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1   

1-1. ♃fiⱤ◒ ─ ╠⅞≤  

♃fiⱤ◒ │ 20 ─▪Ⱶⱡ ≢ ↕╣╢ⱳꜞⱭⱪ♅♪ ≢№╢⁹ ─♃fiⱤ◒

│⁸ ⌐ ─ (van der Waals ⁸ ⁸ ⁸

)≤ (☺☻ꜟⱨ▫♪ )⌐╟∫≡ ╡√√╕╣⁸ ◄Ⱡꜟ◑כ ⌐

⌂ (™╦╝╢ )╩ ∆╢⁹♃fiⱤ◒ ─ │⁸X ╛

⌂≥⌐╟╡ ⅜↕╣≡™╢⁹2014 ⌐│⁸ 10 ─ ⅜

/Ᵽfi◒(Protein Data Bank: http://pdbj.org♃כ♦ )⌐ ↕╣≡™╢⁹♃fiⱤ◒

─ ⌂ │⁸♃fiⱤ◒ ≤ ─ ─ ⌐╟∫≡⁸ ⌐

⌂ ⅝⅜№╢↓≤⅜╦⅛∫≡™╢ 1-5⁹⇔⅛⇔⁸ ≢─♃fiⱤ◒ ─ │⁸

≢ ⌐ ⇔≡™╢╦↑≢│⌂ↄ⁸∕╣╟╡ ◄Ⱡꜟ◑כ ⌐ ⌂ ( ◄

Ⱡꜟ◑כ )≤─ ⌐ ⅜ ╡ ∫≡⅔╡⁸ ⅛╠ ─ ™

╩ ╠™≢™╢⁹♃fiⱤ◒ ─ ╠⅞│⁸ ⌂≥─ ╛▪Ⱶ꜡▬♪⌂

≥─Ⱶ☻ⱨ◊כꜟ♦▫fi◓ ⌐ ⌂ ⅝⅜№╢≤™╦╣≡™╢(Fig. 1.1)
6-15⁹ ⅎ┌⁸ ◄

Ⱡꜟ◑כ ⅜ ⌐ ╦╢ ≤⇔≡☺ⱥ♪꜡  (DHFR)⅜№╢⁹DHFR│⁸

⅜ closed ≤ occluded ⁸open ─ 3≈─ ╩ ≈↓≤⅜⁸NMR☻Ⱨfi

⅛╠╦⅛∫≡™╢ 6-7⁹ ─ ⌐ ™↓╣╠ 3≈─◖fiⱱⱷכ◦ꜛfi─ ⅜ ∆

╢⅜⁸ ⌐ ⇔ ─ 2 ≈─◖fiⱱⱷכ◦ꜛfi─ │ ↄ⁸ │

≢№╢⁹ ⌐│↓─╟℮⌂ ◄Ⱡꜟ◑כ │ ⅜ ↄ⁸ ⌐ ⅎ╢

↓≤│ ≢№╢√╘⁸∕─ ╛ │╟ↄ╦⅛∫≡™⌂™ ⅜ ™⁹

≢│⁸ꜚⱦ◐♅fi─ ◄Ⱡꜟ◑כ ╩ ⇔√ ╩ ⌐ ⇔⁸ NMR

⌐╟╡ ⌂ ≤ ╩ ╠⅛⌐∆╢↓≤╩ ≤∆╢⁹ 

 

 

http://pdbj.org/
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Fig. 1.1 ─↕╕↨╕⌂▬ⱬfi♩⌐ ╦╢♃fiⱤ◒ ─ ╠⅞ 
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1-2. NMR  

