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1� Ōʉ 

 

� s�O�Ȏ1ǶŞȔ.ȎȂ¼�@ȥɂ¤ʪţǗɉɚȏ  (transmissible 

spongiform encephalopathies: TSE) ,<Ą2C�ȩ0ěFʗ�*¤ƅ�B�ǻÆʢ

0ȥɂĝţȍŦ+�Bs�O�Ȏ/��BȥɂĝţȍŦ0ȎĎ,�C*�B

s�O�a�nSʕ (PrP) 1ȿɗɭˑȹa�nSʕ+�B [1-4 ˧og0s�O

�Ȏ0Ȓȏǽ1��ö 100 ���$A67 1 �+�A [5]�Ȓȏ�C2ŉēȻ 

1.5 Ŋ+Ţʣ/�( 100 ˠ ǀ/ɞBȎǉ+�B [6]ǶŞȔ.ȏǷ,�*�ȥ

ɂȏǷ,�*ȐĀ�ģʈȏǷ��ƺɘȏǷ,�*ɵɶˊį�ʨâˊį.-�ź

�@CBȎȂĩȔŰɳ,�*1��ƭȥɂȺ/��Bɚ0ȭɗã�ȥɂȿɗ

0Iyg�Z\={\qN��h�$ PrP 0ɥȫ�ʄ;@CB [6-9] 

� s�O�Ȏ0Ȓȏ1�ƽņĔs�O�a�nSʕ (PrPC ) �@ȋņĔs�O�

a�nSʕ (PrPSc) 40ƶʤĝã�˂��*�B,ɓ�@C*�B [1,2]PrPC 

, PrPSc 1�I{lʵ0�Ƽƶʤ/ʫ�1ʄ;@C �a�nSʕÐɹʴȾ4

0ŶŴţ=ȉˑǔţÙ40ˎǤţ�Íˋţ.-�@äÕ�C*�B�C@0

ţʕ0ʫ�1�PrPC 0 β-sheet ƶʤ0Ûú� 3 ˠ /Ĵ�*�PrPSc +1 43 ˠ 

+�B�,�@�β-sheet ƶʤ�ɲĎ+�B,ɓ�@C*�B [10,11]PrPC �

@ PrPSc 40ƶʤĝã/1 Cu2+ Fĥ;,�BȄªÈŝʺʻĽ,0Ƀú�˂�

�Bʇ [12] =�Ƣûī0a�nSʕ (s�eK� X) �Z�v��,�*ƺɘ

�B,��ʇ��B [13-15]8$�PrPSc 0ɰɯ/(�*1�te�bKz�

ʇ [2]�,Ʊ®Ĩʸúʇ��B [16]�ʇ1� C< PrPSc �ʼĔ,.A�PrPC 
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0˝ƼƶʤFĝã�!B�,+ PrPSc Fɰɯ�Ěǂ�!B,��ɓ�/Ė)�

*�Bƽņ. PrPC 0ƺɘ�ċģ�B��B�1 PrPSc �ȥɂǆţFȒȀ�B�

� C�0ɂʘ/?'*ȥɂȿɗǀFŐ�ʖ��,ɓ�@C*�B���C@

0}Pj]|1Ɨȟ/�C*�@ �ğ�0ƢɹƗ.Ċ˗�ǁ�C*�B 

� og0ƽņĔ PrP (hPrPC) 1�253 I{lʵ�@.A�Ðħʺ1 27661 +�

BN ƣȰ?AZTi�vsch, 8 ´0I{lʵ (PHGGGWGO) 0ɏAʠ

�ʲÒ (OP-repeat) ˖ĕFþ: N-Ȱ˖ĕ�2 PŰ0 β-sheet ƶʤ, 1 PŰ0 

�-helix (H1) ƶʤFþ:�ˁ˖ĕ�2 PŰ0 �-helix (H2�H3) ƶʤ,T�VZ

�qN\qHc[�KlZg�� (GPI) I�P�ZTi��@.B C-Ȱ˖ĕ

�@ƶŮ�CB (Fig. 1) [17, 18]OP-repeat ˖ĕ0 His ǁĖ/ 4 íħ��ˁ˖

ĕ0 His ǁĖ/ 2 íħ0 Cu2+ FɃú�*�A [19]�ɚÈ/��B Cu2+ w}

O\aZ\/»�*�B,ɓ�@C*�BƝ/�Cu2+ Ƀú/?BŴʵã«ȅ�

ŴIyg�Z\«ȅ�ȥɂ˜˒0ɈŸ«ȅ�?3ÂȌʈȵ«ȅFƟ�*�B�

,�8$ĩɒ�ɽŬ=ªÈƚɻ.-0ɚ0˝Ƽƶʤ/<˂��*�B�,�ė

ā�C*�B� [20-37]�PrPC 0ŗÛ/(�*1Ƣ%/�Ɨ.Ǫ�ğ�PrP 1�

GPI I�P�F��*ȿɗɛĞ·ˑ/ĺđ� [2,38,39]�ȿɗɛ�/ȒȀ�$ 

PrPC 1�M�hXKg�Z\/?'*ȿɗÈ/ôAʞ8C��ʱ1Ðɹ�CB

�,.��XKS��C��ʱ1�``�|0a�nSʕÐɹʴȾ/?'*Ð

ɹ�CB 

� ʟŊ�ƱȠǉÆ˞ (NMR) �?3É�ɡţ (CD) \vSg�.-Fȅ�$q

�T}�gvsch0ƶʤȞȬ0ɃƬ�C-Ȱ˖ĕ1 PrPSc 0Ȏíţ/˂°�*
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�B,ėā�C*�B [40-50]s�O�0Å˖ĕ0�&�N-Ȱ˖ĕ0vsch

1Å�ɋɈF«@ �C-Ȱ˖ĕ0 H2 , H3 ˖ĕ0vsch�I{�KhɋɈ

FŕŮ�$,ėā�C*�B [40]PrP 0 C-Ȱ˖ĕ0 H2 (173-195) 1�16 ƚ

ˁ+ �-helix �@ β-sheet /ĝã�B�,= [41]�hPrP180-195 1��ţ pH + 

β-sheet ƶʤF,A��0˖ĕ�Åʿ0 H2 0ȯªʲŎ/œ�Ĳ���ȁǷh}

K�Åª0ƶʤFǌī�BŗÛFƬ$�*�B,ėā�C*�B [42]ˏħ˘

ŝʾǏ�?3V�W�dhɰĻŵ/?'*ś@C$f�a/?C2�

hPrP180-193 �?3 hPrP178-193 1I{�KhƶʤFŕŮ�B,ėā�C*�

B [43]8$�H2 /Ĵ�B pH 0Ŗ˔0Ƴɼ+1�H2 vsch��ȖɋǷ0

ʿ�íɋɈ0qJr��ã�?3¤ƅ0�Ƒ�÷ɘ+�B�,FȢ��ǤǙ0 

pH /š�*ǶƟ0ɎɈ/÷ʡȔ/ĝã�B�,�ėā�C*�B [44]�0?

�/�PrPC �@ PrPSc 40ƶʤĝã/(�*1 C-Ȱ˖ĕ�Ƕ/ H2 �Ġ��Ŗ

˔�*�B÷ɘţ�˝�?'*��0˖ĕ0ƶʤĝã/Ĵ�B pH = Cu2+ 0

Ŗ˔/(�*Ƴɼ�B�,�ʸɲ+�B 

� s�O�Ȏ1�İƓƿ�ǫ�ȮǭȒȏ�BőȒţs�O�Ȏ�ĠʱÐFé;�

Ƽ/ȎȔ.ʮ¤ħĝȋ0ɃƬʖ�Bʮ¤ţs�O�Ȏ��Bʮ¤ħĝȋ1Ȁ

đ8+/ 30 ȩ˙ �0Ǫĝȋ�ėā�C*�B [51-53]ʮ¤ţs�O�Ȏ0

�+<�C-Ȱ0 H2 ˖ĕ0 hPrP180 Val �@ Ile (V180I) 40ĝȋ1ƔƤ+ƞ<

ğ� [51]V180I 0ʮ¤ţs�O�Ȏ1őȒţ,�*Ȓȏ��ʮ¤ħƳƯ0Ƀ

ƬÔƗ�B [54]8$�˝˟+Ȓȏ��ȎǷ0ʦɫ�ʧ��,�Ȝ@C*�B 

[55-57]V180I ĝȋª+1 N-ɃúĔT�VZ�ãƻƃ�ɛɃúţ�?3ȿɗʕ
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ţ0 PrP 0ƽȟ.ĺđã�ƃ.EC*�B�,= [58]�8$�H2-H3 /âÜĩ

.Ŗ˔�Ȅ�*�a�nSʕȗ�«ȅ�ĝã��B2 - H2 ��s0ȗ�«ȅFǔ

ţã�B�,�ÅíħÐħâÜĩZ{���Z��Fȅ�$ȞȬ/?AȢ�C

*�B [59]����Ƣ%ėāƋ1ĸ.��ȒȏƺŌ/1�Ɨ.Ǫ�ğ� 

� s�O�Ȏ/˂�Bğ�0ȞȬ/<˂E@ �"0Ȓȏ}Pj]|0ɹƫ�

ʦ8.�Ȃȇ,�*�8 ȞȬʁƎ,�*0s�O�a�nSʕ0ôAŲ�0

ďˎ��ź�@CBs�O�Ȏ+1 PrPSc �ȎíţĎħ,�*¤Ʈ�B$;�

Ɂ9Ɓ�ª0s�O�a�nSʕFʈɯ�*¬ȅ�B�,/1ũƮ.-0ëˇ

�¥�Ɲ/�PrPSc 0ȯªƶʤ0ğƷţ/Ý��ˎǤţ=Íˋţ,��ţʕ�

ãĩȔ�ǵȂȔɹƫFďˎ,�*�A�Íˋ}Pj]|0ɹƫFĤ�*�B

�0?�.s�O�a�nSʕȞȬ0Ċ˗ǪFčʯ�Bűǃ,�*�PrP q�

T}�gvsch (hPrP-CF) Fȅ�$ȞȬ�ɫEC*�B"C@0ėā/?

B,�hPrP180-192 / Cu2+ �œ�Ƀú�B�,=�C-Ȱ˖ĕ1ɚÈ/ȒȀ�*

�BɛɃúĔzg�dS\}a�s�eI�_ (MT-MMP) /?BÑƏFõ�

ˎ��,FɳÏ��hPrP-CF 0Ɵȅţ�ėā�C*�B [60-62] �0�,?

A C-Ȱ˖ĕ0�Ƽƶʤĝã�Íˋ/˂��*�B�,�ɓ�@CB (Fig. 2) 

� ƤȞȬ+1�C-Ȱ˖ĕ0ŗÛFʀ¯�B$;/�É�ɡţ (CD) \vSg��

˝ʣǙªS�zgT�qJ� (HPLC)�AFFINIX QNµ ǊƜŻâħzKS�m�

�\�Pull down assay �?3  Thioflavin T ƮɡFȅ�*  hPrP180-192 , 

hPrP180-192 V180I 0ǵȂãĩȔţʕ, Cu2+ 0Ŗ˔Fʃȿ/Ƴɼ�$ 
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B1 : β-sheet region (hPrP 128-131),  B2 : β-sheet region (hPrP 161-164),  
H1 : α-helix region (hPrP 144-154),   H2 : α-helix region (hPrP 173-194), 
H3 : α-helix region (hPrP 200-228) 
S-S : disulfide bond �hPrP179, 214�     
     : N-type glycosylation �hPrP181, 197� 
     : Cu2+ binding sites �hPrP61, 69, 77, 85, 96, 111��
�

S� S�

signal 
peptide�

OP-repeat 
region�

B1� B2� GPI anchor 
signal�

H 
1� H3�H2�

1 22�23� 253�230�60� 91�

Fig. 1  Domain structure of the hPrP. �
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His ���
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Cu2+ 87���	�2!1�
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�

Signal 
peptide �

Fig. 2  Structure of hPrP and character of each domain.�
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2� Ƥʉ 

 

2.1� hPrPq�T}�gvsch0úŮ�  

 

� C-Ȱ˖ĕ1 2 ´0 �-helix (H2�H3) FþG+�B (Fig. 1)Ƕ/ H2 1Í

ˋ/˂��*�B,��ėā��A [40-44]�2 ´0 His FþG+�BƤȞȬ

+1� 177 His ,  187 His FÆ/þ9 H2 Åʿ/ʂŔ�B  24 ǁĖ0

hPrP169-192�177 His Fþ:  hPrP169-183 ,  hPrP175-183�187 His Fþ:

hPrP180-192�ð3 180 Val F  Ile /ɐƁ�$ȎȔʮ¤ħĝȋª+�B  

hPrP180-192 V180I 0 5 ȩ˙0vsch (hPrP-CF) F�ɝâĐȗvschúŮ

ƺFȅ�* F-moc U{\g��/?AúŮ�$īǏ/?Aə³ʍ��[��

@0ÑAÏ�Fɫ'$ř�Ðôȅʡȗ HPLC Fȅ�*ȸɯ�$ś@C$vs

ch0ȼōFÐƫȅ HPLC /?Aȟʄ�$ɃƬ�ùvsch,<˝ȼō/ȸɯ

�C*�B�,�Ɨ@�,.'$ (Fig. 3)8$�ʕʺÐƫǡīɮɐ (MS) Fȅ

�*ÐħʺFȟʄ�$ɃƬ�ȕȔ0vsch�ś@C*�B�,1Ɨ@�,.

