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AMPA: α-amino-3-hydroxy-5-methylisoxazole-4-propionic acid 
Atp6v1h: ATPase H+ transporting V1 subunit H 
bHLH: basic helix-loop-helix 
CLEAR: coordinated lysosomal expression and regulation 
CNQX: 6-cyano-7-nitroquinoxaline-2,3-dione 
COX: cytochrome c oxidase 
ctsb: cathepsin B 
ctsd: cathepsin D 
Cyt.c: cytochrome c 
DBT: dibutyltin 
Dox: doxycycline 
GABA: γ-aminobutyric acid 
gba: glucosylceramidase beta 
GFP: green fluorescent protein 
HA: human influenza hemagglutinin 
HEK 293T: human embryonic kidney 293T 
K.D.: knockdown 
K.O.: knockout 
LAMP1: lysosomal-associated membrane protein 1 
mcoln1: mucolipin 1 
MiT: microphthalmia transcription factor 
MITF: melanogenesis associated transcription factor 
NAS: 1-naphthylacetylspermine 
NMDA: N-methyl-D-aspartate 
NRE: nuclear respiratory factor-1 binding element 
NRF-1: nuclear respiratory factor-1 
PGC-1α: Peroxisome proliferator-activated receptor gamma coactivator 1-alpha 
PPAR: proliferator-activated receptor 
shRNA: small hairpin RNA 
TBT: tributyltin 
Tet: tetracycline 
TFE3: transcription factor E3 
TFEB: transcription factor EB 
TMT: trimethyltin 
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REST: RE-1-silencing transcription factor 
RXR: Retinoid X receptor 
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 1  

 18 

 20 

 

Polychlorinated biphenyls (PCBs)  1973 

 

1980

1989  (TBTO) 

1992 

 (TBTCl)  13 

 (Viglino et al., 2004; Miki et al., 2011) Miki 

1.4 – 190 ng/ml 

 TBT  (Miki et al., 2011; table 1)

Airaksinen 

 TBT  (TPT)  (DBT)  

(DOT) 3.2 ng/kg bw day-1  (Airaksinen et al., 

2010)
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TTable 1. Mean DBT and TBT concentrations (mean  SD, ng/mL for blood and ng/g, 

wet weight, for liver and muscle) in pufferfish and non-pufferfish samples (Miki et 

al., 2011). 

 

Retinoid X receptor (RXR) 

RXR  

(Nakanishi et al., 2005) RXR  proliferator-activated receptors (PPARs) 

 RXR 

 RXR/PPARγ  10-100 nM  

(Kanayama et al., 2005) PPARs  farnesoid X receptor (FXR) thyroid 

hormone receptors (TRs)  constitutive androstane receptor (CAR) pregnane X 

receptor (PXR)  RXR 

 

10, 20, 30 mg/kg bw  TBT TBT 



6 
 

 (Mitra et al., 

2013)  TBT  

(Ema et al., 1991)  

(Tsunoda et al., 2004) Mitra  

30-3000 nM  TBT 

 TBT  (Mitra et al., 2014) Chang  

Dyer  (TMT) 

CA3 

 (Chang and Dyer, 1983)

 

γ-  (γ-aminobutyric acid: GABA) 

30 nM TBT  

GABA 

TBT 

 (Yamada et a., 2010) TBT Cl /OH

 (Tosteson and Wieth, 1979) Cl  

 Cl   GABA 

TMT  GABAA 

GABAB GABA  GABA 

 

(Nishimura et al., 2001; Kim et al., 2015) 

TMT μM  GABAA 

 (Krüger et al., 2005)  

 (Blandini et al., 1996; Monti et al., 2002; 

Hirasawa et al., 2003)

 (Choi, 1988; Tymianski, 1996; 
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Ying et al., 1997) N-methyl-D-

aspartate (NMDA)  α-amino-3-hydroxy-5-methylisoxazole-4-propionic acid 

(AMPA)  2 NMDA  NR1 

 NR2  NR3 

NMDA  (Luo et al., 2011)

NMDA 

AMPA  GluR1  GluR4  4 

 AMPA  GluR2 

 (Hollmann and Heinemann, 1994)  (Kondo 

et al., 1997) AMPA  GluR2 

GluR2  AMPA 

 (Liu and Zukin, 

2007; Fig.1)  

 

 

Figure 1. Ca2+-permeability of AMPA receptors depend on the subunit composition. 

(Liu and Zukin, 2007) 
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 TBT 

 500 nM  TBT 

 

Nakatsu  (Nakatsu et al., 2006)  AMPA 

 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX)  NMDA 

 MK-801 TBT 

 20 nM  TBT 

 NR1 NR2A GluR1 GluR2 NR2B GluR3

GluR4  (Nakatsu et al., 2009) 20 nM  TBT 

 9  Ca2+ 

 (Nakatsu et al., 2009) GluR2 

 TBT  (Ishida et 

al., 2017a) GluR2  AMPA  Ca2+ 

GluR2  AMPA  Ca2+ 

GluR2  TBT 

 TBT  GluR2 

 TBT  
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 2  TBT  

 

 1  

 20 nM  TBT 

 GluR2  (Nakatsu et al., 

2009)

20 nM  TBT 9  GluR2 mRNA 

TBT  GluR2 

TBT  GluR2  

 

 2 TBT  

Nakatsu 20 nM TBT  

(Nakatsu et al., 2009)

 20 nM TBT  9  24 

50 μM 

 TBT 

 GluR2  AMPA 

 1-naphthylacetylspermine (NAS) (Fig. 2)  

 TBT 
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FFigure 2. Effect of TBT exposure on glutamate toxicity in primary cortical neurons. 

Cortical neurons were exposed to 50-100 μM glutamate for 24h with or without 300 

μM 1-naphtyl acetyl spermine (NAS) after TBT exposure and cell viability was 

measured. The data are expressed as the mean + S.E.M. (n=4). ***P< 0.001 vs. 

control (Tukey’s test). 
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 3 TBT GluR2  

Nakatsu 20 nM TBT  9 GluR2  

mRNA  (Nakatsu et al., 2009) GluR2 

 TBT 

 TBT  20 

nM  TBT  mRNA 

 3  (Fig. 3a) mRNA  3 

 (Fig. 3b)  

 

FFigure 3. TBT-induced changes in GluR2 whole cell protein and mRNA expression.  

(a) Cortical neurons were exposed to DMSO (as a control) or 20 nM TBT for various 

times, and then GluR2 protein expression was detected by western blotting. 

