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▬ⱷכ☺fi◓ MSI, mass spectrometry imaging │⁸ⱴ☻☻Ɑ◒♩ꜟ⌐ ≠™≡

─ ╩ ∆╢↓≤⅜≢⅝╢⁹ ₁│↓╣╕≢⌐⁸Ⱨ◖ꜞ♇♩ꜟ─ ≢ ─

Ί▬○fi ╩ ⌐ ℮⁸♃♇Ⱨfi◓⸗כ♪ ⱪ꜡כⱩ◄꜠◒♩꜡☻ⱪ꜠כ▬○fi

t - SPESI, tapping - mode scanning probe electrospray ionization ╩ ⇔⁸ ⌐

╕╣╢ ─ ╩ ⇔≡⅝√1⁹t - SPESI≢│⁸◐ꜗⱧꜝꜞⱪ꜡כⱩ ⱪ꜡כⱩ

⌐ ╩ ⇔⌂⅜╠ ⌐ ↕∑⁸ ≤ⱪ꜡כⱩ ⅜ ⌐ ≤ ╩ ╡ ∆↓

≤≢ ≤◄꜠◒♩꜡☻ⱪ꜠כ▬○fi ESI ╩ ℮⁹ ∫≡⁸MSI ─ ≤ ⌐│⁸

─ ≤ Ί▬○fi ─ ╩ ╠⅛⌐∆╢↓≤⅜ ≢№╢⁹ ≢

│⁸ ╩ ⇔⌂™ ≤⇔≡ ╠╣≡™╢2DMF/MeOH1:1 v/v ⁸⅔╟┘ DMF⁸MeOH─

╩ ™≡MSI╩ ⇔⁸ ─ ≤▬○fi▬ⱷכ☺─ ⅛╠ ⌂ ─ ╩

╢↓≤╩ ≤⇔√⁹ ╠╣√▬○fi▬ⱷכ☺⅛╠ ↕╣√ ─ │ ≢ ╙

ↄ⌂∫√⁹↓╣│ ⅜ ↄ ≢⅝╢ ⅜ ™ DMF⅜ MeOH─ ⌐╟╡ ⅜ ⇔⁸

⅜ ∂╛∆ↄ⌂∫√√╘≢№╢≤ ⅎ╠╣╢⁹ 

  

 
1 Y. Otsuka et al., Rapid Commun. Mass Spectrom. 26, 2725 (2012)., Analyst. 139, 2336 (2014)., J. 

Mass Spectrom. 50, 1157 (2015), Anal. Chem. 93, 2263 (2021).  
2 L.S.Eberlin et al., Chembiochem. 12, 2129 (2011).  
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 │∂╘⌐ 

▬ⱷכ☺fi◓ MSI, mass spectrometry imaging │⁸ ≢ ⌂ ╩ ∆╢

↓≤≢⁸ⱴ☻☻Ɑ◒♩ꜟ⌐ ≠™≡ ─ ╩ ∆╢ ≢№╡⁸ ─ ≢ ─

─ ╩ ≢⅝╢≤™℮ ⅜№╢⁹2000 ⅛╠⁸ ≢ MSI ╩ ℮√╘─ ⌂▬○

fi ⅜ ↕╣≡⅝√⁹↓─ ◘fiⱪꜞfi◓▬○fi │⁸ ◒꜡ⱴ♩◓ꜝⱨ▫כ ≤ ⌂

╡⁸ ╩ ╦⌂™↓≤⁸ ─ ⅜ ≢№╢↓≤⅛╠⁸ ⌂ fi○▬ה ⅜ ⌐⌂╢≤™

℮ ⅜№╢⁹ ↄ─ ◘fiⱪꜞfi◓▬○fi │ 1989 ⌐ Fenn ⌐╟∫≡ ↕╣√◄꜠◒♩

꜡☻ⱪ꜠כ▬○fi electrospray ionization, ESI 3╩ ⇔≡™╢⁹ ╩ ⇔√ ╩◐ꜗ

Ⱨꜝꜞכ⌐ ⇔⁸ ≤─ ⌐ ╩ ∆╢≤⁸ ⌐ ⅜ ⌐ כ◖כꜝ▬♥√⇔

fi⅜ ─fiכ◖כꜝ▬♥⁹╢╣↕ ⌐⅔™≡ ⅜ ∂⁸ ⌐ ⇔√ fi꜡כ◒─ ⅜

⌐ ╢ ⌐⌂╢≤⁸ ─ ╩ ╗◄꜠◒♩꜡☻ⱪ꜠כ⅜ ∆╢⁹ ─

≢⁸ ⌐ ↕╣√ ⅜ ▬○fi┼ ↕╣╢⁹ESI─ │⁸√╪┐ↄ ╛ ⌂≥⁸ ⌐

ↄ ╕╣╢ ⌂ ╩ ∆╢↓≤⌂ↄ▬○fi ╢ ⌐№╢⁹ 

▬○fi ⌐ ESI╩ ∆╢√╘⌐│⁸ ─ ╩ ⌐ ↕∑⁸ ─ ╩

⌐ ∆╢◘fiⱪꜞfi◓ ≤⁸◄꜠◒♩꜡☻ⱪ꜠כ─ ⌐╟╢▬○fi ╩∕╣∙╣ ≢

℮ ⅜№╢⁹ 

₁│↓╣╕≢⌐♃♇Ⱨfi◓⸗כ♪ ⱪ꜡כⱩ◄꜠◒♩꜡☻ⱪ꜠כ▬○fi t - SPESI, tapping -

mode scanning probe electrospray ionization ╩ ⇔⁸ ⇔≡⅝√⁹ │⁸ ─◐ꜗⱧꜝꜞⱪ

≢Ⱪכ꜡ ≤▬○fi ╩ ℮ ⅜ ≢№╢⁹t - SPESI≢│⁸ ∆╢ⱪ꜡כⱩ⌐ ╩ ⇔√ ╩

⇔⁸ ≤ⱪ꜡כⱩ ╩ ⌐ ↕∑╢⁹ⱪ꜡כⱩ ≤ ⅜ ⇔√ ⌐⁸ⱪ꜡כⱩ

⅛╠ ∆╢ ⅜ ≤─ ⌐ ╩ ⇔⁸ ⅜ ↕╣╢⁹∕─ ⌐ⱪ꜡כⱩ ⅜

⅛╠ ╣⁸▬○fi╩ ╡ ╗√╘─ ⅝ ⇔ ⌐ ⇔√ ⌐⁸ⱪ꜡כⱩ ≢ESI⅜ ∂╢↓≤≢⁸

⅜▬○fi ↕╣╢⁹ 

≢│⁸t - SPESI≢ⱪ꜡כⱩ⌐ ∆ ╩ ⅎ╢↓≤≢ ↕╣╢ ─ ≤ ⁸▬ⱷכ☺fi◓

╩ ⇔⁸ ─▬ⱷכ☺fi◓─ ─ ╩ ╢↓≤╩ ≤⇔√⁹ 

 
3J.B. Fenn et al., Science, 246, 64 (1989)  
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 ⌐⅔↑╢ ▬ⱷכ☺fi◓ 

1   

│⁸ ⁸ ⁸ ⁸ ⌂≥⌐ ⅎ⁸ ↄ─ ∆╢ ⌐⅔™≡ ⌂

≢№╢⁹ │⁸ ─ ⁸ ≢─ ─ ≢№╢⁹ ≢│⁸ⱪ꜡♥○Ⱶ◒☻╛ꜞ

Ⱨ♪Ⱶ◒☻─ ⅜ ─ ⌐ ↕╣╢╒≥╕≢ ≤ ─ ⅜ ╪≢™╢⁹

⅜╕∏ ∆≤↓╤│ ╩ ∆╢ №╢™│ ─ ⅛╠ ╩ ∆╢↓≤≢№╢⁹ ⌐

╟∫≡╙√╠↕╣╢ │⁸ ─ ≤ ─ ─ ⌐ ∆╢⁹ 

─ ≤│⁸╕∏ №╢™│ ╩ ⌂ ≢▬○fi ⇔⁸ ⇔√▬○fi╩m/z≢

⇔≡⁸ ₁─m/z ─▬○fi ╩ ∆╢↓≤≢ ה ∆╢↓≤⁸≢№╢⁹ 

2  ◄꜠◒♩꜡☻ⱪ꜠כ▬○fi (ESI, electrospray ionization )  

