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a-LA  alpha-linolenic acid 

g-LA  gamma-linolenic acid 

AHexCer acylhexosylceramide 

ARA  arachidonic acid 

C=C  carbon-carbon double bond 

CAR  acylcarnitine 

Cer_AS  ceramide alpha-hydroxy fatty acid-sphingosine 

Cer_AP  ceramide alpha-hydroxy fatty acid-phytospingosine 

Cer_BS   ceramide beta-hydroxy fatty acid-sphingosine 

Cer_EOS ceramide esterified omega-hydroxy fatty acid-sphingosine 

Cer_HS  ceramide hydroxy fatty acid-sphingosine 

Cer_NS  ceramide non-hydroxy fatty acid-sphingosine 

CID  collision induced dissociation 

CL  cardiolipin 

CompMS computational mass spectrometry 

COX  cyclooxygenase 

DG  diacylglycerol 

DDA  data dependent acquisition 

DHA  docosahexaenoic acid 

DIA  data independent acquisition 

D-MEM  dulbeccoôs modified eagle medium 

DPA  docosapentaenoic acid 

EDTA  ethylenediaminetetraacetic acid 

EIEIO  electron impact excitation of ions from organics 

EPA  eicosapentaenoic acid 

EtherLPC alkylacyl LPC 

EtherPC  alkylacyl PC 

EtherPE  alkylacyl PE 

FAHFA  fatty acid esters of hydroxy fatty acids 

FBS  fetal bovine serum 

FWHM  full width at half maximum 

GC-MS  gas chromatography-mass spectrometry 

GPCR  G protein-coupled receptor 

GUI  graphical user interface 
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HBMP  hemibismonoacylglycerophosphate 

HEK  human embryonic kidney 

HexCer_HS hexosylceramide hydroxyfatty acid-sphingosine 

HexCer_NS hexosylceramide non-hydroxyfatty acid-sphingosine 

HPLC  high performance liquid chromatrography 

LA  linolenic acid 

LC  liquid chromatography 

LC-MS/MS liquid chromatography-tandem mass spectrometry 

LOA  limit of annotation 

LOD  limit of detection 

LPC  lysophosphatidylcholine 

LPE  lysophosphatidylethanolamine 

LPG  lysophosphatidylglycerol 

LPI  lysophosphatidylinositol 

LPS  lysophosphatidylserine 

LSI  lipidomics standard initiative 

MELDI  m-chloroperoxybenzoic acid epoxidation for lipid double-bond identification 

MS  mass spectrometry 

MS-DIAL mass spectrometry data independent analysis 

MS-RIDD mass spectrometry radical induced dissociation decipherer 

NAE  N-acyl ethanolamine 

NSAIDs  non-steroidal anti-inflammatory drugs 

OAD  oxygen attachment dissociation 

OTC  over the counter 

OzID  ozone-induced dissociation 

PA  phosphatidic acid 

PB-MS  paterno-butch mass spectrometry 

PC  phosphatidylcholine 

PE  phosphatidylethanolamine 

PG  prostagrandin or phosphatidylglycerol 

PI  phosphatidylinositol 

PlasmPE  plasmenyl PE 

ppm  parts per million 

PS  phosphatidylserine 

PSG  penicillin-streptomycin-L-glutamine 

PUFA  poly unsaturated fatty acid/acyl 
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RID  Radical Induced Dissociation 

SM  sphingomyelin 

SPB  sphingoid base 

SWATH-MS sequential window acquisition  

of all theoretical fragment ion spectra mass spectrometry 

TG  triacylglycerol 

TLC  thin layer chromatography 

UVPD  ultraviolet photodissociation 

VLC-PUFA very long chain PUFA 
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1-1. ⌐⅔↑╢ ≤  

 │ ─ ╛◦◓♫ꜟ ◄Ⱡꜟ◑כ─ Ᵽꜞ▪─

⌂≥ ⌂ ╩╙≈ ─ ≢№╢ 1 │↓╣╠─

╩ ∆╢↓≤╩ ∂≡ ╛ ⌐⅔™≡ ⌂ ╩⇔≡⅝√ ⅎ┌ ▪

ꜝ◐♪fi ⌂≥─ ⅛╠ ↕╣╢ⱪ꜡☻♃◓ꜝfi☺fi PG─

⌐│ ─ PGF2a≤∕─ ╛ ⌐ PGE1

⌐PGE2 ↕╠⌐ ⌐│PGI2 ⌂≥⅜ ≤⇔≡ ™╠╣≡

⅝√ 2 PG│ ≢╙ ╪⌐ ↕╣ ⌐ PGE1╛ PGE2 PGF2a⌂≥│ 1970 ⌐

⌐ ↑≡ ⅛╠ ↕╣√ 2 ╕√ PG╩ ∆╢◦◒꜡○◐◦

♀כ♫◕ COX─ │ ☻♥꜡▬♪ NSAIDs≤⇔≡

─╖⌂╠∏ OTC ≤⇔≡╙ ↄ ↕╣≡™╢ ↕╠⌐ ꜟכ꜡♥☻꜠◖

─ ≢№╢HMG-CoA ─ ☻♃♅fi│ ≤⇔≡

⌂Ⱪ꜡♇◒Ᵽ☻♃כ≤⌂∫√ ─╟℮⌐ ⅔╟┘ ⌐⅔™≡ │

⌂ ≤⌂∫≡™╢  

│ ─ ה ה ─ ╛ ↕╠

⌐∕─ ⱴ►☻─ ╛ ⌂≥─ ⌂ ⅜ ╘╠╣╢ ⌐

│ ♃fiⱤ◒ ╛Ɑⱪ♅♪≤ ⌂╡ ⅛╠ ≢⅝∏ ↕╠⌐ ∆╢ ↄ─

⅜ ∆╢↓≤⅛╠ ∕─ │ ─ ╩ ℮ ─ ≈≤™

ⅎ╢ ◘Ⱪ◒ꜝ☻꜠ⱬꜟ─ ╛ ∕⇔≡ ⌐╟╢ ⌐│

◒꜡ⱴ♩◓ꜝⱨ▫כ TLC⅜ ↄ⅛╠ ™╠╣≡⅝√ ╕√ ●☻◒꜡ⱴ♩◓ꜝⱨ▫

כ GC-MS╙ ≢ ╩ ⇔√ ─ ⌐│

≢№∫√ ⌐ 1960 ⌐⅔™≡ PGE1─ ≢№╢☺ⱱ⸗-g-ꜞ ⱡ꜠fi ≤

18O2⅛╠ PGE1╩ ⇔ ╩ⱷ♩◐◦ ⇔≡ GC-MS⌐ ∆╢↓≤≢

PGE1─ 2≈─ ⅜ ↕╣≡™╢ 3 GC-MS│ ╙ ⌐ ↕╣≡

™╢ ⌂ │ ╛☻♥꜡▬♪ ⌂≥ ⌐ ╠╣≡™╢ ∕─

1990 ⌐◄꜠◒♩꜡☻ⱪ꜠כ▬○fi 2002ⱡכⱬꜟ ⅜ ↕╣

─ ╩▬○fi ∆╢↓≤⅜ ≤⌂╡ ꜞfi ╛

☻ⱨ▫fi◗ ⌂≥ ™ ╩ ⌐ ≢⅝╢╟℮⌐⌂∫√ ↕╠⌐

◒꜡ⱴ♩◓ꜝⱨ▫כ HPLC─ ≤◌ꜝⱶ─ ╛ ─ ⌐╟╡

╩ ꜠ⱬꜟ≢ ∆╢↓≤╙ ≤⌂∫√ ∕⇔≡ ─ ⌐

⌂ ╩ ⅎ√ ◒꜡ⱴ♩◓ꜝⱨ▫כ♃fi♦ⱶ LC-MS/MS⅜

⌐ ↕╣╢╟℮⌐⌂∫√ ↓╣╠ ─ ⌐╙ ↕╣ 2000

ꜞ♂ꜞfi ⅜ ─G♃fiⱤ◒ GPCR─ꜞ●fi♪≤⌂╢↓≤ 4,5

╛ GPR120╩ ⇔≡ ☻כ◖ꜟ◓─┼ ╡ ╖╩ ∆╢FAHFAfatty acid esters 
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of hydroxy fatty acid6⌂≥ ⅛╠╙ √⌂ ⅜ ₁≤ ↕╣≡⅝

√ ╕√ ∆╢ⱡfi♃כ◕♇♩ ╩ ╘√ꜞⱧ♪Ⱶ◒☻ ⌐╟╡ ▪◦ꜟⱫ◐

♁◦ꜟ☿ꜝⱵ♪ AHexCer╛▪◦ꜟ☻ⱨ▫fi◗Ⱶ◄ꜞfi ASM7 FAHFA╩ ⌐

ꜟכ꜡☿ꜞ◓ꜟ◦▪ꜞ♩≈╙ TG 8⌂≥ √⌂ ◘Ⱪ◒ꜝ☻≤⌂╢ ╙

ↄ ↕╣≡⅝≡™╢ ↓╣╠ ⅜ ∆╢ ─ ╛

─ ∕⇔≡ ⅜╙≈ ─ ╩∆╢↓≤≢ √⌂ ◕כ♃

♇♩⅜ ↕╣╢↓≤⅜ ↕╣╢  

╕√ ─ │ ♃fi♦ⱶⱴ☻☻◒ꜞכ♬fi◓≤⇔≡ ≢

╙ ↄ ↕╣≡™╢ ♃fi♦ⱶⱴ☻☻◒ꜞכ♬fi◓│ ▪Ⱶⱡ ה ה ה

ה ⌐⅔↑╢ 19 ─ ─ ≢№╢ 9 ⌐ ≤ ─

│⌐◓fi♬כꜞ◒☻─ ▪◦ꜟ ≢№╢▪◦ꜟ◌ꜟ♬♅fi─

≤ ⅜ ♃fi♦ⱶ ╩ ™≡ ╦╣≡™╢ ─╟℮⌐ ╩ ∆

╢ ─ │ ─ ╩ ∂≡ ∕─ ─ ╛ ┼─

↕╠⌐Ᵽ▬○ⱴכ◌כ ⌐╟╢ ⌐ ⇔≡⅝√ ⇔⅛⇔ ⌐│ ∆╢

⅜ ∆╢ ≢ ─ LC-MS/MS─ ╛ ─ ⌐│

⅜ ∫≡™╢ ∆⌂╦∟ ꜞⱧ♪Ⱶ◒☻ ╩↕╠⌐ ↕∑╢↓≤≢ ™

┼─ ⅜ ╙ ≢⅝╢  
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1-2. ─  

│ ▪◦ꜟ sn-

⌂≥─ ╖ ╦∑⅛╠ ↕╣╢ ─ │ ≢☻כⱬ♃כ♦

№╢LIPID MAPS⌐⅔™≡45,000 10⅜ ↕╣≡⅔╡ ↕╠⌐ ⌂ ─

™╛ ─ ╩ ╘╢≤10 ≤╙ ↕╣≡™╢ 1 ─╙≈ ₁

⌂ │↓─ ⌐╟∫≡ ⅎ╠╣≡⅔╡ ╛ ○ꜟ●Ⱡꜝ ⱴ

♩♇꜠ⱨכꜞ꜡◒▬ ⌐⅔™≡ ─ ╩ ⇔≡∕─ ╩ ⇔≡

™╢ 1,11,12∕⇔≡ ─ │ 13 ⅜╪ 14 15

16⌂≥ ⌐ ₁⌂ ≤ ∆╢↓≤⅜ ↕╣≡™╢ ≈╕╡

≤∕─ ╛ ─ ⌐ ⌂Ᵽ▬○ⱴכ◌כ─ ∕⇔≡

⅜ ∆╢ ─ ╩ ∆╢√╘⌐│ ╩ ⌐ ∆╢ ⱡfi♃כ◕

♇♩ꜞⱧ♪Ⱶ◒☻ ⅜ ≤⌂╢ 17 ╕√ ─ ╩ ∆╢↓≤│ ○Ⱶ

─כꜘ▬꜠☻◒ ≤⇔≡─ꜞⱧ♪Ⱶ◒☻♦כ♃─ ╩ ╘╢↓≤⌐ ∂ ♃כ♦

─ ╩ ∆╢ ≢╙ ≢№╢  

 

 

 

1 ─ ≤∕─ ─  

 │ ─≤⌂ꜟכ꜡♥☻꜠◖╛ꜟכ꜡☿ꜞ◓ ⌐╟∫≡ ⌐כꜞ◗♥◌─≈8 ↕

╣ ─ ╛ ≢ ◒ꜝ☻ ─ ⌐╟∫≡ ◘Ⱪ◒ꜝ☻ ↔≤─

⌐╟∫≡ ⌐ ↕╣╢ ↕╠⌐ C=C ╛Sn- E/Z─

⌐╟∫≡ ⅜ ↕╣╢  

 

  



7 

 

1-3. ⱡfi♃כ◕♇♩ꜞⱧ♪Ⱶ◒☻  

─ ⌐│ ◒꜡ⱴ♩◓ꜝⱨ▫כ♃fi♦ⱶ LC-MS/MS≤

CID╩ ╖ ╦∑√ LC-CID-MS/MS⅜ ↕╣╢ 18 ╘

╩ ╘≡ ╩∆╢ ☻◒Ⱨ♪Ⱶꜞ♩♇◕כ♃╩ ♩♇◕כ♃

╩ ╘∏ ≢▬○fi ⇔√ ╩ ∆╢ ╩ⱡfi♃כ◕♇♩ꜞⱧ♪Ⱶ

◒☻ ⱡfi♃כ◕♇♩ ≤ ┬ ♃fi♦ⱶ ≢⅝╢ ⌐│

╛ - ⌂≥⅜№╢ ≢ ╣╢ ♩♇◕כ♃│ ⌐

≢⅝╢ ─ ↕≤☻◐ꜗfi ⅜ ⌂ - │ⱡfi♃כ◕♇

♩ ⌐ ↕╣≡™╢ LC-CID-MS/MS≢│ ╕∏LC ⌐⅔™≡ ≤C18

◌ꜝⱶ⌐╟╡ ╩ ⌐ ≠™≡ ⇔ ™≢ MS ┼≤

∆╢ 2 MS ≢│ ╕∏▬○fi ⇔√▬○fi ─ m/z ╩

MS1 ≤⇔≡ ⇔ ™≢▬○fi ─ ─ ≤⌂╢MS/MS☻Ɑ◒♩ꜟ

MS2 ╩ ∆╢ 2 ⱡfi♃כ◕♇♩ ⌐⅔↑╢MS/MS☻Ɑ◒♩ꜟ─

│⌐♪כ⸗ Data dependent acquisition (DDA)⸗כ♪≤Data independent acquisition (DIA)

