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ALP, autophagy lysosomal pathway

AP-1, activator protein 1

AMPK, AMP-activated protein kinase

CLEAR, coordinated lysosomal expression and regulation
CMA, chaperon-mediated autophagy

DAPI, 4’6-diamidino-2-phenylindole

DMEM, Dulbecco’s modified Esgle’s medium

DMSO, dimethyl sulfoxide

HA, human influenza hemagglutinin

JNK, c-Jun N-terminal kinase

LC3, microtubule-associated protein 1 light chain 3
MPP", 1-methyl-4-phenyl-pyridinium ion

mTOR, mammalian target of rapamycin

mTORCI, mammalian target of rapamycin complex 1
D-PBS, Dulbecco’s phosphate-buffered saline

PD, Parkinson’s disease

PVDF, polyvinylidene difluoride

gRT-PCR, quantitative real-time reverse transcription PCR
S.D., standard deviation

SDS, sodium dodecyl sulfate

SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis
SLC2A, solute carrier 2A

SQSTM1, sequestosome-1

TBS, tris buffered saline

TFEB, transcription factor EB

ULK1, unc-51-like kinase-1



B1E Fig

F—=r770—F BRIEA L BIEEND U Y Y — A% UTe KRB 72 B N o3 ik
WMCThy, v /ut— 77V — I/ut— 77 V= vy XU NEA— T
7 — (chaperon-mediated autophagy: CMA) (Z[X5] & 415 (Parzych and Klionsky, 2014) ,
v/ uAd— 77 V=0T, WREEEIC X o THRY E RN 1T 2
—h7 7TV =L EMEEIND /\
TG RIS N5 (Fig P ocomal | Lysosome
Do A= 77 AY—=LFY Y hydrolase .,
V—AhEl@ELTA—RNY VY
— L&l A— T 7Y
— AONEWITY Y — LN rT:Zcr)rll?)trlgge Autophagosome Autolysosome
KRR K - TRBIEZ 5
fitsh b (Fig.1), 74—k
77 V—IZBWT, MEARSIEA— N7 7 AV = AR U Y Y — AT ERE
ViAEND, 2. CMA OIEFRIZFVT, KFERQ Bl % Ff> 4 > /X7 E 14, heat-shock
70 kDa protein 8 {Z L > CTi&ik 41, lysosomal-associated membrane protein type 2A % 41 L
TEERANZY VY — A& PN D, KIS — F 7 7 =L IR DIT~ 7 v —
N7 70—=DZETHY, KRBT LA - N7 7 V—F i3 A— 77— U Y
YV — Lk (autophagy-lysosomal pathway: ALP) &\ 9 itilkiE, Ell~2Z vt —hr7 7
=D LR,

TR, ALP OREREE T 25k 2 7RI OFIEIT DR 3 D AlREME S e STV 5, Fr
(2. 2006 2, FFRA— 7 7 V= KB~ U ADRREIERERE DO X N7 E
BEER IR R & O PG I 28 e OV R B MEIR BARER Z2 5l Sl 2§ 2 & vk &

(Komatsu et al., 2006; Hara et al., 2006) L CTLLAH, ALP ORERERH MR & 7 i 2 M
PREOIIEICEE G- T 25N ERH L TE T\ 5, 73—F >/ 5 (Parkinson’s disease: PD)
(I, T NA = —JRICIRN T 2 3 BICHEORWHREZEMEREB TH 0 | IO BEIZ
BT D R8I AR ORI S OFRAFAFRGIAIC I 1T 2 L B —/ME L RN S ¥
VORY E SRR O LR A R HIRFE & 35 (de Lau and Breteler, 2006; Kalia and Lang,
2015), BAEE TIT, PD BEDHEZMICIBNT, A— b7 7 U —BEZEROEFES ALP

Fig. 1 Schematic diagram of autophagy



B & X7 B OB EZALNFEO 510D Z & (Anglade et al., 1997; Toulorge et al., 2016;
Moors etal.,2017) . ALP Bl % L X7 B X L B —/IMEOMER R Th 5 2 & 3l i
TU % (Decressac etal.,2013; Arotcarena et al.,2019), F7-. PD BEF DO 5% % 5 Hi&
=1 PD OJRRBIE DOV DD E, ALP MRRICE B2 BB 2 Rio+ 4 o\ Hhra—
KL T3 (Moors et al.,2017; Senkevich and Gan-Or, 2019) , & 512, R33N
A — b7 7 U— K~ U AL, BT L E—/ MBI AR O ERECE B AR
fEEAGIEEZTZE LI LN > TS (Ahmed ef al., 2012; Friedman ef al., 2012;
Sato et al.,2018) , H 5L 7 /L—712F T 6 PD B LT E T 5 1-methyl-4-phenyl-
pyridiniumion (MPP") KO T / U MEIREEICIHEWTY YV YV —AEEIK T2 5] S 2
L. ALP ZfHET 5 Z L2 502 L T&E 72 (Miyaraetal., 2016; Sakamoto et al., 2016) ,
FREEGDHEZ O LY. ALP HREZ TLET 2 ME DOIRRERE D A 1 = X L g
I PD & e ALP BB DOIRFRIIRBR 20 2 L TEHETHL LEXDND,

FLam—2F, Zha—22 5 FRae-1,1 fES L OHO
IR R (Fig2) Th Y. WE. B @E. "o

B, EHBY. . BRRICE S FET S gucose O
(Leeetal.,2018), ZALDHDEMITIHNT, bLrm— %f%;S%H
ALx, BBHRIE, FRAER, BEEA L LA, Wl & %Ho

D& IREBREEA b L ARE L CHIlINIZEE L, ¥ glucose
INY ’g%éﬁgﬂ%%f%ggj‘é & 75‘)‘%] [‘Q;}”L“Cl, \ E)O ES Fig. 2 Structure of trehalose

2. hoa—RF, BROFERMPETHY , RAO= R LF—JFHE L THHINT
5% (Elbein, 1974), T 7 % FAWT hbom—ADOKEAEFENEE & 7o =Bkl
BT, b —R T2 ORSE e BtE D BB ICIE A R Sh T g
(TREHA®™ web; HAYASHIBARA), b MIANT hLonm—2A &8T5 2 &Ik
RV, B EBELCTOED F e — 22 HEIICERLTEBY , ANIZEYAENR
7= b bme—20% L, EMEORFZEEICHEBRT D h LT —BIck s T/ a
— A2 IS5 (Ishihara et al., 1997),

mammalian target of rapamycin (mTOR) %, A — F 7 7 ¥ —OFRIa & HlE4 5 F 22
RTINS EHERIRIES rapamycin 72 £ O ALP #3EA11X, mTOR DOiEPEK
TN LTAH— b7 7 V—%2FET 5, 2007 4EIC Sarkar HIE, b Lo — 225 R
(100 mM) (233 T, mTOR FEIKAFAIIC ALP #§REZ TTHET 5 Z & 2B 572 L7z (Table
1, Sarkaretal.,2007), F7-, HfE (717 b—AL VL E h—L7e &) 0, BetELpE



Table 1 Several mechanisms of trehalose-induced ALP activation.

research team

year of
publication

journal
autophagy

cell species
(conc.)
(term)

animal species
(conc.)
(term)

mechanism

¥ o (L b—RA7%2Y) TIiX ALP BRE LB IIF I 2 S vz

IZ LD ALP BERETUHEIL, HICIRBIEA FL AL D b0 TiER< . FHBETCIESHEIC

Sarkar et al. DeBosch et al. Palmieriet al.
2007 2016 2017
J. Biol. Chem. Sci. Signal. Nat. Commun.
induce induce induce
COS-7, HelLa cells Primary Hepatocyte Hel a cells
(100 mM) (100 mv1) (100 mM)
(24 h) (1h) (24 h)
WT mice CIn32e7-8 /| \WT mice
(3 g/kg in gavage) (2% in water)
(1~4 h) (18~24 months)

NAFLD model / WT mice
(3% in water)

(48 h)
m-TOR-independent | SLC2A inhibition p-Akt
AMPK phosphorylation dephosphorylation

TFEB activation

b, e —2XR

B2 ERH CH 2 Z LV RIBE STV 5 (Higuchi et al., 2015; Yoon et al., 2017)

FERERIZ,

v ALE

al.,,2016), F7-.

oA RYRTAFUNE) BTN~ AZE

b Losm—2 1% ALP #RETLHE A S L TR e
IR AR5 2 & 3B B
BlzIE, Flm—2 (3%E0K 48 IFfF & 5-)
TR ER IS S Z EAlmEShTWD
FLosm—2 Q%K 18~24 » A5

SRR E DT VB OPR
2720 >5% % (Hosseinpour-Moghaddam et al., 2018)
& ET = R R R T L

(Table 1; DeBosch et

T U Y Y — A5 CEAEEE
D M E AR T 2 U, AT A% 150 A

ERE XD 2 &b ME SN TS (Tablel; Palmierietal.,2017), Z 15 OEAEITBNT,
hbosa —Z2OzhEIE ALP #re i

HIRR 2 N - BB R
75 LR

B IR

K ONPD BHE

& (Sarkar et al., 2007) .

AL TCHIEERZEND ZENREBENTWS

IZBWTH, hoaa—R T NrF o b UREREZS EI huntingtin

o-synuclein DA — k7 7 V= MREANE L, LOBIEZERT 5 =
MPP R ONe 7 /) N2 kDY VY — LB K O ALP e

i

I L, = OmMEEZEET 5 Z & (Dehayeral, 2010; Wuetal., 2015) 72 ERHE S

TW5b, UHFERIZBW T, kLo — AR E MPPY
fagt % —STRIs 5 = & 2B 5Nz

Z& % ALP BEREI T KUYl
L C& 7z (Miyara et al., 2016),



Flm—2I2K D ALP BERETTHE A 1 = R AIZHOWT h ., K& 2l A FHu - 28R
FRITBWTHIZED 72 ST X 72, AMP-activated protein kinase (AMPK) (%, ffai 27 v
2 — APRE(K TS D AMP/ATP LEOBEANC IR L CTIEMEIL L, ALP OBz 0
TEBE/RKE %2 D unc-51-like kinase-1 (ULK1) DU U ER{b% I LT ALP Z #5835
ZENHBNTWS (Kimetal,2011), DeBosch & (2016) (%, kL m—AR, JL
O—AFNT U AR—H—D—DTd 5 solute carrier 2A (SLC2A) Z[HE L. MO
Ja—RREEGIEEZFZ LT, AMPK OFEME(LER O ULKL @V Vg a7 LT
ALP #RETHEZ | X T2 L 2B 520 Lz (Table 1), —J7, 2009 4FIZHEE[R 1
transcription factor EB (TFEB) 7% ALP BI# B F D~V AX —L F a2 L—F—ThHoH I &
D3 582720 (Sardiello et al., 2009) . Dehay & (2010) (%, bk L/ xm—2ZH TFEB ®
JEME(L (B1T) &4 LT ALP B&6E T