A (Table 1)�ÌɃ�Ǳ�$ř�¬ȅȖØ8+ 4 ��+³Ĩ�$ 
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(a) hPrP169-192�
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(min.)�

��

����

����

(b) hPrP169-183�
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(d) hPrP180-192�
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(c) hPrP175-183�

(e) hPrP180-192 V180I�
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20
 n

m
)�

Fig. 3  Purity confirmation of each hPrP-CF.�

Table 1  Amino acid sequence of each hPrP-CF and identification of each 
molecular weight.�

hPrP-CF Sequence Detected ion m/z Experimental Mass Theoretical Mass 

hPrP169-192 YSNQNNFVHDCVNITIKQHTVTTT [ M + 4H ]4+ 2776.73 2776.32 

hPrP169-183 YSNQNNFVHDCVNIT [ M + 2H ]2+ 1766.80 1766.77 
hPrP180-192 V180I INITIKQHTVTTT [ M + 3H ]3+ 1468.41 1468.83 

hPrP180-192 VNITIKQHTVTTT [ M + 3H ]3+ 1454.84 1454.81 
hPrP175-183 FVHDCVNIT [ M + 2H ]2+ 1046.50 1046.49 
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2.2 hPrP180-192 /Ĵ�BɃúţ0Ƴɼ 

 

� ķŀ@1 hPrP180-192 �s�O�a�nSʕÍˋ0Ʊ,.AśB÷ɘţFė

ā�*�B [60-62]ƤȪ+1 hPrP180-192 ,�0 C-ȰȇƧ0q�T}�gv

sch (hPrP-CF) ,0ɃúţFƳɼ�$ 

 

2.2.1 Pull down assay /?BɃúţ0Ƴɼ 

 

� hPrP180-192 Đīã�[� (R-hPrP180-192) Fʈɯ��òšƚˁF 1 Ɣ,�

* hPrP-CF ,0ɃúţF 25�� +Ƴɼ�$Ý�*vschˁ0Ƀúţ/Ĵ

�B Cu2+ 0Ŗ˔<Ƴɼ�$ 

� hPrP180-192 0 HW-65 �[�40Đīã1�¬ȅzjI�/Ś'*ɫ.'$

(Fig. 4-a s�[�40 hPrP180-192 Đīãʺ1�I{lʵÐƫǏ/?AȳÏ�

$ (Fig. 4-b sI{lʵƸǣǤǙ+�B n-Leu þƟ H ĔƸǣć (standard) FĖ

ǣ,�*�ʁƎ�0I{lʵ (Val) 0p�S˝�0Ǉ�@ȳÏ�$ɃƬ�Đī

ãʺ1�160 pmol/µL (resin 50 % suspension) +�'$ (Fig. 4-c s 
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hPrP180-192�HW-65� -O-R-O-CH2-CHO�8�H2N- ���

pH 8.18 
���

-O-R-O-CH2-CH=N- ���

(*-����� NaCNBH3�

-O-R-O-CH2-CH2NH- ���

R=��/206 

TOYOPEARL AF-Formyl-650 M resin�

HW-65�

HW-65�

hPrP180-192�

hPrP180-192�

Val "# hPrP180-192 
��
�����

Val  ,6&�  (  n-Leu ���) � × 25 ('5.3�100 µL �)  × 0.1 (nmol)�

× 5  (4)5�5 µL $����7�×��%1+� ( V ) ��

(inject Vol. 4 µL)�

%1+��	 (0.1 nmol)�

 %1+��	!�Val  !,6&� ��

hPrP180-192 
��

9-Leu�

9-Leu�

V�
10000�

20000�

0�

V�

0� 10� 20� 30� 40�

10000�

20000�

0�

(min.)�

(a)� (b)�

(c)�
m

A
U

 (2
20

 n
m

)�
m

A
U

 (2
20

 n
m

)�

Fig. 4  Preparation of hPrP180-192 immobilized resin. 
(a) Procedure of immobilization. (b) Chromatogram of amino acid analysis.      
(c) Calculating immobilized amount of hPrP180-192.�
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� Ƽ/�hPrP-CF ,0ɃúţFƳɼ�$R-hPrP180-192 (3.2 nmol) /Ĵ��4 ȱ

ʺ0 hPrP-CF (12.8 nmol) FǜÝ��1 Ɣòš�!$òšǙFʬşÐˍř��

[�FÝǊÐɹ�* hPrP-CF 0ɃúʺFȳÏ�$ (Fig. 5 sːǶȋȔ.ɃúF

žˆ�B$;/�V�g���,�*ǔţĖF Tris /?Ar�dR�T�$�

[� (R-Tris) Fȅ�*ûƷ0ƳɼFɫ'$R-hPrP180-192 , hPrP180-192 0

òš/(�*�S�zgT�|F Fig. 6 /Ȣ�$m�� (V) 0p�S˝�F

Ǉʜ�B,�Cu2+ 0Ĩđ�+p�S˝��¨��Ƀúţ�¨��*�B�,�

Ɨ@�%'$ɃƬF Table. 2 /Ȣ�ʀ¯ƑǏ1�R-Tris 0Ƀúʺ,Ǉʜ�

*�2 µ ��C2Ƀúţ + �4 µ �+�C2Ƀúţ ++ �2 µƢǢ+�C

2Ƀúţ - ,ÔƏ�$"0ɃƬ�Cu2+ ːĨđ�+Ƀúţ�ʄ;@C$01�

hPrP169-183�hPrP180-192 +�'$Ƕ/ hPrP180-192 1 R-Tris ,Ǉʜ�* 4 

µ �0Ƀúʺ��A�ƞ<˝�Ƀúţ�9,;@C$�Ƒ�Cu2+ 0Ĩđ�

+1� C0vsch<Ƀúţ�9,;@C.�'$hPrP169-183�

hPrP180-192 0Ƀúţ/(�*�Cu2+ �vsch0ɃúţF¨��!*�B�

,�Ɨ@�,.'$ 

 

  

 

�R-hPrP180-192 

�hPrP-CF 
���	
�

R-hPrP180-192 
 3.2 nmol�

hPrP-CF   
12.8 nmol�

hPrP-CF��  

Mix�

Rotate at room temp. for o/n�

������

Fig. 5  Method of pull down assay using R-hPrP180-192.�
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Fig. 6  The effects of Cu2+ on affinity between R-hPrP180-192 and hPrP180-192.  
(a) In the absence of Cu2+ and (b) in the presence of Cu2+.�

Table 2  Summary of pull down assay.�

�� Pull down assay (nmol) 
�� Cu2+ ( - ) Cu2+ ( + ) 

�� R-Tris R-hPrP180-192 ��� R-Tris R-hPrP180-192 ��� 

hPrP169-192 1.7 ± 0.2 1.9 ± 0 �� 2.1 ± 0.1 3.0 ± 0.2 ��

hPrP169-183 1.3 ± 0.2 2.7 ± 0.2 �� 1.3 ± 0 0.8 ± 0.1 ��

hPrP175-183 1.1 ± 0.2 N.D. �� 2.5 ± 0.1 1.1 ± 0.1 ��

hPrP180-192 1.0 ± 0 4.8 ± 0.2 ��� 1.0 ± 0 0.3 ± 0.1 ��

++�R-Tris × 4�, +:R-Tris × 2�, -�R-Tris × 2� 
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� 2.2.2  AFFINIX QNµ /?BÐħˁȗ�«ȅ0Ƴɼ 

 

� Ø˕0 Pull down assay /?BƳɼ+1òšƚˁ� 1 Ɣ,ʿ�$;�ȝƚˁ

0Ƀúţ1ǡī+�.�"�+�AFFINIX QNµ Fȅ�*ȝƚˁ+0ȗ�«ȅ

FƳɼ�$Ðħˁȗ�«ȅ1�Ðħˁȗ�«ȅǡīɮɐ (AFFINIX QNµˢ F

ȅ�*ǊƜŻâħzKS�m��\ (quartz crystal microbalance˦QCM) Ǐ/?

AƳɼ�$ǊƜŻâħ,1�ǊƜ0ɃƜFƵɦ�ƪǷ/ÑAÏ�$Ñǲ0�

·/ʻĽɦɛFôA��$ƶʤF�$<0+�"C#C0ʻĽɦɛ/�ǕˏĘ

FêÝ�B,�B�ī0ĂǐƋˡÆŻĂǐƋˢ+Żâ�BÐħ�Żâ�*�

BǊƜŻâħ/Ƀú�B,�ŻâĂǐƋ1ɭˑ/Ĩđ�BÐħ0ʺ/Ǉ�*

ǟĸ�B (Fig. 7-a)�0ţʕFÖȅ�*�AFFINIX QNµ Fȅ�*ĐīãÐħ

,ǑÄÐħ,0ˁ0ɷĆţFīʺ�$ [63]ǇʜĴʐ,�*�vschFǊƜ

Żâħ/Đīã! /s�dR�TÙFĐīã�$<0Fȅ�$ (Fig. 7-b s 
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�����

�+!�0�'#���+��� ��$��(/&)+-.���$�
�

�	�� Blocking� �	�

hPrP-CF Block 
Ace� hPrP-CF�

�����

Tris ���"�

�	��

Tris ���"�
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�	�

hPrP-CF�

(a)�

(b)�

Fig. 7  Principle and measurement methods of AFFINIX QNµ.  
(a) Principle of AFFINIX QNµ. (b) Measurement methods.�
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� hPrP180-192 FǊƜŻâħ/Đīã��hPrP-CF ǜÝř0ŻâĂǐƋ0ƚˁɂ

ʩF Fig. 8 /Ȣ�ƞ<ŻâĂǐƋ�¨��$ hPrP-CF 1 H2 0 C-Ȱ�@.

