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amino acid (aa) 

amino acid response element (AARE) 

ATF/CRE modifier (ACM) 

apoptosis inducing factor (AIF) 

N-Acetyl-L-leucyl-L-leucyl-L-norleucinal (ALLN) 

asparagine synthetase (ASNS) 

activating transcription factor 4 (ATF4) 

activating transcription facor 6 (ATF6) 

amyloid  (A ) 

bafilomycin A1 (Baf) 

brefeldin A (BFA) 

basic leucine zipper domain (bZIP) 

CCAAT/enhancer-binding protein  (C/EBP ) 

cation transport regulator homolog 1 (Chac1) 

C-terminus of Hsc-70-interacting protein (CHIP) 

cycloheximide (CHX) 

concanamycin A (CMA) 

cAMP response element binding protein (CREB) 

cysteine-rich with EGF-like domains 2 (CRELD2) 

dimethyl sulfoxide (DMSO) 

dithiothreitol (DTT) 

ethylenediaminetetraacetic acid (EDTA) 

eukaryotic translation initiation factor 2  (eIF2 ) 

endoplasmic reticulum (ER) 

ER associated degradation (ERAD) 

extracellular signal-regulated kinase 3 (ERK3) 

ER stress response element (ERSE) 

glyceraldehyde 3-phosphate dehydrogenase (G3PDH) 
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growth arrest and DNA damage-inducible protein 153 (GADD153) 

green fluorescent protein (GFP) 

glucose regulated protein 78 (GRP78) 

glutathione (GSH) 

human aortic endothelial cells (HAEC) 

human embryonic kidney cells 293 (HEK293) 

homocysteine-induced endoplasmic reticulum protein (Herp) 

inositol-requiring enzyme 1 (IRE1) 

inhibitor of kappa B (I B) 

kelch like ECH associated protein 1 (Keap1) 

mesencephalic astrocyte-derived neurotrophic factor (MANF) 

mitogen-activated protein kinase (MAPK) 

nuclear factor-kappa B (NF- B) 

National Institutes of Health (NIH) 

NF-E2-like basic leucine zipper transcriptional activator (Nrf2) 

oxidized 1-palmitoyl-2-arachidonyl-sn-3- glycero-phosphorylcholine (ox-PAPC) 

aka Parkinson protein 2 (Parkin) 

phosphate buffered saline (PBS) 

polymerase chain reaction (PCR) 

PKR-like endoplasmic reticulum kinase (PERK) 

protein kinase A (PKA) 

protein kinase C (PKC) 

phorbol 12-myristate 13-acetate (PMA) 

phenylmethylsulfonyl fluoride (PMSF) 

reactive oxygen species (ROS) 

reverse transcription PCR (RT-PCR) 

serine protease site-1 (S1P) 

serine protease site-2 (S2P) 

sodium dodecyl sulfate (SDS) 

serum free (SF) 
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thapsigargin (Tg) 

tunicamycin (Tm) 

tumor necrosis factor receptor superfamily member 6B (TNFRSF6B) 

tribbles 3 homolog (TRIB3) 

ubiquitin (Ub) 

Ub conjugating enzyme (Ubc) 

unfolded protein response (UPR) 

X box-binding protein-1 (XBP1) 
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1-1.   

 

 (ER; endoplasmic reticulum) 

ER 

ER 

UPR (unfolded protein 

response) UPR  3 

ER  PERK (PKR-like endoplasmic reticulum kinase)

ATF6 (activating transcription facor 6) IRE1 (inositol-requiring enzyme 1) 

 (1) PERK PERK 

 eIF2  (eukaryotic translation initiation factor 2 )

 (2 3) ER 

 ER 

 ATF4 (activating transcription factor 4) GADD153 

(growth arrest and DNA damage-inducible protein 153) 

 (4 5) GADD153 

 (6 7) ATF6 

ER  ATF6  S1P (serine protease site-

1)  S2P (serine protease site-2)  ATF6 (cleaved ATF6) 

cleaved ATF6 GRP78 (glucose regulated protein 78) 

 (8) IRE1 IRE1 

XBP1 mRNA (uXBP1)  (sXBP1) sXBP1 

 ER  ERAD 

(ER associated degradation) 

 (9) ERAD -

 ( 1-1)  



5 
 

UPR 

GADD153  AARE 

(amino acid response element; ATTGCATCA) ERSE (ER stress response element; 

CCAAT-N9-CCACG)  ATF4 cleaved ATF6 

 (10) GRP78 

 ERSE cleaved ATF6 

 (8) ERAD  Herp 

(homocysteine-induced endoplasmic reticulum protein)  AARE

ERSE-II (ATTGG-N-CCACG)  ATF4 cleaved ATF6  

sXBP1 Herp  (11 12)  
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1-1.  ER  UPR  

ER ER 

UPR UPR  ER  

PERK ATF6 IRE1 

ERAD ER

GADD153  
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1-2.  -  

 

-  (ubiquitin; Ub) 

 26S  (13

14) DNA 

 (14-17)  

Ub  76  (amino acid; aa)  ( 1-2 (A)) Ub 

 Ub  76 

 -

 Ub  Ub 

 (polyUb)  Ub  7  (K6

K11 K27 K29 K33 K48 K63)  1 

 polyUb Ub  48  Ub 

 K48 polyUb  26S 

Ub  63  Ub  K63 

polyUb DNA 

 (15 16)  

 

1-2. (A)  Ub  (NM_019639 NCBI ) 

 

Ub  3  (E1, 

ubiquitin activating enzyme)  ATP  AMP 

Ub  76  E1 

 Ub 

E1  (E2, ubiquitin conjugating enzyme; Ubc) 
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E2  Ub 

E2  (E3, ubiquitin ligase) 

 Ub  (14  1-2 (B)) E1 

 1 E2  35 E3  600 

 (18) E3  HECT 

RING U-box  3  

(19)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 1-2. (B) -  Ub  

Ub  3  (E1 E2 E3)  Ub 
 Ub  

(Jung T et al. The proteasomal system. Mol Aspects Med 30, 191-296 
(2009) ) 

 

Ub  Ub 

 Ub  Ub 
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 (20) p21 ERK3 (extracellular signal-regulated kinase 3)

Cyclin G1  N  -  Ub 

 Ub  (21-24)

 Ub 

 Ub  (25-28 1-2 (C))  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1-2. (C) Ub  
Ub  Ub  76 

 -
 Ub  Ub 

 N 
 Ub Ub 

 
(McDowell GS et al. Non-canonical ubiquitylation: mechanisms and 
consequences. Int J Biochem Cell Biol 45, 1833–1842 (2013) ) 
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1-3.   

