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ģÃĘÉ 
 
Ø�  (Đ�� )Ňª©Þ^ (Hiroyuki Kawashima) 
¡gģÃŃôŇO-*5R,7IH:@�å¹)yê��íÙ¹IH:@��»Üĺò���¸ê 
 

O-*5R,7IH:@�, IH:@ĸ\� Ser ��� Thr �qĸÙĴ�����, B,=+G�
*L@Ą� (N-*5R�) ).6=RĄ� (O-*5R�) ��ì¹����!���&. O-*5R,7
IH:@�, Î.6=Rĳx����]ĸ N-H �ħ��&ÙāĄ�l[Č)!��, x�ti�`Õ
ÓĮ�²Ł)[�&. ��, O-*5R,7IH:@�, §¸�&ěIH:@�×ĩ��, ,/U��¶
&*LC�) 1 ��	!�� WĎó�Ùà¹��X�&. WÅ, \¹ÏeY����� O-to-N x
�u*5RĨg�¸)ă�, ěIH:@��Īĭ��£Ķó��À�'&. Îùý��, O-*5R,7
IH:@�!�
'$�å¹)yê��, ÄĚIH:@�»Ü��*LT,@ β (Aβ) vĿĽ¥z�
ĺòùý)ĕ��. 
 
1. .FNQ�)f(��èæIH:@�»��¸ê  
èæIH:@�}ē5V@���ĵĘ��&�, ĸæIH:@)è��¸�l��ľ, IH:@ C 

Íþ�Ý¹��é&/148TUè�ëÐ�&.FNQ���Ń��& (� 1A). Ēċ�, ĸæo
ĤIH:@� C Íþ) O-*5R,7IH:@��, C Íþ*LCĴÖ�� α-*LC��-S9U�
oĤ�)¨s�&_�#%, .FNQ�)ħ
�_�	è��¸)Ĳ»��&����Ċ�� (� 
1B). 6 Ö��$�&èæIH:@ cyclo(Arg-Ala-Gly-Asn-Ala-Ser) ��»����, µÐ�¼Ü)ê�
���� 39% �.FNQ��úġ�'��, O-*5R,7IH:@Ü)kê�����.FNQ�
�ëÐ�&{é»ä�Òw�'����. ¶$'�èæ O-*5R,7IH:@�, \¹�QUĴĆĖ
ß\����, O-to-N x�u*5RĨg�¸)ă�, 1 xdu�ôó�èæIH:@��£Ķó��
À�'�. 

 

 

�  1. èæIH:@��». (A) Ĭ¬�¼Ü. (B) O-*5R,7IH:@Ü. 

 

2. O-*5R,7IH:@)yê��íÙ¹IH:@��çó�»  
Native Chemical Ligation (NCL) � C Íþ�:/.6=R)Ì�&IH:@� N Íþ� Cys )Ì

�&IH:@�)qĸãoĤ�ć���&�Âó�»¼Ü�W����	yê�'��&. ���, 
íÙ¹�ņ�č9UE2Ħ"*LT,@9UE2Ħ��»��, NCL ´� HPLC ÿėÊ����, ô
óIH:@�h�àĜ¹"īö0PM�£ö��°�íÙ¹öajê�� , ôóä)ņ��ç�¶
&_��ŀ��&. �
�, 
'$�ŀâ�ĜÚ)ô¾�, NpHtrII (�Ăđ Natronomonas pharaonis ļ 
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�  2. NCL �#& O-*5R,7IH:@��») 
ķ��&íÙ¹JQIH:@��çó�»Ü. 
 
 
 
3. *LT,@  β  vĿĽ¥zĺò��¸ê  
�Ķi Aβ �/Q3KV)ă�Zà¹�*LT,@Ĉą��vĿ�&ıü�*R<D,KVï�ò

ð�ĵĘ�³|)Ñ����&�Ċ�$'��&� , Aβ �vĿĽ¥z�Îîº�Ûñē��&�Č

¹��&. b�Ēċ�, O-*5R,7IH:@�B,=+G Aβ1–42 �vĿ�§��Ľ¥Ý¹)Ì�
&
�)ęw�� (� 3A «). �����$, O-*5R,7IH:@�\¹ÏeY��B,=+G 
Aβ ���À�'&. �
�, Ser26 ) N-Me-β-Ala �cË��¢£Ģ¨i 1 ����ÒĞ)ĕ�� 
(� 3A �). Ĕr*A7?TFV)ê��Ġn#%, 1 � Aβ �vĿ)á®m ó�Ľ¥�&
��
û��'�. ��, -.69UGT;?����Ļ~ń·Ĺ�#&Ġn�ĄÑ, 1 � Aβ �/Q3KV
±»)İ¯��, Ĉą±»)Ľ¥�&_�û��'� (� 3B). 
'������'��&IH:@
¹� Aβ vĿĽ¥z�, Aβ � β-6?PU@±»ł��÷ô��ğĝ���'��&. WÅ, 1 � β-5
V?±»�õ¿ļ[���gĉ (Gly25–Ser26) �pŅĳg)½�� , È �vĿĽ¥z��ì�&Ô
Ó�jê���&�Č¹�Ċ�$'&. 

 

 
 
�  3. (A) Aβ1–42 � O-*5R,7IH:@�¢£Ģ¨i 1 �ÓĮ. (B) ��Ļ~ń·Ĺ�#& 1 � 
Aβ Ĉą±»Ľ¥jê�Ġn (bar = 0.4 µm). 
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į č9 UE 2 Ħ ) � čĥ Ĭ ł� � � 
pGlu-ADan (¦Ç¹>UKV2�ġøðļį
*LT,@IH:@) )O>R�Ħ��� , 
O-*5R,7IH:@Ü�¸ê)ÒĞ�� 
(� 2). ��ĄÑ, �¸à���� DMF )k
ê�&, �&�� O-*5R,7IH:@ĳx
�*LC�)  orthogonal �  Aloc ��oĤ
�&
��#%, O-*5R,7IH:@ÓĮ
)o½����  NCL )ĕ�
��»��
�. 
�� , O-*5R,7IH:@���
�çď	 HPLC ÿė)ĕ�
����, ÿė
´, O-to-N Ĩg�¸�#%ôó�JQIH:
@)ņ�ç�¶&
�����. 
��, [Pyr11]Aβ11–42 (*R<D,KVïļ

įhàĜ¹*LT,@IH:@) � O-*5R
,7IH:@��, ěIH:@�×�Ùà¹
��vĿ¹�ńĒ�Á��', ÙĀà�\�
�éä¡óĠn)¤Æ�&_����. 
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ʅʾ 
 

 

O-J\�Lb|yfl3, |yfl̈�2 Ser :&3 Thr 2É̈ǻ́İ1��,, pLiKx2

J�lʀđ (N-J\�ĭ) GO^i�ʀđ (O-J\�ĭ) 6.ȻƄõ�#&>2-�C. O-J\�Lb

|yfl3, ǐO^i�˽à1��,�̈ N-H 1˝ģ!Cǻɺʀđ¹�ʔG>&", àŀÓ³2 ǯ

Ǧ˯1ŵ̤G��C. :&, O-J\�Lb|yfl3, ŔƂ!Cʺ|yfl.Ǹˢ�,, LQ�õ�Ż

CJ�qİG 1 *ĸ�>*&=�ʡɃ1ǻȚƄ�Ĕ�!C. �Ʒ, �Ƅǒ�1��,3 O-to-N à

ŀÖJ\�ˡ±ćƂGɿ,, ʺ|yfl6.˧ˮ�*ň̅Ƀ1ĶƢ�DC (Ħ 1).1–20) 

ʧʐ3, O-J\�Lb|yfl2�DA2ȪƄGåȳ!D4, ²ȚʼƄ�C�3Ý̙Ƅ2&=�D

:-đƎĤ̛.�D,�&|yfl?d�tT˙GòȮɃ1đƎ-�C2-3.ʏ�&. ǐɑɢ-3, 

O-J\�Lb|yfl2ȪƄGåȳ!C�-, Ov��õG°F0�ȱȫ|yflđƎȀ2̋Ɂ?, 

ȼǻƄ2̳�ʚd�tT˙?J��Ll|yfl2òȮɃ0đƎȀ̋ɁɑɢGʬ)&. ǐƑȀ1@B, 

ëʨ\�l.�,̃ʷ0ȱȫ|yfl?, ɟ�2ȾƋ1̍˰!C²ȚʼƄ�Ý̙Ƅ|yfl0/GòȮ

Ƀ1đƎ!C�3, ùʨě̋Ɂɑɢ1˔ȭ!C.ʏ�ADC. 

�A1, O-J\�Lb|yfl2Ƃȳɑɢ.�,, J��Ll β (Aβ) Ý̙̐ōè2̋ɁɑɢGʬ)

&. Aβ 3J�hrL��Ⱦ1̍˰!C|yfl-�C�, ˨Ū, ŲɑɢŌ-3 Aβ1–42 2 O-J\�L

b|yflGđƎ!C�1Ǝî�,�C.2–5) Aβ1–42 2 O-J\�Lb|yfl3̠Ý̙Ƅ�*̳ǻȚ

Ƅ-�C&=, Ŋ̱ƨ´ǀ2ĉƒ�Gŏƾ1�, ØȯƄ2ʢ�Ŋ̱ɶGơ¹!Cǉȳ0h��.�,

�D:-ˇˑ�D,�&. ʧʐ3, Aβ1–42 2 O-J\�Lb|yfl�̠Ý̙Ƅ�*pLiKx Aβ1–

42 .O^i�˽à¬ķ3ē J�q́˿âGǉ!Cȡ1ɋɆ�, �2 O-J\�Lb|yfl�pL

iKx Aβ1–42 .Ɉ¡´ȳ�, Aβ1–42 2Ý̙G̐ō-�C2-30��.ʏ�&. $2ʀǙ, O-J\

�Lb|yfl3 Aβ1–42 2ʉʃųƎGƓæ�, O-J\�Lb|yfl2ŅňˈŖ³1��,>̐ō

ȈƄ�ʃƚ�DC��ƽA�.0)&. ǐɑɢ3, ©2J��Ll|yfl1>Ƃȳ-�CčʔƄ�

�B, $DA�̍�!CȾƋ2ɁȿǭǦ2ʼƽ?ǿɀʨ̋Ɂ1ƶ&0ɎʸG��C>2.�,ǌŸ�

DC. 

 

 
 

Ħ  1� O-to-N àŀÖJ\�ˡ±ćƂGɿȵ�& O-J\�Lb|yfl�Aʺ|yfl62ĶƢ.  
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(Ȃ) ǐˌƲ-¶ȳ�&ȺďG�1ˁ!. 

 

1. J�q́2Ⱥď 

Ala (A): alanine Arg (R): arginine Asn (N): asparagine Asp (D): aspartic acid 

Cys (C): cysteine Glu (E): glutamic acid Gln (Q): glutamine Gly (G): glycine 

His (H): histidine I l e  ( I ) : isoleucine Leu (L): leucine Lys (K): lysine 

Met (M): methionine Phe (F): phenylalanine Pro (P): proline Ser (S): serine 

Thr (T): threonine Trp (W): tryptophan Tyr (Y): tyrosine Val (V): valine 

Pyr: pyroglutamic acid 

Xaa: any amino acid 

 

2. Ǧ˯1̍!CȺď 

Aloc: allyloxycarbonyl 

Boc: tert-butyloxycarbonyl 

Bzl: benzyl 

FAM: 5-carboxy fluorescein 

Fmoc: 9-fluorenylmethyloxycarbonyl 

ODS: octadecylsilyl 

PMC: 2,2,5,7,8-pentamethylchroman-6-sulfonyl 

Me: methyl 

tBu: tert-butyl 

Trt: trityl 

 

3. ˄ʨ1̍!CȺď 

CHCA: α-cyano-4-hydroxycinnamic acid 

DCM: dichloromethane 

DIC: 1,3-diisopropylcarbodiimide 

DIEA: N,N-diisopropylethylamine 

DMAP: 4-dimethylaminopyridine 

DMEM: Dullbecco’s modified Eagle medium 

DMF: N,N-dimethylformamide 

DMS: dimethyl sulfide 

DMSO: dimethyl sulfoxide 

DPPA: diphenylphosphoryl azide 

EDC: 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 

EDT: 1,2-ethanedithiol 

FBS: fatal bovine serum 

Gn·HCl: guanidine hydrochloride 
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HATU: N-[(dimethylamino)-1H-1,2,3-triazolo-[4,5-b]pyridin-1-ylmethylene]-N-methylmethanaminium 

hexafluorophosphate N-oxide 

HBTU: 1-[bis(dimethylamino)methyliumyl]-1H-benzotriazole-3-oxide hexafluorophosphate 

HCTU: 5-chloro-1-[bis(dimethylamino)methyliumyl]-1H-benzotriazole-3-oxide hexafluorophosphate 

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

HFIP: 1,1,1,3,3,3-hexafluoroisopropanol 

HOBt: 1-hydorxybenzotriazole 

HRP: horse radish peroxidase 

HS: horse serum 

LDS: lithium dodecyl sulfate 

MESNa: sodium 2-mercaptoethanesulfonate 

MPAA: 4-mercaptophenylacetic acid 

TCEP·HCl: tris(2-carboxyethyl)phosphine hydrochloride 

NDGA: nordihydroguaiaretic acid 

NMP: N-methylpyrrolidone 

PB: phosphate buffer 

TBS-T: tris(hydroxymethyl)aminomethane-buffered saline with 0.1% Tween® 20 

TEA: triethylamine 

TFA: trifluoroacetic acid 

Th-T: thioflavin-T 

TIS: triisopropylsilane 

SDS: sodium dodecyl sulfate 

WST-8: 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium 

 

4. $2©2Ⱥď 

Aβ: amyloid β peptide 

AFM: atomic force microscopy 

CD: circular dichroism 

ECL: enhanced chemiluminescence 

HPLC: high-performance liquid chlomatograpy 

MALDI: matrix-assisted laser desorption ionization 

MS: mass spectrometry 

PAGE: poly-acrylamide gel electrophoresis 

PVDF: polyvinylidene difluoride 

TOF: time-of-flight  
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ɩ�ɦ 
 

Ov��õG°F0�ȱȫ|yflđƎ62Ƃȳ 
 

 

ȱȫ|yfl3ëʨ\�l.�,̃ʷ 21–25) -�C�, ̈ȫ|yflGȱõćƂ1¹�&̗, |yf

l C Ǐɧ2ȈƄõ-Ȳ CQSZc��ȱ1ȵǓ!COv��õ�ğ̩.0C (Ħ 1.1A).26,27) ʧʐ

3, ̈ȫ¿˒|yfl2 C ǏɧG O-J\�Lb|yfl.�, C ǏɧJ�q́ǳİ2 α-J�qİ1

M�d�ĭ¿˒İGŖÒ!C�1@B, Ov��õG˝�!�0�ȱõćƂG˵Ǝ-�C2-3.ʏ

�& (Ħ 1.1B).28–30) 

 

 
 

Ħ  1.1 ȱȫ|yfl2đƎ. (A) ˭ŧ2ƑȀ. (B) O-J\�Lb|yflȀ. 

 

 

 

 

Ħ  1.2� (A) ȱõćƂ2Ăƴõđȩ 1 Ć5 O-J\�Lb|yfl 2 2Ǧ˯. (B) pure 1 Ć5 (C) pure 

2 2àǖ HPLC f��k; C18 ˫ɈR�� (YMC-Pack ODS AM, 4.6 x 150 mmI.D. S-5 µm, 12 nm.), 0–

100% MeCN, 40 min, λ 230 nm, ȉˮ 0.9 mL/min (R��ȕŬ: 40 °C). 
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ɩ�ɭ �j�|yfl2ȱõćƂǀ1��CźǓ2ƑȀ. O-J\�Lb|yflȀ-2Ov��õ 

GȲ"CɞŬ2Ǹˢ 

 

$�-ǐɑɢ-3, 6 ǳİȱȫ|yfl cyclo(Arg-Ala-Gly-Asn-Ala-Ser) G�j�.�,, ̈ȫ¿˒

|yfl  H-Arg(Pmc)-Ala-Gly-Asn(Trt)-Ala-Ser(tBu)-OH (1) Ć5̈ȫ¿˒ O-J\�Lb|yfl 

Boc-Ser(H-Arg(Pmc)-Ala-Gly-Asn(Trt)-Ala)-OH (2) GȱõćƂ1¹�, Ov��õGȲ"CɞŬ1*�

,ǸˢǢˀGʬ��.�& (Ħ 1.2). 

̈ȫ¿˒zSZ|yfl 1 3, DMF � HATU–collidine Ȁ (ǒ 1),31–33) CH2Cl2 � HATU–collidine 

Ȁ (1% DMF ĕǉ, ǒ 2), Ć5 DMF � DPPA (diphenylphosphoryl azide)–NaHCO3 Ȁ
 (ǒ 3)34,35) 

1@CȱõćƂ2ǒǢˀGʬ)& (ʯ 1.1, Ħ 1.3). ǒ 1 -3, ćƂ̋ľ 12 ǀ̌Ź1��,, Ɇ

Ƀȱȫ¿˒|yfl 3 � 60% ŻAD, éȲƎȩ (Ov��) -�C [D-Ser]-3 3 39% ɓˇ�D& 

(Ħ 1.3A). �Ʒ, ȱõćƂ1ȳ�CȚĿG CH2Cl2 1Ķǅ�&ǒ 2 2Ĳđ-3, [D-Ser]-3 3 2% 1

./:)& (Ħ 1.3B). :&, ǒ 3 1��,3, ćƂ̋ľ 5 ƻ2ǀȡ-, ßɁȩ˙� 21% >ǳB, 

15% 2 [D-Ser]-3 �;AD& (Ħ 1.3C). Ó,2ǒ1��,�DA2Ov���ɓˇ�D&ʷģ.

�,3, ȱõćƂǀ, C ǏɧR�}S\İGȈƄõ�&̗1Ȳ CQSZc��ȱ2ųƎ�ʏ�AD

C. :&, Đ�2ǒ1��,, àŀ̌ćƂ1@C ̅³éȲƎȩ2ųƎ3 ESI-MS Gȳ�&˙̅à

ǖ-3ɓˇ�D0�)&. 

 

 

ʯ  1.1� ̈ȫ¿˒|yfl 1 2ȱõćƂ.[a] 

 

[a] |yflȟŬ; 1 mM, rt. [b] àǖȳ HPLC 2v�TO�J@B˃»�&. [c] [D-Ser]-3 2İș˄ƴ

GäˬđƎ�, HPLC Gȳ�,Ov��õɁȲêđ2˃»1ȳ�&. [d] 1% DMF ĕǉ. 

31

[D-Ser]-3[c]

12 h1

2

3

HATU (2 eq)-collidine (4 eq)
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5 d

DMF
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3 95 2: :

21 64 15: :

condition

31 : :
条件 試薬 溶媒 反応時間

ピーク面積比[b] (%)
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Ħ  1.3� ȱȫ¿˒|yfl 3 2đƎ. (A) ǒ 1 (B) ǒ 2 (C) ǒ 3 $D%D1��CȱõćƂ

Ź2àǖ HPLC f��k; C18 ˫ɈR�� (YMC-Pack ODS AM, 4.6 x 150 mmI.D. S-5 µm, 12 nm.), 45–

100% MeCN, 55 min, λ 230 nm, ȉˮ 0.9 mL/min (R��ȕŬ: 40 °C). 

 

 

̈ȫ¿˒ O-J\�Lb|yfl 2 1*�,>Ï8/.ēǧ2 3 ǒ-ȱõćƂGʬ)& (ʯ 1.2). 