B hPrP180-192 +�A�vsch0ǜÝʺ/Ǉ�*ŻâƋ0¨��9@C$

(Fig. 8-a sH2 0 N-Ȱ·0 hPrP169-183 1�ÓčǜÝ+Ġ��ŻâĂǐƋ�¨

���"0ř0ǜÝ/?Aɍ=�/ŻâĂǐƋ0¨��9@C$ (Fig. 8-b s8

$�H2 ˖ĕFþ:ƞʿ0 hPrP169-192 ,�ˁ/�$Bƞȝ0 hPrP175-183 1

vsch0ǜÝ/?AE �/ŻâĂǐƋ�¨��$��r�dR�TFɫ'

$<0,Ǉʜ�*Ń�ķ��ɃƬ,.'$ (Fig. 8-c and -d s 
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Fig. 8  Intermolecular interaction of hPrP180-192 against hPrP-CF using an  
AFFINIX QNµ system. 5 kinds of hPrP-CF were injected into the hPrP180-192  
immobilized QCM cuvette. (a) hPrP180-192, (b) hPrP169-183, (c) hPrP169-192  
and (d) hPrP175-183 were injected in the absence of Cu2+ �
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�  �0ɃƬ?A�hPrP180-192 ,ȗ�«ȅFȢ�vsch1�hPrP169-183 ð

3 hPrP180-192 ,���,�Ɨ@�,.A�Ƕ/ hPrP180-192 ûĜ0ȗ�«ȅ

�œ��,?A hPrP180-192 �Íˋ0Ʊ,.AśB�,�Ȣĉ�C$Ø˕0 

Pull down assay /��*< hPrP169-183 , hPrP180-192 0ȗ�«ȅ�ʄ;@

C�Ƕ/ hPrP180-192 0ȗ�«ȅ�œ��,�Ȣ�C*�A�AFFINIX QNµ /

��*<ûƷ0¹ü,.'$  
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2.3 hPrP180-192 0�Ƽƶʤɹƫ 

 

� PrPC  �@ PrPSc 40ƶʤĝã1 β-sheet ƶʤ0þƟʺ�˂��*�B,ɺE

C*�BƤ˕+1��Ƽƶʤ/Ĵ�B pH�Cu2+ ð3ƚˁ0Ŗ˔F CD \v

Sg�?Aɹƫ�B�,+ hPrP180-192 � PrP Íˋ0Ʊ,.B÷ɘţ��B

�ý�0ƳɼFɫ'$ 

 

� 2.3.1� ɞʭǨō0Ƴɼ 

 

� ĥ;/�CD \vSg�Fɹƫ�B$;/�Cu2+ 0ːĨđ�/��B

hPrP180-192 0ɞʭǨō0ƳɼFɫ'$Tris-HCl ɍɬǙ (pH 7.5) �+�ȩ�

0Ǩō0 hPrP180-192 Fȅ�* CD \vSg�Fǡī�$vschǤǙʈɯ

Ȗř (0 day) +1 50 µM ð3 100 µM 0Ǩō+�197 nm �ʟ/ʑ0ƵĠFŸ

(ÇĔȔ. random coil ƶʤ+�'$ (Fig. 9-a) ��10 µM 0Ǩō+1�208 nm

, 222 nm �ʟ/ʑ0ƵĠF�191 nm �ʟ/ƽ0ƵĠFŸ(\vSg�FȢ�

$�C@0ǤǙF 37 ��+ 10 ƔˁK�R�u�g�B,�50 µM ð3 100 

µM +1 200 nm �ʟ/ƽ0ƵĠFŸ( β-sheet ƶʤ/ĝã�$8$�10 µM 

0Ǩō+1 192 nm �ʟ0ƽ0ƵĠ�Ġ���-0Ǩō/��*<�Ƽƶʤĝ

ã�ɤƗ+�'$ (Fig. 9-b)100 µM +1 200 nm �ʟ0ÿóƵĠ0¶��/

Ǉ5*ķ���"0Ȃȇ,�* β-sheet ƶʤ/ĝã�$ř�Íˋ�ʖ�A�"0

$;÷Ǥţ0 hPrP180-192 �ǟĸ�*�B�,�ɓ�@C$"�+ ˅0Ĭ
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˛/1�50 µM 0 hPrP180-192 Fȅ�B�,,�$ 
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10 µM 100 µM 

Fig. 9  CD spectra of hPrP180-192 at various concentrations at 0 and 10 days  
in the absence of Cu2+. Spectra were obtained for hPrP180-192 at 10, 50, and 
100 µM. Spectra were obtained at (a) 0 day and (b) 10 days�
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� 2.3.2  Cu2+ Ǩō0Ƴɼ  

 

� hPrP180-192 0�Ƽƶʤ/Ĵ�B Cu2+ 0Ŗ˔FƳɼ�B$;�50 µM 0

hPrP180-192 /Ʒ�.Ǩō0 Cu2+ FǜÝ��37 � + 7 ƔˁK�R�u�g�

$Cu2+ ǜÝȖř+1Å*0Ǩō/��* 197 nm �ʟ0ʑ0ƵĠ�9@C

random coil ƶʤFŕŮ�*�B�,?A�ǜÝȖř+1 Cu2+ Ƀú/?B�Ƽ

ƶʤĝã1ʖ�*�.�,ɓ�@C$ (Fig. 10-a)�Ƒ�7 Ɣř0 CD \vS

g�1Ġ��ĝã�*�$Cu2+ 0ːĨđ�+1 200 nm �ʟ0ƽ0ƵĠ�9

@C β-sheet ƶʤ4ĝã�*�$hPrP180-192 /Ĵ�*ȱʺ+�B 50 µM�2 

Ŕʺ+�B 100 µM +1�197 nm �ʟ0ʑ0ƵĠF³&�β-sheet ƶʤ40ĝ

ãFų×�*�B,ɓ�@C$hPrP180-192 Ǩō/Ĵ�* 1/10 Ŕʺ (Cu2+ 5 

µM)�1/100 Ŕʺ (Cu2+ 0.5 µM) 0Ęú�Œ�.�@ 200 nm �ʟ0ƽ0ƵĠ�

9@C�̈ Ǩō0 Cu2+ +1 β-sheet ƶʤ40ĝãFų×+�*�.��,�Ô

Ɨ�$ˡFig. 10-b s 

� hPrP180-192 1 187 His F 1 (þ9�"C/Ĵ�* Cu2+ � 1 íħɃú�B

�,Fɓū�B,�țȘ0.�ɃƬ+�B,ɓ�@CB�0ɃƬ/Ė)��

hPrP180-192 , Cu2+ 0ȗ�«ȅ�ȟĬ/ʖ�B,ɓ�@CB�2 Ŕʺ0 Cu2+ 

(100 µM) Fȅ�B�,,�$ 
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Fig. 10  The effects of Cu2+ concentration on CD spectra of hPrP180-192.  
50 µM of hPrP180-192 was incubated with 0.5, 5, 50, and 100 µM of Cu2+ for 
(a) 0 day and (b) 7 days.�
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� 2.3.3  �Ƽƶʤ/Ĵ�B pH�Cu2+ ð3ƚˁ0Ŗ˔ 

 

� Ƽ/�hPrP180-192 0�Ƽƶʤĝã/Ĵ�B pH�Cu2+ ð3ƚˁ0Ŗ˔FÐƫ

�$Cu2+ ːĨđ��hPrP180-192 ǤǙʈɯȖř/��*�hPrP180-192 1� 

C0 pH /��*< random coil ƶʤF,'*�A��Ƽƶʤ/ʫ��9@C

.�'$7 Ɣř+1�pH 7.0�pH 8.0�pH 9.0 0ǤǙ/��* 200 nm �ʟ0

ƽ0ƵĠ�9@C�β-sheet ƶʤ40ĝã�9,;@C$"0�+<� pH 7.0 

0ǤǙ/��* 200 nm �ʟ0ƽ0ƵĠ�Ġ����Ƽƶʤĝã�ɤƗ+�'

$�@/�β-sheet ƶʤ40ĝã�9,;@C$ǤǙ/ Cu2+ FǜÝ� 7 Ɣɂ

ʩ�B,�pH 7.0 0ǤǙ09� 197 nm �ʟ0ʑ0ƵĠFȢ�\vSg�/ĝ

ã��random coil ƶʤ4ůB�,�ȟʄ�C$ (Fig. 11-a)Cu2+ Ĩđ�+1�

hPrP180-192 ǤǙʈɯȖř/��*1�Cu2+ ːĨđ�,ûƷ/ hPrP180-192 1

� C0 pH /��*< random coil ƶʤF,'*�$7 Ɣř+1�pH 9.0 0

ǤǙ09 200 nm �ʟ0ƽ0ƵĠ�9@C�β-sheet ƶʤ40ĝã�9,;@C

$ (Fig. 11-b)  

�  �0ɃƬ?A�Cu2+ 0ːĨđ�+1 hPrP180-192 0�Ƽƶʤĝã� pH 6.0

 �+ų×�C�Cu2+ 0Ĩđ�+1 pH 8.0  �8+ų×�CB�,�Ɨ@�

,.'$ɟăǚ��,/�ȄȂȔƦ¢/ʟ� pH 7.0 +1�Cu2+ 0ːĨđ�

+ random coil ƶʤ�@ β-sheet ƶʤ4ĝã�*<�Cu2+ 0ǜÝ+Ê3�Ƽƶ

ʤ1 random coil ƶʤ4ůB�,�ÔƗ�$ (Fig. 11-a) 
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Fig. 11  CD spectra of hPrP180-192 at increasing pH over time. Spectra were  
obtained in the (a) absence of Cu2+ and (right) following the addition of 100 µM  
of Cu2+ after 7 days, obtained at 14 days. (b) Presence of Cu2+ at an initial time  
point (0 day) and after 7 days.�
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2.4 ȎȔʮ¤ħĝȋvsch hPrP180-192 V180I ,0�ƼƶʤǇʜ 

 

� Ø˕8+0Ƴɼ/?A�hPrP180-192 1ȄȂȔ pH /��* β-sheet ƶʤ4,

ĝã�B�,�ÔƗ�$Ƥ˕+1�PrP 0 H2 ˖ĕ0 2 ȲŰ0ȎȔ.ʮ¤ħ

ĝȋ0È�ƔƤ�+ƞ<ğ�9@CB 180 Val �@ Ile 40Ǫĝȋ0Ŗ˔Fɹ

Ɨ�B$; hPrP180-192 V180I 0 pH 7.5 /��B�ƼƶʤFʃȿ/Ƴɼ��

hPrP180-192 ,Ǉʜ�$ûƚ/�CD ǡīǤǙF HPLC Ðƫ�B�,+÷Ǥ

ţvschʺFǋ;$ 

 

� 2.4.1  �Ƽƶʤ, Cu2+ 0Ŗ˔ 

 

� Cu2+ ːĨđ�/��*ʁƎǤǙʈɯȖř+1 hPrP180-192 , hPrP180-192 

V180I Æ/ 197 nm /ʑ0ƵĠFŸ( random coil ƶʤǶƟ0\vSg�na

��FȢ���( HPLC Ðƫ/?A÷Ǥţ+�B�,�ȟʄ+�$1 Ɣř/

1��vsch,<ʑ0ƵĠ�ǘģ��HPLC S�zgT�|/��*1ĠŇ

.p�S˝�0ǟĸ�ɳ@C$ (Fig. 12 s�Ƒ��; Cu2+ FǜÝ�$ǤǙ+1�

hPrP180-192 , hPrP180-192 V180I 1Æ/ʈɯȖř, 1 Ɣř0\vSg�na

��1 random coil ƶʤ�@ĝã1ǫ��HPLC 0S�zgT�|+<p�S˝

�0ĝã19@C.�'$  (Fig. 13)�0ɃƬ?A�Cu2+ ǜÝ/?A�

hPrP180-192 , hPrP180-192 V180I 0�Ƽƶʤĝã,÷Ǥţvsch0ǟĸ�

ų×�C*�B�,�Ɨ@�,.'$ 
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Fig. 12  Time dependency of the structure and peak value changes of hPrP180-192  
and hPrP 180-192 V180I in the absence of Cu2+.  
Upper: CD spectra for 50 µM of (a) hPrP180-192 and (b) hPrP180-192 V180I incubated 
for 0 day and 1 day.  
Lower: Detection of soluble (a) hPrP180-192 and (b) hPrP180-192 V180I by HPLC at  
0 day and 1 day. Twenty µL of 50 µM of each peptide was injected for HPLC analysis.��
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Fig. 13  Time dependency of the structure and peak value changes of  hPrP180-192  
and hPrP 180-192 V180I in the presence of Cu2+.  
Upper: CD spectra for 50 µM of (a) hPrP180-192 and (b) hPrP180-192 V180I incubated  
for 0 day and 1 day.  
Lower: Detection of soluble (a) hPrP180-192 and (b) hPrP180-192 V180I by HPLC  
at 0 day and 1 day. Twenty µL of 50 µM of each peptide was injected for HPLC analysis.�
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� 2.4.2  ɂƚȔ.�Ƽƶʤĝã, Cu2+ 0Ŗ˔ 

 