 

UPR -

ERAD  ER 

 (29 30

1-3)  

 (31 32)  

 (31 33)

 (amyloid ; A ) 

A  

UPR 

 (33 34)  

 ( ) 

 (32)  

-

 (35) E3  Parkin (aka Parkinson protein 2) 

 Pael receptor 

Pael receptor  ERAD 

 ER  (32 36)  

 p53  RB -

 E3 

 (37)

 UPR  (38)

UPR 

 (39)  GRP78 
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 UPR 

 (40 41)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1-3.  UPR  

ATNF receptor super family, member 1A (TNFRSF1) tRNA nucleotidyltransferase, 
CCA-adding 1 (TRNT1) proteasome subunit beta type 8 (PSMB8) islet amyloid 
polypeptide (IAPP) amyloid precursor protein (APP) apolipoprotein E (APOE)
a disintegrin andmetalloproteinase domain 10 (ADAM10) preselenin 1 (PS1)
preselenin 2 (PS2) leucine rich repeat kinase 2 (LRRK2) synuclein alpha (SNCA)
PTEN-induced putative kinase 1 (PINK) oncogene DJ 1 (DJ-1) aka Parkinson 
protein 7 (PINK1) HTRA serine peptidase 2 (HTRA2) superoxidase dismutase 1 
(SOD1) transactive response DNA binding protein 1 (TDP43) protein disulfide 
isomerase (PDI) huntingtin (HTT)  
(Agyemang AF et al. Protein misfolding and dysregulated protein homeostasis in 
autoinflammatory diseases and beyond. Semin Immunopathol 37, 335-347 (2015) 

) 
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1-4.  Cation transport regulator homolog 1 (Chac1) 

 

 (human aortic endothelial cells; HAEC) 

 ox-PAPC (oxidized 1-palmitoyl-2- 

arachidonyl-sn-3-glycero-phosphorylcholine)  

Chac1  (42) HAEC  (human embryonic kidney 

cells 293; HEK293)  (HeLa) N

 (tunicamycin; Tm)  dithiothreitol (DTT) ER  Ca2+-ATPase 

 (thapsigargin; Tg)  ER 

 Chac1 mRNA ATF4  

GADD153  (43)  ER 

Chac1 mRNA 

 ( ) ER  (43-49)  

Chac1 ATF4  

CREB (cAMP response element binding protein) /ATF AARE 

 ( 2-2) Chac1  GADD153 

 ATF4 

 (50) ATF4  

CREB/ATF AARE  Chac1 

 Chac1  ATF4 

 (51) Chac1  mRNA 

 (52)  

Chac1 mRNA Chac1 

 

 (glutathione; GSH) 

 (reactive oxygen species; ROS) 

GSH ROS 

 (53) Kumar Chac1  -

glutamyl cyclotransferase GSH 5-oxoprorine  cysteine-
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glycine  (54  1-4)

 116 115 

 (51 55) Chac1  Notch  1669 

Notch 

 (56 57)  

ER  Chac1  GSH 
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1-4.  GSH  -glumamyl cycle  Chac1  GSH  

(A) GSH 
-glutamyl cyclotransferase  -glutamyl-amino acid  5-oxoproline  amino acid 

-glutamylcysteine synthetase ( -GCS) glutathione synthetase (GS)
-glutamyltransferase ( -GT)  

(Kalinina EV et al. Role of glutathione, glutathione transferase, and glutaredoxin in regulation 
of redox-dependent processes. Biochemistry (Mosc) 79, 1562-1583 (2014) ) 
(B) Chac1  -glutamyl cyclotransferase  
116 115  
(Kumar A et al. Mammalian proapoptotic factor ChaC1 and its homologues function as -
glutamyl cyclotransferases acting specifically on glutathione. EMBO Rep 13, 1095-1101 
(2012) ) 
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1-5.   

 

ER  UPR 

UPR 

3  ER 

 PERK-ATF4 ATF6 IRE1-sXBP1 

 (29)

Chac1 UPR 

 

Chac1  ER  mRNA 

 (42-48)  CREB/ATF AARE 

3  ER 

PERK-ATF4  Chac1 

 (50) Chac1 ATF4 

 Chac1  ( )  

Chac1 GSH  Notch 

 (53-56) Chac1 

Chac1 

-  Chac1 mRNA  5’  

(5’UTR 1-5)  ( )  
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 1-5.   Chac1 mRNA  5’UTR  
 5’UTR  Kozak 

 ( * ) ATG ( ) 
 ATG ( )  

(NM_026929)  (NM_001173437)  (NM_024111)  Chac1 5’UTR 
 NCBI  
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ER  Chac1  

 

 

 

2-1.   

Chac1  ER 

 (43) 3  ER PERK-

ATF4  Chac1  (50)

Chac1 ER 

Ca2+-ATPase  Tg  (Neuro2a)  

Chac1 mRNA DNA  RT-PCR Chac1 

mRNA  ER  Tm  BFA (brefeldin A) 

 Chac1 

 CREB/ATF  AARE  2 

 Tm  ATF4 Chac1 

 Tm  ATF4 

 ER  

Chac1  Neuro2a Chac1 

-

 MG132  Chac1  Chac1 
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2-2.   

