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A/A A/A allele  

ALS amyotrophic lateral sclerosis  

BBB blood-brain barrier  

CD circular dichroism  

Cu (atsm) Diacetylbis (4-methylthiosemicarbazonato) cupper  

DM degenerative myelopathy  

DMEM Dulbecco’s modified Eagle’s medium  

DMSO dimethyl sulfoxide  

DSF differential scanning fluorometry  

DTT dithiothreitol  

ELISA enzyme-linked immuno sorbent assay  

FBS fetal bovine serum  

GdnHCl guanidinium chloride  

GFP green fluorescent protein  

G/G G/G allele  

GST glutathione S-transferase 

HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 

IPTG isopropyl-β-D-thiogalactopyranoside -β-

 

NMR nuclear magnetic resonance  

PBS-T phosphate buffered saline-Tween 20 Tween 20  

PCR polymerase chain reaction  



PWC Pembroke Welsh Corgi  

PMSF phenylmethylsulfonyl fluoride  

SDS sodium dodecyl sulfate  

SOD1 superoxide dismutase 1  

TBS-T tris-buffered saline-Tween 20 Tween 20  

TEM transmission electron microscope  

TEMED tetramethylethylenediamine  

ThT thioflavin-T T 

Tm melting temperature  

WT wild-type control  



Degenerative myelopathy DM

 (4) (5) (16) 1973 Averill

(4) (5) (44) (78)

(52) (74) (78) Pembroke 

Welsh Corgi PWC (4) (16) (17) (50) (78)

 

DM 10.9

(16) (17) (43)

3 (17) (51)

 

DM 1 SOD1

(5) (74) 122 PWC 48.4 %

SOD1 PWC

(10) DM SOD1 2 c.118G>A, 

c.52A>T SOD1

E40K T18S SOD1

SOD1

SOD1 (19) DM



SOD1 SOD1

(19)  

DM

SOD1

(4) (5) (43) SOD1

amyotrophic lateral sclerosis ALS

(37; 69) (59) (69) ALS SOD1

(36) (46) (62) SOD1

(70) (18)

(35) DM

SOD1

DM

SOD1

SOD1

(19)  

1 SOD1

SOD1

2

DM SOD1

DM SOD1

3 SOD1



SOD1

 

 



 

 
SOD1 E40K-SOD1, T18S-SOD1

 



 

 
DM

3

SOD1 DM 2 SOD1

c.118G>A, c.52A>T (5) (74) SOD1

SOD1 DM

 

SOD1 153 SOD1

SOD1 2

8 1-

1 160 SOD1 (1)

(21) (28) SOD1

(8) (15) ALS

SOD1

2 (29) (57) (58) (57)

(60) DM 2

SOD1  

DM SOD1 c.118G>A c.52A>T

2 E40K T18S SOD1

SOD1

SOD1

SOD1 SOD1



 

 



 

 
SSOD1  

SOD1  

Zyggregator, Chemistry of Health-software Cambridge UK

(66) SOD1 3D SOD1

Protein Data Bank code 3ECU

SWISS-MODEL, BIOZENTRUM Lausanne Switzerland

 

 

SOD1  

E40K-SOD1 DM n=1

RNA E40K-SOD1

WT-SOD1

n=1 WT-SOD1 1-1

PCR pGEX 4T-1

GE Healthcare Helsinki, Finland

WT -SOD1 E40K-SOD1

(47) T18S-SOD1 NEBuilder HiFi DNA Assembly 

Cloning Kit New England Biolabs Inc MA USA WT-SOD1

1-1 T18S DNA

 



WT-SOD1 E40K-SOD1

T18S-SOD1

Cu2+ Zn2+

apo-SOD1 Cu2+ Zn2+ holo-

SOD1 BL21 Thermo Fisher 

Scientific MA USA 100 µg/mL LB

37 100 µg/mL LB

37 100 µg/mL LB

20 37 2 β-D-1-

IPTG 1 mM 20 20

3,500 × g 20 1 × 

PBS 14,000 × g 20

30  

200 µg/mL  200 µg/mL

PMSF 10 mM Tris, 1 

mM EDTA, 150 mM NaCl 14,000 × g

0.45 µm FILSTAR Hawach Scientific

Shaanxi, China Glutathione Sepharose 4 FF GE 

Healthcare

400 U Osaka

Japan 22 GST HiTrap 

Benzamidine FF GE Healthcare

10mM EDTA 40 mM pH7.4

apo-SOD1 10K Amicon Ultra 



Centrifugal filter Millipore MA USA  

Holo-SOD1 Crisp

(19) apo-SOD1 100 mM Tris (pH8.0) 300 mM NaCl

200 µM CuCl2 3.5 100 mM Tris (pH8.0)

