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ALS amyotrophic lateral sclerosis 

API Achromobacter lyticus protease I 

Apo- Cu and Zn metal free form 

CD circular dichroism 

Cy3 Cy3 maleimide 

DTT dithiothreitol 

fALS familial form of amyotrophic lateral sclerosis 

FITC fluorescein 5-isothiocyanate 

FM fluorescence microscopy 

Gdn-HCl guanidine hydrochloride 

G93ASOD1 SOD1 with mutation of G93A 

Holo- Cu and Zn metal bound form 

MALDI-TOF matrix-assisted laser desorption ionization time-of-flight 

PK proteinase K 

Red- reduced form of intramolecular disulfide bond between Cys57 and Cys146 

sALS sporadic form of amyotrophic lateral sclerosis 

SOD1 Cu, Zn-superoxide dismutase 

TCEP tris(2-carboxyethyl)phosphine 

TEM transmission electron microscopy 

ThioT Thioflavin T 

1,5-IAEDANS N-(iodoacetyl)-N’-(5-sulfo-l-naphthyl)-ethylenediamine 

ICP Inductively Coupled Plasma 

2SCAM-SOD1 SOD1 derivative where the free thiols of Cys6 and Cys111 are 

carboxyamidated 

2SCAMRed-SOD1 SOD1 derivative in which the free thiols of Cys6 and Cys111 have 



 

been carboxyamidated and the intra-disulfide bond of Cys57-Cys146 has been reduced 

4SCAM-SOD1 SOD1 derivative where all of the thiols in Cys6, Cys57, Cys111 and 

Cys146 have been carboxyamidated 
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20 DNA

1960 Anfinsen A

Anfinsen

in vitro

refolding

In vitro refolding

folding

folding folding

[1, 2]

unfolding folding

[3]

misfold

misfold

UPR unfolded protein response

UPR



 2 

[4]

[2]

in vitro in vivo

folding

 

 

11-2  
 

1854 Rudolph Virchow

1959

[5] 40

[6]

in vitro

[7]

[8]

[9, 10]

[11, 

12]

 

Congo Red Thioflavin T

10-20 nm

1-1 [13, 14]

[7, 15-18]
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truncated protein

[19]

[15] [18]

-

[20]

 

Rebecca Nelson

3 1 Refolding

Insulin Prion protein native

unfold -sheet refolding 2 Natively disordered

Sup35 -amyloid polypeptide A

cross-  spine

3 Gain-of-interaction

Gain-of-interaction Direct stacking

[21]
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11-3 ALS SOD1 
 

amyotrophic lateral sclerosis; ALS

3 5

90% ALS sALS [23] 10 ALS fALS

20 Cu, Zn-superoxide dismutase SOD1 1993

SOD1 ALS [24] fALS 160

http://alsod.iop.kcl.ac.uk/ [25]

 

SOD1 153 2 1-2 [26] SOD1

8 7 1 [27]

1 4 Cys Cys6 57 111 146

[28-30]

Cys6 Cys111 Cys57 Cys146

[31]

SOD1 CCS

Copper Chaperone for SOD1 [32] SOD1

[33] SOD1

ALS

SOD1 [34, 35] SOD1

[36] fALS

[37] ALS

SOD1 ALS

SOD1

incusion body fALS [38-40] fALS

[41-49] misfold SOD1
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[38, 50] sALS incusion body SOD1

[38, 39, 51] SOD1 ALS

[52] fALS

SOD1 ALS

fALS sALS ALS

SOD1

[53, 54]

[42, 55] Gdn-HCl

SOD1 [56-58]

SOD1 [59]

in vivo fALS

SOD1

[44, 46]

SOD1 misfolding

ALS  

 

Cu

Zn

Cys111

Cys6

Cys146-Cys57

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuCu

ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnZn

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss11111111111111111111111111111111111111111111111111111111111Cys111

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyysssssssssssssssssssssssssssssssssssss6666666666666666666666666666666666Cys6

C 146 C 57Cys146-CCCCCCCCCCCCCCCCCCCCCCCCCCys55555555555555555555555555777777777777777777777777Cys146-Cys57

 

1-2 SOD1  
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11-4  
 

SOD1 fALS G93ASOD1 SOD1

 

7  

1  ALS

SOD1  

2  SOD1 SOD1

Cys57-Cys146

 

3  SOD1 SOD1

 

4  2

3 SOD1 unfold

 

5  fALS G93ASOD1

G93ASOD1 SOD1

 

6  2 5 SOD1 G93ASOD1

SOD1  

7   
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2  SOD1  
 

2-1  
 

pH

1

Insulin[60] hen egg white lysozyme HEWL [61]

2-microgobulin

[62]

SOD1 Cys57 Cys146

SOD1 apo

SOD1
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22-2  
 

2-2-1 SOD1  

E. coli BLR (DE3) 0.5 L pET23a-SOD1 30 min

42°C 45 sec 2 min

1 mL SOC 37°C 170 min-1 TAITEC, Personal-11 Water 

Bath Shaker 1 h LB 37°C 18 h EYELA, Soft 

incubator SLI-450N LB 37°C

170 min-1 17 h 950 mL

50 g/mL 1 mL 8.55 L

9 37°C 24 h 4°C 8,000 

rpm 20 min -85°C  

 

2-2-2 SOD1  

E. coli BLR (DE3)/ pET23a-SOD1 5 Lysis buffer 50 mM Tris-HCl pH 

8.0 150 mM KCl 0.1 mM EDTA 1 mM DTT

Amplotude 60 Pulser 1 90 min 14,000 

rpm 30 min 4°C 2.5%

30 min

14,000 rpm 30 min 4°C

55% 30 min

14,000 rpm 30 min 4°C

65% 30 min

14,000 rpm 30 min 4°C Q-Sepharose column 

buffer 20 mM Potassium phosphate 0.01 mM EDTA

Q-Sepharose Amersham Biosciences 0

0.5 M KCl 280 nm
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SDS-PAGE

2 M Phenyl-Toyopearl 650

2 0 M 

280 nm SDS-PAGE

2.5 mM 

EYELA FD-50

 SOD1 4°C 2-1  
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2-1 SOD1  
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22-2-3  

SOD1 280 nm 10,800 M-1cm-1 [63]  

(1) SOD1  

(1): A= 412 nm lc  

 (M-1cm-1) l:  (cm) c:  (mol/l)  

 

2-2-4 Cu Zn  

Cu Zn ICP

 

 