 

2-2-1.  

Tg Tm BFA forskolin  Sigma-Aldrich MG132  Peptide Institute 

Chac1 Actin  Abcam Calbiochem 

 

 

2-2-2.   

 Chac1 Neuro2a 

 DNA Chac1  (-334/+112) ( 2-2)  

PCR (polymerase chain reaction) PCR  pGL3b 

(pGL3-Basic)  (Promega)  Chac1 

 PCR 

 NCBI  (NM_026929 NM_024111)  

ATF4 Neuro2a  mRNA  RT-

PCR (reverse transcription PCR)  cDNA ATF4 

 pFLAG-CMV  (Sigma-Aldrich)  Chac1 

 (NM_026929)  PCR  C57/BL6  mRNA  

RT-PCR  cDNA Chac1  (+162/+833) ( 3-

1 (A))  pcDNA3.1  (Life Technologies)  

 

2-2-3.   

Chac1  ER Neuro2a 

 (58 59) Neuro2a  8%  1% -

 Dulbecco’s Modified Eagle’s Medium 

Lipofectamine Plus reagent (Life Technologies) Neuro2a  Tg 

(0.1 M) Tm (2 g/mL) BFA (5 g/mL)  (serum free; SF) forskolin (10 M)

PMA (phorbol 12-myristate 13-acetate) (0.1 M) MG132 (20 M) 
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2-2-4.  RT-PCR 

TRIzol (Life Technologies)  10 

15,000 rpm 4   10 

 15 15,000 rpm 4   10

70% 8,500 rpm 4   5 

 RNA  RNA  72   10  

RNA (0.5 g/10 L) DTT (10 mM) dNTP (0.5 mM) random ninemers (0.05 g/10 L)

RNaseOUT (2 U/10 L) (Life Technologies) prime superscript III RNase reverse 

transcriptase (25 U/10 L) (Life Technologies) 42   60 

 cDNA  (1 M) dNTP (0.1 

mM) rTaq (0.25 U/10 L) (Taq PCR kit Takara)  PCR reaction mixture 

  

Chac1 sense primer; 5’-CATAGGGGCAGCGACAAGATG-3’   

Chac1 antisense primer; 5’-CTGTGTGGCAATGACCTCTTC-3’  

GADD153 sense primer; 5’-GAATAACAGCCGGAACCTGA-3’  

GADD153 antisense primer; 5’-GGACGCAGGGTCAAGAGTAG-3’  

GRP78 sense primer; 5’-ACCAATGACCAAAACCGCCT-3’  

GRP78 antisense primer; 5’-GAGTTTGCTGATAATTGGCTGAAC-3’  

G3PDH sense primer; 5’-ACCACAGTCCATGCCATCAC-3’  

G3PDH antisense primer; 5’-TCCACCACCCTGTTGCTGTA-3’ 

 96   30 58   30 72   30 

 (20  28 ) 

cDNA  2.0% 

Chac1  mRNA 

 NIH imaging  G3PDH (glyceraldehyde 3-

phosphate dehydrogenase) 

 

 

2-2-5.   

 Chac1  (0.1 g)  
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 pGL4.70 (Rluc) (0.04 g) (Promega) 48 well  Neuro2a 

 Lipofectamine Plus reagent (Life Technologies) 

 (58)  24  Tm (2 g/mL) forskolin 

(10 M) PMA (0.1 M)  DMSO (dimethyl sulfoxide) 

 12  ATF4 

ATF4  (0.01 g)  (mock) (0.01 g) 

36 

1 x passive lysis buffer (Promega)  15 

 Dual-

Luciferase assay system (Promega) 

 

 

2-2-6.   

 homogenate buffer [20 mM Tris-HCl (pH 8.0) 137 mM NaCl 2 mM EDTA 

(ethylenediaminetetraacetic acid) 10% 1% Triton X-100 1 mM PMSF 

(phenylmethylsulfonyl fluoride) 10 g/mL 10 g/mL A ] 

 Bradford  

SDS (sodium dodecyl sulfate) Laemmli sample buffer [62.5 mM Tris-HCl (pH 6.8) 2% 

SDS 10% ]  12.5% 

polyvinylidene difluoride membranes (Merck Millipore) 

Chac1 (1:1,000) Actin (1:5,000) enhanced 

chemiluminescence (GE Healthcare Bioscience) 

 

 

2-2-7.   

   one way-ANOVA 

Fischer’s PLSD *p < 0.05  
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2-3.   

 

2-3-1.  Neuro2a  ER  Chac1 mRNA  

 ER  Chac1 

 (43-49 52) Mungrue  Chac1  ATF4 

ER 

 (43)  CRELD2 (cysteine-rich with 

EGF-like domains 2) MANF (mesencephalic astrocyte-derived neurotrophic factor) 

 Tg  Neuro2a  DNA 

 (58 59)  DNA  Chac1  Tg 

Neuro2a  ER  Chac1 

mRNA  RT-PCR 2-1 (A) Tg 

 Chac1 GADD153 GRP78 mRNA G3PDH 

mRNA  Chac1 mRNA  Tg 4 8 12 

 1.5 1.8 2.3  ER  Tm BFA 

GADD153 GRP78 mRNA Chac1 mRNA  1.7

1.5  ( 2-1 (B))  
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2-1.  Neuro2a  ER  Chac1 mRNA  

(A) Neuro2a  Tg (0.1 M) (B) Neuro2a  Tg (0.1 
M) Tm (2 g/mL) BFA (5 g/mL)  (SF)  DMSO (con)  8 

 RNA  RT-PCR  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-2.   Chac1 
 Chac1  (*) 

 (NM_026929)  (NM_024111)  
Chac1  NCBI 
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2-3-2.  Neuro2a  ER  Chac1 

