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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 

mTORC1, mammalian target of rapamycin complex 1 

D-PBS, Dulbecco’s phosphate-buffered saline 

PD, Parkinson’s disease 

PVDF, polyvinylidene difluoride 

qRT-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 
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1  
 

chaperon-mediated autophagy: CMA Parzych and Klionsky, 2014

Fig. 

1

Fig. 1

CMA KFERQ heat-shock 

70 kDa protein 8 lysosomal-associated membrane protein type 2A

autophagy-lysosomal pathway: ALP

 

ALP

2006

Komatsu et al., 2006; Hara et al., 2006 ALP

Parkinson’s disease: PD

2

de Lau and Breteler, 2006; Kalia and Lang, 

2015 PD ALP

AutophagosomeIsolation 
membrane Autolysosome

Cytoplasm
LysosomeLysosomal 

hydrolase

Fig. 1 Schematic diagram of autophagy
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Anglade et al., 1997; Toulorge et al., 2016; 

Moors et al., 2017 ALP

Decressac et al., 2013; Arotcarena et al., 2019 PD 5%

PD ALP

Moors et al., 2017; Senkevich and Gan-Or, 2019

Ahmed et al., 2012; Friedman et al., 2012; 

Sato et al., 2018 PD 1-methyl-4-phenyl-

pyridinium ion MPP+

ALP Miyara et al., 2016; Sakamoto et al., 2016

ALP

PD ALP  

2 , -1,1

Fig. 2

Lee et al., 2018

Elbein, 1974

TREHA  web; HAYASHIBARA

2 Ishihara et al., 1997  

mammalian target of rapamycin mTOR

rapamycin ALP mTOR

2007 Sarkar

100 mM mTOR ALP Table 

1, Sarkar et al., 2007

glucose

Fig. 2 Structure of trehalose

glucose
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ALP

ALP

Higuchi et al., 2015; Yoon et al., 2017  

ALP

Hosseinpour-Moghaddam et al., 2018

3% 48

Table 1; DeBosch et 

al., 2016 2% 18 24

150

Table1; Palmieri et al., 2017

ALP

huntingtin

PD -synuclein

Sarkar et al., 2007 MPP+ ALP

Dehay et al., 2010; Wu et al., 2015

MPP+ ALP

Miyara et al., 2016  

Table 1 Several mechanisms of trehalose-induced ALP activation.
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ALP

AMP-activated protein kinase AMPK

AMP/ATP ALP

unc-51-like kinase-1 ULK1 ALP

Kim et al., 2011 DeBosch 2016

solute carrier 2A SLC2A

AMPK ULK1

ALP Table 1 2009

transcription factor EB TFEB ALP

Sardiello et al., 2009 Dehay 2010 TFEB

ALP

TFEB mammalian target of 

rapamycin complex 1 mTORC1

mTORC1

Calcineurin TFEB TFEB

coordinated lysosomal expression 

and regulation CLEAR ALP  Fig. 3, 

Settembre et al., 2012; Medina et al., 2015; Napolitano and Ballabio, 2016 Palmieri 2017

Akt TFEB

Ser 467

Akt

TFEB

ALP

Table 1 and Fig. 4  

Fig. 3 A regulation of autophagy-lysosomal gene
expression.

Fig. 4 A mechanism of trehalose-induced ALP activation proposed
by Palmieri et al.
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al., 2007; DeBosch et al., 2016; Palmieri et al., 2017  
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Puertollano et al., 2018

Calcineurin TFEB

TFEB ALP CLEAR

ALP Sardiello et al., 2009; Settembre et al., 

2012; Martina et al., 2015; Napolitano and Ballabio, 2016  

Microtubule-associated protein 1 light chain 3 LC3 p62 ALP

TFEB

Settembre et al., 2011

Sarkar et al., 2007; Higuchi et al., 2015; Tien et al., 2016; Yoon et al., 2017 LC3

autophagy-related 4 C

LC3 LC3-I Kabeya et al., 2000

LC3-I

LC3 LC3-II

Kabeya et al., 2000 p62/sequestosome-1 p62

LC3

Bjørkøy et al., 2005; Komatsu and Ichimura, 2010 p62 C
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HeLa TFEB

100 mM 24

TFEB 0.31 ± 0.04-fold of control

1.50 ± 0.23-fold of control Fig. 5A and B

TFEB 24

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, -tubulin and Lamin B1 were quantified by densitometric analysis. 