2-2-5 SOD1  

SOD1  

Holo-SOD1 SOD1 1 mg/mL buffer

50 mM HEPES-KOH pH 7.0 at 25°C 6 M urea 0.1 mM CuCl2 2H2O 0.1 mM 

Zn(CH3COO)2 2H2O) 25°C 11 h

12,000 rpm 4°C 5 min PD-10 Milli-Q

Apo-SOD1 SOD1 1 mg/mL

buffer 50 mM HEPES-KOH pH 7.0 at 25°C 10 mM EDTA 2Na 3 M Gdn-HCl

25°C 1 h PD-10 Milli-Q

2SCAM-SOD1 Cys6 Cys111 Apo-SOD1 2 M 

Gdn-HCl 10 mM ICH2CONH2 30 min

PD-10 Milli-Q

2SCAMRed-SOD1 apo Cys6 Cys111

Apo-SOD1 2 M Gdn-HCl 10 mM 

ICH2CONH2 30 min

PD-10 50 mM Tris-HCl pH 7.0 at 25°C 150 mM NaCl

5 mM  DTT 30 min
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50 mM Tris-HCl pH 7.0 at 37°C 150 mM NaCl 1mM TCEP

4SCAM-SOD1 apo Cys57 146 Cys

Apo-SOD1 2 M Gdn-HCl 5 mM DTT 30 min

10 mM ICH2CONH2

30 min PD-10 50 

mM Tris-HCl pH 7.0 at 37°C 150 mM NaCl Red-SOD1 apo

Apo-SOD1 2 M Gdn-HCl

5 mM DTT 30 min

PD-10 50 mM Tris-HCl pH 7.0 at 37°C 150 mM NaCl 1 mM TCEP

 

 

22-2-6 Gdn-HCl SOD1  

Holo-SOD1 Apo-SOD1 Red-SOD1 Gdn-HCl

 

Holo-SOD1 Apo-SOD1 0.15 mg/mL 50 mM Tris-HCl pH 7.0 at 25°C 150 mM NaCl

0 5.7 M Gdn-HCl Red-SOD1 0.15 mg/mL 50 mM Tris-HCl pH 7.0 at 25°C 150 mM 

NaCl 1 mM TCEP 0 5.7 M Gdn-HCl 25°C

CD Tryptophan

 

SOD1 JASCO J-720 Spectrophotometer JASCO 

J-820 Spectrophotometer CD  

1 mm 2 L/min 25°C

 

: Low 1000 mdeg : 250 nm : 200 nm

: 0.1 nm : continuous : 50 nm/min : 0.25 sec

: 1.0 nm : 16 

Tryptophan 295 nm 350 nm
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Tyrosine 280 nm 310 nm SOD1 Tyrosine

Tryptophan SOD1

Tryptophan JASCO FP-6300 Fluorescence Spectrophotometer

1 cm  

: Emission : 5 nm : 5 nm

: Medium : Medium : 295 nm : 300 nm : 450 nm

: 0.5 nm : 50 nm/min  

CD 216 nm Trypthophan 295 nm

350 nm  (2) 

Cm ( ) fD=0.5 CD Tryptophan 

Gdn-HCl  

(2):  fD=(N-Nl)/(Nu-Nl) 

u l N Gdn-HCl

 

 

22-2-7 SOD1  

SOD1 Thioflavin T assay

CD TEM  

Holo-SOD1 Apo-SOD1 2SCAM-SOD1 4SCAM-SOD1

50 mM Tris-HCl pH 7.0 at 37°C 150 mM NaCl Red-SOD1 2SCAMRed-SOD1

50 mM Tris-HCl pH 7.0 at 37°C 150 mM NaCl 1 mM TCEP buffer SOD1

1 mg/mL 62.5 M 1 mL 10 mm

37°C 170 min-1 TAITEC, Personal-11 Water Bath Shaker

Thioflavin T 440 nm 480 nm

Thioflavin T assay

Thioflavin T Buffer 5 mM Sodium phosphate 150 mM NaCl 25 M 
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Thioflavin T 2 mL 15 L SOD1 0.0075 

mg/mL 30 sec 1 cm HITACHI F-4500 

Fluorescence Spectrophotometer

60 sec  

: : sec : 440 nm : 480 nm

: 60 sec : 0 

: 5 nm  5 nm (V) : 700

(sec) : 0.1 : ON 

CD SOD1 0.1 mg/mL

2-2-6

Amplitude 10 20 Pulser 1 1 10 sec

 

TEM Milli-Q 5-10

5 10 L 60~90 sec

2% 5 L 30~50 sec

TEM 80 kV

JEOL-100CX JEOL-1400 plus Transmission Electron Microscope

27,000 50,000 TEM 3

 

 

22-2-8 0.4 M Gdn-HCl SOD1  

Red-SOD1 0.4 M Gdn-HCl

 

Holo-SOD1 Apo-SOD1 2SCAM-SOD1

4SCAM-SOD1 50 mM Tris-HCl pH 7.0 at 37°C 150 mM NaCl 0.4 M Gdn-HCl

Red-SOD1 2SCAMRed-SOD1 50 mM Tris-HCl pH 7.0 at 37°C 150 mM NaCl

1 mM TCEP 0.4 M Gdn-HCl buffer SOD1 1 mg/mL 62.5 M 1 mL
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10 mm 37°C 170 min-1

TAITEC, Personal-11 Water Bath Shaker 2-2-7

Thioflavin T assay CD  
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22-3  
 

2-3-1 SOD1  

Holo-SOD1 Apo-SOD1 Red-SOD1 2SCAM-SOD1 2SCAMRed-SOD1

4SCAM-SOD1 SOD1

CD  

2-2 SOD1 Holo-SOD1 208 

nm [64] Apo-SOD1 Red-SOD1 Holo-SOD1

SOD1 apo

Holo-SOD1

Cys 4SCAM-SOD1 Cys6

Cys111 2SACM-SOD1 2SCAMRed-SOD1

2SCAMRed-SOD1 2SACM-SOD1

4SCAM-SOD1 Cys57 Cys146

 

Holo-SOD1 Apo-SOD1 Red-SOD1 Gdn-HCl

0 5.7 M Gdn-HCl CD

Tryptophan  

Gdn-HCl 2-3 2-1 2-3

Cm Holo-SOD1 Apo-SOD1 Red-SOD1 Cm

4.37 M 0.90 M 0.42 M Gdn-HCl Holo-SOD1 apo

Apo-SOD1

Red-SOD1 Red-SOD1 Apo-SOD1

0 M Gdn-HCl 2

3  
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2-2 SOD1 Holo-SOD1 Apo-SOD1 Red-SOD1 2SCAM-SOD1

2SCAMRed-SOD1 4SCAM-SOD1 CD  
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2-3 Holo-SOD1 Apo-SOD1 Red-SOD1 Gdn-HCl  