� Ø˕0Ƴɼ?A�hPrP180-192 , hPrP180-192 V180I 1Æ/ Cu2+ ːĨđ��

ǤǙʈɯȖř+1 197 nm �ʟ/ʑ0ƵĠFȢ�\vSg�na��FȢ��

random coil ƶʤFŕŮ�*÷Ǥţ,.'*�B��1 Ɣř/1 200 nm �ʟ0

ƽ0ƵĠ�9@C�β-sheet ƶʤ4ĝã�B,Æ/�Ǥţ,.B�,�Ȣĉ�C

$"�+�Cu2+ ːĨđ��ɂƚȔ/ CD \vSg�0ĝãFʃȿ/ɹƫ�B

,Æ/  β-sheet ƶʤ4ĝã��Ǥţ,.'$  hPrP180-192 ,  hPrP180-192 

V180I /Ĵ�B Cu2+ 0Ŗ˔FƳɼ�B�,,�$ 

� hPrP180-192 1�0 hr +1 random coil ƶʤF,'*�$��2 hr�4 hr�6 hr 

,ɂƚȔ/ 197 nm �ʟ0ʑ0ƵĠ0ǟĸ�9@C$26 hr + 200 nm �ʟ0

ƽ0ƵĠ�9@C�β-sheet ƶʤ40ĝã�9,;@C$"0ř1 49 hr + 

200 nm �ʟ0ƽ0ƵĠ�ǟĸ��68 hr+1 49 hr �@ĝã19@C.�'$ 

ˡFig. 14-a s�0ƚ�hPrP180-192 0ǤǙ/ȓɡǍǄǵ�9@C$Ő�ɇ��

68 hr + Cu2+ FǜÝ�$Cu2+ ǜÝȖř1�ƚȔ/ 200 nm �ʟ0ƽ0ƵĠ0

ĚÝ�9@C$Cu2+ ǜÝ 2 ƚˁř�Ê3 197 nm �ʟ0ʑ0ƵĠ�9@C�

random coil ƶʤ4ůB¹ü�9@C$ɟăǚ��,/�Cu2+ ǜÝ 8 ƚˁř

+�@/ 197 nm �ʟ0ʑ0ƵĠ�ĚÝ��Ĭ˛0ˀĥƚ/ʄ;@C$ʑ0p

�S/ů'$"0ř�Cu2+ ǜÝ 22 ƚˁř+ǡīFɫ'$��Cu2+ ǜÝ 8 ƚ

ˁř0�Ƽƶʤ�@ĝã19@C.�'$ (Fig. 14-b sûƚ/�HPLC Fȅ�

*÷Ǥţ hPrP180-192 0ʺFÐƫ�$0 hr +ɸĳ�C$ hPrP180-192 0p�
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S1 68 hr +67ǘģ��Cu2+ FǜÝ�*<Ȗř/1p�S1ʄ;@C.�'

$���.�@�Cu2+ ǜÝř1ɂƚȔ/p�S�˝�.AòšȖř0p�S

˝�,Ǉʜ�*  60 % 0ŜŅ�ʄ;@C$  (Fig. 14-c and 16-b s�Ƒ�

PrP180-192 V180I 1 Cu2+ ːĨđ�+1 CD \vSg�ð3 HPLC Ðƫ/�

�* hPrP180-192 ûƷ0ɃƬFȢ�$ (Fig. 15-a s���.�@�Íˋř0 

Cu2+ ǜÝ+1 hPrP180-192 ,ȋ.A��Ƽƶʤ1ĝã!  (Fig. 15-b �sHPLC 

0p�S˝�< 15 % 0ŜŅ,.A�hPrP180-192 ,Ǉʜ�*ƵE �.�Ɩ+

�'$ (Fig. 15-c and 16-b sS�zgT�|0p�S˝�1 CD \vSg�0 

200 nm �ʟ0ʑ0ƵĠ,ɠ�ȗ˂FȢ�*�A (Fig. 16 �sCD \vSg�0 

200 nm �ʟ0ʑ0ƵĠ�÷Ǥţ hPrP180-192 0ʺFɭ��,�Ȣĉ�CB�  

� �C@0ɃƬ?A�V180I 0ĝȋ�ʖ�*<vsch0ǵţ1ĝE@.���

�ƕ�ǤªFŕŮ�$ř0ǵţ�Ƕ/ Cu2+ /?BŖ˔/1Ġ�.Ń�Ȅ�B�

,�Ɨ@�,.'$ 
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Fig.14  Time dependency of the structure and peak value changes of hPrP180-192.  
(a)  CD spectra for 50 µM of hPrP180-192 incubated for 0, 2, 4, 6, 26, 49, and 68 h  
without Cu2+. (b) CD spectra for hPrP180-192 following the addition of 100 µM of Cu2+  
after 68 h, obtained at 70, 76, and 90 h. (c) Detection of soluble hPrP180-192 by HPLC  
at 0, 68, and 96 hours. Cu2+ was added at 68 h. Twenty µL of 50 µM hPrP180-192 was  
injected for HPLC analysis.��
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Fig.15  Time dependency of the structure and peak value changes of hPrP180-192 V180I.  
(a)  CD spectra for 50 µM of hPrP180-192 V180I incubated for 0, 2, 4, 6, 26, 49, and 68 h  
without Cu2+. (b) CD spectra for hPrP180-192 V180I following the addition of 100 µM of  
Cu2+ after 68 h, obtained at 70, 76, and 90 h. (c) Detection of soluble hPrP180-192 V180I  
by HPLC at 0, 68, and 96 hours. Cu2+ was added at 68 h. Twenty µL of 50 µM hPrP180-192 
V180I was injected for HPLC analysis.�
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hPrP180-192 V180I. (a) The molar ellipticity at 200 nm plotted for each CD  
spectrum. (b) The decreasing ratio of all peaks relative to their peak height at 0 h  
on HPLC were calculated.�



 

 28 

� 2.5  AFFINIX QNµ /?BÐħˁȗ�«ȅ0ǇʜƳɼ 

 

� Ø˕8+0Ƴɼ/?A�hPrP180-192 , hPrP180-192 V180I 0 Cu2+ ːĨđ�

+0�Ƽƶʤ1˙¦�*�B/<˂E@ ��ǤªŕŮř/��B Cu2+ 0Ŗ˔

/Ń��B�,�Ɨ@�,.'$Ƥ˕+1�hPrP180-192 ð3 hPrP180-192 

V180I 0 AFFINIX QNµ Fȅ�$Ðħˁȗ�«ȅ,�"C/Ĵ�B Cu2+ 0Ŗ

˔FƳɼ�$ 

 

� 2.5.1  Tris-HCl ɍɬǙ�+0ȗ�«ȅ0Ƴɼ 

 

hPrP180-192 FĐīã�$Ęú�Cu2+ ːĨđ�+1�hPrP180-192 1ǜÝʺ/

Ǉ�*ŻâƋ0¨��9@C�œ�ȗ�«ȅ�ȟʄ+�$ (Fig. 17-a s�Ƒ�

Cu2+ Ĩđ�+1�hPrP180-192 1ǜÝ/?AŻâƋ0¨�19@C �ȗ�«

ȅ1ȟʄ+�.�'$ (Fig. 17-b s 8$�hPrP180-192 V180I FĐīã��

hPrP180-192 V180I FǜÝ�$Ęú1�Cu2+ 0Ɵǫ/˂E@ E �/ŻâƋ0

¨��9@C�Œ�.�@ȗ�«ȅ�ȟʄ+�$ (Fig. 17-c and -d shPrP180-192 

V180I 1 Cu2+ ǜÝ/?BŖ˔�º�+�B0/Ĵ��hPrP180-192 1 Cu2+ ǜ

Ý/?Aȗ�«ȅ�œ�ų×�C*�$ 

  



 

 29 

 

  

-300 

-250 

-200 

-150 

-100 

-50 

0 

50 

0 300 600 900 1200 1500 1800 
-300 

-250 

-200 

-150 

-100 

-50 

0 

50 

0 300 600 900 1200 1500 1800 

-300 

-250 

-200 

-150 

-100 

-50 

0 

50 

0 300 600 900 1200 1500 1800 
-300 

-250 

-200 

-150 

-100 

-50 

0 

50 

0 300 600 900 1200 1500 1800 

(d)�hPrP180-192 V180I�

(b)� hPrP180-192 + Cu2+�

(c)�

(a)�
Δ

F 
(H

z)
�

Time (sec)�

Time (sec)�

Δ
F 

(H
z)
�

Δ
F 

(H
z)
�

Time (sec)�

hPrP180-192 V180I + Cu2+�

Δ
F 

(H
z)
�

Time (sec)�

hPrP180-192�

blocked�

immobilized hPrP180-192��

blocked�

immobilized hPrP180-192��

blocked�

immobilized hPrP180-192 V180I��

blocked�

immobilized hPrP180-192 V180I��

Fig. 17  Intermolecular interaction of hPrP180-192 and hPrP180-192 V180I. 
Change in oscillation frequency of (a) hPrP180-192 and (b) hPrP180-192 V180I  
in the absence of Cu2+ and (c) hPrP180-192 and (d) hPrP180-192 V180I in the  
presence of Cu2+.�
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� Ƽ/�vschˁ+0ȗ�«ȅFûƷ0ƑǏ/*Ƴɼ�$hPrP180-192 FĐ

īã�  hPrP180-192 V180I FǜÝ�ð3  hPrP180-192 V180I FĐīã� 

hPrP180-192 FǜÝ�$ĘúFǇʜ�B,�hPrP180-192 0Đīã+œ�ȗ�«

ȅ�ʄ;@C$ (Fig. 18-a and -c)8$��C@0ȗ�«ȅ<�vschûĜ,

ûƷ/ Cu2+ +˄į�CB�,�Ɨ@�,.'$ (Fig. 18-b and -d) 
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Fig. 18  Intermolecular interaction between hPrP180-192 and hPrP180-192 V180I.  
Change in oscillation frequency after injection of each peptides. hPrP180-192 V180I  
injected in to the hPrP180-192-immobilized QCM cuvette (a) in the absence of Cu2+  

and (b) in the presence of Cu2+. hPrP180-192 injected in to the hPrP180-192 V180I 
-immobilized QCM cuvette (c) in the absence of Cu2+ and (d) in the presence of Cu2+. �
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� 2.5.2  ȄȂȔƦ¢�/��*0ȗ�«ȅ0Ƴɼ 

 

� Ø˕8+?A�hPrP180-192 ð3 hPrP180-192 V180I 1 Tris-HCl ɍɬǙ�+

ȗ�«ȅFȢ��,�Ɨ@�,.'$Ƥ˕+1 Tris-HCl ɍɬǙ?AȄȂȔƦ

¢/ʟ� Phosphate buffered salts (PBS) � (pH 7.4  s/��*ȗ�«ȅ0ƳɼF

ɫ'$hPrP180-192 1�Tris-HCl ɍɬǙ�+1ȗ�«ȅ�9@C$0/Ĵ��

PBS �+1E �.ȗ�«ȅ��9,;@C.�'$ (Fig. 19-a sĴǮȔ/�

hPrP180-192 V180I 1�Tris-HCl ɍɬǙ�+1ȗ�«ȅ�Œ�'$0/Ĵ��

PBS �+1œ�ȗ�«ȅ�9,;@C$ (Fig. 19-b sPBS / Cu2+ FǜÝ�ȗ

�«ȅ0ƳɼFɫ'$��ƽȟ.ŻâƋ0¨��ǡī+�.�'$�0ɃƬ

1vschFǤ��*�BǤǙ/?A"C#C0�Ƽƶʤ/��BŖ˔�Ġ�

�ȋ.'*�B�,FȢ�*�B�C@0ɃƬ1�ȄªÈ/Ĩđ�Bȩ�0

ŝʺʻĽ� PrPC �@ PrPSc 40ĝãFɰˌ/�*�BɲĎ0�(%,ɓ�@

CB 
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� 2.6  Thioflavin T Fȅ�$Íˋţ0Ƴɼ 

 