≢ (NMR) ╩ ℮↓≤≢⁸ NMR │⁸ ─ ↕™

◄Ⱡꜟ◑כ ╩ ≢ ⅎ╢↓≤─≢⅝╢ ⌂ ≢№╢ 16,17⁹♃fiⱤ◒ ─

╛ ─ ╠⅞│⁸ ⁸ ⁸ ⌐╟∫≡ ╩ ↑╢⁹∕─℮∟

│⁸ ⸗ꜟ ⅜ ↕™ ╩ ∆╢⁹♃fiⱤ◒ ⌐ ╩ ⅎ╢≤⁸

♃fiⱤ◒ ─ ⌂≥⌐ ⅜ ╠╣⁸ ⅜ ↕™ ⅜ ↕╣╢⁹ ─◑

Ⱪ☼ ◄Ⱡꜟ◑כ æG ≤  K ─ ≤æG ╩ ⌐≈™≡ ╕≢♥▬ꜝ

כ ⇔√ ⅜ᵑ ≢№╢⁹ 

ЎὋ  ὙὝÌÎὑ  ЎὋЈ ЎὠЈὴ ὴ  ᵑההה

R │ ⁸T │ ⁸DV │ ─ ⁸p │ ≢№╢⁹æV° ─

⸗ꜟ ≢№╢⁹♃fiⱤ◒ │⁸ ⌐ ─ ⅜ ╦╣╢╒≥⁸ ≢

∆╢ ─ ⅜ ⌐ ⇔⁸ ⸗ꜟ ⅜ ↕ↄ⌂╢√╘⁸ ⌐╟╡

─ ⌐ ∂≡⁸ ◄Ⱡꜟ◑כ ⅜ ↕╣╢⁹NMR │⁸♃fiⱤ◒ ─ⱨ◊כꜟ

♦▫fi◓ ≢╟ↄ ↕╣╢ ☻Ɑ◒♩ꜟ╛ ☻Ɑ◒♩ꜟ⌂≥⌐ ═

⅜ ↄ⁸ ≢ ╩ ℮↓≤⅜≢⅝⁸╒⅛─ ≤ ═≡ ⅜ ⌐

™⁹ NMR ⅜ ⌐№╢ ─ NMR │⁸ ∞↑≢│⌂ↄ⁸ ─

╠⅞╛ ⌐ ╦╢ ₁⌂ ╩ ╢↓≤⅜≢⅝╢⁹ ☿ꜟ ≢ ╦╣╢

NMR (Fig.1.2)≢│⁸ ⌐ ⇔√ ☿ꜟ⌐☻♥fi꜠☻♅ꜙכⱩ⌐≈⌂⅜∫√Ɫ

fi♪ⱳfiⱪ⌐╟╡⁸ ⇔≡ ╩ ℮⁹NMR ⌐│ ╩ ⅎ⌂™√╘⁸ ─

NMR ╩ ™√№╠╝╢ NMR ⅜ ≢№╢⁹∕─√╘⁸ (NOE)╛ J ◌♇

ⱪꜞfi◓⁸  (RDC)⌐╟╢ ─ ⌐ ≠ↄ⁸ ≤☻

Ⱨfi ⌐╟╢ ─♄▬♫Ⱶ◒☻ ⅜ ≢№╢⁹ ≢─♃fiⱤ◒

─↓╣╠─ │ ─ ≢ ╢↓≤│ ⇔ↄ⁸ NMR │ ◄Ⱡꜟ◑כ ─

⌐⅔™≡ ⌐ ⌂ ≢№╢⁹ 
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Fig.  1.2. ☿ꜟ╩ ™√ NMR ─◦☻♥ⱶ 
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1-3. ꜚⱦ◐♅fi─ ╠⅞ 