 

2-2  Chac1  Chac1 

 ATF4 

 CREB/ATF AARE 

Chac1 

 Chac1  CREB/ATF  AARE 

Neuro2a 

CREB/ATF AARE  Chac1 

 (-334/+112 -262/+112)  (-136/+112) 

Tm  ( 2-3 (A))  ATF4  ( 2-3 (B)) 

CREB/ATF  (-210/+112) 

50%  2 

CREB/ATF  AARE  (-136/+112) 

 (-334/+112 -262/+112)  10  

1  Tm ATF4  
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2-3.  Neuro2a  Tm  ATF4  Chac1 
 

(A) Neuro2a  pGL3b  Chac1 
24 Tm (2 g/mL)  DMSO (-)  12 

(B) Neuro2a  pGL3b  Chac1 
 ATF4  (mock) 
36  3 

wells    pGL3b 
 (*p < 0.05)

 

 

Chac1 mRNA  CREB/ATF 

PKA (protein kinase A)-CREB  

forskolin  Neuro2a forskolin  CREB 

Chac1 mRNA  Chac1 

 ( 2-4 (A) (B)) Chac1 PKC (protein kinase 

C)  PMA mRNA 

 ( 2-4 (A) (C))  
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2-4.  Neuro2a  Chac1 mRNA  
Forskolin PMA  
(A) Neuro2a  Tm (2 g/mL) forskolin (F) (10 M) PMA (0.1 M) 

 DMSO (con)  12  RNA 
 RT-PCR (B) Neuro2a  pGL3b  Chac1 

24 forskolin (F) (10 M) Tm (2 
g/mL)  DMSO (-)  12 (C) Neuro2a 

 pGL3b  Chac1 
24 PMA (0.1 M)  DMSO (-)  12 

 3 wells    
pGL3b  (*p < 0.05)  
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ER  Chac1  CREB/ATF AARE 

 Chac1 

2-5 (A) 

 (-262/+112 m1 m2)  (-262/+112) 

 Tm  

ATF4  (  2-5 (B) (C))

 (-262/+112 m3)  (-136/+112) 

AARE 

 AARE  (-210/+112 m1 m2 m3) Tm 

 ATF4  ( 2-5 (D) (E) (F))  
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2-5.  Tm ATF4  Chac1 

(A)  Chac1  CREB/ATF AARE  ( )  
( ) (B) Neuro2a  pGL3b  Chac1 

24 Tm (2 g/mL)  DMSO 
(-)  12 (C) Neuro2a  pGL3b 

 Chac1  ATF4 
 (mock) 36 

(D)  Chac1  AARE  ( )  ( ) 
(E) Neuro2a  pGL3b  Chac1 

24 Tm (2 g/mL)  DMSO (-)  12 
(F) Neuro2a  pGL3b  

Chac1  ATF4  (mock) 
36 

 3 wells    pGL3b 
 (*p < 0.05)
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2-3-3.  Neuro2a -  Chac1 

 

 Chac1  Chac1 

ER  (Tg Tm)  Neuro2a 

 Chac1 Chac1 

 Chac1 mRNA  Tg Tm MG132 

 ( 2-6 (A)) Chac1  Chac1 

 24 -

 MG132  12  ( 2-6 (B))  

 

2-6.  Neuro2a  MG132  Chac1 
(A) Neuro2a  Tg (0.1 M) Tm (2 g/mL) MG132 (MG) (20 M)  
DMSO (con)  12  RNA 

 RT-PCR (B) Neuro2a  Chac1 
24 Tg (0.1 M) Tm (2 g/mL) MG132 (MG) (20 M) 

 DMSO (con)  12  Chac1  Actin 
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2-4.   

  HAEC  ox-

PAPC  Chac1 

 Chac1 mRNA  (43-49 52)  Tg 

 ER  Neuro2a  Chac1 mRNA 

 DNA  RT-PCR Chac1 

Neuro2a  Chac1 

mRNA  GADD153 (60) GRP78 (61 62)  ER 

 ( 2-1)  Chac1 

 CREB/ATF AARE  2 

 ( 2-2) 3  ER 

 PERK (2) IRE1 (63) ATF6 (64) ER 

 (65-68)  PERK  eIF2   ATF4 

 eIF2  

 (69) ER  ATF4  AARE 

GADD153 (60 70) TRIB3 (tribbles 3 homolog) (71) ASNS (asparagine synthetase) 

(72) Romanski  Chac1 

 AARE  CREB/ATF  ATF4 

 HAEC  (50)

-  Chac1  CREB/ATF 

 (-210/+112)  (-

262/+112 m1)  Tm  ATF4 

 ( 2-3 2-5 (B) (C)) AARE 

 (-262/+112 m2) CREB/ATF  (-262/+112 

m1)  Chac1 

CREB/ATF AARE  ER 

 Chac1 

 (-262/+112 m3) 
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 (-262/+112 m1 m2) 

 ( 2-5 (B) (C))  

CREB2  ATF4  CREB/ATF  (73)

CREB  PKA  MAPK (mitogen-activated protein kinase) 

 (74) Forskolin

PMA  Chac1 mRNA 

PKA PKC  CERB/ATF AARE  

Chac1  ( 2-4)  

Chac1  ER 

 

  Chac1 mRNA 

(43-49 52) Chac1 Mungrue  

GFP (green fluorescent protein)  Chac1  HEK293 

 HAEC  (43)

3 AIF (apoptosis inducing factor) 

 TNFRSF6B (tumor necrosis factor receptor 

superfamily member 6B) Chac1 

MG132  ER 

 Neuro2a  Chac1 

 Chac1  Neuro2a 

 MG132  ( 2-6 (B))  