◄꜠◒♩꜡☻ⱪ꜠כ▬○fi │⁸ ╩ ≢ ⌐╟╡ ⇔▬○fi ∆╢ ≢№╢⁹

≢─ ─ ≤™℮ (◄꜠◒♩꜡☻ⱪ꜠כ)│⁸1914 ─ Zeleny─ 4 ⁸ ⌐ ╢╕≢ ─

⅜№╢⁹1960 ⌐ Dole ╠│⁸ⱳꜞ☻♅꜠fiⱳꜞⱴכ─ ╩ ≢◄꜠◒♩꜡☻ⱪ꜠⁸⇔כ

─ ▬○fi╩ ⇔⁸ ╩ ╘≡ ℮↓≤⌐ ⇔√5⁹1970 ⌐ Iri barne╠│ ⅛╠

⇔√▬○fi╩ ⅛╠ ⇔ ≢ ∆╢↓≤⌐ ⇔√6⁹∕─ ⁸◄꜠◒♩꜡☻ⱪ꜠כ≤

╩ ╖ ╦∑√ │⁸Fenn⁸ ≤ Alexandrov╠⌐╟∫≡ ↕╣√⁹ 

╩ ∆╢◐ꜗⱧꜝꜞכ≤ ─ ⌐ 3₩5kV ─ ╩ ∆╢≤⁸ ⌐╟╡

─ ≢ ה ▬○fi─ ⅜ ↓╡⁸◐ꜗⱧꜝꜞכ ⌐ ─ ⅜(fiכ◖כꜝכ♥)fiכ◖ ↕╣╢⁹

ⅎ┌⁸◐ꜗⱧꜝꜞכ ⌐ ─ ╩ ⇔√ ⁸ ▬○fi⅜ ⌐ ⅛∫≡ ⅝ ꜝכ♥⁸╣╠↑

fiכ◖כ ⌐ ╕╢⁹∕⇔≡⁸◐ꜗⱧꜝꜞכ ⌐ ─ ≢ ⇔√ ⅜ ↕╣⁸ ⌂ ≤⇔

≡ ⌐ ↑≡ ↕╣╢⁹ 

⌐⁸ ⅛╠▬○fi⅜ ∆╢ 2≈─ ⅜ ⅎ╠╣╢⁹ ≈│ ⌐∆≢⌐ ∆╢▬○fi⅜

⌐ ╢ ≢⁸╙℮ ≈│ ⌐ ∆╢ ─ ⅜ ⌐ ╢ ≢▬○fi ⌐╟╡▬○

fi ↕╣╢≤™℮ ≢№╢⁹ESI│⁸ ─ ≢⁸ ⅜ ₁▬○fi ≢№╤℮≤⁸ ⌐ⱪ꜡♩fi⅜

⇔√▬○fi≢№╤℮≤⁸∆≢⌐ ⌐№╢▬○fi╩ ⇔≡™╢↓≤⌐⌂╢⁹╕√⁸ ─▬○fi⅜

⌐ ↕╣╢ ⌐≈™≡⁸ ≈─⸗♦ꜟ⅜ ↕╣≡™╢⁹◄꜠◒♩꜡☻ⱪ꜠כ↕╣√ɡm◘▬☼─

⅜⁸ ─ ≤ ─ ⌐╟╢ ╩ ╡ ⇔≡ 10nm ─ ⅝↕⌐⌂∫√≤⅝⁸ ─▬○fi⅜

∆╢⸗♦ꜟ(▬○fi ⸗♦ꜟ)≤⁸↕╠⌐ ⅜ ╡ ↕╣≡⁸ ⌐ ─▬○fi 1 ∞↑⅜ ⌐ ╢

─⅜ ⸗♦ꜟ≢№╢⁹⅔∕╠ↄ⁸ ⅜ 100,000 ─▬○fi≢│ ⸗♦ꜟ⅜ ∞≤ ╦╣╢⁹ 

ESI ≢│⁸ ▬○fi⅜ ↕╣╢─⅜ ≢№╢⁹☻ⱪ꜠כ─ ⅛╠ ●☻⌂≥╩ ⇔√╡⁸

⇔√◐ꜗⱧꜝꜞכ⌂≥╩ ⇔≡ ⅛╠─ ─ ╩ ↕∑√╡∆╢↓≤╙№╢⁹▬○fi│⁸

⅛╠ ⌐ ↕╣⌂⅜╠⁸ ─ ⌐ ↕╣╢⁹▬○fi─ ╩ ╘╢√╘⌐⁸

─▬○fi●▬♪╩ ™╢↓≤⅜ ™⁹ 

◒꜡ⱴ♩◓ꜝⱨ▫כ⌂≥≤ ⇔⁸ ─ ⅜ ™ ⌐│⁸☻ⱪ꜠כ ◐ꜗⱧꜝꜞכ─ ─╕

╦╡⅛╠ⱠⱩꜝ▬◙כ●☻≤ ┌╣╢ ⌂≥─●☻╩ ∆↓≤≢⁸ ─ ≤ ╩ ↑╢ ╙

⌐ ™╠╣╢⁹╕√⁸ ╩ →≡(20₩100nL/min ) ◘fiⱪꜟ─ ╩∆╢√╘⌐⁸◐ꜗⱧꜝꜞכ

 
4 Zeleny.J, Phys. Rev, 3, 69 (1914)  
5 Dole, M et al., J.Chem.Phys. 49, 5 (1968)  
6 Iribarne J. V et al., J.Chem.Phys. 64, 6 (1976)  
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─ ╩ ɡm ╕≢ ↕ↄ⇔√♫ⱡ◄꜠◒♩꜡☻ⱪ꜠כ▬○fi ╙╟ↄ ™╠╣╢⁹ 

ESI│Ɑⱪ♅♪╛♃fiⱤ◒ ⌂≥─ ─ ⌐ ↄ ™╢↓≤⅜≢⅝╢⁹ ▬○fi⅜ ↕╣⁸m/z⅜

↕ↄ⌂╢√╘⁸ ╛▬○fi♩ꜝ♇ⱪ ─╟℮⌐ ⌂ m/z⌐ ⅜№╢╟℮⌂

≢╙⁸ ─ ─ ╩ ⅎ╢≤™℮ ⅜№╢⁹╕√ ─ ╩▬○fi ≢⅝╢√╘⁸ ◒

꜡ⱴ♩◓ꜝⱨ▫כ╛◐ꜗⱧꜝꜞכ ⌂≥≤─ ╙ ≢№╢⁹√∞⇔⁸▬○fi ─ ⅛╠ ╠⅛⌂╟

℮⌐ ─ ─ │ ≢№╢⁹ 

3  ▬ⱷכ☺fi◓(MSI, Mass spectrometry imaging )  

 MSI≤│ ≢ ⌂▬○fi ╩ ™♄▬꜠◒♩⌐ ╩ ℮↓≤≢⁸∕─ⱴ☻☻Ɑ◒♩ꜟ⅛╠

─▬○fi ╩ ⇔⁸▬ⱷכ☺fi◓∆╢ ≢№╢⁹MSI⌐╟∫≡ ─ ─ ╩ ≤

⇔≡ ╢↓≤⅜≢⅝╢⁹ 

4  ≢ ⇔√  

(1) Snail  

ⱡ ╟╡⁸ⱴ►☻ ─ (EpH4)─ ≤∕─

Snail ( Snail) ╩ ™√∞™√⁹Snail │ - (Epithelial - Mesenchymal Transition : 

EMT)╩ ⅝ ↓∆ ≤⇔≡ ╠╣≡™╢7⁹ ╩ ≤∆╢ │⁸ ─ ≢ EMT╩ ≡⁸ ╡ ∫√

≤─ ─ ╩ ™⁸ ╩ ⇔⁸ ⌐⌂╢↓≤⅜ ╠╣≡™╢⁹( 2- 1) 

↓─ EMT⌐ ∫≡ ╩ ℮ E-◌♪Ⱬꜞfi╛◒꜡כ♦▫fi⌂≥─ ♃fiⱤ◒ ⅜ ∆╢↓≤⅜ ↕╣≡

™╢⁹ ⌐ ∆╢♃fiⱤ◒ ─ ╩ ⅎ╢ ≢⁸ ≢≤╙⌐ ∆╢ ╩

∆╢↓≤≢ ╩ ∆╢↓≤╩ ≤⇔≡ ╩ ∫√⁹ 

♩כ◘fi▬כꜗ♅ꜟ◌ ╩ ™≡ ─☻ꜝ▬♪●ꜝ☻ ⌐ EpH4≤ Snail ╩ ⇔√◘fiⱪꜟ╩⁸ ≢ꜞ

fi☻ ⁸ ↕∑√⁹ │ 6 ≢ ∆╢⁹ 

 

