVTEFHL T MTOR DR %E T 4 — KN 7
FILZ A9 5 (Mol Cell Biol 28 4104-15,2008),
X 512, TH-cmplex 1% ER(endplasmic reticulum)
stress 5| &2 L, 7HR h—v A& iHES
52 L bHE & TV 5 (Mol Cell 29
541-51,2008), mTOR DOl fHIZES 5- L TV 5 5]
DEHEIZ, 431 %<2 > ® immunophilin
\ZJ&3 % FKBP38, FKBP12 734 %, FKBP38
X FKBP12-7 /3~ A v OEAER 1%,
mMTORC1 % #iifil UH @45 2 #ii 3 2
(Science 318 977-80,2007) & [FIFFIZ, BelL-2 11
#i] %I L C ERstress (2 & 5 7R h—3 A%
autophagy % 51X i Z 7 (Nature Cell Biology
5 1-10,2003. Autophagy 4 841-43,2008), Z L5
D LN HFEE L. mTOR RIZIEFAE & Af
RRIER O ST 25| Z 2 U, AR R e (et
& MEEAL D — O ¥ B 8 0O TH-complex
<> immunophilin L O ¥+ —EAE B FET S
EERT,

& ZAT, HEEHEITLAAT L RS EIMERE(LEE C
Fr BT U, RS EMEREALIE O B OBk
JEIR & BRVAEBE 2 7% LTV 5 (Wataya-Kaneda
BBRC 217 599-607,1995, JSID 2006) 40Kda @
& M (p40) % 3 [, L 7= (Wataya-Kaneda et al.
BBRC 217 599-607,1995), % = G2 p40 7%
MTOR RITAEM L Cilaai & etk o 7
ZHIEERZITHF—EAED 1 OTHHAH LFH
A% OVERBET O %2 B L. RER D
fiEB, JRIRICRNL T L D & &2
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fzift. Mammalian target of Rapamycin
(MTOR) DAF&IFHZA F KX OME AU 31T 5
BEINER ZEOTE TS, —J7. mTOR
ROFE ORGSR, PARFIRRE & 28 OE
RAEZGIE R T —HOBRERE (R EE
BHE) 73> %, HFEHE BIXLZNE TOHIZET,
PR R FEEAGERE D 1 FC d 2 AR A LI
(TSC) THrEAUIIA L, AREAEIR & 58U
Rz RTEA PO Z AL, 22 TZo



p40 73 mTOR Z OFAGIEE 535 FiHlo &
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MR & FEBEHE A 2[RIl ] C & 2 ik % e
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3. WD L
F9°.p40 & mTOR, FKBPs & % \ i tuberin,
hamartin & O BEfR O fRIA 258 7 7=,
1) pd0D/ v Xy A2k %, TSCI,
TSC2, FKBP12, FKBP38 ® m-RNA %§
B L~V DARHT
(DHeLa #ifin% p40 @ SiRNA % FWTC
J w7 Zv L Micro Array I8 217 -
72
@XF 2 1Z3 Tl k pd0 D siRNA T
WCITBE B ZRE L T Y, BB
T EANRIETH B Optifect®iZ LD/ v
T DML L TS, £ T,
p40 @ siRNA % i T, HeLa., FS3
faz /v r7 2oL, B L7z/Mlan o
Isogen® T4 872 RNA L D cDNA %
< o T, p40, TSC1, TSC2, FKBP12,
FKBP38 =i FN D7 a0 —7 % W,
real-time PCR #4170 >, p40 & FKBP12,
FKBP38 i1 m-RNA L ~L DR
&I, *AHTA T2 br—nt
LTlE=y br—/LToh 5 scramble B
5D siRNA %38 A U 7= a2 Huv 7=,
2) p40 /v 7 X7 AZK D, tuberin,
hamartin, FKBP12, FKBP38 » & A+
DFEHT
OFFKIZpA0 & ) v I X T L, S v D
2y LTfifid & LTz uniliia z[a]
X L. RIPAlysis buffer THLEE L cell
lysate %52 (Z OFMA T TIENEED
P40 DT R TR TE 5 Z & Z il
) Z D lysate & SDS-PAGE T&EX
PKEN 21TV, membrane |2 N T AT 7
—%%. Pt p40. HTtuberin, HT hamartin,
Pt FKBP12, #i FKBP38 fifkz T
Western blot % JiifT L. p40 & tuberin,
hamartin , FKBP12, FKBP38, M#&H L
~OUIZEIT DR E T Lo, R AT T A
7o bu—/ ¢t LTiL Scramble
siRNA %3 A L7z HeLa <° FS3 # W
72
3) p40 & FKBP12, FKBP38, tuberin,
hamartin & H [F#E & O A IOV T
DfiFHT

p40 & tuberin, hamartin, FKBP12,
FKBP38 & OEHAMK S 2T~ 5720
12, HeLa <° FS3 #fi}ld 2 RIPA lysis
buffer THLEE L 7z cell lysate % anti-
p40 iR L 4°CT 1 WLt S,
proteinG-Sepharose 4B TIE[E &,
SDS-PAGE TEXIKENZITU,
membrane (I F T AT 7 —LThb
1 FKBP12. FKBP38. tuberin, hamartin
PR T Western blotting % fiifT L. p40
& FKBP12, FKBP38. tuberin, hamartin
L DOEAMMSEDOABEEZRFTT 5, I
FKBP12, FKBP38. tuberin, hamartin (Z
%4~ % HUfA T immunoprecipitation %
fifT#. anti- p40 HLIK T Western
blotting % fiif7 L, p40 & FKBP12,
FKBP38, tuberin, hamartin & O3k 4
2T L7z,
4) pd0 DIXTIZED. THR =T ADAT
=X LIZDONWTORRF, 7R h—T A
WZIE by RU THIRTFEORIE & 2
far RU T IEKGFEOT A Le 74
—RERH D, pd0 DIETFIZE BT A B
— VAN ZOMFIUT LD E 50N
T 55T,
QFEFIL, pd0 D/ v 7 7 Ml TOT
A b= 2 OIS R B 0 R o f
% FACS Z# Wi L7z, 7R h—
A DI MR 5 72T caspase 3 DIE
P4k % Western blotting % FV CHERR 35,
@-OWNWT hay RYUTHEDT K h—
VATHDH T & w5 4T caspase 9
DOIEMEAL DA HE % Western blotting % FHu»
THm L. R\ T Caspase 8 DiEMEAL % 7
~NIEI b2 KU T ROBEGIZON TR
RN
@A — b7 7 o—nEH{EL TV ENnE
IMIZONT, =T 7 V—%F=H—
THTODIRETH H LC3 DFHLRE
RO hURIEIC L0 . 7 i
T 50 E D D, & 52 Western blotting (2 k&
D LC3 DI ROA DOV THRT L7,
@pa0 D/ v 7 X7 AR TOT R h—3
A O IEINCHRIESE H D S5 O % FACS
Z TR LT,
®HeLa #ifn% p40 @ SiRNA % W T/
v 7 XL, MIAOMETERE, [FIRFZ A
DORENREZ MFT LT
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