CD 216 nm Trypthophan

295 nm 350 nm fD Gdn-HCl

( ) CD ( )  

 

2-1 Holo-SOD1 Apo-SOD1 Red-SOD1 Cm * 

 Holo- (M) Apo- (M) Red- (M) 

 SOD1 4.37 0.90 0.42 

*Cm 2-3  
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22-3-2 SOD1  

SOD1 apo

Holo-SOD1 Apo-SOD1

Red-SOD1 2SCAM-SOD1 2SCAMRed-SOD1 4SCAM-SOD1

Thioflavin T assay CD TEM  

2-4 Thioflavin T assay 4SCAM-SOD1 2SCAMRed-SOD1

Red-SOD1 Holo-SOD1 Apo-SOD1

2SCAM-SOD1 300 h

SOD1 apo

SOD1

SOD1 4SCAM-SOD1 2SCAMRed-SOD1 Red-SOD1

Thioflavin T assay

CD TEM

2-5 4SCAM-SOD1 2SCAMRed-SOD1 Red-SOD1

CD TEM

CD 218 nm

TEM

4SCAM-SOD1 13.2±0.6 nm 2SCAMRed-SOD1 13.6±2.4 nm

Red-SOD1 10.9±0.6 nm 2-2 4SCAM-SOD1

2SCAMRed-SOD1 Red-SOD1  
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2-4 SOD1 Thioflavin T assay 

( ) Holo-SOD1 ( ) Apo-SOD1 ( ) Red-SOD1 ( ) 2SCAM-SOD1  

( ) 2SCAMRed-SOD1 ( ) 4SCAM-SOD1  

3  

 

2-2  

 * (nm) 

4SCAM-SOD1 13.2±0.6 

2SCAMRed-SOD1 13.6±2.4 

Red-SOD1 10.9±0.6 

* 2-5 TEM 3 ±  
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2-5 4SCAM-SOD1 2SCAMRed-SOD1 Red-SOD1  

CD TEM  

A 4SCAM-SOD1 B 2SCAMRed-SOD1 C Red-SOD1 CD

TEM CD

TEM

200 nm  
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22-3-3 0.4 M Gdn-HCl SOD1  

apo

Red-SOD1 2SCAMRed-SOD1 4SCAM-SOD1

Red-SOD1 Cm 0.4 M Gdn-HCl Thoflavin T 

assay CD  

2-6 Thioflavin T assay 4SCAM-SOD1 2SCAMRed-SOD1

Red-SOD1 4SCAM-SOD1

2SCAMRed-SOD1 Red-SOD1 18 h

2-4 0.4 M Gdn-HCl Red-SOD1 2SCAMRed-SOD1

Thioflavin T assay

CD 2-7 4SCAM-SOD1 2SCAMRed-SOD1

Red-SOD1 CD

0.4 M Gdn-HCl Red-SOD1

218 nm

4SCAM-SOD1 2SCAMRed-SOD1

Red-SOD1  
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2-6 0.4 M Gdn-HCl Red-SOD1 2SCAMRed-SOD1 4SCAM-SOD1

Thioflavin T assay 

( ) Red-SOD1 ( ) 2SCAMRed-SOD1 ( ) 4SCAM-SOD1

3  
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2-7 0.4 M Gdn-HCl 4SCAM-SOD1 2SCAMRed-SOD1 Red-SOD1  

CD  

A 4SCAM-SOD1 B 2SCAMRed-SOD1 C Red-SOD1
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22-4  
 

SOD1 apo

 

apo SOD1 2-3 2-1

SOD1 apo loop Phe50-Gly82

[65, 66] apo

SOD1

Red-SOD1 Apo-SOD1 37°C

[30, 65] apo

[29, 65, 67] Cys57 [68]

loop Glu49-Asn53 apo

loop Phe50-Gly82

[65] SOD1

apo

SOD1 Thioflavin T assay

4SCAM-SOD1 2SCAMRed-SOD1 Red-SOD1

2-4

2-2 0.4 M Gdn-HCl Red-SOD1

4SCAM-SOD1

2-6 Red-SOD1 Holo-SOD1

4SCAM-SOD1

Red-SOD1 unfold

1 Rebecca 

Nelson Refolding
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[21] apo

2 SOD1

unfold  

SOD1 unfold

3

SOD1  
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3  SOD1
 

 

3-1  
 

2 SOD1 apo

2 3-1

2 native

unfold

Seed

Seed [69]

-synuclein[15]  A  (1−40) 

[70] 2-microglobulin[71]

GroES[7]

Waltz http://waltz.switchlab.org/  

SOD1 Red-SOD1

Achromobacter lyticus Protease I API

proteinase K PK 2

4SCAM-SOD1

Red-SOD1 SOD1
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3-1  
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33-2  

 

3-2-1 Red-SOD1 4SCAM-SOD1

 

2 2-2-7 Red-SOD1 4SCAM-SOD1 1 mg/mL 1 mL

37°C 170 min-1 HITACHI 

himac CS 150 GXL Micro Ultracentrifuge

4°C 150,000 g 1 h buffer 25 mM 

Tris-HCl pH 7.5 at 37°C 200 L 4°C 150,000 g 1 h

10 mg/mL buffer 25 mM 

Tris-HCl pH 7.5 at 37°C 2~3 sec Amplitude 20 Pulser 1

200 L

1 mg/mL Achromobactor lyticus Protease I

API Proteinase K PK 1/100 37°C

100 L 25% 4 L pH 3

 

 

3-2-2 HPLC  

4°C 233,000 g 1 h

wash buffer 4°C 233,000 g 1 h Wash 

buffer 25% 4 L 25 mM Tris-HCl pH 7.5 at 25°C 100 L

7.5 M Gdn-HCl 50 L

HPLC CAPCELL PAK C18 : SHISEIDO

HPLC 1 mL/min

UV 215 nm buffer A : 0.05% TFA in Milli-Q buffer B : 0.05% TFA in Acetonitrile

Acetonitrile 0~80% 30 min  
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33-2-3 MALDI-TOF mass spectrometer  

HPLC Acetonitrile TFA

TA buffer 0.1% TFA in Milli-Q : 

Acetonitrile=2 : 1 50 L Mass spectrometer

Peptide Calibration Standard

Matrix ( -Cyano-4-hydroxy-cinnamic acid/ TA) 1 : 1

 ( 0.5 L 1 L ) 

BRUKER DALTONICS autoflex 

MALDI-TOF mass spectrometer SOD1

 

 