Chac1 -

Ub 

DNA 

 (14-17) ER 

-

Jiang  Wek 

 ATF4 mRNA 

ATF4  (75)  MG132 
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 ATF4  eIF2   ATF4  GADD153 

mRNA ATF4 

 MG132  Neuro2a 

 ATF4  Tg Tm  MG132 

MG132  Neuro2a  ATF4 

 Chac1 mRNA  ( 2-6 (A))  

GADD153 mRNA MG132  Neuro2a 

 ATF4 Chac1  GADD153 mRNA 

bZIP (basic leucine zipper domain)  ATF4 

 (76) ATF4  C/EBP  

(CCAAT/enhancer-binding protein ) GADD153 Nrf2 (NF-E2-like basic leucine zipper 

transcriptional activator)  (72 77 78)

Chac1 

 

 Chac1 

 2  ATF4 CREB/ATF AARE 

ER 

 eIF2   ATF4  (79-82)

 Chac1 

 ( )  (33-36 38

83 84) Chac1 

-  

( 2-6 (B)) Kumar  Chac1  -

glutamyl cyclotransferase  GSH  

(54) Chac1 ER 

 (85)  

Chac1 eIF2 -ATF4 
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Chac1  

 

 

3-1.   

 

Chac1  ER GSH  -glutamyl 

cyclotransferase  (43-49 54 55)

 Chac1 Chac1 mRNA  5’UTR  

Kozak  Chac1 5’UTR 

 Chac1 Chac1  2  

ATG  Chac1 ( Chac1) 

-  Chac1 

Chac1  Ub 

Ub  

Chac1  Chac1 

 Ub  Chac1  GSH 

Chac1 Chac1 

 5’UTR  Kozak  Ub 

Chac1  

Ub  GSH 
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3-2.  

 

3-2-1.  

CHX (cycloheximide) Baf (bafilomycin A1) ALLN (N-Acetyl-L-leucyl-L-leucyl-L- 

norleucinal)  Sigma-Aldrich Suc-LLVY-MCA  Peptide Institute 

CMA (concanamycin A)  Wako c-Myc HA LC-3 

 Santa Cruz Biotechnology Clontech Laboratories Medical & 

Biological Laboratories  

 

3-2-2.  

 Chac1  (NM_026929)  PCR  C57/BL6  

mRNA  RT-PCR  cDNA Chac1  

(+162/+833)  pcDNA3.1  (pcDNA3.1-Chac1) c-Myc 

 Chac1 Myc 

 (5’-TCACAGATCCTCTTCTGAGATGAGTTTTTGTTCGGTCAGTGCCAGA 

GGC-3’)  PCR  pcDNA3.1-Chac1  C 

pcDNA3.1-Chac1-Myc (+162/+830; Chac1-Myc)  (  3-1 (A)) 5’UTR  

(+1/+830; 5’-Chac1-Myc) 5’UTR  (+82/+830; 5’Chac1-Myc)

 Kozak  (+156/+830; Kozak-Chac1-Myc)  Chac1  

2  Chac1  (+393/+830; 

Chac1-Myc)  pcDNA3.1-Chac1-Myc  PCR  (  

3-1 (A)) pcDNA3.1-Chac1-Myc  PCR 

3  (M1I M78I M187I; 3-

2 (C)) pcDNA3.1-5’-Chac1-Myc  PCR 

5’-Chac1 (K0)-Myc (  3-4 (A)) 

pcDNA3.1-5’-Chac1-Myc (WT K0)-Myc  PCR 

 5’UTR  PCR  pcDNA3.1-MycHis  (Life 

Technologies)  Chac1 (WT K0)-MycHis 

Chac1  2-6  2-26  2  N 

 (Kozak-Chac1 ( 5)-Myc Kozak-Chac1 ( 25)-Myc)  pcDNA3.1- 
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Kozak-Chac1-Myc  PCR  (  3-5 (B)) N  

Myc  Chac1  (Myc-Chac1; 3-5 (A)) 

pcDNA3.1-Chac1  Chac1  pCMV-Myc  (Clontech 

Laboratories)  N  Myc 

pcDNA3.1 Myc 

 Chac1 (K0)  (+162/+830; Chac1 (K0)-Myc(KR)His)  

Chac1 (K0)-MycHis  PCR N  HA 

 (HA-Ub (WT))  48 63  Ub 

 (HA-Ub (K48 K63))  Dr. Kah-Leong LIM  (86)  

 

3-2-3.   

HEK293  8%  1% -  

Dulbecco’s Modified Eagle’s Medium 

polyethylenimine Max 

(Polysciences)  (87) HEK293  Tg (0.1 M) Tm (2 g/mL)

MG132 (20 M) CHX (10 g/mL) Baf (50 nM) CMA (50 nM) ALLN (10 M) 

 

 

3-2-4.  RT-PCR 

TRIzol  10 

15,000 rpm 4   10 

 15 15,000 rpm 4   10

70% 8,500 rpm 4   5 

 RNA DNase  RNA  72   10 

 RNA (0.5 g/10 L) DTT (10 mM) dNTP (0.5 mM) random ninemers 

(0.05 g/10 L) RNaseOUT (2 U/10 L) prime superscript III RNase reverse 

transcriptase (25 U/10 L) 42   60  cDNA 

 (1 M) dNTP (0.1 mM) rTaq (0.25 

U/10 L)  PCR reaction mixture  Chac1 mRNA 
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 T7 primer Chac1 antisense primer G3PDH mRNA 

G3PDH sense primer G3PDH antisense primer  

T7 primer; 5’- TAATACGACTCACTATAGGG-3’  

Chac1 antisense primer; 5’-CTGTGTGGCAATGACCTCTTC-3’  

G3PDH sense primer; 5’-ACCACAGTCCATGCCATCAC-3’  

G3PDH antisense primer; 5’-TCCACCACCCTGTTGCTGTA-3’ 

 96   30 58   30 72   30 

 (20  34 ) 

cDNA  2.0% 

 Chac1  mRNA  

Image J software (National Institutes of Health; NIH) Chac1-Myc 

 

 

3-2-5.  

 homogenate buffer [20 mM Tris-HCl (pH 8.0) 137 mM NaCl 2 mM EDTA 10% 

1% Triton X-100 1 mM PMSF 10 g/mL 10 g/mL 

A ]  Bradford 

 SDS Laemmli sample buffer [62.5 mM Tris-HCl (pH 6.8) 2% SDS 10% 

]  12.5%  15% 

polyvinylidene difluoride membranes 

Chac1 (1:1,000) c-Myc (1:1,000) HA (1:1,000) LC3 (1:3,000) Actin (1:5,000) 

ECL Detection System  Western Blotting Substrate Plus 

(Thermo Fisher Scientific)  Image J 

software  

 

3-2-6.  

