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痦1畎 MALDI-8020/8030➝絏 
㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶MALDI-TOF荈20⚆紬80䎃去た劍䲿ⴀ㥵➚溶絑30⡮䎃կ➢齡傞

饰鸑鵂䎾欽鵯♧鲱歏猌䪮助♸굷遤傞ꢂ餘靶涸絕ざ䧭⸆㖑㹊梡✫欰暟㣐ⴔ㶩涸䘯鸟ㄤ넞䏞〳ꬑ唬
崵ず傞⛲⚹欰ㄐ猰㷖곭㚖䲿⣘✫Ⰼ倝涸ⴔ區倰岁կ湱嫱Ⱖ㸐餘靶䪮助MALDI-TOF乼⡲皍⤑♶꨽銳䱹「
⚁⚌涸ⴔ區⻊㷖㛆雲㽠〳⟄⢪欽կ2002䎃䀙峸ⵖ⡲䨾涸歊务罭♧♸歏㌂꨺歏猌岁涸〄僈➃John Fenn⽇㡦
瘝Ⱏず蜦䖤✫霿餍㼷⻊㷖㤙㤙⸠➭⼜䒓〄✫欽✵欰暟㣐ⴔ㶩餘靶ⴔ區涸鲱鍒エ歏猌倰岁կ 

1.1 MALDI-TOF⾲椚 
MALDI涸⾲椚僽欽慨⯕撑㼘呋嵴♸㛇餘䕎䧭涸Ⱏ絕兪謭芘㛇餘➢慨⯕务エ佐腊ꆀ⠛鷻絛欰暟ⴔ㶩罜

歏猌鵂玐务㼜餘㶩鲮獴ⵌ欰暟ⴔ㶩䧴➢欰暟ⴔ㶩䖤ⵌ餘㶩罜⢪欰暟ⴔ㶩歏猌涸鵂玐կ㔔姼㸐僽♧猫鲱歏
猌䪮助鷓欽✵幊ざ暟⿺欰暟㣐ⴔ㶩涸崵㹁կTOF涸⾲椚僽僽呏研♶ず餘蚚嫱m/z涸猌㶩㖈굷遤盗务涸
굷遤鸟䏞♶ず➢罜㼋荝굷遤傞ꢂ涸♶ず罜鄄唬崵կMALDI-TOF-MSⰨ剣鸟䏞䘯ծ身併䏞넞ծⲥ烁䏞넞⿺ⴔ
鳹桧넞瘝暵挿⚹欰ㄐ猰㷖瘝곭㚖䲿⣘✫♧猫䔂剣⸂涸ⴔ區崵霚䩛媯䎇䪏怵满馊勻馊ꅾ銳涸⡲欽կ 

1.2 MALDI-8020/8030暵挿 
MALDI-8020/8030僽䀙峸碫㘗⚪㺢涸MALDI-TOF❡嵴务涸♧プկ鵯妴〵䒭ծ絁䚍MALDI-TOF餘靶⟉ⰯⰨ

⼾馊涸䚍腊♸㼭䊫涸⡤獤450×745×1055mm86kg僽䔲➚㼆⟉㐼銳宠傈渤⚚蕘涸㹊낉㹔涸椚䟝鷥䭊կ 
邍1 MALDI-8020/8030暵挿 

No. 鿈⟝䧴⸆腊 暵挿 

1 㔿䙖慨⯕㐼 355nm1-200 Hz 〳靈鲲ⴁ妃侨 2*109 

2 ⸈鲿ꝉ㹁㹔 ⼐ꂁ 48 㶰ꬶ匣鷍ꬶ 15-20 猲鵳ꬶた䬄溫瑟 90 猲 

3 㺈〡䖈猌㶩⯕㷖禹絡 剒㼭⻊猌㶩彂鄄呋嵴寓群涸굥ꤗ 

4 猌㶩彂荈⸓幡峤 㛇✵稘㢪慨⯕㐼涸彂幡裂⸆腊⚁ⵄ䪮助8 ⴔꛦ⽰〳模䧭荈⸓幡峤 

5 姻餏猌㶩垷䒭 
MALDI-8020 姻猌㶩垷䒭鷓ざ㣐鿈ⴔ呋嵴ⴔ區 
MALDI-8030 Ⱘ剣姻餏猌㶩垷䒭餏猌㶩垷䒭鷓ざ鿈ⴔ祪跗涯ծ㻑呍薗ꃑ呋嵴 

6 偽屘ꥬ芘岹 鼙⯝⠛絡屘岹涸㐾갉⿺刿矿岹屘㐾갉⡛荛 55 ⴔ餍⟄♴ 

7 勵䕎瀦ꢓ靀㐼 㖈鵳呋傞荈⸓䪊䲽♧妃䚍ꬶ匣副涸勵䕎瀦 

8 鲱⟝ざ錞 
MALDI Solutions˳鲱⟝Ⱘ剣㹎雦鷅驶瘝⸆腊 
痗ざ 21 CFR part 11 岁錞銳宠 

鿈ⴔ暵挿霫絈䲽鶣㥵♴ 
΍㔿䙖慨⯕㐼 
355nm㔿䙖慨⯕㐼1-200 Hz〳靈⢪欽㼑ㄐ鲲ⴁ妃侨2*109妃⟄副կ 
Ύ猌㶩彂荈⸓幡峤⸆腊TrueClean˳ 
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㛇✵稘㢪慨⯕㐼涸彂幡裂⸆腊⚁ⵄ䪮助霃㹁㥩荈⸓玐䎸た8ⴔꛦ⽰〳模䧭荈⸓幡峤կ鼙⯝✫屧溫
瑟ծ䩛⸓幡峤瘝♧禹⴩籖椫乼⡲կ 

 
猌㶩彂荈⸓幡峤⸆腊 

Ώ姻餏猌㶩垷䒭 
MALDI-8020Ⱘ剣姻猌㶩垷䒭鷓ざ㣐鿈ⴔ呋嵴ⴔ區կMALDI-8030ꤑ姻猌㶩垷䒭㢪鵮Ⱘ剣餏猌㶩垷䒭

鷓ざ姻猌㶩垷䒭♴歏猌佪卓妁⢕涸鿈ⴔ祪跗涯ծ㢴胂ծ㻑呍薗ꃑ呋嵴ⴔ區կ餏猌㶩垷䒭♴渮⸈ざ猌㶩刿㼱
♶珘㹁㸽腊㔙刿僒唬ⴀ靶㕃刿僒鍒區霫錛♴꬗涸䎾欽呩⢾կ 

呩⢾1ざ䧭胂媯A涸餘䱽 

 
胂媯 A 涸餘靶㕃a)姻猌㶩垷䒭b)餏猌㶩垷䒭կ䊩⣩䌄*〿涸⚹湱䎾猌㶩涸椚雿餘蚚嫱 

⢪欽⿽匧䚍〵䒭餘靶⟉MALDI-8030㖈姻ծ餏猌㶩垷䒭♴㼆ざ䧭胂媯A鵳遤餘ꆀ䱽ⵖⴔ區կ姻猌㶩垷䒭
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♴唬崵ⵌ胂媯A涸模侮猌㶩油m/z 1731.978导䎾ⶰ❡暟涸勇餘油m/z 1456.866, 1342.794, 1543.949
瘝⟄⿺湱䎾涸⸈ꛧ⸈꜅油m/z 1754.0161478.8871364.841瘝կ 

餏猌㶩垷䒭♴唬崵ⵌ胂媯A涸模侮猌㶩油m/z 1729.870⟄⿺导䎾ⶰ❡暟涸勇餘油m/z 1454.828, 
1340.786, 1541.819瘝偽⸈ꛧ油⿺⸈꜅油կ餏猌㶩垷䒭涸胜兞䎁䪓油刿㼱靶㕃刿䎁ⲙⵄ✵絕卓鍒區կ 

呩⢾2♶珘㹁㸽腊㔙熬㛇涸唬崵 

 
胂媯 D 涸餘靶㕃a)姻猌㶩垷䒭b)餏猌㶩垷䒭կ䊩⣩䌄*〿涸⚹湱䎾猌㶩涸椚雿餘蚚嫱 

⢪欽⿽匧䚍〵䒭餘靶⟉MALDI-8030㖈姻ծ餏猌㶩垷䒭♴㼆ざ䧭胂媯D鵳遤餘ꆀ䱽ⵖⴔ區胂媯D⺫ゎ
⚙⚡♸ꂶ孽ꃑ絕ざ涸♶珘㹁熬㛇կ姻猌㶩垷䒭♴⚙⚡♶珘㹁涸熬㛇⚗㣟〫 唬崵ⵌ⚗㣟⚙⚡熬㛇た涸猌㶩
油m/z 2374.959կ 

餏猌㶩垷䒭♴胂媯D涸模侮猌㶩油m/z 2532.911⚗㣟♧⚡熬㛇涸猌㶩油m/z 2452.958⚗㣟
⚙⚡熬㛇涸猌㶩油m/z 2373.031㖲腊䧭⸆唬崵կ餏猌㶩垷䒭♴♶珘㹁㸽腊㔙熬㛇刿僒唬ⴀկ姻餏猌㶩
垷䒭♴㖲腊䖤ⵌ넞ⴔ鳹涸ず⡙稇ⴔ䋒靶㕃կ 

ΐ勵䕎瀦荈⸓靀》 
侮ざ✵⟉㐼ⰻ涸勵䕎瀦ꢓ靀㐼⚁ⵄ䪮助㖈鵳呋傞荈⸓䪊䲽♧妃䚍ꬶ匣副涸勵䕎瀦կ䔲勵䕎瀦靀》䧭

⸆傞⟉㐼⵸꬗匣副涸LED抧㼜⠔䭷爙կ 
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勵䕎瀦荈⸓靀》⸆腊 

Α痗ざ21 CFR part 11岁錞 
禹絡㖈MALDI Solutions˳鲱⟝䱽ⵖ♴鵳遤乼⡲霪鲱⟝涸暵挿僽Ⱖ꧋务䒭ծ㸝Ⰼ䚍넞涸Microsoft® SQL

侨研䎽〳欽✵㶸⪰➢呋嵴䎸⴩邍ծꅷ꧋⿬侨霃縨ⵌꅷ꧋涸MALDI侨研瘝♧ⴗ侨研կ霪鲱⟝♸模侮涸㹎雦鷅
驶⸆腊♧饰⢪欽〳䧭⚹㹊梡21 CFR part 11岁錞ざ錞涸剣⸂䊨Ⱘկ 

1.3 MALDI-TOF䎾欽 
MALDI-TOF䎾欽곭㚖䎛岌⚺銳꧋务㖈跗涯餘ծ㢴胂ծ祪⿺祪跗涯ⴔ㶩ꆀ崵㹁跗涯餘ꊹ㹁䗎欰暟ꊹ

㹁翸ざ暟ⴔ區餘靶䧭⫸㻑呍薗ꃑⴔ㶩ꆀ⿺䎸⴩ⴔ區瘝կ 
邍2 MALDI-TOF䎾欽倰ぢ 

No. 䎾欽곭㚖 霫絈䲽鶣 

1 ⴔ㶩ꆀ崵㹁 〳湬䱹唬崵跗涯餘ծ㢴胂ծざ䧭⻊ざ暟瘝涸ⴔ㶩ꆀ넞佪䘯䰦կ 

2 跗涯餘ꊹ㹁 

㼜跗涯ꃍ鍒䧭㢴胂ⱄ欽 MALDI-TOF ꅷ꧋餘靶侨研搬た嫱㼆餘靶㕃务涸㢴胂油
♸➢跗涯侨研䎽Mascot䨾欰䧭涸㢴胂油⼐ꂁ玐䏞絛ⴀ跗涯ぜ獦ㄤ孽㛇ꃑ䎸⴩
⼐ꂁ䏞➢罜㹊梡跗涯ꊹ㹁կ〥㢪〳⟄⢪欽✳紩餘靶岁㼜ꃍⴗた❡欰涸㢴胂㖈努
翫餘靶ⰻ CID 焥中欰䧭猌㶩烱晙搬た鸑鵂 Mascot 餘靶侨研䎽社程⼐ꂁ㢴胂⥌䜂
勻烁㹁跗涯կ 