� CD \vSg��?3 HPLC Ðƫ�ȗ�«ȅ0ƳɼɃƬ�@�hPrP180-192 ,

hPrP180-192 V180I 1"Cɝª+ÍˋªFŕŮ�B�,�Ȣĉ�C$Ƥ˕+1�

"0ÍˋţFʀ¯�B$;/ Thioflavin Tl ThT Fsȅ�* Tris-HCl ɍɬǙ��

pH 7.5�37 � +ɂƚȔ/ƳɼFɫ'$ [64]ThT 1I{�KhɋɈ,Ƀú�

B, 490 nm �ʟ/œ�ɪÀFȒ�B�,�Ȝ@C*�A [65]�Ƥ˕+1 10 

ƔˁɪÀœōFǡī�$ (Fig. 20) 

 

 

 

 

 

  

Random coil� β-Sheet� Aggregate�

Soluble�

Thioflavin T�
Bind (Fluorescence)�

Soluble� Insoluble�

Fig. 20  A study of Aggregability using Thioflavin T. �
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� Cu2+ ːĨđ�+1�hPrP180-192 1ɂƚȔ/ɪÀœō0�Ɩ�9@C�Íˋ

ţ�9,;@C$�; Cu2+ FǜÝ�$ǤǙ+1�ɪÀœō0�Ɩ�9@C �

Íˋţ19,;@C.�'$ (Fig. 21-a shPrP180-192 V180I 1�2 Ɣř8+/

ĠŇ/ɪÀœō0�Ɩ�9@C$"0ř1¨��ƹ2�,.A�hPrP180-192 

,Ǉʜ�*ƞĠɪÀœō� 10 µȨō,˝�Íˋţ�9,;@C$�; Cu2+ 

FǜÝ�$ǤǙ+1�hPrP180-192 ,ûƷ�ɪÀœō0�Ɩ19@C Íˋţ1

9,;@C.�'$ (Fig. 21-b s�C@0f�a�@�hPrP180-192�PrP180-192 

V180I 1"Cɝʙ,ÍˋªFŕŮ�B¹ü��B�,��?3 Cu2+ � 

hPrP180-192�hPrP180-192 V180I 0ÍˋF˄į�B�,�Ȣ�C$ 

� ɂƚȔ.�Ƽƶʤĝã0Ƴɼ0ɃƬ,�Íˋţ0˂ʥFƳɼ�B$;�

hPrP180-192 , hPrP180-192 V180I �ȟĬ/ β-sheet ƶʤ4ȟĬ/ĝã�*�

B,ɓ�@CB 3 Ɣȕ/ Cu2+ 0 ǜÝFɫ'$hPrP180-192 1�Cu2+ FǜÝ

! / 2 ƳªɂƚȔ/ɪÀœōFǡī�B,�2 Ƴª,< 2 Ɣȕ8+ɪÀœ

ō0�Ɩ�9@C$3 Ɣȕ/ 2 Ƴª� 1 Ƴª09 Cu2+ FǜÝ�B,�ǜÝ

Ȗř?AɪÀœō0¨��9@C$"0ř<�Cu2+ ǜÝǤǙ+1�ɪÀœō

0�Ɩ�ų×�C*�$Cu2+ ːǜÝǤǙ+1ɪÀœō��Ɩ�$ l Fig. 21-c s

hPrP180-192 V180I +1�PrP180-192 ,ûƷ/ 2 Ɣȕ8+ 2 Ƴª,<ɪÀœō

0�Ɩ�9@C$3 Ɣȕ/ 1 Ƴª09 Cu2+ FǜÝ�*<ɪÀœō0ĝã1

9@C �Cu2+ ǜÝ 1 Ɣř?A¨��9@C$Cu2+ ːǜÝǤǙ+1ɪÀœ

ō0�Ɩ�9@C$ (Fig. 21-d s�C@0f�a1�Ø˕0 CD \vSg��

?3 HPLC Ðƫ/?'*ś@C$f�aFœ�ƈŸ�*�B8$�
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hPrP180-192 V180I 1 hPrP180-192 ,Ǉʜ�˝�ÍˋţFȢ��,�E�'$

�@/�hPrP180-192 V180I 1 Cu2+ ǜÝ/?AÍˋţ1¨��B��¨�ř< 

hPrP180-192 ,Ǉʜ�*˝�ÍˋţFȢ��,�E�'$ 
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Fig. 21  Aggregability of hPrP180-192 and hPrP180-192 V180I. Fluorescence  
intensity of (a) hPrP180-192 and (b) hPrP180-192 V180I in the absence or  
presence of Cu2+ and (c) hPrP180-192 and (d) hPrP180-192 V180I in the  
absence or presence of Cu2+ after 3 days incubation.�
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� PBS �+1�hPrP180-192 1 Tris-HCl ɍɬǙ�+0ƳɼɃƬ,ûƷ�Cu2+ ː

Ĩđ�+ɪÀœō��Ɩ��Íˋţ�9,;@C$ (Fig. 22-a shPrP180-192 

V180I <ûƷ0ɃƬ,.'$��ɟăǚ��,/ƞ<˝�ɪÀœō0�Ɩ�9

,;@C�ȋņ.Íˋţ�9,;@C$ (Fig. 22-b s�C1�Ðħˁȗ�«ȅ

ǡī0ɃƬ (Fig. 19) ,ȗ˂�B�,�Ȣ�C$hPrP180-192 V180I 1�ȄȂ

ȔƦ¢�+ hPrP180-192 ,1ȋ.BÍˋţFȢ��,�Ȣĉ�C$ 
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3 ɓĳ 

� � ƤȞȬ1 PrP 0Íˋ}Pj]|FɹƗ�B$;0Ėȡf�aFôś�Bȕ

Ȕ+ɻȈ�$"0Øƀ,.B¡ʇ1�ʻĽ˂�ʇ+�BȀđ0ÐħȄǵĩ

ȔűǏFȅ�C2�Åʿ PrPC 0ɁƁ�ª0ʈɯ1ıƘ+�B��"0ãĩȔ�

ǵȂȔţʕFɓ�B,ȸɯ<þ;*Ĭ˛�0ôAŲ�/ďˎF¥�÷ɘţ��

ǡ�CBÝ�*�PrPC �@ PrPSc 40ƶʤĝã,ũƮ0}Pj]|�ɹƗ�

C*�.�ȀǷ+1�ɾ¸<þ;Ĭ˛�0ǑŨ�5��,�ğ��Ƒ�q�

T}�gvschFȅ�B,�PrPC Åª0ȯªƶʤFòƙ�.�ŤC1�B�

ɁƁ�ª/Ǉ5Ġʺʈɯ,ôAŲ�1Ƶ;*ıƘ+�A��(¿0Ĭ˛�0�

\SFʛǟ�B�,�+�B�@/ƞʟ0ƺČÐƫ0ʦƾ/?AʻĽ= pH 

/?Bƶʤĝã0Ŗ˔��@/ȗ�«ȅ=Íˋţ="C@/˂��Bʱ§ (I{

lʵʲÒ) .-F˂ʥ��*Ƴɼ�B�,<ıƘ+�Bs�O�Ȏ/˂�BȞ

Ȭ0ȀǷFɓ�B,��˃�ɿƏ��?3ǎȑɧ0ˀȒ0$;/1�q�T}

�gvsch0ãĩ�ǵǵȂĩȔţʕ/˂�BĖȡf�aFɊúȔ/ôś�B

�,�ʸɲ+�B 

� I{�KhɎɈ1Ðħˁȗ�«ȅ/?'*œĐ/Īīã�C*�A�Ðħˁ

ȗ�«ȅ�<$@�ƶʤ0ğƷţ/?'*�s�O�Ȏ0ɰˌ.ȎŪ�ʇƗ+

�B,ơŘ�C*�B [66]hPrP 1ȄªÈ+ Cu2+ ,Ƀú�B�,�Ȝ@C*

�A [19,20,67]�PrPC �@ PrPSc 40ƶʤĝã1� Ø�@ Cu2+ 0˂��Ȣĉ

�C*�$ [68,69,70]����OP-repeat ˖ĕ��ˁ˖ĕ0vsch/��*�

hPrP , Cu2+ 0Ƀú1 β-sheet ƶʤFʅĶ�$,��ėā��B�Ƒ [68,69]�
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β-sheet ƶʤŕŮFų×�B�,/?'*ȥɂȿɗ/Ĵ�BǆţFʛǟ�$,�

�ėā<�B [70]�0?�/�Cu2+ 1 PrPC �@ PrPSc 40ƶʤĝãF±ʦ

�B0�ų×�B0���C8+0ȞȬɃƬ1�ʒ�*�@ �PrP , Cu2+ 0

˂°1èȼ+1.�,ɓ�@CBPrPC , PrPSc 0ţʕ0ʫ�Fɓū�B,�

Íˋ0Ʊ,.BƦ¢1 β-sheet ƶʤF,A�ÍˋţFȢ��,�Šɲ+�B 

[1,2]Vh� 111 / His ǁĖF 1 (þ: hPrP111-126 <��Ƽƶʤ�ɂƚȔ

/ β-sheet ƶʤ4ĝã�B��His F��* 1 ȱʺ+ Cu2+ /Ƀú�$Ęú 

β-sheet ƶʤ40ĝãFų×+�B�,�ėā�C*�A [71]�Cu2+ 0Ĩđ1 

PrP ���������������������������������

ɛÈ Cu2+ ���¨�� Mn2+ �ĚÝ�*�B�, [20] <ėā�C*�B 

� �C8+0ȞȬ+1 OP-repeat ˖ĕ=�ˁ˖ĕ/Țȕ�$ėā�ğ�ƞʟ�

C-Ȱ˖ĕ�Íˋ0Ʊ,.B÷ɘţ�Ȣĉ�C*�A�ƤȞȬ+1ʻĽ˂�ʇ/

Ė)��C-Ȱ0 H2 ˖ĕ/ǬǪFɄ'*Ƴɼ�B�,,�$Ʒ�. C-ȰȇƧ

q�T}�gvsch0ǵȂ�ãĩȔţʕFǇʜ�B,�hPrP180-192 �Íˋ0

Ʊ,.B÷ɘţ�ɓ�@C$ (Table 3 s"�+�C-Ȱ˖ĕ0ʸɲţ, Cu2+ 0

˂�0ɹƗFȕŹ��Cu2+ Ƀúţ0˝� hPrP180-192 ,ƔƤ�/ğ���(Ȟ

Ȭėā0ĸ.�ȎȔʮ¤ħĝȋª+�B hPrP180-192 V180I 0�Ƽƶʤ,ȗ�

«ȅ�?3Íˋţ,��C@/Ĵ�B Cu2+0Ŗ˔FǇʜƳɼ�B�,,�$

ƤȞȬ0ɃƬF Fig. 23 and Table 3 /8,;$Cu2+ Ĩđ�0�Ƽƶʤ1�v

schÆ random coil ƶʤ,.AŃ1ʄ;@C.�'$���.�@�Cu2+ 0

Ŗ˔1 �/Ȣ�?�.ɟăǚ�Ń�ʄ;@C$hPrP180-192 /��* Cu2+ 
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˒Īē�-2  � -sheet 62ƸʦğåH§)&Ïˍ3  Cu2+ 2Ǟß1AC 

random coil Ƹʦ62ŞŇò5ùǦťxuej2Ĝß�ʆ=BE& (Fig. 16-a)�

�Ɠ�PrP180-192 V180I -3ťʗ�ȍ0C��Ɨ �-sheet 1ƸʦğåH!D. 