D - - o mTORCA
EEDIEEZTZEEHOM LT, @ . i
TFEB X, i#7%’. mammalian target of ~ calcineuin mTORC1  lysosome

rapamycin complex I (mTORC1) %4/ TrES
ET DA X —BICL DY Vb jﬁﬂ/flrﬂk*_“‘\\\\\
%, MREICRIEL TN D, —0, nuctear M Atopragy ysesomal mNA
U — N 7 GO R DR Aulopnegyysosomal gene promotet
‘F7j§:‘/7vﬂ"/l/ L7201 mTORC] 73V v :igér:s::i;’:-gulation of autophagy-lysosomal gene
Y — LR B ERE (REYE ) 972 &
Calcineurin (2 X 5 it U Vb AMENL & 72V TFEB IIBZICBATT 5, BZICBAT L7 TFEB
X, VY Y= LB O nE— ¥ — T FET D coordinated lysosomal expression
and regulation (CLEAR) AEd#IZHEA L. ALP BEE(s ORI 2EHET S5 (Fig. 3,
Settembre et al., 2012; Medina et al., 2015; Napolitano and Ballabio, 2016), Palmieri (2017)
(TIT4, Akt b F 7= TFEB @

U Rt (Serd67) ZHHH = —IQ
LML, £7. hLon  Jrehalose Al

Palmieri et al., Nat. Commun., 2017

LC3, p62 etc.
g— %, U yﬁ@ﬂ: Akt FEEHL TFEB —>QT|:EB Autophagy-lysosomal protein
_ cytoplasm
(X %I LT TFEB Z#%IZ SQSTM1
etc.
nuclear TFEB

Autophagy-lysosomal mRNA

BAT S, ALP B#EE D

O EEST 52 & 2H 50
Fig. 4 A mechanism of trehalose-induced ALP activation proposed

\Z L7z (Table 1 and Fig. 4), by Palmieri et al.

Autophagy-lysosomal gene promoter



L. bbona—2n Y U Akt B EIR T 25 S Z 97872 A h = X A|2o
WTIZHA LN EN TR, REFZETIE M Losxa — 2R U UER{L Akt RELEK T2 5]
EHRZT EROA D=L ZEATHZ 2 HAYE LT,



%
hLnm—208 ALP BSE % 2 /)7 B O RTE
EORBREICRITTEE

FT1E S

2007 FZ b Losxm—2 (100mM) 23 ALP BéRE Tl A Bl Sl 23 2 L |E S TlL
K, Bz el E W2 EEBRGRIZE > TED A D= X LN S CTE 72 (Sarkar et
al., 2007; DeBosch et al., 2016; Palmieri et al., 2017) ,

W, Fboe—RIC K5 ALP BERETLHEIC TFEB OBATIRENE G- L T\b Z &
MW LN/ 5>TETND (Dehay etal.,2010), TFEB %, ALP BI# &[T D~ AKX —
L¥aL—F—ThHV, #HFIL mTORCl Z#hid & T HEkAx exF—BIZL DY Vb
0T, AIIEIZRTEL T\ 5 (Puertollano et al.,2018), —J7, SRFEHUKSCY ¥ > — 4
A b L RO FIZBW T Caleineurin (2 K DU ERE2MENL & 72 VD | TFEB |38
\ZBATT %, £ D%, TFEB I3, ALP BEE R 1O 7' 1 & — ¥ — I /AET 5 CLEAR
BLFNCRE S L. ALP BB s OB 2 et % (Sardiello et al., 2009; Settembre et al.,
2012; Martina et al., 2015; Napolitano and Ballabio, 2016) ,

Microtubule-associated protein 1 light chain 3 (LC3) M O p62 1%, ALP F4REIZ RV TH
WCHEBEREEZRITZ NI ETHY | ZORBLEIT TFEB IZ X - TEICHE IS
Z & (Settembre et al, 2011), FLABE—XZLo>THEMT L5 Z EnHESNTND

(Sarkar et al., 2007; Higuchi et al., 2015; Tien et al., 2016; Yoon et al., 2017), LC3 IZHIfE
TEWRENT-%, VAT A 7 v7 7 —7F autophagy-related 4 |2 L > THEHHIZ C Kk
O A, MR LC3 (LC3-D ([ZZ&# S b (Kabeyaetal,2000), 4 — k77—
DOBRIZBNT, LC3-LIFARA T 7 F LT H ) — LT I AT H L T —
K77 Y — ABFEAR LC3 (LC3-ID) IZEHBE, A— 7 7 IV — LB RICHAE R
TR ER-TZEnMb TS (Kabeya ef al., 2000), p62/sequestosome-1 (p62) I,
LC3 L DOFEEN L TA— N7 7 V=R SN DA — b7 7 U—RIILE
To b (Bjerkey et al, 2005; Komatsu and Ichimura, 2010), F72, p62 X, C KimEKIZ
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AEFFUREAERAAL U EZALTEBY, R 2 F AbZ X7 H % ALP I35
HEBERT XS —2 NI ETHDZENHABLNTA > T % (Komatsu and Ichimura,
2010),

KETIT, KEBRZICBWTS b Lo —2Z3 ALP BfeTTHEZ 5 X =42 L &5
BRI D7D, H2HITIL b Losxm— 2 TFEB OMRNREIC KIE T84, 53 i
Tl hLonm— A28 LC3-I1 LN p62 D X 78 7 B BB M E 3 B 4 5l L 7=,
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®wo2fi L ove— R TFEB OMBENBIEICRIF T

HeLa ffEIZIBWT b Losxe—A28 TFEB OMIENBTEICRIETHEL T 2 A X T
Hoy MER ORI LR GEIEIC K DR L7z, L oae—2 (100mM) % 24 R
IREE L 72 MERRIZ 35T TFEB O BLE I, M E E 431231 T 0.31 +0.04-fold of control
AT L, BZHE3 2380 T 1.50 £ 0.23-fold of control (ZHYNN L Cu 7= (Fig. 5A and B),
$72. TFEB X, EFMEIZE W TRISHREIZFET 528, Fboam—R % 24 IRifH gk
T LIS B O T EICICRIET 2 2 & B asia b Y aikic L > TH R S
7= (Fig. 5C),
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Figure 5. Effect of trehalose on subcellular localization of TFEB. (A) HeLa cells were
exposed to 100 mM trehalose for 24 h. Cells were lysed in hypotonic buffer containing 0.5%
Nonidet P-40 detergent to prepare for cytoplasmic fraction and remaining nuclear fractions was
prepared with high-salt buffer. Equal amounts of protein from each cell fraction lysate were
separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and TFEB
protein was detected by western blot analysis. -Tubulin was used as the loading control for
cytoplasmic fraction and Lamin B1 was used as the loading control for nuclear fraction. (B) The
band intensities of TFEB, B-tubulin and Lamin B1 were quantified by densitometric analysis.
Data are expressed as mean fold increase of TFEB/ B-tubulin (cytoplasm) and TFEB/Lamin B1
(nuclear) ratio (+ standard deviation; S.D.) compared with the control. *P < 0.05, ***P < 0.001,
vs. control. (C) HeLa cells were exposed to 100 mM trehalose for 24 h. TFEB subcellular

localization was evaluated using immunocytochemical staining. Scale bar represents 50 pm.
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B3I FLAT—XBLC3IL R p62 DF N7 ERBEIT
RS T RE

HeLa MIfEIZ 3T b Lo —Z73 LC3-11 KR p62 D & /X7 B BL &I T 28
AL Ty MECEDFELZ, FLovm—2 (100mM) 1%, 24 FRROBEE%

IZFBWT, LC3-I1 LU p62 D& /X7 B BLEIENN (4.84+0.16-fold of control }2 TF 1.46
+ 0.34-fold of control) Z 5| Z# Z L7z (Fig. 6A-C),

14



kDa

LC3-I
15 s | LC3-11

S w—| D62

50
m— s | vinculin
100
Cont Tre
24 h

A~ 0 o

LC3-Il expression
(fold increase)
N w

p62 expression
(fold increase)

[N

o

Cont Tre

24 h 24 h

Figure 6. Effect of trehalose on protein expression levels of LC3-II and p62. (A) HeLa cells
were exposed to 100 mM trehalose for 24 h, and lysed in TNE buffer containing 1% Nonidet P-
40 detergent. Equal amounts of protein from each cell lysate were separated by SDS-PAGE and
LC3 and p62 proteins were detected by western blot analysis. Vinculin was used as the gel-loading
control. (B) The band intensities of LC3-1I and vinculin were quantified by densitometric analysis.
Data are expressed as mean fold increase in LC3-II/vinculin ratio (= S.D.) relative to
corresponding controls. ***P < 0.001 vs. control. (C) The band intensities of p62 and vinculin
were quantified by densitometric analysis. Data are expressed as mean fold increase in

p62/vinculin ratio (+ S.D.) relative to corresponding controls.
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Faf NG

kbosm— 2%, JefTHFZE & [FIRRIC, TFEB OB TIEME, LC3-II KT p62 DX /3
JEFBERMZGI SR Lic, KREOFRRLY | REBRRIZENTH, FLar—2
I3 ALP BERETLHE 2 5| Sl 23 2 & 3R S Tz,
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EIE
g —Z2 Akt DF ) 7'E K1 mRNA RE&E
ICRIFTHE

FT1E S

ITAE, TFEB OEME (B2#17) 1L, mTORCI (Ser122/Ser142/Ser211) . extracellular signal-
regulated kinase 2 (Ser142) . glycogen synthase kinase 38 (Ser134/Ser138) 7% & DkkE A 725
T =B Lo TRREI SN TWD Z LB ST/ > TE TV (Settembre er al., 2011; Li
etal.,2016; Puertollano et al., 2018), F 7=, proteinkinase CBIZ & % TFEB ™ C K ¥k lk D
U v ERflE, TFEB OZEVEICEE T2 2 L AWmE ST % (Ferron et al., 2013) , 3T
. Akt & FE7, TFEB OV (L (Serd67) #4H O Hiiz/ex T —ETH D Z EBH 5
(2720 bbom—20%, U UR(E Akt EELECT 2 LT TFEB OEBAT 2L+ %
Z & pmi s (Palmieri eral, 2017), —J5, b lm—X2 8% U U iRfE Akt JEEL
AR T OFEM7R A 7 = X LIIRIEF SN2 2 THRY,

ARETIE, oo —22k2 Y VL A BBLEK TO A = XL EZRGTT 5720

CETLE2HICBNT b Loar— 2R Y UERE Akt R O%E Akt D F L8y BREL R
WCRIETRELFME Lo, 72, B2 HIICB W T h b — 2058 Akt # /37 E3 B
ERTZERITZENHONTR -T2 HEIETIL M L xe— 20 Akt 7 A

7 +—2L (Aktl, Akt2, Akt3) DX 7 ERERBEIC R BAFHTIT R L
T — A% Akt 7 A Y 7 +— 5D mRNA FH 12 T 2250 LT,
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B2H Pl ou—2ARY VB Akt O Akt DF R 'E