Data are expressed as mean fold increase of TFEB/ -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 m. 
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HeLa LC3-II p62

100 mM 24

LC3-II p62 4.84 ± 0.16-fold of control 1.46 

± 0.34-fold of control Fig. 6A-C  
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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-II 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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Akt 2

#9272, Cell Signaling Technology #4691, Cell Signaling Technology

100 mM 24 Akt

0.87 ± 0.04-fold of control Fig. 5A and B

Akt Akt 0.69 ± 0.04-fold of 

control, #9272 0.73 ± 0.07-fold of control, #4691

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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3 Akt

 

 

HeLa Akt Akt1 Akt2 Akt3

100 

mM 24 Akt Akt1 Akt2 Akt3

Akt1, 0.69 ± 0.06-fold of control; Akt2, 0.83 ± 0.04-fold of control; Akt3, 

0.74±0.15-fold of control Fig. 8A and 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 

Akt1, Akt2 and Akt3 proteins were detected by western blot analysis. Vinculin was used as the 

gel-loading control. (B) The band intensities of Akt1, Akt2 and Akt3 were quantified by 

densitometric analysis. Data are expressed as mean fold increase in Akt1/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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4 Akt mRNA  

 

 

HeLa Akt Akt1 AKT1 Akt2

AKT2 Akt3 AKT3 mRNA

PCR 100 mM 6

Akt mRNA AKT1, 0.73 ± 0.02-fold of control; AKT2, 

0.78 ± 0.07-fold of control; AKT3, 0.61 ± 0.27-fold of control Fig. 9

AKT1 mRNA 12 24

AKT2 mRNA 12 24

Fig. 9 AKT3 mRNA

12 24

Fig. 9  

6 p62 sequestosome-1 ; SQSTM1

mRNA 1.35 ± 0.19-fold of control Fig. 9

SQSTM1 mRNA 12 24

Fig. 9  

 

 

 

  



23 
 

 

 

 

 

 

Figure 9.  Effect of trehalose on mRNA expression levels of three AKT isoforms and 

SQSTM1.  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 (qRT-PCR) was performed with 

PowerUp SYBR Green Master Mix. The mRNA expression levels of three AKT isoforms/RPL13A 

and SQSTM1/RPL13A in trehalose exposed cells were normalized to those in control cells at each 

time.  
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Figure 10.  Principle of the assay. 
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Figure 11.  Effect of trehalose on phosphorylation levels of various proteins.  (A) Human 

phospho-kinase array coordinates. (B) HeLa cells were exposed to 100 mM trehalose for 6 h and 

lysed in lysis buffer. Expression levels of various phosphorylated proteins was assessed using 

proteome profilerTM human phospho-kinase array kit. (C) The band intensities of phosphorylated 

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. 
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Table 2.  human phospho-kinase array coordinates. 

(continued) 
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4 JNK c-Jun

c-Jun JunB

AP-1 AKT

Fig. 12, Atsaves et al., 2015 AP-

1 AKT  

 

 

 

 

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

 

2 3 c-Jun JNK

c-Jun JNK

4 JunB JunB

 

c-Jun -

Xia et al., 2007 2 4 3



33 
 

c-Jun JunB

5

c-Jun/JunB  

  



34 
 

2 c-Jun c-Jun

 

 

HeLa c-Jun c-Jun

100 mM 6

c-Jun 0.53 ± 0.04-fold of control

Fig. 13A and B c-Jun 0.69 ± 

0.17-fold of control 3 Fig. 13A and B

3 6 c-Jun

c-Jun 3 h, 0.68 ± 0.11-fold of control 6 h, 0.69 ± 0.07-

fold of control Fig. 13A and 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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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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HeLa JunB JunB

100 mM 6

JunB 0.74 ± 0.10-fold of control

Fig. 15A and B 3 JunB

0.54 ± 0.06-fold of control Fig. 15A and 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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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 M 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 M 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 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. 
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Figure 17.  Graphical summary of chapter 5. 
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Figure 18.  Effect of proteasome inhibitor on trehalose-induced a decrease in AKT1 mRNA 

expression level. 

HeLa cells were exposed to 100 mM trehalose for 6 h with or without 10 M 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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Figure 19.  Effect of c-Jun/JunB overexpression on trehalose-induced a decrease in Akt and 

an increase in LC3-II.  