DMF � HATU–collidine Gȳ�&ǒ 1 -3, ćƂ̋ľ 12 ǀ̌Ź1��,, 94% 2ɆɃȱȫ¿˒

O-J\�Lb|yfl 4 GŻC��-�, Ov��õȵǓ2éȲƎȩ-�C [D-Ser]-4 3Ǣß�D0

�)& (Ħ 1.4A). �2@�0ʀǙ�ŻAD&23, ̈ȫ¿˒ O-J\�Lb|yfl2 C ǏɧJ�q

́ǳİ2 α-J�qİ1M�d�ĭ¿˒İ-�C Boc �ŖÒ�D, QSZc��ȱųƎG̏��-O

v��õGƓæ�&&=-�C.ʏ�ADC. :&, CH2Cl2 (1% DMF ĕǉ) G¶ȳ�&Ĳđ-3 (ǒ

 2), ȱõćƂ̋ľ�AF"� 1 ǀ̌-, Ov��õGƙ��0� 94% 2 4 GŻC��-�& 

(Ħ 1.4B). ���0�A, DPPA–NaHCO3 Gȳ�&ǒ 3-3, ɆɃȱȫ|yfl 4 2©1, Ser ǮƤ

³-�C des-Ser-4 � 36% .̳�êđ-Ǣß�D, �A1 2% 2 [D-Ser]-4 .ƃFDCv�T�ɓ

ˇ�D& (Ħ 1.4C). des-Ser-4 �Ǣß�D&Ȱȵ.�,3, ǒ 3 -3ćƂ1ʷ!Cǀ̌� 5 ƻ̌.

ǸˢɃ̊�, $D1°� O-J\�Lb|yfl2 C Ǐɧ2ȈƄõ�̊�ʂ�&&=, ́ȣǻȩ2ų

ƎGɿ,, Boc-ΔAla-OH �ʖ̚!C�-Ȳ &.ʏ�ADC (Ħ 1.5).36) :&, Đ�2ǒ1��,, 

àŀ̌ćƂ1@C ̅³éȲƎȩ2ųƎ3 ESI-MS Gȳ�&˙̅àǖ-3ɓˇ�D0�)&.  

  

DMF
DMF DMF

1

3
[D-Ser]-3

1

3

[D-Ser]-3
1

3

[D-Ser]-3

(A) (B) (C)

5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40

t = 12 h t = 1 h t = 5 d
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ʯ  1.2� ̈ȫ¿˒ O-J\�Lb|yfl 2 2ȱõćƂ.[a] 

 

[a] |yflȟŬ; 1 mM, rt. [b] àǖȳ HPLC 2v�TO�J@B˃»�&. [c] [D-Ser]-42İș˄ƴG

äˬđƎ�, HPLC Gȳ�,Ov��õɁȲêđ2˃»1ȳ�&. [d] cyclo(RAGNA) + [D-Ala] ˈŖ³. 

[e] N.D. = not detected. [f] 1% DMF ĕǉ. 

 

 

 

 

 

 

Ħ  1.4� ȱȫ¿˒ O-J\�Lb|yfl 42đƎ. (A) ǒ 1, (B) ǒ 2, (C) ǒ 3 $D%D1�

�CȱõćƂŹ2àǖ HPLC f��k; C18 ˫ɈR�� (YMC-Pack ODS AM, 4.6 x 150 mmI.D. S-5 

µm, 12 nm.), 45–100% MeCN, 55 min, λ 230 nm, ȉˮ 0.9 mL/min (R��ȕŬ: 40 °C). * [D-Ser]-4 2¿ƚ

ǀ̌1v�T3;AD0�)&.   

2 4

[D-Ser]-4[c]
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2

N.D.N.D.6
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条件 試薬 溶媒 反応時間
ピーク面積比[b] (%)

des-Ser-4[d]2 4 :: :

condition
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4
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* * [D-Ser]-4
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Ħ  1.5�  ̈ȫ O-J\�Lb|yfl 2 �A des-Ser-4 GȲƎ!CƠňǭǦ. 

 

 

 

 

Ħ  1.6� ȱȫ|yfl 6 2đƎ: a) HATU (2 eq), 2,4,6-collidine (4 eq), CH2Cl2 (6% DMF ĕǉ), |yf

lȟŬ: 1 mM, 3 h, rt.; b) TFA (92.5%)-m-cresol (2.5%)-thioanisole (2.5%)-H2O (2.5%), 60 min, rt.; c) 

3-(trimethylammonium)propyl-functionalized silica gel carbonate (2 eq), H2O/CH3CN (1:1), 3 h, rt, Ƞ˴Ź1

0.1% TFA aq Gȑï.
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ɩ ɭ ȱȫ O-J\�Lb|yfl1*�, 

 

ǈɽɃ1, ȱõˮŬ.éćƂ2�̡1��,ÌD,�Cǒ 2 Gȳ�,ȱõGʬ�, TFA 1@Cʖ

¿˒2Ź, ȱȫ O-J\�Lb|yfl 5 (53%) GŻ& (Ħ 1.6, 1.7A). 5 3 10 mM ��́ʇʮȎ� 

(pH 7.6) -ŏƾ1 O-to-N àŀÖJ\�ˡ±ćƂG˝��, ŔƂ!Cȱȫʺ|yfl 6 6.ĶƢ�D

& (Ħ 1.7B). !0F(, ɥ³Ǧ˯�æ̒�D&ȱȫ|yfl1��,>, ̈ȫ|yfl2Ĳđ.ēǧ

1  O-to-N àŀÖJ\�ˡ±ćƂ�ň̅Ƀ1˱ʬ!C.����ɔĞ�D& . :& , ǐʀǙ3 , J. 

Martinez, M. Amblard A2ɑɢʀǙ 37) GƩƚ!C>2-�B, ȱȫjy\|yflđƎ1��Céć

Ƃ.�,2 O-to-N àŀÖJ\�ˡ±ćƂ2˝�B?!�Gʱª�C>2-�C.38) 

ʂ�,, \�RW�Ɩƚĳİ [3-(trimethylammonium)propyl-functionalized silica gel carbonate] Gȳ�

&ˡ±Ŋ̱Gʬ)& . \�RW�Ɩƚĳİ  (2 eq) Ńĩ� , ȱȫ O-J\�Lb|yfl  5 G 

H2O/CH3CN (1:1) 2ȚȎ1Țʼ�#C., ƜɅŹ 1 à2ǀȡ-ɸ 25% � 6 6.ĶƢ�D& (Ħ 

1.7C). $2Ź, �A1ʂ�, 1 ǀ̌ƜɅ�&.�, ň̅Ƀ1 O-to-N àŀÖJ\�ˡ±ćƂ�˱<�

�ɓˇ�D, ©1Ɇɥ)&éćƂ>Ǣß�D0�)&. \�RW�Ɩƚĳİ3ŏƾ1wK�d�-̔

ă�D, ŻAD&ȠȎGÜʀ�ȧ!C�1@B, ɆɃȱȫ|yfl 6 (pure) GŻ& (Ħ 1.8A). :&��

ēǧ2ćƂGǻ�-ʬ)&Ĳđ��CH3CN Gĕ:0����ˡ±ćƂ3�@$ 1�ǀ̌-ņ��&���ȱ

ȫ O-J\�Lb|yfl 5 2 Ala-Ser ̌2O^i�˽à1��Cïǻàʼ³��2% ɞŬǢß�D&. 

0�, ��-ŻAD& 6 3, äˬđƎ�&İș˄ƴ.Ǹˢ�, àǖ HPLC 2¿ƚǀ̌�ēɫ-�C

�Gɓˇ�&. 

 

 
 

Ħ  1.7� (A) ȱȫʖ¿˒ O-J\�Lb|yfl 5 (pure) 2àǖ HPLC f��k. (B) ��́ʇʮȎ 

(pH 7.6) �Ć5 (C) ħɈƖƚĳİ (2 eq) Ńĩ�, H2O : MeCN (1 : 1) 2ȐđȚĿ�-2 O-to-N àŀÖ

J\�ˡ±ćƂ. àǖ HPLC ǒ; C18 ˫ɈR�� (YMC-Pack ODS AM, 4.6 x 150 mmI.D. S-5 µm, 12 

nm.), 2–22% MeCN, 40 min, λ 220 nm, ȉˮ 0.9 mL/min (R��ȕŬ: 40 °C). 

 

 

(A)

5 10 15 20 25 30

t = 1 min
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5 10 15 20 5 10 15 20

(B) (C)
5 5
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5 10 15 20

t = 1 min
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Ħ  1.8� (A) pure 6 2 àǖ HPLC f��k; C18 ˫ɈR�� (YMC-Pack ODS AM, 4.6 x 150 mmI.D. 

S-5 µm, 12 nm.), 0–100% MeCN, 40 min, λ 230 nm, ȉˮ 0.9 mL/min (R��ȕŬ: 40 °C). (B) ��́ʇʮ

Ȏ (pH 2.6, rt) �1��Cȱȫ O-J\�Lb|yfl 5 Ć5ŔƂ!Cȱȫʺ|yfl 6 2 CD^|

Tk��(ø̌ 20 y�gk2ɝóũīʆ).�

 

 

ʂ�,, ȱȫ O-J\�Lb|yfl 5 .$2ʺ-�Cȱȫ|yfl 6 1*�,, 10 mM ��́ʇ

ʮȎ (pH 2.6, 38 mM NaCl ĕǉ) �1��C CD ^|Tk�2ȖňGʬ)& (Ħ 1.8B). ȱȫO-J\�

Lb|yfl 5 2^|Tk�1��,3, 195 nm ª˨1ǥŗÆĆ5, 200 nm ª˨1ǥĹÆ�;AD

&. �Ʒ, ȱȫʺ|yfl 6 2Ĳđ3, 190 nm ª˨1��,ǥĹÆGɔ�, 203 nm ª˨-3ǥŗÆ�

ɓˇ�D&. �D@B, ȱȫ O-J\�Lb|yfl 5 3ȱȫʺ|yfl 6 .3Ȼ0C ǯǦ˯Gǉ

�,�C.ʏ�ADC. ǐʀǙ3, ̈ȫ O-J\�|yfl2Ĳđ-ɎADC ǯǦ˯2Ķõ�ȱȫ|

yfl1��,>ēǧ1Ȳ ,�C.���GɔĞ!C>2-�C.1–20) 

¨Ģ2Ŋ̱-3, O-J\�Lb|yflȀGƂȳ�, Ov��GȲ C�ȣ�ȱȫzSZ|yfl

GđƎ!C�1Ǝî�&. ȱõćƂ1ȳ�Cǒ.�,3, CH2Cl2 � HATU–collidine Ȁ (1% DMF 

ĕǉ) �éćƂƓæĆ5ćƂˮŬ2�̡�AÌD,�C��à�)&. :&, CD ^|Tk�2ʀǙ@

B, đƎ�D&ȱȫ O-J\�Lb|yfl3, ŔƂ!Cȱȫʺ|yfl.3Ȼ0C ǯǦ˯Gǉ�,

�C��ʏ�ADC. ȱȫ O-J\�Lb|yfl3 O-to-N àŀÖJ\�ˡ±ćƂGɿ,, ň̅Ƀ�

*ˮ?�1ɆɃȱȫ|yfl6.ĶƢ�D&. ǐʀǙ@B, Ov��õG˝��0�J�q́ǳİ.

�,¬ç�A¶ȳ�D,�C Gly, Pro 1ï�, ƶ&1 Ser, Thr >ʈđȡ.�,˹ƕ-�C.ʏ�A

DC&=, ǐƑȀ3ȱȫ|yfl2òȮɃ0đƎƑȀ.�,ǌŸ�DC. 
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ɩ ɦ 
 

O-J\�Lb|yflGåȳ�&ȼǻƄ|yfl2òȮɃđƎ 
 

 

O-J\�Lb|yfl.!C�-, ǻȚƄ2ƪĠ? ǯǦ˯2Ķõ�ʸ˦:DC&=, �2@�0

O-J\�Lb|yfl2ȪƄGåȳ!D4, ²ȚʼƄ�C�3Ý̙Ƅ1@B�D:-đƎĤ̛.�D

,�&|yfl?d�tT˙GòȮɃ1đƎ-�C2-3.ʏ�&. ǐɑɢ-3, ĈƱɃ|yflđ

ƎȀ.�,ū�ȳ�AD,�C Native Chemical Ligation 1��C²ȚʼƄ|yflđƎ2ĈȮƪĠ

GɆɃ.�,, ʚd�tT˙�j�Ć5J��Ll|yfl2đƎGʬ��.�&. �A1, ǥɧ1²

�ǻȚƄG>*J�hrL��Ⱦ̍˰J��Ll|yfl [Pyr11]Aβ11–42 1*�,3, O-J\�Lb

|yfl.!C�-ǻȚƄGƪĠ�, �D:-Ĥ̛-�)&ȲȩńɃ0˃»Ŋ̱Gʬ��.�&. 

 

 

ɩ�ɭ Native Chemical Ligation (NCL) 1@C O-J\�Lb|yfl2đƎ 

 

Native Chemical Ligation (NCL) 3 C Ǐɧ1fQO^i�Gǉ!C|yfl. N Ǐɧ1 Cys Gǉ

!C|yfl.GÉ̈ȣ¿˒-ʈđ�#CĈƱɃđƎƑȀ2�*.�,ū�åȳ�D,�C.39–40) �

��, ȼǻƄ2̳�ʚd�tT˙?J��Lld�tT˙2đƎ-3, $DA2>*²�ȚʼƄ?˫

ɈR��ħňɈ.2ű�ȼǻɃɈ¡´ȳ2&=, ɆɃõđȩG̳�ĈȮ-ŻC��Ĥ̛-�C.41–46) �

2@�0ʒǁ�A, ȼǻƄ~�|yfl2ȚʼƄGƪĠ� NCL GòȮɃ1ʬ��GɆɃ.�,, 

peptide-α-fQO^i�-(Arg)n Gåȳ!CƑȀ 44,45) ?ćƂȚĿ1 DMF Gåȳ!CƑȀ 46) 0/�ıė

�D,�C. ���, �DA2ȚʼƄGƪĠ!C˄;3 NCL ćƂǀ1��,2;ǉò-�B, ɴʴǀ

1��C²ȚʼƄ2ğ̩3ºȤ.�,ǳ�D&::-�C. $�-, �DA2̛ȡ2ʼǽGɆƛ�, 

NpHtrII46) (Čɼʥ Natronomonas pharaonis ̍˰ʚd�tT˙) 2ʚ˕˭̨ĮĆ5 pGlu-ADan48) (ŎƹƄ

j���TĭˇɎȿ̍˰J��Ll|yfl) G�j�İ˙.�,, O-J\�Lb|yflȀ2Ƃȳ

GǢˀ�& (Ħ 2.1). 

 

 
 

Ħ  2.1� NCL 1@C O-J\�Lb|yfl2đƎĠ.!CȼǻƄ|yfl2òȮɃđƎȀ. 
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ɩ�̦ ǉǭȚĿ� NCL 1@Cʚd�tT˙�j�2đƎ 

 

ĳİ2Ńĩ� , DMF �1,ʚd�tT˙2�j�|yflG  NCL 1@BđƎ�&.�� 

Dittmann A2ıė 46) 1ɋƈGĊ� , ǐɑɢ-3 , NpHtrII ʚ˕˭̨Į2 O-J\�Lb|yfl 

H-Ser(Ala-Val-Gln-Glu-Ala-Cys-Ala-Val)-Ala-Ile-Leu-OH (9) 2đƎG DMF �-ʬ��.�&. �D3, 

˴ă2 O-J\�Lb|yflGƒ)&Ŋ̱1��,,1–7) O-to-N àŀÖJ\�ˡ±ćƂ�, ǻȚȎ�.

Ǹˢ�,, ǉǭȚĿ�-3˱ʬ�1��.��Ɏʸ1İ+�>2-�B, DMF GćƂȚĿ.�,ȳ�

C�-, O-J\�Lb|yflǦ˯Gʃƚ�&:: NCL G˵Ǝ-�C.ʏ�&&=-�C. 

õđȩ 9 G NCL 1@B DMF �-đƎ!C1�&B, N ǏɧÉ α-J���fQO^i�`U�

�k H-Ala-Val-Gln-Glu-Ala-S-C6H4-CH2-COOH (7, 3.0 mg) Ć5 C ǏɧÉ O-J\�Lb|yfl`U

��k H-Ser(Cys-Ala-Val)-Ala-Ile-Leu-OH (8, 3.0 mg) G 20 mM 4-mercaptophenylacetic acid (MPAA),47) 

40 mM triethylamine (TEA) Ć5 20 mM tris(2-carboxyethyl)phosphine hydrochloride (TCEP·HCl) Gĕǉ

!C DMF �1Țʼ� (|yflȟŬ: 3.5 mM), 37 °C 1,L�S�{�k�&. àǖ HPLC 1@B

ćƂGʻȖ!C., ̋ľ 1 ǀ̌- NCL 3 70% ɞŬ˱ʬ�& (Ħ 2.2A). 0�, �2ǀȡ1��,, 

ǥŘ̅��ŔƂ!Cʺ|yfl (= N-J\�³ 10) �Ǣß�D0�)&23Ȫɪ!7�ȡ-�C. ! 

 

 

 

Ħ  2.2� NCL 1@C O-J\�Lb|yfl  9 2đƎ . àǖ  HPLC ǒ ; C18 ˫ɈR�� 

(YMC-Pack ODS AM, 4.6 x 150 mmI.D. S-5 µm, 12 nm.), ȉˮ 0.9 mL/min (R��ȕŬ: 40 °C), (A) 0–

100% MeCN, 40 min, λ 230 nm, (B) 0-60% MeCN, 60 min, λ 230 nm. peak rejection: 10000. 

AVQEA

AIL

S

O
COOH

N
H

H
N

O

H2N

O
O

H2N
O

HS

O

H

OH

AVQEACAH

AIL

H
N

O

H2N

O

O

OH

7

8

9

6 M Gn•HCl
40 mM TEA
20 mM MPAA

DMF, 37ºC
(各ペプチド濃度: 3.5 mM)

t = 0 h

t = 1 h

MPAA

MPAA

9

8

7

7
8

10

(A) (B)

9

D-Ala-9

t = 1 h

(54%)

MPAA

7
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Ħ  2.3� (A) pure 9 2àǖ HPLC f��k. (B) O-to-N àŀÖJ\�ˡ±ćƂGɿȵ�& O-J\�L

b|yfl 9 �AŔƂ!Cʺ|yfl 10 62ĶƢ. àǖ HPLC ǒ; C18 ˫ɈR�� (YMC-Pack 

ODS AM, 4.6 x 150 mmI.D. S-5 µm, 12 nm.), 0–100% MeCN, 40 min, λ 230 nm, ȉˮ 0.9 mL/min (R��

ȕŬ: 40 °C). 

 

 

0F(, DMF �-�LW�\��Gʬ��-, O-J\�Lb|yfl 9 2 O-to-N ˡ±ćƂ3, Ĺ˽

à1��,Ɠæ�D&��ƽA�.0)&. �A1, 7 2 C ǏɧJ�q́ǳİ-�C Ala 2Ov�

�õ3Ǣß̒ȸ¬�-�C�>ɓˇ�D& (Ħ 2.2B). �LW�\��1@BŻAD& 9 3ćƂ�> 

DMF 1čȚ-�B, �á2Ǿǵ3;AD0�)&. 