2─♪כ⸗ ⅜ ∆╢ DDA⸗כ♪≢│ MS1≢ √ⱪꜞ◌כ◘כ▬○fi─

⅛╠ 10 ─ ─▬○fi⌐ ∫≡ MS/MS☻Ɑ◒♩ꜟ╩ ∆╢

DIA⸗כ♪≢│ 10-100 Da ≢ m/z ╩∏╠⇔⌂⅜╠ MS/MS☻Ɑ◒♩ꜟ╩ ∆

╢↓≤≢ MS1≢ ⅎ√ ▬○fi─ MS/MS☻Ɑ◒♩ꜟ⅜ ╠╣╢ MS/MS☻Ɑ◒♩

ꜟ╩ ∆╢ ⌐│ ╩ⱨꜝ◓ⱷfi♥כ◦ꜛfi ↕∑╢↓≤≢ ─

ⱨꜝ◓ⱷfi♩▬○fi ▬○fi ╩ ∆╢  

CID│ ▬○fi ⇔√ ⌐ ◄Ⱡꜟ◑כ╩ ⅎ ▪ꜟ◗fi⌂≥─ ●☻⅜

⇔√ ◖ꜞ☺ꜛfi☿ꜟ ╩ ↕∑╢↓≤≢▬○fi╩ ↕∑╢ ⌂ⱨ

ꜝ◓ⱷfi♥כ◦ꜛfi ≢№╢ CID⌐⅔↑╢ ─ⱨꜝ◓ⱷfi♥כ◦ꜛfi│ ⌐◓ꜞ

☿꜡ ╛☻ⱨ▫fi◗ ─Ⱬ♥꜡ ꜞfi ╩ ╗◄☻♥ꜟ

╛▪Ⱶ♪ ≢ ∂╛∆™ 3 ∕─√╘ ↓╣╠─ ╩ ⇔≡ ╩

⇔≡™╢ ⌐ ⇔≡ ∕─CID-MS/MS☻Ɑ◒♩ꜟ╩ ⇔ ∆╢↓≤≢

╛ ∕⇔≡ ─ ╕≢⅜ ⌐ ≢⅝╢  

ⱡfi♃כ◕♇♩ꜞⱧ♪Ⱶ◒☻≢│ ≢⅝╢ ⅜ ™ ⅜♃כ♦╢╣╠

⌐⌂╢ ∕─√╘ ⱡfi♃כ◕♇♩ ⌐│ ─ ⅔╟┘ ╩ ℮

≤ ─♃כ♦√╣╠ ╩ ∆╢ ─ ─ ⅜ ≤⌂╢

─ ≤ ∆╢ ─ ⌐╟╡ LC-CID-MS/MS╩ ™√ 1

─ ⅛╠ 1000 ─ ╩ ╢↓≤⅜ ≤⌂∫√ ─

C=C ╩ ∆ⱨꜝ◓ⱷfi♩▬○fi│ ≢│╒≤╪≥

↕╣⌂™√╘ C=C ─ │∕─ ↄ⅜ ≢№╢

─C=C │ ─ 19 ⱷ♦▫◄כ♃כ─ 20,21

⌂ ─ ∕⇔≡ ─ 22⌐ ╩ ⅎ╢ ≢№╢ ⇔√⅜∫≡ C=C
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╕≢╩ ⅎ ∕─ ╩ ∆╢√╘─ꜞⱧ♪Ⱶ◒☻ ─ │

⌐⅔↑╢ ─ ╛ ₁⌂ ≢ ∂╢ ╩ ⌐ⱪ꜡ⱨ□▬ꜞ

fi◓∆╢√╘⌐ ≢№╢  

 

 

  



9 

 

 

2 ◒꜡ⱴ♩◓ꜝⱨ▫כ♃fi♦ⱶ LC-MS/MS─  

 

3 CID-MS/MS⌐⅔↑╢ ▪ⱡ♥כ◦ꜛfi ─  

 │ Ⱡ●♥▫Ⱪ▬○fi⸗כ♪⌐⅔↑╢ PC 16:0_20:4─ CID-MS/MS☻Ɑ◒♩ꜟ╩ ⇔≡™

╢ ⱪꜞ◌כ◘כ▬○fi⅜[M+CH3COO]- m/z 840.5713≤⇔≡ ↕╣≡⅔╡ ⱱ☻

ⱨ□♅☺ꜟ◖ꜞfi─ⱷ♅ꜟ ⅜ ⇔√[M-CH3]- m/z 766.5391⅜ ≢⅝╢ ↓─

[M+CH3COO]-≤[M-CH3]-─ ☻꜡ꜟꜝ♩כꜙ♬ ≢№╢ 74.0322 Da│ PC ⌐ ↕╣

╢↓≤⅛╠ ─PC⅜☻꜡ꜟꜝ♩כꜙ♬ ⌐⅔↑╢ ≤⇔≡ ™╠╣╢ ╕√  m/z 

255.2335≤m/z 303.2331│16:0≤20:4─ ╩ ∆ⱨꜝ◓ⱷfi♩▬○fi≢№╡ ↓╣╠⅜

⌐ ⇔≡™╢≤ ≢⅝╢  
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1-4. ─ ╩ ⅎ╢  

 ─ C=C ╩ ∆╢√╘⌐ ↓╣╕≢ ⌐ ─ ⅜

↕╣≡⅝√ ≈ │ ╩ ™√ ⌐╟╡C=C ╩CID≢ ≢⅝

╢ ┼≤ ∆╢ ≢№╢ ↓─ ─ ⌂ ⌐│ Paterno-BuchiPB

╩ ™√ PB-MS 23ï27╛ m-◒꜡꜡ ⌐╟╢ C=C ─◄ⱳ◐◦ ╩

∆╢ MELDI 28,29m-chloroperoxybenzoic acid epoxidation for lipid double-bond 

identification⅜№╢ ↓╣╠─ ⌐│ ™ S/N ⅜ ╠╣╢↓≤╛ ⌂

╩ ↕⌂™ ⅜№╢ ╙℮ ─ │ ≤│ ⌂╢ⱨꜝ◓ⱷ

fi♥כ◦ꜛfi ╩ ™╢ ≢№╢ ↓─ ⌐│ UVPD30ï33╛○

♂fi OzID34ï38 EIEIO39ï42⌂≥⅜ ↕╣≡™╢

─ ─ │ ▬○fi ⇔√ ⅛╠C=C ╩ ∆ⱨꜝ◓ⱷfi♩▬○fi

▬○fi ⅜ ≢⅝╢ ≢№╢ ╕√ ─LC◦☻♥ⱶ≤╙ ╖ ╦∑√

╙ ≢№╢ ↓╣╕≢⌐ ◓ꜞ☿꜡ꜞfi ╛◓ꜞ☿꜡ ☻ⱨ▫fi◗ ☻♥

ꜟכ꜡ ╛ ─C=C ⅜ ≢№╢↓≤⅜ ↕╣≡⅝√  

 ∕⇔≡ ⌐⅜╪─ ⱪ꜡ⱨ□▬ꜞfi◓⌐⅔™≡ C=C ╕≢╩ ╘√

⅜ ≢№╢↓≤⅜ ─ ╛ ⇔√ √⌂ꜞⱧ♪Ⱶ◒☻ ╩ ™√

⅛╠ ⇔∏≈ ╠⅛≤⌂∫≡™╢ ⅎ┌ ⅜╪╛ ⅜╪─ⱥ♩⅜╪

≢│ D9 ╩ ⇔≡ⱤꜟⱵ♩꜠▬fi C16:1n-7 16 1

C=C n-7 ─ ╩ ∆╢ ─de novo≤│ ⌐ D6

╩ ⇔≡C=C ≢№╢◘Ⱨ◄fi C16:1n-10╩ ∆╢ ⅜ ⇔

─ ⌐ ⇔≡™╢↓≤⅜ ↕╣≡™╢ 14⇔⅛⇔ ↓╣╠─

⅜ ╩ ∆╢ ꜞfi ╛∕─ ─ ─ ≤⇔≡≥─╟℮⌐ ⇔≡

™╢─⅛│ ⌐│ ↕╣≡™⌂™ ╕√ ─ ╩▬○fi ∆╢↓≤≢∕

─ ╩ ∆╢ ▬ⱷכ☺fi◓≤ MELDI╛OzIDUVPD╩ ╖ ∑√

╩ ™≡ ⱴ►☻⌐⅔↑╢ ⅜╪╛ ⅜╪⅜

⇔√ⱥ♩ꜞfiⱤ ╩ ⇔√ ╙ ↕╣≡™╢ ↕╣√ │ ⱱ☻ⱨ□

ꜟכ꜡☿ꜞ◓ꜟ☺♅ PG16:0_18:1╛ⱱ☻ⱨ□♅☺ꜟ◖ꜞfi PC16:0_18:1PC 36:1

≤ ╠╣≡™╢⅜ ─○꜠▬fi C18:1n-9 ≤Ᵽ◒☿fi C18:1n-7 ─

⅜ ∕╣∙╣─⅜╪ ≤ ≤≢ ⌂╢↓≤⅜ ↕╣≡™╢ 29,43,44 ─╟

℮⌐ ⅜╪ ≢│ ≤ ⌂╢ ⅜ ↕╣≡⅔╡ ⅜╪─ ╛ ⌐

⇔≡™╢ ⅜ ⅎ╠╣╢ ∕⇔≡ ⅜╪╛∕─ ─ ─ ⱷ◌♬☼ⱶ⌐

╦╢ ╩ ⅎ ∕─ ─ ╩ ∆╢√╘⌐│ ⌐LC-MS/MS⌐⅔™≡

⅛≈C=C ╕≢╩ ╘√ ⌂ ─ ⅜ ≢№╢ ∆⌂╦∟

C=C ─ ≤ⱡfi♃כ◕♇♩ ≤╩ ⇔√ ─ ≤∕─ ─

⅜ ─ꜞⱧ♪Ⱶ◒☻ ─ ≤⇔≡ ↕╣≡™╢  
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1-5. ▬fiⱨ◊ⱴ♥▫◒☻ CompMS: Computational Mass Spectrometry 

│ ─╖⌂╠∏ ╛ ╩ ╗ Ɑⱪ♅♪ ♃

fiⱤ◒ ⌂≥ ™ ╩ ≤∆╢ ≢№╢ ⌐│

╛ ⱨכꜞ◄ ⌂≥─ ♃▬ⱪ⅜ ⇔ ╛ ☻

Ⱨכ♪ ─ ⅛╠ ₁⌂ ┼ ↕╣≡™╢ ↕╠⌐MS ─ ⌐

│ ◒꜡ⱴ♩◓ꜝⱨ▫כ╛●☻◒꜡ⱴ♩◓ꜝⱨ▫כ GC ◐ꜗⱧꜝꜞכ

CE⌂≥─ ⅜╟ↄ ↕╣╢ ⅜ ⇔√ ─ ≢│ 1

─ ⅛╠ ─Ⱨכ◒⅜ ─ ≤ ⌐ ↕╣ Ⱨכ◒⌐ ⌂

≢№╢MS/MS☻Ɑ◒♩ꜟ⅜ ≠™√ ⱦ♇◒♦כ♃⅜ ╠╣╢ 4 ↓℮

⇔√ ⅛≈ ⌂ ╩♃כ♦ ⌐ ℮ ─√╘⌐ ▬fi

ⱨ◊ⱴ♥▫◒☻ ─ ≤⇔≡ ▬fiⱨ◊ⱴ♥▫◒☻ CompMS⅜ ⇔≡

⅝√  

 ▬fiⱨ◊ⱴ♥▫◒☻│ ─MS♦כ♃⌐ ∆╢ ⌂

─ ─╖⌂╠∏ ╠⅛♃כ♦ ╩╟╡ ⌐ ∆╢√╘─ ─

⌐╙ ⅝ↄ ⇔≡™╢ ⌐ CID-MS/MS☻Ɑ◒♩ꜟ ⌐ ∆╢in silico MS/MS

ꜝ▬Ⱪꜝꜞכ─ ─☻כⱬꜟכꜟ╛ ▪ꜟ◗ꜞ☼ⱶ LC⅛╠─ ⅔╟

┘▬○fi⸗ⱦꜞ♥▫כ ─ ╩ ≢ ∆╢ ⌂≥⅜ ↕╣≡

⅝√ 7,45ï50 ↓╣╠ ▬fiⱨ◊ⱴ♥▫◒☻─ ⌐╟╡ ⱴ►☻ ה

♩ⱥה ─ ⌂≥⅛╠ 8000 ─ ╩ ⅎ╢↓≤⅜ ≤⌂╡ ⱡ

fi♃כ◕♇♩ꜞⱧ♪Ⱶ◒☻─ ⅔╟┘ ─ ⅜ ⌐ ⇔√ 7  

 ⅔╟┘ⱨꜝ◓ⱷfi♥כ◦ꜛfi─ ≢│ C=C ╩ ╘√ ₁

⌂ ⅜ ↕╣≡™╢ C=C ╩╙≈ MS/MS☻Ɑ◒♩ꜟ│ C=C

⅛╠∕╣∙╣ ─ ▬○fi⅜ ∆╢√╘ ─CID-MS/MS☻Ɑ◒♩ꜟ≤

⇔≡☻Ɑ◒♩ꜟ♦כ♃⅜ ⌐⌂╢ ╟∫≡ ↓╣╠─☻Ɑ◒♩ꜟ♦כ♃╩ ⌐

∆╢√╘⌐╙ ▬fiⱨ◊ⱴ♥▫◒☻╩ ™√ ─ ⅜ ≤

⌂╢ ≢ ⇔™ⱨꜝ◓ⱷfi♥כ◦ꜛfi≢ √MS/MS☻Ɑ◒♩ꜟ╩ ∆╢♁ⱨ

♩►▼▪─ │PB-MS─ 23,51⌐ ╠╣≡⅔╡ C=C ╕≢─ ╩ ⌐

ⅎ╢ⱡfi♃כ◕♇♩ ─ ⌐│ ♁ⱨ♩►▼▪ ╩ ╘√ ─ ≢

⅜ ∫≡™╢ ≢№╢  
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4 LC-CID-MS/MS≢ ↕╣╢ ─♃כ♦  

 │ LC≢─ Retention time≢ ╢ m/z▬○fi Ion 

abundance─ 3 ⱪ꜡♇♩╩ ⇔≡™╢ ─ Ⱨכ◒⌐ ⇔≡ ─ ╩

╪∞MS/MS☻Ɑ◒♩ꜟ⅜ ⅜♃כ♦√™≠ ⌐╟∫≡ ↕╣╢  
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1-6. OAD: Oxygen Attachment Dissociation 