2- 1 Snail ⅜ ⌐ ⅎ╢  

 
7 Ikenouchi J, Matsuda M, Furuse M, Tsukita S. Regulation of tight junctions during the 

epitheliummesenchyme transition: direct repression of the gene expression of claudins/occludin by 

Snail. J Cell Sci. 20 03 

May 15;116(Pt 10):1959 - 67. Epub 2003 Mar 26.PMID: 12668723 DOI: 10.1242/jcs.00389  
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( 2) ⱷꜝⱡכⱴ╩ ⇔√ꜝ♇♩  

╟╡⁸ ╩ ↑√⁹ⱷꜝⱡכⱴ │

☿fi♃כ╟╡ ⇔√⁹ 

ꜝ♇♩( Jcl:SD 7 ᶑ)⌐ⱴ►☻ ⅜╪ ( B16F10)≢№╢ ⱷꜝⱡכⱴ╩ ╩ ⇔≡ ╩

↕∑⁸♪ꜞꜟ≢ ╩№↑⁸◦ꜞfi☺≢ ╟╡☼꜠√≤↓╤⌐ 4.5mm─ ↕≢ ⁸16 ⇔√⁹ⱴ►

☻ │ Deep freezer ≢ ⇔√╙─╩◒ꜝ▬○Ⱶ◒꜡♩כⱶ≢ 8ɡm⌐ ⇔≡⁸ ≢☻ꜝ▬♪●ꜝ☻

⌐ ⇔√⁹ 

 ( 3)ⱴ►☻ ♃fiⱤ◒  

ⱴ►☻ │⁸ ⅛╠ ╩ ↑√⁹◒꜡꜡ⱱꜟⱶ≢ ╩∆╢↓≤≢⁸♃

fiⱤ◒ ╩ MSI≢⅝╢⅛╩ ═√⁹◘fiⱪꜟ ─ ≢⁸ ↕╣≡™╢ⱴ►☻ │ O.C.T(Optimal 

Cutting Temperature Compound)≢ ⅜ ↕╣≡™╢√╘, ╩ ℮ ⌐ ⅜ ↑ ⇔≡⇔╕℮≤™

℮ ⅜№∫√⁹∕─√╘⁸ ≢◒ꜝ▬○Ⱶ◒꜡♩כⱶ╩ ™≡ ╩ ⇔√⁹ ─ ≢│⁸◒

꜡꜡ⱱꜟⱶ│ ⇔╛∆™√╘, ─ ⌐ ∑╢∞↑≢│ ╩ ⅛⇔≡ →≡⇔╕™ ─ ⅜ √

╣⌂⅛∫√⁹∕─√╘⁸ ─ ≢│◒꜡꜡ⱱꜟⱶ╩ ╩ꜟfiⱪ◘⌐꜠כꜗ◦√╣ ⇔, ∆∆← ╩

╡ ⇔√⁹ ⁸♃fiⱤ◒ ─ ╩ ╢↓≤│≢⅝⌂⅛∫√⁹∕─ ⁸ ⌐◄♃ⱡכꜟ╩ ╣√◦

╩ꜟfiⱪ◘⌐꜠כꜗ ⇔≡ 5 ∆∆← ╩ 2 ╡ ⇔√╙─╩ ⇔√⅜⁸♃fiⱤ◒ ─ ╩ ╢

↓≤│≢⅝⌂⅛∫√⁹ 

⌐│⁸ACN/MeOH=1/1⁸ACN/MeOH=1/1(+◑ 0.1%)⁸ACN/DMF=1/1⁸ACN⁸ACN/H2O=9/1╩ ™√⁹ ⌂ ACN

≢│▬○fi⅜ ╠╣⌂⅛∫√─≢ 10%─ H2O╩ ⇔√ ╩ ™√⁹ ⁸ACN/H2O=9/1≢│ ≢⅝√⁹ 

 

( 4)ⱴ►☻  

ⱴ►☻ │⁸ ⅛╠ ╩ ↑√ ╩⁸◒ꜝ▬○Ⱶ◒꜡♩כⱶ╩

™≡ 8ɡm⌐ ⇔√⁹ │ 7 ≢ ∆⁹ 



 

 5  

 

3  ♃♇Ⱨfi◓⸗כ♪ ⱪ꜡כⱩ◄꜠◒♩꜡☻ⱪ꜠כ▬○fi

t - SPESI, tapping - mode scanning probe electrospray ionization  

1  ─ ⌐ ™╠╣╢▬○fi  

( 1)  LC/MS 

⁸ ╕√│ ─ ╩ ╗◘fiⱪꜟ│⁸ ◒꜡ⱴ♩◓ꜝⱨ▫כ LC, Liquid chromatography

╩ ™⁸ ╩ ∆╢⁹ ╛⁸ ╠⅛─ ⌐ ⅛⇔√ ╩ ∆╢√╘⁸ ─ ⅜

╦╣╢⁹ 

( 2)  DESI 

 ◄꜠◒♩꜡☻ⱪ꜠כ▬○fi ( DESI)│◄꜠◒♩꜡☻ⱪ꜠כ(ES)╩⁸ ●☻╩ ™≡ ⌐ ≡⁸

╩ ⅎ╢↓≤≢ ╩ ▬○fi ⇔⁸ ⌐▬○fi╩ ╢ ≢№╢⁹⇔⅛⇔⁸DESI≢│ ES╩

⌐ ⅝ ↑╢ ≢ ES⅜ ⇔ ⅜∫≡⇔╕℮√╘⁸50ɡm≤ ⅜ ™↓≤⅜ ≢№∫√⁹ 

(3) t - SPESI 

 t - SPESI│ ∆╢◐ꜗⱧꜝꜞⱪ꜡כⱩ⌐ ╩ ⇔⁸ ≢ ╩ ⇔≡ ╩ ™⁸ ⅛╠ ╣

√ ⌐ ES╩ ↕∑≡ ⌐▬○fi╩ ╢ ≢№╢⁹↓╣╕≢ DESI─ 10 ─ ≢─ MSI⅜

↕╣≡⅝√⁹ ─№╢ ─ ≢╙ⱪ꜡כⱩ─ ╩ ⌐⇔≡ -▬○fi ╩ כ◙כ꜠⁸⌐╘√╢∆

╩ ™≡ⱨ▫כ♪Ᵽ♇◒∆╢◦☻♥ⱶ╩ ╖ ╪≢™╢⁹ 

─ ◘fiⱪꜞfi◓▬○fi ≤ ⇔≡⁸ ─ ╩ ↕ↄ≢⅝╢ ⁸ ↕╣√ ╩ ⌐ ESI⌐

∆╢↓≤⅜≢⅝╢ ⅜ ≢№╡⁸nano- ESI─ ─╟℮⌐ ⌂▬○fi ⅜ ≢⅝╢⁹↓╣╕≢⌐⁸ⱪ

─Ⱪכ꜡ ╩ ∆╢↓≤≢⁸◘fiⱪꜞfi◓ ─ ≤▬○fi ─ ⅜ ≢№╢↓≤⅜ ↕╣≡™

╢⁹ 

2   

 3- 1⌐ ─ ╩ ∆⁹ⱪ꜡כⱩ⁸◦ꜞfi☺ⱳfiⱪ│ PEEK♅ꜙכⱩ≢ ↕╣≡⅔╡⁸◦ꜞfi☺ⱳfiⱪ

⅛╠ ↕╣√ │⁸ⱪ꜡כⱩ─ ≢ ⅜ ↕╣╢⁹PEEK♅ꜙכⱩ(☺כ◄ꜟ◘▬◄fi☻ )

╩ ₁⌐ ↄ⇔≡( 0.75mm⁸○꜠fi☺ 0.5mm⁸ 0.25mm⁸ 0.13mm)⁸ ─ ╩

⇔√⁹ │ 3₩7kV ≢№╢⁹ⱪ꜡כⱩ≤⇔≡ 10ɡm─◦ꜞ◌◄Ⱶ♇♃╩꜠כ◙כⱪꜝכ(P- 2000)