ꜚⱦ◐♅fi│⁸76 ─ ↕⌂♃fiⱤ◒ ≢⁸NMR ≢╟ↄ ╦╣╢⸗♦ꜟ♃fiⱤ

◒ ─ ≈≢№╢⁹ꜚⱦ◐♅fi│⁸ ≢▪Ⱶⱡ ⅜ ⌐ ↕╣≡™╢↓≤

⅜ ╠╣≡™╢⁹∕─ ⁸ ⌐│ ⇔⌂™⁹∕─ ↕↕≤│ ⌐ꜚⱦ◐♅fi

│⁸ ⌂ ⌐ ╦∫≡™╢⁹ ⅎ┌⁸ ◒fiⱤ♃╢⌂≥♩♇◕כ♃─ ─

╩ ™ ATP ⌂♃fiⱤ◒ ─ ⌐ ╦╢⁹ ⌐╙◦◓♫ꜟ ⁸DNA ─

⌂≥ 18,19 ⌐ ╦∫≡™╢↓≤⅜ ╠╣≡™╢⁹↓─ ⌐♩♇◕כ♃⁸│ ⇔√ꜚⱦ

◐♅fi ─ ─ ™⌐╟∫≡ ╕╢↓≤⅜ ╠╣≡™╢⁹ꜚⱦ◐♅fi⌐│ 7 ≈─

Lys ⅜№╡⁸ⱳꜞꜚⱦ◐♅fi╩ ∆╢≤⅝⁸↓╣╠─ Lys ≤ꜚⱦ◐♅fi C ─ Gly

⅜ ∆╢⁹↓─ ⁸≥─ Lys ⌐ ∆╢⅛⌐╟╡⁸∕─ ─ ⅜ ╦╢⁹ ⅎ┌⁸

Lys48 ╩ ⇔√ⱳꜞꜚⱦ◐♅fi ⅜ ⇔√♃fiⱤ◒ │⁸ⱪ꜡♥▪♁כⱶ⌐ ┌╣⁸ATP

⌂♃fiⱤ◒ ─ ⅜ ╦╣╢⁹↓╣│ ≢ ≤⌂∫√♃fiⱤ◒ ╩ ∆

╢ ⅜№╢⁹ⱳꜞꜚⱦ◐♅fi ─ │⁸│∂╘⌐ꜚⱦ◐♅fi≤ꜚⱦ◐♅fi

 E1 ⅜ ╩ ∆╢⁹ ⌐ꜚⱦ◐♅fi  E2 ≤⁸ꜚⱦ◐♅fi  E3

⌐╟∫≡ C ⅜ ─♃fiⱤ◒ ╙⇔ↄ│ ≤ ⌐№╢ⱳꜞꜚⱦ◐♅fi

≤ ∆╢⁹ⱳꜞꜚⱦ◐♅fi ↕╣√ ♃fiⱤ◒ │⁸ⱪ꜡♥▪♁כⱶ⌐ ↕╣⁸

↕╣╢ 20⁹2004 ⌐₈ꜚⱦ◐♅fi╩ ⇔√♃fiⱤ◒ ─ ₉─ ⌐╟╡⁸Aaron 

Ciechanover⁸Irwin A. Rose ⁸Avram Hershko ─ 3 ⅜ⱡכⱬꜟ ╩ ⇔≡™╢⁹

Lys48 ⌐╙ ⅎ┌ Lys63 ╩ ⇔√ⱳꜞꜚⱦ◐♅fi │⁸◦◓♫ꜟ ≤◄fi♪◘▬♩

≥☻◦כ ♃fiⱤ◒ ─ ≤ DNA ─ ⌐ ╦∫≡™╢ 20⁹↕╠⌐│⸗ⱡꜚⱦ◐♅fi

↕╣√ꜚⱦ◐♅fi│◒꜡ⱴ♅fi⅜ ∆╢ ⌐ ╦∫≡™╢ 20⁹ 

ꜚⱦ◐♅fi─ ╩ Fig .1.3 ⌐ ∆⁹ꜚⱦ◐♅fi─ │⁸2 ≈─

b-sheet(b1:1-7, b5:64-72)⁸3≈─ b-sheet(b-sheet 2 :10-17⁸b-sheet 3:40-45⁸b-sheet 

4 :48-50)⁸a1-helix(a1-helix :23-34)⁸310-helix (a2-helix:56 -59) ≢ⱪכꜟ┘ ↕╣≡™╢⁹
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ꜚⱦ◐♅fi≤ ╩ ℮♃fiⱤ◒ ( ꜚⱦ◐♅fi DUB ⁸ꜚ ⱦ◐♅fi ⸗

ⱨכ♅ UIM ⌂≥)│⁸L8⁸I44⁸V70 ╩ ≤⇔√ ─ Ɽ♇♅≢ ∆╢↓≤

⅜⁸ꜚⱦ◐♅fi≤ꜞ●fi♪─ 21-27⌂≥⅛╠ ╠╣≡™╢⁹ 

 

 

 

NMR ⌐╟╢☻Ⱨfi ≤ ⌐ ≠™≡⁸ ⌂ ▪fi◘fiⱩꜟ─

(dynamic -ensemble refinement  DER 28⁸ ensemble refinement with orientational 

restraints EROS29⁸refinement for native  proteins using a single alignment tensor 

ERNST 30)⅜ ╦╣≡™╢⁹ ▪fi◘fiⱩꜟ─ │⁸ ⌐⅔↑╢♃fiⱤ◒ ─

╩ ≢ ∆╢√╘─ ⌂ ≢№╢⁹DER ≥כ♃כⱤꜝⱷכ♄כ○│

NOEs ⌐╟∫≡⁸Ⱨ◖ ⅛╠♫ⱡ ≢ ╠← ▪fi◘fiⱩꜟ╩ ∆╢⁹EROS ≤

ERNST │⁸ (RDC)≤ כ◙►ⱢכⱣכ○  NOEs ⌐╟∫≡⁸Ⱨ◖

 

Fig . 1.3. ꜚⱦ◐♅fi ─ (PDBID:1UBQ)  

a-helix ╩ ⁸b-strand ╩ ≢ ∆⁹ 
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⅛╠ ⱴ▬◒꜡ ≢ ╠← ▪fi◘fiⱩꜟ╩ ∆╢⁹↓╣╠─ ⌐╟∫≡ꜚ