52│ ⱥ♪꜡◐◦ꜝ☺◌ꜟ╛ ⌐ ∆╢ꜝ☺◌ꜟ ⌐╟

╡ MS ─ ◖ꜞ☺ꜛfi☿ꜟ ≢ ╩ ⇔ ∕─ ╩

∆ ▬○fi╩ ∆╢ √⌂ⱨꜝ◓ⱷfi♥כ◦ꜛfi ≢№╢ 5 │ ꜝ

☺◌ꜟ RIDRadical Induced Dissociation─1 ≢№╢ OAD≢│ ╕∏

ꜝ☺◌ꜟ ⌐⅔™≡ 2.45 GHz─ⱴ▬◒꜡ ╩ ┼≤ ⇔≡ⱥ♪꜡◐◦ꜝ☺◌ꜟ

╛ ╩ ∆╢ ∕⇔≡ ↓╣╠─ꜝ☺◌ꜟ ╩ MS ─ ┼≤ ⇔

ꜝ☺◌ꜟ ⌐ ∆╢ⱨꜝ◓ⱷfi♥כ◦ꜛfi⅛╠ ∂╢ ▬○fi╩MS/MS☻Ɑ

◒♩ꜟ≤⇔≡ ∆╢ 53  

C=C ╩ ≢⅝╢ ─ⱨꜝ◓ⱷfi♥כ◦ꜛfi UVPDEIEIO⌂≥ │

─ MS ╩ ≤∆╢ ≢ OAD│ꜝ☺◌ꜟ ╩ MS ─ ┼ ∆

╢↓≤≢ ─ ┼─ ⅜ ⌂ ≢№╡ ─ ≢ ╣≡™╢ ╕

√ OAD≤ⱨꜝ◓ⱷfi♥כ◦ꜛfi ⅜ ⇔≡™╢ ≤⇔≡○♂fi

OzID⅜ →╠╣╢⅜ OAD≢│○♂fi≤ ═≡ ⌂ ╩ꜝ☺◌ꜟ ≤⇔≡

≢⅝╢ ≢ ╣≡™╢ 53  

OAD╩ ™√ ⌐≈™≡│ ╩╙≈ⱱ☻ⱨ□♅☺ꜟ◖ꜞfi PC

─C=C ⅜ ≢№╢↓≤⅜ ꜠ⱬꜟ≢ ↕╣≡™╢ 52,53 ≢ ₁⌂

◘Ⱪ◒ꜝ☻⌐ ∆╢OAD─ ╛ ™ ╩1 ─ ≢ ⅎ╢ⱡfi♃כ

◕♇♩ꜞⱧ♪Ⱶ◒☻┼─ ⌂≥│ ≢№╡ ⌂ OAD-MS/MS☻Ɑ◒♩ꜟ

╩ ∆╢♁ⱨ♩►▼▪╙ ≢№╢  

 

 

5 OAD-MS/MS ─  

 ◖ꜞ☺ꜛfi☿ꜟ ⌐ ↕╣√ ⅔╟┘ⱥ♪꜡◐◦ꜝ☺◌ꜟ⌐╟∫≡

─C=C ⅜ ⇔ ∕─ ╩ ∆OADⱨꜝ◓ⱷfi♩▬○fi⅜MS/MS☻Ɑ◒♩ꜟ ⌐

↕╣╢  
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1-7. ≤  

─CID╩ ™√ ≢│ ─ ≢№╢C=C ─ ⅜

≢№╢↓≤⅛╠ ↓╣╕≢⌐ ₁⌂ ⅜ ↕╣≡⅝√ ≢ C=C

╕≢╩ ╘√ ⌂ │ ≢№╢↓≤⌐ ⅎ≡ ─♃כ♦

≤ ⌂ ╩ ∆╢ ♁ⱨ♩►▼▪─ ⌐╙ ⅜ ∫≡™╢ ∕↓≢

≢│ C=C ╩ ╘╢ √⌂ⱡfi♃כ◕♇♩ꜞⱧ♪Ⱶ◒☻─

─ ╩ ⇔ ⱡfi♃כ◕♇♩ ┼─ ╩ ₁⌂MS ┼ ⌂

OAD≢ ∆╢≤ ⌐ ♁ⱨ♩►▼▪─ ╩ ∫√  
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2-1. ─  

 ─ │ 1─ ╡≢ ™∏╣╙Avanti Polar Lipid╟╡

⇔√ ⌐│ CAR 18:1(9Z) LPC 18:1(9Z) LPE 18:1(9Z) LPG 1

8:1(9Z)LPI 18:1(9Z)LPS 18:1(9Z)HBMP 18:1(9Z)/18:1(9Z)/18:1(9Z)Cer 18:1(4E);O

2/18:1(9Z) Cer 18:2(4E,8Z);O2/24:1(15Z) Cer 18:2(4E,8Z);O2/24:0DG 18:1(9Z)/18:1(9

Z)TG 18:1(9Z)/18:1(9Z)/18:1(9Z)SM 18:1(4E);O2/18:1(9Z)-d9⅜ B⌐│ PA 

18:1(9Z)/18:1(9Z)PC 18:1(9Z)/18:1(9Z)PC O-16:0/18:1(9Z)PC P-18:0/18:1(9Z)PE 1

8:1(9Z)/18:1(9Z)PE O-16:0/18:1(9Z)PE P-18:0/18:1(9Z)PE-N(FA 20:4(5Z,8Z,11Z,14Z))

 18:1(9Z)/18:1(9Z) PG 18:1(9Z)/18:1(9Z) PG 22:6(7Z,10Z,13Z,16Z,19Z)/22:6(7Z,10Z,13Z,

16Z,19Z)PI 18:0/20:4(5Z,8Z,11Z,14Z)PS 18:1(9Z)/18:1(9Z)⅜ ™∏╣╙30 mM─

≢ ╕╣╢╟℮⌐ ╩⇔√ ↕╠⌐ A/⅛╠8 30 105 1

0.50.10.050.01 mM ─ ╩∕╣∙╣ ⇔√ C⌐│Ultimate

 SPLASHAvanti Polar Lipid╩ ⇔√ ╕╣╢ │ 2─ ╡

C⅛╠ 9 1/11/31/61/181/541/2201/4401/22001/11000

─ ╩∕╣∙╣ ⇔√  

 

2-2. HEK ─  

 HEK ─ ≤⇔≡ L-◓ꜟ♃Ⱶfi⅔╟┘ⱨ▼ⱡכꜟ꜠♇♪ ─ ☻כ◖ꜟ◓

D-MEM ⱨ▬ꜟⱶ ⌐ 10─ FBSBiowest≤ 100x─

PSGThermo Fisher Scientific╩ ⅎ√╙─╩ ⇔√ Ɑ♬◦ꜞfi ☻♩꜠ⱪ♩ⱴ▬

◦fi L-◓ꜟ♃Ⱶfi─ │ ∕╣∙╣100 U/mL100 mg/mL292 mg/mL≤⇔√

D-MEM⌐ ∆╢10% FBS≤100x PSG─ ╩D-MEM +FBS/+PSG─╟℮

⌐ ∆╢ ─ │ ─ ╡⌐ culture plate─HEK ⅜◖fiⱨꜟ◄fi♩⌐

⌂╢ ⌐ ∫√ Culture plate─D-MEM+FBS/+PSG╩ ⇔ pH 7.4─PBSThermo 

Fisher Scientific≢ ⇔√ 0.25% Trypsin/EDTAThermo Fisher Scientific╩

1 mL ⅎ≡ HEK ╩culture plate⅛╠ ⅜⇔√ ↕╠⌐ 9 mL─D-MEM+FBS/+PSG

╩ ⅎ≡ ⅜╣√ ⌐Ⱪכꜙ♅╩ ⇔√ ∕─ ╩ 1200 rpm20ϴ

3 ⇔ ╩ ⇔√ ∕─ ╠╣√ Ɑ꜠♇♩╩D-MEM+FBS/+PSG

⌐ ⇔ ⌂ ≢culture plate⌐ ⇔√  

 

2-3. ┼─ ─ ╡ ╖ 

 Cayman Chemical4 ╩ ●ꜝ☻ ⌐ ⇔√ ●

☻≢ ╩ ⇔ ⅜5-10 mM≤⌂╢╟℮⌐D-MEM(-FBS/-PSG)≢ ⇔√

5 HEK │10 cm culture plate⌐5.0×106 cells/plate≤⌂╢╟℮⌐ ⇔
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√ 24 ⌐ ╩ ⇔ ⇔√ 10 mL╩ ⌐ ⇔√ CO2 

▬fi◐ꜙⱬכ♃כ ≢▬fi◐ꜙⱬכ♩∆╢↓≤≢ ⇔√ ╩ ꜞfi ⌐ ╡

╕∑√ 1 ⌐ ╩ ⇔ PBS≢ ⇔√ 1 mL─Trypsin/EDTA╩

ⅎ≡ ╩culture plate⅛╠ ⅜⇔√ ↕╠⌐ 9 mL─D-MEM(+FBS/+PSG)╩ ⅎ

Trypsin⌐╟∫≡ ⅜╣√ ⌐Ⱪכꜙ♅╩ ⇔ ╩ 1200 rpm4ϴ

5 ⇔√ ⌐ ╩ ™√ ╠╣√ Ɑ꜠♇♩╩1 mL─PBS≢ ┘ ⇔√

2 mL●ꜝ☻♅ꜙכⱩ PCR&Bio⌐ ⇔ ╩ ⇔√ 5 ∕─

╩ 2000g4ϴ 10 ⇔ ╩ ⇔≡ ◘fiⱪꜟ╩ √

◘fiⱪꜟ│ ╕≢-80ϴ≢ ⇔√  

 

2-4. ⱴ►☻ ─  

 ⱴ►☻│ ◒꜠▪⅛╠ ⇔√C57BL/6J╩ ⇔√ ≡─ⱴ►☻│

─SPF ≢⁸ ◒꜠▪ CE-2 ⅔╟┘ ╩

↕∑√ ⱴ►☻╩CO2≢ ↕∑ ╩ ⇔ 1.5 mL♅ꜙכⱩ⌐ ╣√

≢ ↕∑-80ϴ≢ ⇔√  

 

2-5.  

2-5-1. ⅛╠─  

 ◘fiⱪꜟ─ ∫√ 2 mL●ꜝ☻♅ꜙכⱩ⌐ 340 mL─ⱷ♃ⱡכꜟ ⱨ▬ꜟⱶ

╩ ⅎ EquiSPLASHAvanti Polar Lipid╩10 mL ⱤꜟⱵ♅fi

-d3☻♥▪ꜞfi -d3Cayman Chemical╩∕╣∙╣ 20 mM ╪∞ ⱷ♃

ⱡכꜟ 60 mL╩ ⅎ≡ fi≤Ⱳꜟ♥♇◒☻╩10ꜛ◦כ◔♬♁ ∫√ ⅛≈

≢2 ⇔√ ◒꜡꜡ⱱꜟⱶ Sigma-Aldrich╩200 mL╩ ⅎ≡Ⱳꜟ

♥♇◒☻╩ 10 ™ ⅛≈ ≢ 1 ⇔√ Milli-Q Millipore40 

mL╩●ꜝ☻♅ꜙכⱩ┼ ╣ 10 Vortex⇔√ ⅛≈ ≢ 10

⇔√ ⌐ 2000×g 4ϴ 10 ⇔ ╩ LC/MSⱣ▬▪ꜟ Agilent 

Technologies⌐ ⇔√  

 

2-5-2. ⱴ►☻ ⅛╠─  

 ─ ⌐ ╩ ⇔√ ⱴꜟ♅ⱦכ◌♇ꜛ◦☼כ 3mL♅ꜙכⱩ

YASUI KIKAI⌐ ≤ⱷ♃ꜟ◖כfi YASUI KIKAI╩ ╣ ⱴꜟ♅ⱦכ☼◦

כ◌♇ꜛ YASUI KIKAI≢ 1500×g 15 s×2 ╩⇔√ ⌐ ∂√

220-1000 mL─ⱷ♃ⱡכꜟ╩ ⇔√ ┼ ⅎ 10 Vortex⇔√ 30 

mg⌐ ∆╢ⱷ♃ⱡכꜟ ╩2 mL●ꜝ☻♅ꜙכⱩ┼ ⇔ EquiSPLASHⱤꜟⱵ♅fi

-d3☻♥▪ꜞfi -d3╩ ╪∞ ⱷ♃ⱡכꜟ ≤◒꜡꜡ⱱꜟⱶ╩◘fiⱪꜟ

⌐ ∂√ ╣√ 9 ∕─ ╩10 Vortex⇔√ ⅛≈
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≢1 ⇔√ ◘fiⱪꜟ⌐ ∂√ ─Milli-Q╩●ꜝ☻♅ꜙכⱩ┼ ╣ 10

Vortex⇔√ ⅛≈ ≢10 ⇔√ ⌐ 2000×g4ϴ

10 ⇔ ╩LC/MSⱣ▬▪ꜟ⌐ ⇔√  

 

2-5-3. ⱥ♩ ⅛╠─  

 2 mL●ꜝ☻♅ꜙכⱩ⌐ⱥ♩ The National Institute of Standards and Technology 

(NIST SRM 1950) human plasmaNIST40 mL╩ ╣ ⇔√◒꜡꜡ⱱꜟⱶ200 mL╩

ⅎ≡10 Vortex⇔√ ⅛≈ ≢1 ⇔√ EquiSPLASH╩10 

mL ⱤꜟⱵ♅fi -d3☻♥▪ꜞfi -d3╩∕╣∙╣20 mM≢ ╗ⱷ♃ⱡכꜟ ╩400 

mL ⅎ≡ 10 Vortex⇔√ ⅛≈ ≢2 ⇔√ 2000×

g 4ϴ 10 ⇔ 400 mL╩LC/MSⱣ▬▪ꜟ⌐ ⇔√  

 

2-6. ≤ ╩ ™√ⱡfi♃כ◕♇♩ꜞⱧ♪Ⱶ◒☻ 

2-6-1. ◒꜡ⱴ♩◓ꜝⱨ▫כ 

 ◒꜡ⱴ♩◓ꜝⱨ▫כ⌐│ UPLC◦☻♥ⱶ ≤Acquity UPLC Peptide 

BEH C18 ◌ꜝⱶ ◌ꜝⱶ  50 mm  2.1 mm,  130 ¡   1.7 mm  Waters, 

Milford, MA, USA╩ ™√ ◌ꜝⱶ │45 ϴ │0.3 mL/min⌐ ⇔√

│⁸A ▪☿♩♬♩ꜞꜟ ⱨ▬ꜟⱶ ⱷ♃ⱡכꜟ Milli-

Q = 1:1:3v/v/v≤B 2-ⱪ꜡Ɽⱡכꜟ ⱨ▬ꜟⱶ ⌐ ∕╣

∙╣ ▪fi⸗♬►ⱶ ⱨ▬ꜟⱶ ≤EDTA

⅜5 mM, 10 nM≤⌂╢╟℮⌐ ⇔≡ 2 ◓ꜝ☺◄fi♩╩ ⇔√

◓ꜝ☺◄fi♩ │ ─ ╡ 0 0% (B); 10% (B); 540% (B); 7.564% (B); 12

64% (B); 12.5 82.5% (B); 1985% (B); 2095% (B); 20.10% (B); ∕⇔≡25

0% (B). ─ │4 ϴ⌐ LC-MS/MS┼ ∆╢◘fiⱪꜟ │ ↔≤⌐1-3 

ɛL─ ≢ ⇔√ 8-9  

 

2-6-2. ♃fi♦ⱶ  

 │ ⅔╟┘ⱥ♪꜡◐◦ꜝ☺◌ꜟ╩ ↕∑╢ꜝ☺◌ꜟ ≤

◖ꜞ☺ꜛfi☿ꜟ ≤╩ ⇔√ ─ LCMS 9030

╩ ⇔√ ꜝ☺◌ꜟ ≢│ 2.45 GHzⱴ▬◒꜡ ╩ ┼ ∆╢↓≤

⌐╟╡ O ≤ⱥ♪꜡◐◦ꜝ☺◌ꜟ OH ⅜ ⇔ ⇔√ꜝ☺◌ꜟ ╩

LCMS-9030─◖ꜞ☺ꜛfi☿ꜟ(q2)┼ ⇔√ O/OH⌐╟╢ ─ ╩ ←√╘

q2 ─ │ 150 ϴ⌐ ⇔√ ⌐╟╡ ─ ⌐ ⅎ

≡ ╩ ⇔√♃fi♦ⱶ ⅜ ≤⌂╢ │ Data dependent 

acquisitionDDA⸗כ♪≢ ™ │LC-CID-MS/MS≢│ⱳ☺♥▫Ⱪ≤Ⱡ●♥▫Ⱪ

─ ▬○fi⸗כ♪ LC-OAD-MS/MS≢│ⱳ☺♥▫Ⱪ▬○fi⸗כ♪≢ ∫√ DDAⱤꜝ
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ⱷכ♃│ ⱪ꜡♄◒♩▬○fi─☻◐ꜗfi 10CID-MS/ MS─ 1000 a.u.