≢ ⇔⁸ ⇔√⁹ⱪ꜡כⱩ│Ⱨ◄♂▪◒♅ꜙ◄כ♃ ⌐ ↕╣⁸ ─ ≢ ↕╣╢⁹ 

ⱪ꜡כⱩ ⅜ ≤ ⌐ ∆╢╟℮⌐⁸ ─☺כ♥☻ ↕╩ ∆╢≤⁸ⱪ꜡כⱩ⅜ ≤ ⇔

√♃▬Ⱶfi◓≢ ─ ⌐ ─ ⅜ ↕╣⁸↓↓⌐ ⅜ ↕╣╢⁹ ⌐ⱪ꜡כⱩ⅜ ⅛╠ ╣⁸

ⱪ꜡כⱩ≤ ⇔√▬○fi ⅝ ⇔ ⌐ ∆╢ ⌐ ESI⅜ ∂╢⁹ │⁸ ↕╣√▬○fi ⅝ ⇔ ╩

∆╢ ⌐ ⇔⁸ ⇔√ ▬○fi⅜ ⌐ ↕╣╢⁹ ╩☺כ♥☻ ⌐ ∆╢↓≤≢⁸

⌐ ∆╢ⱴ☻☻Ɑ◒♩ꜟ⅜ ↕╣╢⁹ⱪ꜡כⱩ─ │Ⱨ▪♂▪◒♅ꜙ◄כ♃⅛╠ⱪ꜡כⱩ ╕≢

─ ↕╩ ∆╢↓≤≢ 200₩1000 Hz ─ ≢ ≢⅝╢⁹ 
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3- 1 t - SPESI─  

3  ─  

◐ꜗꜞⱩ꜠כ◦ꜛfi 

1.  ▬fi♃כⱨ▼כ☻ ─ ╩ ↄ( 3- 2) 

 

3- 2 

2.  ◘Ⱪ▬fi♃כⱨ▼כ☻─ ╩≈↑╢( 3- 3) 
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3- 3 

3.  ◘fiⱪꜟⱲ♩ꜟ≤◘Ⱪⱪ꜡כⱩ╩ PEEK♅ꜙכⱩ≢ ←( 3- 4) 

 

3- 4 

4.  ●☻≤♄▬ꜘⱨꜝⱶⱳfiⱪ─ ╩ ╣╢( 3- 5) 
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3- 5 

5.  ▬fi꜠♇♩╩ 5cm╒≥ ⅝ ∆( 3- 6)  

 

3- 6 

6.  Lab solution ╩ ∆╢( 3- 7)  
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3- 7 

7.  ⱷ▬fiⱷ♬ꜙכꜙ♅╠⅛כ♬fi◓╩ ⇔⁸ⱴ♬ꜙ▪ꜟ♅ꜙכ♬fi◓ ⌐∆╢⁹( 3- 8)  

  

3- 8 

8.  ♪ꜝ▬fi◓●☻⁸ⱠⱩꜝ▬◙⁸☻●כDL⁸HEAT⁸CDS⁸◘Ⱪ▬fi♃כⱨ▼כ☻─ 6≈╩ ON⌐∆╢⁹( 3- 9) 

 
3- 9 
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9.  ⱳ☺♥▫Ⱪ╩ ∆╢⁹ 

10.  ID│ OFF⌐∆╢⁹ 

11.  ₈ ₉≤ ↕╣≡™╢ ╩ ⇔⁸₈ ◘fiⱪꜟ 1₉╩ ∆╢⁹ 

12.  ╩ 2kHz⌐∆╢⁹( 3- 10) 

 

3- 10 

13.  ₈MS₉≤ ↕╣≡™╢≤↓╤╩ ⇔⁸₈Q1☻◐ꜗfi₉╩ ┬⁹ 

14.  5≈─Ⱨכ◒⅜ ╢╕≢ ∟⁸ ≡ √╠ Q1 ╩ ∆╢⁹ 

15. ─ꜟⱩכ♥₈  ₉⁸₈ ╩ ₉⁸₈Q1 ─₉♪כ꜡Ⱪꜟ╩♄►fiכ♥ ⌐ ⇔⁸ ∂╢⁹(

3- 11) 

   

3- 11 

16.  ₈MS₉⌐ ⇔√╠⁸╙℮ 11₩14─ ╩ ∆╢⁹ 

17.  TOF ╩ ∆╢⁹ 

18.  5≈─m/z ╩ ≈∏≈ ⇔≡⁸₈TOF ╩ ₉₈ ─ ₉─ ⌐ ∆╢⁹( 3- 12) 
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3- 12 

19.  ₈TOF ≡⇔♪כ꜡Ⱪꜟ╩♄►fiכ♥ ∂╢₉╩ ∆╢⁹ 

20.  Ⱡ●♥▫Ⱪ╩ ⇔⁸12₩22─ ╩ ╡ ⇔ ℮⁹ 

21. ⌐ꜟ▬□fi◓ⱨ♬כꜙ♅  ╩≈↑≡ ∆╢⁹( 3- 13) 

   

3- 13 

22.  CDS≤◘Ⱪ▬fi♃כⱨ▼כ☻╩ OFF⌐∆╢⁹ 

23.  ⱷ♬ꜙכ ≢⁸ⱴ♬ꜙ▪ꜟ♅ꜙכ♬fi◓⅛╠♅ꜙכ♬fi◓ ⌐ ⇔≡⅔ↄ⁹ 

24.  ▬fi꜠♇♩╩ ─ ⌐ ∆⁹↓─ ⁸▬fi꜠♇♩ ≤▬○fi ╡ ╖ ⅜ ⇔⌂™╟℮⌐ ⇔ ∆⁹(

3- 14) 
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3- 14 

25.  ⱳfiⱪ─◖fi♩꜡כꜝ⌂≥─ (♃▬ⱴכ )≤ ─☻▬♇♅╩ ╣╢⁹( 3- 15) 

    

3- 15 

26.  ( Ⱨ◄♂▪◒♅ꜙ◄⁸כ♃כ◘fiⱪꜟ☻♥כ☺ Ⱨ◄♂▪◒♅ꜙ◄כ♃כ)─ ╩ON⌐∆╢

( 3- 16)  
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3- 16 

27.  ◌ⱷꜝ─ ╩ ⇔≡⅔ↄ⁹( 3- 17)  

  

3- 17 

─  

1.  Ɽכ♠⅜ ≡ ∫≡™╢⅛╩ ∆╢⁹( 3- 18) 
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3- 18 

2.  ◦ꜞfi☺⌐ ╩ ╘≡ ≡ ∆ ╩ 2,3 ╡ ⇔⁸ ╩ ∆╢⁹ 

3.  PEEK♅ꜙכⱩ≤ ≡→⌂≈⌐Ⱪכꜞ☻─ ╩ ∆ ╩ 2,3 ╡ ∆⁹ 

4.  ◐ꜗⱧꜝꜞⱪ꜡כⱩ╩≈↑≡⁸ ⅜ ╣╢⅛╩ ∆╢⁹ 

5.  ◌ⱷꜝ≢▬fi꜠♇♩≤─ ╩ ⇔⌂⅜╠ ╩ ∆╢⁹↓↓≢│ 680₩700Hz 

6.  ─ ⌐ 10 ⁸ ╩ ⇔ ↑≡⅔ↄ⁹ 

ⱷ♁♇♪  

1.  ⱷ▬fiⱷ♬ꜙכ♦╠⅛כ♃ ╩ ∆╢⁹ 

2.  ⱠⱩꜝ▬◙כ●☻ 0.5L⁸♪ꜝ▬fi◓●☻ 5.0L⁸DL 300ϴ⌐ ⇔ ∆⁹ 

3.  0.000min⁸ 0.5000min⁸TOF 100.0000⁸TOF 2000.0000⁸▬ⱬfi♩ 0.100⁸⇔⅝™ Low⁸

▬fi♃כⱨ▼▬☻ 0.00⌐ ∆╢⁹ 

4. ─ꜟ▬□fi◓ⱨ♬כꜙ♅╩  ⌐ ╦∑╢⁹ 

5.  ⱷ♁♇♪ⱨ□▬ꜟ⌐ ╩≈↑≡ ∆╢⁹( 3- 19)  
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3- 19 

Feedback◦☻♥ⱶ─  

 

3- 20 

1.  Frequency≤Amplitude╩ ⇔≡⁸Phase⅜ 90 ⌐⌂╢╟℮⌐ כ◙כ꜠│≢↓↓)⁹╢∆ ╩ 45.0mV

≤⇔≡⁸ ⅜ 1.5 ⌐⌂╢╟℮⌐ ⇔≡™╢⁹)  