3-2-4  

HPLC Acetonitrile TFA

1 HPLC buffer A 0.05% TFA 

in Milli-Q 30 L

30 L 5

30 L 5

SHIMADZU PPSQ-10 Protein Sequencer

N 5 10  

 

3-2-5  

MALDI-TOF mass 

spectrometer

Waltz http://waltz.switchlab.org/  

 

3-2-6 Red-SOD1 Seed  
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Red-SOD1 1/100 PK 10 h

Red-SOD1-PK 1/100 API 20 h

Red-SOD1-API Amplitude 20 Pulser 1 10 sec

Amplitude 20 Pulser 1 40 sec Red-SOD1

Red-SOD1-full length Seed

Thioflavin T assay 20 Seed

2 2-2-7 1 mg/mL, 1 mL Red-SOD1

Seed 1% 5% 37°C 170 min-1

Seed  
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33-3  
 

3-3-1 Red-SOD1  

Red-SOD1 API PK TEM

3-2 3-1 TEM

 

7.5 M Gdn-HCl HPLC

3-3 API 20 h 16-20

3 Peak Peak 1 2 3 Peak 1 MALDI-TOF mass 

spectrometer 1587.6

N Thr-Gly-Asn-Ala-Gly SOD1

N Thr-Gly-Asn-Ala-Gly 1587.6

137Thr-Gly-Asn-Ala-Gly-Ser-Arg-Leu-Ala-Cys-Gly-Val-Ile-Gly-Ile-Ala-Gln153

1587.7 Peak 2 10Gly-Asp-Gly-Pro-Val-Gln-Gly-Ile- 

Ile-Asn-Phe-Glu-Gln-Lys23 Peak 3 92Asp-Gly-Val-Ala-Asp-Val-Ser-Ile-Glu-Asp-Ser- 

Val-Ile-Ser-Leu-Ser-Gly-Asp-His-Cys-Ile-Ile-Gly-Arg-Thr-Leu-Val-Val-His-Glu-Lys122

PK 10 h Peak 4 PK 2 h

Peak 5 Peak 4 16Gly-Ile-Ile-Asn-Phe20

Peak 5 1Ala-Thr-Lys-Ala-Val-Cys-Val-Leu-Lys-Gly-Asp-Gly-Pro-Val-Gln-Gly-Ile-Ile- 

Asn-Phe-Glu-Gln-Lys-Glu-Ser-Asn-Gly-Pro-Val-Lys-Val-Trp32 89Ala-Asp-Lys-Asp-Gly- 

Val-Ala-Asp-Val-Ser-Ile-Glu-Asp-Ser-Val-Ile-Ser-Leu-Ser-Gly-Asp-His-Cys-Ile-Ile-Gly- 

Arg-Thr-Leu-Val-Val-His-Glu-Lys-Ala-Asp-Asp-Leu-Gly-Lys-Gly-Gly130 2

3-2  
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3-2 Red-SOD1 TEM   

API 20 h  

PK 10 h TEM 200 nm  

 

3-1 Red-SOD1  

 * (nm) 

 10.9±0.6 

API 20 h 5.2±1.0 

PK 10 h 10.3±0.1 

* 3-2 TEM  

3 ±  
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3-3 Red-SOD1 HPLC  

*  
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3-2 Red-SOD1  

Peak 

No. 

Detected  

mass number 

 

Assignment ( ) 

API  PK  

1 1587.6  137TGNAGSRLACGVIGIAQ153 (1587.7) 

2 1501.6  10GDGPVQGIINFEQK23 (1501.5) 

3 3264.4  92DGVADVSIEDSVISLSGDHCIIGRTLVVHEK122 (3264.6) 

4  563.7 16GIINF20 (562.7) 

5  3412.2 1ATKAVCVLKGDGPVQGIINFEQKESNGPVKVW32 (3412.8) 

  4292.4 89ADKDGVADVSIEDSVISLSGDHCIIGRTLVVHEKADDLGKGG130  

(4293.7) 

 

33-3-2 4SCAM-SOD1  

4SCAM-SOD1 API PK TEM

3-4 3-3 TEM Red-SOD1

 

7.5 M Gdn-HCl HPLC

3-5 API 20 h 16-21 3

Peak Peak 6 7 8 Red-SOD1

MALDI-TOF mass spectrometer SOD1

4SCAM-SOD1 Cys Peak 

6 8 10 SOD1 57

Peak 6 137Thr-Gly-Asn-Ala-Gly-Ser-Arg-Leu-Ala-Cys-Gly- 

Val-Ile-Gly-Ile-Ala-Gln153 Peak 7 10Gly-Asp-Gly-Pro-Val-Gln-Gly-Ile-Ile-Asn-Phe-Glu- 

Gln-Lys23 Peak 8 92Asp-Gly-Val-Ala-Asp-Val-Ser-Ile-Glu-Asp-Ser-Val-Ile-Ser-Leu-Ser- 

Gly-Asp-His-Cys-Ile-Ile-Gly-Arg-Thr-Leu-Val-Val-His-Glu-Lys122 PK

15 h Peak 9 PK 2 h Peak 9 10
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Peak 9 16Gly-Ile-Ile-Asn-Phe20 Peak 10

1Ala-Thr-Lys-Ala-Val-Cys-Val-Leu-Lys-Gly-Asp-Gly-Pro-Val-Gln-Gly-Ile-Ile-Asn-Phe- 

Glu-Gln-Lys-Glu-Ser-Asn-Gly-Pro-Val-Lys-Val-Trp32 89Ala-Asp-Lys-Asp-Gly-Val-Ala- 

Asp-Val-Ser-Ile-Glu-Asp-Ser-Val-Ile-Ser-Leu-Ser-Gly-Asp-His-Cys-Ile-Ile-Gly-Arg-Thr-

Leu-Val-Val-His-Glu-Lys-Ala-Asp-Asp-Leu-Gly-Lys-Gly-Gly130 2

3-4  

 

 

3-4 4SCAM-SOD1 TEM   

API 20 h  

PK 15 h TEM 200 nm  

 

3-3 4SCAM-SOD1  

 * (nm) 

 13.2±0.6 

API 20 h 10.3±0.1 

PK 15 h 9.2±1.1 

* 3-4 TEM  

3 ±  
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3-5 4SCAM-SOD1 HPLC  

*  
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3-4 4SCAM-SOD1  

Peak 

No. 