300 mM NaCl 200 µM ZnSO4 3.5

holo-SOD1 20 mM Tris 10 mM NaCl 4

10K Amicon Ultra Centrifugal filter

UV Shimadzu Kyoto Japan 280 nm

 

 

 

SOD1 CD

CD Chirascan, Applied 

Photophysics Surrey UK SOD1

PROTEIN CALCULATOR v3.4

 

 

SOD  

SOD SOD1 40 mM pH7.4 250 

µg/mL SOD Activity Kit-WST DOJINDO LABORATORIES

Kumamoto Japan

3  

 

T  



T ThT (76) 40 µM

SOD1 10 µM ThT 96 37 170 

rpm Apo-SOD1

10 mM EDTA ThT GloMax 

Discover Microplate Reader, Promega WI USA 495-505 nm

405 nm

6 WT E40K T18S ThT

n=6 ANOVA Tukey

p 0.05

 

 

 

SOD1 carbon-coated 200-mesh copper grids EM 

Japan Co., Ltd Tokyo Japan 2 % w/v

TEM: JEM-2100F JEOL Ltd.

Tokyo Japan 200 kV  

 

 

SOD1 CD

SOD1 40 mM

pH7.4 10 µg/mL 1 mm 

pathlength 195-260 nm CD



20-95 1 / 220 nm

GdnHCl CD

SOD1 GdnHCl 5 mM HEPES

pH7.4 110 µg/mL 37 1 220 nm

CD 3  

 

 

 
SOD1  

SOD1 1-1A

2 69.9 % 18

SOD1 T18

T54 E40

K91 1-

1B  

 

SOD1  

SOD1

SOD1 SDS-

PAGE 16 kDa

1-2-A SOD1 WT

holo apo 2 1-2B apo-

SOD1 holo-SOD1 100 1



apo-SOD1 Cu2+ Zn2+

 

 

 

Holo-SOD1 CD 208 nm

1-2C holo-SOD1

(31) holo apo SOD1 CD

SOD1

(7) T18S E40K SOD1

CD WT

SOD1 T18S E40K

pH

WT SOD1 4.5  E40K

SOD1 2.0

1-2 T18S WT  

 

SOD1  

SOD1 ThT Holo-SOD1

data not 

shown WT-apo-SOD1 1-3A

1-3D T18S E40K apo-SOD1

0-200 ThT 1-3B-D  

  ThT SOD1

1-3E 1-3F worm-like fibrils



(63) holo-SOD1

WT apo-SOD1  

 

 

SOD1

SOD1

CD WT T18S

E40K SOD1 apo- holo-SOD1

1-4 SOD1

GdnHCl 1-5

T18S E40K SOD1

 

 



 

 
DM SOD1

SOD1

SOD1 1

(19) SOD1 SOD1

DM ALS 1

T18S E40K SOD1

 

SOD1 holo apo

1-2C D

apo holo

1-4 1-5 ThT holo-SOD1

WT-apo-SOD1 apo-

SOD1 1-3A-D

apo-

SOD1 SOD1

 

T18S SOD1 apo

1-3C T18S SOD1

1-4 1-5 SOD1

T18 T54

1-1B

T18S T18 T54



T18 T54

2 Cys6

SOD1 Cys6 Cys57 Cys146

SOD1

S-S (49) (68)

SOD1 T18S S-S

 

E40K SOD1 T18S-SOD1

1-4 1-5 E40K-SOD1 WT-SOD1

2.5 1-2

(9) (14) SOD1

D125H D90A E100K D101N N139K

(61)

SOD1 E40K

E40 K91

1-1B 40

40 91

SOD1 E40 K91

G93A H43R

(20) in silico

E40 K91 SOD1 Zn2+

(20) E40K-SOD1



E40 K91

 

T18S E40K

SOD1

1-3E-F lag 

phase  (72)

SOD1

 

SOD1 apo-SOD1

T18S S-S

E40K SOD1

S-S

NMR

 



 

 

 

SOD1, 1  



 