2.  Sample pitch ≤#points⁸Scan distance ≢ ╩ ╘╢⁹ 

3.  Set point ╩ ⇔⁸Auto approach amplitude (fix) ⌐╙ ∂ ╩ ╣╢⁹ 

Ᵽ♇♅  

1.  ⱷ▬fiⱷ♬ꜙכ⅛╠Ᵽ♇♅ ╩ ∆╢⁹( 3- 21)  
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3- 21 

2.  Ᵽ♇♅─ │☻◐ꜗfi∆╢ꜝ▬fi─ ≤ ∂ ⌐∆╢⁹ 

3.  ⱷ♁♇♪ⱨ□▬ꜟ≤♅ꜙכ♬fi◓ⱨ□▬ꜟ│ ⌐ ⇔√╙─╩ ⇔⁸ ◒ꜞ♇◒≢₈◖Ⱨכ⇔≡

₉╩ ∆╢⁹ 

4. ⌐ⱨ□▬ꜟ⌐│⁸DATA♪ꜝ▬Ⱪ♃כ♦  ╣√ ─ⱨ◊ꜟ♄⌐ ⇔™ⱨ□▬ꜟ╩ ⇔≡⁸ ◒ꜞ♇◒≢₈

≢ ₉╩ ∆╢⁹ 

5.  ⱨ□▬ꜟ╩ ⇔≡⅔ↄ⁹ 

─  

1.  Ᵽ♇♅╩ ⇔√ PC≢Ᵽ♇♅ ─ ╩ ∆╢⁹ 

2.  Feedback◦☻♥ⱶ╩ ⇔√ PC≢▪ⱪ꜡כ♅╩ ℮⁹ 

3.  ─ Start Multiline Measurement ╩ON⌐∆╢⁹ 

4.  Setting OK ╩ ⇔⁸♦☻◒♩♇ⱪ ─ ─ⱨ□▬ꜟ⌐ⱨ◊ꜟ♄╩ ╢⁹ 

5.  ⱨ□▬ꜟ⌐ ╩≈↑≡ Enter ╩ ∆≤ ⅜ ∆╢⁹ 
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4  ─  

1  ─  

(1)  NaI 

1.  NaI:  ◐ꜗꜞⱩ꜠כ◦ꜛfi  

( 400mg/L in Milli - Q/MeOH=1/1)╩☻ⱳ♇♩ 1mm─ⱴ▬◒꜡►▼ꜟ☻ꜝ▬♪⌐ 0.4ɡL∏≈ ⇔

⇔√╙─╩ ™√⁹☻ꜝ▬♪│ ∆╢ ⌐☺כ♥☻⌐ ╢ ⅝↕( 3cm )⌐◌♇♩⇔√⁹☻ꜝ

▬♪─◌♇♩⌐│♄▬ꜘ⸗fi♪◌♇♃כ╩ ™√⁹◌♇♩⇔√☻ꜝ▬♪│ ●☻╩ ⇔≡⁸ ⅝⌂↔

╖╩ ╡ ™√⁹∕─ UV○♂fi ( Filgen )≢ ╩ ™⁸ⱴ▬◒꜡►▼ꜟ☻ꜝ▬♪─ ╣ ╩

↕∑√⁹O2 │ 5 ⁸UV │ 30 ⁸N2 │ 10 ⌐ ⇔√⁹ │○

♂fi◐ꜝכ╩ 10 ™≡○♂fi─ ≤ ╩ ∫√⁹ ∆←⌐⁸ⱴ▬◒꜡ⱧⱭ♇♩╩

™≡ 0.4ɡL∏≈ ⇔ ⇔√⁹ⱧⱭ♇♩─ │ 10 ↔≤⌐ ⇔√⁹ ─ ╩

≢ ⇔√ ⁸☻ⱳ♇♩╟╡╙ ↄ NaI⅜ ⇔≡™√⁹ 

2.  NaI:  

( 750mg/L in Milli - Q/MeOH=4/1)╩☻ⱳ♇♩ 1mm─ⱴ▬◒꜡►▼ꜟ☻ꜝ▬♪⌐ 0.4ɡL∏≈

⇔⁸100ϴ⌐ ⇔≡ ⇔√⁹ ─ │⁸╕∏ 150mg─ NaI╩ 4mL─ MeOH⌐ ⅛⇔⁸16mL

─Milli - Q╩ ⅎ≡ ⇔√⁹∕─ ╩ 1mL≤╡⁸Milli - Q/MeOH=4/1≢ 10 ⌐ ⇔√⁹ⱴ▬◒꜡►▼

ꜟ☻ꜝ▬♪─ │ 1. ≢№╢⁹ ⌐│ⱱ♇♩ⱪ꜠כ♩╩ ™√⁹ ≢ ∆╢≤⁸1.

⌐☻ⱳ♇♩╟╡ ™ ≢ NaI⅜ ⇔≡™√⁹ 

3.  NaI:  

( 7500mg/L in Milli - Q/MeOH=4/1)╩☻ⱳ♇♩ 1mm─ⱴ▬◒꜡►▼ꜟ☻ꜝ▬♪⌐ 0.4ɡL∏≈ ⇔⁸40ϴ

⌐ ⇔⌂⅜╠ ⇔√⁹ⱴ▬◒꜡►▼ꜟ☻ꜝ▬♪─ │ 1. ≢№╢⁹ ⌐│ⱱ♇♩ⱪ꜠כ♩╩

™√⁹ ≢ ∆╢≤⁸☻ⱳ♇♩─ ⌐ 0.3mm ─ ≤⇔≡ NaI⅜ ↕╣√⁹ 

 

( 2) Reserpine  

300mg/L─ ╩ ⇔√⁹ ╟╡⁸꜠☿ꜟⱧfi│ ⌐ ⁸MeOH⌐ ≢№╢─≢⁸Milli - Q╩ ™√

╩ ⇔√⁹0.6mg─ reserpine ╩ 2mL─ ⌐ ⅛∕℮≤⇔√⅜⁸╒≤╪≥ ↑≡™⌂⅛∫√√╘ VORTEX≢ 5

╩ ⅎ≡ ↕∑√ ╩ ™√⁹40ϴ⌐ ⇔⌂⅜╠ ⇔√╙─╩ ≢ ⇔√⁹

╩ 4- 1⌐ ∆⁹ ⌐│⌂╠⌂⅛∫√⅜⁸ ⅜☻ⱳ♇♩ ⌐ ↕╣≡™√⁹╕√⁸☻ⱳ♇♩─

⌐ ↄ─ ⅜ ⇔≡™√⁹ 

 

4- 1 Reserpine─ ╩ ⇔√◘fiⱪꜟ (☻ⱳ♇♩ 1mm)  

https://filgen.jp/catalogue/UV_Catalogue.pdf
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2   

(1) NaI  

≡─ │ DMF/MeOH=1/1 ╩ ™≡ 200nL/min≢ ╩ ∫√⁹ 

  

         4- 2 NaI ─▬○fi▬ⱷכ☺ 

  

                                 4- 3 NaI ─▬○fi▬ⱷכ☺ 

 

≡─ │ 100nL/min≢ DMF/MeOH=1/1 ╩ ™≡ ⇔√⁹ 

4- 3 NaI─          

 

 

 

≡─ │ 100nL/min≢ DMF/MeOH=1/1 ╩ ™≡ ⇔√⁹↓↓≢│ ─ ╩⇔√⁹ 

4- 4 NaI─           

  

☻ⱳ♇♩─ ⌐ ⅜≢⅝≡⇔╕™⁸▬ⱷכ☺fi◓⅜℮╕ↄ≢⅝⌂⅛∫√⁹ 

12/ 13─  

12/ 20─  

12/ 24─  

4- 2 NaI─  

4- 1 NaI─  
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( 2) Reserpine  

 DMF≤MeOH∕╣∙╣─ ≤⁸∕─ 1 1 ╩ ™≡ ▬ⱷכ☺fi◓╩ ⌂∫√⁹

≢ ⇔≡⁸15◘fiⱪꜟ 7◘fiⱪꜟ─ ⌐ ⅎ╢╙─╩ ™≡Ⱨכ◒ ─ ╩ ⌂∫√⁹ ≡─

│ 50nL/min⌐ ⅎ√⁹ 

4- 5 Reserpine─  

   

