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α-Syn : α-Synuclein, α   

DTT : Dithiothreitol,   

Thio-T : Thioflavin-T, T  

TEM : Transmission Electron Microscope,  

MTS : 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-   

        2H-tetrazolium, inner salt, 3-(4, 5- -2- )-5-(3-  

        )-2-(4- )-2H-  

DiBAC4(3) : Bis(1,3-dibutylbarbituric acid)trimethine oxonol, sodium salt,  

-(1,3- )  

OD600 : Optical Density at 600 nm, 600 nm  

VMA : Vaccinium Myrtillus Anthocyanoside 

Cya : cyanidin,  

Cya-3- gal : cyanidin 3-galactoside,  3-  

Del : delphinidin,  

Del 3-gal : delphinidin 3-galactoside,  3-  

WT : Wild type,  

AFM: Atomic Force Microscope,  

Gdn-HCl: guanidine hydrochloride,  

DTNB: 5,5'-Dithiobis(2-nitrobenzoic acid), 5,5’-  (2- ) 

CF: charge free 

Tris: 2-Amino-2-hydroxymethyl-1,3-propanediol Hydrochloride , 2- -2-  

     -1,3-  

MPCCD: multi-port charge coupled device 

XFEL: X-ray free electron laser 

CXDI: Coherent X-ray difraction imagineg 
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1   
 

 

 20 , 

, 

, 

, 

, , 

20% , , , 

, ,  40

20000 , 1

(1) , (2)

(3), 

(4,5)  

, 

, GFP

(6) , 

(7) , 

, (8)

, 

, (9-11)

, 

(12,13) , , 

(14)

, , 
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1-2.  

, 

(15,16)

, 

(17,18)  

 (AD) , 

(19) World Alzheimer Report 2015 4600

, (20) AD Aβ

, (21) Aβ β  (APP) β-

γ- (22) APP , 

(23) Aβ

, (24)

(25) 65 AD

, 65  AD (26)  

 

(BSE) , (27)

 (CJD)

, , 

(28)

(29,30)

, 

(31) , CJD 10%

(31)

(32)

 

 



 3 

1-1. , , (33)

 

 

 
 

1-3.  

  

1854 Rudolph Virchow

(34)

, (35) , 

(36)

, , , (37) 1981

, 

1983 Stanley B. Prisuner

(38) β , 

7-10 nm  ( 1-1. A) , Congo Red

(39) , Thioflavin-T

(40)  



 4 

 
1-1.  

              A. (38)  

100 nm  

B. (41)  

10 mm  

 

 ( ) 

 ( ) 

, 

,  ( ) (33)

, thioflavin-T 1-2. 

 

 

 

1-2. 3  

: : :  
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1-4. GroES 

GroES E. coli GroEL 10 kDa

, 30 Å 75 Å

2 GroEL

146 Å 137 Å , 15 K 50 KDa

(42) ( 3. )

, (43) GroES

, , 

 Hsp60

Hsp Heat shock protein

 

 

 

1-3. GroEL/GroES (44)  

GroEL-GroES ,  

GroEL  

      GroES  

      GroES  

 

GroEL 10-15% , 

ATP GroEL GroES
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DnaK Hsp70

, GroEL

Hsp100

ATP GroEL

ATP GroES

ATP ADP

, 

GroEL GroES , 

 

, GroES

(45), GroES

GroES , 

(46)

 

 

1-5. α   

 (α-Syn) 

α-Syn , , (40)

(47), 

(48)   (Natively 

unfolded protein) , 

140 α-Syn , 

α-Syn  N  (1-60) pH (49), 

 α KTKEGV 6 7

, 

(50,51) α-Syn  N ,  
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 α  ( 4.a

) (52)  Non amyloid β component (NAC)  (61-95) 

(53) C  

( 96-140 ) pH , pH

(54,55) , 

α−Syn pH7.4 -9  (49) 

(  1-4b,  2  ) α-Syn  pI 4.67 pH3 , C 

, α-Syn pH

(49)  

 

 

1-4. α-Syn  

 A. α-Syn α  

 N , C  

(52)  

B. α−Syn (49)  

pH7.4 ,  

 

 

 

 

 

 



 8 

 

 1-2 . α-Syn (49) 

pp H  NN  NN A C  CC  

 NN e t  TT o ta l  %%  NN e t  TT o ta l  %%  NN e t  TT o ta l  %%  

Neutral + 4 18 30.0  1 3 8.6  12 18 40.0 

Low + 11 11 18.3 + 1 1 2.9 + 3 3 6.7 

α−Syn  pH  pH  (N , NAC 
, C )  (Net) , , 

(53) 
 
 

, α-Syn

 53  (Ala)  

(Thr) α-Syn (A53T) (56) 30 

 Ala  Pro A30P, 46 Glu  Lys  E46K 

(18,57) α-Syn

(58) α-Syn α-Syn

, 

 β α-Syn , 

 A53T  in vitro 

 (59) α-Syn

, in vitro

, 

(60) Hsp70 α-Syn

 (61)
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1-6.  