ⱦ◐♅fi│ L8⁸I44⁸V70 ─ Ɽ♇♅╩ ╗ b1-b2 ⱪ≤b3-b4כꜟ─ ⱪ⅜⁸כꜟ─

⌐ ╠™≢⅔╡⁸♃fiⱤ◒ ─ ⌐ 21-27≢№╢↓≤⅜╦⅛∫≡™╢⁹ 

NMR ⌐╟╣┌⁸ꜚⱦ◐♅fi─ (N1)≤ (N2)≤  I

≤ U │⁸ ≢ Fig . 1.5─╟℮⌂ ≢ ∆╢↓≤⅜ ╠╣≡™╢ 30,31⁹

N2 │⁸3000 ≢ ⅜↕╣≡™╢ 30⁹30 ≢ N1│ 85%⁸N2│ 15

⇔⁸3000 ≢│ N1│ 23 ⁸N2│ 77 ∆╢↓≤⅜ ⅛∫≡™╢⁹N2 ≢

│ R42≤ V70╩≈⌂← 2≈─ ⅜ ╕∫≡⅔╡a1-helix ─ ⅜ ╦╡⁸ ◖

▪⅜ ⌐ ⌐ ∆╢ 30,31⁹╒⅛⌐╙⁸C ▪Ⱶⱡ (▪Ⱶⱡ 70-76

)⌐ ─ ⅝⌂ ™⅜ ╣╢⁹╕√⁸ I │ 8⁸33-42 ⅜ ⌐

⇔≡™╢ ≢№╢ 30,32⁹↓╣╠ꜚⱦ◐♅fi─ ◄Ⱡꜟ◑כ │⁸E1-E2-E3◌☻◔כ

♪ ╩ ∆╢ⱱ⸗꜡◓ ≢ ↕╣≡™╢↓≤⅜ ╠╣≡™╢ 31,32⁹↕╠⌐ N2 ⁸I

≢ ⅜ ⇔≡™╢ │⁸E1 ╛ E2 ≤─ ≢№╢ 33-38⁹↓╣╠─ ⅛

╠N2 ⅜E1≤─ ⌐ ⌂ ⅝╩⇔≡™╢↓≤⅜ ↕╣≡™╢ 30,32⁹⇔⅛⇔⁸

◄Ⱡꜟ◑כ ⅜≥─╟℮⌐ ≤ ╦∫≡™╢⅛│⁸™╕∞╦⅛∫≡│™⌂™⁹

╒⅛─ ≤⇔≡⁸N2 ─ ⌐ ╦╣√◐ꜗⱧꜝꜞכ ☿ꜟ─ ⅜

ↄ⁸ NOESY ☻Ɑ◒♩ꜟ≢ ↕╣≡™╢√╘ ⅜ ™ 30,31↓≤≤⁸N2 ─

⅜⁸77%≤ ™↓≤⌂≥⅜ →╠╣╢ 30-32⁹ 
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≢│⁸ ╟╡ ⅛≈ ≢⁸ ⌐ N2 ─ ⅜ ™ ≢

╩ ™ N2 ─ ╩ ╠⅛⌐⇔√⁹ ☿ꜟ─ ⌐╟╡⁸ ╩ ╘╢↓

≤│ ≢№╢⅜⁸3000 ≢│  I ╛  U ⌂≥─

N2 ─ ◄Ⱡꜟ◑כ ─ ╙ ∆╢√╘⁸ N2─ ⌂

│ ≢№╢⁹ ≢│⁸ N2─ ⌂ ─√╘⌐⁸N2 ╩ ⇔√

╩ ⇔⁸♄▬♫Ⱶ◒☻≤ ─ ╩ ∫√⁹ ≢│⁸ NMR ⌐╟╡

N2 ⅜ ⇔√ ─ ╩ ™ N2 ⅜ 97% ⇔≡™╢ ≢ ╩

∫√⁹↓─ ╩╙≤⌐ N1-N2 ≤ ≤─ ─ ⌐≈™≡ ╩

∫√⁹4 ≢│⁸2 ≤ 3 ─ ⌐≈™≡╕≤╘⁸ꜚⱦ◐♅fi N2 ─ ╩

╠⅛⌐⇔√⁹ 

 

Fig . 1.4. NMR ⌐╟∫≡ ╠⅛⌐⌂∫√ꜚⱦ◐♅fi─ ╠⅞ 40 

: N2 ≢ N1 ≤ ═ ⌐ ⅜ ╠╣√  

: ⌐№╢▪Ⱶⱡ  
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2  N2 ╩ ⇔√ Q41N ─ ≤  

2-1.  