Quantitative analysis was performed using Image J software, and the GluR2 protein 

levels were corrected based on the β-actin protein levels. The data are expressed as 

the mean + S.E.M. (n = 5). * p < 0.05 vs. control, ** p < 0.01 vs. control (Student’s t-
test). (b) Cortical neurons were exposed to DMSO or 20 nM TBT for various times, 

and then GluR2 mRNA expression was measured by real-time PCR. The mRNA level 

was normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The data 

are expressed as the mean + S.E.M. (n = 3), * p < 0.05 vs. control, ** p < 0.01 vs. 

control (Student’s t-test). 
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GluR2  C  AMPA glutamate receptor 

interacting protein (GRIP) protein interacting with C kinase 1 (PICK1) 

 (Dong et al., 1997; Wyszynski et al., 

2002; Xia et al., 1999) GRIP  PICK1 GluR2 C  protein 

kinase C (PKC) PKC  880 

 GluR2  GRIP  (Chung et al., 

2000; Matsuda et al., 2000)

 (long-term depression; LTD)  

PKC  PKMζ N-ethylmaleimide-sensitive factor (NSF) 

 GluR2  GluR2 

 (Migues et al., 2010; Pastalkova et al., 2006; 

Serrano et al., 2008) (Fig. 4)  

 

 

 

 

 

 

 

 

 

 

 

 

FFigure 4. General mechanism of GluR2 trafficking. 
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 AMPA  

AMPA  GluR2 

Fig. 3  TBT 

 GluR2 

 GluR2 

TBT  (Fig. 5a)  

GluR2  N-cadherin TBT  N-

cadherin  (Fig. 5b) TBT 

 GluR2  

 

 

 

FFigure 5 TBT-induced changes in GluR2 membrane protein expression. 

(a) Cortical neurons were exposed to DMSO or 20 nM TBT for 9 days. The cell surface 

proteins were then biotinylated, and detected by western blotting; (b) Cortical 

neurons were exposed to DMSO or 20 nM TBT for 9 days, and immunostaining was 

performed using a mouse anti-GluR2 antibody that recognizes the N-terminal 

extracellular domain of GluR2 (green), and a rabbit anti-N-cadherin antibody (red). 

Yellow indicates co-localization of GluR2 and N-cadherin. Scale bar: 20 μm. 
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 4 TBT  DNA  

GluR2  mRNA GluR2 

 nuclear respiratory factor-1 (NRF-1)  Sp-family 

transcription factor (Sp1)  RE-1-silencing transcription factor 

(REST) ( neuron restrictive silencer factor (NRSF))  (Myers 

et al., 1998; Dhar et al., 2009a)  GluR2 -300 1 

 (Fig. 6) Sp1 

 (Wierstra, 2008) REST 

GluR2 (Calderone 

et al., 2003)  

 

 

FFigure 6. Putative binding sites of transcription factors to rat GluR2 promoter. 

Partial nucleotide sequences of the rat GluR2 promoter, and the binding sites of 

NRF-1, Sp1, and REST. The 5′-most prominent initiation site is shown as the +1 

transcription initiation site, located 430 bases 5′ of the GluR2 AUG (bent arrow). 
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TBT  GluR2 GluR2 

 NRF-1 (Fig. 7a)  Sp1 (Fig. 7b)  

REST (Fig. 7c)  

 NRF-1 specific competitor  NRF-1 

 (lane 3) non-specific competitor AP2 

 (lane 4)  NRF-1 

 (lane 5)  TBT  3  (lane 

6) 24  (lane 7)  NRF-1  DNA  

Sp1  specific competitor  Sp1 

 (lane 3)  non-specific competitor  AP1 

 (lane 4)  Sp1 

 (lane 5) TBT  (lane 6) 

 

REST specific competitor  REST 

 (lane 3) non-specific competitor  AP2 

 (lane 4)  REST 

 (lane 5) TBT  (lane 6) 
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FFigure 7. Effect of TBT on the binding activity of NRF-1, Sp1, and REST to their 

putative binding sites. 

Nuclear proteins were extracted from DMSO- or TBT-exposed cortical neurons, 

and the DNA binding activities of NRF-1 (a), Sp1 (b), and REST (c) were analyzed 

by gel shift assay. An excess of specific (lane 3) or non-specific (lane 4) 

oligonucleotides was added as a competitor. DMSO-treated nuclear extracts (lane 5) 

and TBT-treated nuclear extracts (lane 6 and 7) were incubated with 32P-labelled 

oligonucleotides containing the GluR2 promoter region, and DNA–protein complexes 

were separated from free DNA probes by gel electrophoresis. The arrows show 

specific band shifts. 
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GluR2  NRF-1 

 20 nM TBT  3 3 9  NRF-1 

NRF-1  GluR2 

 TBT  3  (Fig. 8)

 

TBT  NRF-1 

 

 

 

 

 

 

 

 

 

 

 

 

FFigure 8. Effect of TBT on NRF-1 binding activity to GluR2 promoter. 

Cortical neurons were exposed to DMSO as a control or 20 nM TBT for various times, 

and then the NRF-1 binding activity to the GluR2 promoter was examined by ChIP 

assay using NRF-1 antibody. Purified DNA samples were subjected to quantitative 

real-time PCR analyses, and the DNA levels were corrected relative to the input 

sample. The data are expressed as the mean + S.E.M. (n = 5). * p < 0.05 vs. control 

(Student’ s t-test). 
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 5 TBT COX4, COX6c, cytochrome c mRNA 

 ATP  

 4  TBT  NRF-1  GluR2 

NRF-1  GluR2 

 cytochrome c (cyt.c)  cytochrome c oxidase (COX) 

 (Virbasius et al., 1994; Scarpulla, 2006; Dhar et al., 2008)

TBT  NRF-1  GluR2  NRF-1 

 20 nM 

TBT COX4 COX6c cyt.c  mRNA TBT 

9  mRNA  (Fig. 9a)  

COX4 COX6c cyt.c ATP 

 ATP 20 nM TBT 9 

 88%  ATP  (Fig. 9b)  

TBT  NRF-1  cyt.c COX4 COX6c 

 ATP  
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FFigure 9. TBT-induced changes in COX4, COX6c, and cyt.c mRNA expression, and 

intracellular ATP content.  

(aa) Cortical neurons were exposed to DMSO or 20 nM TBT for various times, and 

then the mRNA expression of cyt.c, COX4, and COX6c was measured by real-time 

PCR. The data are expressed as the mean + S.E.M. (n = 3). * p < 0.05 vs. control 

(Student’s t-test). (bb) Cortical neurons were exposed to 20 nM TBT for various times, 

and the intracellular ATP content was measured. The data are expressed as the 

mean + S.E.M. (n = 24–32). ** p < 0.01 vs. control (Student’s t-test). 
  



21 
 

 6 TBT NRF-1, PGC-1α  

mRNA  

Peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC-1α) 

 NRF-1 

PGC-1α  NRF-1 

TBT NRF-1 

NRF-1  PGC-1α  mRNA 

20 nM TBT NRF-1  PGC-1α 

PGC-1α 

NRF-1 TBT 9  (Fig. 10a-c)

mRNA PGC-1α mRNA 

NRF-1 mRNA  TBT 9 

 (Fig. 10d, 10e)  

TBT  NRF-1  NRF-1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



22 
 

 

FFigure 10. Effect of TBT on NRF-1 and PGC-1α expression.  

(a) Cortical neurons were exposed to DMSO or 20 nM TBT for various times, then 

NRF-1 and PGC-1α protein expression was detected by western blotting. 