1 ǀ̌Ź2ćƂȚȎ3˫Ɉ HPLC R��Gȳ�,�Ŭ1àĉ�, 0.1% TFA aq Ć5 CH3CN 2ȟŬ

ô˿1@CȚßGʬ��.-, ɆɃ2 O-J\�Lb|yfl 9 G 54% 2ĈȮ-Ż& (Ħ 2.3A). 0

�, ɴʴŹ2 9 3 0.1 M ��́ʇʮȎ (pH 7.5, 10% DMF ĕǉ) � 37°C 1, O-to-N àŀÖJ\�

ˡ±ćƂ1¹�, 18.5 ǀ̌-89ň̅Ƀ1ŔƂ!Cʺ|yfl 10 6.ĶƢ�D& (Ħ 2.3B). ˡ±1

@BŻAD&ʺ|yfl 10 3, äˬđƎ�&İș˄ƴ.Ǹˢ�,, HPLC ¿ƚǀ̌Ć5 MALDI-MS 

(TOF) 1@BŻAD&àŀ̅�$D%Dē�-�C�Gɓˇ�&. 

ŔȥŊ̱.�,, N ǏɧÉ α-J���fQO^i�`U��k (7, 3.0 mg) . C ǏɧÉ`U��

k  H-Cys-Ala-Val-Ser-Ala-Ile-Leu-OH (11, 3.0 mg) .G  20 mM MPAA, 40 mM TEA Ć5  20 mM 

TCEP·HCl Gĕǉ!C DMF �1, NCL ćƂ1¹�&.�E (Ħ 2.4A, |yflȟŬ: 3.5 mM), ć

Ƃ̋ľ 1 ǀ̌-W�ȫ2ǾǵGȲ &. �2ǾǵG HFIP 1Țʼ�# HPLC 1@Bàǖ!C., Ɇ

Ƀ|yfl 10 ��.�,Ǣß�D& (Ħ 2.4B). �Ʒ, ćƂȚȎ2�Ȓ13 10 38.H/Ǣß�D

0�)& (Ħ 2.4A). !0F(, 7 . 11 .2 NCL 3ň̅Ƀ1˱ʬ�,�C�, �D1@BŻAD&

ɆɃ|yfl 10 3 DMF 1Ŕ!CȚʼƄ2²��AǾǵGȲ &.ʏ�ADC. ŻAD&Ǿǵ3  

9

DMF

(A) (B)

t = 5 min t = 18.5 h

9

10

10
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Ħ  2.4� ˭ŧ2ƑȀ1@C NCL Gȳ�& 10 2đƎ. (A) ćƂȚȎ2àǖ HPLC f��k. (B) Ǿǵ

G HFIP 1Țʼ�, HPLC àǖGʬ)&. àǖ HPLC ǒ; C18 ˫ɈR�� (YMC-Pack ODS AM, 4.6 

x 150 mmI.D. S-5 µm, 12 nm.), 0–100% MeCN, 40 min, λ 230 nm, ȉˮ 0.9 mL/min (R��ȕŬ: 40 °C). 

 

 

 

 

Ħ  2.5� NCL 2ćƂ^V��.ɆɃõđȩ (pure) 2Ĉ̅.2̍½. O-J\�Lb|yflGåȳ�

&Ĳđ (
): 0.36 mg ([1+1] scale), 2.8 mg ([3+3] scale), 4.5 mg ([6+6] scale); ˭ŧ2ƑȀ2Ĳđ (�): 0.47 

mg ([1+1] scale), 0.94 mg ([3+3] scale), 1.1 mg ([6+6] scale). àĉ  HPLC ǒ ; C18 ˫ɈR�� 

(YMC-Pack ODS AM, 20 x 250 mmI.D. S-5 µm, 12 nm.), ȉˮ 0.5 mL/min (R��ȕŬ: 40 °C). 

 

AVQEA
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S
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O
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AVQEACAVSAILH OH

7

11
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6 M Gn•HCl
40 mM TEA
20 mM MPAA

DMF, 37ºC
(各ペプチド濃度: 3.5 mM)

(A) (B)
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目
的
ペ
プ
チ
ド

 (p
ur

e)
 の
収
量

 (m
g)

NCL に供した原料ペプチド (crude) の量 (mg)
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5

O-アシルイソペプチド (9)
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[1 + 1] scale [3 + 3] scale [6 + 6] scale
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HFIP 1Țʼ�, ˫Ɉ HPLC R��Gȳ�,�Ŭ1àĉ�ɴʴGʬ)&�, ɆɃ|yfl 10 2ĈȮ

3 18% 1ȹ:)& ([3+3] scale, Ħ 2.5). �D3, O-J\�Lb|yflGȳ�&Ĳđ2 1/3 ɞŬ-

��0�. ɴʴǴ̕1��,, O-J\�Lb|yfl 9 .Ǹ7 10 2ĈȮ��2@�1²��&ʷģ

.�,3, @BȼǻƄ2̳� 10 2Ʒ�˫ɈR��ħňɈ2 ODS .ű�Ɉ¡´ȳ�, @BȚß�D

1��&=-�C.ʏ�ADC. 

�A1, N ǏɧÉ`U��k 6 mg . C ǏɧÉ`U��k 6 mg .2�LW�\�� ([6+6] scale) 

@BŻAD&ɆɃ|yflG, ˫Ɉ HPLC Gȳ�,ɴʴ�&̗13, ˭ŧ2ƑȀGȳ�&Ĳđ1Ǹ7, 

O-J\�Lb|yflGȳ�&Ĳđ-3 4 Ã¬�2ĈȮƪĠ�ʸAD& (9 2ĈȮ: 4.5 mg, 10 2Ĉ

Ȯ: 1.1 mg, Ħ 2.5). �Ʒ, [1+1] scale 2Ĳđ-3, ĈȮ1Ĺ�0˶�3ʸAD0�)&. ǐʀǙ@B, 

˭ŧ2�LW�\��1@BŻAD& 10 2 HPLC 1@Cɴʴǀ1��,3, [3+3] Ć5 [6+6] scale 

2Ĳđ-3R��ħňɈ.2ȼǻɃɈ¡´ȳ1@Bȗ˟2��ĈȮ�ŻAD0��, O-J\�Lb|

yflGȳ�&Ĳđ-3, $2ȼǻƄ�Ű=ADC&=, [3+3] Ć5 [6+6] scale 1��,>ʢĽ0Ĉ

Ȯ-ɴʴ-�C��ƽA�.0)&. 
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ɩ ̦ ǻȚȎ� NCL 1@CJ��Ll|yfl2đƎ 

 

ǯ1, ǻȚȎ�->ēǧ1ǐƑȀ2Ƃȳ�čʔ-�C�/��GǢˀ!C&=, ŎƹƄj���T

ĭˇɎȿ1̍˰!CJ��Ll|yfl-�C pyroGlu1-ADan48) 2đƎGʬ)& (Ħ 2.6). O-J\�

Lb|yfl 12 2˻Í³-�C 16 2đƎ3, pyroGlu1-ADan1–21-SCH2CH2SO3
–Na+ [Ile21Ala] (14) 

. Aloc-Ser29(ADan22–28)-Gln-Glu-Lys-His-Tyr34 (15) .2 NCL 1@Bʬ��.�& (Ħ 2.7). $2̗,  

 

 

Ħ  2.6� O-J\�Lb|yfl (12) 2 O-to-N ˡ±Gɿȵ�&ʺ|yfl (13) 62ĶƢ. �ʆ˽3 

NCL 1��CʈđȡGɔ!. 

 

 

 

 
 

Ħ  2.7� pyroGlu1-ADan [Ile21Ala] 2 O-J\�Lb|yfl (12) 2đƎ: a) MPAA (20 eq), TCEP·HCl 

(20 eq), 6 M GnHCl/0.1 M ��́ʇʮȎ (pH 6.5), 22 h, rt, 25%; b) 1 M HCl aq : DMSO (1:99), 24 h, rt, 

74%; c) Pd(PPh3)4 (1 eq), PhSiH3 (100 eq), DCM : DMF (1:1, including 0.1% TFA), 1 h, rt, 84%. �ʆ˽

3 NCL 1��CʈđȡGɔ!. 

O-アシルイソペプチド (12)
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Ile21 2É̈ β-�f�2ş̳��A NCL �˱ʬ�1����ĀƇ�D&&=, ǐɑɢ-3 Ile21 G

Ala21 6.ʋƢ�&. :&, pyroGlu1-ADan 2 CǏɧĘ́Į3J��LlƄ1Ő��,�C.ʏ�AD

,�C&=,48) Ser29 1O-J\�Lb|yflǦ˯Gɾ;ÒDC�- pyroGlu1-ADan 2J��LlƄ�

²�!C�GǌŸ�&. �D3, J��Ll|yfl1 O-J\�Lb|yflǦ˯Gƚ&#C�-, 

|yflǐǓ2 ǯǦ˯1ĶõG��, Ý̙ƄG²ȓ�#C�1Ǝî�&.��˴ă2ıė1İ+�

>2-�C.2–5) 0�, �Ƅª˨2 pH ǒ�, ǻȚȎ�1, NCL Gʬ�1�&B, O-J\�Lb|y

fl2  O-to-N ˡ±ćƂG˺�C&= , Ser29 2  α-J�qİ3  orthogonal 0¿˒İ-�C 

allyloxycarbonyl (Aloc) 1@B¿˒!C�.�&. 

pyroGlu1-ADan1–21-Nbz (N-acyl-benzimidazolinone)49) G  6 M Gn·HCl/0.1 M ��́ʇʮȎ� 

TCEP·HCl (15 eq) . sodium 2-mercaptoethanesulfonate (MESNa, 25 eq) Gï�, pH 6.5 1ˋɭ�&Ź, 

Ōȕ-  1.5 ǀ̌ćƂ� , ˫Ɉ  HPLC -ɴʴ!C�-  C ǏɧÉ  α-fQO^i�`U��k 

pyroGlu1-ADan1–21-S-CH2-CH2-SO3
–Na+ (14, Ħ 2.8A) GŻ&. ŻAD& 14 .˭ŧ2 Fmoc ĭħɈđ

ƎȀ1@BŻ& O-J\�Lb|yfl`U��k Aloc-Ser29(ADan22–28)-Gln-Glu-Lys-His-Tyr34 (15, 

Ħ 2.8B) .G TCEP·HCl (20 eq), MPAA (20 eq) Ńĩ�, 6 M Gn·HCl/0.1 M ��́ʇʮȎ�- pH 6.5 

1ˋɭ�&Ź, Ōȕ- NCL 1¹� (Đ|yflȟŬ: 1 mM), ćƂ2˱ʬG HPLC 1@Bʻœ�& 

(Ħ 2.8C). ̋ľ 5 à2ǀȡ-, ƺ1ɆɃõđȩ 16 2v�T�;AD, $2Ź 22 ǀ̌:- NCL �

˱ʬ�&. 22 ǀ̌Ź2ćƂȚȎG˫Ɉ HPLC 1@Bɴʴ�, 16 G 25% 2ĈȮ-Ż& (Ħ 2.8D). 

 

 
 

Ħ  2.8�  NCL 1@C 16 2đƎ. (A) pure 14, (B) pure 15, (C) NCL ćƂȚȎ, Ć5 (D) pure 16 2àǖ 

HPLC f��k. àǖ HPLC ǒ; C18 ˫ɈR�� (YMC-Pack ODS AM, 4.6 x 150 mmI.D. S-5 µm, 12 

nm.), 0–100% MeCN, 40 min, λ 230 nm, ȉˮ 0.9 mL/min (R��ȕŬ: 40 °C). 

(A) (C)

t = 1 h
t = 5 min

t = 22 h

14

16

16

16

15

15
14

(D)

MPAA

MPAA

(B)
15

14
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Ħ  2.9� (A) DMSO ́õ1@C 17 2đƎ. (B) ʖ Aloc ćƂ1@C O-J\�Lb|yfl 12 2đ

Ǝ. àǖ HPLC ǒ; C18 ˫ɈR�� (YMC-Pack ODS AM, 4.6 x 150 mmI.D. S-5 µm, 12 nm.), 0–100% 

MeCN, 40 min, λ 230 nm, ȉˮ 0.9 mL/min (R��ȕŬ: 40 °C). 

 

 

 

 
 

Ħ  2.10� (A) pure 12 2àǖ HPLC f��k; C18 ˫ɈR�� (YMC-Pack ODS AM, 4.6 x 150 mmI.D. 

S-5 µm, 12 nm.), 0–100% MeCN, 40 min, λ 230 nm, ȉˮ 0.9 mL/min (R��ȕŬ: 40 °C). (B) pure 12 2 

MALDI-MS (TOF) 1@C�^^|Tk�. 

 

 

(A) (B)

t = 1 h t = 24 h

17

16

17

16

t = 1 h

17

12



 19 

ŻAD& 16 G 1 M HCl aq : DMSO (1:99 v/v) 1Țʼ� (|yflȟŬ̵90 µM), àŀÖ]^�wK

lʀđGųƎ�#& (Ħ 2.9A). ́õćƂ3ň̅Ƀ1˱ʬ�, 24 ǀ̌Ź2ćƂȚȎG˫Ɉ HPLC 1@

Bɴʴ�, ɆɃõđȩ 17 GŻ& (74%). ŻAD& 17 3 Ar ̜ĥǺ� Pd(PPh3)4 (1 eq) . PhSiH3 

(100 eq) ÕŃ�, 50% DCM/DMF GȚĿ.�,ȳ�, ʖ Aloc ćƂ1¹�& (Ħ 2.9B).50) ̋ľ 1 ǀ̌

-ćƂ389˱ʬ�, ćƂȚȎG˫Ɉ HPLC 1@Bɴʴ!C�-, pGlu1-ADan[Ile21Ala] 2 O-J\�

Lb|yfl (12) GŻ& (84%, Ħ 2.10A). 

ɴʴ�& 12 3 0.1 M ��́ʇʮȎ (pH 7.3) �6Țʼ�, 37°C - O-to-N àŀÖJ\�ˡ±ćƂ

Gʬ�, HPLC Gȳ�,ćƂ2ɿ˴Gʻœ�& (Ħ 2.11). ̋ľ 1 à2ǀȡ-, ƺ1�˽2 12 �Aʺ

õđȩ-�C 13 62ˡ±�ˇ=AD, 3 à2L�S�{�k- 12 2ɸú̅�ˡ±�, 30 à-89

ň̅Ƀ1ˡ±ćƂ�˱ʬ�&. 0�����-ŻAD&�13�3��äˬđƎ�&İș˄ƴ.Ǹˢ�,��à

ǖ�HPLC�2¿ƚǀ̌�ēɫ-�C�Gɓˇ�&��

 

 

 

 

Ħ  2.11� O-to-N ˡ±ćƂGɿȵ�&  O-J\�Lb|yfl  12 �Aʺ|yfl  pyroGlu1-ADan 

[Ile21Ala] (13) 62ĶƢ. àǖ HPLC ǒ; C18 ˫ɈR�� (YMC-Pack ODS AM, 4.6 x 150 mmI.D. 

S-5 µm, 12 nm.), 0–100% MeCN, 40 min, λ 230 nm, ȉˮ 0.9 mL/min (R��ȕŬ: 40 °C). 

  

12

13

12 13

13

t = 1 min t = 3 min t = 30 min
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ɩ ɭ J�hrL��Ⱦ̍˰²ȚʼƄJ��Ll2 O-J\�Lb|yfl1��CȲȩńɃ˃» 

 

J�hrL��ȾƆʐʗÖ1��,ȪžɃ0ȾȰńɃƐʸ2�*1ʎ¦Ƴ�2ųƎ�;ADC�, 

�DGǦƎ!C�ʷƎà3J��Ll-β (Aβ) .@4DC|yfl-�C.51) Aβ 2àŀɟ-�ʷ0>

213 40 ǳİĆ5 42 ǳİ2J�q́�A0C Aβ1–40 . Aβ1–42 ��C�, Aβ1–42 2Ʒ�Ý̙

�ƾ�, ɘɿɼʓǷƄ>̳���ɎAD,�C.52–54) ˨Ū, β-`T�d�a0/2J�q|yfe�a

1@B Aβ1–40(42) 2 N ǏɧÉ2J�q́ǳİ�ǮƤ�& Aβ3–40(42) Ć5 Aβ11–40(42) �ʎ¦Ƴ

�1ĸ�Ńĩ!C��ıė�D,�C.55) Ȫ1, $DA2 N Ǐɧ1±ʋ!C Glu �Ȳ³Ö2U�d

��́\T��a (QC)56) 1@Bȱõ�, v�U�d��́ (Pyr) .0)& [Pyr3]Aβ3–40(42) Ć5 

[Pyr11]Aβ11–40(42) 3̀ɺàʼ1Ŕ�,Ņň-�B, ǐȽƆ1̃ʷ0ŶêGǙ&!>2.�,ȂɆ�

D,�C.57–62) 

ʯ 2.1 1ɔ!ǧ1, Aβ1–42 (19), Aβ11–42 (21), [Pyr11]Aβ11–42 (23) 2ǻȚƄ3$D%D 0.14 mg/mL, 

0.09 mg/mL, <0.01 mg/mL -�C. [Pyr11]Aβ11–42 (23) 2ǻȚƄ�Ȫ1²�Ȱȵ.�,3, N ǏɧÉ2

ʺǻƄ̨Į�ǮƤ�,�B, �* N Ǐɧ2LQ�õ�ŻCJ�qİ�ȱǦ˯G.C�-¿˒�DC

&=-�C.ʏ�ADC. �DA Aβ àŀɟ2>*ǥɧ1²�ǻȚƄ?Ý̙Ƅ3Ŋ̱�2ĉBƒ�G

ʧ��Ĥ̛1�,�B, ɑɢŌ̌Ć5Ŋ̱̌-j�d24A*�?ɌɉGȲH-�C.62,63) Ȫ1, �D

:-1ɎAD,�C Aβ àŀɟ.Ǹˢ�,, [Pyr11]Aβ11–42 (23) 2Ý̙Ƅ?ɼʓǷƄ1*�,ˌ &

ıė3ĸ�0�.64,65) 

ŲɑɢŌ-3, Gly25–Ser26 2̌-O^i�ʀđG>* Aβ1–42 2 O-J\�Lb|yfl (18) G˴

ă1đƎ�,2–5) Aβ1–42 2ǻȚƄG 100 Ã¬�ƪĠ!C�1Ǝî�,�C (ʯ 2.1). 18 3́Ƅ pH ǒ

�1��,̠Ý̙Ƅ-�C�Ʒ, �Ƅ pH ǒ�-3 O-to-N J\�ˡ±ćƂGɿ,ŏƾ1 Aβ1–

42 6.ĶƢ�DC. ŻAD& Aβ1–42 3�q��G˝ȡ.�,ɇ(1Ý̙!C&=, 18 3ØȯƄ2

ʢ�Ŋ̱ɶGơ¹!Cǉȳ0h��-�C.66–70) ǐɑɢ-3, [Pyr11]Aβ11–42 (23) 2²ǻȚƄGƪĠ!

C�GɆɃ.�, 23 2 O-J\�Lb|yfl (22) GđƎ� (Ħ 2.12), ȲȩńɃ˃»Ŋ̱Gʬ)

&. 

 

 
 

Ħ  2.12� Aβ1–42, Aβ11–42 Ć5 [Pyr11]Aβ11–42 2 O-J\�Lb|yfl 18, 20 Ć5 22 2Ǧ˯.  