1.3≢⁸ꜚⱦ◐♅fi─ ⁸ ⁸♄▬♫Ⱶ◒☻│⁸ ₁⌂ ⁸

⌐╟╡ 1-8⅜ ╘╠╣≡™╢⅜⁸ ◄Ⱡꜟ◑כ ─ 1 ⌐⅔↑╢ │⁸╕∞

╪≢™⌂™↓≤╩ ⇔√⁹↓╣─ ─ │⁸1 ⌐⅔™≡⁸ ◄Ⱡꜟ◑כ ─╖╩

↕∑╢↓≤⅜⁸ ≢│≢⅝⌂™√╘≢№╢⁹∕↓≢⁸ ≢ ⇔√

╩ ⇔⁸▪Ⱶⱡ ⌐╟∫≡∕╣╩ ∆╢↓≤⌐╟╡⁸ ◄Ⱡꜟ◑כ ≤

⇔√ ╩╙≈ ╩ ≢⅝╢⅛ ╖√⁹ ₁│ 30 ─ N1 ─

≤ 3000 ⌐⅔↑╢ N2 ─ ╩ ™⁸N1-N2 ⌐ ╦╢ 2≈

─ ⌂ ╩ ⇔√(Fig.1.1)⁹ 

 

 

Fig. 2.1. ≢ ↕╣≡™╢  

30 ─ (PDB: 1v80)╩ ≢⁸3000 ─ ╩ ≢ ∆⁹ 

(A)K11, E34 ─ ⁸(B)I36 ◌ꜟⱲ♬ꜟ ≤ Q41 ≢№╢⁹ 

↓╣╠ ≈─ ⅜ ≢ ↕╣≡™╢⁹ 
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≈│⁸K11 ≤ E34─ ⌐№╢ ≢№╢⁹╙℮ ≈│ I36 ─ ─◌ꜟⱲ♬ꜟ ≤ Q41

─ ─▪Ⱶⱡ ≤─ ⌐№╢ ≢№╢⁹ ⌐ I36 ≤ Q41│ꜚⱦ◐♅fiⱱ⸗꜡◓

≢ ⌐ ↕╣≡™╢▪Ⱶⱡ ≢№╢ 9⁹▪Ⱶⱡ ⌐╟╡⁸ ₁│↓╣╠ 2

≈─ ╩ ⁸╙⇔ↄ│ ∆╢  (K11A⁸E34A⁸Q41A⁸Q41N)╩ ⇔√⁹

K11A⁸E34A │ ≢ ↕╣≡™╢ K11-E34 ─ ╩ ⇔√ ≢№╢⁹

⌐ Q41A │⁸I36 ─◌ꜟⱲ♬ꜟ ≤ Q41─▪Ⱶⱡ ─ ╩ ⇔√ ≢№

╢⁹Q41N │⁸Q41ќN ─▪Ⱶⱡ ⌐╟╡⁸ ╩ ⇔√ ≢№╢⁹ 

 

2-2.  

2-2-1.  

 ꜚⱦ◐♅fi ≤ ≡─ │⁸Escherichia coli  ─ BL21(DE) ⌐ ╩ ™⁸

╩ ™√ ⌐╟╡ ⇔√⁹ ⁸ ╖╩ 20 mM ♫♩ꜞ

►ⱶ pH 4.5 ≢ ╩ ∫√⁹∕─ ⁸ ▬○fi ◒꜡ⱴ♩◓ꜝⱨ▫כ(SP 

Sepharose: GE health care) ⅔╟┘◕ꜟ ◒꜡ⱴ♩◓ꜝⱨ▫כ(Sephadex G-50: GE 

health care)≢ ╩ ∫√⁹ ▬○fi ◒꜡ⱴ♩◓ꜝⱨ▫כ≢│ 400 mM ▪fi⸗

♬►ⱶ╩ ╗⁸20 mM ♫♩ꜞ►ⱶ pH 4.5 ≢ ╩ ∫√⁹ 

NMR ≢ ⇔√ ─ │ 1-2 mM ≢№∫√⁹ │ 7% D2O ╩ ╗ 20 mM 

d-TrisHCl pH 7.2 ⁸298 K ≢ ∫√⁹ Vps27─ꜚⱦ◐♅fi ⱨ (UIM)כ♅⸗ │⁸

Vps27 ─ 256-278 ─ ─ ╩ ™√ 24 ─Ɑⱪ♅♪≢№╢⁹ │

YPEDEEELIRKAIELSLKESRNSA ≢№╡⁸P2-A24 ⅜ Vps27 ≢№╢⁹◘fiⱪꜟ│⁸

Fmoc▪Ⱶⱡ ╩ ™≡⁸ ⌐╟╡ ⇔√⁹∕─ ⁸ ◒꜡ⱴ♩◓ꜝⱨ▫כ≢

╩ ™⁹ ⌐╟∫≡ ╩ ⇔√⁹ 
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2-2-2. NMR─ ≤  