 α-Syn

(62), 

, 

α-Syn  

(61) , α-Syn

 (63) , 

 ( 1-5. ) (64)  

 

    

1-5. (64)   

a) α  

b) α−Syn , 

c) , ,  

  

 

   α  ( ) 

  :  

       : α  ( ) 

       : α  ( ) 
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, 

(65) , 

(66)

, (67)

, 

Bcl-xL

, Bcl-xL

(68)  

 

1-7.  

α−Syn

, , , 

,  α−Syn

(69)

, 

 α−Syn

(69)  

 , 

, 

 

 ,  α−Syn

, 3

, 

α-Syn , 

, Lys, Met, Tyr

,  



 11 

(69)

,  (PQQ) 

 α PQQ , 

(70) 

(71)   

, 

(72)  

 

                             

                        1-6.  

 

1-8.  

, , 

X X

, X

X , 

, , 

,  (NMR) , 

 

  

O

OOH

HO

HO



 12 

1-9. X  

 X

0.225 nm 5.5 keV X

, 

, 

SPring-8 , SPring-8 Angstrom Compact Free 

Erectron Laser (SACLA)  ( 1-7. A ) , SACLA

 ( 1-7. B), 
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              1-7. SPring-8 SACLA  

                    A. SPring-8 SACLA 

                    B . MPCCD-CCD  

       

                       MPCCD-Octal 

                       MPCCD-Dual 

                    C.  
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.  

  3 (73,74)

, , 

10-3 Pa , XFEL

, 

X , 

, XFEL 2

X (75) ( 1-8. A ) , 

, 

, 

 ( 1-8. B ) (76) 2

,  ( 1-7. C ) 

,  

, 

, 

, 3

, XFEL XFEL

3 XFEL-CXDI
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1-8. SACLA 2  

A. 1 (75)  

    B. (73)  
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−  

  G-

4 , , , , 

(76)   

 3 10

CCD  XFEL

CCD

 

2 MPCCD XFEL

, 

MPCCD-Octal MPCCD-Dual

 

(77)

2 Hybrid- Input- Output 

(HIO) 1000 , 

Support Oversampling Smoothness (OSS) 

1000 ( 1-8. ), 

, 

, 
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1-9. OSS  

Cluster , Cluster
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 GroES , 

α-Syn 2

,  

(TEM) , XFEL-CXDI , 2

 

5  

1  [ ] 

, 

XFEL-CXDI  

2  [GroES ] GroES

, 

 

  3  [α ] α-Syn

, 

 

  4  [ CXDI ] SACLA GroES

α-Syn XFEL-CXDI ,  

 5  [ ] 2-4 , 

, XEFL-CXDI
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2 GroES  
 
2-1.  

, 

E. coli

GroEL GroES ATP

GroEL 7 2

14 , 7 GroES

GroEL/GroES Hsp60

Hsp10  

β , 

, 

, 

GroES  (Gdn-HCl) 

 

  , GroES Gdn-HCl

, Aβ

, GroES , 

GroES , 

ΤΕΜ

VAM

GroES  
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2-2.  
 
2-2-1.  

[1] BLR (DE3) / pET ES  

  1. BLR (DE3) 200 μL pET ES 100 ng  

 30 min  

  2. 42 , 45 sec , 2 min  

  3. SOC 800 μL BLR (DE3) 200 μL 37 1 hr  

     

4. LB 50 μg/mL 50mg/mL Ampicillin 

    , BLR (DE3) 37 , over night  

                     

  

[2] BLR(DE3)/pETES  

   1. LB/Amp BLR(DE3)/pET ES 5 mL 

     LB/Amp  

   2. 37 , 160 min-1 LB/Amp OD600 0.6  

   3. OD600 0.6 300 mL LB/Amp 1/100 

     1.5 ml KUBOTA3780  

     centrihuge AF-2724A 6800  

   4. INNOVA 44 SHAKER 37 ,120 rpm OD600 0.6  

   5. 1 MIPTG 1 mM LB/Amp  

SOC  

2% (w/v) Bacto Tryptone 

0.5% (w/v) Bacto Yeast Extract 

10 mM NaCl 

2.5 mM KCl 

LB  

1% (w/v) Bacto Tryptone 

0.5% (w/v) Bacto Yesast Extract 

1% (w/v) NaCl 

1.5% (w/v) Agar ( ) 
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   6. INNOVA 44 SHAKER 37 ,120 rpm over night  

   7. KUBOTA 6500 centrifuge AG-5006 8000 rpm, 4 , 20 min  

     1.5 mL  KUBOTA3780   

     centrihuge AF-2724A 6800 

[3] GroES  

  1. 18.8g 10 buffer  ( ) ,  

     1/1000 100 mM PMSF 1 hr  

                           

                       

  2. , Sonics Vibra Cell Processor VCX-130 Pulser 1, Amplitude  

    20, Timer 5×4  

  3. KUBOTA 6500 centrifuge AG-508CA 12000 rpm, 4 , 20  

    min ,  

  4. buffer 5% (w/v) Streptomycin buffer  

    , buffer buffer 1 mL/min  

    , 30 min                     

  5. KUBOTA 6500 centrifuge AG-508CA 14000 rpm, 4 , 20  

     min ,  

   6. Bradford HITACHI U-2900  Spectrophotomater  

buffer 

50 mM Tris-HCl pH 7.5 at 4  

 mM EDTA 

2mM DTT 

100 mM NaCl 

0.1 mM PMSF 
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      (78)  