Quantitative analysis of the NRF-1 (b) and PGC-1α (c) protein expression was 

performed using Image J software, and protein levels were corrected based on β-actin 

protein levels. The data are expressed as the mean + S.E.M. (n = 3). *** p < 0.001 vs. 

control (Student’s t-test). Cortical neurons were exposed to DMSO or 20 nM TBT for 

various times, and then NRF-1 (d) and PGC-1α (e) mRNA expression was measured 

by real-time PCR. The data are expressed as the mean + S.E.M. (n = 4). *** p < 0.001 

vs. control (Student’s t-test). 
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 7 TBT NRF-1, PGC-1α  

NRF-1 

 20 nM TBT NRF-1  PGC-

1α  TBT 

 (Fig. 11a, 11b)  

TBT  NRF-1  NRF-1  PGC-

1α  

 

FFigure 11. Effect of TBT on NRF-1 and PGC-1_ nuclear translocation.  

Cytosolic proteins (a) and nuclear proteins (b) were extracted from DMSO- or TBT-

treated cortical neurons, and then NRF-1 and PGC-1α protein expression was 

detected by western blotting. Quantitative analysis was performed using Image J 

software, and the protein levels were corrected based on the β-tubulin and Lamin B 

protein levels. The data are expressed as the mean + S.E.M (n = 3). 
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 8 TBT NRF-1  

NRF-1  DNA  (Gugneja et 

al., 1997) TBT  NRF-1 

 HEK293T HEK293T  green 

fluorescent protein (GFP)-hemagglutinin (HA)  NRF-1  HA 

 NRF-1  20 nM TBT  3  GFP-HA-

NRF-1  HA-NRF-1 TBT  NRF-

1  (Fig. 12)  

 

 

FFigure 12. Effect of TBT on NRF-1 homo-dimerization. 

HEK 293T cells, co-expressing GFP-HAtagged NRF-1 (GFP-HA-NRF-1) and HA-

tagged NRF-1 (HA-NRF-1), were exposed to 20 nM TBT for 3 h, and total cell extracts 

were prepared. Crude proteins were immunoprecipitated with anti-GFP antibody 

and normal mouse IgG antibody (negative control), and western blotting was 

performed using anti-HA antibody. The immunoprecipitated HA-NRF-1 levels were 

corrected relative to the immunoprecipitated GFP-HA-NRF-1 levels. The data are 

expressed as mean + S.E.M. (n = 3). *P < 0.05 vs. control (Student’s t-test) 
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 9  

 2  (20 nM) TBT 

 GluR2  2 

 TBT TBT 

 (Nakatsu et al., 2009) 

 

 3  20 nM TBT GluR2 

GluR2  AMPA  Ca2+ 

TBT GluR2 

GluR2 

 TBT  3 GluR2 mRNA 

 TBT  3 GluR2  5-

7  (Kjøller et al., 2000) mRNA  

 GluR2 

 

GluR2  (K.D.) 

 (K.O.)  GluR2  K.D. 

 CA1  CA3 

 (Oguro et al., 1999)

 NAS  CNQX GluR2 K.D. 

 Ca2+  GluR2  AMPA 

 GluR2 

 (Friedman and 

Velísková, 1998; Friedman et al., 2003; Oguro et al., 1999)

 GluR2 K.O. 

 (Jia et al., 1996; Mead et al., 

2005; Mead et al., 2006)  GluR2 

 

 4  TBT  NRF-1  GluR2 
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Sp1  REST  DNA  TBT 

Sp1 

 (Wierstra, 2008) GluR2  AMPA 

 (Borges et al., 2001; Borges et al., 2003)

REST  GluR2 

 (Myers et al., 1998; Schoenherr et al., 1995)

GluR2 (Calderone et al., 

2003) NRF-1  GluR2  cyt.c COX NMDA  1 (NR1) 

 (Dhar et al., 2009b)  5  

TBT  cyt.c  COX4 COX6c 

 TBT  NR1 

 (Nakatsu et al., 2009) TBT  NRF-1 

TBT  ATP 

 TBT  

ATP  

TBT  (Stridh et al., 1999; 

Von Ballmoos et al., 2004)  

TBT  ATP  NRF-1 

 

 6  7  8  TBT  NRF-1 

 6  TBT 9  NRF-1 mRNA 

 7  NRF-1  TBT 

 8  HEK293T  

NRF-1  TBT 3 

NRF-1 

TBT  NRF-1 

NRF-1 

NRF-1 

Izumi  p300/CBP  NRF-1 
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NRF-1  N-

acetylgalactosaminyltransferase-3 

 (Izumi et al., 2003)  NRF-1  N  DNA 

 DNA  in vitro binding assay  

(Gugneja et al., 1997)  D1 NRF-1 47 

NRF-1  (Wang 

et al., 2006) TBT  D1 

 NRF-1  NRF-1 

 6  7  PGC-1α 

 TBT PGC-1α  NRF-1 

TBT  NRF-1  PGC-1α 

TBT  NRF-1 

 PGC-1α 

TBT NRF-1 

NRF-1 NRF-

1  TBT  

 

 

 

 

 

 

 

 

 

 

 

 

FFigure 13. Schematic representation of the proposed mechanism by which TBT 

induces neurotoxicity via NRF-1 inhibition in primary cortical neurons. 
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 3 NRF-1  

 

 1  

 2  TBT  NRF-1 GluR2 

TBT 

NRF-1  

GluR2  (Fig. 

14) NRF-1 503  (NRE)  

(T/C)GCGCA(C/A)GCGC(A/G) GC-rich  (Fig. 15) 

(Virbasius et al., 1993; Scarpulla, 2008) NRF-1  cyt.c  COX 

 (Evans and Scarpulla, 1989; Evans 

and Scarpulla, 1990; Chau et al., 1992)  III, IV, V 

 mitochondrial transcription factor A 

(TFAM) (Virbasius and Scarpulla, 1991) 

 NRE 

Tong 11,000 916 

 NRE  -200 +100 

 74 

 (Tong et al., 2013)

 NRE 

TBT  NRF-1  GluR2 

NRF-1 NRF-1 

 NRF-1 

 (K.O. 

) NRF-1 K.O.  (Huo and 

Scarpulla, 2001)  NRF-1 

 3  NRF-1 NRF-1 
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FFigure 14. Scheme for further clarification of TBT toxicity. 

 

 

 

 

 

 

 

 

 

Figure 15. Summary of NRF-1 functional domains and DNA recognition site 

(Scarpulla, 2008).  

NRF-1 has a central DNA binding domain flanked by a nuclear localization signal 

(NLS) and a bipartite transcriptional activation domain. The protein is 

phosphorylated in exponentially growing cells at multiple serine residues within a 

concise NH2-terminal domain (cross-hatched box). NRF-1 binds a GC-rich 

palindrome (shown below the diagram) as a homodimer and makes guanine 

nucleotide contacts (filled circles) over a single turn of the DNA helix. 
 