REBICRISTEE

HeLa flliC3\V Tk Losm — 28 U U BRfl Akt KOS Akt O & /37 BB RN )
FTRBET 2 AZ T 0y MEICKVEHE L7, 8 Akt O /87 ERBIEIT, 278
FHOPLA (#9272, Cell Signaling Technology } UW4691, Cell Signaling Technology) % Fu»
TR L7z, Rl am—2 (100mM) (&, 24 FeEIREEZ ISV T Y o fRfk Akt DFEBL
#KT (0.87 £0.04-fold of control) Z 5| &# Z L7= (Fig. 5AandB), ZD & &, FL
m—2 %, U VR Akt DR BT Akt O X 27 BRBLEICT  (0.69 £ 0.04-fold of
control, #9272 } " 0.73 £ 0.07-fold of control, #4691) Z B EHL 29 Z L B3F7-ICRH S
7= (Fig. 7A and B),
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Figure 7. Effect of trehalose on protein expression levels of p-Akt and Akt. (A) HeLa cells
were exposed to 100 mM trehalose for 24 h, and lysed in TNE buffer containing 1% Nonidet P-
40 detergent. Equal amounts of protein from each cell lysate were separated by SDS-PAGE and
p-Akt and Akt proteins were detected by western blot analysis. Vinculin was used as the gel-
loading control. (B) The band intensities of p-Akt and Akt were quantified by densitometric
analysis. Data are expressed as mean fold increase in p-Akt/vinculin and Akt/vinculin (detected
with CST#9272 antibody or with CST#4691 antibody) ratio (+ S.D.) relative to corresponding

controls. *P < 0.05, ***P < 0.001 vs. control.
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EHI3E PO —ARAKtTA V7 —DbDE NI EREEIC

RIS RE

HeLa AHIEIZFBWT R b — AW Akt 7 A Y 7 4+ —25 (Aktl, Akt2, Akt3) DX
R EHBBECRIETHEL Y22 Z Ty MEZEIVFHE L7z, L ye—2 (100
mM) (%, 24 BFBREZICBWTETO Akt 74 Y 7 4 —24 (Aktl, Akt2, Akt3) DX
VR BLEIKT (Aktl, 0.69 +0.06-fold of control; Akt2, 0.83 = 0.04-fold of control; Akt3,
0.74+0.15-fold of control) Z 5| Z i Z L7z (Fig. 8Aand B),
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Figure 8. Effect of trehalose on protein expression levels of three Akt isoforms. (A) HeLa
cells were exposed to 100 mM trehalose for 24 h, and lysed in TNE buffer containing 1% Nonidet
P-40 detergent. Equal amounts of protein from each cell lysate were separated by SDS-PAGE and
Aktl, Akt2 and Akt3 proteins were detected by western blot analysis. Vinculin was used as the
gel-loading control. (B) The band intensities of Aktl, Akt2 and Akt3 were quantified by
densitometric analysis. Data are expressed as mean fold increase in Aktl/vinculin, Akt2/vinculin
and Akt3/vinculin ratio (£ S.D.) relative to corresponding controls. ***P < 0.001, *P < 0.05 vs.

control.
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A P a—ABR Akt T A YV 7+ —5D mRNA FHREIC

RS HE

HeLa fIZIWNT b Lo — A0 Akt 7 A VY 7 4 — I Aktl GBIS 744 : AKTI) . Akt2

({514 : AKT2) . Akt3 GEIG T4 : AKT3) ® mRNA BRI KIFTEEL Y 7L
A A LPCRIEICEVEHME L, Rl e —2 (100 mM) 1%, 6 RERREEZICHB N TS
TDO Akt 7 A Y 74— mRNA BEEILT (4KTI, 0.73 + 0.02-fold of control; AKT2,
0.78 £ 0.07-fold of control; AKT3, 0.61 = 0.27-fold of control) Z 5| =L Z L7~ (Fig.9), bk
Lo —RZ LD AKTI mRNA FEBLEAK T IE, 12 RFE KON 24 FEFIREEZIZB VT HRE
D BTN, AKT2mRNA FEHEIL, b Lo —RRE% 12 B &L O 24 FEEI2 B\ T
oy hr— L EEREEE TRIE L TWeE (Fig. 9), 72, AKT3 mRNA BHE&(X, ML
Na—ARFES 12 FEICBW Ty b — L L [RRRE L TRIE L, 24 BBV T
B3 2 2 E RO M52 (Fig. 9),

—JF. b —R % 6 RFEEER 12 T p62 (BAn 144 : sequestosome-1 ; SOSTM 1)
@D mRNA FEEL &N (1.35+0.19-fold of control) Z 5| L7z (Fig.9), £7=. hL
N\ — AT L %D SOSTMI mRNA FEHLEHIMIE, 12 BEE & O 24 FERREZZ I2B WV T HE8
o (Fig. 9),

22



2.5
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Figure 9.
SOSTM1.
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6h 12h 24h

SQSTM1

6h 12h 24h

Effect of trehalose on mRNA expression levels of three AKT isoforms and

HeLa cells were exposed to 100 mM trehalose for 6 h, 12 h and 24 h, and total RNA

was extracted. Quantitative real-time reverse transcription PCR (qQRT-PCR) was performed with

PowerUp SYBR Green Master Mix. The mRNA expression levels of three AKT isoforms/RPL134

and SOSTM 1/RPL 134 in trehalose exposed cells were normalized to those in control cells at each

time.
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FESHE /NG

klm—20% REBRRIZEWTH /T (Palmierieral.,,2017) & [FAERIZ Y 12
b Akt ORBIER T 251 &I Lz, —FH, AERRICBWT, e —23) %
b Akt DHIRETH Akt DX N7 ERBRERT 25 S 252 Lzic/ s
7o £, Lo —R0%, BFE% 6 HEICRB W TR TO Akt 71 Y 7 4+ — 45D mRNA
RHEBK T2, BEX 24 FEICBWVWTETO A T A Y 74— LD L7 GRBL &
RFZGIER LT &6, AKT BIsFREBIHZ I LT Akt Z 37 BRI EK
TEBIEEITZEIREBEINT-, 728, TFEB DIENEL D —>Tdh D SOSTMI O
mRNA FH &L, T (Palmieri et al., 2017; Yoon et al., 2017) L [RERICHEE ML= 2
LD, AWFFRIZIIT 5 mRNA BEREHETIEMICER TE TWLEEZXLLND,

KREOFRER IV . b Lm—2%, AKT BisFHBMGI 2 LT Akt Z >3 7 EHEBL
BETZ5ZRIL, 202NV UMb Akt BELEK FICHS T2 2 ERRBEN
7=
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4=
rLona—RABRHRRN Y 7GR ERBIC RIETED
HAFRERIFRAT

FT1E S

FIFITBWT, b —R L, AKT BIEF3EBGI 2 LT Akt & > X7 B8]
BIR T2 T LR EINT, o T, bl —RT AKT EisFOIRE&E
FHEN 25 D FIR N > 7 AR EERR IS e QMR G R A DFEVEIR T %2 5] &t 2 4 Al REMEN &

2 Hib,
ARETIE, P n—RIZKD AKT Bl FREBIK TOA =X LEZHLNNIT D
72912, b b — AN > 7T AR EERR T KT T B O M ERIfiENT % Proteome

Profiler Human Phospho-Kinase Array Kit (R&D SYSTEMS) % MW\ TiT-7-,

ARy NI MIANS 7T UURERIRICBED % 45 IO X X7 EO D URfb L~
NERETDHZENTED, K¥xy b THWD AT L UACE, KL 20 EB#T
RN ARy hETEY Ml bl E EN 288 ViRt Z R0 E a2 oo

E ROk LIA & Biotin A5k U AL EALERRRTUA L TEA, £ 60 U b L~ L &
Streptavidin-HRP Z FIWTHEFHIEIZ I D i35 2 £ 23 T& % (Fig. 10 and Table 2),

0000000 00000000000000000R00ES

Array Membrane

Detection Antibody Liaki
Substrate i
~— 9

Streptavidin-HRP
R/ ‘ Biotin

\ / Target Analyte

Capture Antibody

Figure 10. Principle of the assay.

Array Membrane
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HWoHi L ANO—ARFELDXUNRIBEOY UEBRLLRVIT

RS HE

HeLa ffIZ3V\ T F Lm — 2NN Y 7T I RERRIC D 2 fx 0 & Xy
BDU UL LI T T2 % Proteome Profiler Human Phospho-Kinase Array Kit

(R&D SYSTEMS) % HIWNCTEEA L7z, 45 FEED & > X7 BB GTRIX, ZE 4 Fig.
1A OALiE (AorB,A-G, 1-18) IZALE S 4L, %5 4 /37 H A KOV ER{L RIS Table
21TR LT,

cbosm—2Z (100mM) 1, 6 FEREIRER 238V TR B[R 1 #5K activator protein 1

(AP-1) OHERLIRF c-Jun DY b L~UET (0.64-fold of control) Z 5| & Z L7z

(Fig. 11BandC), — /7, 2D & & c-Jun DV U {t %+ 5 c-Jun N-terminal kinase (JNK)
DY UL LSS ZRITRE D B o7 (Fig. 11Band C) .,
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Effect of trehalose on phosphorylation levels of various proteins.
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lysed in lysis buffer. Expression levels of various phosphorylated proteins was assessed using
proteome profiler™ human phospho-kinase array kit. (C) The band intensities of phosphorylated

phospho-kinase array coordinates. (B) HeLa cells were exposed to 100 mM trehalose for 6 h and
proteins were quantified by densitometric analysis and compared with the reference spots in the

corners of the membrane. Phosphorylated protein level was compared with that of control.

Figure 11.



Table 2. human phospho-kinase array coordinates.