3 翸ざ暟ⴔ區 
鷥䭊ざ鷓涸翸ざ暟呋嵴很⵫ծ㛇餘ծ꣉猌㶩⻊霚⵫ꅷ꧋餘靶侨研㼋Ⰶ翸ざ暟ⴔ
區鲱⟝Polymerix䘯鸟䖤ⵌ翸ざ暟涸䎂㖲ⴔ㶩ꆀ⿺ⴔ䋒ծ⽀⡤餘ꆀծ翸ざ䏞瘝
⥌䜂կ 

4 呍ꃑⴔ區 

㼆㻑呍薗ꃑざ䧭⾲俱ծざ䧭❡暟ծ勇餘瘝鵳遤ⴔ㶩ꆀ唬崵ⴔ區鸟䏞䘯㕃靶皍⽀
湬錜鸑鵂餘靶㕃务⥌〿油涸䔂烯♸ⴔ䋒〳䘯鸟烁雩礵烁ⴔ㶩ꆀ♸勇餘絆䧭䞔ⲃ
⚹㻑呍薗ꃑ⻊㷖ざ䧭餘䱽䲿⣘湬䱹⣜研կ〥㢪〳⟄鸑鵂 ISD 䧴 CID 㼆㻑呍薗ꃑ䎸⴩
鵳遤䘯鸟崵㹁կ 

5 䗎欰暟ꊹ㹁 
㼆䗎欰暟务涸呍祪⡤跗涯ⴔ㶩ꆀ鵳遤䘯鸟崵㹁♸侨研䎽务涸叻ⲥ靶㕃鵳遤⼐ꂁ唬
程絛ⴀ礵烁ⵌ猫涸ꊹ㹁絕卓⚺銳欽✵荝氻蝒涸䘯鸟ꊹ㹁կ 
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6 餘靶䧭⫸ 

餘靶䧭⫸僽♧猫㛇✵餘靶䪮助涸䧭⫸䩛媯Ⱖ⦶⸔餘靶湬䱹㼆欰暟呋嵴鵳遤䪊䲽䧭
⫸腊㢿✵ず♧䓎絆絉ⴗ晙䧴罏絆絉蓿晙副ず姿ⶆ區侨涰猫⻊ざ暟ⴔ㶩涸瑟ꢂⴔ
䋒暵䚍կ絑歋㼆絆絉ⰻ⻊ざ暟涸匬䧭ծ湱㼆⚪䏞⟄⿺ⴔ䋒朐ⲃ㾝䒓넞鸑ꆀծⰌ倰⡙
⚂䘯鸟涸鍒區腊㢿蜦》悶㖈欰暟叻䘋暟涸瑟ꢂⴔ䋒䞔ⲃ⟄⿺湡叻絆絉务⦫鷥蚋
暟涸ⴔ䋒⥌䜂勻鵳遤欰暟叻䘋暟涸〄梡⿺⻊ざ暟涸靈䱽կ 

 

 
MALDI-TOF跗涯餘ꊹ㹁䪮助 

1.4 䀙峸MALDI-TOF❡ㅷ絁  
䀙峸湡⵸䭆剣絑Ⱙ涸AXIMA禹⴩AssuranceծConfidenceծPerformance⟄⿺MALDI-8020ծMALDI-8030ծ

MALDImini瘝㢴妴MALDI-TOF餘靶⟉կ劥䎾欽俒꧋⚺銳㾝梡䀙峸MALDI-8020/8030⟉㐼涸Ⱘ⡤䎾欽呩⢾կ 

 

䀙峸 MALDI-TOF 禹⴩❡嵴 
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痦2畎 MALDI-8020/8030䎾欽呩⢾ 
⡲⚹鲱歏猌垷䒭涸餘靶⟉MALDI-TOF䎾欽곭㚖䎛岌➢跗涯餘ծ翸ざ暟ծ呍ꃑⴔ㶩ꆀ崵㹁ⵌ跗涯

餘ꊹ㹁ծ䗎欰暟ꊹ㹁瘝կ劥畎㼜鷶♧㾝爙湱䎾涸䎾欽倰呩կ 

2.1 跗涯餘㢴胂ⴔ區 
䌢錛涸跗涯餘ⴔ㶩ꆀ崵㹁倰岁⺫ゎ磨䏞岁ծⳕ脸鵂応㽻區岁ծⳕ脸幷鷳蒀靶岁ծSDS-PAGE ⳕ脸歏岷ծ

✳絶歏岷ծ幷鷳⾓岁ծ馄鸟猌䗱岁瘝կ㖈餘靶倰岁务剣歏㌂꨺猌㶩⻊餘靶䪮助 ESI ㄤ㛇餘鳇⸔慨⯕鍒エ
歏猌餘靶䪮助 MALDI-TOFկ湱鳅Ⱖ➭唬崵倰岁MALDI-TOF⡲⚹⯓鵳涸欰暟餘靶䪮助Ⱘ㢊餘ꆀ唬崵薴㔵
㺈䎛ծ넞身併䏞ㄤ넞ⲥ烁䏞瘝儑衼暵挿ず傞㼆呋嵴涸꨽宠ꆀ鳅㼱副呋ꆀ⡛荛1 μL㽍Ⱖ鷓欽✵跗涯餘
ⴔ㶩ꆀ涸䘯鸟礵ⲥ崵㹁կ 

MALDI-TOF跗涯餘ꊹ㹁涸㛇劥⾲椚⚹跗涯餘⯓絑 SDS-PAGE ⳕ脸歏岷䧴✳絶ⳕ脸歏岷 2D-PAGE 㹊
梡ⴔ猌紱⻊➢务鷥》湡叻跗涯挿⢪欽跗涯ꃍ鸑䌢⚹脨跗涯ꃍTrypsin鵳遤ꃍⴗ➢罜欰䧭胂媯幊ざ
暟կ㼜Ⱖ挿呋荛呋嵴ꬶ匣ꥥた⦶⸔餘靶⟉ꅷ꧋侨研䎇♸侨研䎽鵳遤⼐ꂁ唬程鵳罜絛ⴀꊹ㹁絕卓կ 

慨⯕涸鲲ⴁ⤛⢪胂媯歏猌䕎䧭孞䙖猌㶩絑歋歏煂㖞涸ⴔ猌⡲欽䪾♶ず餘蚚嫱涸猌㶩⸈⟄⼓ⴔ鸑鵂
唬崵㐼佐꧋ⴔ猌た涸猌㶩僈烁嫦⚡猌㶩涸餘蚚嫱鵳罜鳕ⴀ♧紩餘靶㕃կ♶ず涸跗涯餘絑ꃍ鍒た䨾䕎䧭涸
♧紩餘靶㕃㖲㶸㖈䊵䒗鸑䌢㼜Ⱖ獦⡲胂䭷紻㕃靶PMFpeptide mass fingerprintsկ姼㢪MALDI-8020 
腊㢿湬䱹鸑鵂彂ⰻ鄬鍒ISD, In-Source Decay勻唬崵烱晙猌㶩⦶姼䒓㾝模侮跗涯餘涸䎸⴩ⴔ區⟄⿺缺
霖た⥝껑ⴔ區կ㖈侨研䎽涸鷥䭊倰꬗鸑䌢⠔ꅷ欽繠㕂㕂用欰暟䪮助⥌䜂务䗱NCBI偫♴涸痦♲倰Ⱆ䒓侨研
䎽 Mascotկ 

 
胂䭷紻㕃靶ꊹ㹁崨玐 
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㸤侮跗涯餘ⴔ㶩ꆀ唬崵 

吉䨾ワ濼㖈欰ㄐ猰㷖곭㚖鵳遤跗涯餘ⴔ區傞䎛岌⢪欽MALDI-TOF MSկ㖈鵯⚡곭㚖剣鳅Ɤ⾎〷涸ⴔ區
倰岁SDS歏岷ㄤ㽯㼄䱗꣖蒀靶岁鿪㶸㖈餩傞ⴔ㶩ꆀ唬崵礵䏞⡛瘝緃挿կMALDI-TOF MS〳䲿⣘刿ⲥ烁涸
ⴔ㶩ꆀ⥌䜂溶䧭⚹ⴔ區跗涯餘♧紩絕匬涸䔂㣐䊨Ⱘկ〥㢪鵛䎃勻➃⼜絑䌢꨽銳㖈굷种㼷ㄤ千굷种㼷紩ⵆ
副㼆跗涯餘鵳遤ⴔ區㔔姼㼆MALDI-TOF MS涸身併䏞唬崵㺕✮鳅넞涸劍劅կ 

MALDI-TOF MS腊唬崵涸餘ꆀ薴㔵⾲椚副僽偽ꣳ䎛涸䎇⚂㹊꣢䎾欽务⛲僽➢⡛ⴔ㶩ꆀⵌ䫒⡤瘝넞ⴔ㶩
ꆀ鿪腊銻渷կ⽀⯘ꥑ䫒⡤⿬錛㕃1䎾欽✵霏倗ㄤ屛毫㖈Ⱖ䒓〄ㄤ餘ꆀ䱽ⵖ鵂玐务ꅷ欽䘯鸟〳ꬑ涸ⴔ區
倰岁僽ꬋ䌢ꅾ銳涸կ 

〵䒭MALDI-TOF MSMALDI-8020䭆剣⼾馊涸䚍腊, ⢪欽鵯〵⟉㐼腊㢿넞鸑ꆀ넞身併㖑唬崵ⴀ跗涯
餘կ 

           

 
㕃 1  䫒⡤涸絕匬 

 呋ㅷⵖ㢊ㄤ唬崵勵⟝ 

暋過幡涯跗涯BSAㄤ⯝氋椕跗涯AlgA僽➢Sigma-Aldrich餝✈涸ⴔⵆ⟄500 fmol/µLㄤ20 pmol/µL
涸崽䏞很鍒կ䖤ⵌ涸呋嵴很巊♸MALDI㛇餘Sinapic acidծ20 mg/mL1:1⛩臟/0.1%♲孮⛩ꃑ宐很巊幊
ざた鵳遤✫ⴔ區կ 

侨研僽⟄劥⟉㐼剒㣐慨⯕鸟䏞200 Hzㄤ絁䚍垷䒭姻猌㶩♴ꅷ꧋涸կ霃㹁50 shots/profile稡獤
雦皾200 profiles》Ⱖ䎂㖲⧩⡲⚹♧⚡餘靶㕃կ 

 ⴔ區絕卓 

㕃2⚹BSA模侮跗涯涸餘靶㕃⯎ⴔ儑爙✫MALDI-8020涸身併䏞կ㕃务〳錜㻋ⵌ♧⟟紨66 kDa✳
⟟紨33 kDa♲⟟紨22 kDa涸猌㶩S/N嫱葻㥩Ⱖⴔ鳹桧♸兜鸑涸MALDI-TOF涸絁䚍垷䒭湱嫱嬗♶
鷦蒀կ 

㕃3儑爙lgA模侮跗涯涸餘靶㕃➢务〳錜㻋ⵌ곫雦紨160 kDa涸♧⟟猌㶩♸✳⟟猌㶩紨80 kDaկ〥
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㢪㖈54 kDa䊩〸唬崵ⵌ涸⥌〿♸ꅾꝆⴔ㶩ꆀ僽♧荝涸곫雦紨55 kDaկ 

 
㕃 2  BSA 模侮跗涯涸餘靶㕃500 fmol/µL250 fmol on-target 

 
㕃 3  lgA 模侮跗涯涸餘靶㕃20 pmol/µL10 pmol on-targetHC=heavy chain 
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浓絈脅絈脅㢪㓭岙ⴔ區 

浓絈脅鸑鵂絈脅㢪㓭岙♸Ⰼ魧絈脅湱匹⡲欽կ絈脅㢪㓭岙㖈⡤ⰻ䗄梠䎇⠛鷻䒸饰䜌䚍邍㘗涸ⴔ㶩⥌䜂կ 
鸑鵂ず傞㛆Ⱞ㣐肃浓鲮獴巵䊼蒜絈脅ㄤ5-孮㽶必㊋䧮⼜䒊用✫㼆⻊毫罣蚋䚍㟞䔂涸絈脅կ㼜鸑鵂馄猌