30 
 

 2 Tet-inducible NRF-1  

NRF-1 NRF-1 

CRISPR/Cas9  HEK 293T 

NRF-1  (K.O.)  

gRNA 

 K.O.  K.O. 

 (data not shown)

HEK 293T  NRF-1 K.O. 

 (Wang et al., 2017) NRF-1 K.O. 

 

NRF-1 K.O.  Tetracycline (Tet) 

 NRF-1 K.D. Tet  shRNA_NRF-1 

 HEK293T  DNA 

 K.D. 

 (Fig. 16a) Tet  Doxycycline (Dox) 

 NRF-1  K.D. 100 ng/ml Dox 120 

 K.D.  shNRF-1/293T  

(Fig. 16b, 16c)  
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FFigure 16. Construction of Dox inducible NRF-1 K.D. system. 

(a) Schematic diagram of Dox inducible NRF-1 K.D. system. (b) NRF-1 expression 

was detected by western blotting after 1, 10, 100 ng/ml Dox treatment for 72 h. (c) 

NRF-1 expression was detected by western blotting after 100 ng/ml Dox treatment 

for 24, 72, 120 h. 
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 3 NRF-1  

NRF-1 NRF-1 K.D. 

 LysoTracker NRF-1 K.D. 

 (Fig. 17)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FFigure 17. The number of lysosomes in NRF-1 K.D. cells. 

shNRF-1/293T cells were treated with 100 ng/ml Dox for 120 h, and lysosomal 

density was evaluated using LysoTracker Red DND-99 (Magenta). Nuclei was 

stained with Hoechst 34580 (Cyan). Bafilomycin A1 (Baf.) was used as lysosomal 

inhibitor. Scale bar: 20 μm. 
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 4 NRF-1 LAMP1 

 

Lysosomal-associated membrane protein 1 (LAMP1) 

NRF-

1 K.D. LAMP1 

, NRF-

1 K.D.  LAMP1  (Fig. 18a)

 NRF-1 K.D. 72  LAMP1 

 (Fig. 18b)  scramble shRNA 

 (sh-scrm/293T ) Dox  NRF-1  

LAMP1  (Fig. 18c)  
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FFigure 18. LAMP1 protein expression in NRF-1 K.D. cells. 

(a) shNRF-1/293T cells were treated with 100 ng/ml Dox for 120 h, and then 

immunostaining was performed using a rabbit anti-LAMP1 antibody (Magenta). 4’, 

6-Diamidino-2-phenylindole (DAPI) is used for nuclear staining (Cyan). Scale bar: 

20 μm. shNRF-1/293T cells (b) and sh-scrm/293T cells (c) were treated with 100 

ng/ml Dox for 24, 72, 120 h, and then LAMP1 and NRF-1 protein expression was 

detected by western blotting. Quantitative analysis was performed using Image J 

software, and the LAMP1 protein levels were corrected based on the β-actin protein 

levels. The data are expressed as the mean + S.E.M. (n = 4). * p < 0.05 vs. control 

(Student’s t-test). 
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 5 NRF-1

 

 LAMP1 

lamp1  atp6v1h 

ctsb ctsd gba mcoln1
 mRNA NRF-1  K.D. 48 

 (Fig. 19a) 120 

 (Fig. 19b) NRF-1 K.D. 

 mRNA  

 sh-scrm/293T  Dox 

 mRNA  (Fig. 

19c, 19d)  
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FFigure 19. Lysosomal gene expression in NRF-1 K.D. cells. 

shNRF-1/293T cells (a, b) and sh-scrm/293T cells (c, d) were treated with 100 ng/ml 

Dox for 48 h, 120 h, and then atp6v1h, ctsb, ctsd, gba, lamp1, and mcoln1 mRNA 

expression was measured by real time PCR. The data are expressed as the mean + 

S.E.M. (n = 4).  
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 6 NRF-1 MiT  

 10 bp  GTCACGTGAC 

 coordinated lysosomal expression and regulation (CLEAR) 

CLEAR 

 (basic helix-loop-helix; bHLH)  

microphthalmia transcription factor (MiT) MiT 

 transcription factor EB (TFEB) transcription factor E3 (TFE3)

melanogenesis associated transcription factor (MITF) transcription factor EC 

(TFEC)  4 TFEB 

 MiT (Sardiello et al., 2009) TFE3 

 MITF  CLEAR 

 (Martina et al., 2014; Ploper st al., 2014) MiT 

NRF-1 

K.D.  MiT 

 TFEB TFE3 MITF 

NRF-1 K.D.  (Fig. 20)  

NRF-1 K.D. MiT 
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FFigure 20. Nuclear translocation of TFEB, TFE3, and MITF in NRF-1 K.D. cells. 

shNRF-1/293T cells were treated with 100 ng/ml Dox for 24, 72, 120 h, and then 

TFEB, TFE3, and MITF protein expression in nuclei and cytosol was detected by 

western blotting. 
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 7 NRF-1  

 (Fig. 21)

NRF-1 K.D. 

NRF-1 K.D. 24 

72 120 

 (Fig. 22)  

NRF-1 K.D. 

 

 

 

 

 

 

 

 

 

 

 

 

 

FFigure 21. Protein degradation by lysosome system. 
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FFigure 22. Lysosomal activity in NRF-1 K.D. cells. 

shNRF-1 cells were treated with 100 ng/ml Dox for 24 h, 72 h, and 120 h, and then 

the degradation ratio of [14C]-valine-labeled long-lived proteins were measured. 

Bafilomycin A1 (Baf.) was used as lysosomal inhibitor. The data are expressed as 

mean + S.E.M. (n=4-6). *P < 0.05, **P < 0.01, ***P < 0.001 (Tukey’s test). 
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 8 TBT LAMP1

 

NRF-1  K.D. 

TBT  NRF-1 

 LAMP1 20 nM 

TBT  LAMP1  (Fig. 23)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FFigure 23. Effect of TBT on LAMP1 expression in primary neurons. 

Cortical neurons were exposed to 20 nM TBT for 7 days and immunostaining was 

performed using LAMP1 (magenta) and microtubule associated protein 2 (MAP2: a 

neuronal marker) (green). Scale bar: 20 μm. 
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 9  

 3  NRF-1  Tet-

inducible NRF-1 K.D.  (shNRF-1/293T )  NRF-1 

shNRF-1/293T  3  NRF-1 

K.D.  4 

 LAMP1 

NRF-1 K.D.  5 

 NRF-1 K.D.  lamp1 mRNA 

LAMP1 NRF-1 K.D. 

 lamp1  mRNA 

 

 3 

Hsc70  KFERQ 

 LAMP2A 

 

Sardiello  96 

68  CLEAR 

 (Sardiello et al., 2009) CLEAR  bHLH 

Sardiello  bHLH  

MiT  TFEB  HeLa  23 

22 TFEB 
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TFEB  TFEB  

mammalian target of rapamycin (mTOR) 

TFEB 

 (Settembre et al., 2012; 

Martina et al., 2013; Roczniak-Ferguson et al., 2012) TFE3  MITF 

 CLEAR 

 (Martina et al., 2014; Ploper st al., 2014)  6 NRF-1 

K.D.  TFEB TFE3 MITF 

MiT 

zinc 

finger  DNA  ZKSCAN3 (ZNF306) 

ZKSCAN3 

 (Chauhan et al., 2013; Li et al., 2016)

NRF-1 K.D. 