Detected  

mass number 

 

Assignment ( ) 

API  PK  

6 1644.8  137TGNAGSRLACGVIGIAQ153 (1644.7) 

7 1501.8  10GDGPVQGIINFEQK23 (1501.5) 

8 3321.1  92DGVADVSIEDSVISLSGDHCIIGRTLVVHEK122 (3321.6) 

9  563.2 16GIINF20 (562.7) 

10  3470.2 1ATKAVCVLKGDGPVQGIINFEQKESNGPVKVW32 (3469.8) 

  4351.8 89ADKDGVADVSIEDSVISLSGDHCIIGRTLVVHEKADDLGKGG130 

(4350.7) 

 

33-3-3 Red-SOD1 Seed  

API PK

Red-SOD1 Thioflavin T assay Seed

 

3-6 Full length API PK Seed

no seed API

full length seed
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3-6 Red-SOD1 Seed Thioflavin T assay 

( ) No seed ( ) 1% full length seed ( ) 5% full length seed ( ) 1% API seed

( ) 5% API seed ( ) 1% PK seed ( ) 5% PK seed  

3  
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33-4  
 

SOD1 Red-SDO1 4SCAM-SOD1

 

Red-SOD1 4SCAM-SOD1 3

3 SOD1 N

C 3-7 C Cys57

Cys146

C Waltz

14Val-Gln-Gly-Ile-Ile-Asn-Phe-Glu-Gln22 95Ala-Asp-Val- 

Ser-Ile-Glu-Asp-Ser-Val-Ile-Ser-Leu-Ser-Gly-Asp-His-Cys-Ile-Ile-Gly114 145Ala-Cys-Gly- 

Val-Ile-Gly-Ile-Ala-Gln153

4SCAM-SOD1 Red-SOD1 3-7

4SCAM-SOD1

2-2 2-4 Red-SOD1

4SCAM-SOD1

Red-SOD1

4SCAM-SOD1 Red-SOD1 unfold

SOD1 unfold

seed 3-6 API seed

full length seed API seed 20 h

10Gly-Asp-Gly-Pro-Val-Gln-Gly-Ile-Ile-Asn-Phe-Glu-Gln- 

Lys23 92Asp-Gly-Val-Ala-Asp-Val-Ser-Ile-Glu-Asp-Ser-Val-Ile-Ser-Leu-Ser-Gly-Asp-His- 

Cys-Ile-Ile-Gly-Arg-Thr-Leu-Val-Val-His-Glu-Lys122 137Thr-Gly-Asn-Ala-Gly-Ser-Arg- 

Leu-Ala-Cys-Gly-Val-Ile-Gly-Ile-Ala-Gln153 3 full 

length seed 3
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API seed full length seed

PK seed full length seed PK seed 10 

h N 16Gly-Ile-Ile-Asn-Phe20

no seed N , Seed

C

PK 5

human islet amyloid polypeptide

hIAPP 5 [72] Sup 35 7 [73]

Sup 35 7 X

steric zipper Sup35

[73]

5 SOD1

SOD1 3

Seed

4
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3-7 Red-SOD1 4SCAM-SOD1 Waltz  

SOD1 Red-SOD1 3-3 4SCAM-SOD1 3-5  

PK API  

Waltz  
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4  
 

 

4-1.  
 

3 SOD1

[7, 15, 74]

SOD1 3

[16, 75, 76]

SOD1

SOD1  
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44-2.  
 

4-2-1  

API PK

Waltz http://waltz.switchlab.org/

P1 

(Gly-Pro-Val-Gln-Gly-Ile-Ile-Asn-Phe-Glu-Gln-Lys) P2 (Gly-Val-Ala-Asp-Val-Ser-Ile- 

Glu-Asp-Ser-Val-Ile-Ser-Leu-Ser-Gly-Asp-His-Cys-Ile-Ile-Gly-Arg) P3 (Thr-Gly-Asn- 

Ala-Gly-Ser-Arg-Leu-Ala-Cys-Gly-Val-Ile-Gly-Ile-Ala-Gln) 4-1

P1 PEPTIDE 2.0 P2 P3

HPLC electrospray mass spectrometry >95%

Excellence XS205Du METTLER TOLEDO
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4-1 3 SOD1  

A SOD1 Cys57 Cys146

Cys6 Cys111

P1 Gly-Pro-Val-Gln-Gly-Ile-Ile-Asn- 

Phe-Glu-Gln-Lys P2 Gly-Val-Ala-Asp-Val-Ser-Ile-Glu-Asp-Ser-Val-Ile-Ser-Leu- 

Ser-Gly-Asp-His-Cys-Ile-Ile-Gly-Arg P3 Thr-Gly-Asn-Ala-Gly-Ser-Arg-Leu- 

Ala-Cys-Gly-Val-Ile-Gly-Ile-Ala-Gln  
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B SOD1 P1 P2 P3

Waltz program http://waltz.switchlab.org/

PK API

4-1  

 

44-2-2  

0.2 mg/mL P1: 150 M P2: 85.4 M P3: 126 M

buffer 50 mM Tris-HCl pH 7.0 at 37°C 150 mM NaCl 1 mM TCEP 0.4 M Gdn-HCl

10 mm

37°C 170 min-1 TAITEC, Personal-11 Water Bath Shaker

Thioflavin T assay 2-2-7 Thioflavin T Buffer

5 mM Sodium phosphate 150 mM NaCl 25 M Thioflavin T 2 mL

40 L 30 sec CD

2-2-7 JASCO J-820 Spectrophotometer

0.2 mg/mL 8

Amplitude 20 Pulser 1 2 3 sec TEM 2-2-7

 

 

4-2-3  

P1 Fluorescein-5-isothiocyanate FITC

P2 Cys 5-((((2-iodoacetyl) amino) 

ethyl )amino) naphthalene-1-sulfonic acid AEDANS (1, 5-IAEDANS) AEDANS

P3 Cys Cy3TM Maleimide

Cy3  
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44-2-3-1  

0.2 mg/mL P1 : 150 M P2 : 85.4 M P3

: 126 M Buffer 50 mM Tris-HCl pH 7.0 at 37°C 150 mM NaCl 1 mM 

TCEP 0.4 M Gdn-HCl P1-FITC P1 FITC

0.7 P2-AEDANS P2 AEDANS 0.7 0.8 P3-Cy3 Cy3

500 1 L

25°C 30 min

37°C 170 min-1

TAITEC, Personal-11 Water Bath Shaker

CD TEM 4-2-2

10 L

MATSUNAMI NEO Micro Cover Glass 25 60 mm

MATSUNAMI NEO Micro Cover Glass 18 18 mm

37°C 24 h ZEISS Axiovert 200 EC

20 Pha P1-FITC GFP 38 P2-AEDANS

DAPI 49 P3-Cy3 Cy3 49

Axio Vision Release 4.5  

 