䗱ⴔ猌➢霪絈脅涸㛆Ⱞ副幡巊务㔐佐涸絈脅㢪㓭岙欽⡲⡤巊务䗄梠涸彂✵浓絈脅涸欰暟叻䘋涸垷㘗կ 
劥俒➝絏✫⢪欽MALDI-TOF MSⴔ區浓絈脅⻊㷖毫岁䫒䚍㟞䔂䨾䒸饰涸絈脅㢪㓭岙跗涯餘䊵䒗⻊邍鴪

宐䎂涸✲⢾կ 

 呋ㅷ涸곫㢅椚 

㼆彂✵⾲〄䚍㣐肃浓涸絈脅㢪㓭岙ㄤ絈脅䲿》暟ծ5ծ25ծ125 μM涸5-fluorouracilFUⰨ剣䫒䚍涸巵
䊼絕鲮獴千⯘ꥑ歋絶⛲紵⼕猰㣐㷖涸Dr. Gerald Stübiger䲿⣘կ 

⢪欽〵䒭MALDI-TOF餘靶ⴔ區⟉MALDI-8020蜦䖤絈脅㢪㓭岙涸餘靶կ㛇餘ꅷ欽CHCAα-cyano-4-
hydroxycinnamic acidկ 

⢪欽蜦䖤涸餘靶鸑鵂絡雦鍒區鲱⟝eMSTAT Solution˳鵳遤㢴」ꆀ鍒區㕃1կ鸑鵂⨊剒㼭✳⛧ⴼⵆ
ⴔ區PLS-DA䧮⼜腊㢿蜦䖤〳⟄⼓ⴔ♶ず絈脅纈涸絈脅㢪㓭岙涸跗涯餘垷䒭կ 

 
 
 
 
 
 
 
 
 
 
 
 

图 1 细胞外囊泡分析流程 
 
 
 

㕃 1 絈脅㢪㓭岙涸ⴔ區崨玐 

 絕卓 

㕃2儑爙✫絈脅㢪㓭岙呋嵴涸餘靶涸㹊⢾կ㖈m/z 2,000-25,000 涸薴㔵ⰻ⚺銳唬崵ⴀ彂✵跗涯餘涸䧭ⴔկ
劥ⴔ區务MALDI-TOF MS涸崵㹁身併䏞⚹⡛μg/mL1.2։5×1010 particles/mL薴㔵կ 

蜦䖤侨研た㼜蜦䖤涸靶油⴩邍㼋ⰆeMSTAT Solution鲱⟝鵳遤㢴」ꆀ鍒區կⴔ侨㕃㕃3〸♴儑爙
〳⟄⼓ⴔ㼆5-孮㽶必㊋Ⱘ剣䫒䚍涸絆ㄤⰨ剣併䠭䚍涸絆կぐ絈脅㢪㓭岙涸餘靶Ⱘ剣僈烁⼓ⵆ✵〥♧絆涸暵
䒗䚍կ油瀃꣋㕃3䊩♴儑爙✫嫦絆务暵䒗䚍唬崵ⵌ涸油կ油瀃꣋㼜㖈絆ⰻ䨾剣餘靶务唬崵ⴀ涸靶油欽紤
蒀⽀⯋呔儑爙㼜➑㖈鿈ⴔ餘靶务唬崵ⴀ涸靶油欽磋紤蒀⽀⯋呔儑爙㼜䨾剣餘靶务㖲劢唬崵ⴀ涸靶油欽
綁蒀⽀⯋呔儑爙կ㖈m/z 2,0007,000薴㔵ⰻ唬崵ⴀ涸靶油㖈邍䖄⻊㷖毫岁䫒䚍倰꬗ꬋ䌢剣佪կ 

细胞培养 

回收上清液 

离心 

细胞 细胞片 

离心 超离心 

细胞外囊泡 

连续离心 

样品调制 

基质和样品的滴加 
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㕃 2 彂✵⾲〄䚍㣐肃浓涸絈脅㢪㓭岙跗涯餘餘靶 

 

 
㕃 3  4 絆絈脅㢪㓭岙絆涸 PLS-DA ⴔ區絕卓 

⾲〄䚍㣐肃浓 5μM 5-孮㽶必㊋䫒䚍 25μM 5-孮㽶必㊋䫒䚍 125μM 5-孮㽶必㊋䫒䚍 

 絕雿 

絕卓邍僈鸑鵂ⴔ區浓絈脅涸絈脅㢪㓭岙〳 ⢪欽〵䒭MALDI-TOF MSㄤ絡雦鍒區鲱⟝eMSTAT Solution
涸絆ざ禹絡鵳遤欰暟叻䘋确程灇瑕կ 

⢪欽MALDI-TOF MS鵳遤跗涯餘ⴔ區剣劅䧭⚹劢勻䗎⴯浓氿霏倗ㄤ⻊毫港崵涸倝䊨Ⱘ⢾㥵偽崞⡤絆絉
唬叅屛毫䫻䫒䚍涸粉劍唬崵倝䊨Ⱘկ 
  



11 
 

぀繠呔됓胂涸䘯鸟ざ䧭餘䱽 

䶰 銳㢴胂蚋暟涸ⴔ㶩ꆀ⿺勇餘涸烁雩ㄤⴔ區僽蚋暟餘ꆀ䱽ⵖ涸䗳銳梠蒜կMALDI-TOF MS Ⱘ剣ⴔ區鸟
䏞䘯ծ偽꨽巊湱ⴔ猌ծ絕卓皍⽀湬錜瘝⠏挿劥俒䎾欽〵䒭 MALDI-TOF 餘靶⟉ MALDI-8030 ⴔ區✫尽繠呔
됓胂㖈灇ざ䧭务ꢂ⡤⿺ⵖ⵫❡嵴䘯鸟蜦䖤蚋暟涸礵烁ⴔ㶩ꆀ⿺勇餘絆䧭䞔ⲃ⚹㢴胂蚋暟ざ䧭涸餘ꆀ䱽
ⵖծ欰❡䊨蒌涸⠏⻊♸靈侮䲿⣘⿬罌♸⣜研կ 
Ⱒꝶ霒MALDI-TOF  㢴胂蚋暟  尽繠呔됓胂 ⴔ㶩ꆀ  勇餘 

 

䪮助暵挿 
 ⵸㢅椚皍⽀偽꨽巊湱ⴔ猌ⴔ區鸟䏞䘯〳⟄鵳遤넞鸑ꆀ唬崵կ  
 㕃靶皍⽀ծ湬錜呏研餘靶㕃务⥌〿油餘蚚嫱涸㣐㼭⿺絆䧭〳䘯鸟烁雩㢴胂蚋暟涸礵烁ⴔ㶩ꆀ♸勇餘絆
䧭䞔ⲃկ 
 

尽繠呔됓胂Semaglutide⿶〭程끩됓胂僽♧妴Ɤ佪脨넞祪稇呋胂-1GLP-1碫⡃暟⚹2022䎃
Ꝉ㈒괄剒넞涸㢴胂蚋暟欽✵屛毫2㘗祪㽶氻ず傞㔔Ⲹ肍佪卓㢊「䲀䃩㖈繠㕂溶蜦䪠欽✵屛毫肍胱
氿կ 

㢴胂蚋暟涸ざ䧭倰岁⺫䭍鸑鵂⸓嗃暟务䲿》ծ⻊㷖ざ䧭ㄤ㛇㔔ꅾ絆♲猫Ⱖ务⻊㷖ざ䧭⽑嫱㖈90%⟄
副կ㼆ざ䧭涸㢴胂蚋暟鵳遤ⴔ㶩ꆀ⿺勇餘涸烁雩僽蚋暟餘ꆀ䱽ⵖ涸䗳銳梠蒜կ劥俒㾝爙✫䎾欽〵䒭MALDI-
TOF餘靶⟉MALDI-8030㼆羟猫䭽撑⼱ꅾ絆ⵖ㢊岁欰❡涸㖈灇尽繠呔됓胂ざ䧭务ꢂ⡤⿺ⵖ⵫鵳遤ⴔ㶩ꆀ⿺勇
餘鵳遤䘯鸟烁雩涸⢾㶩〳⡲⚹㢴胂蚋暟ざ䧭䘯鸟餘䱽涸⿬罌կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 

〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ MALDI-8030 

1.2 ⴔ區勵⟝ 
靈 靕 垷 䒭 絁䚍姻猌㶩垷䒭 慨 ⯕ 腊 ꆀ 50 
慨 ⯕ 㐼 355 nm 㔿䙖慨⯕㐼 猌 㶩 ꡶ ꢖ ⧩ 1000 
䪊 䲽 薴 㔵 m/z 1000-10000 腡Ȿ䒸ⴀ餘ꆀ(Da)  4000 

1.3 呋ㅷ⵸㢅椚 
    呋嵴尽繠呔됓胂ざ䧭务ꢂ⡤⿺ⵖ⵫կ 

》0.5 μL呋嵴䊨⡲巊ㄤ0.5 μL CHCAα-宊㛇-4-繿㛇聘聚ꃑ㛇餘很巊10 mg/mL⣜妃挿ꬶ荈搬
䎁醋た㼜ꬶ匣鷐Ⰶ餘靶ⴔ區կ㖈餘靶ꅷ꧋鲱⟝副鷥䭊䖉ⴔ區涸呋嵴ꬶ挿〳㖈Ⳝⴔꛦⰻ㹊梡侨⼧⚡呋嵴涸
䪠ꆀꅷ꧋կ 
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2絕卓♸雭雿 
尽繠呔됓胂鸑䌢䭽撑⼱ꅾ絆岁ざ䧭⚺銳ざ䧭騟絁⺫䭍1. ꃝꂊꃋ嫢ꅾ絆邍鴪蜦䖤 GLP-1 碫⡃暟⵸⡤

ⴔ㶩2. ⢪欽ꃀ⻊⵫㖈⵸⡤ⴔ㶩 Lys26 婎㛇涸ε-孽㛇鵳遤ꃀ⻊䖤ⵌ⵸⡤ⴔ㶩遥欰暟3. ⵸⡤ⴔ㶩遥欰暟♸⺫
ゎꬋ跗涯孽㛇ꃑ涸 N 畮孽㛇ꃑ瑲ⴀ畮鵳遤⩐翫蜦䖤⩐翫た絊❡暟4. 㼆尽繠呔됓胂鵳遤ⴔ猌紱⻊⨞䧭
ⵖ⵫կ尽繠呔됓胂ざ䧭鵂玐錛㕃 1䎾欽 MALDI-8030 㼆羟⟱⚌䲿⣘涸㖈灇尽繠呔됓胂ざ䧭务ꢂ⡤ⴔ㶩ꆀ⿺
勇餘鵳遤唬崵涸絡雦絕卓錛邍 1餘靶㕃錛㕃 2-㕃 5կ 

 
㕃 1. 尽繠呔됓胂ざ䧭鵂玐 

 
邍 1. 尽繠呔됓胂ざ䧭务ꢂ⡤ծⵖ⵫ⴔ㶩ꆀ⿺勇餘唬崵絕卓 

# ぜ獦 ⴔ㶩䒭 
椚雿

[M+H] 

㹊崵
[M+H] + 

勇餘 

1 ⵸⡤ⴔ㶩 C142H216N38O45 3176.52 3176.23- 偽僈儑勇餘⥌〿 

2 
⵸⡤ⴔ㶩

遥欰暟 
C177H277N41O57 3892.40 3891.99 

m/z 3275.49ծm/z 3354.49ծm/z 
3621.47ծm/z 2135.24 瘝 

3 
⩐翫た絊

❡暟 
C187H291N45O59 4114.65 4114.66 

m/z 3821.16ծm/z 3598.14ծm/z 
4215.26ծm/z 2107.81 瘝 

4 
尽繠呔됓

胂ⵖ⵫ 
C187H291N45O59 4114.65 4114.38 - 

2.1 GLP-1 碫⡃暟⵸⡤ⴔ㶩 
歋ꃋ嫢ꅾ絆邍鴪涸 GLP-1 碫⡃暟⵸⡤ⴔ㶩䎾欽 MALDI-8030 唬崵ⵌ m/z 3176.23 ⥌〿油㕃 2♸

[M+H]+椚雿⧩ m/z 3176.52 湱痗餘靶㕃⥌㐾嫱葻㥩㕃靶副劢錜崵ⵌ僈儑勇餘邍僈⵸⡤ⴔ㶩紱䏞鳅㥩կ 
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㕃 2. GLP-1 碫⡃暟⵸⡤ⴔ㶩涸餘靶㕃 