 

NRF-1 K.D. 

 NRF-1 K.D. 

 7 

 pH  50  60 

 pH 

 Bafilomycin 

A1  H+-ATPase 

Bafilomycin A1 

 3  7 
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NRF-1 K.D. 

 

NRF-1 K.D. 

NRF-1 NRF-1 

NRF-1 K.D. 

NRF-1 
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 4  

TBT 1960

2000 

 (Viglino et al., 

2004; Miki et al., 2011)

 

 TBT  μM 

 TBT  

24 

 20 nM  TBT  NRF-1 AMPA 

 GluR2 

NRF-1  TBT 

 NRF-1 

NRF-1 

 3  8  20 nM 

TBT LAMP1  TBT 

 NRF-1 

TBT 

NRF-1  TBT 

 

 (PFOS)

 TBT  

GluR2  (Ishida et al., 2013; Ishida et al., 

2017b; Umeda et al., 2017; Ishida et al., 2017c) PFOS 

 GluR2 

 

(Ishida et al., 2017c)  [a] 

 1-methyl-4-phenylpyridinium (MPP+)  

NRF-1  (Zhang et al., 

2014; Sivasubramanian et al., 2015; Ye et al., 2017) GluR2 
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 NRF-1 

 (OECD) 

NRF-1 

NRF-1 

 

 (Yamamoto and Simonsen, 2011) NRF-1 

 (Shin et al., 2011) 

 (McMeekin et al., 2016) 

 NRF-1 
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Cytosine arabinofuranoide (ara-C)  1-naphthylacetylspermine (NAS)  

Sigma-Aldrich Bafilomycin A1  Cayman Chemical 

Tributyltin chloride (TBT) Doxycycrine Hyclate 

(Dox)  LKT Laboratories, Inc. Polyethylenimine (PEI; transfection

)  polysciences, Inc.  

 

 

   

GluR2 Millipore, MAB397 WB, ICC 

β-actin Sigma-Aldrich, AC-15 WB 

N-cadherin Santa Cruz Biotechnology, sc-7939 WB, ICC 

NRF-1 Abnova, H00004899-M01 WB 

NRF-1 Abcam, ab34682 ChIP 

PGC-1α Santa Cruz Biotechnology, sc-13067 WB 

β-tublin WAKO, 014-25041 WB 

Lamin B Santa Cruz Biotechnology, sc-6217 WB 

GFP Santa Cruz Biotechnology, sc-9996 IP 

HA MBL, 561 WB 

LAMP1 Cell Signaling Technology, 9091 WB, ICC 

LAMP1 Abcam, ab24170 ICC (rat) 

TFEB Cell Signaling Technology, 4241 WB 

TFE3 Sigma-Aldrich, HPA023881 WB 

MITF Santa Cruz Biotechnology, sc-515925 WB 

MAP2 Millipore, MAB3418 ICC 

Tuj1 Covance Research Products, MRB435P ICC 

GFAP Sigma-Aldrich, G3893 ICC 
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Slc: Wistar/ST  18 

4 1000 rpm 3 

10% FCS  MEM  10 mL 

1.8-2.0×106 cells/mL 24 well plate  3.5 cm dish 

 37 CO2  1 

2 4 6  10% FCS MEM 8  10% HS 

 MEM  6  ara-C : 10 μM  

 10  90% 

 (Fig. 24)  

 

 

 

 

Figure 24. Immunocytochemistry ofneuronal and glial cells of the primary culture 

on DIV 11. 

To evaluate neuronal and glial populations, cultures were grown to DIV 11 with or 

without arabinosylcytosine (AraC) to inhibit the proliferation of glial cells. Then, 

immunostaining was performed using an anti-Tuj1 (neuronal marker) antibody (red) 

and an anti-GFAP (glial marker) antibody (green). 4',6-Diamidino-2-phenylindole 

(DAPI) was used for nuclear staining (blue); scale bar = 20 μm. 
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D.W.  1L 1N NaOH pH 7.2 →  

 

 MEM  g/L 

 MEM  9.4 

NaHCO3 2 

L-glutamine 0.29 

D-glucose 1 

HEPES 2.38 

D.W. 1L  

 

 

 HS  MEM 0.4 %  1 

well  100 μL 10 10 %  500 μL 2 

control  viability (% of control) 

Sample  1  4 well  (n=4) 1 well  200 

 
  

Ca2+, Mg2+  g/L 

NaCl 8 

KCl 0.4 

Na2HPO4 0.0479 

KH2PO4 0.06 

D-glucose 1 

HEPES 0.568 
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(1) Whole-Cell Extracts 

PBS(-) TNE Buffer

lysate 1.5 mL 10 30 4

4 13,500 rpm 20 pellet

 

TNE buffer   

Tris-HCl (pH 7.8) 50 mM 

NP-40 1% 

EDTA 20 mM 

Sodium orthovanadate 1 mM  

NaF 1 mM  

Protease inhibitor cocktail 1:100  

 

(2) Nuclear Extract 

PBS(-) PBS

1.5 mL hypotonic buffer  15 

0.5% NP-40 10,000 g 10 

1.5 mL  hypotonic buffer 

10,000 g 10  wash 

 hypertonic buffer  (10s x3) 

12,000 g 10 min 1.5 mL  

 

(3) Membrane Extracts 

 PBS Sulfo-NHS-biotin solution 0.5 mg/ml (PBS (+)) 

(Thermo, San Jose, CA, USA) 4 20 

100 mM glycine  PBS 4 30 

TNE buffer 4 1 

4 15000 rpm  15  total lysate 

 (PBS : avidin beads = 1 : 1) lysate  4
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4 15000 rpm 15 intracellular Pellet  sample 

buffer 70 30  biotin 

 

 

Bio Rad Bradford Bradford

5 200 μL 96 well plate

5 595 nm

BSA  

 

Western blotting  

2 Sample buffer 95 3

7.5-10% 0.15%

200V  1 Blotting  

(Trans-Blot Turbo, BioRad) PVDF 25V 1.0A  30

5% in TBS-T 1

4 TBS-T HRP

1 Chemi-Lumi One L®  Image 

Quant Las 4000 mini (GE Healthcare)  

 

2x sample buffer   

Tris-HCl (pH6.8) 100 mM 

SDS 4% 

Glycerol 20% 

 0.004% 

 5%  
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mRNA PCR  

(1) mRNA  
SV total RNA Isolation system (Promega) 

 lysis buffer 175 L 
 total RNA  

 
(2) cDNA  

RNA oligo (dT)15 primer (0.5 g/ L) 1 L 70  5
5 42  1

75  15  
 

L 
AMV RT 5×Reaction buffer                8 

   RNase inhibitor (40 units/ L)  1  
   AMV reverse transcriptase (10 units/ L)  1  
   dNTP mix (25 mM)                       1.6 
   RNA(2 g/ L)                         27.4 
   Total                                   40 L 