Cu2+ Ǟß1AC random coil Ƹʦ62ŞŇ30�ùǦťxuej2Ĝß>¼�

-�)& (Fig. 16-b)��EB2ɅƮ3�V180I 2ğȍ1ACÏˍ¬1Ķ!D Cu2+ 

2Ř˖�Ģ��ȍ0),�D�.HȤ�,�D� 

� �2ɅƮ1Ę+��C-Ȳ˘ė2Ɂəǈť1*�,ɕĵHʃ;D (Fig. 24)�Ɂ

əĠ2 Cu2+ 2ŧňť� OP-repeat ˘ė1ACµ&E,�DĚü�ğȍ2ǭ�

PrPC 2�˃˘ė3 random coil ƸʦHµ(��B1|i�fU^�c�u�g

K�a0/ƹ�0ʶɀ1ACÒɻ�ED��Ɠ�ʶɀ1ACÓƑʳ©�ĺ0� 

C-Ȳ¹2s�V��i3Ɂəɝ�1ǃC�O�jZMi�\^1ACɁəÊ1

öCʠ:ED��2Ɯ!-1 �-sheet Ƹʦ62ğå3ħ:),�D.ɕ�BE

D�ɁəÊ2 Cu2+ Ǫŏ�˟�Ěü3�Cu2+ .Ʌü!D�.- random coil Ƹʦ

1ďŞ��Ïˍ¬HŗŰ�0���Ɠ�Cu2+ Ǫŏ�ª�Ěü3Ɯ˃..>1 �

-sheet Ƹʦ�Ĝ��Ïˍ¬HŗŰ!D�.-ɁəǈťHȤ! (Fig. 24-a)�ƾ1�

V180I 2ğȍ¬2Ěü3�O�jZMi�\^1ACɁəÊ1öCʠ:E&ś

3�Cu2+ 2Ǫŏ1˄GB"Ïˍ¬HŗŰ��ɁəǈťHȤ! (Fig. 24-b �ʕ�2

A�1�C-Ȳ˘ė�Ïˍ2Ƴ-�C��* C-Ȳ˘ė2;-ɁəǈťHȔƄ!D

ùɚť�Ȥċ�E&��ď2Ƶɾ1ACs�V��ixuejHȇ�D�.-

ACʅɁ0Ƶɾ�ɭ�D�.�ƙB�.0)&� 

� PrPC 2�˃˘ė13ƍġ�2 His ǃĘ�Īē� [19]�Cu2+ .2Ʌü1AC
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ƶʤĝã0ğƷţ�Ȅ�B�@/�0˖ĕ/1ğƋ0ĝȋ�ėā�C*�A�

ĝȋI{lʵ0§ɐ,ȩ˙/?B PrPSc 0ƶʤ�0ğƷţ<�ŧ�CBȿɗ

Ğ Cu2+ /?BʴȾɔţǼś40Ŗ˔<ɓ�B,�ː ņ/ɰˌ+�Aɹƫ�ǯˌ

,.B?'* PrPC �@ PrPSc 40ƶʤĝãFɹƗ�B$;/1�ƤȞȬ+ȅ

�$ƑǏ/?AƷ�.q�T}�gvsch0ţʕFʃȿ/ǇʜƳɼ�B�,

�Ɵȅ+�B,ɓ�@CB 

 

 

 

 

 

Table 3  Characterization of hPrP-CF.��

Name His��� ���� 
(AFFINIX) 

��� 
(Pull down assay) �
	� �
	���

(incubate 7 
days��

Cu2+�-�� Cu2+�+�� Cu2+�-�� Cu2+�+��

169-192 2 �� �� �� β-sheet ����� N.D 

169-183 1 �� �� �� β-sheet β-sheet��� N.D 

175-183 1 �� �� �� Random coil ����α-helix���� �����

180-192 1 ��� ��� �� Random coil ����� β-sheet����

Pull down assay  ++�R-Tris×4�, +:R-Tris×2�, -�R-Tris×2� 
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hPrP180-192�

hPrP180-192 
random coil�

hPrP180-192 
β-sheet (Aggregate)�

�

hPrP180-192 - Cu2+ 

random coil�

Cu2+�

(b)�

(a)�

Cu2+�

hPrP180-192 V180I�

hPrP180-192 
random coil�

hPrP180-192 - Cu2+ 

random coil�

hPrP180-192 V180I 
random coil�

hPrP180-192 V180I 
β-sheet (Aggregate)�

�

Cu2+�

Cu2+�

hPrP180-192 V180I - Cu2+ 

random coil�
hPrP180-192 V180I 

random coil�

hPrP180-192 V180I 
β-sheet (Aggregate)�

�

hPrP180-192 V180I - Cu2+ 

random coil�

Fig. 23  Structure changes and aggregate formation of hPrP180-192  
and hPrP180-192 V180I. (a) hPrP180-192 V180I and (b) hPrP180-192.�

OP-repeat region�

Middle region�

C-terminus region�

Cu2+�

Enzymatic cleavage�

Endocytosis�

Cu2+�
Cu2+�

OP-repeat region�

Middle region�

C-terminal region�

Cu2+�

Enzymatic cleavage�

Endocytosis�

Cu2+�
Cu2+�

PrPC� V180I PrPC�

(b)�(a)�

aggregate� aggregate�

:β-Sheet;� :Random Coil;� :β-Sheet / aggregate�

Cu2+�

×� ×�

×�
×�×�

×�×�×�×�×�
aggregate�

×�×�×�×�×�

Fig. 24  Estimated role of C-terminus region  for aggregation.  
(a) PrPC (b) V180I mutated PrPC �
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4  Ƀʉ 

 

� ƤȞȬ0ɃƬ� �0�,�Ɨ@�,.'$ˡFig. 23 s 

1) hPrP180-192 ð3 hPrP180-192 V180I 1Æ/ȄȂȔ pH /��* random 

coil ƶʤFŕŮ�B��ɂƚȔ/ β-sheet ƶʤ/ĝã�B 

2) β-sheet ƶʤ/ĝã�$ hPrP180-192 / Cu2+ FǜÝ�B,ɂƚȔ/ 

random coil ƶʤ/čŜ�B 

3) hPrP180-192 1Íˋţ�˝���Cu2+ 0ǜÝ/?AÍˋFų×�B�,�÷

ɘ+�B 

4) hPrP180-192 V180I1 β-sheet ƶʤFɈŸ��random coil ƶʤ40čŜ1E

 �+�B 

5) hPrP180-192 V180I 1 hPrP180-192 ,Ǉʜ�*˝�ÍˋţFŸ&��ōÍˋ

�B, Cu2+ 0ǜÝ/?'*<ÊǤɹ�.� 

6) β-sheet ƶʤ,Íˋª0ʺ1ɠ�ȗ˂FȢ� 

7) PrP 0Íˋ}Pj]|0ɹƫ/ hPrP-CF �Ɵá+�B�,�Ɨ@�/.'

$ 

8) �C@0ɃƬ1�PrP 0Íˋ}Pj]|/��*�Ʊ®ĨʸúʇFƈŸ�B

<0+�B 
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5  Ĭ˛0ʱ 

 

5.1� ʁɧ 

 

5.1.1� vschúŮ˂ʥ 

 

Piperidine� � � �       � � � � � � � � � � � � � � � � � � � � � SIGMA 

O-(7-Azabenzo-triazol-1-yl)-N,N,N’,N’-tetra-methyluronium hezafluoro-phosphate 

(HATU) 

N,N Dimethylformamide (DMF) 

N-Diisopropy;lethylamine/N-Methylpyrrolidone 

N-Methylpyrrolidone 

Dichloromethane 

Preloaded Resin F-moc-L-Thr (tBu)�Preloaded Resin F-moc-L-Val       

 ��Applide Biosystems 

F-moc-L-Asn (Trt)�F-moc-L-Asp (OtBu)�F-moc-L-Cys (Trt) 

F-moc-L-Gln (Trt)�F-moc-L-His (Trt)�F-moc-L-Ile 

F-moc-L-Lys (Boc)�F-moc-L-Phe�F-moc-L-Ser (tBu) 

F-moc-L-Thr (tBu)�F-moc-L-Tyr (tBu)�F-moc-L-Val       ��vschȞȬŰ 

Aceonitrile (˝ʣǙªS�zgT�qȅ)� � � � � � � � � � � � � � � � � � � � �  

Aceonitrile (ʁɧǶȽ)� � � � � � � � � � � � � � � � � � � � � �  
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Diethyl ether� � � � � � � � � � � � � � � � � � � � � � � � � �  

Trifluoroacetic Acid (Peptide Synthesis Grade) � � � � � � � � � � � � �   

Thioanisole� � � � � � � � �     � � � � � � � � � � �  ��ĆÀȼɧłƴ 

Acetic acid� � � � � � � � � � � � � � � � � � � � � � � � �  � �   

Crystalline  

Phenol � � � � � � � � � � � � � � � � � � � � � �   ��iP�Ke\S 

1,2-Ethandithiol�               �        � � � � � � � � � � � � ˂ƨãĩ 

 

5.1.2� HPLC 

 

Aceonitrile (˝ʣǙªS�zgT�qȅ)� � � � � � � � � �   ĆÀȼɧłƴ 

HCl � � �                         

Tris (hydroxymethyl) aminomethane (Tris)                  ��iP�Ke\S 

 

5.1.3� Pull down assay 

 

Tris (hydroxymethyl) aminomethane (Tris)                                 

HCl                                                                  

CuCl2�2H2O                                          ��iP�Ke\S  

TOYOPEARL AF-Formyl-650 M resin                    TOSOH BIOSCIENCE 

Sodium dihydrogen phosphate. Anhytrousb (ʁɧǶȽ)      RZbãĩưŏ£ȣ 
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Amino acid standard (Type H) 

Methanol (ʁɧǶȽ)                                               

Acetonitrile (˝ʣǙªS�zgT�qȅ)             

CH3COONa                                            ��ĆÀȼɧłƴ 

HCl                                                              

Acetic acid (ʁɧǶȽ)                                                        

NaHCO3                                                          

Na2CO3                                              ��iP�Ke\S 

Dabsyl Chloride                                     ƨ�ãŮłƴưŏ£ȣ 

 

5.1.4� Ðħˁȗ�«ȅǡī 

 

Tris (hydroxymethyl) aminomethane (Tris)                                 

HCl                                                                  

CuCl2�2H2O                                         ��iP�Ke\S 

PBS (Phosphate Buffered Salts Tablet)� � � � � � � � � � � � � � �   TaKaRa 

Block Ace Powder                          �                 KAC (Japan) 

 

5.1.5� CD \vSg� 

 

Tris (hydroxymethyl) aminomethane (Tris)                                 
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HCl                                                                  

CuCl2�2H2O                                         ��iP�Ke\S 

 

5.1.6� Thioflavin T 

 

Tris (hydroxymethyl) aminomethane (Tris)                                 

HCl          

CuCl2�2H2O                                           �iP�Ke\S 

PBS (Phosphate Buffered Salts Tablet)� � � � � � � � � � � � � � �   TaKaRa 

Thioflavin T                                                       Wako 
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5.2� ɮɐ 

 

5.2.1� vschúŮ˂ʥ 

 

433 vschZ�^XKY�                          Applide Biosystems 

 

5.2.2� HPLC 

 

HPLC (Ðô) 

Pump: 880-PU 

Mixer: HG-980-31                                             ��JASCO 

Integrater: C-R6A 

Detector: SPD-6A                                         ��SHIMADZU 

Column: CAPCELLPAK C18 (TYPE AQ 5 µm�10 mm I.D. x 250 mm)    SHISEIDO 

 

HPLC (Ðƫ) 

Column: CAPCELLPAK C18 (Type MGII 5 µm� 4.6 mm i.d. x 150 mm)  SHISEIDO 

Pump: LC-20AD                                              SHIMADZU 

Oven: COLUMN HEATER U-620 TYPE30V                            Sugai 

Detector: MD-4017 

S�zgT�|ȅf�aÎȂɮɐ : ChromNAV                 ��JASCO 
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HPLC (I{lʵÐƫ) 

Computer : FUJITSU FMV ESPRIMO                                FIJITSU 

Column: COSMOSIL Packed Column (4.6 mm I.D. x 250 mm) 

(Type 5C118-MG-	)                                            SHISEIDO 

Pump: PU-2089  

Detector: UV-2075 

Oven : CO-965                                                ��JASCO 

 

5.2.3� ʕʺÐƫǡīɮɐ 

 

JEOL JMS-700T                                                    JEOL 

QSTAR Elite Hybrid LC/MS/MS System                  Applide Biosystems 

 

5.2.4� Ðħˁȗ�«ȅǡī 

 

AFFINIX QNµ                                                   ULVAC 

 

4.2.6� CD \vSg�ǡī 

 

J-805 É�ɡţÐƊɻ                                           JASCO 
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5.2.7� ɪÀǡī 

 

ɪÀs��g��b� 

FMP-825 

FP-8300� � � � � � � � � � � � �           

  Driver: Spectra Manager Version 2                              ��JASCO 
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5.3� ƑǏ 

 

5.3.1� hPrP-CF 0úŮ�?3ȸɯ 

 