 

2.2 ⵸⡤ⴔ㶩遥欰暟 
GLP-1 碫⡃暟⵸⡤ⴔ㶩絑ꃀ⻊た唬崵ⵌ⵸⡤ⴔ㶩m/z 3176.28♸⵸⡤ⴔ㶩遥欰暟涸猌㶩油m/z 

3891.99㕃 3,邍僈胂媯⥝껑䧭⸆告导䎾♶模Ⰼ导䎾⡤禹务➠剣鳅㢴⵸⡤ⴔ㶩婎殆կꤑ姼⛓㢪鵮唬
崵ⵌ m/z 3275.49ծm/z 3354.49ծm/z 3621.47ծm/z 2135.24 瘝⥌〿油〳腊⚹ざ䧭鵂玐务涸ⶰ❡暟կ 

 
㕃 3. ⵸⡤ⴔ㶩遥欰暟涸餘靶㕃 

 

2.3 ⩐翫絊❡暟 
㕃 5 务⵸⡤ⴔ㶩遥欰暟♸ N 畮孽㛇ꃑ瑲ⴀ畮⩐翫た涸❡暟唬崵ⵌ⵸⡤ⴔ㶩遥欰暟m/z 3892.54♸

⩐翫た湡叻❡暟涸猌㶩油m/z 4114.66邍僈胂媯⩐翫䧭⸆告导䎾♶模Ⰼ导䎾⡤禹务➠剣鳅㢴劢⩐翫
涸⵸⡤ⴔ㶩遥欰暟涸婎殆կꤑ姼⛓㢪呋嵴鵮唬崵ⵌ鳅㢴勇餘⺫䭍 m/z 3821.16ծm/z 3598.14ծm/z 4215.26ծ
m/z 2107.81 瘝〳腊⚹⩐翫鵂玐务❡欰կ㼆勇餘鵳遤ⴔ區剣⸔✵欰❡䊨蒌涸靈侮♸⠏⻊կ 
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㕃 4. ⩐翫た絊❡暟涸餘靶㕃 

 

2.4 ぀繠呔됓胂ⵖ⵫ 
尽繠呔됓胂ⵖ⵫䎾欽 MLADI-8030 唬崵ⵌ m/z 4114.38ծm/z 2057.88ծm/z 8228.42 涸猌㶩油㕃 5

ⴔⵆ㼆䎾⻊ざ暟涸[M+H]+ծ[M+2H]2+♸[2M+H]+䕎䒭կ㕃靶副劢錜崵ⵌ僈儑勇餘⥌〿呋嵴紱䏞鳅㥩կ 

 
㕃 5.尽繠呔됓胂ⵖ⵫涸餘靶㕃 

 

3絕雿 
 劥俒䎾欽〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8030 㼆尽繠呔됓胂㖈灇ざ䧭务ꢂ⡤⿺ⵖ⵫

❡嵴鵳遤ⴔ㶩ꆀ⿺勇餘唬崵偽꨽巊湱ⴔ猌⟄⿺㢕勇涸鍒⽷獤瘝侨研ⴔ區乼⡲ⴔ區鸟䏞䘯絕卓皍⽀ծ湬
錜鸑鵂餘靶㕃务⥌〿猌㶩涸餘蚚嫱涸㣐㼭♸ⴔ䋒䘯鸟烁雩㢴胂涸礵烁ⴔ㶩ꆀծざ䧭佪卓⿺勇餘絆䧭䞔
ⲃ⚹㢴胂蚋暟ざ䧭涸餘ꆀ䱽ⵖծ欰❡䊨蒌涸⠏⻊♸靈侮䲿⣘⿬罌♸⣜研կ 
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岤㼘欽脽艑岁倝翸꧋⡤ⴔ區 

䶰 銳劥俒䎾欽䀙峸〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8020 㼆岤㼘欽脽艑岁倝ⵖ⵫⿺⾲俱
蚋鵳遤餘靶ⴔ區〳湬䱹唬崵ⵖ⵫务脽艑岁倝♶ず涸翸꧋⡤䕎䒭邍僈〵䒭 MALDI-8020 〳⟄皍⤑ծ䘯䰦㖑
㼆脽艑岁倝鵳遤翸꧋⡤ⴔ區MALDI-8020 剣劅㖈㢴胂蚋暟涸翸꧋⡤霉⟟倰꬗剣刿⸈䎛岌涸䎾欽կ 
 

Ⱒꝶ霒㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶  MALDI-8020  脽艑岁倝  翸꧋⡤ 

 

脽艑岁倝thymalfasin) 僽♧猫⻊㷖ざ䧭涸歋28⚡孽㛇ꃑ絆䧭涸㢴胂蚋暟ⵖ⵫Ⱘ剣䲿넞⯝氋⸆腊涸
⡲欽⚰䎯副〳欽勻屛毫䢨䚍⛩㘗聽拧⛲〳⡲⚹⯝氋䰀㹲䝖罏涸氋蕐⯝氋㟞䔂蚋կ2020䎃倝ⱟ氋䞔劍ꢂ
岤㼘欽脽艑岁倝鄄䫒氋♧絁䎛岌䎾欽欽✵䲿넞♧絁⼕⸉➃プ涸䫒氻嫫⯝氋腊⸂㕂㹻⽡⨴㨼⛲㼜脽艑岁
倝ⱗⰆշ倝㘗ⱟ朐氻嫫肽拧ꅾ㘗ծ⽭ꅾ㘗氻⢾霏毫倰呩霚遤痦✳晜ոկ 

⡲⚹♧猫㢴胂碫蚋暟脽艑岁倝㖈欰❡ծ⪰㶸ㄤ鵘鳕鵂玐务僒䕎䧭翸꧋⡤絛蚋傞翸꧋⡤涸㶸㖈〳腊
㼋荝⯝氋⾲䚍导䎾⢾㥵䌢錛涸鵂併导䎾䕧ㆇ蚋暟涸㸝Ⰼ䚍ㄤ剣佪䚍կ㔔姼㼆蚋暟务涸翸꧋⡤鵳遤港崵
ㄤ霉⟟僽㼆蚋暟鵳遤餘ꆀ霉⟟涸♧⚡ꅾ銳倰꬗կ 

劥俒䎾欽〵䒭MALDI-TOF餘靶⟉MALDI-8020㖈絁䚍垷䒭♴㼆♶ず⾊㹻勻彂涸㉁嵴⻊岤㼘欽脽艑岁倝⟄
⿺羟⾊㹻涸脽艑岁倝⾲俱蚋鵳遤唬崵倰岁皍⽀ծ䘯䰦絕卓湬䱹〳ꬑ〳⡲⚹㢴胂蚋暟翸꧋⡤ⴔ區涸傈䌢
港崵䩛媯կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ MALDI-8020 

1.2 ⴔ區勵⟝  

靈靕垷䒭絁䚍姻猌㶩垷䒭 

慨⯕㐼355 nm 㔿䙖慨⯕㐼 

䪊䲽薴㔵m/z 2000-50000 

慨⯕腊ꆀ80-100 
1.3 呋ㅷ⵸㢅椚 
》0.5 µL呋嵴很巊⿺0.5 µL CHCA㛇餘很巊⣜妃挿ꬶ荈搬䎁醋た㼜ꬶ匣鷐Ⰶ餘靶ⴔ區կ 

2絕卓♸雭雿 

2.1 ㉁ㅷ⻊岤㼘欽脽艑岁倝翸꧋⡤唬崵 
㼜羟㉁嵴⻊岤㼘欽脽艑岁倝⢪欽ꂁ㤛涸岤㼘宐很鍒た》 0.5 µL 很巊挿ꬶ䎇銻渷 CHCA 㛇餘た湬䱹⢪

欽 MALDI-8020 鵳遤唬崵絕卓錛㕃 1կ歋餘靶㕃〳錛唬崵ⵌ m/z 3109.02 ♸ m/z 6200.4 涸儑衼猌㶩油
Ⱖ务 m/z 3109.02 ♸脽艑岁倝涸⽀⡤⸈孲油[M+H]+)ⴔ㶩ꆀ湱痗脽艑岁倝⽀⡤椚雿湱㼆ⴔ㶩餘ꆀ⚹
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3108.28 Da⸈孲油椚雿餘蚚嫱⚹ 3109.29⚹脽艑岁倝⽀⡤涸猌㶩油m/z 6200.4 紨僽脽艑岁倝⽀⡤湱
㼆ⴔ㶩ꆀ3108.28涸 2 ⦔䲀崵⚹脽艑岁倝涸✳翸⡤〳腊㖈絕ざ䕎䧭✳翸⡤傞膴䱈✫湱㼆ⴔ㶩餘ꆀ⚹
17 Da 涸㛇㔙կ 

 
㕃 1. ㉁嵴⻊岤㼘欽脽艑岁倝餘靶㕃m/z 2000-20000(岤X*去邍ⴔ㶩ꆀ⚹ 17 Da 涸㛇㔙) 

㼜脽艑岁倝涸✳翸⡤餘靶㕃鵳遤㽷鿈佞㣐㕃 2〳⟄錜崵ⵌ m/z 6218.55 涸猌㶩油㼆䎾⚹✳翸⡤
涸⸈孲油[2M+H]+)կꤑ⽀⡤⿺✳翸⡤㢪呋嵴鵮唬崵ⵌ♲翸⡤ծ㔋翸⡤瘝㢴翸⡤涸猌㶩油㕃 2 abկ 

 
㕃 2. ㉁嵴⻊岤㼘欽脽艑岁餘靶㕃. a. m/z 12000-20000 b. m/z 15000-35000 

     ず岁㼆〥♧嵴晥❡嵴鵳遤湱Ⱒ崵霚ず呋〄梡鳅⚹僈儑涸脽艑岁倝✳翸⡤ծ♲翸⡤瘝㢴翸⡤䕎䒭涸㶸
㖈(㕃 3)կ 

  
   

㕃 3. 〥♧嵴晥岤㼘欽脽艑岁倝❡嵴涸餘靶㕃m/z 12000-20000 
a. m/z 2000-20000 (岤X*去邍ⴔ㶩ꆀ⚹ 17 Da 涸㛇㔙) b. m/z 12000-20000 c. m/z 15000-35000 

 

 



17 
 

2.2 脽艑岁倝⾲俱蚋翸꧋⡤ⴔ區 
⚹ⴼ倗鵯❈翸꧋⡤僽や僽㖈欰❡鵂玐务❡欰㼆脽艑岁倝⾲俱蚋鵳遤✫唬崵絕卓錛㕃 4կ歋餘靶㕃〳

錛脽艑岁倝✳翸⡤㖈⾲俱蚋务㽠㶸㖈告劢唬崵ⵌ僈儑涸♲翸⡤ծ㔋翸⡤瘝Ⱖ➭㢴翸⡤䕎䒭կ 

 
㕃 4. 脽艑岁倝⾲俱蚋餘靶㕃岤X*去邍ⴔ㶩ꆀ⚹ 17 Da 涸㛇㔙 

㼆脽艑岁倝⾲俱蚋务涸✳翸⡤鵳遤巊湱ⴔ猌紱⻊餘靶唬崵絕卓儑爙呋嵴务涸⻊ざ暟䕎䒭⟄✳翸⡤⚹
⚺㕃 5կ鵯邍僈✫唬崵劥魧涸〳ꬑ䚍唬崵絕卓♸呋嵴朐䙖♧荝唬崵梠蒜劥魧䎇♶⠔䒸饰翸꧋⡤䕎䒭
涸」⻊MALDI-8020 〳⟄鳅⚹〳ꬑ㖑㼆ⵖ⵫务涸㢴胂翸꧋⡤涸❡欰鵳遤港崵㼆欰❡鵂玐务⿺㉁嵴⻊涸岤
㼘欽脽艑岁倝鵳遤餘ꆀ䱽ⵖկ 