3   

(1) NaI  

1.  ◐ꜗꜞⱩ꜠כ◦ꜛfi≢ ™≡™╢ ◘fiⱪꜟ ⅛╠◘Ⱪ▬fi♃כⱨ▼כ☻⌐ ╩ ⇔≡◦fi◓

ꜟ ╩ ∫√ 

2.  lcd. ⱨ□▬ꜟ⅛╠ ╙ ─ ™Ⱨכ◒╩ 100%≤⇔√ ─ 10%╕≢─╙─╩ ⇔√ 

3.  ⌐ ↕╣╢ NaIⱧכ◒( Na─ 23⅛╠ NaI─ 149.89↔≤⌐Ⱨכ◒⅜ ╣╢)≤ ⇔√

╙─≢Ⱨכ◒ꜞ☻♩╩ ∫√ 

 

4- 6                      4- 7 Ⱨכ◒ꜞ☻♩ 

 

 

4.  ∆╢ ╩ ≡ ∂ⱪ꜡☺▼◒♩ⱨ□▬ꜟ≢ ™√⁹ 

5.  ▬ⱷכ☺fi◓ ⅛╠ ROI╩ ╘√⁹ 

6.  ╩ ╦∏⌐⁸Ⱨכ◒ꜞ☻♩≢ ROI ╩ ⇔√⁹ 

7.  ─ ⌂╢ ╩ ∆╢√╘⁸Excel ⌐ ROI─Ⱨכ◒ ╩ ╘√  ⁹√⇔כⱧ◖╩♃כ♦─≡

8.  ⇔≡ ™Ⱨכ◒⅜ ╠╣√m/z 472.6696≢ ╠╣√ ╩ 1≤⇔≡ ⇔√⁹ 

9.  ╩ ╩כⱣכꜝ◄≡™ ╗ ╩ⱪ꜡♇♩⇔√⁹ 

( 2) Reserpine  

1.  Ⱨכ◒ ─ ⌐│ Monoisotopic Mass(m/z 609.2812)≤∕─ⱨꜝ◓ⱷfi♩▬○fi≤⇔≡ ╠╣√ m/z 

607.2656≤m/z 605.249╩ ™√⁹ 

2.  ∆╢ ╩ ≡ ∂ⱪ꜡☺▼◒♩ⱨ□▬ꜟ≢ ™√⁹ 

3.  ▬ⱷכ☺fi◓ ⅛╠ ROI╩ ╘√⁹ 

4.  ╩ ╦∏⌐⁸Ⱨכ◒ꜞ☻♩≢ ROI ╩ ⇔√⁹ 

5.  ─ ⌂╢ ╩ ∆╢√╘⁸Excel⌐ ROI─Ⱨכ◒ ╩ ╘√  ⁹√⇔כⱧ◖╩♃כ♦─≡

6.  Monoisotopic Mass(m/z 609.2812)≢ ╠╣√ ╩ 1≤⇔≡ ⇔√⁹ 
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7.  ╩ ╩כⱣכꜝ◄≡™ ╗ ╩ⱪ꜡♇♩⇔√⁹ 

 

1.  I MAGEREVEAL─ ≢m/z ╩ ⇔⁸MS▬ⱷכ☺╩ ⇔√⁹↓─ ⁸ROI ─╖≢ ⌐♅▼♇◒╩≈↑√⁹ 

2.  MS▬ⱷכ☺ ⅛╠ ⇔√▬ⱷכ☺╩ ⇔√⁹ 

3.  ◒ꜞ♇◒⇔≡♥◐☻♩ ≢◄◒☻ⱳ⁹√⇔♩כ( . csvfile)  

4.  Excel─ⱴ◒꜡ Ⱪ♇◒≢ ™√⁹ 

5.  ♃Ⱪ⅛╠ Visual Basic ╩ ™√⁹ 

6. ╩ꜟכꜙ☺⸗  ╡ ╩♪כ◖─ ∫≡ ROI─♦כ♃╩ 1 ⌐╕≤╘√⁹ 

Sub ─♦כ♃╩ 1 ⌐╕≤╘╢()  

 

Dim Last_Row As Long 

Dim i As Long  

Dim Target_Row As Long 

 

    ' │ 2⌐∆╢( ─ ╩ ⇔≡™╢√╘)  

    Target_Row = 2 

 

    ' ROI─ ╩ ╘≡∕─ │≢↓↓)╢∆ⱪכꜟ N:NP) 

    For i = 14 To 380  

 

        ' ╩ (™∂╠⌂™)  

        Last_Row = Cells(Rows.Count, i).End(xlUp).Row  

 

        '◖Ⱨכ⇔≡ ╡ ↑( ─ 1│ 1 ⌐ ∆╢↓≤╩ ∆)  

        Range(Cells(2, i), Cells(Last_Row, i)).Copy Cells(Target_Row, 1)  

 

        ' (Rows.Count,─ ─ ╩ ─♪כ◖─ ─ ⌐ ╦∑╢)  

        Target_Row = Cells(Rows.Count, 1).End(xlUp).Row + 1  

 

    Next i  

 

End Sub 

7.  Excel╩ ∫≡ └→ ╩ ⇔√⁹ 

 

4   

(1) NaI  

─  

⌐╟╢Ⱨכ◒ ─ ™│ ╠╣⌂⅛∫√⁹Na─ ⅝⌂ ╩כ♃☻ꜝ◒ ∆╢ ≢│ ⌐

╟╢Ⱨכ◒ ─ ™│ ╠╣⌂™⅜⁸m/z 172.88 ≢│ ⌐╟∫≡Ⱨכ◒ ⌐┌╠≈⅝⅜№∫√⁹ ◒ꜝ

⁸│כ♃☻ ⅛╠ ─ ⅜ ╕∫√ ─ ≢⁸ ⅝↕│ 1 2nm ─ ≢№╢⁹Na⌐⅔™≡

2│ ≤ ┌╣≡⅔╡⁸(NaI) 2Na+│ ⌐ ∆╢≤ ╦╣≡™╢⁹ ⌐ 2 ─ ─ ╩ ∆⁹ 

  

└→ ─ ╡  
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 4- 8 m/z 472.6696╩ 1≤⇔√ ─Ⱨכ◒  

         4- 4 ≤Ⱨכ◒ ─  

 

 

 

 

 

 

 

 

4- 9 m/z 472.6696╩ 1≤⇔√ ─Ⱨכ◒  

         4- 5 ≤Ⱨכ◒ ─  

 

─  

⅜ ™ ─Ⱨכ◒⅜ ╙ ↄ ≢⅝√⁹Na─ ⅝⌂ ╩כ♃☻ꜝ◒ ∆╢ ≢│

⌐╟╢Ⱨכ◒ ─ ™│ ╠╣⌂™⅜⁸m/z 172.88≢│ ⌐╟∫≡Ⱨכ◒ ⌐┌╠≈⅝⅜№∫√⁹ 

  

12/13─  

12/20─  



 

 23  

 

 

 

 

 

 

 

 

 

4- 10 m/z 472.6696╩ 1≤⇔√ ─Ⱨכ◒  

         4- 6 ≤Ⱨכ◒ ─  

 

 

 

 

 

 

 

4- 11 m/z 472.6696╩ 1≤⇔√ ─Ⱨכ◒  

       4- 7 ≤Ⱨכ◒ ─  

 (2) Reserpine  

─  

DMF─ ≢─ ⅜ ╙Ⱨכ◒⅜ ↄ ╣√⁹( 4- 6 )⇔⅛⇔⁸ ≢─▬ⱷכ☺fi◓⅜ ╙

≤ ≡™√√╘⁸▬ⱷכ☺fi◓─ ─ ≢│ ─╒℮⅜ ⇔≡™╢≤ ⅎ╠╣╢⁹( 4-

5)1 Ⱨ◒☿ꜟ ≢─Ⱨכ◒ ╩ⱪ꜡♇♩∆╢≤⁸ ≢ ™Ⱨכ◒ ╩ ∆Ⱨ◒☿ꜟ⅜№∫√↓≤

⅜ ↕╣√⁹( 4- 7)↓─ ™Ⱨכ◒ │☻ⱳ♇♩ ─ Reserpine ⅜ ↄ ∆╢ ╩ ⇔≡™╢≤ ⅎ

╠╣√⁹╕√⁸ⱨꜝ◓ⱷfi♩▬○fi─Ⱨכ◒ ≤╙ ∆╢≤⁸ ≢─ ≢│ⱨꜝ◓ⱷfi♥כ◦ꜛ

fi⅜ ↓╡⌐ↄ™≤ ⅎ╠╣√⁹( 4- 6 )  