   7. 2 mg/mL buffwe  

   8. 70        

       70 , 70 75 15 min ,  

      4 30min  

   9. KUBOTA 6500 centrifuge AG-508CA 14000 rpm, 4 , 40  

      min ,  

  10. millipore Millex LH  

  11. 55% (w/v) ,  

      30 min  

  11. KUBOTA 6500 centrifuge AG-508CA 14000 rpm, 4 , 40  

     min ,  

  12. 2 buffer3 L 2  (2 hr, over night)  

             

  13. KUBOTA 6500 centrifuge AG-508CA 14000  

      rpm, 4 , 40 min , millipore Millex LG   

      Bradford  

  14. AKTA FPLC system  

buffer 

50 mM Tris-HCl pH7.5 at 4  

 mMEDTA 

2 mM DTT 

 buffer 

50 mM Tris-HCl pH7.5 at 

4  

 mMEDTA 
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  15. , Fraction  

15%SDS-PAGE  

  16. Fraction , 2 buffer3 L  

      2  (2 hr, over night)  

                       

 

  17. millipore Millex LG , EYELA  

     FREEZE DRYER FD-1000 , 4  

 

2-2-2. GroES  

[1] Neuro-2a  

  1. CRYO ONE DR-10A REFRIGERATORS Neuro-2a ,  

     

  2. 37  

3. Neuro-2a 50 mL , MEM 6 mL

 

AKTA buffer 

50 mM Tris-HCl pH7.5 at 4  

 mMEDTA 

2 mM DTT 

1 M NaCl ( ) 

buffer-1 

5 mM NH2HCO3 

buffer-2 

1 mM NH2HCO3 



 24 

                                   

                    

  4. HITACHI himac CR-20 centrifuge R20A2 2000 rpm, 4 , 5 min 

 

  5. , MEM (+) 6 mL  

  7. 6 mL , ASTEC APC-30D/CL-30 CO2 Incubator 

    37 , 5%CO2 90%  

  8. , MEM (+) 3 mL PBS 2  

    , MEM (+) 6 mL  

 10. 90% , 5 mL PBS 2  

    trypsinEDTA 5 mL  

 11. 3 mL MEM (+) HITACHI himac CR-20 centrifuge  

    HITACHI himac CR-20 centrifuge R20A2 2000 rpm, 4 , 5 min  

     

MEM (+) 

89% (v/v) MEM 

0.1 mM Non Rssential Amino Acid 

1 mM Sodium pyruvate 

1% (v/v) Penicillin Streptomycin 

10% (v/v) FBS 

MEM (-) 

89% (v/v) MEM 

0.1 mM Non Rssential Amino Acid 

1 mM Sodium pyruvate 

1% (v/v) Penicillin Streptomycin 
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 12. 6 mL MEM (+)  

 13. 48 well 500 μL MEM(+) , 30 μL  

    ASTEC APC-30D/CL-30 CO2 Incubator 37 , 5%CO2 90%  

     

 14. 48well MEM (+) , 250 μL PBS well 2  

 15. 500 μL MEM (-) well 24 hr  

[5] GroES ,  

Neuro-2a , 2  

 

(1) MTS assay 

 MTS 490 nm

 ( 2-1. A)  

 

  

2-1.  

A. MTS  

B. DiBAC4(3)  
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2 mL  

  1. GroES , buffer 1 mL ,  

 KUBOTA 3780 centrifuge AF-2724A 14000 rpm, 4 , 5 min  

    ,  

                                         

                   

  2. , Bradford  

  3. VMA, Cya, Cya-3-gal, Del, Del-3-gal , buffer  

     Cya, Cya-3-Glc, Del, Del-3-Glc  

 

Anthocyanins VMA Cya Cya-3-Glc Del Del-3-Glc 

Molecular Weightt 450 322.7 484.84 338.7 500.84 

 

  4. GroES 1 mg/mL (96.3 μM)  

VMA, Cya, Cya-3-Glc, Del, Del-Glc  GroES 0.5, 1, 2, 5, 10  

    

    37 , 90 min  

5. Thio-T buffer 2 mL  

buffer 

50 mM Sodium Phosphate pH7.4 

0.9 M Gdn-HCl 

Thioflavin-T (Thio-T) buffer 

50 mM Sodium Phosphate pH7.4 

25 mM Thio-T 
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6. Thio-T buffer 0.0075 mg/mL  

    , 30 sec  

  7. F-4500 Fluorescence Spectrophotometer  

                  

                     2-1. Thioflavin-T  

S/  I/  

 5 nm 

sec 5 nm 

440 nm V 700 

480 nm sec 0.1 

0 ON 

  

 8. 200 μL , Hitachi Koki CS150GXL Micro 

Ultracentrifuge S140AT 57000 rpm (174000 g), 4 , 1 hr

 

  9. PD SpinTrap G-25 100 mL/column  

    KUBOTA 3400 centrifuge 800 ×g, 2min,  

 10. buffeer 200 μL Hitachi Koki  

     CS150GXL Micro Ultracentrifuge S140AT 57000 rpm  

     (174000 g), 4 , 1 hr , 200 mL  

     buffeer  

 11. Bradford
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2-2.  

  