OAD-MS/MS─ 10000 a.u.ⱪ꜠◌כ◘כ▬○fi─ 0 s⌐ ⇔√

∕─ ─ Ɽꜝⱷכ♃│ ─ ╡ m/z 70-1250MS1 250 ms 

CID-MS/MS 100 msOAD-MS/MS 500 msCID-MS/MS◖ꜞ☺ꜛ

fi◄Ⱡꜟ◑כ 25 eV◄Ⱡꜟ◑כ 7 eVOAD-MS/MS◖ꜞ☺ꜛfi◄Ⱡꜟ◑כ 6 eV⁸

◄Ⱡꜟ◑כ 0 eV ⱠⱩꜝ▬◙כ●☻ⱨ꜡כ 2 L/min ▬fi♃כⱨ▼כ☻

300 ϴ ▬fi♃כⱨ▼כ☻ +4.0(+) /-3.0(-) kV │ ◘Ⱪ▬fi♃כⱨ▼כ

☻ ⅝◐ꜗꜞⱩ꜠כ◦ꜛfi♦ꜞⱣꜞכ◦☻♥ⱶ (CDS) ⌐╟╡ ⌐ ⇔√

≢ ⇔√LC-MS/MS─ │♃כ♦ RIKEN DROP Met╢№≢☻כⱬ♃כ♦

http://prime.psc.riken.jp/menta.cgi/prime/drop_indexIndexDM0040⅔ ╟ ┘

MetaboLights54https://www.ebi.ac.uk/metabolightsIdentifierMTBLS5861⌐≡ ⇔≡

™╢  

 

2-7. OAD-MS/MS ♁ⱨ♩►▼▪─  

 OAD-MS/MS ♁ⱨ♩►▼▪₈MS-RIDD₉─♁כ◖☻כ♪│Pythonversion 3.7.3

≢ ⇔√ ♁ⱨ♩►▼▪ ⌐│ ◓ꜝⱨ▫◌ꜟꜚכ◙כ▬fi♃כⱨ▼▬☻ ⌐

Tkinterversion 8.6.8♦כ♃ ⅔╟┘ ⌐Pandasversion 0.24.2≤Numpyversion 

1.16.2☻Ɑ◒♩ꜟ♦כ♃─ ⌐ Matplotlibversion 3.0.3♦כ♃ ⌐ openpyxl

2.6.1≤python-pptxversion 0.6.18⌂≥─ꜝ▬Ⱪꜝꜞכ╩ ⇔√ ♪כ◖☻כ♁

─ exe ⌐│ Pyinstallerversion 4.10╩ ⇔ Windows10 ≢

♁ⱨ♩►▼▪─ ╩ ∫√ MS-RIDD♁ⱨ♩►▼▪─♁כ◖☻כ♪≤ ─

≡⌐Γhttps:// github.com/Metabolomics-CompMS/MS-RIDD.git.Δ│♃כ♦⸗♦ ⇔≡™

╢  

 

♃כ♦ .2-8  

 ─ ♃כ♦ .lcd│LabSolutions♁ⱨ♩►▼▪ ╩ ⇔≡

mzML ┼≤ ⇔√ mzML♦כ♃╩MS-DIAL♁ⱨ♩►▼▪ bootstrap version 4.38 

& 4.80┼ ╖ ╕∑ Ⱨכ◒Ⱨ♇◐fi◓ MS/MS☻Ɑ◒♩ꜟ─ ╡ ≡ CID-MS/MS

☻Ɑ◒♩ꜟ⅛╠─ Ⱨכ◒▪ꜝ▬ⱷfi♩─ ╩ ∫√ ⌐ ™√Ɽꜝⱷ

│♃כ ─ ╡ ΓData collectionΔ RT begin0 minRT end18 minmass range begin

0 Damass range end2000 DaMS1 tolerance0.01 DaMS2 tolerance0.025 DaΓPeak 

detectionΔminimum peak height300 amplitudemass slice width0.1 Dasmoothing method

linear weighted moving averagesmoothing level3 scanminimum peak width5 scan

exclusion listnoneΓDeconvolution parametersΔsigma window value0.5MS/MS abundance 

cut off0 amplitudeΓIdentificationΔ retention time tolerance2 minMS1 accurate mass 

tolerance0.01 DaMS2 mass tolerance0.05 Daidentification score cut-off70%ΓText 

http://prime.psc.riken.jp/menta.cgi/prime/drop_index，Index
https://www.ebi.ac.uk/metabolights，Identifier
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file and post identificationΔRT tolerance0.15 minmass tolerance0.01 Daidentification 

score cut-off70%ΓAlignmentΔ RT tolerance0.05 minMS1 tolerance0.015 Da 

 LC-CID-MS/MS♦כ♃╟╡ ⇔√ ⱪ꜡ⱨ□▬ꜟ♦כ♃╩♥◐☻♩ ─ꜝ▬

Ⱪꜝꜞכ≤⇔≡ ⇔ LC-OAD-MS/MS─mzML♦כ♃≤ ⌐MS-DIAL┼ ╖ ╕

∑ ∆╢↓≤≢ ◘fiⱪꜟ─ ≤ OAD-MS/MS☻Ɑ◒♩ꜟ≤╩ ≠

↑√ ∕─ ⅜ ≠™√OAD-MS/MS☻Ɑ◒♩ꜟ╩♥◐☻♩ ≢

⇔ MS-RIDD♁ⱨ♩►▼▪╩ ™≡ ⇔√ C=C ─ ≢│ ╩15 ppm

OAD ▬○fi─ ╩ 0.01% ☻ⱨ▫fi◗ ─D4 ─

│0.005% ⌐ ⇔≡ ╩ ∫√ ╕√ OADⱨꜝ◓ⱷfi♩▬○fi≤⇔

≡│ 1≈─C=C ⌐ ⇔≡ ∆╢14─ ▬○fi≤∕╣╠─ ▬○fi╩

™≡ in silico OAD-MS/MS☻Ɑ◒♩ꜟ╩ ⇔√ 3 MS-RIDD─

│ ≡ ⌐╟╢ ⅔╟┘ ╩ ∫√  

LOAlimit of annotation≤ LODlimit of detection

│ ─╟℮⌐ ╘√ LOA │ OAD-MS/MS☻Ɑ◒♩ꜟ⌐⅔™≡C=C ╩ ∆

╢√╘─ ▬○fi⅜ ↕╣√ ≤⇔√ ⌐⅔↑╢MS♦כ♃─Ⱨכ◒

│ S/N ⅜ 3─╙≤ MS-DIAL♁ⱨ♩►▼▪─Ⱨכ◒ ▪ꜟ◗ꜞ☼ⱶ╩

™≡ ∫≡™╢ ∕─√╘ MS-DIAL─▪ꜟ◗ꜞ☼ⱶ ≢Ⱨכ◒⅜ ↕╣√

╩LOD≤ ╘√ ≢ ╘√LOD│ ≢ ™╢ ─

≤│ ⌂╢⅜ MS-DIAL⅔╟┘ MS-RIDD♁ⱨ♩►▼▪╩ ™╢ ─ ⌐⅔™

≡│ ⌂ ≤⌂╢≤ ⅎ≡ ⇔√  

 

2-9.  

 ⌐│ Pythonversion 3.7.3≢ ⇔√☻◒ꜞⱪ♩╩ ⇔√ ⌐

◒ꜝ☻♃ꜞfi◓│Scipyversion 1.5.3╩ ⇔ Metric│chebyshevMethod│ward

⌐ ⇔≡ ⇔√ ╕√ ⌐│ scikit-learnversion 0.20.3╩ ⇔

⅔╟┘ ╩ ⇔√  

 

2-10. ─  

 ⌐⅔↑╢ ─ ⅔╟┘ ∕⇔≡ │ ☻כⱬ♃כ♦

LIPID MAPS10⌐ ⇔√ ⌐ ⌐ ∆╢ ⌐≈™≡ ╩ →≡

∆╢ ─ ▪◦ꜟ ╛☻ⱨ▫fi◗ ─ ⌂≥ ⌐⅔™≡

⅜20 ⅜4─ ─ ≤ ╩◖꜡fi ≢ ┘₈20:4₉─

╟℮⌐ ∆╢ ⅜ 2╙⇔ↄ│ 3≤⌂╢☺▪◦ꜟ ╛♩ꜞ▪◦ꜟ ⌂≥⌐⅔™

≡ ▪fi♄כⱣכ _ ╩ ™√ │sn- ⅜ ≢№╡ ☻ꜝ♇◦ꜙ /╩ ™√

│ sn- ╩ ⇔√ ╩ ⇔≡™╢ ⅎ┌ ◒ꜝ☻⅜ⱱ☻ⱨ□♅☺ꜟ

◖ꜞfi PC ≢ ─sn-1 ⅜☻♥▪ꜞfi 18 0 sn-2 ⅜▪
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ꜝ◐♪fi 20 4 ─ ₈PC 18:0/20:4₉≤ ∆╢ ─

⅜◄☻♥ꜟ ≢│⌂ↄ ꜟ♥כ◄ ─ │₈O-18:0₉ⱦ♬ꜟ◄כ♥ꜟ ─

│₈P-18:0₉ N-▪◦ꜟ ─ │☿ꜝⱵ♪ ╩ ™≡₈N-18:0₉─╟℮⌐

∆╢ C=C ─ ⌐│⁸D ≤n- ─2≈╩ ™√ ⅎ┌ ɮ6

≢№╢▪ꜝ◐♪fi │ ≢│20:4(D5,D8, D11, D14) ≢│20:4(n-6,9,12,15)

≤ ≢⅝╢ ΓE/ZΔ ╩ ╘╢ │ ∕╣∙╣20:4(5Z,8Z,11Z,14Z)

╙⇔ↄ│20:4(n-6Z, 9Z,12Z,15Z) ≤ ∆╢ ▪◦ꜟ ≤☻ⱨ▫fi◗ ─C=C

─ ╩ ⌐∆╢√╘ ≢│▪◦ꜟ ⌐│n- ⌐│D

╩ ™√  
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3-1. OAD-MS/MS⌐╟╢ ─ = ─  

 OAD─ⱨꜝ◓ⱷfi♥כ◦ꜛfi─ ╩ ∆╢√╘⌐ 23─ ◘Ⱪ◒ꜝ☻╩

╪∞85 ─ 1 ╩ ⇔ ─OAD-MS/MS☻Ɑ◒♩ꜟ╩

⇔√ 6⅔╟┘ 1 │technical replicates n=5╩ ↑≡ ∆╢↓

≤≢ ⱨꜝ◓ⱷfi♥כ◦ꜛfi─ ⌐≈™≡╙ ⇔√ ↕╠⌐ ─ ╕

√│ ─ ╩ ⌐ ∆╢↓≤≢ OAD-MS/MS⌐⅔↑╢ C=C ─▪ⱡ♥כ

◦ꜛfi LOA⅔╟┘ LOD─ ╩ ⇔√ 2  

ⱱ☻ⱨ□♅☺ꜟ◖ꜞfi(PC) 18:0/18:1(n-9)─ ≢│ ⅔╟┘ⱥ♪꜡◐◦ꜝ☺

◌ꜟ⌐╟∫≡ C=C ⅜ ⇔ ∂√ⱨꜝ◓ⱷfi♩▬○fi ▬○fi ⅜

↕╣√ 6b ⱨꜝ◓ⱷfi♩▬○fi─ m/z⅛╠ ╩ ⇔√

C=C ─ ─ ╩ י3ִ√╘ ∆⌂╦∟Γn-8/n-9ΔΓn-9/n-10ΔΓn-

10/n-11Δ─ ≢ ⅜ ∂≡™╢≤ ≢⅝√ ⇔√ⱨꜝ◓ⱷfi♩▬○fi≢│

97.1381 Dan-8/n-9 ─ ≤139.1487 Dan-10/n-11─ ꜡ꜟꜝ♩כꜙ♬─

☻≢ ∂╢ ▬○fi─▬○fi ⅜ ╙ ⅝⅛∫√ ↕╠⌐ ↓─97.1381 Da≤

139.1487 Da─♬ꜙכ♩ꜝꜟ꜡☻≢ ∂╢ ▬○fi⅜ ◘Ⱪ◒ꜝ☻⌐ ╠∏

C18:1(n-9)╩╙≈ ─ⱴ☻☻Ɑ◒♩ꜟ≢ ⇔≡ ↕╣√ 6a ⅛╠ ↓─

2≈─ⱨꜝ◓ⱷfi♩▬○fi╩ ▬○fiⱭ▪≤ ↑ ≢ C=C ╩ ∆╢

√╘─ ≤⇔≡ ™╢↓≤⌐⇔√  

 ⌐ OADⱨꜝ◓ⱷfi♥כ◦ꜛfi⌐⅔↑╢C=C ─ ╩ ∆╢√╘⌐ 3

─⸗ⱡ n-5 n-7 n-9 ╩╙≈ 6 ─ ◘Ⱪ◒ꜝ☻ PC PEPG

PSDG TG╩ ⇔√ ∕─ PC╛PE≢│C=C ─ ™≢LOA⌐ ⌂

│ ╠╣⌂⅛∫√ ≢ PS╛DG≢│↓─ │ ╠╣∏ C=C ⅜OADⱨꜝ

◓ⱷfi♥כ◦ꜛfi⌐ ⅎ╢ ⌐≈™≡∕─ │ ∑⌂⅛∫√ 2 ↓

╣│ ◘Ⱪ◒ꜝ☻╛ ↕╠⌐│▬○fi ─ ⌂≥ ─

─ ⅜ OAD─ ≤ ▬○fi─ ┼ ╩ ⅎ≡™╢√╘≤ ⅎ╠╣╢   

 ─ ⅛╠ ▬○fi─ ╩ ∆╢↓≤≢ C=C ⌐ ∆╢

OAD ╩ ⇔√ 2 ⌐ 6≈─C=C ╩ ⌐╙≈ⱱ☻ⱨ□♅☺

ꜟכ꜡☿ꜞ◓ꜟ PG⌂≥ PUFA╩╙≈ ─ ╩ ⇔

√ 6c⅔╟┘ 1 ∕─ ⇔√OAD ⌐ ∫≡ C=C ⅛

╠∕─ ╩ ∆ ▬○fi⅜ 10 ppm─ ≢ ↕╣ ⇔√ OAD-

MS/MS☻Ɑ◒♩ꜟ╩ ∆╢↓≤≢ ≡─C=C ⅜ ≢⅝╢↓≤⅜ ↕╣√  

 PE P-18:0/18:1(n-9)╩ ⇔√ ⱦ♬ꜟ◄כ♥ꜟ P-18:0 ⅜ n-17/n-18 ≢

⇔√↓≤╩ ∆m/z 522.3122≤m/z 521.3148─ ▬○fi⅜18:1(n-9)⌐ ∆╢

▬○fi≤ ⌐ ↕╣√ 6d ≢ C=C ⅜ⱦ♬ꜟ◄כ♥ꜟ P-18:0



22 

 