(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-II 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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Figure 20.  Graphical summary of chapter 6.  
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Thermo ScientificTM NuncTM EasYDishes (35 mm) Thermo Fisher Scientific, 150460 

Thermo ScientificTM NuncTM EasYDishes (60 mm) Thermo Fisher Scientific, 150462 

Thermo ScientificTM BioLite Cell Culture Treated Dishes (100 mm) Thermo Fisher 

Scientific, 130182 

Thermo ScientificTM NuncTM 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 

LUNATM Cell Counting Slide L12001 

 

 

Trehalose Dihydrate FIJIFILM Wako, 204-18452 

MG132 Peptide Institute, 3175-v 

Dimethyl Sulfoxide (DMSO) FUJIFILM Wako, 043-07216 

 

 

PierceTM BCA Protein Assay Kit Thermo Fisher Scientific, 23225 

PierceTM Bovine Serum Albumin Standard Pre-Diluted Set Thermo Fisher Scientific, 

23208 

Protein Assay Dye Reagent Concentrate Bio-Rad, 500-0006 

 

 

Tris-HCl 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 

Na3VO4 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 

 

 

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 

MgCl2 6H2O FUJIFILM Wako, 135-00165 

Dithiothreitol (DTT) Nacalai Tesque, 14128-04  

Protease Inhibitor Cocktail Nacalai Tesque, 25955-11 

Nonidet P-40 Nacalai Tesque, 23640-94 

 

10 × Tris/Glycine/SDS Buffer Bio-Rad, 1610772 

4-20% Mini-PROTEAN® TGXTM Precast Gels Bio-Rad, 4561095 

4-20% CriterionTM TGXTM Precast Gels Bio-Rad, 5671095 

Precision Plus ProteinTM Dual Color Standards Bio-Rad, 1610394 

Precision Plus ProteinTM WesternCTM Standards Bio-Rad, 1610385 

10 × Tris/Glycine Buffer Bio-Rad, 1610771 

Methanol Kanto chemical, 25183-80 

ClearTrans® SP Polyvinylidene Difluoride (PVDF) Membrane, Hydrophobic, 0.2 m  

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 10× 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 -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 

Akt1 (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 (60A8) Rabbit mAb Cell Signaling Technology, 9165 

Phospho-SAPK/JNK (Thr183/Tyr185) Antibody (Rabbit) Cell Signaling Technology, 

9251 

SAPK/JNK 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 ProteinTM 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

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 

ProLongTM Diamond Antifade Mountant Thermo Fisher Scientific, P36961 

NEO cover glass rectangle No. 1, Matsunami Glass 

 

 mRNA PCR 

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

0.2 mL PCR Tube NIPPON Genetics, FG-021D 

SYBRTM Green Fast Advanced Cells-to-CtTM Kit Thermo Fisher Scientific, A35380 

(Lysis Solution, Stop Solution, DNase I, 2 × Fast Advanced RT Buffer, 

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

Water for Molecular Biology Merck Millipore, H20MB0501 

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

Optical Adhesive Film, for Piko PCR plates ASF-0020 

RPL13A primer Forward/Reverse Integrated DNA Technologies, 

101935479/101935480 

AKT1 primer Forward/Reverse Integrated DNA Technologies, 101116162/101116163 

AKT2 primer Forward/Reverse Hokkaido System Science, 40997004/40997006 

AKT3 primer Forward/Reverse Hokkaido System Science, 40997007/40997008 

SQSTM1 primer Forward/Reverse Hokkaido System Science, 101140625/101140626 

 



57 
 

Proteome ProfilerTM Human Phospho-Kinase Array Kit R&D SYSTEMS, ARY003B 

Array Buffer 1 895477 

Array Buffer 2 (5 × 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 

pcDNATM3.1/Zeo (+) Mammalian Expression Vector (Thermo Fisher Scientific, 

V86020) 

Opti-MEMTM I Reduced Serum Medium Thermo Fisher Scientific, 31985070 

LipofectamineTM LTX Reagent with PLUSTM Reagent Thermo Fisher Scientific, 

15338100 

 

LUNATM Automated Cell Counter : Logos Biosystems, L10001 

MultiskanTM GO Microplate Spectrophotometer (Thermo Fisher Scientific) 

PowerPacTM HC High-Current Power Supply (Bio-Rad) 

Mini-PROTEAN® Tera Vertical Electrophoresis Cell (Bio-Rad) 

CriterionTM Cell (Bio-Rad) 

Mini Trans-Blot® Cell (Bio-Rad)  

CriterionTM Blotter (Bio-Rad) 

ImageQuant Las 4000 mini (GE Healthcare) 
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ImageQuant TL software (GE Healthcare) 

 (Olympus, FV-1000D) 

FV10-ASW 4.2 Viewer (Olympus), ImageJ software (NIH)   