50 mM Sodium Phosphate buffer 50 μL 

1 mM Melittin 5 μL 

 10 μg 

 10 μg 

  

  12. 37 , 5%CO2 24 hr  

  13. well 1/5  (v/v) MTS 2 hr  

  14. 10% SDS (w/v) MTS , 48 well    

     MTS  

  15. Molecular Devices SpectraMax M2 490 nm  

      

  16. buffer well 100%, 1 mM  

Melittin well 0% ,   

      well  

 

(2) DiBAC4 (3) assay 

 ( 2-1. B)

, 

 

 

2 mL 1-10  

  1. 5 μM DiBAC4 (3) 50 mM  pH7.4 (DiBAC4 (3)  

    buffer) 200 μL 2  
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  2. GroES 5 DiBAC4 (3) buffer 50 mM  

  Sodium phosphate buffer 0.5 mg/mL  

  3. 180 μL 37 , 5%CO2 30 min  

     

  2. GroES 10 μg well , 1 mM melittin 5 μL  

    , 37 , 5%CO2 5 min  

  3. Molecular Devices Spectra Max M2 37 ,  

    495 nm, 517 nm  

 

 : MTS DiBAC4-assay 0 hr

0.05 0.05

0 hr

 

3-2-3. TEM  

  1. , MQ 

10  

  2. EM  (400 )  

1 min  

  3. , 5 μL MQ  

4. 2% 5 μL 30 sec ,  

2%  

  5.  

  6. JEOL-100CX ,  
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2-3.  
 

GroES ,   

          

  GroES , ,  ( 2-1. 

A ), 

Neuro-2a , 

2-2. A 48 hr 48 hr

Thio-T , 

, , 

 ( 2-2. B )

Neuro-2a , 

,  (I48 hr) 0.6 μM  ( 2-2. C)  

, 

(62) , 

,  (

2-2. D ) GroES Asn51-Gly51

(79), N51A

, N51A GroES WT

144 hr

 ( 2-2. E)  
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       2-2. GroES  

A. GroES , *p<0.05 

              B. 48 hr  

C.  

              D.  

              E. N51A , *p<0.05 
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GroES TEM , 

 ( 2-3. ) , 48 hr

 ( 2-3. B) , 

72 hr

( 2-3. C), 144 hr

 ( 2-3. D) 48 hr

, GroES

TEM , 44-88 nm

,  (

2-3. E, F )  
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2-3. GroES TEM  

               A-D. 0-144 hr GroES TEM  

                 200 nm 

              E. 48 hr GroES 

              F. 48 hr GroES 

A B

C D

E F

0 hr 48 hr

72 hr 144 hr

Sup. 48 hr Amorphous
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  , GroES

DiBAC4 (3) 

, 

, GroES , 

 

( 2-4.)    

             

2-4. GroES  

  GroES

DiBAC4 (3)  *p<0.05 
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 GroES   

           

, 

(80)

, (81,82) ( 2-5.)

VMA GroES

 

              

  

2-5. VMA  

    A.   

  B-D. , ,  

    E.   
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GroES 0-3.6 VMA , 

GroES (

2-6.A)  (0-0.7 ) VMA ,VMA

VMA

, VMA 0.7

, 

VMA

GroES TEM , VMA GroES

VMA GroES

 ( 2-6.B, C) , TEM

, VMA GroES

VMA

, ( 2-6. D)

, GroES

, 

0 hr  ( 2-5. E) , VMA

GroES

, 3.6 VMA TEM VMA

GroES , 
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 2-6. VMA GroES  

       A. VMA GroES   

       B. VMA GroES   

       C. VMA GroES   

       D. VMA  

       E. VMA GroES  
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VMA ,  (Cya),  

(Del) (83) Del VMA

36% (83) Del GorES

Del GroES0.7-10

, VMA GroES  ( 2-7. A)

0.5 1 , 2

GroES TEM 0.5

Del , , 

10  (

2-7.B-D) Del Cya

GroES , Cya, 

Del 3-gal, Cya 3-gal

VMA >  > , 

VMA , VMA

, 

VMA ,  VMA

Del 3-gal

10 GroES Del 10 GroES

TEM  ( 2-7. B)  
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2-7. VMA GroES  

     A. Del GroES  

   B-E. Del GroES   

          

     F. VMA, Del, Cya GroES    
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2-6. , VMA GroES

, 

48 hr, 

96 hr, 120 hr 3 VMA GroES

3.6 Thio-T  , 48 hr, 96 hr

VMA , 120 hr VMA GroES

 ( 2-8. 