 
㕃 5. 絑ⴔ猌紱⻊涸脽艑岁倝✳翸⡤餘靶㕃m/z 15000-35000 

 

3絕雿 
 劥俒䎾欽〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8020 㼆岤㼘欽脽艑岁倝ⵖ⵫ㄤ⾲俱务涸㢴

胂翸꧋⡤鵳✫ⴔ區偽꨽呋嵴⵸㢅椚⿺巊湱ⴔ猌〳湬䱹鸑鵂ⴔ㶩ꆀ涸㣐㼭㼆ⵖ⵫务翸꧋⡤涸㶸㖈䞔ⲃ鵳
遤港崵կず傞歋✵〳⟄蜦》㢴胂涸礵烁ⴔ㶩ꆀ〳⟄㼆呋嵴务㢴胂涸絆䧭ծ勇餘鵳遤ⴔ區剣劅㖈㢴胂蚋
暟翸꧋⡤霉⟟倰꬗剣刿⸈䎛岌涸䎾欽կ 
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熧ꃑ⻊跗涯餘ꊹ㹁 
MALDI-TOF餘靶ⴔ區岁Ⱘ剣넞鸑ꆀㄤ넞身併䏞♸LCMS岁♧呋㖈吉㢴곭㚖务䖤ⵌ䎛岌䎾欽կ暵ⵆ僽鵛

䎃勻馊勻馊㢴㖑䎾欽✵ざ䧭⻊ざ暟ㄤ넞ⴔ㶩ꆀ⻊ざ暟涸ⴔ㶩ꆀ唬崵ㄤ絕匬ⴔ區կ歋✵姼碫餘靶⟉Ⱘ剣㺂僒
欰䧭♧⟟猌㶩⤑✵烁雩ⴔ㶩ꆀ〳 唬崵涸餘ꆀ薴㔵䎛呋嵴䎁醋た鵳遤唬崵〳 鷥䭊涸很⵫猫碫㢴瘝⠏挿կ 

姼㢪歋✵鵛Ⳝ䎃爢⠔䕎⸷涸」⻊偽雿僽筛䏎ծ㣐㷖鵮僽字蠒⟱⚌鿪䔂捘䋞劅姼碫霃㢊㖈䒸鵳ㄤ鵘
遤倰꬗鿪꣭⡛䧭劥կ〵䒭MALDI-TOF餘靶⟉MALDI-8020姻僽♧妴〳⯎ⴔ忘駈鵯♧䋑㖞꨽宠涸倝❡嵴կ⧩䖤
Ⱒ岤涸♧挿僽劥❡嵴剣♧⚡鳅瀊涸굷遤盗赡搬嫱⠛絡劼㘗㽯㼄㼭告➠唾殆ず瘝⟄副涸䚍腊կ 

鵛䎃勻⟉㐼灇〄㖲馋ぢ✵넞畮䪮助MALDI-TOF餘靶⟉涸导㼘垷䒭㔔Ⱖ넞ⴔ鳹桧ㄤ絕匬ⴔ區⸆腊罜㢊
「Ⱒ岤կ湱嫱⛓♴絁䚍垷䒭㖈♧❈곭㚖涸䎾欽粉鄄「ⵌꅾ錠告鵛䎃勻劢錛ⵌ䪮助副涸㣐䌴鵳㾝կ跗涯餘
缺霖た⥝껑暵ⵆ僽熧ꃑ⻊⥝껑涸ꊹ㹁♶珘㹁⻊ざ暟涸ⴔ㶩ꆀꊹ㹁瘝鿪僽⟄絁䚍垷䒭⚹刿剣佪涸倰岁կ 

劥俒➝絏✫䎾欽〵䒭MALDI-TOF餘靶⟉MALDI-8020唬崵熧ꃑ⻊跗涯餘涸ꃍ鍒❡暟䎇㼆熧ꃑ⻊⥝껑鵳
遤✫ⴔ區կ 

 〵䒭 MALDI-8020 

MALDI-8020赡搬僽♧妴䭆剣湡⵸⚆歲剒㼭㽯㼄ㄤ㸝鄳꬗獤涸絁䚍MALDI-TOF MS告Ⱖ絁䚍唬崵垷䒭
姻猌㶩涸䚍腊♸⠛絡劼㘗霪垷䒭涸䚍腊僽湱ず涸կ鸑鵂ꅷ欽200 Hz㔿䙖慨⯕㐼⟄⿺㖈唾䭯唬崵鿈⡙溫
瑟䏞涸䞔ⲃ♴刿矿呋嵴ꬶ匣⸈鲿ꝉ㹁㹔〳鵳遤䘯鸟唬崵կ 

劥❡嵴涸굷遤盗赡搬〫剣0.85 m告餘靶ⴔ鳹桧䎇♶千✵⠛絡劼㘗㖈m/z 4000꣡鵛⛲〳鵳遤ず⡙稇
ⴔ猌կ 

 絁䚍垷䒭涸剣佪䚍 

絁䚍垷䒭㼆Ⱘ剣넞ⴔ㶩ꆀ⻊ざ暟ㄤ♶珘㹁㸽腊㛇涸⻊ざ暟唬崵僽剣佪涸կMALDI岁猌㶩⻊涸⻊ざ暟剣傞
⠔㖈荈歋굷遤瑟ꢂⰻ㔔鵂ⶥ涸ⰻ鿈腊ꆀ鄄ⴔ鍒կ歋✵㖈鵯⚡鵂玐务❡欰涸晙媯猌㶩涸鸟䏞♸⾲⻊ざ暟湱ず
㸐⼜㖈絁䚍垷䒭♴鄄雩⚹僽湱ず涸ⴔ㶩ꆀկ〥♧倰꬗㖈导㼘垷䒭♴鵯❈晙媯猌㶩涸ⴔ猌》Ɀ✵⸓腊唬
崵ⵌ涸ⴔ㶩ꆀ僽♶ず涸կ㔔姼㖈导㼘垷䒭♴〳⟄蜦䖤餘靶涸넞ⴔ鳹桧ㄤ넞礵䏞告僽䔲㸽腊㛇膴猌傞㼋荝
鄄膴猌㸽腊㛇涸猌㶩⥌〿」䖤䖎䔂䧴罏〳腊偽岁唬崵ⵌ湡叻⻊ざ暟կ 

㥵㕃1䨾爙熧ꃑ⻊胂媯涸熧ꃑ㛇㖈굷遤鵂玐务㺂僒膴猌〳⟄霹僽♧猫鷓ざ㖈絁䚍垷䒭♴唬崵涸⻊ざ
暟կ 

 

㕃 1  Ser 涸熧ꃑ⻊⥝껑ㄤ务䚍⚗㣟 
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 熧ꃑ⻊跗涯餘䎸⴩ⴔ區⢾ 

欽脨跗涯ꃍꃍ鍒熧ꃑ⻊跗涯餘暋α-ꂶ跗涯搬た㣐紨1pmol欽跗涯餘矿皾涸ꆀ诱ⵌ謭㽻涸CHCA
㛇餘副䎇䎁醋կ㥵㕃2䨾爙欽MALDI-8020涸絁䚍垷䒭㼆霪ꃍ鍒暟鵳遤唬崵կ鸑鵂Mascot唬程➢m/z 900
荛2500涸薴㔵ⰻ唬崵ⵌ涸胂媯涸餘蚚嫱ꊹ㹁ⴀ✫αꂶ跗涯կ〥㢪鸑鵂絁䚍垷䒭唬崵ⴀ㢴⚡熧ꃑ⻊胂媯
鸑鵂侨研䎽唬程鵮ꊹ㹁✫⥝껑⡙挿㕃3կ絕卓邍僈霪⟉㐼Ⱘ剣駈㢿涸ⴔ鳹桧〳 欽✵ꃍ鍒胂媯涸ⴔ區կ
㽴盗MALDI-8020僽♧妴ⴀ蒀涸絁䚍垷䒭⚁欽⟉㐼告䎇♶鷓ざ㣐錞垷跗涯餘絆㷖涸ⴔ區կ搬罜㖈⟄ꬋ絆
㷖倰岁ⴔ猌䲿紱涸跗涯餘涸ꊹ㹁⟄⿺缺霖た⥝껑涸ⴔ區鸑鵂劥⟉㐼〳⟄䘯鸟蜦䖤剣佪⥌䜂կ 

 

㕃 2  α ꂶ跗涯涸脨跗涯ꃍꃍ鍒暟涸餘靶㕃

 

㕃 3  MS/MS lon Search 涸絕卓 

 䚪絕 

鸑鵂〵䒭MALDI-TOF MS  MALDI-8020鵳遤✫䎸⴩ⴔ區䎇蜦䖤✫㣐㘗MALDI-TOF MS餘靶⟉湱样繠涸
侨研霆僈✫ꊹ㹁熧ꃑ⻊跗涯餘⟄⿺熧ꃑ⻊⡙挿涸剣佪䚍կ鵛䎃勻MALDI-TOF MS涸〄㾝馊勻馊넞畮⻊
ず傞⡤獤」㣐絕匬刿㢕勇կ㔔姼㣐㢴侨꨽銳絁䚍垷䒭ⴔ區涸䌢錞䎾欽鵯❈⟉㐼鸑䌢僽㢴⡮涸կ罜⚂❡嵴
㽯㼄餝✈ㄤ絶䫡䧭劥⛲匬䧭✫♧⚡䖎㣐涸ꥻ烯կMALDI-8020僽⚆歲副剒㼭涸絁䚍MALDI-TOF MS〳忘駈
絁䚍垷䒭♴跗涯餘ⴔ區涸꨽宠䎇剣劅㖈欰暟⻊㷖ㄤⴔ㶩欰暟㷖务䎛岌䎾欽կ 
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In-Source Decay彂ⰻ鄬鍒岁ⴔ區跗涯餘䎸⴩ 
MALDI-TOF餘靶⟉鄄䎛岌欽✵跗涯餘涸ⴔ㶩ꆀ崵㹁ㄤ絕匬ꊹ㹁կ鸑䌢⢪欽餘靶⟉ꊹ㹁跗涯餘꨽鵳遤脨

跗涯ꃍꃍ鍒⡲⚹곫㢅椚告蕯跗涯餘溶絑ⴔ猌䲿紱太偽꨽鵳遤脨跗涯ꃍꃍ鍒〳湬䱹鸑鵂猌㶩涸彂ⰻ鄬鍒
ISD, In-Source Decay勻唬崵歋姼鵳遤模侮跗涯餘涸䎸⴩ⴔ區կ 

鸑鵂MALDI勻崵㹁跗涯餘涸ⴔ㶩ꆀ傞鸑䌢⠔⢪欽sinapinic acid⡲⚹㛇餘告鸑鵂ISD鵳遤䎸⴩ⴔ區傞
⠔⢪欽1,5-diaminonaphtaleneDAN⡲⚹㛇餘կISD❡欰涸烱晙猌㶩〳鸑鵂Mascot瘝侨研䎽唬程勻鵳遤
跗涯餘ꊹ㹁կ姼㢪鵮〳鸑鵂㼆烱晙猌㶩餘ꆀ䨾蜦䖤涸孽㛇ꃑ䎸⴩⥌䜂鵳遤ず彂䚍社程➢罜䲀崵ⴀ㖈侨研
䎽务尵剣ꊹ㹁ⵌ涸跗涯餘կ 

劥俒㼜➝絏⢪欽〵䒭MALDI-TOF餘靶⟉MALDI-8020鵳遤涸跗涯餘ⴔ㶩ꆀ涸崵㹁⟄⿺鸑鵂ISD鵳遤涸䎸
⴩ⴔ區կ 

 〵䒭 MALDI-8020 

MALDI-8020僽♧妴⡤獤㼭⽑㖑㼱涸絁䚍MALDI-TOF MS㖈絁䚍垷䒭姻猌㶩♴♸⠛絡涸MALDI-
TOF MSⰨ剣ず瘝䚍腊կ霪餘靶⟉ꂁ㢊✫200 Hz涸㔿䙖慨⯕㐼ㄤ♧⚡load-lock chamber㖈唾䭯溫瑟䏞涸朐
䙖♴刿矿ꬶ匣㹊梡✫鴽鸟涸唬崵կ 