 NMR ─▪Ⱶⱡ ─ ⌐ ╦╢ │⁸∆═≡ 298 K ≢ DRX-600 (1H: 600M Hz) 

spectrometer( BrukerBioSpin Co.) ╩ ⇔√⁹ ≤ Q41N ─ │⁸15N,13C 

↕╣√♃fiⱤ◒ ⌐╟╡⁸CBCA(CO)NH ⁸HNCACB ⁸HNCA⁸HN(CO)CA⁸HNCO⁸

HN(CA)CO ⁸ HBHACONH ⁸ HCC(CO)NH ⁸ (H)CC(CO)NH ⁸ HCCH -TOCSY ⁸

CCH-TOCSY10⁸15N edit TOCSY-HSQC⁸15N edit NOESY -HSQC⁸13C edit NOESY -HSQC

≢ ╩ ∫√⁹K11A⁸E34A⁸Q41A─ HSQC ☻Ɑ◒♩ꜟ─ │⁸15N ꜝⱬꜟ↕╣√

◘fiⱪꜟ╩ ⇔⁸15N edit NOESY -HSQC ⅔╟┘ 15N edit TOCSY -HSQC ⌐ ≠™

≡⁸ ┘ Q41N ─ ╩ ⇔≡ ∫√⁹1H ◦ⱨ♩─ꜞⱨ□꜠fi☻⌐│

DSS (4,4-dimethy l-4-silapentane -1-sulfonic acid )─ⱷ♅ꜟ ─◦◓♫ꜟ╩ כ♦⁹√⇔

♃│ ≡ TOPSPIN 1.1(BrukerBioSpin Co.) ≤ NMR Pipe 11≢ ╩ ∫√⁹◦◓♫ꜟ─

≤ ⌐│ NMRView 12≤ KUJIRA 13╩ ⇔√⁹ NMR ─ │⁸15N ↕╣

√ꜚⱦ◐♅fi≢ ™⁸ ─ ⌐≈™≡│DRX500 (BrukerBioSpin C o., 500.13 MHz⁸

)≤Ɫfi♪ⱷ▬♪─◐ꜗⱧꜝꜞכ ☿ꜟ 14╩⁸Q41N ─ ⌐

│ DRX600 (BrukerBio Spin Co., 1H: 600.23 MHz)╕√│ Avance й (BrukerBioSpin C o., 

1H: 800 MHz) ≤☿ꜝⱵ♇◒☻♃▬ⱪ─ ☿ꜟ (Daedalus Innovations) 15╩ ™≡ ∫√⁹ 

15N │⁸15N ↕╣√ꜚⱦ◐♅fi╩ ⇔⁸298 K≤ 278 K ⌐⅔™≡⁸DRX-600 

spectrometer (BrukerBioSpin Co .⁸1H:600.23 MHz) ≤ Avance й (BrukerBioSpin C o.,⁸

1H:950.33 MHz) ╩ ⇔⁸ ⇔√Ɽꜟ☻◦כ◒◄fi☻─ ≤ │ 16╩ ⌐

∫√⁹ꜚ ⱦ◐♅fi─⸗♦ꜟⱨꜞכ │⁸Model Free 4.15 17≤ FAST-Modelfree 18ⱪ꜡◓

ꜝⱶ╩ ⇔⁸ ─♃fiⱩꜞfi◓⸗♦ꜟ(axially symmetric molecular tumbling) ⌐

╟∫≡ ∫√⁹15N-1H ─ ≤ 15N ◦ⱨ♩ │ 1.02 Å≤-170 ppm╩ ⇔√⁹ 
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2-2-3. Cleanex-PM  

Cleanex-PM │ ≤▪Ⱶ♪ ⅜ ⇔≡™╢ ╩ ∆╢ ≢№╢ 19⁹ ≡─

│ 15N ↕╣√ꜚⱦ◐♅fi╩ ⇔⁸298 K ⌐⅔™≡ DRX-600 spectrometer 

(BrukerBio Spin C o.) ╩ ⇔√⁹ ─ tm│ 5⁸10⁸15⁸20⁸25⁸50⁸100 ms

≢ ∫√⁹ -▪Ⱶ♪ ─ ─ │ (1)≢ ↕╣╢⁹ 

)