ꜟ♥כ◄≥ O-18:1 ─≥∟╠⌐ ∆╢─⅛ ∆╢√╘⌐│ ─ ╩

™√ ⅜ ≤⌂╢√╘ ꜟ♥כ◄│≢ ⌐ ⇔≡ ∆╢↓≤⌐

⇔√ ☻ⱨ▫fi◗Ⱶ◄ꜞfi SM 18:1(D4);O2/18:1(n-9)-d9─ ⅛╠│ ☻ⱨ▫fi

◗ 18:1(D4);O2─D4 ╩ ∆ ▬○fi⅜ ↕╣√ 6e ⱦ♬ꜟ◄

◗ⱨ▫fi☻╛ꜟ♥כ ≢│ C=C ⌐ ∆╢ ─ 36⅛╠

⇔√ OAD ─ ≢│№╢╙── ─▪◦ꜟ C=C ≤ ⇔≡ⱨ

ꜝ◓ⱷfi♥כ◦ꜛfi─Ɽ♃כfi⅜ ⇔≡™↓≤⅜ ⅛∫√ ╕√D4╩ ∆ ▬

○fi│ O-▪◦ꜟ ╛N-▪◦ꜟ ─ ≤ ═≡▬○fi ⅜ ™ ⌐№∫√⅜

D4 ─╖╩ ∆ ▬○fi⅜☻ⱨ▫fi◗◦fi 18:1(D4);O2 ─ ≢ ↕

╣√↓≤⅛╠ 1 ∕─ ⅜ ≢⅝√ ☿ꜝⱵ♪ Cer18:2(D4,8);O2/24:1(n-

9)─OAD-MS/MS☻Ɑ◒♩ꜟ≢│ D4 ≤ ⌐D8 ╩ ∆ ▬○fi╙ ↕╣√

1 ☻ⱨ▫fi◗ ─D8 ⅛╠ ∂√ ▬○fi│ LOA⅜500 nM

≢№╡O-/N-▪◦ꜟ ─ ─50-100 nM≤ ═≡ ⅛∫√ ≢ ∕─ⱨꜝ◓ⱷfi♥

│fiꜛ◦כ ⇔≡™√ 1⅔╟┘ 2  

 ⌂╢ ╩╙≈ ─ ≤⇔≡ N-▪◦ꜟⱱ☻ⱱ◄♃ⱡכꜟ▪Ⱶfi PE-

N(FA 20:4(n-6,9,12,15)) 18:1(n-9)/18:1(n-9)╩ ⇔√ ∕─ 18:1(n-9)≤ 20:4(n-

6,9,12,15)─ ≡─C=C ╩ ∆ⱨꜝ◓ⱷfi♩▬○fi⅜ ≢⅝√ 6f20:4─n-

7/n-8 ─ ≢ ∂╢m/z 933.6816≤18:1─n-8/n-9 ─ ≢ ∂╢m/z 933.6452─

⌐│ ™ Dm/z =0.036421334 FWHM⅜ ↕╣╢⅜

time-of-flight: TOF ─ │ 30000 FWHM≢№╢√╘ ⌂

╩ ⇔≡™╢ ⇔√⅜∫≡ PC 20:4(n-6,9,12,15)_22:6(n-3,6,9,12,15,18) ╛PC 20:4(n-

3,6,9,12)_20:4(n-6,9,12,15) ⌂≥ ─PUFA ╩╙≈ ╙ ⌂

TOF-MS╩ ™╢↓≤≢ C=C ⅜ ⌐ ≢№╢↓≤⅜ ⅛∫√ ╕√

OAD ╩ ⇔√↓≤≢ C=C ╩ ⌐ ∆╢↓≤⅜ ≤⌂╡

⇔⌂™ C=C ╩ ⅎ╢↓≤╙ ≤⌂∫√ ⱳ☺♥▫Ⱪ▬○fi⸗כ♪─

OAD-MS/MS⌐⅔™≡ C=C ╩ ∆ ▬○fi ⌐│ PCm/z 184.0734

C5H15NO4P+ ╛PGm/z 695.5052; C3H8O6P─NL PEm/z 589.5543C2H8NO4P─NL

⌂≥─ ◘Ⱪ◒ꜝ☻╩ ∆ ─ⱪ꜡♄◒♩▬○fi⅜ ↕╣√ ╩

∆╢√╘─ ▬○fi│ ⌐ ≢⅝⌂⅛∫√ 6b-d ╟∫≡ C=C

╕≢╩ ╘√ⱡfi♃כ◕♇♩ꜞⱧ♪Ⱶ◒☻╩ ∆╢√╘⌐│ LC-CID-MS/MS⌐╟╢

꜠ⱬꜟ─ ≤ C=C ╩ ∆╢√╘─ LC-OAD-MS/MS─ ╩

⇔ ╩♃כ♦─⧵ ∆╢↓≤⅜ ≢№╢≤ ⇔√  

 ↕╠⌐ ⅛╠ ─ ⌂ ╙ ≢⅝√ ⌐ ─

≢│ ↔≤⌐ C=C ╩ ∆╢↓≤⅜ ⌂ ⅜ ⇔ ∕─ ⌐│ ─

⌐ ∆╢ ⅜ ⌐ ≤⌂╢↓≤⅜ ⅛∫√ ⅎ┌ PC 

16:1(n-7)_18:1(n-9)≤PC 16:1(n-9)_18:1(n-7)─╟℮⌂⸗ⱡ ╩ ╙≈ ╛
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PC 18:3(n-3,6,9)_18:3(n-3,7,11) ╛ PC 18:3(n-3,6,11)_18:3(n-3,7,9)─╟℮⌂ ─C=C

⅜ ∂ ╩ ╙≈ ─ │ ♃fi♦ⱶ ≢│ ≢№╡

▬○fi╩↕╠⌐ ∆╢ ╩ ™╢ ⅜№╢  
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6 OAD-MS/MS╩ ™√ ─C=C ─  

─ ⌐ ↕╣√ │ ▬○fi─ m/z╩ ⇔≡⅔╡ OAD-MS/MS☻

Ɑ◒♩ꜟ ⌐│ ─m/z╩ ⇔≡™╢ OAD-MS/MS☻Ɑ◒♩ꜟ─ │ ☻Ɑ◒♩ꜟ

╩ │in silico☻Ɑ◒♩ꜟ╩ ⇔≡™╢  

(a) OADⱨꜝ◓ⱷfi♥כ◦ꜛfi≢ ∆╢ ⌂ ≈─ ▬○fi─  

(b) PC 18:1/18:1(n-9)─OAD-MS/MS☻Ɑ◒♩ꜟ≤ m/z⅛╠ ⇔√C=C ╩

∆ ▬○fi─  

(c) PG 22:6(n-3,6,9,12,15,18)/22:6(n-3,6,9,12,15,18)─OAD-MS/MS☻Ɑ◒♩ꜟ 

(d) PE P-18:0/ 18:1(n-9)─OAD-MS/MS☻Ɑ◒♩ꜟ 

(e) SM 18:1(D4);O2/18:1(n-9)-d9─OAD-MS/MS☻Ɑ◒♩ꜟ 

(f) PE-N(FA 20:4(n-6,9,12,15)) 18:1(n-9)/18:1(n-9)─OAD-MS/MS☻Ɑ◒♩ꜟ 
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3-2. C=C ╕≢╩ ╘√ⱡfi♃כ◕♇♩ꜞⱧ♪Ⱶ◒☻ ─  

 ─ ⅛╠ C=C ╕≢─ ╩ ⌐ ∆╢ⱡfi♃כ◕♇♩ꜞ

Ⱨ♪Ⱶ◒☻⌐│ CID-MS/MS≤OAD-MS/MS─ ⅜♃כ♦ ≤ ⅎ√ ∕↓≢

∂LC ≢LC-CID-MS/MS≤LC-OAD-MS/MS╩ ⇔ LC ╩ ⇔

√MS♦כ♃╩ ∆╢◦☻♥ⱶ╩ ⇔√ 7a ↕╠⌐ OAD-MS/MS☻Ɑ

◒♩ꜟ╩ ∆╢♁ⱨ♩►▼▪₈MS-RIDDMass Spectrometry-Radical Induced 

Dissociation Decipherer₉╩ ⇔√ MS-RIDD⌐│ ─ ☻Ɑ◒♩ꜟ⌐ ≠™

ꜟכꜟ≡ ⇔√ OAD─ⱨꜝ◓ⱷfi♥כ◦ꜛfi ╩ ⇔ ─ ≤ OAD-

MS/MS☻Ɑ◒♩ꜟ╩ ╖ ╗↓≤≢ C=C ─ ⌂ ╩ ℮ 7b  

≢│ ╩ LC-CID-MS/MS─ⱳ☺♥▫ⱩהⱠ●♥▫Ⱪ─ ▬○fi⸗כ

♪⅔╟┘ LC-OAD-MS/MS─ⱳ☺♥▫Ⱪ▬○fi⸗כ♪≢ ∆╢ ⇔√ LC-CID-

MS/MS♦כ♃│ ─♃כ♦ ♁ⱨ♩►▼▪₈MS-DIAL₉7╩ ™≡ ⇔

─ ⱪ꜡ⱨ□▬ꜟ╩ ꜠ⱬꜟ ─ ╕≢ ╕≢─ ╩⇔≡

∆╢ ™≢ ⇔√ ⱪ꜡ⱨ□▬ꜟ ≤ LC-OAD-MS/MS♦כ♃╩ MS-

DIAL≢ ⇔ 0.01 Da⅛≈ 0.15 min─ ≢CID-MS/MS╟

╡ √ ─ ╩OAD-MS/MS☻Ɑ◒♩ꜟ⌐ ≠↑≡ ∆╢  

⌐ MS-RIDD─ ▪ꜟ◗ꜞ☼ⱶ⌐≈™≡ ╩ →≡ ∆╢ 7b

PC 18:1_22:6⅜ ≠™√OAD-MS/MS☻Ɑ◒♩ꜟ⅜MS-RIDD┼

↕╣╢≤ ╕∏ ⌐ ⌂ C=C ⅜ ↕╣╢ PC 18:1_22:6 ─

C18:1⌐ ⇔≡│14n-3 n-16) ─ C22:6⌐│1,716 (n-3, 5, 7, 9, 11, 13)

(n-10, 12, 14, 16, 18, 20)─C=C ⅜ ↕╣╢ ⌐ ⇔√OAD─

⌐ ≠™≡ C=C ─∕╣∙╣⌐ ∆╢in-silico OAD-MS/MS☻Ɑ◒♩ꜟ╩

∆╢ In-silico☻Ɑ◒♩ꜟ─ ⌐ ⌂ ▬○fi─ │

─ ⌐ ≠™≡ ⇔√ ╩ ⇔√ 3 ↓─ ≢│ ☻Ɑ◒♩

ꜟ≤─ ╩ ™ ≡─C=C ─ ▬○fi⅜ 15 ppm ⅛≈

▬○fi 0.01%╩ √↕⌂™ C=C │ ∆╢ ∕⇔≡ ╩ √⇔

√ ╩ MS/MS☻Ɑ◒♩ꜟ─ ⌐ ↕╣╢reverse dot-product◖◘

▬fi ⌐ ⇔√ ≢ ∆╢ ⇔√ ◖◘▬fi │ ▬○fi

⅜ ↕™ⱨꜝ◓ⱷfi♩▬○fi╩ ∆╢ ⌐ ─ ⅜ ∆╢↓≤⅜

55↕╣≡™╢√╘ ≢ ™√ C=C ─ │ ─ ™ ⅛╠

⌐ ™ ⌐PC 18:1(n-9)_22:6(n-3,6,9,12,15,18)─╟℮⌐ ╙ ─ ™C=C

⅜ ↕╣╢  
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7 LC-CID-MS/MS≤ LC-OAD-MS/MS─ ⌐╟∫≡ ∆╢ C=C ╕≢╩ ╘

√ⱡfi♃כ◕♇♩ꜞⱧ♪Ⱶ◒☻─ ꞉כ◒ⱨ꜡כ 

(a) LC-CID-MS/MS≤ LC-OAD-MS/MS⌐╟╢ ♃כ♦ ≤ MS-DIAL⅔╟┘ MS-RIDD

╩ ™√MS♦כ♃ ─  

(b) MS-RIDD♁ⱨ♩►▼▪⌐ ↕╣√ OAD-MS/MS☻Ɑ◒♩ꜟ⅛╠ C=C ╩ ∆╢

▪ꜟ◗ꜞ☼ⱶ 
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3-3. ─ ╩ ™√OAD-MS/MS ─  

 ⇔√♁ⱨ♩►▼▪MS-RIDD─ ╩ ∆╢√╘⌐ ─

PUFA╩ ⌐ ⅎ≡ ⇔√HEK293 ⅛╠ ╩ ™ ╩ ⇔

√ 8 HEK ≢│ ─ ⅜ ♩ꜝfi☻ⱳכ♃כ╩ ⇔

≡ ┼≤ ╡ ╕╣ ─▪◦ꜟ♩ꜝfi☻ⱨ▼ꜝכ♀⌐╟╡ ≤⇔≡▪◦

ꜟ ↕╣╢ 56 ↓─↓≤⅛╠ PUFA╩ ⇔√ ≤ ─ ─ ⱪ

꜡ⱨ□▬ꜟ╩ LC-MS/MS≢ ∆╢↓≤≢ ⇔√ PUFA╩ ⌐╙≈

─OAD-MS/MS☻Ɑ◒♩ꜟ ≈╕╡ ⇔™C=C ⅜ ≢⅝≡™╢OAD-MS/MS☻

Ɑ◒♩ꜟ╩ ∆╢↓≤⅜≢⅝╢≤ ⅎ√  

─PUFA╩ ⌐ ⇔≡ ⇔√HEK ╩LC-CID-MS/MS⅔╟┘LC-OAD-

MS/MS≢ ⇔ ⱪ꜡ⱨ□▬ꜟ╩ ⌐ ⇔√ ≢│ ◘fiⱪꜟ─

≢ ⇔√▬○fi ╩ ™√ 5 ≤ OAD-MS/MS─ ╩

⌐ ∆ ≢ ∆╢ ╕∏ PUFA ◘fiⱪꜟ ◖fi♩꜡כꜟ ─

RT9.1 min m/z 788.54─Ⱨכ◒│ CID-MS/MS☻Ɑ◒♩ꜟ╟╡PC 14:0_22:6

≢№╢↓≤ ↕╠⌐ OAD-MS/MS☻Ɑ◒♩ꜟ⅛╠ 22:6 ─ C=C │(n-

3,6,9,12,15,18)≈╕╡♪◖◘Ⱬ◐◘◄fi DHA≢№╢↓≤⅜ ⅛∫√ 8a ↕

╠⌐ DHA ◘fiⱪꜟ≢│ ─ m/z 788.54⌐⅔™≡Ⱨכ◒⅜ ≢⅝

CID/OAD-MS/MS☻Ɑ◒♩ꜟ⅛╠PC 14:0_22:6DHA≢№╢≤ ↕╣ Ⱨכ◒

─ ≤ ╙ ╘╠╣√ 8b ╕√ ◄▬◖◘Ɑfi♃◄fi EPA20:5(n-

3,6,9,12,15)╩ ⇔√◘fiⱪꜟ≢│ CID-MS/MS☻Ɑ◒♩ꜟ╟╡ ≢№╢

PC 16:1_20:5 RT 8.96 min≤PC14:0_22:6RT 9.12 min─ ≤ ⅎ╠╣╢Ⱨכ◒

⅜ ↕╣ OAD-MS/MS☻Ɑ◒♩ꜟ⅛╠PC 16:1(n-7)_20:5(EPA)≤ ≢⅝√ 8c

↕╠⌐ a-ꜞ ⱡ꜠fi a-LA 18:3(n-3,6,9)╕√│g -ꜞ ⱡ꜠fi g-LA 18:3(n-6,9,12)