 跗涯餘ⴔ㶩ꆀ崵㹁 

㼜250 fmol紨17 ng涸暋過幡涯跗涯BSA♸sinapinic acid10 mg/mLծ50 %⛩臟宐很巊/ 0.1%
♲孮⛩ꃑ宐很巊幊ざ鸑鵂MALDI-8020涸絁䚍垷䒭鵳遤唬崵կ㥵㕃1䨾爙㖈m/z 66430㢅唬崵ⴀS/N㣐
✵100涸BSA涸⽀⟟猌㶩油կ 

姻㥵霪唬崵⢾㶩䨾爙絁䚍垷䒭涸身併䏞ծ餘ꆀ礵䏞ծⴔ鳹桧瘝♸⠛絡涸MALDI-TOF MS湱ず垷䒭嫱鳅
⛲䎇偽㣖㣐䊵䒗կ 

㥵㕃1䨾爙熧ꃑ⻊胂媯涸熧ꃑ㛇㖈굷遤鵂玐务㺂僒膴猌〳⟄霹僽♧猫鷓ざ㖈絁䚍垷䒭♴唬崵涸⻊ざ
暟կ 

 

㕃 1 䗎ꆀ跗涯餘暋過幡涯跗涯涸餘靶㕃 
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 㛇✵ ISD 涸跗涯餘䎸⴩ⴔ區 

㼜5 pmol涸BSA♸DAN10 mg/mLծ50 %⛩臟宐很巊/0.1%♲孮⛩ꃑ宐很巊幊ざ㖈MALDI-8020涸
絁䚍垷䒭♴鵳遤唬崵կ㥵㕃2䨾爙唬崵ⴀ✫歋ISD❡欰涸BSA涸N劣畮烱晙猌㶩ˋc禹⴩猌㶩c9։c44c34ծ
c39ծc42ꤑ㢪կ 

 

㕃 2 㛇✵ ISD 涸暋過幡涯跗涯餘䎸⴩ⴔ區 

姼㢪Ⱒ✵㕃2涸餘靶㕃⧺霃㸐僽羟c猌㶩⡲⚹⵸⡤猌㶩傞❡欰涸MS/MS靶㕃⛲〳⟄鸑鵂侨研䎽社程
勻ꊹ㹁霪跗涯餘կ鵯♸⢪欽脨跗涯ꃍꃍ鍒た蜦䖤涸胂媯涸MS/MS㕃靶涸唬程倰岁湱ずկⰢ✵㕃3涸烱晙猌㶩
⥌䜂㼜C33猌㶩m/z 3886⡲⚹⠦⵸⡤猌㶩⟉㐼碫㘗鷥䭊MALDI- ISD鸑鵂MascotMatrix Science
侨研䎽鵳遤MS/MS猌㶩社程կ侨研䎽社程涸絕卓儑爙暋過幡涯跗涯鄄ꊹ㹁⚹痦♧⦫鷥跗涯餘㕃3կ 

 

㕃 3  MS/MS Ion Search 絕卓 
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 絕雿 

劥俒ꢞ僈✫〵䒭 MALDI-TOF MS MALDI-8020♸⡤獤刿㣐涸 MALDI-TOF MS湱ず腊鵳遤跗涯餘涸
ⴔ㶩ꆀ崵㹁䎇腊鸑鵂ISD鵳遤䎸⴩ⴔ區կ 

鵛䎃勻MALDI-TOF MS涸〄㾝馊勻馊넞畮⻊ず傞⡤獤」㣐絕匬刿㢕勇կ㔔姼㼆✵㣐㢴侨꨽銳絁䚍
垷䒭ⴔ區涸䌢錞䎾欽鵯❈⟉㐼鸑䌢鄄鵂䏞䭷㹁կ罜⚂❡嵴㽯㼄ㄤⴲ㨤/鵘遤䧭劥⛲匬䧭✫䒸鵳鵯❈⟉㐼涸
♧⚡䖎㣐涸ꥻ烯կ 

MALDI-8020僽⚆歲副剒㼭涸絁䚍MALDI-TOF MS〳 忘駈絁䚍垷䒭♴跗涯餘ⴔ區涸꨽宠䎇剣劅㖈鵯♧
곭㚖务䎛岌䎾欽կ 
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歌炻孽ꃑ孻⻊⥝껑跗涯唬崵 
MALDI-TOF MS僽蜦䖤胂䧴跗涯餘ⴔ㶩ꆀ⿺♧紩絕匬湱Ⱒ⥌䜂涸♧猫鴽鸟罜⿶皍⤑涸倰岁կ㖈ぐ猫鄬鍒

倰岁务彂ⰻⴔ鍒ISD〳⟄欽✵荈副罜♴跗涯餘絆㷖䖤ⵌ跗涯餘䎸⴩կ㸐〳⟄ⵄ欽孲荈歋㛇鴲獴
欰䧭c-⿺z-烱晙猌㶩禹⴩կ♸彂た鄬鍒PSD湱嫱ISD涸♧㣐⠏⸷㖈✵椚雿副♶「呋嵴餘ꆀ涸ꣳⵖ偽꨽
鵳遤ꃍ嶊⻊湬䱹㼆鳅㣐涸跗涯餘鵳遤崵䎸կMALDI-ISD䊨⡲崨玐涸嚋銳㥵㕃1䨾爙կ 

㖈ⵖ蚋遤⚌涸欰暟湱Ⱒ蚋嵴䒓〄鵂玐务⚹✫㼆㣟崞ծ嫫䚍瘝㼆屛毫䌄勻䕧ㆇ涸〳腊䚍鵳遤港䱽⡲⚹
餘ꆀ盗椚鵂玐涸♧⚡絆䧭鿈ⴔ㼆ⵖ⵫ꂁ倰䧴꣭鍒瘝㼋荝涸」⻊鵳遤騈驶僽ꬋ䌢ꅾ銳涸կⰦ务胂䧴跗涯餘
涸歌炻孽ꃑ婎㛇孻⻊㽠僽♧⚡⠶ꥥ꣭鍒ⴀ梡⥝껑涸⢾㶩կ歌炻孽ꃑずⰦ➭孽㛇ꃑ湱嫱ꬋ䌢㺂僒孻⻊կ 

㖈鵯ꅽ䧮⼜⚹䝠➝絏鸑鵂⢪欽〵䒭MALDI-TOF餘靶MALDI-8020鸑鵂鵳遤礵烁涸模侮ⴔ㶩ꆀⴔ區ㄤ荈副
罜♴涸䎸⴩鍒區烁㹁Exendin-4胂涸歌炻孽ꃑ孻⻊Met-O⥝껑涸㹊⢾կ〳⟄霹㖈欰暟湱Ⱒ蚋嵴涸QC
务鵯猫倰岁㼆烁㹁♶䋞劅㖈欰❡䊨蒌务ⴀ梡涸」⻊勻霹僽♧猫剣佪涸倰岁կ 
 呋ㅷㄤ倰岁 

Exendin-4 胂餝荈Sigma-Aldrichկ歌炻孽ꃑ涸孻⻊䭽撑⟄♴倰岁鵳遤Exendin-4♸1鵂孻⻊孲H2O2
pH 务䚍㖈37˫勵⟝♴㷱肫15ⴔꛦկ㼆呋嵴很巊鵳遤ꃑ⻊㢅椚⢪欽ZipTip® C18MilliporeⰖ尽欰❡㼆
胂鵳遤紱⻊կ 

㼜㣔搬胂⿺Met-O胂♸α-宊㛇-4-繿㛇聘聚ꃑCHCA5 mg/mL50%⛩臟/0.1%♲孮⛩ꃑ幊ざ》1 
μL诱㖈ꬶ叻副䎇䎁醋կ⚹✫鵳遤ISDⴔ區㼜㣔搬胂⿺孻⻊㘗胂♸1,5-✳孽㛇蟼很鍒㖈50%⛩臟/0.1%♲孮
⛩ꃑ务涸1,5-DAN껒ㄤ很巊幊ざ》1 μL诱㖈ꬶ匣副䎇䎁醋կ 

鄳縨⢪欽〵䒭MALDI-TOF MS务涸MALDI-8020䭽撑㕃1务䨾鶣涸崵㹁勵⟝鵳遤ⴔ區կ 

 
㕃 1. MALDI-ISD 涸䊨⡲崨玐⿺餘靶ꅷ꧋⿬侨 
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 絕卓 
Exendin-4僽㶸㖈✵し䬘嫫蹠Heloderma suspectum㈯巊务涸㣔搬胂կ㸐涸ざ䧭䕎䒭-Exenatide

欽✵屛毫2㘗溫䚍祪㽶氻կ 
㣔搬Exendin-4涸MALDI-ISD靶㕃㥵㕃2 a䨾爙կ㕃务餘ꆀ叻皊♸唬崵ⵌ涸⽀ず⡙稇油湱㼆䎾կ 
➢㕃2 b涸䶑⫸劼㕃⫸务〳⟄骆ⴀ鸑鵂⠏⻊涸呋嵴ⵖ㢊倰岁罜䖤ⵌ涸呋嵴Ⱘ剣ꬋ䌢葻㥩涸㖲♧䚍կ

㖈餘靶涸佞㣐⼓㚖㕃2 c⿺d务儑爙ⴀ烱晙猌㶩m/z 1200-2800 薴㔵⽀ず⡙稇油涸葻㥩ⴔ鳹桧կ 

 
㕃 2. a㣔搬 Exendin-4 涸 MALDI-ISD 靶㕃b⢪欽 1,5-DAN ⡲⚹㛇餘涸葻㥩涸䶑⫸劼㕃⫸c& dISD 靶㕃涸佞㣐㕃 

 
⚹✫鵳遤Mascot-ISD侨研䎽唬程⴯䒊✫幑⸈Exendin-4䎸⴩涸㹁ⵖ晜Swiss-Prot侨研䎽搬た⢪欽

MALDI Solutions鲱⟝涸唬程䊨Ⱘ鵳遤✫Mascot-ISD唬程կ絕卓㥵㕃3䨾爙䖤ⵌ✫剣佪涸䖤ⴔ㕃3 aㄤ
䎸⴩銻渷桧72㕃3 bկ 

模䧭孻⻊导䎾た鵳遤✫胂ⴔ㶩ꆀ涸崵㹁烁雩䧭⸆〄欰✫孻⻊导䎾կ㖈⢪欽CHCA㛇餘䖤ⵌ涸㕃4涸靶
㕃务㣔搬㘗紤絁⿺孻⻊㘗覰絁Exendin-4 涸餘靶邍梡ⴀꬋ䌢葻㥩涸餘靶礵䏞ㄤⴔ鳹桧կ姻㥵곫崵
䨾爙㖈Exendin-4务剣♧㢅歌炻孽ꃑ佅Ꝇ鄄孻⻊唬崵ⵌ✫♸欰䧭涸千灐湱㼆䎾涸+16Da涸餘ꆀ鴲獴կ 
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㕃 3. aMALDI-ISD 涸 Mascot 唬程絕卓bMascot 烱晙猌㶩⼐ꂁ㕃 

 