4-2-3-2  

P1-FITC P2-AEDANS P3-Cy3 50 M

4-2-3-1 25°C 30 min

P1-FITC P2-AEDANS P2-AEDANS P3-Cy3 P1-FITC P3-Cy3

P1-FITC P2-AEDANS P3-Cy3 37°C 170 min-1

TAITEC, Personal-11 Water Bath Shaker

CD TEM 4-2-3-1  
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44-3  
 

4-3-1  

P1 P2 P3

Thioflavin T assay CD TEM  

4-2 CD TEM CD

TEM

P1 15.0±1.1 nm P2 10.9±0.6 nm P3 13.2±0.6 nm

Thioflavin T assay P1 P3 P2

P1

P2 P3  

 

4-1  

 * (nm) 

P1 15.0±1.1 

P2 10.9±0.6 

P3 13.2±0.6 

* 4-2 TEM  

3 ±  
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4-2 P1, P2, P3   

A P1 B P2 C P3  

Thioflavin T assay 3

CD TEM 200 nm  

 

44-3-2  

3 SOD1

2 3
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4-3

CD 218 nm

TEM P1-FITC 20.1±0.6 nm

P2-AEDANS 20.7±2.0 nm P3-Cy3 13.8±0.1 nm 4-2 4-4
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4-3 P1 P2 P3   

CD TEM  

A P1-FITC B P2-AEDANS C P3-Cy3 200 nm  
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4-2  

 * (nm) 

P1-FITC 20.1±0.6 

P2-AEDANS 20.7±2.0 

P3-Cy3 13.8±0.1 

* 4-3 TEM  

3 ±  

 

 

4-4  

P1-FITC P2-AEDANS P3-Cy3  

20 m  

  

P1-FITC P2-AEDANS P3-Cy3

P1-FITC P2-AEDANS P2-AEDANS P3-Cy3 P1-FITC P3-Cy3 P1-FITC

P2-AEDANS P3-Cy3

 

4-5 2 3 CD

TEM

P1-FITC P2-AEDANS 13.2±0.6 nm

P2-AEDANS P3-Cy3 20.7±2.0 nm P1-FITC P3-Cy3

9.8±0.6 nm P1-FITC P2-AEDANS P3-Cy3 11.5±1.1 nm

4-3 4-6 FITC AEDANS Cy3
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3

 

 

4-3  

 * (nm) 

P1-FITC, P2-AEDANS 13.2±0.6 

P2-AEDANS, P3-Cy3 20.7±2.0 

P1-FITC, P3-Cy3 9.8±0.6 

P1-FITC, P2-AEDANS, P3-Cy3 11.5±1.1 

* 4-5 TEM  

3 ±  
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4-5  
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CD TEM ( 200 nm)  

A P1-FITC P2-AEDANS B P2-AEDANS P3-Cy3 C P1-FITC P3-Cy3

D P1-FITC P2-AEDANS P3-Cy3 4-5  

 

 

4-6  
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A P1-FITC P2-AEDANS B P2-AEDANS P3-Cy3 C P1-FITC P3-Cy3

D P1-FITC P2-AEDANS P3-Cy3

20 m 4-6  
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44-4  
 

SOD1 3

His-tagged halophilic 

protein

[74] 4-2 Thioflavin T 

assay

Thioflavin T [7]

3 3-6 API seed PK seed Thioflavin T assay

P2 API seed P1 P2 P3

full length seed PK

seed P1 4-2 Thioflavin T 

assay P2

P1 P2 P3

Transthyretin Insulin[75] -synuclein GroES[16] Lysozyme

Ovalbumin[76]

SOD1 3

2

4 SOD1

5 fALS G93ASOD1
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5  fALS G93ASOD1
 

 

5-1  
 

2 4 SOD1

2 SOD1 apo

3

SOD1 3 4 3

SOD1 apo

SOD1

1 fALS 20 SOD1 160

SOD1 5-1

http://alsod.iop.kcl.ac.uk/ [25] fALS fALS

inclusion body [38-49] fALS

SOD1 misfolding

aggregation ALS fALS

G93A [43-45, 49, 56, 63, 77] G93A

5 6 loop V 5-1 Gly

Ala Leu38

[78] G93A

Thioflavin S [49]  

G93ASOD1 apo

G93ASOD1

SOD1

SOD1
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5-1 G93ASOD1  
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5-1 fALS SOD1 [79] 

Thr IleACC ATC151Glu LysGAA AAA100

Ile ThrATT ACT149Gly ValGGT GTT93

Val GlyGTA ATA148Gly AlaGGT GCT93

Cys ArgTGT CGT146Gly AspGGT GAT93

Ala ThrGCT ACT145Gly ArgGGT CGT93

Leu PheTTG TTC144Gly CysGGT TGT93

Leu SerTTG TCG144Gly SerGGT AGT93

Gly AlaGGA GCA141Asp ValGAC GTC90

Asn LysAAC AAA139Asp AlaGAC GGC90

Ser AsnAGT AAT134Asn SerAAT AGT86

GluGAA133Gly ArgGGC CGC85

Glu Asp,TT132Leu ValTTG GTG84

Lys, Leu PheTTG TTC84

Gln, Arg, Trp,4

Gly Gly, Gly,TGGG127Asp TyrGAT TAT76

LeuTTG TAG126Gly SerGGT AGT72

3

Arg, Trp, Lys,His GluCAT CAG48

Leu Gly, GlnTTG G126His ArgCAT CGT46

Asp HisGAC CAC125His ArgCAT CGT43

Asp ValGAT GTT124Gly AspGGC GAC41

5Gly SerGGC AGC41

Leu ValCTG GTG38

Phe, Leu, GlnT G-10 bpGly ArgGGA AGA37

2

Gly, Pro, T A-108bp

Phe, Phe, Thr,A G-11 bp1

Gly, Pro, 4Glu GlyGAG GGG21

Val Lys, Thr,GTG AAAACTG118Glu LysGAG AAG21

Arg GlyCGC GGC115Gly SerGGC AGC16

Ile ThrATT ACT113Val GlyGTG GGG14

Ile ThrATC ACC112Val MetGTG ATG14

Asp AsnGAC AAC109Leu GlnCTG CAG8

Gly ValGGA GTA108Val GluGTG GAG7

Leu ValCTC GTC106Cys PheTGC TTT6

Ile PheATC TTC104Cys GlyTGC GGC6

Asp AsnGAT AAT101Ala ThrGCC ACC4

Asp GlyGAT GGT101Ala ValGGC GTC4

Glu GlyGAA GGA1001

No.No.