 

 

 

SOD1, 1 WT  

 



 

1-1 SOD1

SOD1 3D  

A SOD1

Zyggregator B SOD1

3D SWISS-MODEL

SOD1 T18

T54 E40

K91  

 



 
1-2 SOD1  

A SOD1 SDS-PAGE 16 kDa

B SOD1 Holo-SOD1

apo-SOD1 WT T18S

E40K SEM

C apo- D holo-SOD1 WT CD

SEM

 



1-3 T SOD1  

WT A E40K B T18S C apo-SOD1

T18S E40K apo-SOD1

ThT D 1-3A C ThT

T18S E40K ThT p < 

0.001 E,F E40K-SOD1 E T18S-SOD1 F

100 nm  

 



 
1-4. SOD1  

A apo B holo 220 nm CD

Apo holo SEM

 

 



 

1-5 SOD1 GdnHCl  

A apo B holo 220 nm CD

fD Apo holo

SEM  

 



 

 

 

2

 



 

 
DM DM

1 SOD1

(5) SOD1 2 c.118G>A

c.52A>T SOD1

E40K-SOD1 T18S-SOD1 (4) (74) SOD1

(47) DM SOD1

SOD1 SOD1

DM (5) (38) (50)  

SOD1 SOD1

(19) SOD1

E40K-SOD1 T18S-SOD1 SOD1 WT-

SOD1 SOD

E40K-SOD1 holo

apo

DM SOD1

apo-SOD1

SOD1

 

E40K-SOD1 16G9

DM E40K-SOD1

(38) (42) E40K-SOD1



 

2 SOD1 DM

E40K SOD1

holo

apo apoSS apo apoSH

3 SOD WT E40K

SOD1

Differential scanning fluorometry DSF

SOD1 ELISA 16G9

DM 16G9

DM

SOD  



 

 
SOD1   

1 SOD1

pET15b Novagen WI, USA WT-SOD1

E40K-SOD1 (3)  

E. coli SHuffle

Thermo Fisher Scientific MA USA 50 µg/mL LB

37 50 µg/mL

LB 37 50 µg/mL

LB 20 37 3 β-D-1-

IPTG 0.5 mM 20 20

3,500 × g 15

30  

1 M 10 mg/mL

DNase PBS/ 2 % TritonX-100

20,000 × g 15

cOmpleteTM His-Tag cOmplete Basel Switzerland

pH4.0 250 mM NaOAC/ 0.5 M 

NaCl 50 mM EDTA 2 U/ 200 µM

Osaka Japan 20 

His HiTrap Benzamidine GE Healthcare

Tokyo Japan



apoSS-SOD1 10K 

Amicon Ultra Centrifugal filter Millipore MA USA

apoSS-SOD1

 

ApoSS-SOD1 DTT 50 mM

37 1 10K 

Amicon Ultra Centrifugal filter DTT apoSH-SOD1

 

ApoSS-SOD1 EDTA

CuSO4 37 30

 ZnSO4 37 30

10 mM Bathocuproinedisulfonic acid disodium salt hydrate 500 mM EDTA

holo-SOD1  

SOD1 95 % SDS-PAGE

UV Shimadzu Kyoto

Japan 280 nm

 

DDSF  

SOD1 DSF

1 WT-SOD1 E40K-SOD1

96 apo-E40K-SOD1 50 µM EDTA 

17.5 mM 4 × SYPRO Orange Sigma-Aldrich MO USA  

Applied Biosystems StepOnePlus Real-Time polymerase chain 

reaction PCR System Thermo Fisher Scientific MA USA



25 95 1 / StepOnePlus 

software Tm

3  

 

16G9 SOD1  

16G9 SOD1

E40K holo apoSS apoSH

40 µM apoSH-SOD1 10 

mM EDTA 5 mM DTT 96 37 170 rpm

ThT ThT

16G9 1 100

ELISA 96 4 10 µg

1

SOD1 SOD-100 Enzo Life Science NY USA

1 1,000 HRP IgG Peroxidase-conjugated 

AffiniPure Goat Anti-Rabbit IgG Jackson Immuno Reserch Laboratories inc.