 

(3)  PCR 

 2  
QuantiTect® SYBR® Green PCR Kit Thermal 

cycling parameters mRNA OPTICON3

GAPDH
 

 
L 

QuantiTect solution            7.5 
   Primers (20pmol/ L)           0.8  
   D.W.  8.9  
   Template cDNA or standard 2.0  
   Total                         20 L 
 
 

Thermal cycling parameters 
   1. 95   3 min 
   2. 95   15 sec 
   3. 60   30 sec 
   4. 72   30 sec 
   5. go to line 3 for 49 more times 
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 3  

PowerUp SYBR Green Master Mix (Thermo Fisher) 

Thermal cycling parameters mRNA Piko Real 

 RPL13a Ct  

 

 
L 

SYBR Green Master Mix       3.45  
   Primers (5 μM)                 0.4  
   D.W.  3.75  
   Template cDNA            2.0  
   Total                         20 L 
 

 

 

r-GluR2 Fw AACGAGTACATCGAGCAGAGGAA 

r-GluR2 Rv GATGCCGTAGCCTTTGGAATC 

r-NRF-1 Fw AAAAGGCCTCATGTGTTTGAGT 

r-NRF-1 Rv AGGGTGAGATGCAGAGAACAAT 

r-PGC-1α Fw CAATGAATGCAGCGGTCTTA 

r-PGC-1α Rv ACGTCTTTGTGGCTTTTGCT 

r-cytochrome c Fw GGCAAGCATAAGACTGGACCAA 

r-cytochrome c Rv TTTCCAAATACTCCATCAGGGTATC 

r-COX4 Fw CACTTCGGTGTGCCTTCGGG 

r-COX4 Rv AAAGGCTGCTCCAGTCGGC 

r-COX6c Fw AGCGTCTGCGGGTTCATA 

r-COX6c Rv GCCTGCCTCATCTCTTCAAA 

r-GAPDH Fw CTCGTCTCATAGACAAGATGGTGAAG 

r-GAPDH Rv AGACTCCACGACATACTCAGCACC 

h-atp6v1h Fw GGAAGTGTCAGATGATCCCCA 

h-atp6v1h Rv CCGTTTGCCTCGTGGATAAT 

Thermal cycling parameters 
   1. 95   3 min 
   2. 95   15 sec 
   3. 60   30 sec 
   4. 72   30 sec 
   5. go to line 3 for 39 more times 
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h-ctsd Fw CTGATTCAGGGCGAGTACATGA 

h-ctsd Rv CGACACCTTGAGCGTGTAGT 

h-ctsb Fw AGTGGAGAATGGCACACCCTA 

h-ctsb Rv AAGAAGCCATTGTCACCCCA 

h-gba Fw TGGGTACCCGGATGATGTTA 

h-gba Rv AGATGCTGCTGCTCTCAACA 

h-lamp1 Fw ACGTTACAGCGTCCAGCTCAT 

h-lamp1 Rv TCTTTGGAGCTCGCATTGG 

h-mcoln1 Fw TTGCTCTCTGCCAGCGGTACTA 

h-mcoln1 Rv GCAGTCAGTAACCACCATCGGA 

h-rpl13 Fw GGATCCCTCCACCCTATGACA 

h-rpl13 Rv CTGGTACTTCCACCCGACCTC 

 

 

(1)  GluR2  

24 well  polyethyleneimine-coated 

20 nM TBT  9 PBS(-)  wash 4% paraformaldehyde/PBS(-) 

 10 PBS(-)  wash 2  Image-iT™ FX Signal 

Enhancer  1 mouse GluR2 antibody, 1:250; 

rabbit N-cadherin antibody, 1:250  1  PBS(-)  

3  wash Alexa Fluor® 488-conjugated goat anti-mouse IgG (1:500)  

Alexa Fluor® 555-conjugated goat anti-rabbit IgG (1:500)  1 

 PBS(-)  3  wash  Prolong® Diamond 

FV-1000-D (Olympus)  

 

(2) shNRF-1/293T  LAMP1  

24 well  poly-D-lysine-coated shNRF-1/293T 

Dox  120 h PBS(-)  wash 4% paraformaldehyde/PBS(-) 

 10 PBSTx (0.1% Triton-X in PBS)  10 

 2 3% BSA in PBSTx  1 rabbit 
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LAMP1 antibody, cell signaling technology, 1:400  1 

 PBSTx  3  wash Alexa Fluor® 555-conjugated goat anti-rabbit IgG 

(1:500)  1  PBS(-)  3  wash 

 4’,6-diamidino-2-phenylindole dihydrochloride (DAPI)  5 

PBS(-)  3  wash Prolong® Diamond 

 

 

(3)  LAMP1  

24 well  polyethyleneimine-coated 

Neurobasal medium (B-27 supplement penicillin/streptmycin

) 20 nM TBT  7 PBS(-)  wash 4% 

paraformaldehyde/PBS(-)  10 PBSTx 

 10  2 3% BSA in PBSTx  1 

rabbit LAMP1 antibody, abcam, 1:400; mouse MAP2 antibody, 1:250  1 

 PBSTx  3  wash Alexa Fluor® 488-conjugated 

goat anti-mouse IgG (1:500)  Alexa Fluor® 555-conjugated goat anti-rabbit 

IgG (1:500)  1  PBS(-)  3  

wash Prolong® Diamond  

 

NRF-1  

(1) HEK 293T  

HEK 293T DMEM 10% FBS 0.58 mg/ml L- 2 mg/ml 

NaHCO3 100 units/ml 100 μg/ml 4.5 g/l 

FuGENE HD (Promega) pcDNA3.1(+)_HA-hNRF-1 

 pAcGFP-C1_HA-hNRF-1 48 20 nM TBT 

 3 TNE  

(2)  

Dynabeads protein G (Invitrogen)50 μL  1.5 mL 

 PBS-T (PBS with 

0.1% Tween 20)  2  wash GFP  

(Santa Cruz Biotechnology, sc-9996) 1 μg  200 μL  PBS-T 
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 10 200 μL  PBS-T 

 wash 20 nM TBT 3 whole 

cell extract PBS-T  200 μL  20 

Dynabeads-antibody(Ab)-antigen(Ag) complex  200 μL  PBS-T 

 3  wash Dynabeads-Ab-Ag complex 100 μL  PBS-T 

20 μL  2 Sample buffer 

95  3 

 

 

 

(1)  

3 

hypotonic buffer 10 24G syringe 

4 10000 rpm 30 pellet  low salt buffer 

 1/2 high salt buffer  1/2  30 

4 14000 rpm 30  
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HHypotonic buffer  μL 