Ὅ
Ὧ
Ὑ Ὧ Ὑ ÅØÐὙ † ÅØÐ† Ὑ Ὧ

ההה ρ 

k │ ▪Ⱶ♪ ⌐ ∆╢ ≢№╢⁹R1A│ Cleanex ≤

─ ≢№╡⁸R1B│ ─ ≢№╡⁸0.6 s-1╩ ⇔√ 19⁹ 

I 0 │ Fast -HSQC ─ ╩ ⇔√⁹  I ─ ╩ tm⌐ ⇔≡

ⱪ꜡♇♩⇔⁸ (1)⌐ⱨ▫♇♩⇔ k ⅔╟┘ R1A╩ √⁹ 

 

2-2-4. UIM ─ ─  

UIM ⌐⅔↑╢⁸UIM ─ P│⁸ ◦ⱨ♩─  Dd⁸100%UIM

⌐⅔↑╢ ◦ⱨ♩─  Ddmax⁸M │ ⌐⅔↑╢ UIM ≤ꜚⱦ◐♅fi─

 [UIM]/[UB] ⁸A=Kd/[Ub]≤⇔≡⁸(2) ≤(3) ─╟℮⌐ ∆↓≤⅜≢⅝╢⁹

Kd│⁸↓╣╠─ ╩ ™≡ Origin 7.0 ⌐╟∫≡ A╩ ─Ɽꜝⱷ⁸≡⇔≥♃כЎ ╩

─Ɽꜝⱷכ♃≤⇔≡ⱨ▫♇♥▫fi◓≤ 20╩ ∫√⁹ 

ὖ
ρ - ! ρ - ! τ- Ȣ

ς
ההה  ς 

Ўɿ Ў ὖההה σ 
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2-2-5.  

 N1 ≤ N2 ─ ⅜ 100%─ ─ ─ ◦ⱨ♩╩dN1⁸dN2≤∆╢≤⁸ ↕

╣√ ◦ⱨ♩d⁸N1 ─ ◦ⱨ♩  ⁸N2 ─ ◦ⱨ♩  ╩ ™≡⁸

K │ (4)─╟℮⌐№╠╦↕╣╢⁹ 

ὑ
 ɿ

ɿ 
ההה τ 

↕╠⌐ ⌐ ∆╢◑Ⱪ☼ ◄Ⱡꜟ◑כ─ DGp │⁸ ─ ⸗ꜟ  DV ╩̄

™≡⁸ (5)─╟℮⌐ ∆↓≤⅜≢⅝╢⁹p0│ Q41N ─ ≢│ 1 ≤⇔√⁹ 

ЎὋ ὙὝÌÎὑ ЎὋЈ ЎὠЈὴ ὴ ההה υ 

(4),(5)⅛╠ ◦ⱨ♩─ │ (6)─╟℮⌐№╠╦∆↓≤⅜≢⅝╢ 

ɿ
  ÅØÐ

ЎὋЈ ЎὠὴЈ ὴ
ὙὝ

ρ Ὡὼὴ
ЎὋЈ ЎὠЈὴ ὴ

ὙὝ

ההה φ 

─√╘⌐│ 15N ↕╣√ ≤ Q41N ─◘fiⱪꜟ╩ ™≡⁸ ⌐⅔↑

╢ ◦ⱨ♩╩ ⇔√⁹ ⌐ ⇔≡ ◦ⱨ♩╩ⱪ꜡♇♩⇔⁸DG ⁸̄DV ╩̄ ─Ɽꜝ

ⱷ⁸≡⇔≥♃כ ≥ ╩ ↔≤─Ɽꜝⱷכ♃≤⇔≡ ╩ ╘√⁹N1 ≤ N2

─ ⸗ꜟ ─ │⁸Q41N ─▪Ⱶⱡ ⌐╟∫≡╒≤╪≥ ⇔⌂™≤ ⇔⁸

Q41N ─ ≢│⁸DV │̄ ≤ ∂ ╩ ™√⁹ 
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2-3.  

Fig . 2.2⌐⁸15N ↕╣√ꜚⱦ◐♅fi─ ≤  K11A⁸E34A⁸Q41A⁸Q41N

─ 1H/15N HSQC ☻Ɑ◒♩ꜟ╩ ∆⁹ 

 

≤─ ◦ⱨ♩ │⁸ ↄ─▪Ⱶⱡ ≢ K11AºE34A<Q41A<Q41N ≤⌂∫≡

™╢(Fig . 2.2)⁹ ◦ⱨ♩│ ─ ╩⇔╘∆↓≤⅛╠⁸ ╙ ⅝⌂ ◦ⱨ♩

⅜ ╠╣√ Q41N │⁸ ╙ ⅝⌂ ╩⇔≡™╢≤ ↕╣╢⁹ 

 