A) ,  120 hr VMA GroES

, 120 hr AFM , 2-8. A

, VMA 48 hr

 ( 2-8. B, C) , 

VMA  
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2-8. VMA GroES  

      A. VMA GroES  

 48 hr  96 hr  120 hr  

            

      B. VMA AFM GroES 200 nm 

      C. VMA 48 hr AFM GroES 200 nm 
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  , , 

VMA 48 hr VMA

 (I48hr) 35% ,  (I48hr + VMA) 

93%  ( 2-9. A), DiBAC4 (3) 80% 35%

 ( 2-9. B) , VMA GroES

 

  VMA GroES , 

, GroES VMA 48 hr VMA

GroES

VMA

, 350 600 nm

 ( 2-9, C)

, GroES

, 24 hr VMA VMA

 ( 2-9. )

VMA

VMA 24 hr

GroES VMA 48 hr

, VMA GroES

, GroES

, I48hr VMA 24 hr

VMA 24 hr

, VMA , , 

GroES

, VMA GroES

 ( 2-6. C, 2-7. D, E)   
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2-9. VMA GroES  

      A. 48 hr VMA  

B. 48 hr VMA  

      C. VMA GroES  
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2-4.  
 

World Alzheimer Report 2015 , 

2015 8000 (20), 

, 

 3 SH3  

(PI-SH3) E.coli HypF N  (HypF-N) 

PI-SH3 Hyp-N GroES

(46,85) PI-SH3

, 4-200 nm , HypF-N , 

, 

, 

, 

(86-90) , 

(91,92)     

 Neuro-2a GroES

MTS GroES

 ( )  

( 2-1. A) , 

, 

 ( 2-2. D)

(2-3. B, E), DiBAC4 

(3) , GroES

, I48hr
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SDS-PAGE , 

 (data not shown) I48hr

, , 

(93,94) , 

, 

(95,96)

 

(97)

, 3-  (EGCG) 

(80) EGCG α-Syn, Aβ, 

κ (98-100)

VMA 2

GroES , 

, GroES

, VMA GroES

, 1 H−15 N HSQC NMR

, GroES

buffer Gdn-HCl Gdn-HCl

, GroES VMA NMR

 

VMA GroES , 

GroES , 

VMA , 

VMA GroES I48hr

VMA I48hr VMA
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GroES , 

,  

(84)

, s β

 

VMA

, O- 5-O-β−

(101) , 

3-O-

(102) , 

(103-107) , 

15

(108), 1 (109) Del 

3-glc Cya 3-gal (110), 

(111)

, 

, α-Syn

 

GroES

, VMA GroES

, , 

, 

, 
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α  
 

3-1.  
2 GroES

, GroES , 

GroES  

α-Syn A53T, 

A30P α-Syn α-Syn

, 

2006 , 

Masuda α-Syn 136 Trp

Cys  

3 136

, 2

2 α-Syn

, , α-SymY136C

, TEM

 

  



 49 

3-2.  
 

3-2-1.  

[1] BLR (DE3) / pET SNCA  

  1 BLR (DE3)  200 mL , pET SNCA  100 ng  

      30 min  

  2 42 , 45 sec Heat Shock  2 min  

  3 SOC  800 mL , BLR(DE3)/pET SNCA  200 mL  15 mL  

 1 hr  

  4 LB  BLR(DE3)/pET SNCA  100 mL, 200 mL  

  5 37 EYELA SOFT INCUBATEOR SLI-450N  10 hr  

         

 

[2] BLR (DE3) / pETSNCA  

1 37 10 hr  BLR (DE3) /pET SNCA  

    

2 , 37  OD600=0.6  

      

 4 1 L  LB  300 mL  

     1/1000  

 5  1/1000 innova 4430 37 ,  

SOC  

2% (w/v) Bacto TryPtone 

0.5% (w/v) Bacto Yeast Extract 

10 mM NaCl 

2.5 mM MgCl 

LB/Amp  

1% (w/v) Bacto Tryptone 

0.5% (w/v) Bacto Yeast Extract 

1% (w/v) NaCl 

1.5% (w/v) Agar ( ) 

50 μg/mL Ampicillin 
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120 rpm 16 hr  

 6. KUBOTA 6500 centrifuge AG-5006 8000 rpm, 4 , 20 min  

 (5.1 g)  

 

[3] α-Syn  

  1 5.1 g  BLR(DE3)/pET SNCA   10  buffer  

     ,  1/1000  

      

                

 

  2. Sonics Vibra Cell Processor VCX-130  

      

   1  : Amplitude 60, Timer 10, Pulser 1 

   2  : Amplitude 50, Timer 10, Pulser 1 

   3  : Amplitude 40, Timer 10, Pulser 1 

  3. KUBOTA 6500 Centrifuge AG-508CA 10000 rpm, 4 , 20 min    

     

  4  buffer  ( 2.5%)  

    30 min , KUBOTA 6500 Centrifuge AG-508CA  

10000 rpm, 4 , 20 min  

  5.  100 , 80  

buffer 

50 mM Tris-HCl pH7.5 

1 mM EDTA 

0.1 mM DTT 

0.1 mMPMSF 

buffer 

50 mM Tris-HCl pH7.5 

1 mM EDTA 

0.1 mM DTT 

0.1 mMPMSF 

5% (w/v) Streptomycin Sulfate 
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    , 80 85 , 15 min ,     

     

  6 KUBOTA 6500 Centrifuge AG-508CA 1400 rpm, 4 , 30 min  

      

  7. 0.22 mm  (96 mL) ,  

      (L) 472  (45.3 g) ,  

     , 30 min KUBOTA 6500 Centrifuge  

     AG-508CA  10000 rpm, , 30 min  

  8  buffer 30 mL ,  2 hr  

     buffer 2 L ,  over night  

                             

  9  KUBOTA 6200 AG-508CA 10000 rpm, ,  

     20 min , 0.22mm  

 10  AKTA FPLC System ,  

      (Resource Q) , Gradient  0-1 M NaCl  

      