Membrane/Coordinate
A-A1,A2
A-A3, A4
A-A5, A6
A-A7,A8
A-A9, A10
B-A13,A14
B-A17,A18
A-B3, B4
A-B5, B6
A-B7,B8
A-B9,B10
B-B11,B12
B-B13,B14
A-Q1,Q2
A-G3,(4
A-C5,C6
A-(7,(8
A-C9,C10
B-(11,(12
B-(13,C14
B-C15,(16
B-(17,(18
A-D1,D2
A-D3, D4
A-D5, D6
A-D7,D8
A-D9, D10
B-D11,D12
B-D13,D14
B-D15,D16
B-D17,D18

Target/Control
Reference Spot
p38a

ERK1/2

JNK pan
GSK-3a/p
p53
Reference Spot
MEK1/2
MSK1/2
AMPKa1

Akt

Akt

p53

TOR

CREB

HSP27
AMPKa2
B-Catenin
p70 56 Kinase
p53

p27

Paxillin

Src

Lyn

Lk

STAT2

STATSa

p70 56 Kinase
RSK1/2/3

p27

PLCy-1

Phosphorylation Site

1180/Y182

1202/Y204,T185/Y187
1183/Y185,T221/Y223

521/59
$392

$218/5222, 5222/5226

5376/5360
T174
S473
1308

546
52448
5133
578/582
72
1389

515

1198
Y118
Y419
Y397
Y394
Y689
Y694
T421/5424
$380/5386/5377
T157
Y783

29

Cell Source/Treatment

MCF-7/UV*
Hela/PMA*
MCF-7/Uv*
MCF-7/rhIGF-I
MCF-7/CPT*
MCF-7/Uv*
Hela/PMA*
Jurkat/H,0,*
MCF-7/rhIGF-1*
K562/Pervanadate
MCF-7/CPT*
MCF-7/Uv*
Jurkat/H,0,*
Hela/PMA*
HepG2/Metformin*
Hela/PMA*
MCF-7/CPT*
MCF-7/CPT*
Jurkat/H,0,*
K562/Pervanadate
(0OLO 205/SFM*
Daudi/Pervanadate*
Jurkat/Pervanadate
Daudi/rhIFN-a2A
U937/PMA + rhiL-4
MCF-7/UV*
Hela/PMA*
K562/Pervanadate
Jurkat/H,0,*

(continued)



Membrane/Coordinate
A-E1,E2
A-E3,E4
A-ES, E6
A-E7,E8
A-E9,E10
B-E11,E12
B-£13,E14
B-E15,E16
B-E17,E18
A-F1,F2
A-F3,F4
A-F5, F6
A-F7,F8
A-F9,F10
B-F11,F12
B-F13,F14
B-F15, F16
B-F17,F18
A-G1, G2
A-G5, G6

Target/Control
Fyn

Yes

Fgr

STAT3

STATSDb

p70 56 Kinase
RSK1/2

¢-Jun

Pyk2

Hek

Chk-2

FAK

STAT6
STATSa/b

STAT1

STAT4

eNO0S

PBS (Negative Control)
Reference Spot
PBS (Negative Control)

Phosphorylation Site
Y420

Y426

Y412

Y705

Y699

1229
5221/5227
563

Y402

Y411

T68

Y397

Y641
Y694/Y699
Y701

Y693
S177

30

Cell Source/Treatment
Daudi/Pervanadate™
K562/Pervanadate*
K562/Pervanadate
LNCap/rhiL-6
Daudi/rhIFN-a2A*
MCF-7/CPT*
U937/PMA + rhiL-4
Hela/PMA*
K562/Pervanadate®
Daudi/Pervanadate
Hela/CPT*
HepG2/Pervanadate
U937/PMA + rhiL-4
Daudi/rhIFN-a2A
Daudi/rhIFN-a2A
NC-37/Pervanadate
Jurkat/H,0,*



FEIE NG

AREOFERED . P e —20% INK IEEFHIC c-Jun OV SR L ~UE T 5]
TR ZTZEARBE N, BEE TIT, c-Jun 2 ETEREK T HE AR AP-1 13, AKT &
BFO7rE—F—FERIIHEE L, TORAL EICHBEIT L2 EAHEINTND

(Atsaves ef al., 2015), fE->T. kL m—ZX AP-1 DIEMHK T 2/ L T AKT Eis T
BB T 25 X Z 9 A etENE 2 bz,
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Bs5E
L o —ZN c-Jun/JunB O % X7 BEREEIT

RIETRE

FT1E S

F4FEIZRWT, bl —E INK IHEFERIZ c-Jun DU Ul L~ VKT 2 5
TR ZTZEDRBREINT, c-Jun KOXZFD T 7 2 ) —H LRI ETHD JunB % & T eHR
BIRFHEER AP-1 1, AKT#EG 07 0t —4 —fEKICHEA L, £ ORI Z EICHIHE
THZENREEIN TS (Fig. 12, Atsaves et al., 2015), fit~> T, b L/ g —2ZL AP-
1 DIEVEIR T 25T U C AKT B FREEIR T 25 S 2 rRetkn s 2 bz,

c-Jun ‘J.ul.n"'B

Akt
c-Jun wJunB protein

® ~lgs- AKT
nuclear c-Jun AP-1 g’ mRNA

AKT gene promotor

Figure 12. Transcriptional regulation of AK7 gene expression by c-Jun and JunB.

AREF2HLOE 3HTIE, F o —2AR Y UK c-Jun L VY UL INK O 4
NRUBERBBIRFITHELZ 22X Ty NECE-oTHHRT D EEBIT, ML
N — AN e-Jun L ONR INK O % 237 B BB AT T RB AT Lz, 72,
4EITIE, Lo —2AR Y UEEE JunB LU JunB O & 28 Y B R BRI K IE TR
Z R L7,

—J. c-hunld, X F LT uTFT VY —LARICE>THMREND Z LR HRESHT
W5 (Xiaeral,2007), AFEF 2 Hi kO 4 HilCBWT, b Lo —ARRER S G
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FFE) 22 5f8 c-Jun L ONE JunB O X X R EIK T 25| 232 E 0 6N
ot~ BE5EHTIE, FORAD=ALEZRAT L0707 7 Y —AHERID B
Lot — A2 KD c-Jun/JunB #Z R 7 B EAR IS RIE TR A T L7,
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FH2E oo —2ARY UL c-Jun RO c-Jun DX U XIE

REBICRISTEE

HeLa AHfIZIBWT kLo — A2 Y UER{E c-Jun L ONA c-Jun D ¥ 273 7 B38BT
FFTBe v 2 AZ 7 my MECKIVFHME L, L aaa—2 (100mM) 1, 6 FF
MIRERZIZBNTY VR c-Jun OFBLEIXT (0.53 + 0.04-fold of control) % 5| & =
L7- (Fig. 13Aand B), £72. hbrm—X2X 25U UL c-Jun BEEKT (0.69 =
0.17-fold of control) 1%, 3 BFMBREZ ICBW T LA O L7 (Fig. 13AandB), X 5H1{Z
ZOEE. bl —R 3 REEL O 6 RIREER ICB VT, U U BRAL c-Jun DA 5
THE c-Jun DX LR EFBEIKLT (3 h, 0.68 £ 0.11-fold of control &2 T* 6 h, 0.69 + 0.07-
fold of control) Z 5| & Z 32 L B BT/ 572 (Fig. 13Aand B),
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Figure 13. Effect of trehalose on protein expression levels of p-c-Jun and c-Jun.

(A) HeLa cells were exposed to 100 mM trehalose for 3 h and 6 h, and lysed in TNE buffer
containing 1% Nonidet P-40 detergent. Equal amounts of protein from each cell lysate were
separated by SDS-PAGE and p-c-Jun and c-Jun proteins were detected by western blot analysis.
Vinculin was used as the gel-loading control. (B) The band intensities of p-c-Jun and c-Jun were
quantified by densitometric analysis. Data are expressed as mean fold increase in p-c-Jun/vinculin
and c-Jun/vinculin ratio (+ S.D.) relative to corresponding controls. *P < 0.05, **P < 0.01, ***P <

0.001, vs. control.
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FB3IE PLroo—2ARY VEEINK RO INK DX VR E

REBICRISTEE

HeLa VT b Lo —203 Y gk INK KO INK D Z >3 7 B38BT
RIEFT AT =2 Z 7y MEZIVFHMEL7Z, L —2Z (100mM) BREE# 3
P K O 6 IFIC 38U T U U/ R{E INK K OB INK D Z /R 7 R BLEITIE & A B2
IERD b ey - 7= (Fig. 14A and B),
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Figure 14. Effect of trehalose on protein expression levels of p-JNK and JNK.

(A) HeLa cells were exposed to 100 mM trehalose for 3 h and 6 h, and lysed in TNE buffer
containing 1% Nonidet P-40 detergent. Equal amounts of protein from each cell lysate were
separated by SDS-PAGE and p-JNK and JNK proteins were detected by western blot analysis.
Vinculin was used as the gel-loading control. (B) The band intensities of p-JNK and JNK were
quantified by densitometric analysis. Data are expressed as mean fold increase in p-JNK/vinculin

and JNK/vinculin ratio (+ S.D.) relative to corresponding controls.
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FE48 Prom—2RY VB JunB RO JunB DX R E
RERICRIETHE

HeLa #fdIZ3VNT kLo — 223U Ml JunB K OE JunB D & 2 /X 7 FEBLE T
RETHELZ A2 70y MEZEVFHMELZZ, FLoye—2 (100mM) 1X, 6K
IREEZ IRV T Y 2K JunB OFBLEIRT (0.74 + 0.10-fold of control) Z 5| XL Z
L7z (Fig.15AandB), £7-. bl m—2 & 3 KFHEERERIZ IV T JunB D & 28
7 ERBEILT (0.54 +0.06-fold of control) % 5| &= L7= (Fig. 15Aand B),
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Figure 15. Effect of trehalose on protein expression levels of p-JunB and JunB.

(A) HeLa cells were exposed to 100 mM trehalose for 3 h and 6 h, and lysed in TNE buffer
containing 1% Nonidet P-40 detergent. Equal amounts of protein from each cell lysate were
separated by SDS-PAGE and p-JunB and JunB proteins were detected by western blot analysis.
Vinculin was used as the gel-loading control. (B) The band intensities of p-JunB and JunB were
quantified by densitometric analysis. Data are expressed as mean fold increase in p-JunB/vinculin
and JunB/vinculin ratio (+ S.D.) relative to corresponding controls. *P < 0.05, ***P < 0.001 vs.

control.
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BSE TurT V—AHERS LN —RIZ LD c-Jun/JunB

R ERBEETICRITTHE

HeLa fifdicisnC7'm 77 Y — AHEH (MG132) 23 h Lvm—ZIZ K 5 c-Jun/JunB
2R ERBABRTICKETREL Y = AZ 7y MEZL YA L7z, MG132
FAETFIZEBNT, b asa—2 (100mM) 3 REFBREEIC K D c-Jun &7 37 R BLEK
TIERO N> 72 (Fig. 16AandB), F£72, JunB IZBWTH[RERORERNTED i

7= (Fig. 16C and D),
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Figure 16. Effect of proteasome inhibitor on trehalose-induced a decrease in c-Jun and
JunB protein level.

(A) HeLa cells were exposed to 100 mM trehalose for 3 h with or without 10 uM MG132, and
lysed in TNE buffer containing 1% Nonidet P-40 detergent. Equal amounts of protein from each
cell lysate were separated by SDS-PAGE and c-Jun protein was detected by western blot analysis.
Vinculin was used as the gel-loading control. (B) The band intensities of c-Jun were quantified
by densitometric analysis. Data are expressed as mean fold increase in c-Jun/vinculin ratio (+
S.D.) rerative to corresponding controls. **P < 0.01, ***P <0.001 vs. control. (C) HeLa cells were
exposed to 100 mM trehalose for 3 h with or without 10 uM MG132, and lysed in TNE bufter
containing 1% Nonidet P-40 detergent. Equal amounts of protein from each cell lysate were
separated by SDS-PAGE and JunB proteins were detected by western blot analysis. Vinculin was
used as the gel-loading control. (D) The band intensities of JunB were quantified by densitometric
analysis. Data are expressed as mean fold increase in JunB/vinculin ratio (= S.D.) rerative to

corresponding controls. *P < 0.05 vs. control.

