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1. 

 (ex vivo)

Sprague-Dawley 1 mM 1  (Glu

) 24

Glu

2 Glu

dihydropyrimidinase-related protein 3 (DRP-3)  DRP-2 stress-induced-phosphoprotein 1 

(STIP1) DRP-3 mRNA 2

isoform 2 Glu

DRP



2. 

 [1]

 (subventricular zone: SVZ)

 (hippocampal dentate gyrus)  [2, 3]

21

 (neural progenitor cell; NPC)  [4-7]

NPC epidermal growth factor (EGF) [4, 8] fibroblast growth factor 2 (FGF2) 

[4, 7, 8] insulin  insulin-like growth factor-1 (IGF-1) [9]

[10]

[11]  [12-14]

excitotoxic cell death [15]

 [10, 16, 17]

NPC

3. 

 (two-dimensional electrophoresis; 2-DE)

NPC

4. 

(1) 

(

13-066) 12

18

18

(2) 

Sprague-Dawley ( ) 21 12

30± 2



(3) 

 (3.1) Ex vivo

isoflurane

eye cap 2

 [18] ex vivo

1

124 mM NaCl, 5 mM KCl, 2 mM 

MgSO4, 2 mM CaCl2, 1.25 mM NaH2PO4, 22 mM NaHCO3, 10 mM glucose

(95% O2 - 5% CO2) ex vivo

 [19]

 (3.2) 

 [20]

4 µm

(Merck Millipore)

10 mM 99 °C 15 

(H2800 Microwave Processor, Energy Beam Sciences Inc.) 30

PBS 0.1% Triton X-100 15 permeabilization 1

(1% goat serum / 0.1% Tween 20 PBS) 4

anti-phospho-histone H3 monoclonal antibody (1:1000, #3377; Cell 

Signaling Technology) anti-nestin polyclonal antibody (1:100, N5413; Sigma-Aldrich)

anti-PAX6 monoclonal antibody (1:200, sc-53108; Santa Cruz) PBS

Alexa Flour 488 (1:500, goat anti-rabbit IgG (Invitrogen)) 1

DAPI (4',6-diamidino-2-phenylindole)(Invitrogen) Fluoromount (Diagnostic 

BioSystems) Nikon Plan Apo 60X/1.40

BZ-9000 series (BIOREVO) BZ-II Viewer software (Keyence)

peroxidase anti-rabbit IgG anti-mouse IgG (1:1000, Jackson 

ImmunoResearch Laboratories) 1 3,3'-diaminobenzidine 

tetrahydrochloride (DAB) (Sigma-Aldrich) DAB

ImageJ (1.49d, National Institute of Health)



 (3.3)

 (50 mM Tris-HCl, pH 7.5, 165 mM sodium chloride, 10 mM 

sodium fluoride, 1 mM sodium vanadate, 1 mM PMSF, 10 mM EDTA, 10 mg/ml aprotinin, 10 

mg/ml leupeptin, 1% NP-40) 1 4

21,500 x g 30 -80°C 

 [21] Lowry protein assay  [22]

 (3.4) 

15µg SDS-PAGE (sodium dodecyl sulfate 

polyacrylamide gel electrophoresis) PVDF

(polyvinylidene difluoride; Immobilon-P membrane, Millipore)

1  (5% skim milk / TBS) 0.02% Tween-20 TBS

4 anti-nestin polyclonal antibody (1:1000, N5413; 

Sigma-Aldrich) anti-PAX6 monoclonal antibody (1:200, sc-53108; Santa Cruz) anti-DRP-3 

polyclonal antibody (1:500, 18969-1-AP; ProteinTech) anti-DRP-2 monoclonal (1:1000, 

sc-101348; Santa Cruz) anti-STIP1 monoclonal antibody (1:200, H00010963-M11; Abnova) 

anti-actin (1:500, sc-1616; Santa Cruz)

 (HRP; Jackson ImmunoResearch Laboratories Inc.)

1  (ImmunoStar LD, Immunostar Zeta, WAKO)

LAS-1000 system (Fuji Film) Progenesis PG250 (Nonlinear 

Dynamics Ltd.) actin

 (3.5) 

80µg  (8 M urea, 2% CHAPS, 0.01% bromophenol 

blue) 1.2% Destreak reagent (GE Healthcare) 0.5% IPG buffer (GE Healthcare)

IPGphor strip holder (GE Healthcare) 11cm IPG (immobilized linear pH 

gradient 3-10 linear gradient IPG strips, Bio-Rad) strip holder IPGphor 3 IEF unit (50 

µA/strip)  (Isoelectric focusing IEF)

rehydration 10  (no voltage applied); 0 - 500 V, 4 ; 500 - 1,000 V, 1 ; 1,000 - 8,000 V, 

4 ; 8,000 V, 20 ; 500 V (20,000 - 30,000 Vh) 1 (6 

M urea, 0.5 M Tris-HCl pH 8.8, 30% glycerol, 2% SDS, 2% 2-ME)

2 (6 M urea, 0.5 M Tris-HCl pH 8.8, 30% glycerol, 2% SDS, 2.5% iodoacetoamide)

10 polyacrylamide gel (4-20% precast 

polyacrylamide gel, Bio-Rad) (200V) 40% 



10% 4 -Rad)

3

ProEXPRESS 2D Proteomic Imaging System (PerkinElmer Inc.)