VeritiTM 96-well Thermal cycler (Thermo Fisher Scientific) 

PCR PikoReal 96 Real-Time PCR System (Thermo Fisher Scientific, 

TCR0096) 
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HeLa 37°C 5  CO2 D-

PBS (-) 0.05w/v% Trypsin-0.53 mmol/L EDTA∙4Na Solution with Phenol Red

LUNATM Cell Counting Slide  

 

HeLa  

   (mL)  

DMEM                                              500 mL 

FBS                                                56.2 mL 

Penicillin-Streptomycin Mixed Solution (Stabilized)          5.62 mL 

 

4,651 cells/197 L/cm2

100 mM MG132 DMSO

40 mM 1/4,000 10 M

DMSO MG132 1

 

 

HeLa 100 mm dish D-PBS (-) 2 mL

3 TNE buffer (1% Nonidet P-40 ) 120 L

1.5 mL

3  × 3 4°C 20 4°C 13,500 rpm

15 5 × sample buffer 4 : 1

99°C 5  
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TNE buffer 

    

Nonidet P-40                                      1% 

Tris-HCl (pH 7.4)                               20 mM 

NaCl                                         150 mM 

EDTA                                          2 mM 

NaF                                           50 mM 

Na3VO4                                         1 mM 

Protease inhibitor cocktail                            1% 

 

5 × sample buffer 

    

SDS   10 % 

Tris-HCl (pH 6.8)                               250 mM 

Bromophenol blue                               0.01 % 

Glycerol                                        50 % 

2-Mercaptoethanol                               12.5 % 

 

 

HeLa 100 mm dish 2 2

50 mL 4°C 1,100 rpm 3

D-PBS (-) 1 mL 4°C 1,100 rpm 3

Hypotonic buffer 100 L 15

10% Nonidet P-40 5 L 4°C 10,000 × g

5 Hypotonic buffer 200 L

4°C 10,000 × g 5 High-salt 

buffer 50 L 3  × 3 4°C 12,000 × g

10  
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Hypotonic buffer 

  

HEPES (pH 7.9)                               10 mM 

MgCl2∙6H2O                                  1.5 mM 

KCl                                         10 mM 

EDTA                                       0.1 mM 

NaF                                          1 mM 

Na3VO4                                       1 mM 

DTT                                          1 mM 

Protease inhibitor cocktail                           1% 

 

High-salt buffer 

  

HEPES (pH 7.9)                               20 mM 

MgCl2∙6H2O                                  1.5 mM 

NaCl                                        400 mM 

EDTA                                       0.1 mM 

Glycerol                                       10% 

NaF                                          1 mM 

Na3VO4                                       1 mM 

DTT                                          1 mM 

Protease inhibitor cocktail                           1% 

  

H2O PierceTM Bovine 

Serum Albumin Standard Pre-Diluted Set

PierceTM BCA Protein Assay Kit MultiskanTM GO Microplate Spectrophotometer

Protein Assay Dye Reagent 

Concentrate MultiskanTM GO Microplate Spectrophotometer  
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2-5 g 4-20% Mini-PROTEAN® TGXTM Precast 

Gel 4-20% CriterionTM TGXTM Precast Gel Tris/Glycine/SDS Buffer

200 V 40 4°C Tris/Glycine 

Buffer 30 V 16 PVDF

Bullet Blocking One 5

4°C TBS-T 5  × 3

1 TBS-T 5

 × 3 Chemi-Lumi One L Chemi-Lumi One Super Chemi-Lumi One 

Ultra ImageQuant LAS 4000 mini

ImageQuant TL software LAS-4000  

 

1 × Tris/Glycine/SDS Buffer 

 mL  

10 × Tris/Glycine/SDS Buffer  100 mL 

H2O     900 mL 

1 × Tris/Glycine Buffer 

 mL  

10 × Tris/Glycine Buffer      100 mL 

      Methanol                                     75 mL 

  H2O   825 mL 

 

  1 × TBS-T  

 L  

10× TBS                                        1 L 

10% Tween 20 Solution                         0.1 L 

H2O                                8.9 L 
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Can Get Signal Immunoreaction Enhancer Solution 1/2  

  

TFEB (1:1,000) Rabbit (1:8,000) 

Lamin B1 (1:2,000)  Mouse (1:8,000) 

-Tubulin (1:10,000) Mouse (1:20,000) 

LC3 (1:5,000)   Rabbit (1:8000) 

p62/SQSTM1 (1:5,000) Mouse (1:8,000) 

vinculin (1:8,000) Mouse (1:10,000) 