41



FoH /NG

FAFEORERLE —H LT, b —RA X INK HEERFNC Y V(L c-Jun & V30 H
FKEBRKT25 BTNV RAZ Ty MECE> THHEREINZ, 20L&,
h Lo —2 38 c-Jun L U%E JunB O X VX7 ERBLEIR T 25 & 23 2 L 03#H7z
WS, £72. Fm—R L5 c-Jun LTUHE JunB & o /N7 B3 BLEK T
FZ7 a7 7 Y — AHERFE TITB W TR bR o7,

AREOFRERLD, P rmo—2F, # c-Jun LU¥ JunB O 7 07 7 Y — Loy fiR a2
HEL, ZOZERY VB c-Jun KOV VL JunB O X L8 BRBLEIR FICFH ST
L e si (Fig 17),

100 mM

Trehalose

” proteasomal
degradation

'y C- Jun‘ ‘_JUHB',
JNK —— CJUD‘ JunB'

nuclear

Figure 17. Graphical summary of chapter 5.
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6=
Fhm—RIZLB At REEEKT &
c-Jun/JunB FEL &K T D BEEDORGT

FT1E S

c-Jun e OF JunB % & Lol G R HEA R AP-1 1%, AKT Ei5+0 7 0 & — % —FEIIC
AL, TORAEZEICHET S Z E08@E ST\ b (Fig. 10, Atsaves et al., 2015),
3EIZBWVT, b oa— R AKT BT HBNE 2 I LT Akt & >3 7 B BLEK
TAEBIEE T &, FS5SEICBWNT, Paro—2R %, # c-Jun X O JunB O 7' 1
TT Y = D RERET D Z E RSN ool D, N LoxE— AT AP-1 OFF
PEIR T 24 LT Akt mRNA KOV U X7 BB BN T 25| & 2 rRerERE 2 b
D

AETIE, P mre—R2 8% Akt FEHLEK T & c-Jun/JunB FEBLEAX T O Bd: % B
HIZTHIOIT, F 2 81T, a7 7 Y —AERN Lo — R LD AKTI
mRNA FEBL &K T I RIET A 5 3 H Tl c-Jun/JunB @HEFEBL b Lm— 2|2
£ % Akt Z 27 ERBEIK T RO LC3-I1 & /87 R B BRI K IF 2 % ST
L7z,

43



B2 TuTT7 Y —LHERN L2 —RIZ XKD AKTI mRNA

REABBETICRIETRE

HelLa fildic VT e s 7 V—AHER (MG132) 2 kb g —R|ZXKD AKTI
mRNA FEHEEK I KITTEEL Y 7L A4 L5 PCRIEICELVEHMG L7, MGI32 1%,
Lo —2Z (100mM) 6 FFEIBRFEIC 1L D AKTI mRNA FH BT 25220240 L 7= (Fig.
18),

Akt1 mRNA expression
(fold increase)

DMSO  MG132

Tre for6 h

Figure 18. Effect of proteasome inhibitor on trehalose-induced a decrease in AK71 mRNA

expression level.
HeLa cells were exposed to 100 mM trehalose for 6 h with or without 10 uM MG132, and total
RNA was extracted. qRT-PCR was performed with PowerUp SYBR Green Master Mix. The

mRNA expression levels of AKT1/RPL13A in trehalose exposed cells were normalized to those

in control (without trehalose) cells.
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FH3E  c-Jun/JunB BEIRBEN F Lo a—Ri2 X B Akt BHEEBET
KON LC3-II R ER M RIET &

HeLa MifEIZ 35N T c-Jun/JunB i FIFE LN b Lovxm — (T KD Akt & /37 BHHBLE
RN RO LC3-I1 7 ™7 ERBERINC RIETEL V= A Z Ty MEIZLVFE
i L7, c-Jun/JunB @FIZEEAMIIL. Lo —RZ (100mM) 24 BERREEIC L A Akt ¥
RSB EAR T KO LC3-11 BB EHINCIE & A EE % N IF S 720> 72 (Fig. 19A-
C).
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Figure 19. Effect of c-Jun/JunB overexpression on trehalose-induced a decrease in Akt and

an increase in LC3-I1.

(A) HeLa cells were transfected with c-Jun and JunB. Then 24 h after the transfection, cells were

exposed to 100 mM trehalose for 24 h, and lysed in TNE buffer containing 1% Nonidet P-40

detergent. Equal amounts of protein from each cell lysate were separated by SDS-PAGE and Akt

and LC3-II protein were detected by western blot analysis. Vinculin was used as the gel-loading

control. (B) The band intensities of Akt were quantified by densitometric analysis. Data are

expressed as mean fold increase in Akt/vinculin ratio (+ S.D.) rerative to corresponding controls.

(C) The band intensities of LC3-1I were quantified by densitometric analysis. Data are expressed

as mean fold increase in LC3-II/vinculin ratio (+ S.D.) rerative to corresponding controls. ***P <

0.001 vs. control
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Faf NG

a7 7TV —AEEANT N LN e —RAZX D AKTI mRNA FBLEK T % 58 20|
L7 DD, c-Jun/JunB iBREIFEBLL F Losm —RIT KD Akt & 37 B BLEK T IZIZ
ENERBEERIFE o7 (Fig.20), —F ., 22> br— L@\ T, c-Jun/JunB
WRPEBLUL Akt ¥ X7 ERBLEO DT 0728800 (1.20 £ 0.27-fold of control) % 5| X
ZTDHTH-T (Fig. 19A-C),

REOFEFRLID, b m—R 285 Akt BEEK TIZHIT 5 c-Jun/JunB 23 &K T
DOFHIT/NENZ EDRB E Tz, F7-, HeLa MRV T, AKT EE T IHILHIEIC
BT 5 c-Jun/funB DA G-I/ SWZ & R S U7z,

100 mM
Trehalose

overexpression

c-durf  June
Ak
% urﬂ‘%‘ ot rescue

@
AKT

<8
Qc—Jun AP'1' @ mRNA

AKT gene promotor

cytoplasm

nuclear

Figure 20. Graphical summary of chapter 6.
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w7 =
RIER OB

ALP O FUE [IARIRAE MR 7 Ehk 2 T B OFIEIZ B -9 5 ATREME MR S v Tl
V. ALP OBREZ TIHET 2 EILZ O X 5 RBEBEOIREEBA & L CER I TW5,
T, Flonm—ZAN SREICBWT ALP #EZTLHET 2 Z ENHLNIRY, £
DAF=ALE LT, Vb Akt BBLEIKT 2 L7 TFEB O (LY B2k &
OEERBATIRE) ANEE ST D (Palmieri ef al., 2017), L2 L, hL/sxg—2AZ7)8 Akt
U UL LSV DI T 2B X 2778 A D= X MIRIEAHTH D, 2T, A4
LTI, e —R12L 5 U Vb Akt BERER T OA =X LR ENCTH L
ZHBE Le, £9, RFEBRRICBWTE b — 20 ALP #EELER DY VRt
Akt BB EIK T8 232 L 28 L= (Fig. 5,Fig. 6,andFig.7), ZD &%, FL
=A%, U UERIE Akt DI SR Akt X N ERBIBK T 25 & 292 &8
Fi-lch s (Fig. 7). £72. bbose—20F, BER 6 IRV T2 TO Akt
T A YT 4 —2A50 mRNA BEREINT % BREE% 24 RFFICEB W TETO Akt 74 Y 7
—LDBF R ERBBR T 25 &R L2 2 LD AKT B FRBNHI 2/ LTk
Akt X R ERBIBK T 25 & 292 LR Sz (Fig. 8 and Fig. 9), & 512,
AWFFETIE, b —2APRgEEE R (G KD 2 OISR EAE AP-1 ORI
F c-Jun KON JunB O 70T T Y — LR RET 5 2 L AB 6T L. (Fig. 13, Fig.
15, and Fig. 16), AP-1 X AKT &InF D7 0T —4 —fERICHES L, T O3 % EICH
322 ERHESIIN TS (Atsaves et al., 2015) 73, c-Jun/JunB OIBFIFEHLIL b Lo~
0—A kD Akt BHEEK T Z2MH L2 b, Foava—R 25D Akt 55
K NICBIT D c-Jun/JunB FEEEIX FOFHIT/NSWZ LRI E N7 (Fig. 19),

Ml —RA %, BB 24 BB W TR TO At 7T A YV 7 — LD X X7 E 5
REETZ25&EEI L DO, AKT mRNA FBEEOREHIEIEIT A Y 7 4 — LI
Lo THR STz (Fig. 9, Ml me—RE, BFE% 6. 12, 24 FEMIZHVT 4KTI
mRNA FEHREX FZ25EEZ L2 &b, AKTI BInFHBUNH 2/ LT Aktl # &~
NIERGEER T2 EEZTZ enn i (Fig7). — 5. bborm—A, g
it 6 REIZ 3B\ T AKT2 mRNA FELEIK F 25 X Z L7z b DD, AKT2 mRNA F 8L
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EIIMREERL 12 BRI RO 24 BEICRB W Ca v b — L L [ERE £ TRE L Tz (Fig
9), > T, P nE—R|TXD Ak ¥ X7 ERBEIKTICIE, BEREYICET
% AKT2 BAGFRBUMHENIN 2, Ak & R 7 B MRAREN 5 L TV B ATREMER &
265, BIEETIZ, AR 2 80% Akt 74 Y 74—l dF -7 us s
V= BRICE S THESND Z L BHAE I TV D (Suizu et al., 2009; Wu et al., 2011)
ARFZEIZFNT, hbonm—Z Akt Z 37 B REHE % 5| & = 3 A RetE 2 gt
Lol a7 7 Y —AHEA (MG132) 25 b Losm— R 24 IGRIEERIZ K 5 Akt #
R EFRBER TR ETEEOFMEZRL T DD, MG132 O R < |
IEER R AT O 2 ENREETH o7, 5%, MO T 1T 7 Y — LAHEAIR Akt Z 23
TERIZES ST 5 2 X F 0 U U —BREEA small interfering RNA % 2 VW5 Z & T,
Flmm—22 K% Akt Z N7 BB EKR IR 5 Akt Z ™37 B fRgtE D%
BABAGNCTH0ERDH S, £-. hlom—R L, BE% 6 FERICHVT AKT3
mRNA BHEK T 25 &2 L2 b DD, 4KT3 mRNA FEHEITBRFEE 12 BV
Tay ha—)u L [RFRE E ChlfE L gEE% 24 FEEIZ IV TiE 1.89 +£0.57-fold of control
WML Tz (Fig.9), 2D & &, 2 br—/Lillldd AKTI, AKT2, AKT3 ® mRNA
FHENE BT D quantification cycle [EDFEIE, N Eh 28.24, 27.00, 35.88 TH
S7eZ & AK3 X U R EHRBLOBIIEEERE O TR IR HRIEEZ E L2 L
EM D HeLa MR O Akt % /X7 BIBLEIZIIT D Akt3 DFF 51T/ S W T & DVREE
ST, 1o T, AREFRIZEWT, RER 24 FFHICBW TR b7z AKT3 mRNA
BB, Pl —R 2 K58 Akt ¥ 37 B3R T KUY ALP BERE U
FEAERBERIZS RN ERTRINDS,