PA USA 1 3,000 1

O-phenylenediamine dihydrochloride 0.012 %

100 mM pH 5.0

Bio-Rad Laboratories CA USA 490 nm

3 ANOVA

Tukey p 0.05

 

 



 

SOD1 c.118G>A

DM PWC 2 DM

SOD1

2

24

80 

2-1  

 

16G9 SOD1  

16G9 SOD1

DM

complete mini Roche Basel Switzerland

PBS 1 % Tween20 5 mM EDTA 100 mM 

20,000 × g 4 30

Micro BCA Assay Kit ThermoFisher 

Scientific Tokyo Japan 16G9 0.35 µg

Protein G Dynabeads Veritas Tokyo Japan 15

IgG 50 µg

4 PBS-

T 3 4 % SDS 95 5

5 % 14 % SDS SDS-

PAGE  PolyVinylidene DiFluoride Pore size: 



0.45 μm Immobilon-P Membrane Millipore Bedford MA USA)

1 % PBS-T  1 

SOD1 1: 2,000 4 

 PBS-T  HRP

IgG  1: 5,000)  1

PBS-T ECL™ Prime Western Blotting Detection Reagent (Cytiva

Tokyo Japan)  LAS-

1000UVmini FUJIFILM Tokyo Japan  

 

SOD  

SOD in gel SOD activity assay Holo-WT-

SOD1 holo-E40K-SOD1 6 × Native-PAGE sample 

buffer 0.5 M Tris pH 6.8 30 % Glycerol 0.6 mg/mL Bromophenol blue

Holo-WT-SOD1 holo-E40K-SOD1 100 ng

10 µg 10 % Native-PAGE

1 mg/mL Nitro Blue Tetrazolium Chloride

30 TEMED-Riboflavin 100 mM 

K-Pi pH 7.0 0.2 % TEMED 140 µM

30

 

 



 
 

16G9 SOD1  

SOD1

SOD1 DSF Holo-WT-SOD1 holo-E40K-

SOD1 Tm 78.5 ± 0.17 75.8 ± 0.29 

2-2 apoSS Tm apoSS-

WT-SOD1 51.5 ± 0.14 apoSH-E40K-SOD1 48.4 ± 

0.26 1

SS apoSH Tm apoSH-WT-SOD1

38.2 ± 0.55 apoSH-E40K-SOD1 31.4 ± 0.38 

E40K Tm WT

apoSH Tm = 6.8  

16G9 SOD1 16G9

SOD1 ELISA

E40K-SOD1 apoSH-E40K-SOD1

2-1 16G9 SOD1

apoSH-E40K-SOD1 E40K-SOD1 

WT-SOD1 

WT

holo apoSS

 

 

16G9 SOD1  



ApoSH-E40K-SOD1 E40K-SOD1 

16G9 SOD1

DM

16G9 SOD1

DM 5 % SOD1

16 kDa SOD1

2-2 DM

16 kDa DM

apoSH-E40K-SOD1 E40K-SOD1  

 

SOD  

SOD Native-PAGE In gel SOD 

activity assay SOD

2-3 DM

DM

SOD DM

holo-SOD1  

 



 

 
DM SOD1

SOD1  (19) SOD1 S-S

1 SOD1

E40K-SOD1 holo

apo

DM apo-E40K-SOD1

SOD1

DM  

SOD1

DSF 1 SOD1

WT E40K apo

 S-S Tm 40 

E40K WT Tm 6.8 

S-S

S-S SOD1

(67) (39)

(79) S-S

E40K-SOD1 S-S

 

16G9 E40K-SOD1

(38) 16G9



SOD1 16G9

ELISA apoSH-E40K-SOD1

E40K-SOD1 16G9

E40K-SOD1 apoSH

SOD1

apoSH (23) (24)

SOD1 apoSH

(24) DM SOD1

(5) (47) (74) 16G9

apoSH-E40K-SOD1 E40K-SOD1 

16G9 E40K-SOD1

E40K-SOD1

16G9 WT-SOD1 WT-SOD1

apoSH

WT-SOD1 SOD1

(65) SOD1 apoSH

DM 16G9

E40K-SOD1

 

16G9 DM

apoSH-E40K-SOD1 E40K-SOD1

DM

16G9



16G9 (38) (42)

DM apoSH-E40K-SOD1 E40K-SOD1

 

SOD in gel SOD activity assay DM

SOD

SOD1 SOD

(55) DM

DM

(4)

SOD DM

ALS SOD1

ALS (53) DM SOD

SOD1

WT E40K holo

(19) DM

SOD holo SOD1

 

DM E40K-

SOD1 holo apo

apo DM

2-4 Apo SOD1

holo



apo holo DM

apo-E40K-SOD1

DM apo-E40K-SOD1



 
 

 
2-1.  