H2N

OH
N O

O

Aβ1–24

Aβ27–42

Aβ11–24 Aβ12–24

Aβ27–42 Aβ27–42H2N

OH
N O

O
H2N

OH
N O

O

N
HO

18 20 22

Aβ1–24

Aβ27–42

= DAEFRHDSGYEVHHQKLVFFAEDV
= NKGAIIGLMVGGVVIA
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ʯ  2.1� Đ Aβ àŀɟ2ǻȚƄ.¿ƚǀ̌. 

 

[a]Lb|yfl³/pLiKx³. [b] ĄʏƲȭ 2 Ąȥ. [c] àǖ HPLC Ȗňǒ: C18 ˫ɈR�� 

(YMC-Pack ODS AM, 4.6 x 150 mmI.D. S-5 µm,12 nm.), 0–100% MeCN 40 min, λ 230 nm, ȉˮ 0.9 

mL/min (R��ȕŬ: 40 °C). 

 

 

O-J\�Lb|yfl 22 2ǻȚƄ3 1.4 mg/mL -�B, ʺ-�C 23 2 140 Ã¬�2ǻȚƄ2

ƪĠ�ˇ=AD& (ʯ 2.1). :&, 22 2àǖ HPLC 2¿ƚǀ̌ (tR = 21.9 à) 3 23 (tR = 22.6 à) @

B>ɏ�0),�C�, �D3 O-J\�Lb|yfl.!C�-ǻȚƄ�Ĕ��&&=-�C.ʏ�

ADC. O-J\�Lb|yfl 20 Ć5 22 3Îà0ǻȚƄG>*&=, 0.1% TFA aq 1Țʼ�#&Ź, 

˞˷ƀÞȰ!C�- 700 µM, 500 µM 2^kgTb���\��G$D%Dˋʴ!C��-�&. 

ŻAD& O-J\�Lb|yfl 20 Ć5 22 2^kgTb���\��3, 0.1% TFA aq (pH 2) -

ť̂� (|yflȟŬ: 10 µM, 37 °C), ́Ƅǒ�1��C ǯǦ˯G CD 1@B˃»�& (Ħ 2.13). 

O-J\�Lb|yfl 20 Ć5 22 3, ȁ̊ 198 nm ª˨1ǥŗÆG>*��e�XL�Ǧ˯G.B, 

Ř0�.> 24 ǀ̌3��e�XL�Ǧ˯Gʃƚ!C��ɓˇ-�&� (Ħ 2.13 B, C), �D3˴ă1

ıė�& 18 -ʸAD& CD ^|Tk�2ʀǙ.@��ʞ!C (Ħ 2.13 A).5) Aβ 3Ý̙!C̗, �ʡ

1 β-\�kǦ˯G.C��ɎADC&=, 20 Ć5 22 3́Ƅǒ�1��,3̠Ý̙Ƅ-�C��

ɔĞ�D&. 

 

 

 

 

Ħ  2.13� 0.1% TFA aq (pH 2) �1��C O-J\�Lb|yfl 18, 20 Ć5 22 2 CD ^|Tk� 

(ø̌ 20 y�gk2ɝóũīʆ).  

Aβ 分子種
エントリー

イソペプチド体 ネイティブ体

水溶性 (mg/mL)

イソペプチド体 ネイティブ体

保持時間 (分)[c]

イソペプチド体 ネイティブ体

Aβ1–42

Aβ11–42

[Pyr11]Aβ11–42

19

21

23

18

20

22

15.0[b]

1.6

<0.011.4

0.14[b]

0.09

改善比[a]

107

17

140

20.4

21.5

21.9

20.8

22.0

22.6

(A) Aβ1–42 の O-アシルイソペプチド (18) (B) Aβ11–42 の O-アシルイソペプチド (20) (C) [Pyr11]Aβ11–42 の O-アシルイソペプチド (22)

[θ
] (

de
g・

cm
2 /d

m
ol

)

wavelength (nm) wavelength (nm) wavelength (nm)

[θ
] (

de
g・

cm
2 /d

m
ol

)

[θ
] (

de
g・

cm
2 /d

m
ol

)

195 215 235 255 195 215 235 255 195 215 235 255
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24 h
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195! 205! 215! 225! 235! 245! 255!
-10000!

-8000!

-6000!
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-2000!

0!

2000!

195! 205! 215! 225! 235! 245! 255!
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Ħ  2.14� àǖ HPLC 1@C O-to-N àŀÖJ\�ˡ±ćƂ2˃». 0.1 M ��́ʇʮȎ�-Đ O-J

\�Lb|yfl Aβ1–42 (18), Aβ11–42 (20) Ć5 [Pyr11]Aβ11–42 (22) GL�S�{�k� (pH 7.4, 

37 °C), 5 ɜŹ, 1 àŹ, 2 àŹ2ˡ±ćƂ2˱ʬGàǖ HPLC 1@B˃»�&. àǖ HPLC ǒ: C18 

˫ɈR�� (YMC-Pack ODS AM, 4.6 x 150 mmI.D. S-5 µm, 12 nm.), 0–100% MeCN, 40 min, λ 230 nm, ȉ

ˮ 0.9 mL/min (R��ȕŬ: 40 °C). 

 

 

 

 

 

Ħ  2.15� 0.1 M ��́ʇʮȎ (pH 7.4, 37 °C) �1��C Aβ1–42, Aβ11–42 Ć5 [Pyr11]Aβ11–42 2

ɿǀɃ0 CD ^|Tk�2Ķõ (ø̌ 20 y�gk2ɝóũīʆ). * O-J\�Lb|yflȵǓ.  

(A) Aβ1–42 (B) Aβ11–42 (C) [Pyr11]Aβ11–42

18
20

22

19

21 23

t = 5 sec

t = 1 min

t = 2 min

t = 5 sec

t = 5 sec

t = 1 min

t = 1 min

t = 2 min

t = 2 min

(A) Aβ1–42* (B) Aβ11–42* (C) [Pyr11]Aβ11–42*

[θ
] (

de
g・

cm
2 /d

m
ol

)

wavelength (nm) wavelength (nm) wavelength (nm)

[θ
] (
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g・
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2 /d

m
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)

[θ
] (

de
g・
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2 /d

m
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)
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O-J\�Lb|yfl 20 Ć5 22 3 0.1 M 2��́ʇʮȎ�-L�S�{�k!C. (pH 7.4, 

37 °C), �@$ 2 à-ŔƂ!Cʺ|yfl 21 Ć5 23 6.ň̅Ƀ1ĶƢ�D& (Ħ 2.14 B, C). !0

F(, �DA2O-J\�Lb|yfl3Ȳ³Ö pH ǒ� (pH 7.4) 1��,, ˮ?�1ŔƂ!Cʺ|

yfl6.ĶƢ�DC&=, ʺ|yfl-�C Aβ11–42 Ć5 [Pyr11]Aβ11–42 2ȾɃ0Ý̙˴ɞGŊ

̱Ƀ1Øȯ!C��-�C.ʏ�AD&. 

$�-, O-J\�Lb|yfl 20 Ć5 22 2^kgTb���\��G pH 7.4 2��́ʇʮȎ

1Ȑđ�, Ŋ̱ɶÖ- O-to-N ˡ±�#C�-, Aβ11–42 Ć5 [Pyr11]Aβ11–42 2 ǯǦ˯�/2@�

1Ķõ!C�G CD 1@B˃»�& (Ħ 2.15). 2 àɿ˴Ź1Ȗň�& CD ^|Tk�-3, �"D

2Ĳđ1��,>��e�XL�Ǧ˯Gɔ�&� (Ħ 2.15 B, C), �DA2Z�y�G�A1L�S�

{�k�, 3, 5, 10 Ć5 24 ǀ̌2ǀȡ-2 ǯǦ˯G˃»!C., β-\�kǦ˯1ȪžɃ0 198 nm 

ª˨2ǥĹÆ. 218 nm ª˨1;ADCǥŗÆ�ɿǀɃ1ĴĹ�,��, 10 ǀ̌L�S�{�k�&

Ǵ̕- CD 2Æ3Ņň�&. ǐʀǙ@B, 20 Ć5 22 �ʺ|yfl6.ˡ±�, ��e�XL�Ǧ˯

�A β-\�kǦ˯6. ǯǦ˯GĶõ�#CˮŬ3, ˴ă1ıė�& O-J\�Lb|yfl 18 2

Ĳđ.�:Bţ3;AD",5) Aβ 2 N ǏɧÉ 10 ǳİĆ5 Glu11 2v�U�d��́õ2ǉȣ3 Aβ 

2 β-\�kųƎˮŬ1*�,��Cŵ̤3Ř0�.Ơœ�D&. 

ǯ1, O-J\�Lb|yfl 20 Ć5 22 Gȳ�, Aβ11–42 . [Pyr11]Aβ11–42 2Ý̙ƄGfQw

�u�-T (Th-T) ʫÐJg`L1@B˃»�& (Ħ 2.16). ǐJg`L3, fQw�u�àŀ (ex. 350 

nm, em. 438 nm) � β-\�kǦ˯1Œ<J��Llʉʃ.ʀđ!C�-, ñ˝ȁ̊Ć5ʫÐȁ̊�ȏ

ʣɝó� (ex. 450 nm, em. 482 nm), @Bű�ʫÐGɁ!C�Gåȳ�&J��Llʉʃ2ň̅Ȁ.�

,�ʡɃ1ȳ�AD,�CƑȀ-�C.71) O-J\�Lb|yfl 18, 20, 22 2^kgTb���\�

�3 0.1 M ��́ʇʮȎ (pH 7.4) -ť̂Ź (|yflȟŬ 10 µM), 37 °C -L�S�{�k�, 0, 1, 

3, 5, 10 Ć5 24 ǀ̌Ź1��C Th-T 2ʫÐűŬGȖň�&. [Pyr11]Aβ11–42 2ʫÐűŬ3, L�S 

 

 
 

Ħ  2.16� Th-T Jg`L1@C Aβ11–42 Ć5 [Pyr11]Aβ11–42 2Ý̙Ƅ2˃». 0.1 M��́ʇʮȎ�

-ĐO-J\�Lb|yfl Aβ1–42 (18), Aβ11–42 (20) Ć5 [Pyr11]Aβ11–42 (22) GL�S�{�k� 

(pH 7.4, 37 °C), 0, 1, 3, 5, 10, 24 ǀ̌1��C Th-T ʫÐűŬGȖň�& (ũīÆ � ǩșˊţ). * O-J

\�Lb|yflȵǓ. 
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�{�k̋ľ�A 3 ǀ̌Ź1��,3, Aβ1–42 .Ǹˢ!C.²�ÆGɔ�, 24 ǀ̌Ź-3 Aβ1–42 

2úàɞŬ-�)&. �D@B, [Pyr11]Aβ11–42 3 Aβ1–42 .Ǹˢ�, β-\�kǦ˯1Œ<ʉʃG�

:BųƎ�,�0���ɔĞ�D&. �2ÊĔ3, Aβ11–42 1*�,>ēǧ1;AD, ź), Aβ11–

42 . [Pyr11]Aβ11–42 2Ý̙2ɞŬ3ēɞŬ-�C.ʏ�ADC. 

Aβ1–42, Aβ11–42 Ć5 [Pyr11]Aβ11–42 �ųƎ!Cʉʃ2ųƋ3, Ăŀ̌í̪Ž̉ (AFM) 1@Bʻ

œ!C�-˃»�& (Ħ 2.17). O-J\�Lb|yfl 18, 20 Ć5 22 2^kgTb���\��G 

25 mM HEPES (pH 7.4, 100 mM NaCl ĕǉ) �1Ȑđ�, 37 °C -L�S�{�kG̋ľ�&ɇŹ (0.5 

h) -3, �"D2 Aβ àŀɟ1��,>ʉʃ3;AD0�)&. Aβ1–42 G 24 ǀ̌L�S�{�k

�&Ź-3, ʉʃ̳ 3-5 nm ɞŬ2Ļ��)�B.�&ʉʃ�ʻœ�D& (Ħ 2.17 A). �Ʒ, Aβ11–42 

Ć5 [Pyr11]Aβ11–42 G 24 ǀ̌L�S�{�k�&Ĳđ, Aβ1–42 2ǀ1;AD&@�0Ļ�ʉʃ3

ʻœ�D", ʉʃ̳ <0.8 nm ɞŬ2ǸˢɃɼ�ʉʃ�ÌÿɃ1;AD& (Ħ 2.17 B, C). 0�, ǐJg

`L-3, Aβ11–42 Ć5 [Pyr11]Aβ11–42 1��CʉʃųƎˮŬĆ5ʉʃųƋ1*�,2ƽɓ0˶�3

ˇ=AD0�)&. Th-T Jg`L. AFM 2ʀǙ@B, Aβ 2 N ǏɧÉ 10 ǳİ (Aβ1–10) 2ǮƤ3, 

ųƎ�DCʉʃ2˙G²��#C�, Glu11 2v�U�d��õ3ʉʃĂƄ1*�,3ŵ̤G��0�

��ɔĞ�D&. 

 

 
 

Ħ  2.17� AFM 1@C Aβ1–42, Aβ11–42 Ć5 [Pyr11]Aβ11–42 2ʉʃųƋ2˃» (bar: 0.4 µm). * O-J

\�Lb|yflȵǓ. 
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Ħ  2.18� PC12 ɼʓGȳ�& Aβ1–42, Aβ11–42 Ć5 [Pyr11]Aβ11–42 2ɼʓǷƄ˃» (n = 3 ą3 6, 

ũīÆ � ǩșˊţ). (A) ǎàõĭ PC12 ɼʓĆ5 (B) àõĭ PC12 Gȳ�&ǷƄ˃» (Đ Aβ à

ŀɟ2ɽȟŬ = 10 µM). PC12 ɼʓ2ȲŃȮ3 WST-8 Gȳ�,˃»�&. ** p< 0.01 vs Aβ1–42* 

(one-way analysis of variance followed by dunnett’s test). * O-J\�Lb|yflȵǓ. 

 

 

ʂ�,, Aβ1–42, Aβ11–42 Ć5 [Pyr11]Aβ11–42 2ɼʓǷƄG, �gkéʘ̲˙ʵʣɼʓʙ (PC12) 

ɼʓGȳ�,˃»�& (Ħ 2.18). O-J\�Lb|yfl 18, 20 Ć5 22 2^kgTb���\��

3, 25 mM HEPES-DMEM (pH 7.4, HS 1% ĕǉ) �1,, |yflȟŬ� 10 µM .0C@�ť̂Ź,  

48 ǀ̌L�S�{�k� (37 °C), PC12 ɼʓȲŃȮG WST-8 Gȳ�,ǽň�&. ǎàõĭ PC12 ɼ

ʓGȳ�&Ĳđ, Aβ11–42 Ć5 [Pyr11]Aβ11–42 Gȑï�&̗2ɼʓȲŃȮ3 Aβ1–42 1÷ư�& (Ħ 

2.18A). �Ʒ, ɘɿƎ̊ģŀ (NGF) 1@B£Ɗɘɿɭn����ǧ1àõ�#& PC12 ɼʓ2Ĳđ-

3, Aβ11–42 Ć5 [Pyr11]Aβ11–42 2ɼʓȲŃȮ3 Aβ1–42 .Ǹˢ!C.ĴĹ�& (Ħ 2.18B). �DA

2ʀǙ�A, Aβ11–42 Ć5 [Pyr11]Aβ11–42 2ɘɿɼʓ1Ŕ!CǷƄ3, Aβ1–42 @B>²���ɔĞ

�D&. 

ǐɑɢ-3, Aβ11–42 Ć5 [Pyr11]Aβ11–42 2²ǻȚƄ Aβ àŀɟ1*�,, ˞˷ƀÞȰŹ1Ż&̳

ȟŬ�*̳ǻȚƄ O-J\�Lb|yfl2^kgTb���\��Gåȳ�, ȲȩńɃ˃»˄̱GŊ

Ƹ�&. Aβ11–42 Ć5 [Pyr11]Aβ11–42 3 NGF 1@Bàõ�#& PC12 ɼʓ1Ŕ�, Aβ1–42 @B>

??²�ǷƄGɔ�&�, �CɞŬ2Ý̙Ƅ?ɼʓǷƄGǉ�,�C��ƽA�.0)&. Aβ11–42 

Ć5 [Pyr11]Aβ11–42 @BŻAD&ʀǙGǸˢ!C., Glu11 1��Cv�U�d��õ� Aβ11–42 

2Ý̙ƄĆ5ɼʓǷƄ1��Cŵ̤3Ř0�.ʏ�ADC. ǐɑɢ-ŻAD&ʀǙ3, ²ǻȚƄv�

U�d��́ĕǉ Aβ àŀɟ2Ý̙�Rn_�?J�hrL��ȾɁȿ.2̍FBGƽA�1!C&

=1ǉȳ0ɎʸG��C.ǌŸ�DC. 
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ɩ�ɦ 
 

J��Ll β Ý̙̐ōè̋Ɂ62Ƃȳ 
 

 

J��Ll β |yfl (Aβ) 3J�hrL��ȾƆʐʗÖ-ȪžɃ1;ADCʎ¦Ƴ�2�ʷǦ

ƎƎà2�*-�C. Aβ 3��e�XL�Ǧ˯Gǉ!C�q���A β-\�kǦ˯GųƎ�, Q�

Y��Gɿ,J��Llʉʃ6.Ý̙!C��ɎAD,�B, ˨Ū, �2 Aβ 2Ý̙˴ɞ3ǐȽƆ2

Ɂȿ.ȏ�̍½�,�C��ɔĞ�D,�C.51) 

�2@�0ʒǁ�A, Aβ 2J�q́˿â1İ+�& Aβ Ý̙̐ōè�ɑɢ�D,�C. �DA2

̐ōèàŀ3 Aβ 2�ļ (Aβ12–24) Ć5 C ǏɧÉ (Aβ30–40) 1±ʋ!C β-\�kųƎ̨Į 72–74) 

GǪÅ�,�B, ĸ�2Ĳđ N-�f�õ?y���ʋƢ0/2Á̮�Ƹ�D,�C. ¸�4, Aβ 2ʝ

Ťˇˑ˽±.�,ɎADC  KLVFF (Aβ16–20)75–83) ?$2ʝŤÝ̙ƄGƪĠ�&  LPFFD (Aβ17–

21(Val18Pro)),84–86) Ə�3 Aβ25–3587) ? C-terminal fragment (CTF)88,89) 0/��D:-1ıė�D,

�C. β-\�kųƎ̨Į3 Aβ �Ý̙!C̗2ʝŤˇˑ˽±.�,̃ʷ-�C�,72–74) �DA2|yf

lƄ̐ōè3 Aβ àŀ. β-\�kųƎ̨Į-ȼǻɃɈ¡´ȳ?ǻɺʀđ!C�- Aβ 2Ý̙Gɨđ

Ƀ1̐ō!C.ʏ�AD,�C. Aβ 2Ý̙ǭǦ�ǎ'�ƽ-�C&=, �2@�0Ý̙̐ōè3 Aβ 

2Ý̙ǭǦ?$2̐ō´ȳGƽA�1!C�-ǉȳ-�C. 