0.1 M HEPES (pH 7.9) 100 

1 M MgCl2 1.5 

1 M KCl 10 

1 M DTT 0.5 

5×complete 200 

D.W. 688 

Total 1000 μL 

 

LLoow salt buffer   μL 

0.1 M HEPES (pH 7.9) 200 

1 M KCl 20 

1 M MgCl2 1.5 

50 mM EDTA 2 

80% glycerol 313 

0.1 M DTT 2 

5×complete 200 

D.W. 261.5 

Total 1000 μL 

 

High salt buffer   μL 

0.1 M HEPES (pH 7.9) 200 

3 M KCl 200 

1 M MgCl2 1.5 

80% glycerol 313 

0.1 M DTT 2 

5×complete 200 

D.W. 83.5 

Total 1000 μL 
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(2)  

2×annealing buffer  oligonucleotide  

2×annealing buffer                         Annealing reaction mixture 

       μL                μL 

2 M Tris-HCl (pH 7.5)       125           oligonucleotide Fw (50 μM)    20 

0.5 M EDTA                175           oligonucleotide Rv (50 μM)    20 

5 M NaCl                   40            2×annealing buffer           50 

Nuclease free water         660           Nuclease free water           10 

Total                       1000 μL        Total                     100 μL       

 

Annealing reaction 

95 , 5 min. 

 0.1 /s to 70  

70 , 10 min 

 0.1 /s to 60        annealing  oligonucleotide = consensus oligo.  

60 , 10 min.                     consensus oligo conc.: 10 pmol/μL 

 0.1 /s to 50  

50 , 10 min. 

 0.1 /s to 40  

40 , 10 min. 

 0.1 /s to 30  

30 , 10 min. 

 0.1 /s to 20  

20 , hold 

Oligonucleotide  

NRF-1 Fw TTTTGCCTCGAGTCGCGCACGCGCGCCCGGGACTGC 

NRF-1 Rv TTTTGCAGTCCCGGGCGCGCGTGCGCGACTCGAGGC 

REST Fw AGCTCCGACTAAAGCGCTGTCCTCGGTGCTAAAATCGG 

REST Rv CCGATTTTAGCACCGAGGACAGCGCTTTAGTCGGAGCT 

Sp1 Fw ATTCGATCGGGGCGGGGCGAGC 

Sp1 Rv GCTCGCCCCGCCCCGATCGAAT 
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(3)  

Consensus oligo. (1.75 pmol/μL) 2 μL 

T4 Polynucleotide Kinase 10×Buffer 1 μL 

[γ-32P]ATP (3000 Ci/mmol.at 10 mCi/mL) 2.2 μL 

Nuclease free water 3.8 μL 

T4 Polynucleotide Kinase 1 μL 

Total 10 μL 

 

Incubation at 37 , 30 min. 

↓0.5 M EDTA 1 μL 

↓TE buffer (up to 50 μL) 

Labeled oligonucleotide probe     

 

(4)  

50 mL tube G25  0.4 g  milli Q  30 mL 

G25 : milliQ = 1:1  milliQ 

Tube 0.65 mL tube  300 μL G25 Tube  18G 

needle 1.5 mL tube 5000 rpm 3 (3)  

oligonucleotide G25  tube 5000 rpm 3  1.5 mL 

tube Blank (TE buffer)  oligonucleotide  oligonucleotide 

 0.65 mL tube  1 μL P.T 1.0  

 

(5)  

5×TBE buffer 3.0 mL 

40% acrylamid (w/v), AA:bis=60:1 3.0 mL 

80% glycerol 940 μL 

D.W. 22.8 mL 

TEMED 15 μL 

10% APS 225 μL 

 1  
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(6) DNA  

 Total volume 14 μL 

↓ 

Incubation at 25 , 30 min. 

 ↓←probe 1 μL 

Incubation at 25 , 20 min. 

 ↓gel loading 10×buffer 1.5 μL 

Electrophoresis 

 

(7)  

Pre-run: 200 V for 60-90 min. (buffer: 0.5×TBE) 

  

Well wash & sample  

              ↓ 

Run: 200 V for 80 min. (until BPB is 3/4 of the way down the gel) 

              ↓ 

Place the gel on 3 MM paper 

        ↓ 

Cover with saran wrap 

          ↓ 

Dry on the gel dryer for 30-90 min. at 80  

          ↓ 

Expose to X-ray film 

 

(8)  

48  

NC PC Specific oligo. Non-specific
oligo. cont. TBT

11 6 4 4 6 6
3 3 3 3 3 3
0 0 2 2 0 0
0 5 5 5 5 5

Nuclease free water
5 binding buffer

oligo. (1.75 pmol/ L)
nuclear extract
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(1) DNA  
1% formaldehyde 10 glysine (final 

0.125 M) 5 PBS 
(-) 1.5 mL 4,200 rpm 3

500 L Cell lysis buffer 4,200 rpm 3
100 L Cell lysis buffer 10

Dounce homogenizer 15 250 L Cell lysis buffer
2 6,200 rpm 10 150 

L Sonication buffer DNA 30 3
Handy Sonic model UR-20P (TOMY) 5

12,000 rpm 10 DNA nanodrop
260 nm DNA Sonication buffer

-80  
 
(2)  
(a)  

Dynabeads 50 L 1.5 mL
400 L PBS (-) 2 0.5% BSA 2 

g NRF-1 antibody (ChIP Grade) 200 L PBS (-) 4 
400 L PBS (-)  

 
(b)  

(1) Chromatin solution 60 L 540 L ChIP dilution buffer 10
 20 L  Input  1.5 mL -20 

 580 L  Chromarin solution  (2)-(a) Dynabeads/antibody complex 
4

400 L  buffer (ChIP washing buffr 1 ChIP washing buffer 1
LiCl immune complex wash buffer 2 TE buffer 2 )  

 
(3)  

Elution buffer 250 L Elution buffer Dynabeads/antibody/antigen 
complex 15

1.5 mL Dynabeads/antibody/antigen complex  Elution 
buffer 15  1.5 mL 
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(2)-(b)  Input  500 L Elution buffer IP Input
 20 L 5M NaCl  65   4  

 
(4) DNA  

65  500 L phenol : chloroform : 
isoamylalchol = 25 : 24 : 1 12,000 rpm  5 

1.5 mL 50 L 3 M 
NaOAc (pH 5.2) 2 L 20mg/mL glycogen 1 mL ethanol 20 

15,000 rpm 15 80% ethanol
15,000 rpm 15 50 L N.F.