╩ ⇔√◘fiⱪꜟ≢│ RT 8.80 min≤8.90 min⌐∕╣∙╣ ─ Ⱨכ◒⅜

↕╣√ CID-MS/MS☻Ɑ◒♩ꜟ╟╡ ↓─Ⱨכ◒│™∏╣╙PC 18:3_18:3≢№╢≤

↕╣√ ≢ Ⱨכ◒≢ ↕╣√OAD-MS/MS☻Ɑ◒♩ꜟ╩∕╣∙╣ ∆╢

≤ ≢│ n-3,6,9 ≢│ n-6,9,12─╖─C=C ╩ ∆ⱨꜝ◓ⱷfi♩▬○

fi⅜ ≢⅝√ ⅛╠ │ PC 18:3(a-LA)_18:3(a-LA) │ PC 18:3(g-

LA)_18:3(g-LA)≢№╢↓≤⅜ ⇔√ 8d-e ╕√ a-LA≤g-LA─ ╩ ⇔√

◘fiⱪꜟ─OAD-MS/MS☻Ɑ◒♩ꜟ⅛╠│ n-3,6,9≤ n-6,9,12─ ─C=C

╩ ∆ⱨꜝ◓ⱷfi♩▬○fi⅜ ↕╣√ ╟∫≡ RT 8.86 min─Ⱨכ◒│ PC 18:3(a-

LA)_18:3(g-LA)╙⇔ↄ│ PC 18:3(a-LA)_18:3(a-LA)≤PC 18:3(g-LA)_18:3(g-LA)⅜

⇔√ ≢№╢≤ ∆╢↓≤⅜≢⅝√ 8f ≡─ Ⱨכ◒─CID⅔╟┘

OAD-MS/MS☻Ɑ◒♩ꜟ⌐≈™≡│ 3⌐╕≤╘≡™╢  

─ ⅛╠ LC-CID-MS/MS≤LC-OAD-MS/MSMS-DIAL≤MS-RIDD╩ ╖

╦∑√ ⅜ ╩ ╘√ ₁⌂ C=C ⌐ ↄ ≢⅝
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↓╣╕≢ ⅜≢⅝⌂⅛∫√ ─ ─ ⌐ ∆╢↓≤⅜ ↕╣√ ↕╠

⌐ ⌐╟╡ PUFA ╩╙≈ ⌐≈™≡ ⇔™C=C ╩ ≠↑╢

↓≤⅜ ⌂ ─ OAD-MS/MS☻Ɑ◒♩ꜟ⅜ ≢⅝√ ↓─ⱴ☻☻Ɑ◒♩ꜟ♦כ

♃│ ≢ ⇔√ⱡfi♃כ◕♇♩ꜞⱧ♪Ⱶ◒☻ ╩ ∆╢√╘─ ♦

≡⇔≥♩♇☿♃כ ≢⅝╢  
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8 ─ ╩ ╡ ╕∑√HEK293─  

 ≢│ ◘fiⱪꜟ≢ ↕╣√ PC 36:6╩ ∆ m/z 778.54─ ◒꜡ⱴ♩◓ꜝⱨⱧכ◒≤

CID⅔╟┘ OAD-MS/MS☻Ɑ◒♩ꜟ╩ ⇔≡™╢ OAD-MS/MS☻Ɑ◒♩ꜟ─ │ ☻Ɑ

◒♩ꜟ╩ │in silico☻Ɑ◒♩ꜟ╩ ⇔≡™╢  

(a) ╩ ⇔≡™⌂™◖fi♩꜡כꜟ◘fiⱪꜟ 

(b) DHA╩ ⇔√◘fiⱪꜟ 

(c) EPA╩ ⇔√◘fiⱪꜟ 

(d) a-LA╩ ⇔√◘fiⱪꜟ 

(e) g-LA╩ ⇔√◘fiⱪꜟ 

(f) a-LA≤g-LA╩ ⇔√◘fiⱪꜟ 
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3-4. OAD-MS/MS ♁ⱨ♩►▼▪MS-RIDD─  

 ─ ⅛╠ ⇔™ C=C ╩ ≠↑╢↓≤⅜ ⌂

─ OAD-MS/MS☻Ɑ◒♩ꜟ⅜ ≢⅝√ OAD-MS/MS☻Ɑ◒♩ꜟ≤C=C

─ ≠↑⌐│ (1) ⇔√ PUFA╩╙≈ Ⱨכ◒─▬○fi ⅜◖fi♩

≥ꜟכ꜡ ═≡1.5 ⅛≈ (2) 0.01Da ▬○fi 0.01%

≢C=C ╩ ∆╢√╘─ ▬○fi 6 ⅜ ≢⅝≡™╢ ≤™℮

≈─ ≢MS-DIAL♁ⱨ♩►▼▪⌐╟╢ ╩ ™ ─♩♇☿♃כ♦ ╩ ∫

√ ∕─ ⇔™C=C ╩ 222─OAD-MS/MS☻Ɑ◒♩ꜟ 52

⌐≈™≡ ∆╢↓≤⅜≢⅝√ 9a │♩♇☿♃כ♦  ⌂

⌐│ ™C=C ╩ ╪∞ PC─181☻Ɑ◒♩ꜟ PE─20☻Ɑ◒♩ꜟ

PlasmalogenPE─2☻Ɑ◒♩ꜟ ∕⇔≡TG─19 ☻Ɑ◒♩ꜟ⅛╠ ↕╣√

⇔√PUFA│ PI╛PGPS⌂≥─ ┼╙▪◦ꜟ ↕╣≡™╢↓≤⅜LC-CID-MS/MS

╡╟♃כ♦─ ↕╣√⅜ OAD-MS/MS☻Ɑ◒♩ꜟ⌐⅔™≡ ▬○fi⅜ ∞∫

√√╘ │⌐♩♇☿♃כ♦ ╖ ╕╣⌂⅛∫√  

╩♩♇☿♃כ♦  ™≡ ♁ⱨ♩►▼▪ MS-RIDD─ ╩ ⇔√  

│ ╩15 ppm⌐ ⇔ ▬○fi─ ▬○fi ─ ╩0-

1%─ ≢ ⇔≡ ╩ ∫√ ∕─ MS-RIDD♁ⱨ♩►▼▪─ │

▬○fi ─ ⅜0.01%─ ⌐ 97.29%≤⌂∫√ 9b╕√ │

⅜ 1≈─☻Ɑ◒♩ꜟ≢│ 100% ─☻Ɑ◒♩ꜟ≢│ 95.55%≤⌂╡

C=C ─ ⅜ ⌐ ╕╣╢ ─ ⌐ ↕╣╢↓≤⅜ ⅛∫

√ 9b ╕√ ⌐╟╡ PC 20:4(n-6,9,12,15)_22:6(n-3,6,9,12,15,18) ╛ TG 

16:0_18:1(n-9)_18:3(n-3,6,9)⌂≥ ─ ╩╙≈ ⌐≈™≡╙ in silico

☻Ɑ◒♩ꜟ≤─ ⅛╠C=C ⅜ ≢⅝╢↓≤⅜ ⅛∫√ 9c-d

≢ ─ LC ╩ ∆╢≤ ─ C=C ⅜ ≈─Ⱨכ◒≤⇔

≡ ∆╢↓≤╙ ↕╣╢ ⌐ 9c≢│ MS-RIDD⅜ ⇔√ C=C ≤

⇔≡│TG 16:0_18:1(n-9)_18:3(n-3,6,9)⅜ ╙ ⅜ ™⅜ TG 16:0_18:1(n-7) _18:3(n-

3,6,9)╙ⱨꜝ◓ⱷfi♩▬○fi⅜ ↕╣≡™╢ ↓─╟℮⌂ ⌐ ∆╢√╘ MS-

RIDD≢│◓ꜝⱨ▫◌ꜟꜚכ◙כ▬fi♃כⱨ▼▬☻ GUI─ ╩ ™ ─♃כ♦

⇔⌂⅜╠ ↕╣√ C=C ─ ╛◖ⱷfi♩─ ⅜≢⅝╢╟℮⌂ ╩

∫√  

 ≢ 2.71%─ │ ⅜♃fi♦ⱶ ≢№╢√╘

─ C=C ⅜ ≈─ⱴ☻☻Ɑ◒♩ꜟ⌐ ∆╢≤™℮ ⌐ ⇔≡™╢≤

ⅎ╠╣╢ ⌐ ⅜ 20:4(n-3,6,9,12)_20:4(n-6,9,12,15)≢№╢♦כ♃⌐ ⇔≡

20:4(n-3,9,12,15)_20:4(n-6,9,12,15)≤C=C ╩ ∆╢ ⅜ ╠╣√ ↓─╟℮⌂

⌐ ⇔≡│ ⅜ ─ ─ ⌂≥╩ ⅛⇔ ╩♃כ♦ ⇔

⌂⅜╠ ⇔™C=C ╩ ≢⅝╢╟℮⌐ ╩ ≢⅝╢ ╩ ⇔√   
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9 OAD-MS/MS☻Ɑ◒♩ꜟ─ ♩♇☿♃כ♦ ≤MS-RIDD♁ⱨ♩►▼▪─  

─ ⌐ ↕╣√ │ ▬○fi─ m/z╩ ⇔≡⅔╡ OAD-MS/MS☻

Ɑ◒♩ꜟ ⌐│ ─m/z╩ ⇔≡™╢ OAD-MS/MS☻Ɑ◒♩ꜟ─ │ ☻Ɑ◒♩ꜟ

╩ │in silico☻Ɑ◒♩ꜟ╩ ⇔≡™╢  

(a) ─ ☻꜡ꜟꜝ♩כꜙ♬─ ≤MS-DIAL⌐ ↕╣√fragment ion searcher

╩ ™√OAD-MS/MS☻Ɑ◒♩ꜟ─ ♩♇☿♃כ♦  

(b) OAD-MS/MS☻Ɑ◒♩ꜟ─ ⌐♩♇☿♃כ♦ ∆╢MS-RIDD♁ⱨ♩►▼▪─  

(c) TG 16:0_18:1(n-9)_18:3(n-3,6,9)─OAD-MS/MS☻Ɑ◒♩ꜟ 

(d) PC 20:4(n-6,9,12,15)_22:6(n-3,6,9,12,15,18)─OAD-MS/MS☻Ɑ◒♩ꜟ 
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3-5. ─ⱥ♩⅔╟┘ⱴ►☻ ┼─  

 ≢ ⇔√ⱡfi♃כ◕♇♩ꜞⱧ♪Ⱶ◒☻ ╩ ⱴ►☻─

⅔╟┘ⱥ♩ NIST SRM 1950─ ⌐

⇔√ ∕─ ⅛╠ ≢648 24 ◘Ⱪ◒ꜝ☻ ⌐≈™≡

C=C ╕≢╩ ╘√ ⌐ ⇔√ 4 │ ◘fiⱪꜟ⌐

ⅎ√ ꜝⱬꜟ⇔√ ─ⱪꜞ◌כ◘כ▬○fi─▬○fi

╩ ⌐ Lipidomics Standard InitiativeLSI⌐ ⇔√ ꜠ⱬꜟ2-3≢ ╩

⇔√ ─C=C ⅜ ⇔≡™╢ │ ☻Ɑ◒♩ꜟ≤in-silico☻

Ɑ◒♩ꜟ≤─ ⅜ ╙ ™ C=C ╩ ⇔√ ⌐╟╡ ⅛╠

⇔≡ 100 ─ C=C ⅜ ↕╣ ⌐⅔↑╢ ⌂ ⱪ꜡ⱨ□

▬ꜟ⅜ ╠╣√ 7 ≢ ─LC ≢│ C=C ⅜

↕╣⌂™ ╙№╢√╘ ≢ ⇔√ ⱪ꜡ⱨ□▬ꜟ╩ ∆╢√╘⌐│

╩ ™√ ─ ╙ ≤ ⅎ╠╣╢  

 ⇔√ ─ ╩ ╩0≤⇔≡ ╠╣√ ⱪ꜡ⱨ□▬ꜟ♦כ♃

╩ ⌐ ◒ꜝ☻♃ꜞfi◓ ⇔√ 5 ∕─ ≢ ⇔≡

↕╣√ C=C ⅜ ↕╣√↓≤⌐ ⅎ≡ ≢ ⌐ ↕╣√

─ ╙ ⌐ ╠╣√ ™ ≢ ↕╣√ ─☿◓ⱷfi♩≢│

16:1(n-7)18:1(n-9)18:2(n-6,9)20:4(n-6,9,12,15)22:6(n- 3,6,9,12,15,18)⌂≥ ⱴ►☻╛

ⱥ♩⌐⅔™≡ ⌂ ⅜ ╕╣≡™√.↕╠⌐ ꜞfi ≤⇔≡│ 18:1(n-

7)20:2(n-6,9)20:3(n-6,9,12)20:4(n-3,6,9,12)22:5(n-3,6,9,12,15)⅜ ↄ ↕╣√

≢ ◓ꜞ☿꜡ ╛ ▪◦ꜟ ⌐│ 18:3(n-3,6,9/n-6,9,12)⅔╟┘20:5(n-3,6,9,12,15)

─ ⅜ ╕╣≡™√ 5 ╕√☻ⱨ▫fi◗ ≢│ N-▪◦ꜟ ─24:1(n-9)

≢№╢SPB≤⇔≡17:1(D4);O2╛18:1(D4);O218:2(D4,14);O2⅜ ⇔≡

↕╣≡™√ ◒ꜝ☻♃ꜞfi◓⌐╟∫≡ ⇔√ ⌐ ⌂ C=C ─

CID-⅔╟┘OAD-MS/MS☻Ɑ◒♩ꜟ│ 6⌐╕≤╘≡™╢  

 ◘fiⱪꜟ≢│ ≢⅝√C=C ⅜56≤ ─ ≤ ═≡ ⌂⅛∫

√ 7 ↓╣│ │ ─╖╩ ⌐╙≈ ⅜ ™↓≤⌐

ⅎ≡ ◦◒꜡ⱪ꜡Ɽfi ╩╙≈ ─ ╙ ╕╣≡™╢↓≤⅜ ≤ ⅎ╠╣

╢ 57 ⌐◦◒꜡ⱪ꜡Ɽfi ╩╙≈ │ ≢ ↕╣≡™╢ CID-

MS/MS☻Ɑ◒♩ꜟ≢│ ◦◒꜡ⱪ꜡Ɽfi ╩╙≈ ≤C=C╩╙≈ │

≢ ≤⌂╢√╘ ⅜≢⅝∏ OAD╩ ™√ ≢╙∕─ ╩ ∆

▬○fi│ ≢⅝≡™⌂™ ≢│ Ᵽꜞ▪ ╩ ℮▪◦ꜟ☿ꜝⱵ♪⌂≥

₁⌂☿ꜝⱵ♪ ⅜ ↄ ⇔≡™╢ 58 ≢│ ⌐ ⌐ ∆╢▪

◦ꜟ☿ꜝⱵ♪ 59─ O-▪◦ꜟ ⅜ 18:2(n-6,9)≢№╢↓≤╩ ⇔√ 6 ↕╠

⌐ SPB 17:1(D4);O2╩☻ⱨ▫fi◗ ⌐╙≈Cer-NS ╛ ☿ꜝⱵ♪≢№╢HexCer-

NS ╙ ⌐ ⌂ ≤⇔≡ ↕╣√ ⱥ♩ ≢│ ⱪꜝ☼ⱴ꜡כ◕fi
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D2 ≤ ⌂╢C=C ꜟ♥כ◄─ O-16:1(n-6)╛O-18:1(n-6)╩╙≈PC╛