PWC; SOD1; superoxide dismutase1 WT

; SOD1 E40K ; E40K-SOD1

DM;  



2-2. SOD1 Tm  

WT E40K Tm Tm  

 



2-1 16G9 ELISA 

WT ApoSH-E40K-SOD1 E40K-SOD1 

*p < 0.05  **p < 0.01 vs. all isoforms except apoSH E40K  



 
2-2 SOD1

 

DM 16G9

SOD1 DM

16 kDa  



 

2-3 SOD  

DM in gel SOD activity 

assay SOD DM SOD

 



 

2-4. DM SOD1  

SOD1

holo DM holo

apo
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DM 1

SOD1 (5) (74) DM

SOD1  (5) (38) 1 SOD1

apo

2 DM

SOD1 DM holo

SOD1 apo  

 (22) (54)

ALS

ALS

(34) (40) (41)

(45) DM SOD1

(11; 77) SOD1

DM  DM SOD1

SOD1  

1 Diacetylbis (4-methylthiosemicarbazonato) cupper

Cu (atsm) BBB

=322 (48) SOD1 Cu



(atsm) SOD1

(56) (73) ALS Cu

(atsm) (64)

1 SOD1

apo-SOD1  

2 GIF

(25)

tau

GIF-0726-r

 (33)

(32) GIF-0726-r 16 GIF SOD1

 

Cu (atsm) GIF SOD1

1 T

Cu (atsm) 16 GIF apo-E40K-SOD1

E40K-SOD1

SOD1

SOD1  



 

 
CCu (atsm) 

Cu (atsm) Cayman Chemical MI USA

DMSO 20  

 

 

GIF-0726-r 2

(25) (26) GIF-0726-r

GIF-0725-r, GIF-0822-r, -0825-r, -0826-r, -0827-r, -0851-r, -0852-

r, -0854-r, -0856-r, -0871-r, -0872-r, -0873-r, -0874-r, -0875-r, -0890-r  -

0952-r 3-1 DMSO 20 

GIF  

 

SOD1   

apo-E40K-SOD1 1

apo-E40K-SOD1 95 %

SDS-PAGE UV

Shimadzu Kyoto Japan 280 nm  

 

SOD1 T  

SOD1 Cu (atsm) GIF

T ThT 96

EDTA apo-E40K-SOD1 40 µM ThT 10 µM



Cu (atsm) 50 µM apo-

E40K-SOD1 40 µM EDTA 10.5 mM ThT 10 µM

GIF 50 µM TAITEC-

OnLine Saitama Japan 37 600 rpm

Varioskan Flash Thermo 

Scientific MA USA 24 495 505 nm 405 nm ThT

3  

 

SSOD1  

Neuro2a 13 mm

Osaka Japan 24 TrueLine Cell Culture 

Plates Tokyo Japan 10 %

FBS Biosera MO USA

Dulbecco’s modified Eagle’s medium DMEM FUJIFILM Wako Osaka

Japan 37 5 % CO2

Lipofectamine 2000 Transfection Reagent Invitrogen CA USA

GFP SOD1

GFP-WT-SOD1 GFP-E40K-SOD1

(47) (77) Opti-MEM life 

technologies corporation CA USA 1 0.5 µg

4 10 % FBS DMEM

Cu (atsm) 500 nM  GIF

25 µM 36 DMSO

0.05 %  



4 % 10

PBS pH7.4 0.25 % Triton X-100 PBS

10 PBS 4’ 6- -2-

DAPI DOJINDO Laboratory Kumamoto Japan

1 1,000 LSM710 Carl-

Zeiss Oberkochen Germany DAPI

40 GFP 100

 SOD1

3  

 

EE40K-SOD1  

ThT GIF apo-E40K-SOD1

carbon-coated 200-mesh copper grids EM 

Japan Co., Ltd Tokyo Japan 2 % w/v

200 kV JEM-2100F

Tokyo Japan  

 

 

ANOVA

Dunnett Tukey

p 0.05  

 



 