 60 mm  HEK293 lysis 

buffer [20 mM Tris-HCl (pH8.0) 150 mM NaCl 1% Nonidet P-40 1 mM EDTA 1 mM 

PMSF 10 g/mL 10 g/mL A]  

12,000 x g  6 2 g  c-Myc  Protein G 
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Sepharose (GE Healthcare Bioscience) 

 wash buffer [20 mM Tris-HCl (pH 8.0) 150 mM NaCl 0.2% Nonidet P-

40 1 mM EDTA 1 mM PMSF]  3 SDS Laemmli sample buffer 

 

 

3-2-7.  GSH  

 GSH  Hisson  Hill  (88)

 5 mM EDTA  25% (w/v) 

 0.1 M sodium phosphate buffer (pH 8.0) 10,000 x g  10 

5 mM EDTA  0.1% o-phthalaldehyde  0.1 M sodium phosphate 

buffer (pH 8.0)  15  350 nm/

 420 nm  

 

3-2-8.   

HEK293  26S 

 Mark FP  (89)

 lysis buffer [1% (v/v) Triton X-100  PBS 

(phosphate buffered saline)] 30 16,500 x g  15 

 20 M MG132  assay solution [30 mM Tris-HCl (pH 

7.6) 2 mM MgCl 10 mM NaCl 10 mM KCl 0.5 mM DTT 1 mM ATP 100 M Suc-

LLVY-MCA]  37   60  360 nm/

 450 nm  

 

3-2-9.   

   one way-ANOVA 

Tukey’s **p < 0.01  
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3-3.   

 

3-3-1.  -  Chac1  

 Chac1 mRNA  5’UTR (+1/+161)  

(+162/+833) 3’UTR (+834/+1583)  223  

(aa)  ( 3-1 (A)) Chac1  

(+162/+833)  Neuro2a  Chac1 

 MG132  

Chac1 mRNA  5’UTR  Kozak  

(GGCACC) 5’UTR  (+1/+830; 5’-Chac1-Myc) 5’UTR 

 (+82/+830; 5’Chac1-Myc)  Kozak  (+156/+830; Kozak-

Chac1-Myc)  Chac1  5’UTR  

(+162/+830; Chac1-Myc)  ( 3-1 (A))

 Chac1-Myc  HEK293 ER 

 (Tg Tm)  MG132  ( 3-1 (B))

Chac1  MG132 

 Chac1  MG132 

Chac1  MG132  

HEK293  ( 3-1 (C))  Chac1 

MG132 

 Chac1 

MG132  Chac1 

 CHX  5’-Chac1-Myc  Chac1  CHX 

CHX  MG132 

 ( 3-1 (D)) MG132  (90)

Chac1 Chac1-Myc 

 HEK293  MG132  (Baf CMA)

I  (ALLN) Chac1  MG132 

Baf CMA ALLN  ( 3-1 (E)) 3-
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1 (E)  LC3-II (LC3-I 

)  Baf CMA  (91) MG132 

 c-Myc  MG132  (92

93)  ( 3-1 (E))

- Chac1 
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3-1. -  Chac1 

(A)  Chac1  Chac1 
 (NM_026929 NCBI ) (B) HEK293 

 (mock)  Chac1-Myc 24 Tg (0.1 
M) Tm (2 g/mL) MG132 (MG) (20 M)  DMSO (con)  12 

 c-Myc  Actin 
(C) HEK293  MG132 (MG) (20 M)  DMSO (con)  12 

 Chac1  Actin 
(D) HEK293  5’-Chac1-Myc 24 

CHX (10 g/mL)  CHX  MG132 (MG) (20 M)  
 c-Myc  Actin 

 Image J software Actin 
(E) HEK293 Chac1-Myc 24 Baf (50 nM)
CMA (50 nM) ALLN (10 M) MG132 (MG) (20 M)  DMSO (con)  12 

 c-Myc LC3  Actin 
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3-3-2.  5’UTR  Kozak  Chac1  2 

 Chac1 

Chac1 mRNA  5’UTR 

3-1 (A)  Chac1  HEK293 

Chac1  Kozak 

 ( 3-2 (A)) Chac1  Kozak 

 5’UTR 

 Chac1 mRNA 3-2 (B) 

Kozak-Chac1-Myc Chac1-Myc  mRNA 

5’-Chac1-Myc 5’-Chac1-Myc 

Chac1  30 kDa 

HEK293  MG132  17 kDa  Chac1 

 ( 3-1 (B) (E) 3-2 (A)) Chac1 mRNA 

 2  ( 3-1 (A)) Chac1 

 3  Chac1  (Chac1 (M1I M78I

M187I)-Myc))  2  ATG  (+393/+830; 

Chac1-Myc)  ( 3-1 (A)) Chac1 (WT)-Myc Chac1 (M1I)-Myc Chac1 

(M187I)-Myc Chac1 (+393/+830)-Myc  HEK293  

Chac1 Chac1 (M78I)-Myc 

 ( 3-2 (C)) Chac1  2  ATG 
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3-2.  5’UTR  Kozak  Chac1  2 
 Chac1 