LPC⅜ ⌂ ≤⇔≡ ↕╣√ 5a  

 ↕╠⌐ ▪◦ꜟ PUFAC18~26☻ⱨ▫fi◗ 14:1;O216:1;O2

17:1;O218:1;O218:2;O2∕⇔≡ ▪◦ꜟ VLC-PUFAC28~42

⌐≈™≡╙C=C ─ ⌂ⱪ꜡ⱨ□▬ꜞfi◓╩ ∫√ 10 PUFA ⌐

≈™≡│ ⌐⅔↑╢n-3 ≤n-6 ─ ╩ ⅎ√↓≤⌐ ⅎ≡ ⱴ►☻ ╛

⌐⅔™≡n-9 ─C20:3╛C22:4 C24:3⅜ ∆╢↓≤╩ ⇔√ 10a ╕

√ ꜞfi ⌐⅔↑╢C22:5⌐≈™≡│ ⱴ►☻ ╛ ∕⇔≡ⱥ♩

≢│n-3 ⅜ ╘╠╣≡™╢ ≢ ⱴ►☻ ≢│n-6 ⅜ ≢№╢↓≤⅜ ⅎ

╠╣√ 10aⱴ►☻ ≢│ ꜞfi ⅔╟┘◓ꜞ☿꜡ ⌐OsbondC22:5

n-6⅜ ⌐ ╕╣╢↓≤⅜ ╠╣≡⅔╡ 60,61≤ ∆╢ ⅜ ≢│ ╠

╣√  

 ☻ⱨ▫fi◗ ─ ─╙≈ C=C │ 3 ─ ─ ⅛╠∕─ ╩

∆ ▬○fi─ ⅜ ↕ↄ ⅜↓╣╕≢ ⇔⅛∫√ 36 ≢│ MS-

RIDD♁ⱨ♩►▼▪╩ ⇔√↓≤≢ ☻ⱨ▫fi◗ ─╙≈ C=C ⌐≈™≡

╙ ⅛≈ ™ ≢ ∆╢↓≤⅜ ≤⌂∫√ 10b ∕─ ☻ⱨ▫

fi◗ ⌐⅔™≡│ 18:1(D4);O2☻ⱨ▫fi◗◦fi ⅜ ─ ≢№╢↓≤

⅜ ⅛∫√ D4 │ ☿ꜝⱵ♪ ⌐⅔™≡☺ⱥ♪꜡◐◦☿ꜝⱵ♪ Cer-NSD

⅜☺ⱥ♪꜡◐◦☿ꜝⱵ♪D4 ╩ ⇔≡☿ꜝⱵ♪ Cer-NS┼≤ ↕╣╢

⌐ ↕╣╢↓≤⅜ ╠╣≡™╢ 58 ╕√ ☻ⱨ▫fi●☺◄♬fi 18:2;O2─ C=C

│D4,14≢№╢↓≤⅜ 25,62,63↕╣≡™╢⅜ ⌐⅔™≡╙18:2;O2(D4,14)╩

╙≈☻ⱨ▫fi◗ ⅜ ⱴ►☻ ╛ ∕⇔≡ⱥ♩ ⌐⅔™≡ ∆╢↓≤⅜

╠⅛≤⌂∫√ ™↓≤⌐ ☻ⱨ▫fi◗◦fi 18:1(D4);O2─ C=C

≤⌂╢18:1(D14);O2─ ╙ ⌐╟∫≡ ≢⅝≡⅔╡ ↓─ │D14

⌐╟∫≡☺ⱥ♪꜡☻ⱨ▫fi◗◦fi╛ 1-deoxy-Cer-NDS⅛╠ ∆╢

⅜ ↕╣≡™╢ 63  

 ⅜28 ⅛≈ ▪◦ꜟ │Very Long Chain PUFAVLC-PUFA≤

⇔≡ ⱴ►☻ ╛ ⌐ ∆╢↓≤⅜ ╠╣≡™╢ ⌐╟╡ ⱴ►☻ ─

VLC-PUFAC36-42 PC⌐│n-3 ≤n-6 ⅜ ∆╢↓≤⅜ ↕╣√ 10c

╕√ⱴ►☻ ≢│ VLC-PUFAC30-36 PC ⌐│n-3 ─╖⅜ ∆╢↓≤⅜

⇔√ ↕╠⌐ ⱴ►☻ ≢│ PC ⌐╙ Cer-NS╛ SM ↕╠⌐ TG⌐╙ VLC-

PUFA╩ ⌐╙≈ ⅜ ⇔≡⅔╡ C=C⅜4-5─ │ ≡n-6 ≢№╢

≢ C=C⅜6─ │ ≡n-3 ≢№╢↓≤⅜ ⅛∫√ 10c ↓╣╠─VLC-

PUFA │ LC-CID-MS/MS╩ ™╢↓≤≢ ─ ╕≢│ ⅎ╠╣≡™

√⅜ ⌂ C=C ⌐≈™≡│ ≢⅝≡™⌂⅛∫√ VLC-PUFA │

⌐⅔↑╢꜡♪ⱪ◦fi ─ 64╛ 16⌐ ∆╢ ⌂
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╩ ⇔ ─ VLC-PUFA│ ╛ ─ 65,66╩╙≈ ⱷ♦▫◄כ

─Elovanoid╢№≢כ♃ ≤⌂╢ ∕─√╘ ─ ╛ⱷ♦▫◄כ♃כ─

⌐ ╩ ⅎ╢ C=C ╩ ⌐ ≢⅝╢ │ ↓╣╠─

─ ⌐ ≢⅝╢≤ ⅎ╠╣╢  
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10 ⱴ►☻⅔╟┘ⱥ♩ ⌐⅔↑╢ ▪◦ꜟ ◗ⱨ▫fi☻ה ה

▪◦ꜟ ─ ⌂C=C ⱪ꜡ⱨ□▬ꜟ 

╩Mean±SD. (n= 3)│כⱣכꜝ◄  ⇔≡™╢ │pmol/mgⱥ♩ ─ │pmol/mL

╩ ⇔≡™╢ ─ │ ⇔√ n-9/n-6/n-3 ─ ╩ ⇔≡™╢ ⅎ┌

PC(0,6,2)│ n-9/n-6/n-3─ C=C ⅜∕╣∙╣ 0 6 2 ↕╣√↓≤╩ ⇔≡

™╢  

(a) ▪◦ꜟ C18-26─C=C ⱪ꜡ⱨ□▬ꜟ 

(b) ☻ⱨ▫fi◗ C14-20─C=C ⱪ꜡ⱨ□▬ꜟ 

(c) ▪◦ꜟ C28-42─C=C ⱪ꜡ⱨ□▬ꜟ 
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ה  

≢│ C=C ╩ ╘╢ ⇔™ⱡfi♃כ◕♇♩ꜞⱧ♪Ⱶ◒☻

╩ ⇔√ OAD╩ ™√ ─ │ ₁⌂ ◘Ⱪ◒ꜝ☻─╙≈ O-

N-▪◦ꜟ ─ C=C ╩ ╛ ╩ ℮↓≤⌂ↄ ─ ⅛╠

⌐ ≢⅝╢ ≢№╢ ≢ OAD-MS/MS☻Ɑ◒♩ꜟ│ CID-MS/MS☻Ɑ◒

♩ꜟ≤ ⇔≡ ∂╢ ▬○fi─ ⅜ ↄ ⅛≈ ▬○fi ⅜ ™↓≤⅛╠

─ ≢│ ⅜ ⇔™↓≤⅜ ⅝⌂ ≢№∫√ ∕↓≢ ≢│ OAD─

ⱨꜝ◓ⱷfi♥כ◦ꜛfi╩ ⇔ ♁ⱨ♩►▼▪ ⌐ ∆╢↓≤≢ ⌂ OAD-

MS/MS☻Ɑ◒♩ꜟ╩ ⅛≈ ⌐ ∆╢♁ⱨ♩►▼▪₈MS-RIDD₉╩ ⇔√

↕╠⌐ ╟╡ ⇔√ ─ ≤ ♃כ♦⌂ ╩ ℮↓≤≢OAD-

MS/MS☻Ɑ◒♩ꜟ─ ─♩♇☿♃כ♦ ⇔√ ╩♩♇☿♃כ♦─↓ ∆╢↓≤

≢ ⌂ ⅛╠ ╩ ⇔≡ ♁ⱨ♩►▼▪─ ╩ ∆╢↓

≤⌐ ⇔ 97.29%─ ≢ C=C ─ ⅜ ⌂↓≤╩ ⇔√ ∕⇔≡

╩ ─ ┼ ⇔√ 648─ ⌐≈™≡ C=C ╕≢─

⌐ ⇔ ┼─ ╩ ⇔√ ≢ ≢│ ─

C=C ⅜ ⇔≡™╢ ╙№╢↓≤⅛╠ ≢ ⇔√ ─

⌐≈™≡│ PB-MS⌂≥ ─ ╩ ™√ ─ ╩ ℮ ╙ ∫≡

™╢ ↕╠⌐ ⅔╟┘ ─ ⅛╠╙ ⌐│ ⌂╢ ⅜ ≢№╢

∕─√╘⌐│ DIA⸗כ♪─ ≈≢№╢SWATH-MS Sequential window acquisition of all 

theoretical fragment ion spectra mass spectrometry╩ ™╢↓≤≢ ⇔≡™╢

─C=C ⌐≈™≡╙ ₁─ ─ ⅜ ⌐⌂╢≤ ⅎ╠╣╢  

─╟℮⌂ │ ∫≡™╢╙── ⅜ ╠⅛⌐⇔√ ⌂ ⱪ꜡ⱨ

□▬ꜟ │ ꜞⱧ♪כⱶ─ ╩ ∆╢⌐ ∆╢≤ ⅎ╠╣╢ ⅎ┌

⌂ PUFA≢№╢a-/g-LA ARA EPADPADHA ⌐ ⅎ≡ 3 n-3 n-6 n-9

─C20:3╛C22:4∕⇔≡n-3 ─C20:4⌂≥ ⌂PUFA ─ ╩ ⅎ

╢↓≤⅜≢⅝√ ╕√ n-9 ─ C22:4≤ C24:3⅜ ─ꜞfi ⌐ 67,68⇔≡™

╢↓≤╙ ╠⅛⌐⇔√ ↕╠⌐ ⱴ►☻─ ⌐⅔↑╢VLC-PUFA─

⌂ ╩ ⅎ ⌐│n-3 ─VLC-PUFA╩ ╗ PC ⅜ ⌐│n-6

─ VLC-PUFA╩ ╗ ─ ⅜ ∆╢↓≤╩ ╠⅛⌐⇔√ ╕√ VLC-PUFA

⅜ ≢│C28-32 ≢│C30-36∕⇔≡ ≢│C36-42≢№╡ ▪◦ꜟ ─

⅛╠╙ ↔≤─ ⌂ ⅜ ╠⅛≤⌂∫√ │ ─

⅜ ↕╣≡™╢ ╩ ⇔≡⅔╡ ↓╣╠─ ⅜

─ ⌐ √∆ ─ ⅜ ↕╣╢  

 ─ ⌐│ ╣√ ⅜2≈№╢ ╕∏1 │ √⌂ⱡfi♃כ◕♇♩

≢№╢ ─ ╩ 8 ◘Ⱪ◒ꜝ☻ PC PE PSPG DG TG Cer-NS
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SM ⌐≈™≡│ 3 ∕⇔≡∕─ ─ 8 ◘Ⱪ◒ꜝ☻ CAR LPCLPE