Progenesis SameSpot software (Nonlinear Dynamics Ltd.) spot 

area x stain intensity spot intensity ANOVA

5 cut-off 1.3 See 

.)

 [23]

 (3.6) 

Protein LoBind tubes (Eppendorf) ProteinG Dynabeads kit (Dynal 

Biotech) 50µg 15 µl DRP-3 polyclonal 

antibody (ProteinTech) 4 10

washing buffer loading buffer

SDS-PAGE

 (3.7) 

 (50 mM ammonium bicarbonate, 50% acetonitrile) 3

100% acetonitrile (ACN) sequencing grade modified 

trypsin (Promega) 10 ng/µl  (50 mM ammonium bicarbonate 10% ACN

) 37 0.1% trifluoroacetic acid (TFA) 

/ 30% ACN  0.1%TFA / 50% ACN  0.1%TFA / 80% ACN 3 5

20 µl 0.1% TFA / 2% ACN

ZipTip C18 pipette tip (Millipore)

[24]

 (3.8) 

2

 Liquid chromatography tandem mass spectrometry (LC-MS/MS) system (Agilent 1100 

LC-MSD Trap XCT; Agilent Technologies) HPLC column; 

Zorbax 300 SB-C18 (Agilent Technologies) of dimensions = 3.5 µm, 15 mm x 75 mm; using mobile 

phases = Solvent A: 0.1% formic acid and Solvent B: CH3CN / 0.1% formic acid; with a gradient = 

0-5 min 2% B, 78 min 60% B; a flow rate = 0.3 µl/min; stop time = 78 min MS : 

capillary voltage at 1600V; dry gas at 5.0 cl/min, dry temperature of 500 °C 286 

 2200 m/z  100,000 MS Agilent Spectrum Mill MS 



proteomics workbench Swiss-Prot protein database 

(http://kr.expasy.org/sprot/) filter by protein score >10.0, 

filter peptide by score >8, percentage scored peak intensity (% SPI) >70

QSTAR-Elite system (Applied Biosystems/AB SCIEX) coupled with the Ultimate 

NanoLC system (Thermo Scientific) 20 µl 

sample loop  Ultimate instrument 25 µl/min 5 mm RP C18 pre-column 

(Thermo Scientific) Separation column 3 µm C18 beads with 100 Å pores

75 µm internal diameter × 150-mm length PepMap RP column (Thermo Scientific)

RP column 200 nl/min 75  gradient of solvent B (85% ACN and 0.1% 

formic acid) (0% B from 0 5 min, to 40% B at 45 min, to 100% B at 50 min)

QSTAR Elite mass spectrometer (Applied Biosystems/AB SCIEX) Analyst QS 

2.0 software (Applied Biosystems/AB SCIEX) MS

1 MS 3 3 3MS/MS

 ParagonTM algorithm [25] of ProteinPilot Version 4.1 (AB SCIEX)

UniProt Rat proteome database (release2014_07, 34,165 entries)

Paragon algorithm

ProteinPilot cutoff score 1.3 95% confidence  [24, 26]

 (3.9) PCR 

RNA RNeasy Mini Kit (Qiagen) DNA

DNase cDNA Reverse Transcription System (Promega Corporation)

Real-time polymerase chain reaction (PCR) assay LightCycler FastStart 

DNA MasterPLUS SYBR Green I (Roche, Basel, Switzerland)  LightCycler system

LightCycler analysis software (ver. 3.5, Roche) PCR

mRNA -actin

Total DRP-3, f - ATCAAGGGAGGGAGAATCGT - - 

TTGTCCCTTGGAAGAAATCG - - - 

GGATTTTGATGCCCTGAGTG - - TCTGCAAGACCTCCTTGCCAG - -actin, 

- TGAGAGGGAAATCGTGCGT - - TCATGGATGCCACAGGATTCC -

(4) 

±  (mean ± standard error of the mean; SEM) 2

t-test ( ) ANOVA Holm-Sidak 

 (SigmaStat 13.0; Systat Software Inc.) 5%

5. 