Mlom—2 %, BEZFEHICBWTY UK c-Jun KOV UEEE JunB O ELEAK
TEplEEZ L (Fig. 13 and Fig. 15), ZdD & &, bl —2A1%, U UL INK O
WHEICELERFES o7 L (Fig. 14), #8 c-Jun X U%E JunB D % > /X 7 G55 Bl
B T3 &I L7z & (Fig. 13and Fig. 15) 25, # c-Jun X OWR JunB % > /X7 &
HROFBE RN T2 LC AP-1 ISR N 25| SR TR B 2 bd, Fio. ¢
Jun X OV JunB 1T, B2 F -7 nTr T V—LRICkoThHfiES D Z & Xiaetal,
2007; Pérez-Benavente ef al., 2013) .k Lnm— 22 K 5 c-Jun K OYA JunB % > 7% 7 B 3%
RERTEXTeT 7 Y —AHERATFETICBNTRD LN 2 &b, Flam—
A1TH8 c-Jun OB JunB D2 B X F AL O T 0T 7 Y — LR Rt T D Z L AR S
Nz, 2T, bborog—2AR ¢c-Jun D2 EXFF oAb REEF SR 2 L ZFEAT 5
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TeOIZ, RIFRREIER O Y = A& 71y MEIZK D2 EFF Ak c-Jun O 277
7=y, WEMHEZE X T Al c-Jun 2T 5 Z L Ix T ZennoTz, £/, c-Jun L=
X F BRI A ER L c-Jun 3 EIZRTET DEES & O CRIZLRER DY =
AB T ay NEITHTR, ZOFECBOTHL2EXF AL c-Jun 295 Z &%
TERDoT, A, ha—RZL 5D c-lun 70T T Y — L0 FHEEICR < F 53
LHabexF oY H—BEEFEL, c-Jun, 2EXF o 2 EFF U H—IiREREIME
PERT 52 LT, 22X T AL c-Jun ORI FTREIZZ2 D . R L/vxE— 2728 ¢-Jun D
ZIEXTF A KIFTEELPA LN T LI ENTE L EMEEIND, £/2, hLnm
— ANEBRZ AP-1 RGO T 25| E R T B0 E LR —4 —T v ALY
T2 b EETHLEE LN,

Atsaves & (2015) 1%, AP-1 OIEH NG Z =T R /il F— B ARy
{ERFAMAE Y > SBEIZB VT e-Jun 2 OV JunB %2 &3 AP-1 28 AKT 85O 7 0 —H —
BRI S L, TORBLZEICHET 22 L 2HELTVD, AFRIZBNT, -
Jun/JunB IBREFEELIL, b L e —RIZL D Akt ¥ VN ERBERTICIEE A S EEE
FIFETP, o ba—AMicB0TH Akt Z 37 ERBEO DT 78N % 5| & k2
ZTDOHRTHoT=, AP-11%, Jun 77 2 U—F 37 (c-Jun, JunB, JunD). Fos 7
7 XU —% X7 E (c-Fos, FosB, Fra-1, Fra-2), ATF 7 7 X U —% /X7 'F (ATF2,
ATF3, ATF-4, ATF-5, ATF-6B, ATF-7, BATF, BATF2, BATF3, JDP2), MAF 7 7 3
U —% 2378 (c-Maf, MafA, MafB, MafF, MafG, MafK) MO SND &K%
TERR U CHERET 2 2 &A1 5 41TV (Garces de Los Fayos Alonso et al., 2018) , it~ T,
HeLa 23 T, c-Jun/JunB i@ RIFEELD 72 TlE AP-1 BRBIEMEICZIZ & A R EAE KIF
o AREMENRE 2 HND, —J7, Atsaves © (2015) 1%, HEK293T Mifigizii) %
JunB BRI, T2 LA AKT B FREEIN T A5 SR T2 L 2HELTEBY | AP-
112 X% AKT BB HIEN I IR B3 5 5 2 L 2RI LT 5, fiE-> T, HeLa
fa > Akt FEEEFIEIZIBNT, AP-1 OFHIINISWAEEELE 2 bND, 4%, hL
NI — AN AP-1 ZHERT DFfia D7 7 I U — & LRI ER AKT B 3B % HiliH 4
LA DOERE R 1 (STAT3 %, Atsavesetal.,2015) [CRIFTHELFTMIT LT, b
N =2 81D AKT BIGFREEIR T OFMR AN =X LRH O D SIS
Do

AW TIE, FLam—ZR Akt ©® mRNA K ONY VX7 B ORBER T 425 &2
T2 EEB BT LTz (Fig. 21;right) , £72, b Losxa— A0 AP-1 OFERLIA F- c-Jun/JunB
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DTaT T — LRSS 2 L 2R LTz (Fig21; left), AP-1 1% AKT

mRNA OFFLAZEIZHIET 2 Z ERHE I TWD D (Atsavesetal.,2015) . c-Jun/JunB
OWMFIRHFER LY, b Lo —2AFER Akt BEEK FICBIT 5 c-Jun/JunB O Z55-13/)
SN ENTRINT, 5T, AKTmRNA FHLE(X FIZI1X AP-1 23 24 0 7
7 Y —F R G ORBEK T MO ER - OIEEK T3 53 2 FIREEN % 2
bid, 5%, bboa—RZ XKD AktmRNA L ONF 87 BB BT OFEM e A 7
ZALREDOREREDRFED T SNSRI, O T E2IEN & U258 ALP
B IR O — B L 72 5 Z L 3 IfF S D,

100 mM — - 77100 mM
Trehalose /™" c-Jun‘ “ i \_Trehalose

proteasomal e JunB

degradation C-.Jur'l‘I ﬂ

Akt

protein‘

cytoplasm

t————m————a

1
1
@ E#
= AKT

nuclear @ ) i 3

AKT gene promotor

Figure 21. Graphical summary of the present study.

—Ji. T, Fbom— AN ALP BERESTIHE L & B I ALP BREIR T 25| S 292 &
WHESNTEY, e =22 X5 MaR#ENRIL, & o7 BLEERRIR
JEMEM 231 ALP FHEFRIRIC L > TH e b SN D AR bR STV 5 (Tien
et al., 2016; Kaizuka et al., 2016; Yoon et al., 2017; Palmieri et al., 2017; Hosseinpour-
Moghaddam et al.,2017; Lee et al., 2018) , HFHIRIEIZIZIUNT c-Jun DIEFMEALIZEE
BEN 2 RIZT ZEDMOENTWDTIZD | ALV TED L7 c-Jun/JunB JE 3L & IK
T h e =2 LD RIEERNCE ST DA ZE X bND, 4%, Pl —
AT KD c-Jun/JunB FBELEER TS 72 6T MINEZEZH SN TL 2 81 Frae
—ADEIERMZ T 59 A THETHDLEBZ LD,
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[RAZ - Bas]

(1) MikasEz
Thermo Scientific™ Nunc™ EasYDishes (35 mm) : Thermo Fisher Scientific, 150460
Thermo Scientific™ Nunc™ EasYDishes (60 mm) : Thermo Fisher Scientific, 150462
Thermo Scientific™ BioLite Cell Culture Treated Dishes (100 mm) : Thermo Fisher
Scientific, 130182
Thermo Scientific™ Nunc™ EasYDishes (150 mm) : Thermo Fisher Scientific, 150468
96-well microplate : Corning, 353072
Dulbecco’s modified Eagle’s medium (DMEM) : Nacalai Tesque, 08456-36
Fetal Bovine Serum (FBS) : Biosera, FB-1285/500
Penicillin-Streptomycin Mixed Solution (Stabilized), Nacalai Tesque, 09367-34
Dulbecco’s Phosphate-Buffered Saline (D-PBS) (-) : Nacalai Tesque, 14249-24
0.05w/v% Trypsin-0.53 mmol/L EDTA-4Na Solution with Phenol Red : FUJIFILM Wako,
204-16935
LUNA™ Cell Counting Slide : L12001

(2) Ky
Trehalose Dihydrate : FIJIFILM Wako, 204-18452
MG132 : Peptide Institute, 3175-v
Dimethyl Sulfoxide (DMSQO) : FUJIFILM Wako, 043-07216

@) FoRIEER
Pierce™ BCA Protein Assay Kit : Thermo Fisher Scientific, 23225
Pierce™ Bovine Serum Albumin Standard Pre-Diluted Set : Thermo Fisher Scientific,
23208
Protein Assay Dye Reagent Concentrate : Bio-Rad, 500-0006

(@) VIR
Tris-HCI : Nacalai Tesque, 35434-05
NaCl : FUJIFILM Wako, 191-01665
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EDTA : Nacalai Tesque, 15105-35

Nonidet P-40 : Nacalai Tesque, 23640-94

NaF : Sigma-Aldrich, 450022

Na3;VO, : FUJIFILM Wako, 198-09752

Protease Inhibitor Cocktail : Nacalai Tesque, 25955-11
Sodium dodecyl sulfate (SDS) : Nacalai Tesque, 31607-65
Bromophenol blue : Nacalai Tesque, 05808

Glycerol : Nacalai Tesque, 17045-65

2-Mercaptoethanol : Nacalai Tesque, 21938-82

(5) MORSHE/#ZEIsyHhH
D-PBS (-) : Nacalai Tesque, 14249-24
0.05w/v% Trypsin-0.53 mmol/L EDTA-4Na Solution with Phenol Red : FUJIFILM
Wako, 204-16935
DMEM : Nacalai Tesque, 08456-36
HEPES : Nacalai Tesque, 17514-15
MgCl,-6H,0 : FUJIFILM Wako, 135-00165
Dithiothreitol (DTT) : Nacalai Tesque, 14128-04
Protease Inhibitor Cocktail : Nacalai Tesque, 25955-11
Nonidet P-40 : Nacalai Tesque, 23640-94

6) VzREZTurY b
10 x Tris/Glycine/SDS Buffer : Bio-Rad, 1610772
4-20% Mini-PROTEAN® TGX™ Precast Gels : Bio-Rad, 4561095
4-20% Criterion™ TGX™ Precast Gels : Bio-Rad, 5671095
Precision Plus Protein™ Dual Color Standards : Bio-Rad, 1610394
Precision Plus Protein™ WesternC™ Standards : Bio-Rad, 1610385
10 x Tris/Glycine Buffer : Bio-Rad, 1610771
Methanol : Kanto chemical, 25183-80
ClearTrans® SP Polyvinylidene Difluoride (PVDF) Membrane, Hydrophobic, 0.2 um :
FUJIFILM Wako, 033-23433
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Grade 3MM Chr filter paper for blotting square : GE Healthcare, 3030-909
Blot Absorbent Filter Paper : Bio-Rad, 1704085