(A) HEK293  5’UTR  Chac1 
24 MG132 (+MG) (20 M)  DMSO (-MG)  12 

 c-Myc  Actin 
(B) HEK293  5’UTR  Chac1 

36  RNA  
RT-PCR  Image J software Chac1-Myc 

 3   (C) HEK293  
Chac1 24 MG132 (20 M)  
12  c-Myc  Actin 
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3-3-3.  HEK293  Ub  Chac1  Ub  

Chac1 -

 Ub 

5’-Chac1-Myc  N  HA  Ub (HA-Ub (WT)) 

 48 63  Ub (HA-Ub (K48) HA-

Ub (K63))  (86) Chac1 

 HA-Ub HA-Ub (K63) 

 ( 3-3 (A)) HA-Ub (WT)  Chac1  HA-Ub 

(K48)  c-Myc  HA-Ub 

 ( 3-3 (A))  HA-Ub  HEK293 

 

HA-Ub  MG132 

 ( 3-3 (B)) HA-Ub (WT  K63) Chac1 

 Ub Chac1-MycHis  

HA-Ub (WT  K63) MG132  Myc 

 HA 

 ( 3-3 (C) (D)) HA-Ub (K63)  Ub-

Chac1  HA-Ub (WT)  (

3-3 (D))  
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3-3.  HEK293  Ub  Chac1  Ub 

(A) HEK293  5’-Chac1-Myc  HA-Ub (WT K48  K63) 
24 MG132 (+MG) (20 M)  DMSO (-MG) 

 12  c-Myc  Actin 
(B) HEK293  pcDNA3.1 (mock)  HA-Ub (WT  

K63) 36 
 3 wells   

(C) HEK293  Chac1-MycHis  HA-Ub (WT) 
24 MG132 (20 M)  12 

 c-Myc  Protein G Sepharose HA  c-Myc 
 (Input)  

c-Myc (D) HEK293  Chac1-
MycHis  HA-Ub (WT  K63) 
24 MG132 (20 M)  12  c-Myc  
Protein G Sepharose HA  c-Myc 

 (Input)  c-Myc 
Ub-Chac1  Ub  Chac1 
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3-3-4.  HEK293  Chac1 (K0)  Ub 

 MG132  

Ub  Chac1  Ub 

 Ub Chac1  Ub 

 Chac1  5 

 ( 3-1 (A))  Chac1 (K0) 

 (+1/+830; 5’-Chac1 (K0)-Myc) HEK293  5’-Chac1 

(WT)-Myc  5’-Chac1 (K0)-Myc  HA-Ub (WT) 

 MG132 HA-Ub (WT) MG132 

 Chac1 (WT)-Myc  Chac1 (K0)-Myc  ( 3-4 (A))

 Chac1 (K0)  Ub Chac1 (K0)-MycHis  

HA-Ub (WT) MG132  Myc 

 HA Ub-Chac1  ( 3-4 (B)) Myc 

 Ub Myc 

 1 Myc 

 Chac1 (K0)  (+162/+830; Chac1 (K0)-Myc(KR)His) 

HA-Ub (WT)  MG132 

 Chac1 (K0)-Myc(KR)His  Ub MG132 

 Ub  ( 3-4 (C) (D))  
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3-4. HEK293  Chac1 (K0)  Ub 
 MG132  

(A) HEK293  5’-Chac1-Myc (WT  K0)  HA-Ub (WT) 
24 MG132 (MG) (20 M)  DMSO 

 12  c-Myc  Actin 
(B) HEK293  Chac1 (WT  K0)-MycHis  HA-

Ub (WT) 24 MG132 (20 M) 
 12  c-Myc  Protein G Sepharose 

HA  c-Myc 
 (Input)  c-Myc 

(C) HEK293  Chac1 (K0)-Myc(KR)His  HA-Ub (WT) 
24 MG132 (MG) (20 M) DMSO  12 

 c-Myc  Actin 
(D) HEK293  Chac1 (K0)-Myc(KR)His  HA-Ub (WT) 

24 MG132 (20 M)  12 
 c-Myc  Protein G Sepharose HA 

 c-Myc 
 (Input)  c-Myc Ub-

Chac1  Ub  Chac1 
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3-3-5.  Ub  Chac1 N 

 

  -  p21 ERK3 Cyclin G1 

 Ub N  Ub 

 (21-24)  N  Myc 

Kozak  (CCCACC)  Myc  Chac1  

N  (+162/+833; Myc-Chac1) Myc-

Chac1  Kozak-Chac1-Myc  HA-Ub (WT  K63)  

MG132 Myc-Chac1  Kozak-

Chac1-Myc  Chac1 HA-Ub (K63) MG132 

 ( 3-5 (A)) Myc-

Chac1 Chac1 

 (K2)  Chac1  N 

 (10-24 aa) 

Chac1  N 

N  2-6 aa 2-26 aa 

 (Kozak-Chac1 ( 5)-Myc Kozak-Chac1 ( 25)-Myc) 3-5 (B) 

Ub MG132  Chac1  Chac1 
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3-5. Ub  Chac1 N 

(A) HEK293  Myc-Chac1  Kozak-Chac1-Myc  HA-Ub (WT  K63) 
24 MG132 (MG) (20 M) 

 DMSO  12  c-Myc  Actin 
(B) HEK293  Kozak-Chac1 ( 5

25  WT)-Myc  HA-Ub (WT  K63) 
24 MG132 (MG) (20 M)  DMSO  12 

 c-Myc  Actin  
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3-3-6.   Chac1  GSH  

Chac1  E116 ( ) E115 ( )  

GSH  (51 54 55)  Chac1 

 HEK293  Chac1-Myc Chac1-Myc  5’-

Chac1-Myc  3-6 (A) 

 Chac1 Chac1-Myc 5’-Chac1-Myc 

 GSH  (**p < 0.01) Chac1 

 (E116) GSH  (

3-6 (B))   

 

3-6.   Chac1  GSH 
(A) HEK293  (mock)  Chac1 

24 MG132 (+MG) (20 M)  DMSO (-MG)  
12  c-Myc  Actin 

(B) HEK293  (mock)  Chac1 
36  GSH 

 3 wells    (**p < 0.01)

 

  



49 
 

3-4.   