 
㕃 4. 㣔搬㘗 Exendin-4紤絁⿺ Met-O覰絁Exendin-4 涸♧紩餘靶㕃㛇餘CHCA 

 
孻⻊㘗Exendin-4涸MALDI-ISD靶㕃㥵㕃5 a䨾爙կ鸑鵂ISD唬崵ⵌ✫㖈N劣畮欰䧭涸c-ion禹⴩c9-c13

⿺16Da鴲獴涸c-猌㶩c14-c29կc14 猌㶩欽綁蒀儑爙僽♸ゎ歌炻孽ꃑ婎㛇涸孻⻊鿈⡙湱㼆䎾涸烱晙猌
㶩կ 

㖈㕃5 b务㼆㣔搬紤絁ㄤ孻⻊⡤覰絁Exendin-4涸烱晙猌㶩m/z 1400-1650鵳遤✫嫱鳅կ
鵯ꅽ儑爙涸烱晙猌㶩⥌〿⛲邍梡ⴀ葻㥩涸ず⡙稇ⴔ猌կ 

姻㥵䨾劍䖉涸齡呋c14猌㶩HGEGTFTSDLSKQM儑爙✫♸歌炻孽ꃑ涸孻⻊湱㼆䎾涸16Da涸餘ꆀ鴲
獴կExendin-4Met-OISD㕃靶涸Mascot唬程ꅷ欽✫⯓⵸⴯䒊涸㹁ⵖ侨研䎽䎇䭷㹁歌炻孽ꃑ孻⻊⚹㔿㹁
⥝껑Ⱖ絕卓㥵㕃5 c䨾爙蜦䖤✫剣佪涸Mascot䖤ⴔկ 
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㕃 5.  aExendin-4Met-O涸 MALDI-ISD 靶㕃b儑爙歌炻孽ꃑ孻⻊㼋荝餘靶鴲獴涸烱晙猌㶩c14涸㽷鿈佞㣐

㕃cExendin-4Met-O涸 Mascot-ISD 䖤ⴔ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



27 
 

⸓暟嬁〄ꊹⵆ 

㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶ⴔ區⟉MALDI-TOF MS〳⟄皍⤑ծ䘯鸟蜦》巑渷胂ㄤ跗涯餘ծ
ざ䧭넞ⴔ㶩瘝ぐ猫넞ⴔ㶩呋嵴ⴔ㶩ꆀ⥌䜂կ霪MALDI-TOF MS䎛岌欽✵灇瑕ㄤ䒓〄⟄⿺餘ꆀ䱽ⵖ곭㚖涸ざ䧭
❡嵴ㄤ㣔搬❡暟涸ⴔ㶩ꆀ烁雩կ 

⡲⚹MALDI涸♧고倝欽鸀䲿⦸ꅷ欽鸑鵂唬崵Ⱘ剣暟猫㾩暵䒗䚍涸⸓暟嬁〄胂⟄鳹ⵆ⸓暟嬁〄涸倰岁կ
霪鳹ⵆ倰岁蜦䖤㕂꣢叻ⲥ⻊絆絉ISO涸雩霆䕎䧭ISO錞呔僽ⵄ欽㿋繙絔瘝⸓暟嬁〄紦絶涸胂岁涸霚
낉岁կ霪鳹ⵆ倰岁⛲鷓欽✵1呏嬁〄涸ⴔ區㔔姼♶➑〳⟄꣈姺⠦鸣㿋繙絔⛲〳䎾欽✵굹嵴瘝䔲务涸䒗暟
幊Ⰶ唬叅կ 

 
 呋ㅷ涸곫㢅椚 

⢪欽ⶨⴉㄤ椕熋劼瘝㼜㿋繙絔ծ繙嬁⟄⿺暛暋ծ繙끹ծ낃끹ծ끩ծ⯨㶩涸⾲嬁磋烱կぢ10։50 mg磋烱
た涸⾲嬁ⰻ⸈Ⰶ0.5 mL⺫ゎ50 mM✳炻蔼祪ꃫdithiothreitol, DTT涸4%⼧✳掬㛇炻ꃑ紵sodium dodecyl 
sulfate, SDS⟄⿺0.1 M熧ꃑ綕Ȿ巊pH 7.8㖈95 ˫♴⸈掚15ⴔꛦ~1㼭傞կ⸈掚た㖈䲿》巊务⸈Ⰶ烿
⛩ꃀ腂崽䏞鴪ⵌ100 mM㖈㹔庛♴导䎾15 ⴔꛦ幑⸈25 mM 涸DTT 10 μ L た⨢姺导䎾կ⢪欽♲守⛩ꃑ
小巤霪䲿》巊峤ⲙた⢪欽50 mM 焫ꃑ孲ꜽ獺ꅺⱄ妃很鍒✵7 M 㽶稇ㄤ2 M 炻膵很巊涸䲿》巊⸈Ⰶ2.0 
μg 涸脨跗涯ꃍ㖈37 ˫♴嶊⻊♧儻կ 

⢪欽ZipTip® μC18Merk Millipore鵳遤膴渮㢅椚կ㼜模䧭膴渮㢅椚涸呋嵴很巊诱⸈ⵌMALDI ꬶ匣た
诱⸈0.5 μL 涸㛇餘很巊鵳遤餘靶ⴔ區կ姼㢪⚹唾霆㛇餘务CHCAα - cyano-4-hydroxycinnamic acid
⚹5 mg/mL⢪欽很鍒✵50 %⛩臟/0.05 %♲孮ꃲꃑtrifluoroacetic acid,TFA涸很巊կ 

餘靶ⴔ區⢪欽涸僽〵䒭MALDI-TOF MS MALDI-8020㖈絁䚍姻垷䒭♴鵳遤崵㹁կ㽂霚鸑鵂ꅷ欽絡
雦鍒區鲱⟝eMSTAT Solution˳鍒區➢ぐ餘靶蜦䖤涸靶油⴩邍鳹ⵆぐ⸓暟嬁〄կ 
 絕卓 

⸓暟嬁〄涸脨跗涯ꃍ嶊⻊胂涸餘靶㥵㕃1䨾爙կ㖈m/z2450-2750薴㔵ⰻ唬崵ⴀⰨ剣暟猫㾩暵䒗䚍涸胂
靶油կⵄ欽霪暵䒗䚍靶油〳鳹ⵆ⸓暟嬁〄կ匬䧭⸓暟嬁〄涸跗涯餘⚺銳⚹錭跗涯唬崵ⴀ涸胂⛲勻荈錭跗
涯կ 

 
 

㕃 1 ⸓暟嬁〄涸脨跗涯ꃍ嶊⻊胂涸餘靶 
 

牦牛 
羊毛 
羊驼 
骆驼 
山羊绒 
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邍 1 keratin type I 暟猫暵䒗䚍孽㛇ꃑ䱗⴩곡䎸 

暟猫 Keratin Type I Protein 孽㛇ꃑ䱗⴩ 
[M+H]+䎂㖲餘ꆀ
*1 

㿋繙絔 Keratin 33A [Capra hircu ] YSCQLNQVQSLIVNVESQLAEIR 2692.38 

暛暋 Keratin type˺microfibrillar, 47.6 kDa [Bos mutu ] YSSQLAQVQGLIGNVESQLAEIR 2504.81 

繙嬁 Keratin 33B [Ovis arie ] YSCQLSQVQSLIVNVESQLAEIR 2666.03 

낃끹/繙끹 
Keratin, type I microfibrillar, 47.6 kDa[Camelus 
dromedaries ] 

YGSQLSQVQGLITNVEHQLAEIR 2584.90 

끩 Keratin 33A [Equs caballu ] YSSQLSQVQGLITNVESQLAEIR 2564.86 

⯨㶩 Keratin, type I cuticular Ha3-I [Oryctolagus cuniculu ] YSSQLSQVQCMISNVESQLGEIR 2657.99 

朄 Keratin 33A [Canis lupus familiari ] YSSQLNQVQCMITNVESQLAEIR 2713.07 

釅롖 Keratin 31 [Rattus norvegicu ] YSSQLSQVQCLITNVESQLGEIR 2653.98 

➃ KRT34 protein [Homo sapien ] YSSQLSQVQSLITNVESQLAEIR 2594.89 

*1 雦皾烿⛩ꃀ腂㼆孽歌ꃀ歌㛇⻊涸⼱脪孽ꃑ婎㛇涸䎂㖲餘ꆀկ 

暟猫暵䒗䚍靶油涸䔱㾩絕卓㥵邍1䨾爙կ霪孽㛇ꃑ䱗⴩勻荈keratin type Iկ➢霪䱗⴩〳⟄骆ⴀꤑ姼妃
崵㹁涸暟猫⛓㢪➃ㄤ釅롖⛲Ⱘ剣暵䒗䚍կ〥㢪➑繙끹ㄤ낃끹涸暵䒗䚍靶油餘靶♧荝㔔姼偽岁湱匹鳹ⵆկ 

姼㢪ꅷ欽㕃2䨾爙涸暟猫暵䒗䚍靶油ㄤeMSTATSolution ⵖ⡲✫ⴼⵆ⸓暟嬁〄ծ暟猫涸ⴼⵆ垷㘗皾
岁Support Vector Machine㕃2䊩կꅷ欽ⵖ䧭涸ⴼⵆ垷㘗㼆〥遤崵㹁涸㿋繙絔ծ暛暋嬁ծ繙嬁瘝3猫
呋嵴鵳遤✫ⴼⵆⴔ區Ⰼ鿈ⴼⵆⴀ姻烁涸暟猫㕃2〸կ 

 

㕃2. ⸓暟嬁〄涸ⴼⵆⴔ區䊩ⵖ䧭涸ⴼⵆ垷㘗〸⸓暟嬁〄涸ⴼⵆⴔ區絕卓 

 䚪絕 
絕卓邍僈⢪欽〵䒭MALDI-TOF MS MALDI-8020ㄤ絡雦鍒區鲱⟝eMSTAT Solution 〳⟄䘯鸟鳹ⵆ⸓

暟嬁〄կ⢪欽霪倰岁♶➑僽㿋繙絔鵮〳㼆纷嬁ㄤ➃碫嬁〄瘝ぐ猫㼆韌鵳遤鳹ⵆկMALDI-8020ⰯⰨ〵䒭
涸稒ⲽ䚍ㄤ⯎ⴔ涸ⴔ㶩靶ⴔ區䚍腊〳 ⟄皍⤑ծ䘯鸟㖑霉⟟㢴猫呋嵴涸暵䚍劢勻㼜䭆剣䎛ꢢ涸〄㾝⵸兞կ 
  

ⴼⵆ垷㘗ⵖ⡲ 

ⴼⵆⴔ區 
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2.2 呍ꃑⴔ區 
⡲⚹欰ㄐ涸麰⠛暟餘呍ꃑ㖈欰ㄐ猰㷖灇瑕务⽑研满荛Ⱒꅾ銳涸㖑⡙剣Ⱒ呍ꃑ涸ⴔ㶩欰暟㷖灇瑕溶搬

䧭⚹匧Ⱘ崞⸂涸灇瑕倰ぢ⛓♧կ鵛❈䎃勻呍ꃑ碫蚋暟㖈㛇㔔屛毫ㄤ㛇㔔霏倗곭㚖㾝梡ⴀ✫⠏葻涸䎾欽⵸
兞կ歋姼䒊用饰䘯鸟⚂ⲥ烁涸㻑呍薗ꃑⴔ㶩ꆀ崵㹁⟄⿺䎸⴩ⴔ區倰岁儑䖤匧⚹䗳銳կ 

㛇✵呍ꃑⴔ㶩涸氻嫫唬崵䪮助✵鵛䎃勻鴽枡〄㾝㖈㢴猫氻⾲⡤涸唬崵倰꬗䖤ⵌ✫䎛岌䎾欽ッ梡ⴀ匧
넞涸⚰䎯䎾欽⟟⧩կ㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶MALDI-TOF MS䪮助荈20⚆紬90䎃去饰㽠溶鄄
䎾欽✵⽀呍薗ꃑ㢴䙖䚍SNP涸唬崵կ鵛劍㖈⚰䎯氻嫫㷖곭㚖务溶䫣麤✫㛇✵㢴ꅾPCRㄤMALDI-TOF涸
唬崵䩛媯霪倰岁溶鄄霆㹊僽欽✵넞鸑ꆀ霏倗䧴㛇㔔ⴔ㘗䎾欽涸匧Ⱘ⵸兞涸倰岁կ姼倰岁巑渷✫♲⚡姿낢
湡叻呍ꃑ涸㢴ꅾPCR的㟞ծ餘ꆀ确ꛏ涸⽀焦㛇䒁⠽⟄⿺❡暟涸餘靶ꊹ㹁կ䔲♴霪倰岁溶䧭⸆鵘欽✵ぐ碫氻
嫫䠭群涸霏倗霽㥵〡骢氋ծ✌㣢朐泿氻嫫䠭群⟄⿺ⱟ朐氻嫫䠭群瘝կ姼㢪霪䪮助鵮腊㢿䒓㾝麰⠛䚍氬氻
涸癃叅䊨⡲⢾㥵鲱낧〄肫♶Ⰼ㛇㔔癃叅ծ羭翞㛇㔔掚挿瑲」唬崵瘝կ 