12/13─  

12/20─  
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4- 8 ─▬ⱷכ☺  

 

  
4- 9 ─ ≤Ⱨכ◒ ─  ↓↓≢m/z 609.2812⅜ Reserpine─Monoisotopicmass  

 

 

4- 10 ≢ ╠╣√Ⱨכ◒ ╩ 1Ⱨ◒☿ꜟ ≢ ⇔≡∕─ ╩ └→ ≢ ⇔√ 
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─  

⌐╟╢ ™│ ╠╣⌂⅛∫√⁹( 4- 9)╕√⁸3kV≢│◘fiⱪꜟ⌐╟╢ ⅜ ⅝ↄ⁸7kV≢│ⱨꜝ

◓ⱷfi♩▬○fi─Ⱨכ◒⅜ ⅛∫√√╘⁸5kV⅜ ∆╢≤ ⅎ╠╣√⁹ 

 

4- 11 ─▬ⱷכ☺  

 

 

4- 12 ≤Ⱨכ◒ ─  

 

 

─  

⅜ ™ ─Ⱨכ◒⅜ ╙ ↄ ≢⅝√⁹( 4- 11)↓╣│ ≤ⱪ꜡כⱩ⅜ ∆╢ ⅜

ↄ⌂╢√╘⌐ ∆╢ ⅜ ↄ⌂╢√╘∞≤ ⅎ╠╣√⁹⇔⅛⇔⁸683.6Hz≢─▬ⱷכ☺fi◓⅜ ╙

≤ ≡™√√╘⁸▬ⱷכ☺fi◓─ ─ ≢│ 680Hz ─ ⅜ ⇔≡™╢≤ ⅎ╠

╣√⁹( 4- 10) 

3kV

5kV

7kV
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4- 13 ─▬ⱷכ☺  

 

4- 14 ≤Ⱨכ◒ ─  
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5  ─  

─   

│ⱪ꜡כⱩ⌐ ↕╣√ ⅜▬○fi ∆╢ ≢⁸▬○fi ⇔╛∆↕⌐ ╦╢Ɽꜝⱷכ♃≤⇔≡

∞≤ ⅎ√⁹ 

Wilhelmyה (ⱪ꜠כ♩ ⁸ )  

ⱪ꜠כ♩⌂≥─ ─ ╩ ─ ⌐ ⌐ ↕∑╢≤⁸ ⅜ ⌐⌠╣ ⅜╢(ⱷ

♬☻◌☻≤™℮)⁹↓─ ⌐ ↕╣√ⱷ♬☻◌☻ ─ ⌐╟╡⁸ ⅜ ⌐ ⅝ ╕

╣╢⁹↓─ ⅝ ╗ ╩ ⇔⁸ ∆╢⁹ 

ɾ
Ὂ

ὒÃÏÓ—
 

‎: (mN/m) 

Ὂ: (mN) 

ὒ: ─ (m) 

—: ≤ ≤─  

 

ↄ─ │ ⱪ꜠כ♩⌐ ⇔≡ ⌐ ╣╢─≢ — πЈ≢№╢⁹ 

ɾ
Ὂ

ὒ
 

ה  

 ( DCA- 700, )╩ ™√⁹ ⌐│ ♁ⱨ♩►▼▪( DYNALYZER, 

)╩ ™√⁹MeOH⌐ ∆╢ DMF─ ⅜ 0%, 10%, 30%, 50%, 70%, 90%, 100%─ ╩ ⇔≡ ⇔

√⁹∕╣∙╣ 5 ∏≈ ⇔⁸∕─ ≤ ╩ ™√⁹ │ 24ϴ≢№∫√⁹ 

ה  

DMF/MeOH─ │∕╣∙╣─ ─ ─ ╩ ⇔√⁹( 5- 1) │ 25ϴ≢─ 8⁹ 

 

 

 

5- 1 ≤ ─  

     5- 1 MeOH≤DMF─ ≤ ─  

  

 
8   6 ,   
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─  

│ⱪ꜡כⱩ⌐ ↕╣√ ─ ⌐ ╦╢Ɽꜝⱷכ♃≤⇔≡ ∞≤ ⅎ√⁹ 

 

ה  

QCM (Quartz - Crystal Microbalance ⱴ▬◒꜡Ᵽꜝfi☻) ♁ⱨ♩≢│⁸◒►◊כ♠⌐ ╙

∑≡™⌂™ ≤ ∆╢ ╩ ∑√ ─ ─ ≤⁸∕─ ─ ─ ╩ ╢↓≤⅜≢⅝╢⁹∕─

⅛╠ ─ 9╩ ™≡ ɜΐ╩ ╘╢↓≤⅜≢⅝╢⁹ 

 

ɜΐ ⌐ ∆╢Ɽꜝⱷכ♃ 

:Ñ ─  

ɦ ─  

Æ  

Æ &  

ȺÆ ─  

Ⱥȹ ─  

ה  

open QCM Q- 1( Novaetch S.r.l )╩ ™≡ ⇔√⁹ │ ≤ ⌂╢ ╩ ∆─≢⁸ (20ϴ)≤─

╩≤∫≡ⱨ▫♇♥▫fi◓⇔√⁹MeOH⌐ ∆╢DMF─ ⅜ 0%, 10%, 30%, 50%, 70%, 90%, 100%─ ╩

⇔≡ ⇔√⁹ │ 24ϴ≢№∫√⁹ 

 

DMF/MeOH─ │∕╣∙╣─ ─ ─ ╩ ⇔√⁹ 

 

5- 2 ≤ ⌐ ╠⇔ ╦∑≡ 

ⱨ▫♇♥▫fi◓⇔√  

  

 

                                  5- 2 MeOH≤ DMF─ ≤ ─  

 
9 Diethelm Johannsmann , Physical Chemistry Chemical Physics , 10, 31 (2008)  
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─  

 

≢│ ╩ ⇔⁸▬fiⱧכ♄fi☻╩ ∆╢↓≤≢ ╩ ╘╢↓≤⅜≢⅝╢⁹ 

ȿὤȿ
ρ

ɮὅ
 

|Z| ▬fiⱧכ♄fi☻▪♫ꜝ▬◙≢ ↕╣√▬fiⱧכ♄fi☻─  

ɮ (=2ɥf)  βf │ ⇔√  

C ◖fi♦fi◘─  

 

⅛╠ ─ ╩ ╘╢↓≤⅜≢⅝╢⁹ ≢│⁸☿ꜟ⌐ ╙ ╣⌂™ ≢─ ╩ὅ≤⇔≡

╩ ╘╢⁹ 

ὅ ʀʀ
Ὓ

Ὠ
 

─  

 

Ȅr ─  

Ȅ0 ─  

 

ה  

LCRⱢ▬♥☻♃3535 כ- 50( )╩ ™≡ ⇔√⁹MeOH⌐ ∆╢ DMF─ ⅜ 0%, 10%, 30%, 50%, 

70%, 90%, 100%─ ╩ ⇔≡ ⇔√⁹╕∏⁸☿ꜟ⌐ ╙ ╣∏⌐ ☿ꜟ ≢ ⇔⁸∕─ ╩ὅ≤⇔√⁹

│ 21ϴ≢№∫√⁹♦כ♃│ ≢ ↕╣╢ ⌐ ∫√ ⅜ ╠╣√⁹ 

5- 3 ⇔√  
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ה  

DMF/MeOH─ │∕╣∙╣─ ─ ─ ╩ ⇔√⁹ 

 

5- 4 ≤ ─  

  

                          5- 3 MeOH≤ DMF─ ≤ ─  

ה ≢─  

ה  

LCMⱷכ♃כ≤ ☿ꜟ╩ ™√⁹DMF≤ MeOH─ (DMF 0%,10%,30%,50%,70%,90%,100%─ 7

)─ (ⱴ►☻ ─ ≢ ⇔√ Hz)≢─ ─ ╩ ∫√⁹ │ 200 Hz⅛╠ 100000 Hz

≢ ⇔√⁹ ─ PC╩ (ID:students ⁸Pass:chem)⇔≡⁸ ♁ⱨ♩╩ ⅝ ╩ ⇔≡⁸ ╩

⇔√⁹╕∏⁸☿ꜟ⌐ ╙ ╣∏⌐ ☿ꜟ ≢ ⇔⁸∕─ ╩ὅ≤⇔√⁹ ≢ ╠╣√ὅ╩ὅ≢ ∫√

⅜ ≢№∫√⁹ ⌐ ™√─│⁸1209⁸1210⁸1210- 2⁸1216⁸0222- 1⁸0222- 2─ 6≈⁹ 

                            5- 5 ⇔√  

 