                                  

 11.  SDS-PAGE , aSyn  

     ,  buffer-1  2 hr ,  

      buffer-2  over night  

buffer 

50 mM Tris-HCl pH7.5 

0.1 mM DTT 

AKTA buffer 

50 mM Tris-HCl pH7.5 

1 mM DTT 

AKTA buffer 

50 mM Tris-HCl pH7.5 

1 mM DTT 

1 M NaCl 
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 12 , KUBOTA 6200 AG-508CA  

     10000 rpm, 4 , 20min ,  

     4   

 

3-2-3. α-SynY136TAT  

   

  sense  : TATCAAGACTATGAACCTGAAGCCTA 

  anti-sense  : AGGTTCATAGTCTTGATACCCTTCCTCA 

  1. 100 mM TE buffer  

      

  2. PCR  

     

    Milli-Q                                      : 37.55 mL    

   10X Pyrobest buffer                               : 5 mL 

   dNTP mix                                        : 4 mL 

    (pEt SNCA 25 ng )               : 0.7 mL 

    (+)                                    : 1.25 mL 

    (-)                                     : 1.25 mL 

  Pyrobest DNA Polymerase                          : 0.25 mL    

                                                     50 mL 

 

 

 

buffer-1 

5 mM NH4HCO3 

buffer-2 

1 mM NH4CO3 
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                       PCR   

                        

3. PCR , PCR Milli-Q  (50 mL)  

  4. PCR Milli-Q  

    (100 mL) ,  

5. 15000 rpm, 5 min, Room Temperature ,  

  90 mL  

6. 1/10 3 M  (9 mL) , 2.5  

   90%  (247.5 mL)  

7. -85℃  15min , 15000 rpm, 15 min, 4℃ ,  

   

8. 70%  (346.5 mL) , 15000 rpm, 10 min, 4℃  

    

9.  

10. 44.5 mL Milli-Q ,  

11. 2 hr, 37℃, Dpn1  

 

                PCR 44.5 mL 

                10xT buffer      5 mL 

                Dpn            0.5 μL 

                              50 mL 

98  1 min 

98  10 sec 

60  30 sec 

72  3.5 min 

72  4 min 

4  

25 Cycle 
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12. , , Dpn   

    

13. 2 Dpn PCR ,  

   , PCR 13 mL Milli-Q   

   PCR Nano-Vue 30 ng/mL ,  

   1 mL 1% S  

14. XL1-Blue , 10  

    OD600 1.0  

15. Nano-Vue  

    EcoRI 2 hr, 37℃ 1% S  

     

 

                   

                 Milli-Q            6.83 μL 

                 10XT buffer           1 μL 

                  (50 ng)    1.67 μL 

                 EcoRI               0.5 μL 

                                 10 μL 

 

16.  (   

    PCR  

17. PCR 30 mL Milli-Q , 60 mL  

   ,  

18. 15 min, Room Temperature , 15000 rpm, 20 min,  

    Room Temperature ,  

19. 70%  (100 mL) 15000 rpm, 15 min,  

    Room Temperature ,  
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    Room Temperature  

20. , -85℃  

21. 25 mL Milli-Q ,  

     

 

.   α-Syn CyS  

  1. α-SnY136TAC Y136TAT , 1 mL 50 mM  

    buffer pH7.5  

  2. KUBOTA 3780 centrifuge AF-2724A 14000 rpm, 4 , 5 min  

     ,  

  3. 3 mL 0.9 mg/mL a-Syn 50 mM buffer pH7.5  

 

  4. 2 mL buffer pH7.5 5 mL Milli-Q 10 mL     

      ( a 18.6 mM)  

  5. 66 mL DTNB buffer a buffer  

  6. 2 hr  

  7. JASCO V-630 Bio Spectrophotometer   

 

3-1.Cys  

   (times)  (sec) 

412 nm Absorbance 3 0 

 

 

 

 

 

 



 56 

. α-Syn ,       

         

   2 mL  

                                           

      

  1. a-SynWT , buffer 1 mL ,   

    KUBOTA 3780 centrifuge AF-2724A 14000 rpm, 4 , 5 min  

    ,  

  2. , 280 nm Trp  (ε = 0.354)  

     HITACHI U-2900 Spectrophotometer  

  4. α-Syn 1 mg/mL (69.2 μM)  

    , 37 , 160 min      

5. Thio-T buffer 2 mL  

6. Thio-T buffer 0.0075 mg/mL  

    , 30 sec  

  7. F-4500 Fluorescence Spectrophotometer 3-2.  

  8. 180 mL , 3-3.                

  9. 37 , 5%CO2 24 hr  

 10. well 1/5  (v/v) MTS 2 hr  

 11. 10% SDS (w/v) 1/4  (v/v) MTS ,  

    48 well MTS  

 12. Molecular Devices SpectraMax M2 490 nm   

PBS buffer 

137 mM NaCl 

2.7 mM KCl 

10 mM Na2HPO4 

1.8 mM KH2PO4 
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 13. buffer well 100%, 1 mM  

     Melittin well 0% ,     

    well                       

                   

                 3-5. Thioflavin-T  

S/  I/  

 5 nm 

sec 5 nm 

440 nm V 700 

480 nm sec 0.1 

0 ON 

  

                    3-6. MTS Assay  

  

50 mM Sodium Phosphate buffer 50 mL 

1 mM Melittin 5 mL 

 50 mL 

 

3-2-5. TEM  

  1. , MQ 

10  

  2. EM  (400 ) 10 μL  

1 min  

  3. , 5 μL MQ  

4. 2% 5 μL 30 sec ,  
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2%  

  5.  