Bullet Blocking One : Nacalai Tesque, 13779-01

Tris Buffered Saline (TBS) powder for 5 L of 10x : Santa Cruz Biotechnology, sc-362308
10% Tween 20 Solution : Bio-Rad, 161-0781

Can Get Signal® Immunoreaction Enhancer Solution : TOYOBO, NKB-101
TFEB antibody (Rabbit) : Cell Signaling Technology, 4240

Lamin B1 (A-11) antibody (Mouse) : Santa Cruz Biotechnology, sc-377000
Anti B-Tubulin, Monoclonal Antibody (Mouse) : FUJIFILM Wako, 014-25041
Anti-LC3 pAb (Rabbit) : MBL, PM036

Anti-p62 (SQSTM1) (Human) mAb (Mouse) : MBL, M162-3

vinculin Antibody (7F9) (Mouse) : Santa Cruz Biotechnology, sc-73614
Phospho-Akt (Ser473) Antibody (Rabbit) : Cell Signaling Technology, 9271
Akt antibody (Rabbit) : Cell Signaling Technology, 9272

Akt (pan) (C67E7) Rabbit mAb : Cell Signaling Technology, 4691

Aktl (C73H10) Rabbit mAb : Cell Signaling Technology, 2938

Akt2 (D6G4) Rabbit mAb : Cell Signaling Technology, 3063

Akt3 (L47B1) Mouse mAb : Cell Signaling Technology, 8018

Phospho-c-Jun (Ser63) (54B3) Rabbit mAb : Cell Signaling Technology, 2361
c-Jun (60AS8) Rabbit mAb : Cell Signaling Technology, 9165
Phospho-SAPK/JNK (Thr183/Tyr185) Antibody (Rabbit) : Cell Signaling Technology,
9251

SAPK/INK Antibody (Rabbit) : Cell Signaling Technology, 9252
Phospho-JunB (Thr102/Thr104) (D3C6) Rabbit mAb : Cell Signaling Technology, 8053
JunB (C37F9) Rabbit mAb : Cell Signaling Technology, 3753
HRP-conjugated anti-rabbit IgG antibody : Sigma-Aldrich, A9169
HRP-conjugated anti-mouse IgG antibody : Sigma-Aldrich, A9044

Precision Protein™ StrepTactin-HRP Conjugate, Bio-Rad, 1610380
Chemi-Lumi One L : Nacalai Tesque, 07880

Chemi-Lumi One Super : Nacalai Tesque, 02230

Chemi-Lumi One Ultra : Nacalai Tesque, 11644
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WB Stripping Solution : Nacalai Tesque, 05364-55

(7) SR TR

(8)

Poly-D-lysine-coated 4-well chamber slide : Corning, 354577

D-PBS (-) : Nacalai Tesque, 14249-24

4%-Paraformaldehyde Phosphate Buffer Solution : Nacalai Tesque, 09154-14
Digitonin : FUJIFILM Wako, 043-21376

Blocking One Histo : Nacalai Tesque, 06349-64

Can Get Signal® Immunostain Solution A : TOYOBO, NKB-501

Alexa Fluor® 555-conjugated goat anti-rabbit IgG : Thermo Fisher Scientific, A21428
TFEB antibody (Rabbit) : Cell Signaling Technology, 4240

4’ 6-Diamidino-2-Phenylindole (DAPI) : Thermo Fisher Scientific, D1306
ProLong™ Diamond Antifade Mountant : Thermo Fisher Scientific, P36961

NEO cover glass rectangle No. 1, Matsunami Glass

mRNA fit, WEERIS, U7 /VF A A PCR

D-PBS (-) : Nacalai Tesque, 14249-24

0.2 mL PCR Tube : NIPPON Genetics, FG-021D

SYBR™ Green Fast Advanced Cells-to-Ct™ Kit : Thermo Fisher Scientific, A35380
(Lysis Solution, Stop Solution, DNase I, 2 x Fast Advanced RT Buffer,

20 x Fast Advanced RT Enzyme Mix, PowerUp SYBR Green Master Mix)

Water for Molecular Biology : Merck Millipore, H20MBO0501

96-well Piko PCR white plate : Thermo Fisher Scientific, SPL0961

Optical Adhesive Film, for Piko PCR plates : ASF-0020

RPLI134 primer Forward/Reverse : Integrated DNA Technologies,
101935479/101935480

AKTI primer Forward/Reverse : Integrated DNA Technologies, 101116162/101116163
AKT?2 primer Forward/Reverse : Hokkaido System Science, 40997004/40997006
AKT3 primer Forward/Reverse : Hokkaido System Science, 40997007/40997008
SOSTM1 primer Forward/Reverse : Hokkaido System Science, 101140625/101140626
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9 FURIEY VBIE VSV ORRRASENT
Proteome Profiler™ Human Phospho-Kinase Array Kit : R&D SYSTEMS, ARY003B
Array Buffer 1 : 895477
Array Buffer 2 (5 x Concentrate) : 895478
Array Buffer 3 : 895008
Lysis Buffer 6 : 895561
Wash Buffer Concentrate : 895003
Detection Antibody Cocktail A, Human Phospho-Kinase Array : 894553
Detection Antibody Cocktail B, Human Phospho-Kinase Array : 894554
Streptavidin-HRP : 893019
Chemi Reagent 1 : 894287
Chemi Reagent 2 : 894288
8-Well Multi-dish : 607591
Transparency Overlay Template : 607815

(10) ZURTERBENT Z—DOIERKRTEA
pcDNA™3.1/Zeo ) Mammalian Expression Vector (Thermo Fisher Scientific,
V86020)
Opti-MEM™ [ Reduced Serum Medium : Thermo Fisher Scientific, 31985070
Lipofectamine™ LTX Reagent with PLUS™ Reagent : Thermo Fisher Scientific,
15338100

(11)  oirises
AR ETE : LUNA™ Automated Cell Counter : Logos Biosystems, L10001
W SEREEHIE - Multiskan™ GO Microplate Spectrophotometer (Thermo Fisher Scientific)
7 AKX 71y ko PowerPac™ HC High-Current Power Supply (Bio-Rad)
7 AHX 71y ko Mini-PROTEAN® Tera Vertical Electrophoresis Cell (Bio-Rad)
V= AKX 7 m -y ko Criterion™ Cell (Bio-Rad)
7 = AKX 71 v : Mini Trans-Blot® Cell (Bio-Rad)
V= AKX 71 ko Criterion™ Blotter (Bio-Rad)
7 A&7 1y ko ImageQuant Las 4000 mini (GE Healthcare)
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7 x A% 71y ko ImageQuant TL software (GE Healthcare)

TP LYt - R L — Y — ST (Olympus, FV-1000D)
S M b Y FV10-ASW 4.2 Viewer (Olympus), Imagel software (NIH)
WHRE )i« Veriti™ 96-well Thermal cycler (Thermo Fisher Scientific)

U7 V%A I PCR : PikoReal 96 Real-Time PCR System (Thermo Fisher Scientific,

TCRO0096)

58



[EBRI5E]

[l fass ]

HeLa ffifaix, TREOREFHIZ FHNT 37°C, 5% CO, A ' F aX—F —NTH#E L, D-
PBS ()% T} 0.05w/v% Trypsin-0.53 mmol/L EDTA-4Na Solution with Phenol Red % > T fik
RE2IT -7z, HfEEIEL LUNA™ Cell Counting Slide % JHVNTEHE L 72,

- BiHft (HeLa #fifia)

HHLAK A (ml)

DMEM 500 mL

FBS 56.2 mL

Penicillin-Streptomycin Mixed Solution (Stabilized) 5.62 mL
[z ]

AEREIE, 4,651 cells/197 pL/cm? DFEECHERE L, —BRlGER Lo, BiHizaBRE L, Hiff
FRHLE 7212 100mM b Lo — RERHE (NS ERR) 1228 L7z, MG132 (DMSO % [
VDT 40mM AR 13, BEHIZ 1/4,000 (5 R A IRINT 5 2 & THRAGEE 10uM & L7,
DMSO £721Z MG132 1%, kLo —ZBREE 1 RFRIRNCAAEE L, P Lo — RBRR & &
IR LT,

[ 7 VAR

HeLa #M}a1Z, 100 mm dish [ZHFEFEL, F Lo — 2 28R L7=, D-PBS(-)2mL %
W3 I, T 4 v Y = &2k EICH L. TNE buffer (1% Nonidet P-40 & 4) % 120 pL
WMLz, BV A7 L—_"—% T A FEHRY | 1.5mL F2—7IZE L7z, #
FIALEE 3 F) x 3[A]) &7\, 4°C T20 flr—7—3 3> L7, 4°C, 13,500 rpm
TI15 oL, BiFEEIL Lz, 20 E{E% 5 x sample buffer & 4 : 1 OEIE TRA
L7z, 99°C T5 pMBMH 2TV, vV RZ Ty MY U7 e Lz,
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« TNE buffer

HHAKE I AR
Nonidet P-40 1%
Tris-HCI (pH 7.4) 20 mM
NaCl 150 mM
EDTA 2 mM
NaF 50 mM
Na3zVOq 1 mM
Protease inhibitor cocktail 1%

* 5 x sample buffer

HHLRK s S

SDS 10 %

Tris-HCI (pH 6.8) 250 mM

Bromophenol blue 0.01 %

Glycerol 50 %

2-Mercaptoethanol 12.5%
[RAR R/ A Sy Fh i

HeLa #fi%, 100 mmdish2 fZICHERE L, bl o —RZBFBELZ, T4 v =28
Sy ORREIE, HEIR & FEROERMET 50mL 7 = — 7B L=, 4°C, 1,100 rpm T 3 43 fH]
Ok, BIGEBRE L, D-PBS(-) I mL Z A1 %, fFE 4°C, 1,100 rppm C 3 43l L7,
1§ % FrRE% . Hypotonic buffer 100 uL # 2 CE X7 0 7 L, K ETI15 /A >
F a2 _X— h L7z, 10%Nonidet P-40 % SuL % CTHRNLT v 7 A LT, 4°C, 10,000 % g
TS5 ofhiE L, R m sy & L ClEU L7e, IRBEZ, Hypotonic buffer 200 uL %
MZTRNT v 7 2%, 4°C, 10,000 x g T 5 HfffiED Lz, EiG&FRE#, High-salt
buffer 50 uL Z M1 %, HAKFIZ TEERAE G F x3[F) Z1T-7, 4°C, 12,000xg T
10 srfiEo L. BRiEAZE Sy & L CREI L7,
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* Hypotonic buffer

ARk TR
HEPES (pH 7.9) 10 mM
MgCl,-6H,O 1.5 mM
KCl 10 mM
EDTA 0.1 mM
NaF 1 mM
Na3zVOq 1 mM
DTT 1 mM
Protease inhibitor cocktail 1%

* High-salt buffer

HHLRK A&
HEPES (pH 7.9) 20 mM
MgCl,-6H,O 1.5 mM
NaCl 400 mM
EDTA 0.1 mM
Glycerol 10%
NaF I mM
Na3VO, 1 mM
DTT 1 mM
Protease inhibitor cocktail 1%
(&7 Eei]