 
SOD1  

Cu (atsm) GIF SOD1

SOD1 ThT

24 ThT 3-2A, C

Cu (atsm) ThT 3-2B GIF

GIF-0725-r GIF-0874-r GIF-0875-r 13

ThT 3-2C GIF-0854-r GIF-0890-r

3-2D  

 

SOD1  

Cu (atsm) ThT GIF

GIF-0854-r GIF-0890-r SOD1

SOD1

GFP-WT-SOD1 GFP

3-3A GFP-E40K-SOD1 GFP

SOD1 3-3A GFP-WT-

SOD1 7.3 ± 1.2 % GFP-E40K-SOD1 20.7 ± 1.5 %

Cu (atsm) 9.7 ± 0.9 % GIF-0854-r 13.3 ± 

2.3 % GIF-0890-r 10.0 ± 1.2 % Cu (atsm)

GIF SOD1

3-3B  

 



SSOD1  

GIF SOD1

SOD1 GIF-0890-r

GIF-0890-r

worm-like fibrils GIF-0890-r

3-4  

 



 

 
SOD1 DM

(5)

(22)

ThT Cu (atsm) GIF

SOD1 Cu (atsm) GIF

SOD1 Cu (atsm) GIF-

0854-r GIF-0890-r SOD1

 

Cu (atsm) BBB

(48) SOD1

apo holo

1 E40K-SOD1 holo

apo Cu

(atsm) apo-SOD1 holo

SOD1 2 DM

E40K-SOD1 apo

Cu (atsm)

SOD1 (56)

Cu (atsm) DM holo

 



GIF

(25)

(25) SOD1

p < 0.01; R2 

= 0.66 3-5

(13)(30) GIF

 

GIF GIF-0854-r GIF-0890-r

GIF-0854-r GIF-0726-r

5

(6) (27)

(75)

GIF 5

SOD1

GIF-0890-r GIF-0726-r 2 2

(2)

GIF-0890-r SOD1

SOD1

Biacore  



GIF SOD1 GIF

GIF-0854-r; 346  

GIF-0890-r;  294

(12) BBB

(71) GIF BBB

 

Cu (atsm) GIF SOD1

Cu (atsm) GIF-

0822-r GIF-0825-r GIF-0826-r GIF-0827-r GIF-0851-r GIF-0852-r GIF-

0854-r GIF-0856-r GIF-0871-r GIF-0872-r GIF-0873-r GIF-0890-r

GIF-0952-r SOD1 Cu (atsm)

GIF-0854-r GIF-0890-r

DM Cu (atsm) GIF

in vivo SOD1

 

 



 
 

 

3-1.  

A Cu (atsm) B GIF GIF-0726-r

 



 
3-2. T  

A Cu (atsm) C GIF apo-E40K-SOD1

DMSO Cu

(atsm) GIF GIF-0725-r GIF-0874-r GIF-0875-r

T 24

C Cu (atsm) D GIF

24 T

1 Cu (atsm) GIF-0854-r GIF-

0890-r p *< 0.05  

 



 

3-3 GFP-SOD1  

A GFP-SOD1 GFP-WT-SOD1

GFP GFP-E40K-SOD1

 = 10 µm B SOD1

Cu (atsm) GIF-0890-r p < 0.01

GIF-0854-r p < 0.05  

 
 



 

3-4 SOD1  

A B DMSO C D GIF-0890-r

A C 10,000  = 0.2 µm B D

25,000  = 100 nm  

 

 



3-5 SOD1

  

T DMSO 100 %

GIF 3 2

p < 0.01 R2 = 0.66  

 

 



DM

; 10.9 3

DM SOD1

SOD1

SOD1

DM

DM SOD1

 

1 SOD1

SOD1

holo apo

apo SOD1 SOD1

T18S S-S E40K

apo SOD1

DM apo

SOD1 DM

 

2 DM SOD1

E40K-SOD1

16G9 apoSH-E40K-SOD1 E40K-



SOD1 ELISA

DM SOD1 16G9

DM apoSH-E40K-SOD1

E40K-SOD1 DM

SOD holo

DM holo

apo

 

3 SOD1

apo-E40K-SOD1

T

Cu (atsm) 13 GIF apo-E40K-SOD1

Cu (atsm) GIF-0854-r GIF-0890-r

SOD1 E40K-SOD1

DM  

DM SOD1 holo

apo

DM holo apo

apo

DM SOD1

DM

 



 

 

 

 

 

   

 

  

  

 

DM

DM  

  

 



 




