  6. JEOL-100CX ,  
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3-2.  
 
3-2-1. α-Syn Cys  

  α-Syn E. coli Masuda

E. coli α-Syn 136 Tyr Cys

(112) , α-Syn

 

  Cys , DTNB  ( 3-1. A)

DTNB SH NTNB S-S , 412 

nm 2- 2-2-

 ( 3-1. B) (113) 3-1. C , α-SynY136TAT

α-SynY136TAC 412 nm , α−SynY136-TAC Cys

α-Syn (αSynY136C) α-Syn Cys

1M SH 10 mm 412 nm ε

1.55 104 , ε=0.084 5.4 μM , 

18.7 μM 29% Cys α-Syn
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3-1. α-Syn DTNB  

A. DTNB  

B. DTNB Cys  

C. DTNB 412 nm  
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 α−SynY136TAC

 ( 3-2) α-SynTAC, α-SynTAT 2 40 

mL 280 nm TAT 38 mL

41 mL  TAC 41 mL

, 43 mL 45 mL

38-41 mL

α-SynY136TAT 43-45 mL α-SynY136TAC  

 

                     

 

3-2. α-SynY136-TAC Y136-TAT  

  α-SynY136TAC α-SynY136TAT  
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 , 15%SDS-PAGE

 ( 3-3)

2 α-Syn α-Syn136C

14339 , α-Syn136Y 14459  

 

 
3-3. α-SynY136TAT α-SynY136TAT 15%SDS-PAGE 

       A. α-SynY136TAC 15%SDS-PAGE 

    α-Syn  

   

       B. α-SynY136TAT 15%SDS-PAGE 

           (kDa)   

           

          α-Syn  
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, α-SynY136TAC

 ( 3-4. A) , α-SynY136TAT

, α-SynY136TAC α-SynY136TAT

 ( 3-5. C) 2 α-Syn

, 136 Tyr TAT α-Syn

, α-Syn  ( 3-3)  

      

 
3-4. 2 α-Syn MS 

  A. α-SynY136TAC α-SynY136TAT MS  

           : α-SynY136TA  : α-SynY136TAT 

           :  
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3-2-3. α-Syn ,  

      

, α-Syn 25 mM Tris-HCl

Tris

, Tris , 

Tris-HCl , 

PBS buffer , 

, PBS buffer α-Syn 3-5. A

, , α-Syn

Neuro-2a , Thio-T

36 hr GroES , 

 

 GroES , TEM α-Syn

 ( 3-5. B) , 36-44 hr α-Syn

50-200nm GroES

, TEM , 

PBSbuffer α-SynY136TAC , 

α-SynY136TAC 29% α-SynY136C α-SynWT

, α-SynY136TAT 3-6. A , 

α-SynY136TAT α-SynY136TAC

 

 , α-SynY136TAT  , α-SynY136TAT

α-SynY136TAC  ( 3-6. B)  

 , . 

50 mM

, 

Thio-T   
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3-5. α-Syn Neuro-2a  

       A. α-SynY136TAC  

       B .  TEM α-Syn , 200 nm      
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           3-6. α-SynY136TAT  

A. α-SynY136TAT  

B. α-SynY136TAT  
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3-4.  
 
 , , 

TAT TAC Tyr , 

, 

1000 Tyr TAT 16.8 ,

TAT 12.2 TAC 1000 14.6 , 15.3

 Masuda , α-Syn , 

TAC Cys (112) , Cys

α-Syn α-Syn

α-SynY136TAT α-SynY136TAC (112)

, 119-140 α-Syn 136 Tyr Ala

(79) , pH3.0 C

, NAC

(49) pH3.0 C 119-140 C

, NAC α-Syn (96) α-Syn 136

Tyr , NAC C

, NAC

(114)  

α-Syn GroES Neuro-2a

Thio-T

Lewy α-Syn , α−Syn

(115) , α-Syn

, α-Syn in 

vitro , 

, (64)

α-Syn , α-Syn
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(116)  

in vitro , α-Syn , 

Aβ , 

(117), α-Syn , 

 

 , α-Syn

, , GroES

, 2

, 

, , TEM

α-Syn GroES

, 

Aβ
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4  XFEL-CXDI  
 

 
4-1.  

2 , 3 GroES α-Syn

50-200 nm

TEM , 

 

SPring-8 SACLA X  (XFEL) 

μm μm

X X , X

,  ’diffraction before 

destruction’ , 

, XFEL

(73) , 

(76) , 

SACLA

XEFL-CXDI

, XFEL-CXDI

2
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4-2.  
 
4-2-1.  

 GroES, α-Syn 2 , 3  

 

4-2-2.  