 

Chac1 mRNA  5’UTR  Kozak  Chac1 

 2 

 Chac1 Chac1 -

 Ub  Ub 

Chac1  HA-Ub 

 Chac1  ( 3-3)  Chac1 (K0)

N  Chac1 ( 5 25)  Ub  ( 3-4 3-

5)  GSH  Chac1 

2 ATG  116 

 Chac1  ( 3-6)  

Chac1  (+162/+833)  

Neuro2a Chac1  MG132 

HEK293  Chac1-Myc  MG132 

 Chac1  MG132  ( 3-1 (B)

(C))  Chac1 -

Chac1 MG132 

 ( 3-1 (D))  Baf CMA 

 ( 3-1 (E)) ALLN I 

 (94-96)

 ALLN  Chac1 

 

Chac1  30 kDa  2 N

 Tm  Chac1 2 

 ( 3-1 (B)) N  C  Myc 



50 
 

 Chac1  2  ( 3-5 (A))

Chac1 Ub  (  

9 kDa) Ub 

 (

) 2 Chac1 

 

ATG  Kozak  (97)

 Chac1 mRNA  5’UTR  

Kozak  ( 1-5) Kozak  Chac1 

 ( 3-2 (A))

Kozak-Chac1-Myc  Chac1 mRNA 5’-Chac1-Myc

5’-Chac1-Myc  ( 3-2 (B)) Kozak-

Chac1-Myc  Chac1  5’-Chac1-Myc 

Kozak  Chac1 5’UTR  Chac1 

Chac1  Kozak 

5’UTR  Chac1 

 

  MG132  Chac1 HEK293  Ub 

Chac1 Chac1  Ub  

( 3-3) Ub Chac1  

Ub  Chac1 

 c-Myc  MG132 Ub 

 ( 3-3 (A)) HEK293 

 Ub  c-Myc 

 Chac1  c-Myc 

HA-Ub 

(K63)  Chac1  HA-

Ub (K63)  Chac1  Ub  HA-Ub (WT)  Ub 

 ( 3-3 (D))  HA-Ub (K63)  Chac1 

NF- B (nuclear factor-kappa B)
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Nrf2 co-factor  I B (inhibitor of kappa B) Keap1 (kelch like ECH 

associated protein 1) -

 (98 99)

 polyUb 

 (Myc : SCF (Fbw7)  SCF ( -TrCP) Cryptochromes : 

FBXL3  FBXL21) (100 101) Chac1  Ub 

Chac1  Ub 

E2  UbcH5  U-box  E3  CHIP (C-

terminus of Hsc-70-interacting protein) Ub  7 

 polyUb  polyUb 

 (102)

 polyUb 

 Chac1 

 

 Chac1 (K0) 

 Ub MG132 

 Ub  ( 3-4) Chac1  Ub 

 p21

ERK3 Cyclin G1 -

 (21-24) Chac1  Ub 

 N 

 Ub N  Myc 

 (20-24) Chac1  N 

 Myc  Myc-Chac1  Kozak Kozak-Chac1-

Myc  Chac1  HA-Ub (K63)  MG132 

HA-Ub (WT)  ( 3-5 (A))

N  Chac1 ( 5 25)  HA-Ub (WT  K63)  

MG132  ( 3-5 (B)) Myc-Chac1 

Chac1  N  Ub 
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 Kozak-Chac1 

 Ub  MG132 Kozak-Chac1-

Myc  

 Ub  Chac1 

 (Ub-Chac1)  Ub 

 Ub  (25-28)

 Ub  Chac1 

 Chac1 (1-77 aa 1-130 

aa 1-186 aa 78-223 aa)  Chac1 

 Ub  MG132 

Chac1  Ub Chac1 

 Chac1  polyUb  Ub 

 

5’-Chac1-Myc  Chac1-Myc  Chac1 

 ( 3-6 (A))

 GSH  ( 3-6 (B)) GSH 

 -glutamylcysteine synthetase GSH 

 -glutamylcysteine synthetase  

(103 104) Chac1  GSH 

Chac1 

Chac1  (E116)  GSH 

 GSH 

 -glutamyl cyclotransferase  Chac1  N  (1-77 aa) 

Chac1 

 

Chac1 5’UTR  Chac1 

Chac1  Ub 

Chac1  GSH 

 (105-107) Chac1 
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Chac1  mRNA 

 (43-49 52) Chac1 

 Chac1 mRNA 

 

Neuro2a  ER  Chac1 mRNA 

 Chac1  CREB/ATF AARE 

 ATF4 forskolin PMA 

 PKA PKC 

Mangrue  HEK293  ATF4  Chac1 

 CREB/ATF CREB/ATF  AARE 

 ACM (ATF/CRE modifier; CCTTGCTGCA) 

 (51) ATF4 

 (72 76-78) ATF4  Chac1 

 Chac1 

 

 Chac1 Chac1 

mRNA  Kozak Chac1 

 Chac1 

Neuro2a HEK293  Chac1 

HEK293  Chac1 

Chac1  Ub  Ub 

Chac1  Ub 

Ub 

Ub 

 Myc  Cryptochromes  (100

101)  Chac1 

-  
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UPR -

 ( 1-3)

 Chac1 GSH ROS 

 Chac1  GSH 

 (108) GSH 

 (109 110) Chac1  GSH 

 

GSH  Chac1  ER -

Chac1  GSH 
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