Thr IleACC ATC151Glu LysGAA AAA100

Ile ThrATT ACT149Gly ValGGT GTT93

Val GlyGTA ATA148Gly AlaGGT GCT93

Cys ArgTGT CGT146Gly AspGGT GAT93

Ala ThrGCT ACT145Gly ArgGGT CGT93

Leu PheTTG TTC144Gly CysGGT TGT93

Leu SerTTG TCG144Gly SerGGT AGT93

Gly AlaGGA GCA141Asp ValGAC GTC90

Asn LysAAC AAA139Asp AlaGAC GGC90

Ser AsnAGT AAT134Asn SerAAT AGT86

GluGAA133Gly ArgGGC CGC85

Glu Asp,TT132Leu ValTTG GTG84

Lys, Leu PheTTG TTC84

Gln, Arg, Trp,4

Gly Gly, Gly,TGGG127Asp TyrGAT TAT76

LeuTTG TAG126Gly SerGGT AGT72

3

Arg, Trp, Lys,His GluCAT CAG48

Leu Gly, GlnTTG G126His ArgCAT CGT46

Asp HisGAC CAC125His ArgCAT CGT43

Asp ValGAT GTT124Gly AspGGC GAC41

5Gly SerGGC AGC41

Leu ValCTG GTG38

Phe, Leu, GlnT G-10 bpGly ArgGGA AGA37

2

Gly, Pro, T A-108bp

Phe, Phe, Thr,A G-11 bp1

Gly, Pro, 4Glu GlyGAG GGG21

Val Lys, Thr,GTG AAAACTG118Glu LysGAG AAG21

Arg GlyCGC GGC115Gly SerGGC AGC16

Ile ThrATT ACT113Val GlyGTG GGG14

Ile ThrATC ACC112Val MetGTG ATG14

Asp AsnGAC AAC109Leu GlnCTG CAG8

Gly ValGGA GTA108Val GluGTG GAG7

Leu ValCTC GTC106Cys PheTGC TTT6

Ile PheATC TTC104Cys GlyTGC GGC6

Asp AsnGAT AAT101Ala ThrGCC ACC4

Asp GlyGAT GGT101Ala ValGGC GTC4

Glu GlyGAA GGA1001

No.No.
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55-2  
 

5-2-1 G93ASOD1  

E. coli BLR (DE3) 2 L pET23a-SOD1G93A 30 min

42°C 45 sec 2 min

1 mL SOC 37°C 170 min-1 TAITEC, Personal-11 

Water Bath Shaker 80 min LB 37°C EYELA

Soft Incubator SLI-450N LB 37°C

170 min-1 17 h 950 mL

50 g/mL 1 mL 37°C 15 

h 4°C 8,000 rpm 20 min -85°C

 

 

5-2-2 G93ASOD1  

E. coli BLR (DE3)/ pET23a-SOD1G93A 5 Lysis buffer 50 mM Tris-HCl 

pH 8.0 at 25°C 150 mM KCl 0.1 mM EDTA 1mM DTT

Amplotude 60 Pulser 1 100 min

14,500 rpm 30 min 4°C Lysis buffer Lysis 

buffer-Gdn-HCl 50 mM Tris-HCl pH 8.0 at 25°C 150 mM KCl 0.1 mM EDTA 1mM 

DTT 4 M Gdn-HCl Q-Sepharose column buffer 20 mM 

potassium phosphate pH 6.5 0.01 mM EDTA 14,500 rpm

30 min 4°C Q-Sepharose

0 0.7 M KCl 280 nm

SDS-PAGE 2.5 

mM EYELA FD-50

G93ASOD1 4°C 5-2  
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5-2 G93A SOD1  

 

55-2-3  

Bradford  

Bradford Bio-rad protein assay dye reagent (Bio-Rad) 5 2 mL

BSA 0.5 mg/mL Milli-Q

0 0.5 mg/mL Protein Assay

40 L Milli-Q 595 nm

2-2-3
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5-2  

 (mg/mL) 0.0 0.1 0.2 0.3 0.4 0.5 

BSA ( L) 0.0 8.0 16 24 32 40 

Milli-Q ( L) 40 32 24 16 8.0 0.0 

 

55-2-4 Cu Zn inductively Coupled Plasma: ICP

 

2-2-4  

 

5-2-5 G93ASOD1  

Holo-G93ASOD1 G93ASOD1 holo G93ASOD1

apo Apo-G93ASOD1 holo

G93ASOD1 1 mg/mL buffer 50 mM 

HEPES-KOH pH 7.0 at 25°C 1 M urea 0.1 mM CuCl2 2H2O 0.1 mM Zn(CH3COO)2

2H2O) 25°C 16 h 12,000 rpm 4°C

5 min PD-10 Milli-Q Apo-G93ASOD1 G93ASOD1

apo G93ASOD1 apo

Apo-G93ASOD1 Red-G93ASOD1 apo

Apo-G93ASOD1 50 mM 

Tris-HCl pH 7 at 25°C 2 M Gdn-HCl 5 mM DTT 30 min

PD-10 50 mM 

Tris-HCl pH 7.0 at 37°C 150 mM NaCl 2 mM DTT  

 

5-2-6 Gdn-HCl G93ASOD1  

Holo-G93ASOD1 Apo-G93ASOD1 Gdn-HCl

 

Holo-G93ASOD1 Apo-G93ASOD1 0.15 mg/mL 50 mM Tris-HCl pH 7.0 at 25°C
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150 mM NaCl 0 5 M Gdn-HCl 25°C

2-2-6 CD Tryptophan

  

 

55-2-7 2 mM DTT  

Holo-SOD1 Apo-SOD1 Holo-G93ASOD1 Apo-G93ASOD1 Red-G93ASOD1

2 mM DTT  

SOD1 1 mg/mL 62.5 M Buffer 50 mM 

Tris-HCl pH 7.0 at 37°C 150 mM NaCl 2 mM DTT 1 mL 10 

mm 37°C 160 min-1 TAITEC, Personal-11 Water Bath 

Shaker Thiolfavin T assay TEM 2-2-7        

 

5-2-8 DTT  

DTT 0 0.5 2 5 mM Holo-SOD1 Apo-SOD1 Holo-G93ASOD1

Apo-G93ASOD1  

buffer 50 mM Tris-HCl pH 7.0 at 37°C 150 mM NaCl 0 5 mM DTT

20 M Thioflavin-T  1 mg/mL 62.5 M

buffer 1 3 well 150 mL/well

1 well 3/32

Perkin Elmer ARVOx

Thiflavin T assay  

: 450 nm : 486 nm : 0.1 sec : Normal

: N/A : 820.0 sec : Fast : Orbital

: 37°C 

 