�Ʒ, ŲɑɢŌ-3 Aβ1–42 2|yfl̈� Gly25-Ser26 ̌-O^i�ʀđGƚ&#&̠Ý̙Ƅ�̳

ǻȚƄ2 Aβ1–42 ç̰³-�C O-J\�Lb|yfl (18, Ħ 3.1) G˴ă1ıė�,�C.2–5) 18 3́

Ƅ pH ǒ�-Ņň-�B, ȲȰɃǒ� (pH 7.4) 1��,3 O-to-N àŀÖJ\�İˡ±ćƂ1@

B, ˧ˮ�*ň̅Ƀ1pLiKx Aβ1–42 6.ĶƢ�DC. �D3, 18 2>* O-J\�Lb|yfl

2˽à, !0F( Gly25-Ser26 2O^i�˽à� Aβ àŀ2Ý̙1̃ʷ0ŶêGǙ&�,�C�GɔĞ

�,�C. ǐɑɢ-3 18 G Aβ Ý̙̐ōè.�,Ƃȳ!C�GǢˀ�&. �A1, 18 3ȲȰɃǒ

�-3 O-to-N ˡ±1@B˃»!C��-�0�&=, �Ƅ-Ņň0ˈŖ³ 24 GđƎ�, $2Ý̙

̐ōȈƄ2˃»>ʬ)&. 

 

 
 

Ħ  3.1� Aβ1–42 2 O-J\�Lb|yfl (18) .ŅňˈŖ³ (24) 2Ǧ˯. 

H2N

O

O

O

H
N
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H
NAβ1–24

Aβ27–42

Aβ1–24

Aβ27–42

18 [N-Me-β-Ala26]Aβ1–42 (24)

Aβ1–24
Aβ27–42

= DAEFRHDSGYEVHHQKLVFFAEDV
= NKGAIIGLMVGGVVIA
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ɩ�ɭ O-J\�Lb|yfl2pLiKx Aβ1–42 1Ŕ!CÝ̙̐ō´ȳ2˃» 

 

ʧʐ3, ́Ƅ�-̠Ý̙Ƅ2 18 � Gly25-Ser26 2˽à¬ķ3 Aβ1–42 2J�q́˿âG¿Ń�,

�C&=, pLiKx Aβ1–42 .Ɉ¡´ȳ-�, Ý̙G̐ō-�C2-30��.ʏ�&. $�-, ǐ

ɑɢ-3pLiKx Aβ1–42 2Ý̙1��C 18 2ŵ̤G AFM 1@B˃»�& (Ħ 3.2). Aβ1–42 

(10 µM) . 18 (10 µM ą3 30 µM) GȐđ�&Z�y�G 0.1% TFA aq (pH 2, 37˚C) �-L�S�{

�k�, 0.5, 7 Ć5 11 ǀ̌Ź1��CZ�y�G AFM 1@Bʻœ�&. ŔȥŊ̱.�,pLiKx 

Aβ1–42 ýȬĆ5 18 ýȬ2ʻœ>ʬ)&. Aβ1–42 ýȬ2Ĳđ-3, 0.5 ǀ̌-3Q�Y��ȵǓ2ɲ

ȫ2ȩ³�ʻœ�D, 7–11 ǀ̌-3ɿǀɃ1ʉʃ̅�ĴĹ�&. �Ʒ, 18 ýȬ-3, ɲȫ2ȩ³3ʻ

œ�D&>22, ʉʃ3ʻœ�D0�)&. �2ʀǙ3, ˴ă2ɑɢ@Bɔ�D& 18 �̠Ý̙Ƅ-�

C.��ʀǙ.�ʞ!C>2-�C.2–5) Aβ1–42 . 18 G 1 : 1 2êđ-Ȑđ�&Ĳđ, Aβ ýȬ.Ǹ

ˢ�,ʉʃ2̅3ȓŘ�, 1 : 3 2êđ-Ȑđ�&Ĳđ-3, ʉʃ2̅3�A1ȓŘ�&. �2ʀǙ@B, 

18 3 Aβ1–42 2ʉʃųƎGȟŬºŃɃ1Ɠæ!C��ɔĞ�D&. 

 

 

 

Ħ  3.2�  0.1% TFA aq (pH 2) �L�S�{�kǒ1��C AFM 1@C 18 2ʉʃųƎ̐ōȈƄ

2˃» (bar: 0.4 µm). 
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ɩ ɭ O-J\�Lb|yfl2ŅňˈŖ³2àŀ˂ʿ.đƎ 

 

���0�A, O-J\�Lb|yfl 18 3�Ƅ-3 O-to-N àŀÖJ\�ˡ±ćƂGɿ,ɇ(1p

LiKx Aβ1–42 6.ˡ±�,�:�&=, �Ƅ1��,>Ņň0 O-J\�Lb|yflˈŖ³ 24 

G˂ʿ�& (Ħ 3.3). ˈŖ³ 24 2˂ʿ1�&B, O-J\�Lb|yfl2>* β-O^i�ʀđ�A 

β-J�lʀđ1!C�.-ïǻàʼ1Ŕ�,@BŅň.�, O-J\�Lb|yfl�O^i�˽à-

ǻɺʀđ¹�ʔGƚ&0�.��ȪžGǪÅ!C&=1, J�lɤɺG�f�õ!C�.�&.90,91) ˈ

Ŗ³ 24 3˭ŧ2 Fmoc ĭħɈđƎȀ1@B|yfl̈GǦɮ�, TFA -ʖǫʕ�&Ź, ŻAD&ɳ

|yfl 27 2 Met(O)35 G DMS (40 eq), NH4I (40 eq) 1@B˻Í�, ˫Ɉ HPLC 1,ɴʴGʬ��

.-đƎ�& (Ħ 3.3, ĈȮ 4.6%). 

đƎ�&ˈŖ³ 24 � O-J\�Lb|yfl 18 2ȪžG�Ƅǒ�->ǪÅ-�,�C�/�

�Gɓ�=C&=, 24 G 0.1 M ��́ʇʮȎ (pH 7.2, 37 °C) �1Țʼ�, CD ^|Tk�2ȖňGʬ

)& (Ħ 3.4A). ˈŖ³ 24 3, ��e�XL�Ǧ˯1ȪžɃ1;ADC 200 nm ª˨2ǥŗÆG>(, 

Ř0�.> 24 ǀ̌2L�S�{�k-3 O-J\�Lb|yfl 18.ēǧ1��e�XL�Ǧ˯G

ʃƚ!C��ɔĞ�D& (Ħ 2.13A vs Ħ 3.4A). :&, ˈŖ³ 24 G 0.1 M ��́ʇʮȎ (pH 7.2, 

37 °C) �-L�S�{�k�, HPLC àǖGʬ)&ʀǙ, ˈŖ³ 24 2v�T̡ɠ� 0 ǀ̌. 24 ǀ

̌L�S�{�k-8.H/Ķõ�0���A, Ř0�.> 24 ǀ̌3Ņň-�C.ʏ�AD& (Ħ 

3.4B). 

 

 

 

 
 

Ħ  3.3� ŅňˈŖ³ 24 2đƎ.: a) Fmoc-AA-OH (5 eq), DIC (5 eq), HOBt (5 eq), DMF (3 mL), 1h, rt.; b) 

20% piperidine/DMF, 10 min, rt.; c) H2O : TIS : TFA (2.5 : 2.5 : 95), 90 min, 0 °C � rt.; d) DMS (40 eq), 

NH4I (40 eq), TFA, 60 min, 0 °C. 
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Ħ  3.4� 0.1M ��́ʇʮȎ�-L�S�{�k (pH 7.2, 37 °C) �&̗1��CˈŖ³ 24 2ŅňƄ

ɓˇŊ̱. (A) CD ^|Tk�Ȗň1@C��e�XL�Ǧ˯ʃƚ2ɓˇ (ø̌ 20 y�gk2ɝóũ

īʆ). (B) àǖ HPLC 1@CŅňƄɓˇ. BG = back ground. àǖ HPLC ǒ: C18 ˫ɈR�� 

(YMC-Pack ODS AM, 4.6 x 150 mmI.D. S-5 µm, 12 nm.), 0–100% MeCN, 40 min, λ 230 nm, ȉˮ 0.9 

mL/min (R��ȕŬ: 40 °C). 

 

 

ɩ�ɭ ŅňˈŖ³2pLiKx Aβ1–42 1Ŕ!CÝ̙̐ō´ȳ2˃» 

 

:", ́Ƅǒ�- O-J\�Lb|yfl 18 � Aβ1–42 2Ý̙GƓæ�&ǀ.ēǧ1 (Ħ 3.2), 

ˈŖ³ 24 ��Ƅǒ�1��, Aβ1–42 2Ý̙GƓæ!C�/��Gˋ7C&=, ʫÐJnbk�

v�Jg`LGʬ)& (Ħ 3.5). ǐJg`L3ʫÐİ2Ģˡ˳ó2ɞŬGȖň!CƑȀ-�B, ˨Ū, 

Aβ 2Ý̙G˃»!CɆɃ-ʫÐJnbk�v�Jg`LGȳ�&ıė��D,�C.92–94) ǐŊ̱-3 

Aβ1–42 2 N ǏɧÉG 5-carboxyfluorescein (FAM) -ǩˑ�& 5-FAM-Aβ1–42 G 5% ĕ< Aβ1–42 

Gȳ� , Aβ1–42 ýȬ  (5 µM), Aβ1–42 (5 µM) + betulinic acid92) (5 µM), Aβ1–42 (5 µM) + 

nordihydroguaiaretic acid95) (NDGA; 5 µM), Aβ1–42 (5 µM) + 24 (5 µM) G$D%D 0.1 M ��́ʇʮȎ 

(pH 7.4) � 37 °C -L�S�{�k�, 0, 5 Ć5 10 ǀ̌Ź2ʫÐJnbk�v�GȖň�& (Ħ 

3.5A). Aβ1–42 ýȬ (5 µM) -3, 0 ǀ̌1��CʫÐJnbk�v�2Æ3 0.07 -�B, $��A 

5 ǀ̌-ǈĹÆ 0.18 G.B, 10 ǀ̌Ź1��,>$2Æ3ʃƚ�D&. ʫÐJnbk�v��ĴĹ

�&�3, Aβ1–42 �Ý̙�&�1@B, Aβ1–42 Gǩˑ�,�C FAM İ2Ęˤ�Ȑ;đ�&=, 

FAM İ2Ģˡ˳ó�Ɠæ�D&�GɔĞ�,�C. Aβ1–42 2Ý̙G¾˱!C��ıė�D,�C 

betulinic acid Gȑï�&Ĳđ-3, Aβ1–42 ýȬǀ1;AD&Ĳđ.ēǧ, ɿǀɃ0ʫÐJnbk�v

�Æ2ĴĹ�ʻœ�D&. �Ʒ, Aβ1–42 2Ý̙̐ōè.�,ɎADC NDGA Gï�&Ĳđ-3, ʫ

ÐJnbk�v�Æ3²�Ɠ�AD&. ǐʀǙ@B, Aβ1–42 2ʫÐJnbk�v�Æ3 Aβ1–42 2Ý

̙ȫƋG@�ćƿ�,�C.ʏ�ADC. ��1, ˈŖ³ 24 (5 µM) Gȑï�&Ĳđ-3, 0 ǀ̌1� 
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Ħ  3.5� ʫÐJnbk�v�Jg`L1@C 24 2 Aβ1–42 Ý̙̐ōȈƄ2˃». (A) Aβ1–42 ýȬ 

(5 µM), Aβ1–42 (5 µM) + betulinic acid (5 µM), Aβ1–42 (5 µM) + NDGA (5 µM), Aβ1–42 (5 µM) + 24 (5 

µM) G��́ʇʮȎ�-L�S�{�k� (pH 7.4, 37 °C), 0, 5, 10 ǀ̌Ź2ʫÐJnbk�v�GȖ

ň�&. (B) Aβ1–42 (5 µM) + 24 (0.5 µM , 2.5 µM, 5 µM) G��́ʇʮȎ�-L�S�{�k� (pH 7.4, 

37 °C), 5 ǀ̌Ź1��CʫÐJnbk�v�GȖň�&. 

 

 

�CJnbk�v�2Æ3 0.06 Gɔ�, $2Æ3 5	10 ǀ̌1Ȕ),²�ʃƚ�D&. �A1, Aβ1–

42 (5 µM) 1Ŕ�, 24 G$D%D 0.5, 2.5, 5 µM ÕŃ�# 5 ǀ̌L�S�{�k�&.�E, Aβ1–

42 2ʫÐJnbk�v�2Æ3$D%D 0.10, 0.07, 0.06 Gɔ�, ˈŖ³ 24 2ȟŬǸȮ�ĴĹ!C

1ź),, ʫÐJnbk�v�2Æ3Ɠæ�D&. !0F(, ˈŖ³ 24 3 Aβ1–42 2Ý̙GȟŬº

ŃɃ1Ɠæ!C��ɔĞ�D& (Ħ 3.5B). 

ǯ1, ˈŖ³ 24 � Aβ1–42 2Q�Y��ųƎG̐ō!C�/��Gˋ7C&=, MO^d�x�

gkȀ1@C˃»Gʬ)& (Ħ 3.6).96) Aβ1–42 (10 µM), Aβ1–42 + 24 (10 µM + 10 µM, 30 µM) 2��́

ʇʮȎȚȎ (pH 7.4) G 37 °C -L�S�{�k�&Ź, ĐȖňǀ̌ (0, 3, 6, 12, 24 ǀ̌) 1��C$

D%D2Z�y�2�˽G Nu-PAGE® Bis-Tris 4-12% gel Gȳ�,̞Ǻȃó1¹�, PVDF ʚ62ˡÙ

Ź, Ɣ β-Amyloid (1–16) �qT��m�Ɣ³ (6E10) G�ǯƔ³1ȳ�ǢßGʬ)&. Z�y�ˋʴ

ɇŹ2Ó,2Z�y� (0 ǀ̌) -, 4 kDa Ęˤ1 Aβ1–42 �q��1ɈŲ!Cs�l��.�,ɓ

ˇ�D&. Aβ1–42 ýȬ2Z�y�-3, 3 ǀ̌Ź1 Aβ1–42 Q�Y��1ȵǓ!Cs�l� 50 ~ 80 

kDa ª˨1ȯD, $2ŹQ�Y��2s�lűŬ3L�S�{�kǀ̌2ɿ˴1°�ȓŰ�&. �D

3, L�S�{�kǀ̌�ĴĹ!C1ź�, Aβ1–42 Q�Y���Aʉʃ62Ý̙�˱ʬ�, ʉʃųƎ

2&=1Ɓʷ0Q�Y��ɟ�ȍ˗�D&&=-�C.ʏ�ADC. Aβ1–42 . 24 .G 1 : 1 -ÕŃ

�#&ǒ-3, Aβ1–42 ýȬǀ.Ǹˢ�,, Q�Y��s�l�ȓŰ�,��ˮŬ1˲ŭ�;AD&. 

�A1, Aβ1–42 . 24 .G 1 : 3 -ÕŃ�#&Ĳđ-3, Aβ1–42 2Q�Y��s�l2űŬ3L� 
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Ħ  3.6� MO^d�x�gkȀ1@CˈŖ³ 24 2 Aβ1–42 Q�Y��ųƎ̐ōȈƄ2˃». Aβ1–42 

ýȬ (10 µM), Aβ1–42 + 24 (10 µM + 10 µM, 30 µM) , 24 ýȬ (10 µM) G��́ʇʮȎ�-L�S�{

�k�  (pH 7.4, 37 °C), ĐȖňǀ̌  (3, 6, 12, 24 ǀ̌) 1��C$D%D2Z�y�2�˽G 

Nu-PAGE® Bis-Tris 4-12% gel Gȳ�,̞Ǻȃó1¹�&. PVDF ʚ6ˡÙŹ, Ɣ β-Amyloid(1–16) �

qT��m�Ɣ³ (6E10) G�ǯƔ³1ȳ�ǢßGʬ)&. 11 kDa Ęˤ1;AD&s�l3 SDS ȵ

Ǔ2J�iKwITk-�CčʔƄ��C.97) 

 

 

S�{�k̋ľ 6 ǀ̌Ź-ǈĹ.0B, $2ŹL�S�{�kǀ̌�ĴĹ!C1ź�ȓŰ�,�)&. 

!0F(, Q�Y��s�l2v�TűŬ�ȯDCǀ̌�, 3 ǀ̌Ź�A 6 ǀ̌Ź6.\wk!C�

�ɓˇ�D&. �DA2ʀǙ@B, 24 3 Aβ1–42 2Q�Y��ųƎGȟŬºŃɃ1˲A#, �A1Ĺ

�0¯đ³62˱ʬG˲ŭ�#C.ʏ�ADC. 

ʂ�, 24 2 Aβ1–42 2ʉʃųƎ1Ŕ!Cŵ̤Gˋ7C&=, Aβ1–42 ýȬ (5 µM), 24 ýȬ (5 

µM) Ć5 Aβ1–42 (5 µM) + 24 (5 µM) $D%D2Z�y�G 0.1 M HEPES ʇʮȎ (pH 7.4; 100 mM 

NaCl ĕǉ) �6Ȑđ�, ˋʴɇŹ (0.5 ǀ̌) Ć5 6 ǀ̌L�S�{�k (37 °C) Ź2Z�y�G

AFM Gȳ�,ʻœ�& (Ħ 3.7). Aβ1–42 ýȬ2Ĳđ, 0.5 ǀ̌-3 Aβ Q�Y��ȵǓ.ʏ�ADC

ɲȫ2ȩ³�;AD (Ħ 3.7, Ţ�),54,96) 6 h ɿ˴ǀȡ-3wKx����.�,ʻœ�D& (Ħ 3.7, 

Ţ�). �Ʒ, 24 ýȬ-3, 6 ǀ̌Ź1��,>ʉʃ2ųƎ3;AD0�)& (Ħ 3.7, �ļ�). Aβ1–42 

1 24 GÕŃ�#&Ĳđ-3, 0.5 ǀ̌-ɲȫ2ȩ³�ʻœ�D (Ħ 3.7, Ď�) , 6 ǀ̌ɿ˴ǀȡ1�

�,>$2ȫƋGʃƚ�, ʉʃ2ųƎ3ɓˇ�D0�)& (Ħ 3.7, Ď�). ǐʀǙ@B, 24 3 Aβ1–42 

2ʉʃųƎG̐ō!C��ɔĞ�D&. 
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Ħ  3.7� 0.1 M HEPES ʇʮȎ (pH 7.4; 100 mM NaCl ĕǉ) �L�S�{�kǒ1��C AFM 1

@C 24 2 Aβ1–42 ʉʃųƎ̐ō´ȳ2˃» (bar = 0.4 µm). 