     5- 4 ⌐ ™√  

ה  

⇔√ ≢ ⅜ ⅛∫√⁹ 

╕√⁸ ⅜ ↕↑╣┌ ↕™╒≥ ⌐╟╢ ─ ⅜ ⅝⅛∫√⁹ 

DMF

(%) (@f=10MHz) (@20 )

0 32.9365 32.6

10 33.1326

30 34.6101

50 35.6586

70 37.4403

90 37.8333

100 38.3025 36.7
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5- 5  ↔≤─MeOH≤ DMF─ ≤ ─  
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6  Snail ─  

1   

DMF≤ EOH─ 1 1 ╩ ™≡ⱴ►☻ ─ (EpH4)─ WT≤ Snail ─

▬ⱷכ☺fi◓╩ ⌂∫√⁹╕√⁸ ▬○fi⸗⁸♪כ ▬○fi⸗כ♪ ─ ╩ ∫√⁹ │ 509.174 

Hz⁸ │ 7 KV⁸ │ 100nL/min.≢ ⇔√⁹ 

 

6- 1  

2   

 

1.  ─ ≤●ꜝ☻ ╩ ROI≤⇔≡ ╘√⁹( 3≈)  

2.  TIC≢ ╩ ™⁸ROI ─ⱴ☻☻Ɑ◒♩ꜟ╩ √⁹ 

3.  ╩ 50⌐ ⇔⁸∕╣∙╣─ ─ROI≢Ⱨכ◒Ⱨ♇◐fi◓╩ ∫√⁹ 

4.  ↓↓≢ ╠╣√Ⱨ⁸╠⅛♩☻ꜞ◒כ●ꜝ☻ ─Ⱨכ◒╩ ⇔√⁹ 

5.  ≢ ╠╣√ 2≈─Ⱨכ◒ꜞ☻♩╩ ╦∑≡ ╩ ⇔√⁹ 

6.  LIPIDMAPS≢±0.005─ ≢ LMSD ⇔√╙─╩ ⇔√⁹ ⅜№∫√ │Ⱥm/z ⅜ ↕™╙

─╩ ⇔√⁹ 

7.  WT≤ Snail ─Ⱨכ◒ ╩ ⇔≡WT/Snail ─ ≢ ⇔√⁹ 

3   

▬○fi⸗כ♪ 

(1) WT ─ (WT/Snail=2 )  

 11 ─ ⅜ ↕╣√⁹ 

↕╣√ 11 ─℮∟⁸5 ⅜◓ꜞ☿꜡ꜞfi (PS⁸PC/PE)⁸5 ⅜☻ⱨ▫fi◗ ( HexCer⁸SM)⁸

1 ⅜ ( TG)≢№∫√⁹╕√⁸m/z 787.673─ SM40:1⅜ ≢⅝√⁹ 

 

 

↕╣√ ─  

─  
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6- 1 ↕╣√  

 

6- 2 ↕╣√▬○fi▬ⱷכ☺ 

 

(2) Snail ─ (WT/Snail=0.5 )  

 7 ─ ⅜ ↕╣√⁹ 

↕╣√ 7 ─℮∟⁸2 ⅜◓ꜞ☿꜡ꜞfi ( PC/PS⁸PS)⁸1 ⅜☻ⱨ▫fi◗ ( SM)⁸4 ⅜

( DG⁸CE)≢№∫√⁹ 

↕╣√ ─  

─  
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6- 2 ↕╣√  

 

 

6- 3 ↕╣√▬○fi▬ⱷכ☺ 

 

╕≤╘ 

⌐ ⇔≡ ╘╠╣╢ m/z 787 ─☻ⱨ▫fi◗Ⱶ◄ꜞfi( SM)⅜ Snail ⌐│ ⇔⌂™≤∆╢⁸LC-

ESI- MS─ 10─ ≤ ⇔√⁹ 

 

▬○fi⸗כ♪ 

(1) WT ─ (WT/Snail=1.04 )  

 6 ─ ⅜ ↕╣√⁹ 

↕╣√ 6 ≡⅜◓ꜞ☿꜡ꜞfi ≢№∫√⁹∕─℮∟⁸2 ⅜ⱱ☻ⱨ□♅☺ꜟ▬ⱡ◦♩כꜟ

(PI) ⁸1 ⅜ꜞ♂ⱱ☻ⱨ□♅☺ꜟ☿ꜞfi(LPS)⁸2 ⅜ⱱ☻ⱨ□♅☺ꜟ☿ꜞfi(PS)≢№∫√⁹ 

 

  

 
10 ⱡ   , ─ ≤ꜞfi  , ─№╝╖₈ ╩ ⅎ╢ Ί ─ ≤ ₉⁸

248 13  2014 3 29  

↕╣√ ─  

─  
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6- 3 ↕╣√  

 

 

6- 4 ↕╣√▬○fi▬ⱷכ☺ 

 

 

 

( 2)Snail ─ (WT/Snail=0.5 )  

 6 ─ ⅜ ↕╣√⁹ 

↕╣√ 6 ≡⅜◓ꜞ☿꜡ꜞfi ≢№∫√⁹∕─℮∟ 2 ⅜ꜞ♂ⱱ☻ⱨ□♅☺ꜟ▬ⱡ◦♩כ

ꜟ(LPI) ⁸2 ⅜ PI ≢№∫√⁹ 

  

↕╣√ ─  

─  
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6- 4 ↕╣√  

 

 

6- 5 ↕╣√▬○fi▬ⱷכ☺ 
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7  ⱴ►☻ ─  

1  ─  

 ─ ⌐ ™√∞™√ ⱴ►☻ (Japan Bio Serum)╩,◒ꜝ▬○Ⱶ◒꜡♩כⱶ╩ ™

≡ 8ɡm─ ╖⌐ ⇔, ≢ ™√⁹ⱴ►☻ │ Deep freezer ⅛╠ ╡ ⇔⁸OCT≢◒ꜝ▬○Ⱶ◒꜡

⌐ⱶכ♩ ╡ ↑√⁹ ╙ ≤─ ⅜ ↄ⌂╢ ╩ ╘√⁹ 6- 2 ⌐ ─ ⌐╟╢ ╩

∆⁹ 

  

7- 1 ─            7- 2  

2   

 DMF≤MeOH∕╣∙╣─ ≤⁸∕─ 1 1 ╩ ™≡ⱴ►☻ ─ ▬ⱷכ☺fi◓╩

⌂∫√⁹╕√⁸ ▬○fi⸗⁸♪כ ▬○fi⸗כ♪ ─ ╩ ∫√⁹ ⁸ ⁸ ─ │ ⅎ≡

╩ ∫√⁹ 

 

3   

7 ─  

  

8.  3≈ ≡╩ ∂ⱪ꜡☺▼◒♩ⱨ□▬ꜟ≢ ™√⁹ 

9.  ∕╣∙╣─ ≢ ─ ≤●ꜝ☻ ╩ ROI≤⇔≡ ╘√⁹( 6≈)  

10.  TIC≢ ╩ ™⁸ROI ─ⱴ☻☻Ɑ◒♩ꜟ╩ √⁹ 

11.  ╩ 50⌐ ⇔⁸∕╣∙╣─ ─ROI≢Ⱨכ◒Ⱨ♇◐fi◓╩ ∫√⁹ 

12.  ●ꜝ☻ │ 7500Ⱨכ◒╩ ╢╟℮⌐ ⇔≡Ⱨ♇◐fi◓⇔√⁹ 

13.  ↓↓≢ ╠╣√Ⱨכ◒ꜞ☻♩(MeOH:6868⁸DMF:5294⁸ 6716)⅛╠⁸●ꜝ☻ ─Ⱨכ◒╩ ⇔

√⁹ 

14.  ≢ ╠╣√ 3 ≈─Ⱨכ◒ꜞ☻♩(MeOH:4900⁸DMF:3728⁸ 4669)╩ ╦∑≡ ╩ ⇔√

(8716 )  

15.  LIPIDMAPS≢ LMSD ⇔√╙─≤ COMP_DB≢ ⇔√╙─╩ ⇔≡ ⇔√⁹ 

16.  ─ ⅎ ≢ ↑√ 3 ≤⁸ ≢⅝√ ≢ ↑√ 5 ≢⁸ 15 ╩ ≢ ∫√⁹ 

1 ─  

 






