 GroES, α-Syn 2 , 3  

 

4-2-3. XFEL-CXDI Si3N4 Poly-L-Lysine  

 1. Norcada Si3N4 1 mg/mL Poly-L-lysine 5 μL  

 2. 30 min  

 3. Poly-L-Lysine 5 μl Milli-Q  

 4. Si3N4  

  

4-2-4. XFEL-CXDI  ( 4-1. ) 

  1. 1 mg/mL 10 μL Si3N4  

  2. 1 min ,  

  3. Milli-Q 5 μL ,  

  4.  

  

  5.  

  

  6.        

  7. XFEL-CXDI  
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4-1.  

A.  

B. , Si3N4  

C.  

    

2  
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4-2-5. XFEL-CXDI  ( 4-2. ) 

  1.  

  2. ,  

  4. ,  

     ,  

  5. ,  

     

  3. ,  

     

4. X ,  

5. XFEL  

  3. MPCCD-Octal MPCCD-Dual SITENNO  
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4-2.  

             A.  

      B.  

     C.  
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4-3.  
 
4-3-1. GroES, α-Syn CXDI 

  4-3 4-4. , GroES α-Syn XFEL

SITENNO ,  

 

           
4-3. GroES TEM XEEL-CXDI  

  A. GroES TEM ( ) 

200 nm 

      B. GroES  

300 nm 
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4-4. α-Syn TEM XEEL-CXDI  

A. α-Syn TEM ( ) 

                200 nm 

B. α-Syn  

300 nm 

 

 , TEM , 4-4.

, 4-5. 

2 1
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4-5. A , 

20 μm-1

, , S

, 50 nm , 

300-1000 nm  

  2 ,  

( 4-5. B) 33 mm-1 , 30 

nm

, 

XFEL-CEDI , 

2

GroES α-Syn , 

, 

2-3  
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 4-4. TEM  

300 nm 

A. α-Syn  

                  B. GroES  
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4-5. GroES α-Syn  

A.  

      B. ,  

  

700 nm S = 2sinθ/λ 2θ , λ X

0.225 nm S  
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.  

, 4-5. B , 

 ( 4-6.)

33 μm-1 70 

μm-1 ( 4-6. A) 14 nm

, , 

17.5 μm-1 , 

120 nm , 4-6. B 400 nm, 800 nm

4-6. A

, 

, imageJ  ( 4-7. A)

, 

, 

2

, 

2 , 

, , 

 4-7. B

4-6. C

, TEM

,  
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4-6. GroES  

 A. GroES  

       B.  
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4-7.  

       A.  

,  

       B.  

       C. GroES  
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4-3-3.  

, XFEL-CXDI

2a

,  

𝐼(𝑠𝑥) = 𝐼0
𝑠𝑖𝑛(2𝜋𝑆𝑥𝑎)

2𝜋𝑆𝑥𝑎

2

 

 , , 

 

 α-Syn

S

4-8. 

, , 81 α-Syn

200 - 2000 nm 500 - 1500 nm

, , 138 GroES

, , GroES

200 – 1500 nm

, 

, 

200 - 1000 nm    
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4-8. α-Syn, GroES  

A. α-Syn  

B. GroES  

C. a-Syn  

D. GroES  
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4-4.  
 
α-Syn GroES

XFEL-CXDI XFEL-CXDI

, 

 

TEM , α-Syn GroES

50 – 200 nm

 ( 4-3. A, 4-4. A) ,   

, XFEL-CXDI α-Syn, GroES

, 

, α-Syn

200 2000 nm, GroES 200 1500 nm

, 2

 

, XFEL-CXDI  (200 – 1000 nm) TEM

 (50-200 nm) XFEL-CXDI

TEM 5

TEM , 

, XFEL-CXDI TEM

, 

2

, TEM

XFELCXDI 2 , XFEL-CXDI

,XFEL-CXDI
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, 30 Hz XFEL

(74)

, 

 

β (118), 

 β

, 

β

, 

, 

, , 

, , 

, 

XFEL

, 

, 

, off pathway  

, TEM

XFEL-CXDI

XFEL-CXDI , X

, 

, X

4-6. B 120 nm
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, XFEL

10 , 

, 

β

β

β , 

X X

XFEL-CXDI  
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5   
 
5-1. GroES  

  GroES

, (119) , 

(69) (120) (121)

, (121)

, , 

(69) GroES , 

, 

, 

, 

Cya-3-Glc Del-3-Glc

 

 

5-2. α-Syn  

136 Tyr , 

C Tyr

(122) , 

, α-Syn

Glu Asp (123)  

α-SynY136TAC α-SynWT α-SynY136C

 ( 3-8.) α-SynY136C 30%

, (112)
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Masuda α-SynY136C 20%

10%  

α-Syn α-Syn

, GroES , 

(64) α-Syn

, (124)

, 

,  

 

5-3. XFEL-CXDI  

5-1. α-Syn GroES

α-Syn 50 nm

, 1000 nm , TEM

, XFEL-CXDI , 

, 

, 

, 

1 2 , 

in vitro , 

, 

 

  α-Syn GroES , 

(125) , 

(126)

, 
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XFEL-CXDI , 

, α-Syn, GroES

, 

GroES , VMA

 ( 2-8. ) , 

, 

, 

XFEL-CXDI

 

 

 

 
5-1.  
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, 

, , , 

,  
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