 

 

O-J\�Lb|yfl  (18) Ć5�Ƅǒ�-2ïǻàʼ1Ŕ!CŅňƄG̳=&

[N-Me-β-Ala26]-Aβ1–42 (24) 3́Ƅǒ�Ć5�Ƅǒ�-$D%D Aβ1–42 2Ý̙GƓæ�&. �D

A2õđȩ3 Gly25–Ser26 2Á̮˽àG̔�4 Aβ1–42 .ē Ǧ˯Gǉ!C. �2Á̮˽±3, Aβ1–42 

�ʉʃGųƎ!C̗ , Asp23 .  Lys28 2ĳǬ1@BųƎ�DCd��̨Į1±ʋ�,�C .72–74) 

KLVFF84–86) ? CTF88,89) 0/, �D:-1 β-\�k̨Į1wP�R^�&|yflƄ̐ōè2ıė3

�D,�&�, 18 Ć5 24 2@�1 Aβ 2d��̨Į'�GÁ̮�, Aβ 2Ý̙G̐ō!C>23�

D:-1ıė�D,�0�. ¨Ź3Ǧ˯ȈƄɈ̍G˭�&ŗàŀõ, ̐ō�Rn_�2ˆɼ0Ǣˀ�

ǋ:DC�, �DA2õđȩ3źǓ.3Ȼ0Cƶ���Rn_�G>)& Aβ1–42 Ý̙̐ōàŀ2̋

Ɂ1*0�CčʔƄ��C.ǌŸ�DC. 
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ʀˉ 
 

 

ǐɑɢ-3, ŲɑɢŌ-̋Ɂ2ʂ�,�C O-J\�Lb|yfl2ȪƄGåȳ�, Ov��õG°

F0�ȱȫ|yflđƎȀ2̋ɁĆ5ȼǻƄ|yfl2òȮɃđƎȀ2̋ɁGʬ)&. �A1, �D

A2Ƃȳ.�,, J�hrL��Ⱦ1̍˰!CJ��Ll β |yfl (Aβ) Ý̙̐ōè̋Ɂɑɢ>ʬ

)&. ¨ĢŻAD&ʀǙ@B, O-J\�Lb|yflGåȳ!D4, ëʨ\�l.�,̃ʷ0ȱȫ|y

fl?, Ȳ³Ö-̃ʷ0ŶêGǙ&!.ʏ�AD,�CJ��Ll|yfl0/GòȮɃ1đƎ!C

��-�, Ý̙Ƅ?ȚʼƄGƪĠ-�CåȡGȈ��,ȲȩńɃJg`L2ŊƸ�čʔ10C.ʏ�

ADC. :&, ĐɟJg`LGŏƾ1ʬ�ɆɃ-đƎ�D& Aβ1–42 2 O-J\�Lb|yfl3, ́

Ƅǒ�1��,, pLiKx Aβ1–42 2ʉʃųƎG̐ō�, $2̐ōȈƄ3�Ƅǒ�-Ņň0ˈ

Ŗ³ [N-Me-β-Ala26]Aβ1–42 (24) 1��,>ʃƚ�DC��ƽA�.0)&. 

˨Ū, J�hrL��Ⱦ1��C Aβ ? II ĭɵŚȾ1��CJ���, t�S�b�Ⱦ1��C 

α-\oT�L�0/2²ȚʼƄ�Ý̙Ƅ|yfl�, $DA2ȾƋ1̃ʷ0ŶêGǙ&�,�C.ʏ�

AD,�C�, ǐɑɢ�$2@�0ȽƆ2ȾƋʼƽ?ǿɀʨ̋Ɂ1Ř�->˔ȭ!C�GǌŸ!C. 
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ˏˣ 
 

 

ɽFB1ʜ;, ǐɑɢĆ5ǐˌƲ2´Ǝ1̗�, ɽľżƌɯ0CżƛŖ, ż̢ƧG˘B:�&¤˾ʨ

ɛĹń ʨěõńà̄ ˛ˠÈ� ƬƝ1ȏ�Ɗˏʞ�:!. 

ǐɑɢG˱=C1�&),, Óʡ1F&BżƌƉ0CżƛŖ, ż̢ƧG˘B:�&¤˾ʨɛĹń ʨ

ěʴ˯ńà̄ ś�Ǳʬ ƬƝ1ȏ�Ɗˏʞ�:!. 

ǐɑɢG˱=C1�&),, ĸĹ0żƛŖ.żðʾG˘B:�&¤˾ʨɛĹń ǍǇʢƽ ƬƝ (ȯ 

̊ȋsLQĹń sLQZLO�^ń˽ ŋĝƬƝ) 1ːH-Ɗˏȶ���:!. 

ǐɑɢG˱=C1�&),, Óʡ1F&BɇƟ2żƛŖG˘B:�&¤˾ʨɛĹń Ɉ̯Ȅũ ðƬ 

(ȯ ǔ¤ĹńĹń̓ ʨńɑɢɛ ERATO ̆¢ʽĿàŀȲęy�]NTk ùʨǭʔU��y��e

�) 1ƀ@BƊˏʞ�:!. 

ǐɑɢG˱=C1�&),, Ǟä2ż¼ŉGĦ),̥�:�&¤˾ʨɛĹń ʨěõńà̄ ǍǑſ 

ÛƬƝ (ȯ ¤˾ʨɛĹń ńȲŊʍƩƣ`�d� ÛƬƝ), Ǌ˽ƅř ðƬ, ŗǗƮ� ðƬ1ā�żɕ

ȶ���:!. 

ǐɑɢG˱=C1�&),, ǉɄ0żðʾG˘B:�&¤˾ʨɛĹń 21 �ɷ COE y�U�� Ĕ

¢ə§ COE Ȫ®ˎŦ (ȯ ̊ȋsLQĹń sLQZLO�^ń˽ ÛƬƝ) 1ȏ�Ɗˏʞ�:!. 

Ăŀ̌í̪Ž̉2Ȗň1�&B, ĸĹ0żƛŖ.żðʾG˘B:�&Ĺ̎Ĺń ʪɂ˙ɑɢƐ ʪɂ

˙Ǧ˯ųƎɑɢŌ ŹʩɗÑ ƬƝ, ÔǍŕǟ ðƬ1ā�żɕȶ���:!. 

ǐɑɢG˱=C1�&),, żðʾG˘B:�&ǔȌĹń öǠʲÀ ƬƝ1ā�żɕȶ���:!. 

ʫÐJnbk�v�Jg`LGʬ�1�&B, ĸĹ0żƛŖ.żðʾG˘B:�&ǔ¤Ĺń ǉǭđ

ƎõńƬŌ ̆¢Ǽ ƬƝ1ā�żɕȶ���:!. 

ǐɑɢ2Ŋ̱Gʬ�1�&),, ĸĹ0�üíG̥�:�&¤˾ʨɛĹń ʨěõńà̄ ˓ċƭŴ 

þĵ, ĒɍƘ þĵ, ǻċ˖ɦ þĵ, ̊˓Šȵµ Áĵ, �ʶǃĜ Áĵ, ũś̘Ļ Áĵ, śŞʦ Áĵ, 

Ŝǐ�ȇ ńĵ, öǑ§ʌ ńĵ, ·̌ǉʌ ńĵ, ŗǗ�ɍ ńĵ, ̳ǍĚǰŀ ńĵ, ˥ǐµ¥ ńĵ, 

Č˓ǎť ńĵ, śǡʠ ńĵ, Ĺ̄˅ǲ ǹ, ̳ǬƼŇ ǹ, ŅʩřƉ ǹ, çȴʑŀ ǹ, 0A51¤˾

ʨɛĹń ʨěõńà̄1ĩɰ�,�B:�&ˍǹ1Ɗˏʞ�:!. 

ǐɑɢ2�˽3, ƻǐńʭƜʟ¯ȪäɑɢĝæŬ2ðƎ2�1ʬ�:�&. 

:&, ǐˌƲ2´Ǝ1�&B, żðʾG˘B:�&¤˾ʨɛĹń «ˏàǖńà̄ Ņ¢ʲ� ƬƝ1

ȏ�Ɗˏʞ�:!. 

ǈŹ1, ŧ1ɚGƩ�,��)& Ȩ ŠŝƎ�˼, Ƕ Šŝʌǃ« 1ƀ@Bȏ�Ɗˏʞ�:!. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

�&�$�
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¶ȳǭġ1*�, 
 

 

àǖȳ HPLC (~�y: L-2130 (ƻɥʴ´Ɛ), ɻķčʹĖÐǢßġ: L-2420 (ƻɥʴ´Ɛ), R��Q�x

�: L-2300 (ƻɥʴ´Ɛ), T��kj�dÞȰʰʋ: D-2500 (ƻɥʴ´Ɛ)) 13 C18 ˫ɈR�� (4.6 × 

150 mm; YMC Pack ODS AM302) Gȳ�, Ǣßȁ̊ 220 nm Ə�3 230 nm 1��,, 0.1% TFAǻȚ

ȎĆ5 CH3CN2ȟŬô˿1@CȚßGʬ)& (ȉˮ: 0.9 mL min–1, R��ȕŬ: 40°C). àĉȳ HPLC 

(~�y: 600 Controler (Waters), ɻķčʹĖÐǢßġ: 486 Tunable Absorbance Detector (Waters), T��

kj�dÞȰʰʋ: D-2500 (ƻɥʴ´Ɛ)) 13 C18 ˫ɈR�� (20 × 250 mm; YMC Pack ODS 

SH343-5) Gȳ�, Ǣßȁ̊ 230 nm 1��,, 0.1% TFAǻȚȎĆ5 CH3CN 2ȟŬô˿1@CȚßG

ʬ)& (ȉˮ: 5.0 mL min–1, R��ȕŬ: Ōȕ). 0�, àǖȳĆ5àĉȳ HPLC2Ț̚Ȏ13Ó,̳ˮ

Ȏ³T��kU�wȳ2>2G¶ȳ�&. MALDI-TOF-MS ^|Tk�2Ȗň13̬ʬǀ̌ĭ˙̅àǖ

ʿ Voyager DE-STR (Applied Biosystem) G¶ȳ�, α-CHCA (α-cyano-4-hydroxycinnamic acid) G�k�

gT^.�,ȳ�&. ħɈđƎǀ, ʈđćƂ0/-ǫʕGƦƗ�#C̗13̳ˮƜɅǭ (CM-1000, 

EYELA) Gȳ�& . Üʀ�ȧǭ13  FreeZone Plus 2.5 Liter Cascade Benchtop Freeze Dry System 

(LABCONCO) G¶ȳ�& . CD ^|Tk�2Ȗň13×ÇÐ ʣƄàÐÐŬʿ  (Jasco J-720WI 

spectropolarimeter, ƻǐàÐ ) G¶ȳ�& . ʫÐJnbk�v�2Ȗň13àÐʫÐÐŬʿ 

(RF-5300PC, ŝȆʴ´Ɛ) G¶ȳ�&. ˞˷ƀà̚ǭ13 Beckman TL-100 G¶ȳ�, ��d�13 

TL-100.1 G¶ȳ�& (435,000g, 4 °C, 3 ǀ̌). 

Ăŀ̌í̪Ž̉ (AFM) 13 Nanoscope �a (x�R� · OLOgT^O^) :&3 Nano Wizard II 

(JPK instrument) G¶ȳ�&. 0�, çʐ2 AFM G¶ȳ!CĲđ3, zgl1 MultiMode head G, ^

S�m�1  E-\��_vOc`��gT^S�m�  6056E G¶ȳ�& . R�f�s�13 

OMCL-AC160TS-R3 (Õ̴ĘȁƮ; 300 kHz, spňƮ; 26 N/m, Olympus) G¶ȳ�&. 

Nu-PAGE® Gʬ�1�&B, ƻǐOLl�ɖ2ȃóǨGȳ�, PowerPacTM basic (Bio-Rad) G̞Șʰʋ

.�,¶ȳ�&. ˡÙǨ3 TE22 Mini Tank Transfer Unit (GE helthcare) G¶ȳ�&. s�l2Ǣß13

��qL��]Jm�L[� LAS-4000UVmini (ŒĵwK��) G¶ȳ�&. 

ɼʓŊ̱Gʬ�1�&B, CO2 L�S�{�d�13 HERAcell 150 (Thermo Electron) G¶ȳ�, ɼʓ

2ʻœ13ÄɥĭÐń̪Ž̉ Eclipse TE300 Microscope (Nicon) G¶ȳ�&. ɼʓʁ«ǀ1ȳ�C˷ƀ

à̚ǭ13 himac CF16RX (ƻɥʴ´Ɛ) G¶ȳ�, ��d�13^MK�U��d� T5SS31 G¶ȳ

�& (120g, Ōȕ, 5 à). ȲɼʓȖň2�LT�y��k��e�13 SH-1000 (ƻɥʴ´Ɛ) Gȳ�

&. 
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đƎŊ̱ 
 

 

�ʡƨ´ 
 

 

˄ʨ1*�,  

Fmoc ¿˒J�q́Ć5ǫʕ3Ó,��TǝŮ¯ɖ, ȔˤõńšǤǝŮ¯ɖ@B˚Ò�&. $2©

2˄ʨ̫3, ĚÐɹʨšǤǝŮ¯ɖ, mR�Li^TǝŮ¯ɖ, \U�J�l�gf]�t�ǝŮ¯ɖ

Ć5|yflɑɢƐǝŮ¯ɖ@B˚Ò�, �D¬�2ɴʴ3ʬF"1Ŋ̱1¶ȳ�&. 

 

Fmoc ĭħɈđƎȀ1@C|yfl̈2Ǧɮ�

ĐćƂ2ç1|yflǫʕG DMF �-ƜɅ�#C�.-, Îà1ʛȝ�#&. Fmoc İ2̔ă-3, 

ćƂŏġ�2|yflǫʕ1 20% piperidine/DMF (1.5–2.5 mL) Gï�, 1 à̌ƜɅ�&Ź, ćƂȚ

ȎGȠ˴�, ƶ&1 20% piperidine/DMF (1.5–2.5 mL) Gï�,Ōȕ- 20 àƜɅ�&. ćƂŹ, ȠȎ

��Ƅ10C:-, DMF (1.5–2 mL x 10), CHCl3 (1.5–2 mL x 5) Gȳ�,Îà1ȅȊ�, Kaiser ˄̱ 98) 2

&=1|yflǫʕ2�˽GĉBʋ�&. Fmoc J�q́2ʈđ-3, ćƂŏġ�2|yflǫʕ1 

Fmoc J�q́ (2.5 eq), HOBt (2.5 eq), DMF (2 mL) Gï�, ǈŹ1 DIC (2.5 eq) Gȑï�,�AŌȕ

- 2 ǀ̌ƜɅ�&. 0�, Fmoc J�q́2É̈¿˒İ13$D%D¬�2>2Gƞȳ�&: Boc (Lys), 

tBu (Asp, Glu, Ser, Thr, Tyr), Pmc (Arg), Trt (Asn, Cys, Gln, His). ʈđćƂŹ2|yflǫʕG DMF 

(1.5–2.5 mL x 5) -Îà1ȅȊ�, |yflǫʕ2�˽GĉB, Kaiser ˄̱Gʬ�ʈđćƂ2˱ʬGɓ

ˇ�&. ĐćƂ�ņ��,�0�.ãƵ�&Ĳđ3, Ɓʷ1Ƃ , Fmoc İ2̔ăą3 Fmoc J�q

́2ʈđGʬ)&. �ˁ2ƨ´GʊB˩�ʬ�, ɆɃ2|yfl̈GǦɮ�&. 

 

ħɈđƎ1��Cʖ¿˒�ʖǫʕ  

|yfl̈2ǦɮGɽ�&ǫʕG MeOH (1.5–2 mL x 5) -ȅȊ�, Ɋɣ~�y-�ȧ�#&>21, 

TFA RTi� [m-cresol : thioanisol : H2O : TFA (2.5 : 2.5 : 2.5 : 92.5) ą3 H2O : triisopropylsilane : TFA 

(2.5 : 2.5 : 95)] G 0 °C �-ï� (~20 mL/g (|yflǫʕ)), $2ŹŌȕ- 90 à̌ƦƗ�&. ćƂȎ

�AǫʕGU�^wK�d�-Ƞă�, ȠȎ3ȓĨ�ȟʈGʬ)&. ŻAD&ȟʈȎ1 0 °C �-

Et2O Gï�ɳ|yflGǾǵ�#, ˷ƀà̚ (120 g, 5 min, rt) �&Ź, �ȒGĉB̔�&. ŻAD&

ɳ|yfl3 H2O : MeCN (1 : 1, 0.1% TFA aq ĕǉ) 1ƍȞ�, Üʀ�ȧ!C�-, ȣǂųɱǏ.�&. 

 

HPLC ɴʴ  

ɳ|yflG DMSO 1Țʼ�, 0.46 µm ŷ2wK�d�-Ƞ˴Ź, 0.1% TFA aq-MeCN 2U�]O

�kɶGȳ�&àĉȳ˫Ɉ HPLC (ȉˮ : 5 mL/min, R��ȕŬ : 40 °C, λ : 230 nm) 1¹�, ɆɃ|y
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flGĕ<ȚßàȷG̙=,Üʀ�ȧ�, ȣǂųɱǏ.�,Ż&. ɴʴŹ2|yfl3 –20 °C ą3 

–80 °C 2ǄƐ1¿Ń�&. 

 

2-chlorotritylchloride resin 62J�q́2ŖÒ  

Ar ̜ĥǺ�, ćƂŏġ1 2-chlorotritylchloride resin (200 mg, 1.3 mmol/g, 0.26 mmol), Fmoc-Xaa-OH 

(0.065 mmol), 1,2-dichloroethane (1.5 mL), Ć5 DIEA (0.13 mmol) Ģǯï�, Ōȕ- 2.5 ǀ̌ƜɅ�

&. ćƂŹ2 Fmoc J�q́ǫʕG DMF (1.5–2.5 mL x 5) -ȅȊ�, DMF (1.5 mL–2.5 mL), MeOH 

(200 µL) Ć5 DIEA (0.26 mmol) Gï�,Ōȕ- 20 à̌ƜɅ�& (x 2). $2Ź, Fmoc J�q́ǫʕ

G DMF (1.5–2.5 mL x 5), DMF : H2O (1 : 1, 1.5–2.5 mL x 5), CHCl3 (1.5–2.5 mL x 2), MeOH (1.5–2.5 mL x 

2) -Îà1ȅȊ�, Ɋɣ~�yGȳ�,�ȧ�#&. 

ǯ1, $2 Fmoc J�q́2ŖÒȮGȖň!CȢ1, 10 mL �^w�^X1�ȧ�& Fmoc J�q

́ǫʕ2�˽ (W = 2.00–4.00 mg) Gɴő1̅BĉB, 50% piperidine/DMF (0.8 mL) Gï�, 37 °C - 

30 à̌L�S�{�k�&. $2Ź, MeOH (1.6 mL) Gï�, DMF -ǩʆ:-ť̂�& (ǈɽÓ̅ 

10 mL). ʄǜȠ˴-ǫʕG̔ă�&Ź, ŻAD&ȠȎGZ�y�.�,, Ðˠ̊ 1 cm 2ɐʤ`�Gȳ

�, 301 nm 1��CĖÐŬ (Aobs) GȖň�&. 0�, ɣ˄̱ȳ2Z�y�.�,3, 10 mL 2�^

w�^X1 50% piperidine/DMF (0.8 mL) Ć5 MeOH (1.6 mL) Gï�, DMF -ǩʆ:-ť̂�&>2 

(ǈɽÓ̅ 10 mL) G¶ȳ�, ēǧ1ĖÐŬ (Ablank) GȖň�&. �2�˰2ƨ´G, Đ Fmoc J�q

́ǫʕ1*�,Ř0�.> 2 Ģʬ�, $2ũīÆGȳ�,, Fmoc J�q́2ŖÒȮG�ˁ2Ů@B

Ŗ�& (Ů 1). 

 

 Fmoc J�q́2ŖÒȮ [mmol/g] = (Aobs – Ablank)/(0.78W) (Ů 1) 

 

Aobs: Z�y�2ĖÐŬ, Ablank: ɣ˄̱1@BȖň�D&ĖÐŬ, W: Fmoc J�q́ǫʕ̅ (mg) 
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ɩ�ɦ1̍!CđƎŊ̱ 
 

 

H-Arg(Pmc)-Ala-Gly-Asn(Trt)-Ala-Ser(tBu)-OH (1). 

̈ȫ¿˒|yfl 1 3˭ŧ2 Fmoc ĭħɈđƎȀ1@BđƎ�& (0.088 mmol scale). Ĉ̅: 42.3 mg 

(0.034 mmol), ĈȮ: 38% (Fmoc-Ser-resin 1İ+�); MALDI-TOF MS: found m/z 1162.3, calcd. 1162.4 

(M+Na)+ (average). àǖȳ HPLC (Ȗňȁ̊: 230 nm) 1@CɹŬ: 93%. 