5-2-9 SOD1 SH  

SOD1 4 2
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SOD1 G93ASOD1

DTNB SH  

DTNB SH 1 mol 1 mol

2-nitro-5-mercaptobenzoic acid 2-nitro-5-mercaptobenzoic acid

412 nm SH

: 412 nm=13,600  

SH Apo-SOD1

Apo-G93ASOD1 buffer 14,000 rpm 2 min 4°C 5-3

412 nm (3)

SH 1 mol

SH  

(3) A= 412 nm lc ( (M-1cm-1) l: (cm) c: (mol/L)) 

 

5-3  

Buffer   

1 2 mL 2 mL 

2 500 L 500 L 

3 500 L Buffer  500 L SOD1  

Total 3 mL 3 mL 

1 0.2 M Tris-HCl pH 8.5 at 25°C 1 mM EDTA 7.5 M Gdn-HCl                        

2 10 mM Tris-HCl pH 8.5 at 25°C 1 mM EDTA 0.4 mM DTNB 

3 10 mM Tris-HCl pH 8.5 at 25°C 1 mM EDTA 

 

SH 5-2-7

14,500 rpm 5 min 4°C Milli-Q

DTT 14,500 rpm 5 min 4°C

Buffer 5-4 412 nm
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5-4  

Buffer   

1 500 L 500 L 

2 500 L 500 L 

3 2 mL Buffer  2 mL SOD1  

Total 3 mL 3 mL 

1 0.55 M Tris-HCl pH 8.5 at 25°C 1 mM EDTA 

2 50 mM Tris-HCl pH 7.6 at 25°C 1 mM EDTA 0.4 mM DTNB 

3 50 mM Tris-HCl pH 7.5 at 25°C 1 mM EDTA 6 M Gdn-HCl 
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55-3  
 

5-3-1 G93ASOD1  

G93ASOD1 holo apo 5-3  

Holo-G93ASOD1 208 nm

Apo-G93ASOD1 unfold Red-G93ASOD1

G93ASOD1 apo

 

 

 

5-3 G93ASOD1 CD  

 

Holo-G93ASOD1 Apo-G93ASOD1 Gdn-HCl

0 5 M Gdn-HCl CD Tryptophan
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5-4 Holo-G93ASOD1

Apo-G93ASOD1 Holo-G93ASOD1

Apo-G93ASOD1 Cm 2.85 M 0.27 M Gdn-HCl 5-5

G93ASOD1 apo  

 

 

5-4 Holo-G93ASOD1 Apo-G93ASOD1 Gdn-HCl  

CD 216 nm Trypthophan

295 nm 350 nm fD Gdn-HCl

( ) CD ( )  

 

5-5 G93ASOD1 Cm * 

 Holo-(M) Apo- (M) 

G93ASOD1 2.85 0.27 

*Cm 5-4  
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55-3-2 SOD1 G93ASOD1  

SOD1 G93ASOD1

Holo-SOD1 Apo-SOD1 Holo-G93ASOD1 Apo-G93ASOD1

Red-G93ASOD1 2 mM DTT Thioflavin T assay

TEM  

5-5 Thioflavin T assay TEM 2 mM DTT

Red-G93ASOD1 Apo-SOD1 Apo-G93ASOD1

Apo-SOD1 Apo-G93ASOD1 TEM

Apo-SOD1 12.0±1.6 nm Apo-G93ASOD1 14.8±1.6 nm 5-6

apo SOD1 2 mM DTT

Apo-SOD1

Apo-G93ASOD1 1.46 mole SH/mole 1.47 mole SH/mole

SOD1 2

Apo-SOD1 Apo-G93ASOD1

2.97 mole SH/mole SOD1

3.0 mol SH/mole

DTT

Holo-SOD1 Holo-G93ASOD1

Apo-G93ASOD1

data not shown G93ASOD1

SOD1 apo
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5-5 2mM DTT SOD1 G93ASOD1  

A Thioflavin T assay ( ) Holo-SOD1 ( ) Holo-G93ASOD1  

( ) Apo-SOD1 ( ) Apo-G93ASOD1 ( ) Red-G93ASOD1  

3   

B TEM Apo-SOD1 Apo-G93ASOD1  

100 nm  
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5-6  

 * (nm) 

Apo-SOD1 12.0±1.6 

Apo-G93ASOD1 14.8±1.6 

* 5-5 TEM 3 ±  

  

5-3-3  

5-3-2 apo SOD1 Apo-SOD1 Apo-G93ASOD1

DTT Apo-SOD1 Apo-G93ASOD1

Thioflavin T assay  

Thioflavin T assay 4 h 5-6 Apo-G93ASOD1 Apo-SOD1

DTT Thioflavin T

Apo-G93ASOD1 Apo-SOD1 DTT
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5-6 DTT  

 Perkin Elmer ARVO Thioflavin T assay 4 h  

37 3  
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55-4  
 

SOD1 fALS G93ASOD1

SOD1 G93ASOD1  

G93ASOD1 apo

G93ASOD1 apo SOD1

2-3 5-4

unfold G93ASOD1

Apo-G93ASOD1

G93ASOD1 SOD1 apo

Red-G93ASOD1 2 mM DTT

Apo-G93ASOD1 Apo-G93ASOD1

Apo-G93ASOD1 DTT

G93ASOD1

SOD1 apo

Red-G93ASOD1

Apo-G93ASOD1

Apo-G93ASOD1

SOD1 G93ASOD1

Apo-G93ASOD1

Apo-SOD1 Apo-G93ASOD1 DTT

Apo-G93ASOD1

Apo-G93ASOD1 Cm=0.27 M Apo-SOD1

Cm=0.90 M 2-microglobulin
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[80] unfold

[62, 81, 82] Apo-G93ASOD1 Apo-SOD1

DTT [68, 83]

holo SOD1 DTT

holo SOD1

[27, 29, 65, 66] DTT

immunoglobulin light chain [84-87]

G93ASOD1 apo

G93ASOD1 apo
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[90] in vivo apo SOD1 fALS

G93ASOD1 holo mol

0.84 mol 1.28 mol fALS

[34, 55] fALS

unfold [91] fALS

apo

[91, 92]  

SOD1 1

[28, 30]

His46 48 63 120 [93] His46 48

120 fALS http://alsod.iop.kcl.ac.uk/ [42]

H46R/H48Q

[94] H46R/H48Q[49]

H46R/H48Q/H63G/H120G fALS

thioflafin S

[42] In vitro SOD1

[56] [29, 30]

His63 71 80 Asp83 [93] His71 80
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G85R 100 SOD1
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14 SOD1 [44] SOD1
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SOD1

[56] SOD1 SOD1

SOD1
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