Fig. 2.2. ꜚⱦ◐♅fi ≤ (K11A⁸ ; E34A⁸ ; Q41A⁸ ; Q41N⁸ )─

1H/15N HSQC ☻Ɑ◒♩ꜟ 

 │ 1-1.5 mM ─♃fiⱤ◒ ≢ 20 mM Tris -HCl 7% D 2O pH 7.2 ≢ 298 K≢

╦╣√⁹ ─ │ ─☻Ɑ◒♩ꜟ╩╙≤⌐ 15N-edited  TOCSY-HSQC ≤ 

NOESY- HSQC ⌐╟∫≡ ∫√⁹ ⅝ↄ ◦ⱨ♩⅜ ⇔√▪Ⱶⱡ ─ ╩

23 (ˈ)⁸42 (×)⁸44 (×)⁸45 ( )z ⁸50 (+)⁸68 ( )̍⁸70 (+)≢ ∆⁹ ≢ ∂WT ≤ Q41N

─ ∂ ╩ ╪∞⁹▪Ⱶⱡ ⌐╟╢ ─ │⁸ ≢№╢⁹ 
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Fig. 2.3. ≤Q41N ─ ◦ⱨ♩(Dd) (A) amide  1H⁸(B) amide 15N⁸(C) 13C⁸ (D) 

13CȀ⁸(E) 1HȀ 
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Q41N ≤ ─ ◦ⱨ♩(HN⁸NH⁸Ca⁸Ha⁸Cõ)─ ╩ Fig.  2.3 ⌐ ∆⁹ ⅝⌂

◦ⱨ♩─ ⅜ ↕╣√─│⁸a1-helix ≤a1-b3 ⱪ⁸b3-strand⁸Cכꜟ─  b5-strand

≢№╢⁹ ⌐ ⅝⌂ ◦ⱨ♩ ╩ ⇔√─│⁸▪Ⱶⱡ ≢№╢ 41─ ╩

↑┌⁸27⁸30⁸70≤ 71─▪Ⱶⱡ ≢№╢⁹ ⌐ NH⁸Ca⁸Ha⁸Cõ─ ◦ⱨ♩

│ ─ ⌐ ≢№╡⁸ ─ ╩ ∆╢⁹ ◦ⱨ♩ │⁸NMR

╟╡ ™ ─ ╠⅞⅜№╢ ⁸∕─ ⌐ ∂√ ─ ╩≤╢⁹ 

 

 

 

Fig. 2.4 │ ⌐╟╡ ⅝⌂ ◦ⱨ♩ ⅜ ↕╣√ ─▪Ⱶⱡ ─ ⌂

◦ⱨ♩ ╩ ⇔≡™╢⁹ ⌐╟╡ ◦ⱨ♩ ─ ⅜ ⇔≡™╢↓≤⅛

╠⁸▪Ⱶⱡ ⌐╟∫≡⁸ ≢ ─ ◄Ⱡꜟ◑כ ⅜ ⇔√↓≤╩

∆╢⁹ 

 

Fig. 2.4. ╩ 0⁸Q41N ╩ 1≤⇔√≤⅝─ ⌐ ∆╢ 15N ◦ⱨ♩─

⁹ ◦ⱨ♩ ─ ⅝™ 23⁸27⁸28⁸33⁸36⁸43-46⁸68-70⁸72 ╩

⇔√⁹ 
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⌐⅔™≡⁸293 K ─ꜚⱦ◐♅fi │⁸30 bar ⅛╠ 3 kbar ┼ ╩ ↕∑

╢↓≤⌐╟∫≡⁸N1 ⅛╠ N2 ┼─ ╩∆╢↓≤⅜╦⅛∫≡™╢ 2-6⁹▪Ⱶⱡ

(Q41N ≤ )⌐╟╢ ◦ⱨ♩ ≤⁸ ( , 30 bar ≤ 3 kbar )⌐╟╢ ◦

ⱨ♩ ─ ⌐│ ⅜ ⇔√(Fig . 2.5)⁹↓╣│▪Ⱶⱡ ⌐╟∫≡⁸ ≤

⌐ N2 ─ ─ ⇔√↓≤╩ ∆╢ 4,6⁹ 

 

 

Fig. 2.5. ▪Ⱶⱡ  (Q41ƂN41)≤ ─ (1 barƂ3 kbar)⌐╟╢ ◦

ⱨ♩ ─ ⁹ (A) amide 1H⁸(B) amide 15N⁸(C)13Cõ⁸(D) 13CȀ ⁸(E) 1HȀ ╩

∆⁹∆═≡ ♃כ♦─66-72 ╩ ⇔⁸  R╩ ⇔√⁹ 
















































