 

Boc-Ser(H-Arg(Pmc)-Ala-Gly-Asn(Trt)-Ala)-OH (2). 

̈ȫ¿˒O-J\�Lb|yfl 2 3, 2-chlorotrityl chloride resin 1 Boc-Ser(Fmoc-Ala)-OH29) GŖÒ�

&>21, ˭ŧ2 Fmoc ĭħɈđƎȀGȳ�, 1 .ēǧ1đƎ�& (0.046 mmol scale). 0�, ʖ 

Fmoc 2 ̗ 1 3  20% piperidine/DMF 2 « F B 1  Reagent A99) (1-methylpyrrolidine (25 

v/v%)-hexamethyleneimine (2 v/v%)-HOBt (3 w/v%)/NMP-DMSO (1 : 1)) G¶ȳ�&. Ĉ̅: 27.2 mg (0.021 

mmol), ĈȮ: 46% (Boc-Ser(Fmoc-Ala)-resin 1İ+�); MALDI-TOF MS: found m/z 1206.0, calcd. 1206.4 

(M+Na)+ (average). àǖȳ HPLC (Ȗňȁ̊: 230 nm) 1@CɹŬ: 97%. 

 

O-acyl isopeptide of cyclo(Arg-Ala-Gly-Asn-Ala-Ser) (5). 

DCM (36 mL, 6% DMF ĕǉ) �1, 2 (46.7 mg, 0.036 mmol) GƦƗ�, $�1 HATU (27.4 mg, 0.072 

mmol) Ć5 2,4,6-collidine (19.1 µL, 0.14 mmol) Gï�, Ōȕ- 3 ǀ̌ćƂ�#&. ćƂȚȎGȓĨȟ

ʈ�ȱȫ¿˒ O-J\�Lb|yfl 4 GŻ&; MALDI-TOF MS: found m/z 1188.0, calcd. 1188.4 

(M+Na)+ (average). ʂ�,, crude 4 G TFA : m-cresol : thioanisole : H2O (92.5:2.5:2.5:2.5, 3 mL) 2ȚȎ1

Ț�� 45 à̌Ōȕ2ǒ1,ʖǫʕGʬ)&. $2Ź, ćƂȚȎGȓĨȟʈ�, Et2O Gȳ�,|y

fl2ɂʣǾǵGŻ&. �2ǾǵȩGǻ (1.5 mL) 1Țʼ�, ɇ(1àĉȳ˫Ɉ HPLC 1@Bɴʴ�

&. ɆɃõđȩGĕ<øȷG̙=, ɇ(1Üʀ�ȧ�ȱȫ O-J\�Lb|yfl 5 2ɂʣȣǂųɱǏ

GŻ&; Ĉ̅: 15.1 mg (0.019 mmol), ĈȮ: 53%, MALDI-TOF MS: found m/z 557.6, calcd. 557.6 (M+H)+ 

(average). àǖȳ HPLC (Ȗňȁ̊: 230 nm) 1@CɹŬ: 95%. 

 

O-Acyl isopeptide of cyclo(Arg(Pmc)-Ala-Gly-Asn(Trt)-Ala-D-Ser) ([D-Ser]-4). 

[D-Ser]-4 3ȱȫ¿˒  O-J\�Lb|yfl  4 .ēǧ1đƎ� , crude .�,Ŋ̱1ȳ�& ; 

MALDI-TOF MS: found m/z 1188.7, calcd. 1188.4 (M+Na)+ (average). 

�

cyclo(Arg-Ala-Gly-Asn-Ala-Ser) (6). 

5 (6.1 mg, 7.8 µmol) G  ǻ/CH3CN (1:1, 0.2 mL) 1Țʼ�# , $2ȚȎ�1\�RW�Ɩƚĳİ 

[3-(trimethylammonium)propyl-functionalized silica gel carbonate] (21.7 mg, 15.6 µmol) Gï� (pH 7) Ōȕ

1, 3 ǀ̌ƜɅ�&. $2Ź, wK�d�Ƞ˴1@BćƂȚȎ��A\�RW�ƖƚĳİGȠă�, 
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ȠȎ1 0.1% TFAaq G 4.8 mL ï�&. �2ȚȎGɇ(1Üʀ�ȧ�#, ȱȫpLiKx|yfl 6 

2ɂʣȣǂųɱǏGŻ&; Ĉ̅: 5.2 mg (7.8 µmol, >99%), MALDI-TOF MS: found m/z 557.6, calcd. 557.6 

(M+H)+ (average). àǖȳ HPLC (Ȗňȁ̊: 230 nm) 1@CɹŬ: 96%. 

 

 

 

ɩ ɦ1̍!CđƎŊ̱ 
 

 

[Ala-Val-Gln-Glu-Ala]-α-thio(4-carboxymethyl)phenyl ester (7). 

[Ala-Val-Gln-Glu-Ala]-Nbz (N-acyl-benzimidazolinone) 3˴ă1ıė 49) 1İ+�đƎ�&. :", Rink 

amide AM resin (270 mg, 0.20 mmol) 1, HBTU (4 eq), HOBt (4 eq) Ć5 DIEA (6 eq) Gȳ�, 

di-Fmoc-3,4-diaminobenzoic acid (4 eq, mR�Li^TǝŮ¯ɖ) GŖÒ�, ¬̑3˭ŧ2 Fmoc ĭħ

ɈđƎȀ1,|yfl̈GǦɮ�&. ŻAD&|yflǫʕ3 CH2Cl2 (2 mL) �1, 4-nitrophenyl 

chloroformate (5 eq) . 1 ǀ̌Ōȕ-ćƂ�#&Ź, DMF -ȅȊ�& (2–3 mL x 5). $2Ź, |yfl

ǫʕ3 0.5 M DIEA/DMF �- 15 à̌Ōȕ1,ƜɅ�, DMF -ȅȊ (2–3 mL x 2) Ź, Ɋɣ~�y1

,�ȧ�#& (|yflǫʕ 358.2 mg). �ȧ�#&|yflǫʕ3 H2O : triisopropylsilane : TFA (2.5 : 

2.5 : 95, 7.1 mL) 1@Bʖǫʕ�, ȓĨ�-ȟʈŹ, Et2O 1@BǾǵ�#&>2G H2O : MeCN (1 : 1, 

0.1% TFA aq ĕǉ) 1Țʼ�, Üʀ�ȧ!C�-, ɳ|yfl [Ala-Val-Gln-Glu-Ala]-Nbz (118.0 mg) G

Ż&.  

�2ɳ|yfl (50 mg) 3 6 M Gn·HCl/0.1 M ��́ʇʮȎ�1Țʼ�# (|yflȟŬ (ȰˌÆ): 

10 mM), 50 mM MPAA, 30 mM TCEP·HCl Gȑï�, ćƂȚȎ2 pH G 6.5 1ˋƯ�,Ōȕ1,fQO

^i�õćƂ1¹�&. ̋ľ 1 ǀ̌Ź2ćƂȚȎ3àĉȳ˫Ɉ HPLC 1@Bɴʴ�, ɆɃõđȩG

ĕ<øȷG̙=, ɇ(1Üʀ�ȧ� 7 2ȣǂųɱǏGŻ&; Ĉ̅: 17.8 mg (0.026 mmol), ĈȮ: 28%, 

MALDI-TOF MS: found m/z 689.7, calcd. 689.7 (M+Na)+ (average). àǖȳ HPLC (Ȗňȁ̊: 230 nm) 1@

CɹŬ: >95%. 

 

H-Ser(Cys-Ala-Val)-Ala-Ile-Leu (8). 

Fmoc-Leu-chlorotrityl resin (426 mg, 0.2 mmol) GßɁȩ˙.�,, ˭ŧ2 Fmoc ĭħɈđƎ1@B|y

fl̈GǦɮ�& (|yflǫʕ: 542.8 mg). 0�, O-J\�Lb|yfl˽à3, Boc-Ser-OH (2.5 eq) 

Gǫʕ1ŖÒ�&Ź, Fmoc-Val-OH (10 eq) G DMAP (0.1 eq), DIC (10 eq) Ńĩ� CH2Cl2 �Ōȕ1,

ħɈ�-O^i�õ!C�-đƎ�& (4 ǀ̌ x 2). ŻAD&|yflǫʕ2ɸú̅ (271 mg) G 

H2O : EDT : TIS : TFA (2.5 : 2.5 : 1 : 94.5, 5.4 mL) 1@Bʖǫʕ�, ȓĨ�-ȟʈŹ, Et2O 1@BǾǵ�

#&>2G H2O : MeCN (1 : 1, 0.1% TFA aq ĕǉ) 1Țʼ�, Üʀ�ȧ!C�-, ɳ|yfl 8 GŻ

& (59.5 mg). �2�(2 26.7 mg Gàĉȳ˫Ɉ HPLC 1@Bɴʴ�, ɆɃõđȩGĕ<øȷG̙=, 
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V��&[#N� 8 �MA:XB�<�; ,c: 14.1 mg (0.02 mmol), ,Q: 46%, MALDI-TOF MS: 

found m/z 698.4, calcd. 698.8 (M+Na)+ (average). 'CR HPLC (J6Hd: 230 nm) ���Z9: >95%. 

 

Cys-Ala-Val-Ser-Ala-Ile-Leu (11). 

(.O 11  `�b8� Fmoc 31W.>G���.>�� (0.019 mmol scale). ,c: 5.1 mg 

(0.0075 mmol), ,Q: 38%, ESI-MS: found m/z 698.4, calcd. 698.3 (M+Na)+ (exact). 'CR HPLC (J6H

d: 230 nm) ���Z9: >95%. 

 

H-Ser(Ala-Val-Gln-Glu-Ala-Cys-Ala-Val)-Ala-Ile-Leu (9, NCL ���.>). 

DMF " 20 mM MPAA, 40 mM TEA, 20 mM TCEP·HCl 52!, (.O 7 (3.0 mg, 4.4 µmol) *� 8 

(3.0 mg, 4.4 µmol) � NCL �$�� (����L9: 3.5 mM). e4 1 @f;�+=KI�'-RaW 

HPLC ���Y\�, UT(.O�0�)S�g�, V��&[#N� 9 �MA:XB�<�; ,c: 

2.8 mg (2.4 µmol), ,Q: 54%, HRMS (FAB): found m/z 1174.6135, calcd. 1174.6142 C50H88N13O17S (M+H)+ 

(exact). 'CR HPLC (J6Hd: 230 nm) ���Z9: >95%. 

 

Ala-Val-Gln-Glu-Ala-Cys-Ala-Val-Ser-Ala-Ile-Leu (10, NCL ���.>). 

DMF " 20 mM MPAA, 40 mM TEA, 20 mM TCEP·HCl 52!, (.O 7 (3.0 mg, 4.4 µmol) *� 11 

(3.0 mg, 4.4 µmol) � NCL �$�� (����L9: 3.5 mM). +=e4 1 @f	��P�FE�]7

���. ��FE� HFIP �K^��, ��KI�'-RaW HPLC ���Y\�, UT(.O�0

�)S�g�, V��&[#N� 10 �MA:XB�<�; ,c: 0.94 mg (0.80 µmol), ,Q: 18%, 

HRMS (FAB): found m/z 1196.5974, calcd. 1196.5961 C50H87N13O17SNa (M+Na)+ (exact). 

 

H-Ser(Ala-Val-Gln-Glu-Ala-Cys-Ala-Val)-Ala-Ile-Leu (authentic sample of 9, 1W.>). 

(.O  8 
/D�?G���.>��  (5.6 µmol scale). ,c: 0.65 mg (0.56 µmol), ,Q: 10%, 

MALDI-TOF MS: found m/z 1174.7, calcd. 1175.4 (M+H)+ (average). 

 

H-Ser(Ala-Val-Gln-Glu-D-Ala-Cys-Ala-Val)-Ala-Ile-Leu (Ala5 �����(_%R). 

(.O  8 
/D�?G���.>��  (4.5 µmol scale). ,c : 0.8 mg (0.68 µmol), ,Q : 15%, 

MALDI-TOF MS: found m/z 1175.4, calcd. 1175.4 (M+H)+ (average). 

 

Ala-Val-Gln-Glu-Ala-Cys-Ala-Val-Ser-Ala-Ile-Leu (authentic sample of 10, 1W.>). 

(.O 10  `�b8� Fmoc 31W.>G���.>��. MALDI-TOF MS: found m/z 1196.9, 

calcd. 1197.4 (M+Na)+ (average). 

 

pyroGlu1-ADan1–21-SCH2CH2SO3
–Na+ [Ile21Ala] (14). 
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õđȩ  7 .ēǧ2ƑȀ1@BđƎ�&  (0.02 mmol scale). Ĉ̅ : 2.2 mg (0.80 µmol), ĈȮ : 3%, 

MALDI-TOF MS: found m/z 2504.1, calcd. 2503.8 (M+H)+ (average). HPLC: Ħ 2.8A Ąȥ. 

 

Aloc-Ser29(ADan22–28)-Gln-Glu-Lys-His-Tyr34 (15). 

õđȩ  8 .ēǧ2ƑȀ1@BđƎ�&  (0.06 mmol scale). 0� , O-J\�Lb|yfl˽à3 , 

Aloc-Ser-OH (5.0 eq) Gǫʕ1ŖÒ�&Ź, Fmoc-Asn(Trt)-OH (10 eq) GħɈ�-O^i�õ!C�-Ǧ

ɮ�& (4 ǀ̌ x 2). Ĉ̅: 8.7 mg (4.4 µmol), ĈȮ: 7%, MALDI-TOF MS: found m/z 1727.9, calcd. 1727.9 

(M+H)+ (average). HPLC: Ħ 2.8B Ąȥ. 

 

Aloc-Ser29(pyroGlu1-ADan1–28)-Gln-Glu-Lys-His-Tyr34 (16). 

6 M Gn·HCl, 20 mM MPAA Ć5 20 mM TCEP·HCl Gĕǉ!C 0.1 M ��́ʇʮȎGȳ�,, 14 (2.2 

mg, 0.76 µmol) . 15 (1.5 mg, 0.72 µmol) G$D%D 1 mM .0C@�1ť̂�, ćƂȚȎ2 pH G 

6.5 1ˋƯ�, Ōȕ1, 22 ǀ̌ćƂ�#C�- 16 GđƎ�&. Ĉ̅: 0.8 mg (0.18 µmol), ĈȮ: 25%, 

MALDI-TOF MS: found m/z 4089.9, calcd. 4089.5 (M+H)+ (average). HPLC: Ħ 2.8D Ąȥ. 

 

DMSO ́õćƂ1@C  17 2đƎ . 

16 (0.4 mg, 0.090 µmol) G 1 mL 2 1 M HCl aq : DMSO (1 : 99 v/v) �6Țʼ�, Ōȕ1, 24 ǀ̌ćƂ

�#&. ćƂȚȎ3˫Ɉ HPLC 1@Bɴʴ�, ɆɃõđȩGĕ<øȷG̙=, ɇ(1Üʀ�ȧ� 17 

2ȣǂųɱǏGŻ&; Ĉ̅: 0.3 mg (0.067 µmol), ĈȮ: 74%, MALDI-TOF MS: found m/z 4087.7, calcd. 

4087.5 (M+H)+ (average). HPLC: Ħ 2.9A Ąȥ. 

 

ʖ  Aloc 1@C  12 2đƎ . 

ŻAD& 17 (0.18 mg, 0.040 µmol) 3 50% DCM/DMF (0.1% TFA ĕǉ) �6Țʼ�, Pd(Ph3)4 (45.2 µg, 

0.04 µmol) Ć5 PhSiH3 (0.48 µL, 4 µmol) Gȑï�, Ar ̜ĥǺ�1��,ʖ Aloc ćƂ1¹�&.50) ̋

ľ 1 ǀ̌Ź2ćƂȚȎ3˫Ɉ HPLC 1@Bɴʴ�, ɆɃõđȩGĕ<øȷG̙=, ɇ(1Üʀ�ȧ

� 12 2ȣǂųɱǏGŻ&; Ĉ̅: 0.15 mg (0.033 µmol), ĈȮ: 84%, MALDI-TOF MS: found m/z 4003.3, 

calcd. 4003.5 (M+H)+ (average). HPLC : Ħ 2.9B, 2.10A Ąȥ. 

 

ħɈđƎȀ1@C  13 2đƎ . 

õđȩ 13 3�˪2˭ŧ2 Fmoc ĭħɈđƎȀ1@BđƎ�& (0.18 mmol scale). 0�, S-S ǚǬćƂ

1*�,3 17 .ēǧ2ƑȀ1@Bʬ)&. Ĉ̅: 0.72 mg (0.16 µmol), ĈȮ: 0.09%, MALDI-TOF MS: 

found m/z 4003.6, calcd. 4003.5 (M+H)+ (average). àǖȳ HPLC (Ȗňȁ̊: 230 nm) 1@CɹŬ: >95%. 

 

O-acylisopeptide of Aβ1–42 (18). 

ˆɼ3ĄʏƲȭ 3 GĄȥ2�. 
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O-acylisopeptide of Aβ11–42 (20). 

õđȩ 18.ēǧ2ƑȀ1@BđƎ�&. ĈȮ: 17.6%, MALDI-TOF MS: found m/z 3336.8, calcd. 3336.9 

(M+H)+ (average). àǖȳ HPLC (Ȗňȁ̊: 230 nm) 1@CɹŬ: >95%. 

 

O-acylisopeptide of [Pyr11]Aβ11–42 (22). 

õđȩ 18.ēǧ2ƑȀ1@BđƎ�&. 0�, Pyr11 ˽à3 pyroglutamic acid (2.5 eq) Gʈđ�#C�

-Ǧɮ�&. ĈȮ: 16.2%, MALDI-TOF MS: found m/z 3318.8, calcd. 3318.9 (M+H)+ (average). àǖȳ 

HPLC (Ȗňȁ̊: 230 nm) 1@CɹŬ: >95%. 

 

 

 

ɩ�ɦ1̍!CđƎŊ̱ 
 

 

[N-Me-β-Ala26]Aβ1–42 (24). 

õđȩ 24 3�˪2˭ŧ2 Fmoc ĭħɈđƎȀ1@BđƎ�& (7.5 µmol scale). 0�, N-Me-β-Ala26 

˽à3 Fmoc-N-Me-β-Ala-OH (2.5 eq, ȔˤõńšǤǝŮ¯ɖ) Gʈđ�#C�-Ǧɮ�&. :&, TFA 

� (0 °C), DMS (40 eq), NH4I (40 eq) Ńĩ�, 1 ǀ̟̌ʋ!C�- Met(O)35 2˻ÍGʬ)&. Ĉ̅: 1.9 

mg (0.34 µmol), ĈȮ: 4.6%, MALDI-TOF MS: found m/z 4513.1, calcd. 4513.1 (M+H)+ (average). àǖȳ 

HPLC (Ȗňȁ̊: 230 nm) 1@CɹŬ: >95%. 
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˃»Ŋ̱ 
 

 

ɩ�ɦ1̍!C˃»Ŋ̱ 
 

 

×ÇÐ ʣƄ  (CD) àǖ1@C ǯǦ˯˃»  

ȱȫ|yfl 5 Ć5 6 G 10 mM ��́ʇʮȎ (pH 2.6, 38 mM NaCl ĕǉ) �1Țʼ�, ×ÇÐ 

ʣƄàÐÐŬʿ (Jasco J-720WI spectropolarimeter, ƻǐàÐ) Gȳ�,, $D%D2 CD ^|Tk�G

Ȗň�&. CD Ȗňǒ: λ: 260 nm-190 nm, j�ď̖: 0.1 nm, s�lŨ: 1.0 nm, ɠɬĢƮ: 8 Ģ, Ð

ˠ̊: 0.1 cm, ȖňȕŬ: Ōȕ. &'�, ũīǳİ��ǣ×Ȯ [θ] 3Z�y��2J�lʀđ2Ʈ1@

BʳǱ�&. ®Ɖ2ȁ̊ λi 1��C [θ] (deg·cm2/dmol) 3¬�2Ů@Bɬß�& (Ů 2). 0�, CD 

^|Tk�3ɝóũīȀGȳ�,ũțõ�& (ø̌ 20 y�gk). 