5.3.1.1� q�T}�gvsch0úŮ (ĐȗǏ) 

 

q�T}�gvsch1�Is�KhmKOZ\e|ȣ (Applide Biosystems) 

0 433A vschZ�^XKY�Fȅ�* F-moc ĐȗǏ/?AúŮ�$¬ȅ

`qg1 SynthAssist Software v3.1 Fȅ�$ 

 

5.3.1.2� ə³ʍ (TFA S��ud[Ǐ) 

 

úŮvsch�[�FÄC$i\Ĕq�\V/ə³ʍǙFÝ��zTkdg

\a��Fȅ�*ĮǠ+ 1.5 �B�1 3 ƚˁƆŷ�$òšř�Ë[Mc�M

�e�FʭʺÝ�*Ɔŷ��Ȅ�$ǍǄF PTFE aKs}�r��qJ�a� 

(Pore Size 3.0 µm, ADVANTEC ȣ) Fȅ�*ÿŐDʩFɫ'$PTFE aKs}

�r��qJ�a��0ǍǄFË[Mc�M�e�+Ǔǖř�ʳʵǤǙFÝ��

ǍǄ�Ǥ�$�,Fȟʄ��ÿŐDʩ+i\Ĕq�\V/ʳʵǤǙFčó�$

�CFÌɃ�Ǳ��ȷȸɯʁƎ,�$ 
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<ə³ʍǙ,ʁƎ> 

ə³ʍǙ : TFA 9.5 mL�MilliQ Ǌ 0.5 mL 

ʁƎ : hPrP169-192�hPrP169-183�hPrP175-183�hPrP180-192�hPrP180-192 V180I 

 

5.3.1.3� q�T}�gvsch0ȸɯ 

 

ȷȸɯʁƎF 50 % I^gjg�� (0.1 % TFA) /Ǥɹ��Ǖʺ 3.0 mL/min.�

P�|Ǡō1ĮǠ,��SHISEIDO CAPCELLPAK C18 (TYPE AQ 5 µm�10 mm I.D. 

x 250 mm) Fȅ�$Ðôȅ HPLC Z\e|/?B MilliQ Ǌ (0.1 % TFA) �@ 

50 % I^gjg�� (0.1 % TFA) 40 30 Ðˁ0�jIT�[M�g+Ðô

Fɫ'$"0ř�Ǖʺ 1.0 mL/min.�P�|Ǡō1 40 oC ,��SHISEIDO 

CAPCELLPAK C18 (Type MGII 5 µm� 4.6 mm i.d. x 150 mm) Fȅ�$qNgb

KO�hI�KƳÏČ�� HPLC Z\e|/?A�MilliQ Ǌ (0.1 % TFA) �

@ 50 % I^gjg�� (0.1 % TFA) 40 30 Ðˁ0�jIT�[M�g+ȼ

ōȟʄFɫ'$Ðħʺ0ȟʄ/1ʕʺÐƫFɫ'$ 
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5.3.2�  Pull down assay 

 

5.3.2.1� hPrP180-192 0�[�40Đīã 

 

Đīã�[�0ǣ¸,�*��[�ŭǧǙ (TOYOPEARL AF-Formyl-650 M) 3 

mL FQ�\qJ�a��/ȧ��0.1 M ǩʵ buffer (pH 8.18) 10 mL FÝ�ÿ

ŐDʩ�$ ÿŐDʩ1�3 čɏAʠ�$ 

hPrP180-192 / 0.1 mM NaHCO3 FÝ�* 0.2 mM /ʈɯ��ÿŐǓǖř0�

[�FÝ�*Ǧ��ŭǧ��2000 rpm + 5 ÐˁʬşÐˍ�$NaCNBH3 90 mg 

FÝ��?�Ɔŷ��25 � +�ƛ��e�a�F¬ȅ�*òš�!$"0

ř�10 ÐˁʬşÐˍ���ǝFÅ*ˆî�$PrP180-192 Đīãř0�[�F 

MilliQ Ǌ+Ǖ�ÿŐȃ+ÿŐDʩ��1 M NaCl ,Ǌ+Ǔǖ�$Đīãʺ1�

[�FʵÝǊÐɹ�$ř HPLC +Ðƫ��Val 0p�S˝��@ȳÏ�$ (Fig. 

5) 

 

<ʁɧʈɯ> 

� 0.1 M ǩʵ buffer (pH 8.18) 

� NaHCO3 4.2 g F MilliQ Ǌ 100 mL +Ǥɹ� 0.5 M NaHCO3 ,�$MilliQ 

Ǌ 40 mL�0.5 M NaHCO3 10 mL FǛú� 0.1 M NaHCO3 (pH 8.42) ,�$ 

� Na2CO3 5.3 g FMilliQ Ǌ 100 mL +Ǥɹ� 0.5 M Na2CO3 ,�$MilliQ Ǌ 

40 mL�0.5 M Na2CO3 10 mL FǛú� 0.1 M Na2CO3 (pH 11.21) ,�$ 
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0.1  M NaHCO3 (pH 8.42) F 0.1 M Na2CO3 (pH 11.21) Fȅ�* pH 8.18 /ʈƌ

�$ 

��1 M NaCl 

� NaCl F 58.44 g FʺAôA MilliQ ǊFÝ�* 1 L ,�$ 

� 0.1 M Tris-HCl Buffer (pH 7.5) 

� Tris 12.1 g FʺAôA MilliQ Ǌ+Ǥɹ� HCl + pH 7.5 /ʈƌ��MilliQ 

ǊFÝ�* 1 L ,�$ 

 

� 5.3.2.2  Pull down assay /?B hPrP180-192 /Ĵ�BɃúţ0Ƴɼ 

 

hPrP180-192 Đīã�[� (R-hPrP180-192) 0ʈɯƑǏ1�15 mL Centrifuge 

tube (NEST) � +  hPrP180-192 0 I { l Ė  (-NH2) F  TOYOPEARL 

AF-Formyl-650 M resin 0P�xj�Ė  (-CO) /oh�hʰ½Ù+�B 

NaCNBH3 Ĩđ�+�ʰ½ȔI{lãòš/?AĐīã�$ 

R-hPrP180-192 20 µL (50 % suspension 3.2 nmol) /Ĵ��100 µM hPrP-CF 128 

µL (12.8 nmol)�100 mM Tris-HCl Buffer (pH 7.5) 40 µL�MilliQ Ǌ 212 µL FÝ�

ÅʺF 400 µL ,�$Cu2ˣ FǜÝ�BĘú1�R-hPrP180-192 0 His 1 ǁĖ

/Ĵ�* 2 Ŕʺ,.B?��100 µM CuCl2�H2O 64 µL FǜÝ��MilliQ ǊF

Ý�*Åʺ 400 µL ,�$�0ǤǙF�ĮǠ+ 24 ƚˁ��e�a�Fȅ�*

òš�!$"0ř��ǝFż*�100 mM Tris-HCL Buffer (pH 7.5) + 3 čǓ

ǖ��"0ř MiliQ Ǌ+ 3 čǓǖ�$�ǝFż*�100 µL 0 MilliQ Ǌ+ R
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hPrP180-192 FÝǊÐɹȴ/ȧ�ôA��@/�ǝFż*�6 ɴī0 HCL F 

100 µL Ý�$110 � + 24 ƚˁòš�!�vsch�@I{lʵ4ÝǊÐɹ

Fɫ'$ÝǊÐɹȴ�@�ǝFôA�"0ř 150 µL 0 MilliQ ǊF 2 čǜ

Ý��ǝFȧ�ô'$"�/ÈƸǣǵʕ+�B 12.5 µM n-Leu F 200 µL Ä

C�ÌɃ�ǱFɫ'$"0ř�ǩʵmdqH�F 40 µL Ý��ǤǙ0 pH � 

8 
 9 +�B�,Fȟʄ��Dabsyl Chloride 2 mM F 60 µL Ý�$70 � + 

10 ÐÝǰ��ņǠ/ů�$ř HPLC +I{lʵʺFǡī�$HPLC 0p�

S0˝�Fǡī��ƸǣʁƎ,Ǉʜ�*I{lʵʺFſī��ǜÝ�$ hPrP-CF 

0ʺ0ɃúʺFȳÏ�$ːǶȋȔ.ɃúFžˆ�B$;/V�g���,�

*�ǔţĖF Tris /?A�ǔã�$ R-Tris Fȅ�*ûƷ0ƳɼFɫ'$ 

Ðƫ1 HPLC Fȅ�*ɫ'$ʁƎǑÄʺ 4 µL�Ǖʣ 1.0 mL/min�P�|

Ǡō 40 � ,� CAPCELLPAK UG 120 (4.6 mm i.d. x 250 mm) Fȅ��UV 436 

nm +ƳÏ�$ǤĦ1�10 mM NaH2PO4 buffer (4 % DMF) (pH 6.6) F A Ǚ�

CH3CN F B Ǚ,�*ȅ�$T�[M�g~�h1�A Ǚ 73 %�B Ǚ 27 % 

FÓơƦ¢,��15 Ð+ A Ǚ 73 %�B Ǚ 27 %�24 Ð+ A Ǚ 40 %�B Ǚ 

60 % F 40 Ð8+ɈŸ��45 Ð+ÓơƦ¢/ů� 60 Ð8+ɈŸ�Bɾī,

�$ 

 

<ʁƎʈɯ> 

� 100 mM Tris-HCl Buffer (pH 7.5) 

  1 M Tris-HCl Buffer (pH 7.5) 500 µL / MilliQ Ǌ 4500 µLFÝ�*ʈɯ�$ 
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��100 µM Cu2+ ǤǙ 

� CuCl2�H2O 0.34 mgFʺAôA�MilliQ Ǌ+Ǥɹ�Åʺ 1 mL ,��2 mM Cu2+ 

ǤǙFʈɯ�$ 

� 2 mM Cu2+ ǤǙ 50 µL /MilliQ Ǌ 950 µL FÝ��100µM Cu2+ ǤǙFʈɯ

�$ 

� 12.5 µM n-Leu 

� n-Leu 1.33 mg / MilliQ Ǌ 1014 µLFÝ�* 10 mM n-Leu Fʈɯ�$"0

ř�10 µńʶ� 1 mM n-Leu Fʈɯ��@/ 8 µńʶ� 125 µM n-Leu Fʈɯ�

ƞř/ 10 µńʶ� 12.5 µM n-Leu Fʈɯ�$ 

��2 mM Dabsyl Chloride 

� Dabsyl Chloride 6.5 mg F 10 mL 0 CH3CN +Ǥɹ��2 mM Dabsyl Chloride

Fʈɯ�$"0ř�1 mL  (Mdv�c��r/ÐǑ��ÌɃ�ǱFɫ'$

¬ȅƚ/ CH3CN 1 mL +Ǥɹ�$ 

� 25 mM ǩʵ buffer  

� NaHCO3 4.2 g F MilliQ Ǌ 100 mL +Ǥɹ� 0.5 M NaHCO3 ,�$MilliQ 

Ǌ 180 mL�0.5 M NaHCO3 10 mL FǛú� 25 mM NaHCO3 (pH 8.42) ,�$ 

� Na2CO3 5.3 g FMilliQ Ǌ 100 mL +Ǥɹ� 0.5 M Na2CO3 ,�$MilliQ Ǌ 

180 mL�0.5 M Na2CO3 10 mL FǛú� 25 mM Na2CO3 (pH 11.21) ,�$ 

� 25 mM NaHCO3 (pH 8.42) F 25 mM Na2CO3 (pH 11.21) Fȅ�* pH 9.0 /ʈ

ɯ�$ 
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 5.3.3� Ðħˁȗ�«ȅǡī 

 