Phospho-Akt Ser473 (1:2,000)   Rabbit (1:8,000) 

Akt (1:2,000) Rabbit (1:8,000) 

Akt pan (1:2,000)  Rabbit (1:8,000) 

Akt1 (1:2,000)                       Rabbit (1:8,000) 

Akt2 (1:2,000)                          Rabbit (1:8,000) 

Akt3 (1:2,000)                          Mouse (1:8,000) 

Phospho-c-Jun Ser63 (1:1,000)   Rabbit (1:6,000) 

c-Jun (1:2,000)                          Rabbit (1:8,000) 

Phospho-SAPK/JNK Thr183/Tyr185 (1:1,000)    Rabbit (1:6,000) 

SAPK/JNK (1:2,000)                        Rabbit (1:8,000) 

Phospho-JunB Thr102/Thr104 (1:2,000)  Rabbit (1:8,000) 

JunB (1:2,000)  Rabbit (1:8,000) 

HeLa poly-D-lysine-coated 4-well chamber slide

D-PBS (-) 500 L 4%-Paraformaldehyde Phosphate Buffer 

Solution 400 L 15 D-PBS (-) 500 L Digitonin 

(100 g/mL)  400 L 15 Blocking One Histo 

8 15 D-PBS (-) 500 L

400 L 4°C D-PBS (-) 500 L 5  × 3

1 D-PBS (-) 500 L

5  × 3 DAPI (600 nM) 400 L 5

D-PBS (-) 500 L
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ProLongTM Diamond Antifade Mountant NEO cover glass rectangle No. 1

FV-1000D FV10-

ASW 4.2 Viewer ImageJ software  

 

[mRNA PCR

mRNA  

HeLa 1488.4 cells/63.2 L/well 96-well microplate

D-PBS (-) 50 L Lysis Solution 50 L

5 5 Stop Solution 5 L

5 2

0.2 mL PCR Tube -80°C  

 

Lysis Solution 

  1  

Lysis Solution          49.5 L 

DNase I                           0.5 L  

 

 

15 L RT Master Mix 35 L VeritiTM 96-

well Thermal cycler cDNA  

 

RT Master Mix 

   1  35 L  

2 × Fast Advanced RT Buffer            25 L 

20 × Fast Advanced RT Enzyme Mix   2.5 L 

Nuclease-free Water                   7.5 L 

 

 

                    

Reverse transcription      1       1        37°C  30 min 

RT inactivation           2       1        95°C        5 min 

Hold                   3       1         4°C         ∞ 
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PCR 

96-well Piko PCR white plate RT Master Mix 8 L cDNA

2 L Optical Adhesive Film

PikoReal 96 Real-Time PCR System PCR  

 

RT Master Mix  

 1  8 L   

PowerUp SYBR Green Master Mix     5 L 

10 M forward primer                       0.2 L 

10 M reverse primer                       0.2 L 

Nuclease-free Water                         2.6 L 

      

PCR  

                     

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  

 

HeLa 100 mm dish 8 4 4

6 D-PBS 

(-) 1 mL 3 Lysis buffer100 L

4 dish 1 1 dish

dish 1

4 1 1.5 mL

4°C 30 4°C 14,000 × g 5
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8-Well Multi-dish A

B Array Buffer 1 1

Array Buffer 1 470 g/2 mL 8-Well Multi-dish

A B 1 mL 4°C Wash Buffer

10  × 3 Detection Antibody Cocktail A B Array Buffer2 3

2 Wash Buffer 10  × 3

Streptavidin-HRP Array Buffer2 3 30

Wash Buffer 10  × 3 Chemi Reagent Mix

ImageQuant LAS 4000 mini ImageQuant TL 

software LAS-4000  

Chemi Reagent Mix 

    1  1 mL  

Chemi Reagent 1                         500 L 

Chemi Reagent 2                      500 L 

 

HeLa 20 × 104 cells/60 mm dish Human 

(HA)-c-Jun FLAG-JunB pcDNATM3.1/Zeo (+) Mammalian 

Expression Vector Opti-MEM 1 mL pcDNATM3.1/Zeo (+) Mammalian 

Expression Vector 2.5 g HA-c-Jun FLAG-JunB 1.25 

g LipofectamineTM LTX Reagent 5 L

25 5 mL DNA-Lipofectamine LTX

1 mL 24  

 ± mean ± S.D. Mini-

StatMate software (Atoms) one-way ANOVA Tukey

test  
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