AR AT LIRS HoO Z W TR L7, Eio, & X7 B HEYRHR 1L Pierce™ Bovine
Serum Albumin Standard Pre-Diluted Set # H\ 7z, Mlfa Al bk o & o~ 7 BRI,
Pierce™ BCA Protein Assay Kit & Y Multiskan™ GO Microplate Spectrophotometer % F T
WE LTz, F7o, MR 5 K OBZ 5y D &2 X 7 BHIRFEIX, Protein Assay Dye Reagent
Concentrate % OY Multiskan™ GO Microplate Spectrophotometer % F N CTHIE L 7=,
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ES T A=

VALK 7 ay NPTV (2-5 ug) 1%, 4-20% Mini-PROTEAN® TGX™ Precast
Gel % 721% 4-20% Criterion™ TGX™ Precast Gel (27 77 A L. Tris/Glycine/SDS Buffer '
I2T200V ([E7E) T40 mRsESKE Lo, 2B L 72 /37 EIE, 4°C @ Tris/Glycine
Buffer H112C 30V ([E%E) T 16 Kil/T TPVDF A7 L ARG Lz, AT Ly
I%. Bullet Blocking One # i\ T 537 v v ¥ 7 Liztk, & —IRPUKRAERTIZT
4°C TR L 9 Lz, Av 7 L, TBS-T ZHWTHed (50 x3[\) #%, &
TRPUARTRIR I TEIR T LR E 5 L, A7 L udd, TBS-T ZHW Tk (5
7 x 31a]) #%. Chemi-Lumi One L, Chemi-Lumi One Super, =72/ Chemi-Lumi One
Ultra & SO S8, AB%55E1E, ImageQuant LAS 4000 mini % VTR L7z, /S Fo
% £ 13 ImageQuant TL software LAS-4000 % W CER L7z,

* 1 x Tris/Glycine/SDS Buffer

FHLAL A& (ml)
10 x Tris/Glycine/SDS Buffer 100 mL
H>O 900 mL
* 1 x Tris/Glycine Buffer
FHLAR & (mL)
10 x Tris/Glycine Buffer 100 mL
Methanol 75 mL
H,O 825 mL
* 1 xTBS-T
HH wE 1)
10x TBS 1L
10% Tween 20 Solution 0.1L
H.O 89L

62



—IRGUA

- FUARVEWR (Can Get Signal Immunoreaction Enhancer Solution 1/2 T#7HR)

_IRPUA

TFEB (1:1,000)

Lamin B1 (1:2,000)
B-Tubulin (1:10,000)

LC3 (1:5,000)

p62/SQSTM1 (1:5,000)
vinculin (1:8,000)
Phospho-Akt Ser473 (1:2,000)
Akt (1:2,000)

Akt pan (1:2,000)

Aktl (1:2,000)

Akt2 (1:2,000)

Akt3 (1:2,000)

Phospho-c-Jun Ser63 (1:1,000)
c-Jun (1:2,000)

Phospho-SAPK/JNK Thr183/Tyr185 (1:1,000)

SAPK/INK (1:2,000)

Phospho-JunB Thr102/Thr104 (1:2,000)

JunB (1:2,000)

Rabbit (1:8,000)
Mouse (1:8,000)
Mouse (1:20,000)
Rabbit (1:8000)
Mouse (1:8,000)
Mouse (1:10,000)
Rabbit (1:8,000)
Rabbit (1:8,000)
Rabbit (1:8,000)
Rabbit (1:8,000)
Rabbit (1:8,000)
Mouse (1:8,000)
Rabbit (1:6,000)
Rabbit (1:8,000)
Rabbit (1:6,000)
Rabbit (1:8,000)
Rabbit (1:8,000)
Rabbit (1:8,000)

[ R ]

HeLa #fifldiL, poly-D-lysine-coated 4-well chamber slide (ZFEFE L, bk L g — R ZIgFE
L7z, MifElZ, D-PBS (-) 500 uL T¥EH L7=1%. 4%-Paraformaldehyde Phosphate Buffer
Solution 400 uL A AN % . ZEIR T 15 43f#EE L7z, D-PBS (-) 500 uL THE{4# . Digitonin
(100 pug/mL) AR 400 uL % Nz, 236 T 15 Sy [z ALEL 2 1T - 7=, Blocking One Histo
8iiA Mz, |IRTI5 M7 vy X7 %177, D-PBS(-) 500 uL THFHK, —KIL
IRYANR 400 pL & W%, 4°C TR & 5 L7=, D-PBS (-) 500 uL TP (5 43 x 3 [al)
%, “IRBUARRRIR AN A, Y TFICTEIR T LRR & 5 L7z, D-PBS (-) 500 pL TYE
# (547 =x3[\) %, DAPI(600nM) VK 400 uL % /1 2., #EYE FIZTE=IR T 5 oA
V¥ a_X— kL7, A7 A KX, D-PBS (-) 500 uL THE#%, F v oA=& BRI L,
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ProLong™ Diamond Antifade Mountant & U NEO cover glass rectangle No. 1 Z VN TEA
U7z, M, 368 m L— W —BfSE (FV-1000D) T2 THIZE L, BufS L7z #ifgi%, FV10-
ASW 4.2 Viewer & OF Imagel software % N CREUNZALBE AT > 7=,

[mRNA #iH, FEEERE, U 7V F A A PCR]
- mRNA ffiH

HeLa fifidix, 1488.4 cells/63.2 pL/well D% % T 96-well microplate |Z#5FE L —Whb5#
#%. bloe—RZIREFE L7-, D-PBS (-) 50 uL THEF1%. Lysis Solution 50 uL % /il % C
SEIEN YT 4 7 Z24TV, =R TS5 A % 2~— K L7, Stop Solution 5 puL Z /I
ATSEER YT 72TV R T2 A & =2— F L7z, Ml ki s
0.2 mL PCR Tube (2 L, -80°C THRAF L7z,

Lysis Solution

AELAK 1 R
Lysis Solution 49.5 uL
DNase | 0.5 uL

R EROG
R CEMY U7 MR AR LR 15 uL % RT Master Mix 35 uL & AT, Veriti™ 96-
well Thermal cycler % FHV TR B R &G & 4TV cDNA Z/ERL L 7=,

RT Master Mix
FHEK 1 Sis 35 ul
2 x Fast Advanced RT Buffer 25 ul
20 x Fast Advanced RT Enzyme Mix 2.5 uL
Nuclease-free Water 7.5 ulL

WHRE SOS Se
B B YA B H5 i
Reverse transcription 1 1 37°C 30 min
RT inactivation 2 1 95°C 5 min
Hold 3 1 4°C 0
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- U7 )LH A L PCR

96-well Piko PCR white plate |Z RT Master Mix % 8 uL Iz 72%%, LR CESLL 7= cDNA
Wi % 2 uL Iz 7=, Optical Adhesive Film T3 —/L L72#, (< RLT v 7 AL, @il
L7z, PikoReal 96 Real-Time PCR System % fV>C PCR i %1T > 7=,

RT Master Mix
ALK 1 SUS 8l
PowerUp SYBR Green Master Mix S5uL
10 uM forward primer 0.2 uL
10 uM reverse primer 0.2 uL
Nuclease-free Water 2.6 pL
PCR S AIF
B BBt YA IR Heg []
UDG activation 1 1 50°C 2 min
Enzyme activation 2 1 95°C 10 min
95°C 3 sec
PCR 3 40 60°C 30 sec
60°C 30 sec
4 1 60°C 30 sec
Dissociation curve 5 1 60°C -95°C
6 1 20°C 10 sec

[Z 2RI VB L~V DREREEIFRAT]

HeLa #ffid % 100 mm dish 8 A IZHEFE L, 2> ha— L 44& b Loa— RIEEH 4
Bre UT—Bbsa& Licth, b L m—RZIREE L, 6 REI#ZICEIIL L7, FIE, D-PBS
(-) 1 mL T3 [E¥EF LTk EICB L, Lysis bufferl00 uL Z ¥ L TV A L—s3—T
il 2 H EE - 72, 48D dish Z#AbE T 1L H 7 ET 572D, 1O dish 2> 5 A
I U 7= M Rl e & . YEVE I A~ OWR O dish 128 L, 1 K B O alva ik 2 v CHl
Moz EHD Z &% A B0k L, BEEIZ 1 ARD 1.5 mL F=—7 2B LTz, Z
D%, 4°C T30 pfHm—7— 3 L7ztk, 4°C, 14,000 x g T50MEO L, BiEE
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L, Z o EEREZAIT >, WRIT, 8-Well Multi-dish (ZANTZA T L2 A KT
B IZ Array Buffer 1 Z/1x, |RET1RHERE I LT vy X7 %2iTo7, FULTZ
FAE AT L % Array Buffer 1 2 T 470 ug/2 mL (ZFAS L, 8-Well Multi-dish (Z A4
ATV AKROBIZ I mL /1%, 4°C T—WflkE 5 L7z, Wash Buffer & 1>
Ty (10 43fH x 318]) 4%, Detection Antibody Cocktail A &2 (" B (Array Buffer2 & O* 3
THAR) 24, =R T2 Kk & 5 L7z, Wash Buffer Z JH TP (10 43/ x 3 [A])
. Streptavidin-HRP (Array Buffer2 &X' 3 THAR) # Nz, =T 30 oL 5 L7,
Wash Buffer Z FVNTHEA (10 43[#] x3 [8]) %, ChemiReagent Mix & FUi SH 72, {7
1%, ImageQuant LAS 4000 mini Z W TR L, AR v kO EEIT ImageQuant TL
software LAS-4000 % VN CrE & L7z,

Chemi Reagent Mix
FH AR 1 5t 1 mL
Chemi Reagent 1 500 pL
Chemi Reagent 2 500 uL

[Z# NI ERENR7 Z—DOER KR TEA]

HeLa #Hf@IE, 20 x 10* cells/60 mm dish D% & CTHERE L, —Bih5%E L 7=, Human
(HA)-c-Jun % TN FLAG-JunB 8 8L H]-X 7 % —{%, pcDNA™3.1/Zeo ™ Mammalian
Expression Vector Z VN CTE#L L 7=, Opti-MEM 1 mL (Z pcDNA™3.1/Zeo ) Mammalian
Expression Vector (2.5 ug) % 721X HA-c-Jun }2 N FLAG-JunB FEH~ 7 % — (45 1.25
ug) &Mz 7-%. Lipofectamine™ LTX Reagent S uL Z /2 CTHR/LT v 7 AL, =@ T
25 53fA v aX— b L7, HifiEhsi 5 mL (222 #it . DNA-Lipofectamine LTX {EATA
1 mL 2L, 24 REEER %%, Lo —AZIRE LT,

[ & AT ]

ETOT—21F, FHE + E¥ERZ2E (mean £ S.D.) Trr L7z, HFHENTIX. Mini-
StatMate software (Atoms) % HJVNTATUV, #HEEH7FAYA EMIE one-way ANOVA & U Tukey
test (2 & D IRIE LTz,
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