 

 [θ] = (θobs – θblank) / (10 · l · c · A) (Ů 2) 

 

θobs: Ȗň�D&ǣ×Ȯ (mdeg), θblank: ɣ˄̱1@BȖň�D&ǣ×Ȯ (mdeg), l: Ðˠ̊ (cm), 

c: Z�y�2��ȟŬ (mol/L), A: Ȗň�&Z�y�2àŀ�1ĕ<J�lʀđ2Ʈ. 

 

 

 

ɩ ɦ1̍!C˃»Ŋ̱ 
 

 

ǻȚƄ2˃»  

Đ|yflGǻ�1̭Ě�#, Ōȕ- 10 à̌ƜɅ�, Łŷ 0.46 µm 2wK�d� (Milipore, Bedford, 

MA, USA) -Ƞ˴�&Ź, HPLC àǖGʬ�, ŻAD&v�T̡ɠ@B̭ĚȟŬGɬß�&. ȟŬʿɬ

1�&B, Đ|yfl2ȟŬƺɎ2ǩș DMSO ȚȎGäˬˋʴ�, HPLC àǖGʬ�, ŻAD&v�

T̡ɠ�AǢ̅ʆG´Ǝ�&. àǖ HPLC 2ǒ: C18 ˫ɈR�� (YMC-Pack ODS AM, 4.6 x 150 

mmI.D. S-5 µm, 12 nm.), 0–100% MeCN, 40 min, λ 230 nm, ȉˮ 0.9 mL/min (R��ȕŬ: 40 °C). 

 

Z�y�^kgTb���\��2ˋʴ  

Đ O-J\�Lb|yfl 18, 20, 22 G 0.1%TFA aq 1Țʼ� (>0.8 mg/mL), û�˞̣ȁȅȊǭ 

(3510J-MT, ��kɛń ) Gȳ�,˞̣ȁÞȰ  (42 kHz, 1 ǀ̌ ) �&Ź , ˞˷ƀÞȰGʬ)& 

(435,000g, 4 °C, 3 ǀ̌). Ȏ̡�A 3/4 ŏɠà2�ȒG.B, Ȗňȁ̊ 280 nm 1��C�Ȓ2ĖÐŬ
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GɻķčʹàÐÐŬʿ (BioSpec-1600, ŝȆʴ´Ɛ) 1@BȖň�, f�\�2��ĖÐ½Ʈ (1490 

M-1cm-1) �A, Lambert-Beer 2ŮGȳ�,ȟŬGǽň�& (> 200 µM, Ů 3). 

 

 c = (Aobs – Ablank) / ε (Ů 3) 

 

c; Z�y�ȟŬ (mol/L), Aobs; Ȗň�D&ĖÐŬ, Ablank; ɣ˄̱1@BȖň�D&ĖÐŬ, 

ε; f�\�2��ĖÐ½Ʈ (= 1490 M-1cm-1). 

 

ȟŬǽň�&�Ȓ3^kgTb���\��.�,àȂ� – 80 °C 2ǄƐ-ÚÜ¿Ń�&. �DA2

^kgTb���\��Gȳ�,¬̑2˃»Ŋ̱Gʬ�̗3, $2Ŋ̱G̋ľ!Cɇç1^kgTb

���\��GʼÜ�, ˸Ų0ʇʮȎGȳ�,Ɓʷ0ɽȟŬ:-ť̂�,¶ȳ�&. 

 

CD àǖ1@C ǯǦ˯˃»  

O-J\�Lb|yfl 18, 20, 22 G 0.1% TFA aq (pH 2) ą3 10 mM ��́ʇʮȎ (pH 7.4) �-L

�S�{�k� (37 °C), ×ÇÐ ʣƄàÐÐŬʿ (Jasco J-720WI spectropolarimeter, ƻǐàÐ) Gȳ�

,, ®Ɖ2ǀȡ1��C$D%D2 CD ^|Tk�GȖň�&. CD Ȗňǒ: λ: 260 nm-190 nm, j�

ď̖: 0.1 nm, s�lŨ: 1.0 nm, ɠɬĢƮ: 4 Ģ, Ðˠ̊: 0.1 cm, ȖňȕŬ: Ōȕ. &'�, ũīǳİ

��ǣ×Ȯ  [θ] 3Z�y��2J�lʀđ2Ʈ1@BʳǱ�& . ®Ɖ2ȁ̊  λi 1��C  [θ] 

(deg·cm2/dmol) 3Ů 2 @Bɬß�&. 0�, CD ^|Tk�3ɝóũīȀGȳ�,ũțõ�& (ø̌ 

20 y�gk). 

 

fQw�u�-T (Th-T) Jg`L1@CÝ̙Ƅ˃»  

O-J\�Lb|yfl 18, 20, 22 G 10 mM ��́ʇʮȎ (pH 7.4) �-$D%DL�S�{�k� 

(37 °C), ®Ɖ2ǀ̌1��CZ�y�ǻȚȎ2�˽ (15 µL) Gƞĉ�&. �D1 0.5 mM Th-T aq (1.5 

µL) Ć5 50 mM Gly-NaOH ʇʮȎ (150 µL, pH 8.5) Ģǯï�Îà1ȐĚ�&Ź, ˮ?�1 Th-T 2

ʫÐűŬGȖň�&. ʫÐűŬ2Ȗň1̗�, 440 nm Ć5 480 nm 2ȁ̊G$D%Dñ˝ȁ̊Ć5ʫ

Ðȁ̊.�,ȳ�&. 0�, Th-T ʫÐűŬ2ȖňÆ3, 1 M Tris-HCl ʇʮȎ (164 µL) �1��C 1 

mM calsein aq (2.5 µL) 2ʫÐűŬGİș.�, $2ɈŔÆGɬß�&. ǐJg`L3Đ O-J\�Lb

|yfl1*�,Ř0�.> 3 ĢȖň�, $2ũīÆGƞȳ�&. 

 

Ăŀ̌í̪Ž̉Ȁ  (AFM) 1@CʉʃųƋ2˃»  

O-J\�Lb|yfl 18, 20, 22 G 25 mM HEPES ʇʮȎ (pH 7.4, 100 mM NaCl ĕǉ) �-$D%

DL�S�{�k� (37 °C), ĐȖňǀ̌1��CZ�y�ȚȎ2�˽ (10 µL) GĺȤ̝ǶǕ (n�

X) 2ì̋
6���

̡�12#, 3 à̌Ōȕ-ƫʋ�, |yflG̝ǶǕ1Ėɋ�#&. ŻAD&̝ǶǕ2ʯ̡

G˞ɹǻ (20 µL) -Ȝ�, Z�y�ȚȎ1ȵǓ!CĳGȅȊ�, Ōȕ-Îà1�ȧ�#&Ź AFM 1
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@CʻœGʬ)&. Ȗň3, R�f�s�2 drive amplitude Gʝó-˂ň�&Ź, ĹǺ� tapping 

mode -ʬ)& (5 x 5 nm, ˜ǛˮŬ; 0.5 Hz, ˜Ǜʆ; 512 ǐ). ǐ˃»Ŋ̱3 1 *2Z�y�1*�,

Ř0�.> 3 Ģ1ȔBēǧ2Ŋ̱GʊB˩�ʬ)&. :&, Z�y��Ėɋ�&̝ǶǕ 1 ǘ1*� 

3 ʹ̄¬�ʻœ�, «ʯɃ0ʹ̄Gj�d.�,ƞȳ�&. 

 

PC12 ɼʓGȳ�&ɼʓǷƄ˃»  

poly-D-Lys X�iK�U�D& 96 ɡ�LT�y��k (Becton Dickson Labware, Bedford, MA) 1 1 

MN�Ų&B 5.0 x 103 Â2 PC12 Gƥɟ�, 100 µL 2 25 mM HEPES-DMEM (10 v/v% FBS, 5 v/v% HS, 

1 mM v�u�́ Na ĕǉ) �1, 3 ƻ̌L�S�{�k�& (37 °C, 10% CO2). �LT�y��k

G 150 µL 2 25 mM HEPES-DMEM (serum-free, 1 mM v�u�́ Na ĕǉ) -ȅȊ�&Ź, 100 µL 

2 25 mM HEPES-DMEM (1 v/v% HS, 1 mM v�u�́ Na ĕǉ) ą3 25 mM HEPES-DMEM (50 

ng/mL NGF, 1 mM v�u�́ Na ĕǉ) 6.įĪG£Ƣ�, $D%D 1 ƻą3 4 ƻ̌L�S�{�

k�&. ǯ1, O-J\�Lb|yfl 18, 20, 22 G$D%D2MN�1ȑï� (ɽȟŬ: 12 µM), 2 ƻ̌

L�S�{�k�&Ź, ĐMN�1 WST-8 (10 µL, mR�Li^T) Gï�, 2 ǀ̌L�S�{�k�

&ǀ2ĖÐŬG�LT�y��k��e�1@BȖň�& (ĖĈȁ̊: 450 nm, Ąȥȁ̊: 655 nm). Ȗ

ňÆ�Ax��T (viecle) 2ƮÆGȓ &Æ�A, ɼʓ2ȲŃȮGɬß�&. ǐJg`L3, Đ O-J

\�Lb|yfl1*�,Ř0�.> 3 ĢȖň�, $2ũīÆGƞȳ�&. 

 

 

 

ɩ�ɦ1̍!C˃»Ŋ̱ 
 

 

Z�y�^kgTb���\��2ˋʴ  

pLiKx Aβ1–42 (|yflɑɢƐ) Ć5 24 G 0.02% NH3 aq 1Țʼ� (~ 0.3 mg/mL), û�˞̣ȁ

ȅȊǭ (3510J-MT, ��kɛń) Gȳ�,˞̣ȁÞȰ (42 kHz, 1 ǀ̌) �&Ź, ˞˷ƀÞȰGʬ)& 

(435,000g, 4 °C, 3 ǀ̌). Ȏ̡�A 3/4 ŏɠà2�ȒG.B, Ȗňȁ̊ 280 nm 1��C�Ȓ2ĖÐŬ

GɻķčʹàÐÐŬʿ (BioSpec-1600, ŝȆʴ´Ɛ) 1@BȖň�, f�\�2��ĖÐ½Ʈ (1490 

M-1cm-1) �A, Lambert-Beer 2ŮGȳ�,ȟŬGǽň�& (~ 60 µM, Ů 3). ȟŬǽň�&�Ȓ3^k

gTb���\��.�,àȂ� – 80 °C 2ǄƐ-ÚÜ¿Ń�&. 0�, O-J\�Lb|yfl (18) 

Ć5 5-FAM-Aβ1–42 (AnaSpec Inc.) 2Ĳđ3, Ț�!ȚĿ1 0.1% TFA aq Gȳ�, ¬̑2ƨ´3 

Aβ1–42 2ǀ.ēǧ1ʬ)&. �DA2^kgTb���\��Gȳ�,¬̑2˃»Ŋ̱Gʬ�̗3, 

$2Ŋ̱G̋ľ!Cɇç1^kgTb���\��GʼÜ�, ˸Ų0ʇʮȎGȳ�,Ɓʷ0ɽȟŬ:

-ť̂�,¶ȳ�&. 
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CD àǖ1@C ǯǦ˯˃»  

ˈŖ³ 24 G 0.1% TFA aq (pH 2) �-L�S�{�k� (37 °C), ×ÇÐ ʣƄàÐÐŬʿ (Jasco 

J-720WI spectropolarimeter, ƻǐàÐ) Gȳ�,, ®Ɖ2ǀȡ1��C CD ^|Tk�GȖň�&. CD 

Ȗňǒ: λ: 260 nm-190 nm, j�ď̖: 0.1 nm, s�lŨ: 1.0 nm, ɠɬĢƮ: 4 Ģ, Ðˠ̊: 0.1 cm, Ȗ

ňȕŬ: Ōȕ. &'�, ũīǳİ��ǣ×Ȯ [θ] 3Z�y��2J�lʀđ2Ʈ1@BʳǱ�&. ®Ɖ

2ȁ̊ λi 1��C [θ] (deg·cm2/dmol) 3Ů 2 @Bɬß�&. 0�, CD ^|Tk�3ɝóũīȀGȳ

�,ũțõ�& (ø̌ 20 y�gk). 

 

AFM 1@C  Aβ1–42 ʉʃųƎ̐ōȈƄ˃»  

ĐȖňǀ̌1��CZ�y�ȚȎ2�˽ (10 µL) GĺȤ̝ǶǕ (n�X) 2ì̋
6���

̡�12#, 3à̌Ō

ȕ-ƫʋ�, |yflG̝ǶǕ1Ėɋ�#&. ŻAD&̝ǶǕ2ʯ̡G˞ɹǻ (20 µL) -Ȝ�, Z�

y�ȚȎ1ȵǓ!CĳGȅȊ�, Ōȕ-Îà1�ȧ�#&Ź AFM 1@CʻœGʬ)&. Ȗň3, R�

f�s�2 drive amplitude Gʝó-˂ň�&Ź, ĹǺ� tapping mode -ʬ)& (5 x 5 nm, ˜ǛˮŬ; 

0.5 Hz, ˜Ǜʆ; 512 ǐ). ǐ˃»Ŋ̱3 1 *2Z�y�1*�,Ř0�.> 3 Ģ1ȔBēǧ2Ŋ̱G

ʊB˩�ʬ)&. :&, Z�y��Ėɋ�&̝ǶǕ 1 ǘ1*� 3 ʹ̄¬�ʻœ�, «ʯɃ0ʹ̄Gj

�d.�,ƞȳ�&. 

 

ʫÐÇÐʼȍȀ1@C  Aβ1–42 Ý̙̐ōȈƄ˃»  

ʫÐÇÐʼȍȀGȳ�&ʫÐȻƷƄ (fluorescence anisotropy: r) 2Ȗň3˴ă1ıė�D&ƷȀ1İ+

�,ʬ)&.92,94) ǐ˃»Ŋ̱-3, 5-FAM-Aβ1–42 (AnaSpec Inc.) . Aβ1–42 G 5 : 95 2êđ-Ȑđ�

&>2G Aβ1–42 2Z�y�.�,¶ȳ�&. Aβ1–42 ýȬ (5 µM), Aβ1–42 + betulinic acid (5 µM : 5 

µM), Aβ1–42 + NDGA (5 µM : 5 µM) Ć5 Aβ1–42 (5 µM) + 24 (0.5, 2.5, 5 µM) 2Z�y�3 0.1 M �

�́ʇʮȎ (pH 7.4) � 37 °C-L�S�{�k�&. ĐȖňǀ̌1��,$D%D2Z�y�2�˽

Gƞĉ (8 µL) �, 0.1 M ��́ʇʮȎ1@Bť̂ (8 µL � 400 µL) Ź, ɇ(1àÐʫÐÐŬʿGȳ�

, r ÆGȖň�&. ʫÐűŬ2Ȗň13Ðˠ̊ 3 mm 2ɐʤ`�G¶ȳ�&. 0�, Ȗň1ȳ�&ñ

˝ȁ̊ 494 nm (s�lŨ 15 nm) Ć5ʫÐȁ̊ 521 nm (s�lŨ 15 nm) 3ʫÐy��x.�,¶ȳ

�& 5-FAM-Aβ1–42 1ȵǓ�,�C. ʻȖ�D&ʫÐűŬ3 0.02 ɜ̖̌- 60 ɜ̌Ȗň�, $2ũ

īÆ�A¬�2Ů@B r ÆGǼ=& (Ů 4). 

 

 r = (IVV— GIVH) / (IVV + 2GIVH) (Ů 4) 

 

&'�, Ivv, Ivh, Ihv, Ihh 3, ñ˝ÐÉ.ʫÐÉ1˂ʋ�D&ÇÐŀ2ƷĔ2ɾ;đF#1@BʻȖ�D&

$D%D2ʫÐűŬGʯ!. Đȑł1*�,3, v 3ĬɇƷĔ (vertical, 90°), h 3ǻũƷĔ (horizontal, 

0°) 2ÇÐŀ2ƷĔGɔ�, ç1ǆ�D&>2�ñ˝É2ÇÐŀ2ƷĔG, Ź1ǆ�D&>2�ʫÐÉ

2ÇÐŀ2ƷĔGʯ!. G 3ʰʋħǉ2ÇÐ2ÇBGʳǱ!CÆ-�B, ¬�2Ů@BǼ=& (Ů 5). 
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 G = IHV / IHH (Ů 5) 

 

MO^d�x�gkȀ1@C  Aβ1–42 2Q�Y��ųƎ̐ōȈƄ˃»  

Aβ1–42 (10 µM), Aβ1–42 + 24 (10 µM + 10 µM ą3 30 µM) 2��́ʇʮȎȚȎ (pH 7.4) G 37 °C -

L�S�{�k�&Ź, Đ�2Ȗňǀȡ1��,Z�y�ȚȎ2�˽ (9 µL) Glj\�ɒ́�fM

� (LDS) ʇʮȎ (5 µL) Ć5˞ɹǻ (6 µL) .Ȑđ�, ̞Ǻȃó1��C:- – 80 °C 1,ÚÜ¿Ń

�&. ʼÜ�&Z�y�3ïȦÞȰ� (70 °C, 10 à), MES-SDS (morpholinoethanesulfonic acid-sodium 

dodecylsulfate) ȃóʇʮȎ�, ̠˻ÍɃǒ�1��, Nu-PAGE® Bis-Tris 4-12% gel (invitrogen) Gȳ

�,̞ǺȃóGʬ)& (35 min, 200V). 0�, àŀ̅��R�13 Novex® sharp pre-stained protein 

standards (Life technology) Gȳ�&. ȃóŹ2W�G polyvinylidene difluoride (PVDF) ʚ (Bio-Rad) 1

ˡÙ� (2 ǀ̌, 250 mA), ŻAD& PVDF ʚ3 TBS-T 1@BȅȊŹ, 5 w/v %-skim milk/TBS-TGȳ�

,x�gS�UćƂ1¹�& (2 ǀ̌). ʂ�,, $2 PVDF ʚGƔ β-Amyloid(1–16) �qT��m�

Ɣ³ (T���: 6E10, Covance) 1@B�ǯƔ³ÞȰ� (1 : 10000, 4 °C, 18 h), TBS-T 1@CȅȊŹ (x 

3), ʶȄ�Zu|�QS\e�a (HRP; horseradish peroxydase) -ǩˑ�&Ɣ�M^ IgG-HRP Ɣ³1

@B ǯƔ³ÞȰGʬ)& (1 : 8000, rt, 1 h). �DA2ÞȰGɽ�& PVDF ʚ3, TBS-T 1@CȅȊ

Ź  (x 3), ECL (enhanced chemiluminescence, GE helthcare) GǢß˄ʨ.�, , j�\k��d� 

(LAS-4000mini, ŒĵwK��) Gȳ�,ȷËõ�&. ǐ˃»˄̱3 1 *2Z�y�1*�,Ř0�.

> 3 ĢŊƸ�, «ʯɃ0ȷËGj�d.�,ƞȳ�&.  
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