-20  
 
(5) DNA  

 PCR  IP DNA  Input DNA 
IP/Input  PCR  QuantiTect® SYBR® 
Green PCR Kit CFX Manager DNA 

 Ct  
 

 
KAPA SYBR® FAST qPCR MasterMix   7.5 L 
Primers (5 mM)                        0.8 L 
N.F. water                             8.9 L 
Template DNA                          2 L 
Total                                  20 L 
 
(6) buffer  
Cell lysis buffer Sonication buffer 

    
HEPES (pH 7.9)     10 mM Tris (pH 8.1)    50 mM 
MgCl2              1.5mM   EDTA          10 mM 
KCl                10 mM           SDS             1% 
DTT                0.5 mM              protease inhibitor cocktail   
PMSF              0.2 mM  
 
 
 

Thermal cycling parameters 
   1. 95   3 min 
   2. 95   15 sec 
   3. 62   30 sec 
   4. 72   30 sec 
   5. go to line 3 for 49 more times 
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ChIP dilution buffer ChIP washing buffer  

      
Tris (pH 8.1)        25 mM          Tris (pH 8.1)    16.7 mM 
NaCl              140 mM               SDS             0.01% 
Triton X-100         1%                  Triton X-100       1% 
SDS                0.1%                 EDTA          1.2 mM 
EDTA               3 mM               NaCl            150 mM 
protease inhibitor cocktail  
 
ChIP washing buffer                  LiCl immune complex wash buffer 

                    
Tris (pH 8.1)     16.7 mM  Tris (pH 8.1)           10 mM 
SDS              0.01%              LiCl                   0.25 M 
Triton X-100       1%                NP40                   1% 
EDTA            1.2 mM             sodium deoxycholate     1% 
NaCl            500 mM             EDTA                  1 mM 
 
TE buffer                              Elution buffer 

             mL                L 
1M Tris-HCl (pH 8.0)   2mL       1% SDS             1000 
0.5M EDTA           0.4 mL           1 M NaHCO3         50       
MilliQ               197.6 mL         100 g/mL ssDNA     0.1 
Total                 200 mL 
 
(7)   

NRE _GluR2_promoter_Fw CGCAAGACTGGAGGTCTCTAA 

NRE _GluR2_promoter_Rv  CGCACACACACAGGAAAGTC 

 

ATP  

Cell Titer-Glo® 10

10 L

control  
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Lyso Tracker  

4  35 mm  shNRF-1/293T Dox  

120 PBS  wash Lyso Tracker Red DND-99 (final 50 nM) 

 15 PBS  wash  F12 

 

NRF-1  

 HA  human NRF-1  Prime STAR HS 

polymerase PCR  Hind III  Not I 

pcDNA3.1/Zeo (+) vector (Invitrogen)  pAcGFP-C1 vector (Takara bio Inc) 

PCR 
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shNRF-1/293T  

pLKO-Tet-On <shNRF-1>  

(1) shRNA  

NRF-1  shRNA  scramble shRNA  

NRF-1_Top1 CCGGCCGTTGCCCAAGTGAATTATTCTCGAGAATAATTCA

CTTGGGCAACGGTTTTT 

NRF-1_Bottom1 AATTAAAAACCGTTGCCCAAGTGAATTATTCTCGAGAATA

ATTCACTTGGGCAACGG 

scramble_Top1 CCGGCCTAAGGTTAAGTCGCCCTCGCTCGAGCGAGGGCG

ACTTAACCTTAGGTTTTT 

scramble_Bottom1 AATTAAAAACCTAAGGTTAAGTCGCCCTCGCTCGAGCGA

GGGCGACTTAACCTTAGG 

 

 

(2)  

shRNA  Top  Bottom 

 

 

  

Top oligo (100 μM) 11.25 μL 

Bottom oligo (100 μM) 11.25 μL 

10 ×  2.5 μL 

 

 10 ×  

1 M Tris 5 mL  

5M NaCl 10 mL  

Total 50 mL  

HCl  pH 7.4  

 

 shRNA  0.5 ×  400  

Thermal cycling parameters 

95°C  5 min  

2.5°C 
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(3)  

EcoRI  AgeI  double digestion  37°C

2  

 

  

Tet-pLKO-puro (#21915, Addgene) 400 ng 

10  H buffer 1 μL 

EcoRI 0.5 μL 

AgeI 0.5 μL 

D.W.  10 μL  

 

(4)  

 0.7% 

 20 μL  D.W.  

 

(5)  

16°C 1  

 

  

 oligo 1 μL 

 20 ng 

Ligation high ver.2 7.5 μL 

TE buffer  15 μL  

 

(6)  

 (Stbl3) 100 μL  5 μL  20 

42°C  40  5 

LB 37°C 
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(7)  PCR  

 Thermal cycling parameters 

 PCR  

  

  

10 × Ex Taq Buffer 1 μL 

dNTP mix (2.5 mM) 0.8 μL 

Ex Taq (5 units/μL) 0.1 μL 

Forward primer (100 μM) 0.1 μL 

Reverse primer (100 μM) 0.1 μL 

D.W. 7.9 μL 

Total 10 μL 

 

shRNA_seq_Fw GGCAGGGATATTCACCATTATCGTTTCAGA 

pLKOtet_10596_Rv CAAAGTGGATCTCTGCTGTCC 

 

 

PCR  0.7% 

 GenEluteTM Plasmid Miniprep Kit 

 

 

(8)  

 XhoI 37°C 2  

 

  

 DNA 500 ng 

XhoI 0.5 μL 

10 × H buffer 1 μL 

D.W.  10 μL  

 

2% 100 bp  2 

Thermal cycling parameters 

Stage 1 × 1      98°C     30 sec 

Stage 2 × 30     98°C     10 sec 

               55°C     30 sec 

               72°C     90 sec 

Stage 3 × 1      72°C     5 min 
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Day 1 HEK 293T  

1. poly-D-lysine  100 mm dish  HEK 293T  400  

cells  

2. 24  CO2  

 

Day2  

1.  transfection mixture 10  

2.  8 ml  

3. Transfection mixture O/N  

 

 

Day 3  

1. 13-16 10 μM forskorin (x500 stock solution at -30 oC; 10 mg/ 4.872 ml 

DMSO)  9 ml  

2. 48  

 

Day 5  

1.  0.45 μm PVDF  50 ml  

 Plasmid ug/ul ug/plate ul/plate 

Transfer Plasmid Tet-pLKO-hNRF-1 1 5 5 

Packaging Plasmid pMDLg/pRRE 1 1.7 1.7 

Envelope Plasmid pMD2.G 1 1.7 1.7 

RNA Export Plasmid pRSV-Rev 1 1.7 1.7 

 PEI(pH4.5) 1 40 40 

 Optimem   950 

total    1000.1 
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2. 4x PEG-it (3 ml PEG-it / 9 ml )  

3. 4 oC O/N 

4. 1,500 g 30  

5.  

6. 1,500 g 5  

7. optimem  1/500  

8.  -80 oC  

 

 

1. HEK 293T  24 well plate O./N. 

2.  (1-5 μl)  polybrene 8 μg / ml 24  

3. PBS wash  24  

4. 1 μg/ml 2 

 

5.  100 cells / 100 mm dish 1 

 

6.  Dox  NRF-1 

 K.D.  

 

 

 

Poly-D-lysine  24 well  shNRF-1/293T

100 ng/ml Dox L-[14C] valine (final 0.2 μCi/ml) 

 400 μl 20-24 PBS  wash  10 mM valine 

 500 μM  2 PBS  wash 10 
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