Ðħˁȗ�«ȅǡīɮɐ1  AFFINIX QNµ Fȅ�$ɍɬǙ1  50 mM 

Tris-HCl (pH 7.5) Fȅ�$ hPrP180-192 Đīã/��B�0 C-ȰȇƧq�T

}�gvsch,0ȗ�«ȅ0Ƴɼ+1� 1 mM PrP180-192 F 20 µL Đīã��

5 % Block Ace 2 µL+r�dR�TFɫ'$ɍɬǙ+^�FǓǖř�ɍɬǙ 500 

µL F^�/¾ę�$1 mM hPrP-CF 4 µLF 5 čǜÝ��ŻâƋ0ĝãFƳɼ

�$ǡīƦ¢1�Ǡō 25 ��čʚʣō 1000 rpm�ǡīˁˈ 1 sec. ,�$

Cu2+ ǜÝǤǙ1� ɍɬǙ 500 µL � PrP180-192 Đīã 20 nmol ,ǜÝ 20 

nmol 0úɻ 40 nmol 0 2 Ŕʺ,.B?��CuCl2�H2O 0ɀǨōF 160 µM ,

�$ 

hPrP180-192� PrP180-192 V180I 0Ðħˁȗ�«ȅ0Ƴɼ/��*<

hPrP180-192 Đīã/��B�0 C-ȰȇƧq�T}�gvsch,0ȗ�«ȅ

0Ƴɼ,ûƷ0űǏ+ɫ'$$%��PrP180-192 V180I Đīã0Ęú�1 mM 

hPrP180-192 V180I 20 µL FĐīã�$ɍɬǙ1�Tris , PBS Fȅ�$PBS 

0Ęú1�50 mM Tris-HCl Buffer (pH 7.5) 500 µL 0�EA/�PBS 500µL Fȅ

�$.��PBS 1 Cu2+ Ĩđ�+1ǡī�ďˎ+�'$ 

 

<ʁƎʈɯ> 

��50 mM Tris-HCl Buffer (pH 7.5) 

� Tris 121.4 g F MilliQ Ǌ/Ǥɹ��HCl + pH 7.5 /ʈɯ��Åʺ 1000 mL 
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,�* 1 M Tris-HCl Buffer (pH 7.5) Fʈɯ�$ 

� 1 M Tris-HCl Buffer 500 µL / MilliQ Ǌ 9500 µL FÝ�* 50 mM Tris-HCl 

Buffer (pH 7.5) Fʈɯ�$ 

��2 mM Cu2+ ǤǙ 

� CuCl2�H2O 0.34 mgFʺAôA�MilliQ Ǌ+Ǥɹ�Åʺ 1 mL ,�$ 

� 160 µM Cu2+, 50 mM Tris-HCl Buffer (pH 7.5)�  

� 1 M Tris-HCl Buffer 500 µL / 2 mM Cu2+
 ǤǙ 80 µL�MilliQ Ǌ 9420 µL Ý�

*ʈɯ�$ 

� 10 x PBS 

� PBS (Phosphate Buffered Salts) Tablets 1 ȶF MilliQ Ǌ 10 mL /Ǥɹ�$ 

��5 % Block Ace  

Block Ace Powder 1mg F MilliQ Ǌ 1 mL /Ǥɹ�$ 
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5.3.4  CD \vSg� /?B�Ƽƶʤɹƫ 

 

5.3.4.1� hPrP180-192 0�Ƽƶʤɹƫ 

 

hPrP180-192 0ɞʭǨō0Ƴɼ+1�1 mM hPrP180-192 F"C#C 10 µL�

50 µL�100 µL (ɀǨō 10 µM�50 µM�100 µM)�100 mM Tris-HCl Buffer (pH 7.5) 

100 µL�MilliQ ǊFÝ�Åʺ 1000 µL ,�$ʈɯȖř0ǤǙ,�37 � + 10 

ƔˁK�R�u�g�$<0Fȅ��ʁƎ,�$ 

hPrP180-192 /Ĵ�B Cu2+ Ǩō0Ƴɼ+1�1 mM hPrP180-192 50 µL�100  

mM Tris-HCl Buffer (pH 7.5) 100 µL�Cu2+ 0ɀǨō�"C#C 0.5 µM�5 µM�

50 µM�100 µM ,.B?� CuCl2�2H2O FÝ��MilliQ Ǌ+Åʺ 1000 µL ,

�$ʈɯȖř0ǤǙ,�37 � + 7 ƔˁK�R�u�g�$<0Fȅ��ʁ

Ǝ,�$ 

� hPrP180-192 0�Ƽƶʤ/Ĵ�B  pH�Cu2+ ð3ƚˁ0Ŗ˔+1�1 mM  

hPrP180-192 50 µL�100 mM Tris-HCl Buffer (pH 5�6�7�8�9) 100 µL�MilliQ Ǌ 

850 µL +Åʺ 1000 µL ,�$ʈɯȖř0ǤǙ,�37 � + 7  ƔˁK�R�

u�g�$<0Fȅ��ʁƎ,�$"0ř�2 mM CuCl2�2H2O 50 µL FÝ��

�@/ 37 � + 7 ƔˁK�R�u�g��ʁƎ,�$Cu2+ Ĩđ�0ǤǙ+

1�1 mM hPrP180-192 50 µL�100 mM Tris-HCl Buffer (pH 5�6�7�8�9) 100 µL�

2 mM CuCl2�2H2O 50 µL /MilliQ Ǌ 800 µL FÝ��Åʺ 1000 µL ,�$

ʈɯȖř0ǤǙ,�37 � + 7 ƔˁK�R�u�g�$<0Fȅ��ʁƎ,�
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$ 

 

<ʁƎʈɯ> 

��100 mM Tris-HCl Buffer  

� Tris 605.7 mg F MilliQ Ǌ/Ǥɹ��HCl+ pH 5�6�7�8�9/ʈɯ��Å

ʺ 50 mL ,�$ 

��2 mM Cu2+ ǤǙ 

� CuCl2�H2O 0.34 mgFʺAôA�MilliQ Ǌ+Ǥɹ�Åʺ 1 mL ,�$ 

 

� 5.3.4.2� ȎȔʮ¤ħĝȋvsch hPrP180-192 V180I ,0�ƼƶʤǇʜ 

 

� �Ƽƶʤ, Cu2+ 0Ŗ˔+1�1 mM hPrP-CF 50 µL�100 mM Tris-HCl Buffer 

(pH 7.5) 100 µL�MilliQ Ǌ 850µL +Åʺ 1000 µL ,�$Cu2+ Ĩđ�0Ęú

1�1 mM hPrP-CF 50 µL�100 mM Tris-HCl Buffer (pH 7.5) 100 µL�2 mM CuCl2�

2H2O 50 µL�MilliQ Ǌ 800 µL +Åʺ 1000 µL ,�$ʈɯȖř0ǤǙ,�

37 � + 1 ƔˁK�R�u�g�$<0Fȅ��ʁƎ,�$"C#C CD \

vSg�ǡīØ/�HPLC +ǤɹĔ hPrP-CF ʺFǡī�$ 

� ɂƚȔ.�Ƽƶʤĝã, Cu2+ 0Ŗ˔+1�1 mM hPrP-CF 75 µL�100 mM 

Tris-HCl Buffer (pH 7.5) 150 µL�MilliQ Ǌ 1275 µL +Åʺ 1500 µL ,�$ʈ

ɯȖř0ǤǙ,�37 � +K�R�u�g�$<0FɂƚȔ/ǡī�$K�

R�u�g 68 ƚˁř/ hPrP-CF /Ĵ�* 2 Ŕʺ,.B?� 2 mM CuCl2�
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2H2O FÝ���@/ 37 � +K�R�u�g�$<0FɂƚȔ/ǡī�$

�@/�CD \vSg�ǡīØ/ HPLC +ǤɹĔ hPrP-CF ʺFǡī�$ 

 

<ʁƎʈɯ> 

��100 mM Tris-HCl Buffer  

� Tris 605.7 mg F MilliQ Ǌ/Ǥɹ��HCl+ pH 7.5 /ʈɯ��Åʺ 50 mL ,

�$ 

� 2 mM Cu2+ ǤǙ 

� CuCl2�H2O 0.34 mgFʺAôA�MilliQ Ǌ+Ǥɹ�Åʺ 1 mL ,�$ 
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5.3.5� Thioflavin T (ThT) Fȅ�$Íˋţ0Ƴɼ 

 

Cu2+ ːĨđ�0ǤǙ+1�1 mM hPrP-F 600 µL (ɀǨō 50 µM)�1 mM ThT Ǥ

Ǚ 1200 µL (ɀǨō 100 µM)�100 mM Tris-HCl Buffer (pH 7.5) 1200 µL�MilliQ Ǌ 

9000 µL +Åʺ 12000 µL ,��37 � +K�R�u�g�$<0FʁƎ,�$

3 Ɣȕ+ Cu2+ FǜÝ�$ǤǙ+1�3 Ɣȕ/ Cu2+ ːĨđ�0ǤǙ 7000 µL /

Ĵ��Cu2+ � 2 Ŕʺ,.B?� 100 mM CuCl2�2H2OF 7 µL ǜÝ�$ 

Cu2+� Ĩđ�0ǤǙ+1�1 mM hPrP-CF 600 µL (ɀǨō 50 µM)�1 mM ThT Ǥ

Ǚ 1200 µL (ɀǨō 100 µM)�100 mM Tris-HCl Buffer (pH 7.5) 1200 µL�2 mM 

CuCl2�2H2O 600 µL�MilliQ Ǌ 8400 µL +Åʺ 12000 µL ,��37 � +K�

R�u�g�$<0FʁƎ,�$ 

PBS +0Ƴɼ+1��ɽǤǙ0 100 mM Tris-HCl Buffer (pH 7.5) 1200 µL0�

EA/ 10 x PBS 1200 µL FÝ�$ 

ǡī/1ÐÀɪÀs��g��b� (FP-8300�JASCO) Fȅ�$ǡīƦ¢

1�ßʖǐʿ 440 nm�ÿóǐʿ 485 nm�37 � + 1 Ɣǅ/ǡīFɫ'$ 

 

<ʁɧʈɯ> 

� 1 mM ThT ǤǙ 

ThT 1.59 mg FʺAôA�MilliQ Ǌ+Ǥɹ�Åʺ 1 mL ,��5 mM ThTǤǙ

Fʈɯ�$ 

5 mM ThTǤǙ 1 mL F MilliQ Ǌ 4 mL /Ǥɹ��1 mM ThT ǤǙFʈɯ�
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$ 

� 10 x PBS 

PBS (Phosphate Buffered Salts) Tablets 1 ȶF MilliQ Ǌ 10 mL /Ǥɹ�$ 

��100 mM Cu2+ ǤǙ 

CuCl2�H2O 17 mg FʺAôA�MilliQ Ǌ+Ǥɹ�Åʺ 1 mL ,�$ 

��2 mM Cu2+ ǤǙ 

  100 mM Cu2+ ǤǙ 100 µL F MilliQ Ǌ 4900 µL /Ǥɹ�$ 
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ʋʝ 

 

� ƤȞȬ/ˉ��ɀĥ�ŹĶ��˓ƇFʔA8�$ȯą˚ĠĩɧĩʱʏȆɢĹ

ƉŽ/ʌG+ũʋ�$�8�8$�ƤȞȬ/Ʒ�.�ÞÜF�$%�8�$

ȯą˚ĠĩɧĩʱķŀɅÞƉ/ǚ�ũʋ�$�8� 

� .��ƤȞȬ0ğ�1ÆûȞȬ,�*ƄçĠĩɧĩʱɜŋÐƫãĩȞȬĮ+

Ĭƒ�$�8�$"0ˉ�ɀĥ�ŹĶ��˓ƇFʔA8�$˝ȜĠĩåĩʱ

ɧȂĩȞȬĮĭĈƉŽȦǥ²øƉŽˡ½ƄçĠĩɧĩʱɜŋÐƫãĩȞȬĮˢ 

.@3/ƄçĠĩɧĩʱɧĩƉɖ^�a�ɆúɧĩÐʹķɱ½ɑƉŽˡ½Ƅç

ĠĩɧĩʱɜŋÐƫãĩȞȬĮ /sʌG+ũʋ�$�8�8$�ƤȞȬ/Ʒ�

.�ÞÜF�$%�8�$ƄçĠĩɧĩʱʎöĵǞÞƉ/ǚ�ũʋ�$�8�

Ĭ˛/ˉ���æÜ�%��8�$�ƥʷɣ�G�ňŁȤʓ�GF1�;,�

BƄçĠĩɧĩʱɜŋÐƫãĩȞȬĮ0ʊǈ/ǚ�ũʋ�$�8� 
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