5.1 ex vivo

ex vivo

1

24

 (Fig.1A )  (Glu ) 1mM

1

24

 (ONL)  [10, 16]

phospho-histone H3 

(pHisH3)  [27] Glu ONL pHisH3

 (Fig.1A ) 0.3mM 1mM

 (P < 0.01, n = 5, Fig. 1B) 3mM

excitotoxic damage  (data not shown) 1mM

1

 (Figs. 1C and 1D)

Glu 1mM

1



Fig. 1 ex vivo

(A)  ( untreated)  ( ) ONL

phospho-histone H3 (pHisH3) pHisH3 3,3'-diaminobenzidine 

tetrahydrochloride (DAB) pHisH3 (B)

DAB  (pHisH3 ) 60

3  (n = 5) (C) pHisH3  (

) (D)  DAB (pHisH3)  (n = 5) P Holm-Sidek 

post-hoc test * P < 0.01  GCL IPL INL

OPL OLM POS Scale bar: 20 

µm

5.2 

Glu  (1mM 1

24 )  (neural progenitor cells; NPC) 



Paired box 6 (PAX6)

 [28] Glu PAX6 ONL

 (Fig. 2A) Glu PAX6

 (treated vs. untreated P < 0.01, n = 3, Figs. 2B and 2C)

nestin [10, 29] 

Glu  (Fig. 2D) 

 (treated vs. untreated, P < 0.01, n = 3, Figs. 2E and 2F)

NPC

Fig. 2 

(A) PAX6  (DAB ) PAX6

 (B)  (C) 

PAX6  (n = 3)  (D) nestin

(green) 4',6-diamidino-2-phenylindole (DAPI)  (blue)

(E) (F) nestin  (n = 3)

P t-test * P < 0.01 INL OPL

OLM Scale bar: 20 µm



5.3 3

Glu

2  (2-DE)

1400  (Figs. 3A and 3B)

Fig. 3C

Fig. 3 

(A) (B) 80µg

 FlamingoTM Gel Staining  (n = 3)

(C) 

 (A, B )  (C)

5.4 DPR-3 isoform 2

 Dihydropyrimidinase-related proteins (DRPs) 

 [30] DRP DRP-3

 [31]



DPR-3

DPR-3

30 DRP-3

 (pre-treatment , Fig. 4A)

Glu DRP-3  (1.39-fold, P < 

0.01, n = 5, Fig. 4B) DRP-3

Glu 1.68  (P < 0.01, n = 5, Fig. 4C)

DRP-3 isoform 2  [32]

Fig. 4  DRP-3 

(A) DRP-3 pre-treatment 

(B) DRP-3  ( )  (n = 3)

(C) DRP-3  (n = 3) P Holm-Sidek 

post-hoc test * P < 0.01

DRP-3 2

 (P < 0.01, 

n = 6, Fig. 5)



Fig. 5  DRP-2 STIP1 

(A) DRP-2 STIP1 (B) 

DRP-2  (n = 6) (C) STIP1  (n = 6) P t-test

* P < 0.01

5.5 DRP-3 isoform 2

 DRP-3 2 isoform  [32, 33]

 (Fig. 4A) DRP-3 pull-down 

assay DRP-3

 (Fig. 6) 5 4 DRP-3 isoform 2  (Fig. 7)



Fig. 6 DRP-3 

95% confidence DRP-3 

isoform 2 DRP-3 isoform 1



Fig. 7 

DRP-3 pull-down assay 

SDS-PAGE Coomassie Brilliant Blue

 (n = 5)

5.6 DRP-3 DRP-3 isoform 2 mRNA

 (Fig. 7)

DRP-3  (Fig. 4A) DRP-3 isoform 2

Glu DRP-3 mRNA Isoform 1 2

DRP-3 mRNA Glu (P < 0.01, n = 6, Fig. 

8A) isoform 2 DRP-3 mRNA 6

(6.57-fold, P < 0.01, n = 3, Fig. 8B)

Fig. 8 DRP-3 mRNA

(A) DRP-3 (isoform 1 + isoform 2) mRNA (n = 6). (B)

DRP-3 isoform 2 mRNA  (n = 3) P t-test * P < 0.01



6. 

 (neural progenitor cells; NPC)

 [10, 17] ex vivo NPC

2 Glu DRP-3

DRP-2 STIP1 DRP-3 mRNA

DRP-3 isoform 2 6

 DRP (TOAD64/Ulip/CRMP) 

 [34-36] 5

(DRP1-5)  [37, 38] DRP-3

 [30]  [39]

DRP-3

 (Fig. 4) DRP-3  [40]

CK15  [41]

DRP-3 NPC

DRP 2 isoform  (N

)  [32, 33] DPR-3 isoform 2)

Quinn

[32]

STIP1 heat shock protein 70 (Hsp70) Hsp90 co-chaperon

 [42] DRP-3 isoform 2

 [43, 44] 

NPC STIP-1  DRP-3 isoform 2

 [15]

 [45-49]

NPC  (Fig. 2) (basal)

(toxic)

2

G

NPC



 [14, 47, 48]

7. 

 Ex vivo 3

DRP-3  DRP-2 STIP1 DRP-3 isoform 

2 mRNA DRP-3

DRP-3 isoform 2 NPC

8. 
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