EtherPCEtherPEPlasmPCPlasmPESPB⌐≈™≡│1 ─ ╩ ™≡LOA

┘LOD╩ ⇔≡™╢ ≢№╢ ∕⇔≡2 │ ⌂OAD-MS/MS☻Ɑ◒♩ꜟ

╩ ∆╢√╘─♁ⱨ♩►▼▪₈MS-RIDD₉╩ ⇔√ ≢№╢ C=C ╕≢╩

╘√ⱡfi♃כ◕♇♩ꜞⱧ♪Ⱶ◒☻≤⇔≡│ ⌐ Data Independent acquisitionDIA

≤○♂fi ╩ ∑√ ⅜ 35↕╣≡™╢ ⇔⅛⇔ ↓─ ≢│DIA╩

™≡™╢√╘ PC O-34:1(n-9)─╟℮⌐ ─ ⅜ ─ ꜠ⱬꜟ⌐

╕∫≡™╢ ╕√ PB-MS│ ꜞfi ╛◓ꜞ☿꜡ ☻ⱨ▫fi◗ ▪◦

ꜟ ⌂≥ ₁⌂ ─ C=C ╩ ⌂ ╣√ ─ ≈≢№╢⅜ ♃fi♦

ⱶ ≢ ╠╣√ ▬○fi╩ ⌐ ─ ╩ ℮ ╩

⇔≡™╢√╘1▬○fi─♦כ♃ ⅜ ↄ⌂∫≡™╢  

≢ ⌐│ C=C ╩╙≈MS/MS☻Ɑ◒♩ꜟ╩ ↔≤⌐ ≢⅝≡

™⌂™ ≤ C=C ⌐ ∆╢ ─ ≢ ⅜№╢ ⌐PB-MS/MS≢│

↔≤─ C=C ╩ ⌐ ∆╢√╘⌐ ╩ ⇔≡ ─ ≈

─ ╩ ⇔≡™╢ ⇔√⅜∫≡ OAD╩ ™√ⱡfi♃כ◕♇♩ꜞⱧ♪Ⱶ◒☻⌐╙

╩ ╖ ╦∑√ ⅜ ≤ ⅎ╠╣╢ ╕√ SWATH-MS─╟

℮⌂Data Independent MS/MS acquisition╩ ™╢≤ ⅜ ⇔≡™╢ ⌐╙

MS/MS☻Ɑ◒♩ꜟ╩ ⌐∕╣∙╣ ≠↑╢↓≤⅜ ≤⌂╢ 69√╘ ─

⅜ ≢⅝╢ ╕√ⱱ☻ⱨ□♅☺ꜟ▬ⱡ◦♩כꜟ PI╛PG⌐≈™≡│

─ ⌐⅔™≡ C=C ╩ ∆ OADⱨꜝ◓ⱷfi♩▬○fi╩ ≢⅝≡™╢ ≢

◘fiⱪꜟ─ ≢│ ≢⅝≡™⌂™ 6c⅔╟┘ 1 ╟∫≡ ↓╣╠─

⌂ ◘Ⱪ◒ꜝ☻⌐ ∆╢ ╙ ∫≡™ↄ  

╛ ─╖⌂╠∏ ♁ⱨ♩►▼▪─ ─ ╩ ↄ ↕╣≡™╢ ⅎ

┌ ⱳ☺♥▫Ⱪ▬○fi⸗כ♪≢ ─ ⅜ ∂╛∆™ ─ ⌐ ⇔≡│

⅜ ⇔√ ─▬○fi ╩ ⌐in-silico☻Ɑ◒♩ꜟ╩ ∆╢ ⅜

─ ⅜ ∆≤ ⅎ╠╣╢ ╟∫≡ ∕℮⇔√ ─ ⅜ ↕╣╢ ╕√

4≈─▪◦ꜟ ╩╙≈◌ꜟ☺○ꜞⱧfi CL⌐≈™≡│ C=C ─ ⌐ ⌂

⌂ ⅜ ≢№╢√╘ ─♁ⱨ♩►▼▪≢│ ≤⌂∫≡™╢

ꜝ☺◌ꜟ╩ ™√OAD─ Hydrogen Attachment Dissociation≢│ Ⱡ●♥▫

Ⱪ▬○fi⸗כ♪≢─ ⅜ 70↕╣≡™╢↓≤⅛╠ OAD≢╙Ⱡ●♥▫Ⱪ

▬○fi⸗כ♪≢─ │ ≢№╢≤ ⅎ╠╣╢ PI╛PGⱱ☻ⱨ□♅☺fi PA

CL∕⇔≡ ⌂≥─ ⌂ │ Ⱡ●♥▫Ⱪ▬○fi⸗כ♪≢▬○fi ⇔

╛∆™↓≤⅛╠ ⱳ☺♥▫Ⱪ▬○fi⸗כ♪≤Ⱡ●♥▫Ⱪ▬○fi⸗כ♪╩ ⇔√OAD-

MS/MS ╩ ∆╢↓≤≢ ─ ⅜ ⌐ ≢⅝╢≤ ⅎ╠╣╢  

 │ ⱴ►☻╛ⱥ♩ ─ ╩ ⌐ ▪◦ꜟ ꜞfi

☻ⱨ▫fi◗ ◓ꜞ☿꜡ ╩ ╗ 24 ◘Ⱪ◒ꜝ☻─ ⸗ⱡ ⅛╠
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─ ₁⌂ ─ ─ C=C ╩ ⅎ╢↓≤⅜≢⅝╢ ╟∫≡ ╩

─⅜╪ ◘fiⱪꜟ⌐ ∆╣┌ C=C ─ ⌂ⱪ꜡ⱨ□▬ꜞfi◓⅜

100 ⌐ ⇔≡ ╠╣╢≤ ⅎ╠╣╢ ⌐ ≢│ ⌐⸗ⱡ

╛∕─ ╩╙≈ꜞfi ⌐ ⅜ ╠╣≡™√⅜ ≢│ ╩

╙≈ ─ ╙ ≢⅝╢ ↓╣⌐╟╡ ≢∕─ ⅜ ╠⅛≤⌂∫

≡⅝√ ─⅜╪ ⌐⅔↑╢ ─ ⅜╟╡ ⅛≈ ⌐ ≢⅝

∆╢ ╛▪◦ꜟ ⌂≥⌐ ⇔√ √⌂ ╛ ◕כ♃

♇♩─ ⌐ ∆╢↓≤⅜ ≢⅝╢ ╕√ │ mL ─ⱥ♩ ◘fi

ⱪꜟ⅛╠ 100 ─ ⌐≈™≡ ─ ⅜ ⌂↓≤╩ ⇔√

≤⇔≡─ ≤ ⌂ ─ │ ─ ≤⇔≡ ∫≡™╢⅜ C=C

╕≢╩ ∆╢ ─№╢ Ᵽ▬○ⱴכ◌כ⌐ ⇔≡ ╩ ∆╢↓

≤≢ √⌂ ╛ ─◓fi♬כꜞ◒☻ ⅜ ≢⅝╢ ↕╠⌐

⌐ ∆╢▬○fi⸗ⱦꜞ♥▫כ ╛ ─ ⌂ ╩ ⅎ╢ ▬ⱷכ☺fi

◓⌂≥─ ≤ ≤╩ ∆╢↓≤≢ ↕╠⌐ ⌂ ⅜

≢⅝╢≤ ⅎ╠╣╢ ⌐OAD│ ▬ⱷכ☺fi◓≢ ™╠╣╢ⱴ♩ꜞ♇

◒☻ כ◙כ꜠ ▬○fi MALDI ≢╙C=C ─ ⅜ ≢№╢

↓≤⅜ ꜠ⱬꜟ≢ ↕╣≡™╢√╘ ─ ⌂╢ ╩ ℮↓≤≢ ꜞⱧ♪

Ⱶ◒☻ ≤⇔≡─ ╙ ≢⅝╢ ╕√ ≢ ≢⅝╢ ─

│ CID-MS/MS☻Ɑ◒♩ꜟ ─in-silico MS/MSꜝ▬Ⱪꜝꜞכ⌐╙ ⇔≡™╢√

╘ feature-based molecular networking71⌂≥ ▬fiⱨ◊ⱴ♥▫◒☻─ ╙

⇔≡CID-MS/MSꜝ▬Ⱪꜝꜞכ─ ╙ ⅜ ≢№╢ ─ ≤ ╩

↕╠⌐ ⇔ OAD╩ ╘√ ─ⱴ☻☻Ɑ◒♩ꜟ⅛╠╟╡ ⌐C=C ╛

╕≢╩ ∆╢ ▪ꜟ◗ꜞ☼ⱶ╩ ⇔≡™ↄ↓≤≢ ↕╠⌐

⌂ⱡfi♃כ◕♇♩ꜞⱧ♪Ⱶ◒☻ ─ ⅜ ≢⅝╢ ⌂ⱡfi♃כ◕

♇♩ꜞⱧ♪Ⱶ◒☻─ ╩ ∆╢↓≤≢ √⌂ Ᵽ▬○ⱴכ◌כ╛

─ ╩ ⇔ ─ ╩ ∆╢ ─ ╩ ⇔≡™⅝√™  
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1-a ▪◦ꜟ≤◓ꜞ☿꜡ ─OAD-MS/MS☻Ɑ◒♩ꜟ 

─ ⌐ ↕╣√ │ ▬○fi─ m/z╩ ⇔≡⅔╡ OAD-MS/MS☻

Ɑ◒♩ꜟ ⌐│ ─m/z╩ ⇔≡™╢ OAD-MS/MS☻Ɑ◒♩ꜟ─ │ ☻Ɑ◒♩ꜟ

╩ │in silico☻Ɑ◒♩ꜟ╩ ⇔≡™╢  
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1-b ◓ꜞ☿꜡ ─OAD-MS/MS☻Ɑ◒♩ꜟ 

─ ⌐ ↕╣√ │ ▬○fi─ m/z╩ ⇔≡⅔╡ OAD-MS/MS☻

Ɑ◒♩ꜟ ⌐│ ─m/z╩ ⇔≡™╢ OAD-MS/MS☻Ɑ◒♩ꜟ─ │ ☻Ɑ◒♩ꜟ

╩ │in silico☻Ɑ◒♩ꜟ╩ ⇔≡™╢  
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1-c ꜞfi ─OAD-MS/MS☻Ɑ◒♩ꜟ 

─ ⌐ ↕╣√ │ ▬○fi─ m/z╩ ⇔≡⅔╡ OAD-MS/MS☻

Ɑ◒♩ꜟ ⌐│ ─m/z╩ ⇔≡™╢ OAD-MS/MS☻Ɑ◒♩ꜟ─ │ ☻Ɑ◒♩ꜟ

╩ │in silico☻Ɑ◒♩ꜟ╩ ⇔≡™╢  
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1-d ꜞfi ─OAD-MS/MS☻Ɑ◒♩ꜟ 

─ ⌐ ↕╣√ │ ▬○fi─ m/z╩ ⇔≡⅔╡ OAD-MS/MS☻

Ɑ◒♩ꜟ ⌐│ ─m/z╩ ⇔≡™╢ OAD-MS/MS☻Ɑ◒♩ꜟ─ │ ☻Ɑ◒♩ꜟ

╩ │in silico☻Ɑ◒♩ꜟ╩ ⇔≡™╢  
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1-e ꜞfi ─OAD-MS/MS☻Ɑ◒♩ꜟ 

─ ⌐ ↕╣√ │ ▬○fi─ m/z╩ ⇔≡⅔╡ OAD-MS/MS☻

Ɑ◒♩ꜟ ⌐│ ─m/z╩ ⇔≡™╢ OAD-MS/MS☻Ɑ◒♩ꜟ─ │ ☻Ɑ◒♩ꜟ

╩ │in silico☻Ɑ◒♩ꜟ╩ ⇔≡™╢  
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1-f ꜞfi ─OAD-MS/MS☻Ɑ◒♩ꜟ 

─ ⌐ ↕╣√ │ ▬○fi─ m/z╩ ⇔≡⅔╡ OAD-MS/MS☻

Ɑ◒♩ꜟ ⌐│ ─m/z╩ ⇔≡™╢ OAD-MS/MS☻Ɑ◒♩ꜟ─ │ ☻Ɑ◒♩ꜟ

╩ │in silico☻Ɑ◒♩ꜟ╩ ⇔≡™╢  
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1-g ꜞfi ─OAD-MS/MS☻Ɑ◒♩ꜟ 

─ ⌐ ↕╣√ │ ▬○fi─ m/z╩ ⇔≡⅔╡ OAD-MS/MS☻

Ɑ◒♩ꜟ ⌐│ ─m/z╩ ⇔≡™╢ OAD-MS/MS☻Ɑ◒♩ꜟ─ │ ☻Ɑ◒♩ꜟ

╩ │in silico☻Ɑ◒♩ꜟ╩ ⇔≡™╢  
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1-h ☻ⱨ▫fi◗ ─OAD-MS/MS☻Ɑ◒♩ꜟ 

─ ⌐ ↕╣√ │ ▬○fi─ m/z╩ ⇔≡⅔╡ OAD-MS/MS☻

Ɑ◒♩ꜟ ⌐│ ─m/z╩ ⇔≡™╢ OAD-MS/MS☻Ɑ◒♩ꜟ─ │ ☻Ɑ◒♩ꜟ

╩ │in silico☻Ɑ◒♩ꜟ╩ ⇔≡™╢  
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1-i ☻ⱨ▫fi◗ ─OAD-MS/MS☻Ɑ◒♩ꜟ 

─ ⌐ ↕╣√ │ ▬○fi─ m/z╩ ⇔≡⅔╡ OAD-MS/MS☻

Ɑ◒♩ꜟ ⌐│ ─m/z╩ ⇔≡™╢ OAD-MS/MS☻Ɑ◒♩ꜟ─ │ ☻Ɑ◒♩ꜟ

╩ │in silico☻Ɑ◒♩ꜟ╩ ⇔≡™╢  
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2 Oxygen Attachment Dissociation⌐⅔↑╢ⱨꜝ◓ⱷfi♥כ◦ꜛfi 
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3-1 ─ ╩ ╡ ╕∑√HEK293─  

 ≢│ ◘fiⱪꜟ≢ ↕╣√ PC 36:6╩ ∆ m/z 778.54─ ◒꜡ⱴ♩◓ꜝⱨⱧכ◒≤

CID⅔╟┘ OAD-MS/MS☻Ɑ◒♩ꜟ╩ ⇔≡™╢ OAD-MS/MS☻Ɑ◒♩ꜟ─ │ ☻Ɑ

◒♩ꜟ╩ │in silico☻Ɑ◒♩ꜟ╩ ⇔≡™╢  

(a) ╩ ⇔≡™⌂™◖fi♩꜡כꜟ◘fiⱪꜟ (b) DHA╩ ⇔√◘fiⱪꜟ 

(c) EPA╩ ⇔√◘fiⱪꜟ   (d) a-LA╩ ⇔√◘fiⱪꜟ 
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3-2 ─ ╩ ╡ ╕∑√HEK293─  

 ≢│ ◘fiⱪꜟ≢ ↕╣√ PC 36:6╩ ∆ m/z 778.54─ ◒꜡ⱴ♩◓ꜝⱨⱧכ◒≤

CID⅔╟┘ OAD-MS/MS☻Ɑ◒♩ꜟ╩ ⇔≡™╢ OAD-MS/MS☻Ɑ◒♩ꜟ─ │ ☻Ɑ

◒♩ꜟ╩ │in silico☻Ɑ◒♩ꜟ╩ ⇔≡™╢  

(e) g-LA╩ ⇔√◘fiⱪꜟ (f) a-LA≤g-LA╩ ⇔√◘fiⱪꜟ 
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4 ┼ ╩ ⇔C=C ╕≢╩ ⇔√  

 C=C ╕≢╩ ⇔√648 ⌐≈™≡ ∕─ ≤ m/z╩2

ⱪ꜡♇♩≢ ⇔≡™╢ ◘Ⱪ◒ꜝ☻─ ⌐≈™≡│ ╩  
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5 ⱴ►☻⅔╟┘ⱥ♩⌐⅔↑╢ C=C ╕≢╩ ╘√ ꜞⱧ♪כⱶ ─ ◒

ꜝ☻♃ꜞfi◓ 

 (a)ꜞfi ≤(b)☻ⱨ▫fi◗ ꜡☿ꜞ◓ה ה ▪◦ꜟ⌐ ↑≡ ◒ꜝ☻♃ꜞfi

◓ ╩ ⇔√ ─ ╩∕─ ≢ ╢↓≤≢0-1─ ⌐ ⇔≡™╢

⌐ ⌂C=C │ ≢ ⇔≡ ↕╣√ │ ≢ ⇔≡™╢

ⱥכ♩ⱴ♇ⱪ ⌐ ≠ↄ │ */╙⇔ↄ│ /*╕√│_*╩ ™≡

⇔≡™╢ │ Cer_NS */24:1n9≤PlasmPE */20:4n6│ ⅜N-▪◦ꜟ

⅜ sn-2 ─▪◦ꜟ ≢№╢↓≤╩ ∆ /*│ SM d181Ⱥ4/*⅔╟┘ PlasmPE P-

180/*│ ⅜☻ⱨ▫fi◗ ⅜O-/P-▪◦ꜟ ≢№╢↓≤╩ ⇔≡™╢ ─

_*│ ∕─ ⅜sn-1/-2/-3 ─™∏╣⅛─▪◦ꜟ ≢№╢↓≤╩ ∆  
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6-1a ⱴ►☻⅔╟┘ⱥ♩ ≢ ⇔≡ ↕╣√ C=C ─ CID⅔╟┘

OAD-MS/MS☻Ɑ◒♩ꜟ 

 ─ ⌐ ↕╣√ │ ▬○fi─ m/z╩ ⇔≡⅔╡ OAD-MS/MS☻

Ɑ◒♩ꜟ ⌐│ ─m/z╩ ⇔≡™╢ OAD-MS/MS☻Ɑ◒♩ꜟ─ │ ☻Ɑ◒♩ꜟ

╩ │in silico☻Ɑ◒♩ꜟ╩ ⇔≡™╢   
































