姼㢪MALDI-TOF 㼆鵮〳⟄㼆㻑呍薗ꃑざ䧭⾲俱ծざ䧭❡暟ծ勇餘瘝鵳遤ⴔ㶩ꆀ唬崵ⴔ區鸟䏞䘯㕃
靶皍⽀湬錜鸑鵂餘靶㕃务⥌〿油涸䔂烯♸ⴔ䋒〳䘯鸟烁雩礵烁ⴔ㶩ꆀ♸勇餘絆䧭䞔ⲃ⚹㻑呍薗ꃑ⻊㷖
ざ䧭餘䱽䲿⣘湬䱹⣜研կ 

 

 
DNAㄤRNAⴔ㶩絕匬 
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Ⱏ鲮䔶⸈䌨たmRNA涸䌨㶩畮㹁䚍ⴔ區 

䶰 銳劥俒䎾欽䀙峸〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8020 㼆 mRNA ⸈䌨呋嵴鵳遤餘靶ⴔ
區〳湬䱹唬崵ⵌ呋嵴务䌨㶩涸䕎䒭⿺湱㼆ゎꆀ邍僈〵䒭 MALDI-8020 〳⟄皍⤑ծ䘯䰦㖑㼆Ⱏ鲮䔶⸈䌨た
涸 mRNA 鵳遤䌨㶩畮涸ⴔ區⚹ mRNA 蚋暟ㄤ氋蕐涸餘ꆀ䱽ⵖ䲿⣘倰岁⿬罌կ 
Ⱒꝶ霒㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶  MALDI-TOF  mRNA  ⸈䌨 

  
mRNA蚋暟ㄤ氋蕐涸欰❡崨玐⺫䭍餘磜DNA涸的㟞紱⻊ծmRNA⡤㢪鲮䔶ծ⡤㢪⥝껑⸈䌨ծ⸈㽵ծ腒

餘⡤⺫鄄瘝鵂玐կmRNA涸䌨絕匬腊唾䫡mRNA涸5畮♶鄄꣭鍒䎇腊⤛⢪缺霖涸饰㨤㔔姼mRNA涸⸈䌨
桧僽mRNA⾲巊餘䱽涸ꅾ銳叻ⲥ⛓♧կ 

mRNA涸䌨㶩䭷m7GPPPN絕匬涸歌㛇뚁薗䌨㶩⺫䭍cap0ծcap1ծcap2♲猫䕎䒭կcap0⚺銳㶸㖈✵⽀
絈脅欰暟务絕匬⚹m7GPPPNG涸痦7⡙N宆⾲㶩鄄歌㛇⻊㥵卓RNA涸痦♧⡙呍薗ꃑ涸2-O〄欰歌㛇
⻊䕎䧭m7GPPPNm涸絕匬太⚹cap1cap1㖈溫呍欰暟务兜麑㶸㖈㥵卓RNA涸痦1ծ2⡙呍薗ꃑ涸2-
O⡙㖲歌㛇⻊痦2⡙䗳꨽僽A䧭⚹m7G-PPPNmNm太⚹cap2cap2涸〄欰鳅㼱կ䌢錛涸mRNA涸⸈䌨
倰岁⺫䭍Ⱏ鲮䔶⸈䌨⟄⿺⽀杝⢪欽⸈䌨ꃍ鵳遤鲮䔶た⸈䌨⚙猫կⰟ鲮䔶⸈䌨⚹♧姿岁⸈䌨㖈鲮䔶傞⸈Ⰶ
䌨㶩碫⡃暟〳湬䱹欰䧭cap1涸䌨㶩絕匬կ 

劥俒䎾欽〵䒭MALDI-TOF餘靶⟉MALDI-8020㼆Ⱏ鲮䔶⸈䌨蜦》涸mRNA鵳遤✫䌨㶩畮涸ⴔ區կ 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ MALDI-8020 

1.2 ⴔ區勵⟝ 

靈靕垷䒭絁䚍姻猌㶩垷䒭 

慨⯕㐼355 nm 㔿䙖慨⯕㐼 

䪊䲽薴㔵m/z 5000-10000 

慨⯕腊ꆀ135 
1.3 呋ㅷ⵸㢅椚 

㼜mRNA䭽撑叻ⲥ⵸㢅椚崨玐㼜ゎ剣䌨㶩絕匬涸5畮呍薗ꃑ䎸⴩鵳遤ꃍ鍒ㄤ紱⻊䖤ⵌ䖉ⴔ區涸呋
嵴很巊կエ》1 μL 呋嵴很巊ㄤ1 μL 3-HPA3-繿㛇ぼ㊋歌ꃑ㛇餘很巊50 mg/mL⣜妃挿ꬶ荈搬䎁
醋た㼜ꬶ匣鷐Ⰶ餘靶ⴔ區կ 

2絕卓♸雭雿 
㼆⚙⼝㢅椚㥩涸 mRNA 呋嵴䎾欽 MALDI-8020 鵳遤餘靶唬崵餘靶㕃錛㕃 1-㕃 2կ餘靶㕃务㖲錜崵ⵌ

cap1 猌㶩油餘蚚嫱紨 7678♸椚雿⧩m/z 7678.6♧荝劢唬崵ⵌ uncapm/z 7384.5)涸猌㶩油邍
僈 mRNA 呋嵴涸⸈䌨佪桧ꬋ䌢넞♶ゎ uncap 䧴罏 uncap 涸ゎꆀ⡛✵ MALDI 涸唬崵ꣳկず傞劢唬崵ⵌ
cap0m/z 7664.6♸呋嵴务䌨㶩涸絕匬䕎䒭⚹ cap1♶ゎ cap0 ♧荝կ唬崵絕卓絡雦錛邍 1կ 
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ꤑ䌨㶩㢪呋嵴务鵮唬崵ⵌ确ꛏ涸猌㶩油m/z 8086⚹⵸㢅椚鵂玐务䒸Ⰶկ〥㢪鵮唬崵ⵌ m/z 6238ծ
m/z 7938 瘝猌㶩油〳腊僽呋嵴㖈⵸㢅椚梠蒜❡欰涸勇餘կ⚙⼝呋嵴餘靶㕃务猌㶩ⴔ䋒垷䒭湱⡃䎂遤䚍
鳅㥩邍僈⸈䌨⿺ꃍⴗ瘝⵸㢅椚㹊낉梠蒜ꅾ㢕䚍鳅㥩ծ餘靶唬崵珘㹁〳ꬑկ 

邍 1. mRNA ⸈䌨呋嵴唬崵絕卓 

䌨㶩 [M+H]+椚雿⧩ 呋嵴 1 唬崵⧩ 呋嵴 2 唬崵⧩ 
uncap 7384.5 - - 
cap0 7664.6 - - 
cap1 7678.6 7678.0 7677.8 

cap1 䎸⴩m7GpppmAGGAAAUAAGAGAGAAAACUCU䎂㖲ⴔ㶩餘ꆀ 7677.6 Daկ 

 
㕃 1. mRNA 呋嵴 1 餘靶㕃 

 
㕃 2. mRNA 呋嵴 2 餘靶㕃 

3絕雿 

劥俒䎾欽〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8020 㼆Ⱏ鲮䔶⸈䌨た涸 mRNA 呋嵴鵳遤䌨㶩
畮涸ⴔ區〳湬䱹唬崵ⵌ呋嵴务䌨㶩涸䕎䒭⿺湱㼆ゎꆀկ劥倰岁乼⡲皍⽀ծ唬崵䧭劥⡛ծⴔ區鸟䏞䘯絕卓
湬䱹ծⲥ烁ծ〳ꬑ剣劅㖈 mRNA 蚋暟ㄤ氋蕐欰❡餘䱽倰꬗剣刿⸈䎛岌涸䎾欽կ 
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mRNA ㄤ DNA 欰❡欽呍薗ꃑ⾲俱涸ⴔ㶩ꆀ唬崵 

䶰 銳劥俒䎾欽䀙峸〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8020 㼆 mRNA ㄤ DNA 欰❡䨾欽涸
NTP ㄤ dNTP ⾲俱鵳遤餘靶ⴔ區〳湬䱹唬崵ⵌ呍薗ꃑ⾲俱涸ⴔ㶩ꆀ⿺絆䧭䕎䒭կ劥倰岁乼⡲皍⤑ծⴔ區
鸟䏞䘯絕卓湬䱹〳ꬑ⚹ mRNA ㄤ DNA 欰❡湱Ⱒ⾲俱涸餘ꆀ䱽ⵖ䲿⣘✫⿬罌կ 
Ⱒꝶ霒MALDI-TOF  mRNA  DNA  ⾲俱  NTP  dNTP 

 

䪮助暵挿 
 ♧妃㹊낉〳湬䱹唬崵ⵌ呍薗ꃑ⾲俱涸ⴔ㶩ꆀ⿺絆䧭䕎䒭կ  
 劥倰岁偽꨽㢕勇涸呋嵴⵸㢅椚乼⡲皍⤑ⴔ區鸟䏞䘯〳⟄鵳遤넞鸑ꆀ唬崵կ 
 

mRNAㄤDNA欰❡鵂玐务꨽銳欽ⵌ㢴猫呍薗ꃑ碫⾲俱կ⢾㥵mRNA欰❡傞⡤㢪鲮䔶涸湬䱹⾲俱⚹NTP
ATPծUTPծCTPծGTPDNA翸ざꃍ欰❡DNA傞涸湬䱹⾲俱⚹dNTPdATPծdTTPծdCTPծdGTPկ呍
薗ꃑ⾲俱涸唬崵♸ⴔ區僽mRNAㄤDNA欰❡暟俱餘䱽涸ꅾ銳♧梠կ 

劥俒䎾欽〵䒭MALDI-TOF餘靶⟉MALDI-8020㼆NTPծdNTP⾲俱鵳遤✫ⴔ區湬䱹唬崵ⵌ✫⾲俱涸ⴔ㶩
ꆀ⿺ⴔ㶩絆䧭䕎䒭կ霪唬崵倰岁偽꨽㢕勇涸呋嵴⵸㢅椚ծ乼⡲皍⽀ծⴔ區鸟䏞䘯唬崵鸑ꆀ넞絕卓湬䱹〳
ꬑ〳⡲⚹呍ꃑ⾲俱餘䱽涸傈䌢唬崵䩛媯կ 
 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ MALDI-8020 

1.2 ⴔ區勵⟝ 

靈 靕 垷 䒭 絁䚍姻猌㶩垷䒭 慨 ⯕ 腊 ꆀ 75-80 
慨 ⯕ 㐼 355 nm 㔿䙖慨⯕㐼 猌 㶩 ꡶ ꢖ ⧩ 300 
䪊 䲽 薴 㔵 m/z 300-2000 腡Ȿ䒸ⴀ餘ꆀ(Da)  1500 

1.3 呋ㅷ⵸㢅椚 
》呋嵴⸈宐獺ꅺ⚹100 μM⡲⚹呋嵴䊨⡲巊կエ》0.5 μL NaTFA很巊1 mg/mLծ1 1 μL DHB㛇餘

很巊30 mg/mL⣜妃挿ꬶ荈搬䎁醋た㼜ꬶ匣鷐Ⰶ餘靶ⴔ區կ 

2絕卓♸雭雿 
2.1 mRNA ⡤㢪鲮䔶⾲俱 NTP ⴔ㶩ꆀ⿺絆䧭ⴔ區 

䎾欽 MALDI-8020 㼆 mRNA ⡤㢪鲮䔶⾲俱 ATPծGTPծCTPծUTP 鵳遤唬崵絕卓錛㕃 2呍薗ꃑ涸ⴔ
㶩䒭ծ椚雿ⴔ㶩ꆀծ㹊崵ⴔ㶩ꆀ錛邍 1կ⟄㕃 2A ⚹⢾ATP 唬崵ⵌ m/z 530.12ծm/z 552.16ծm/z 574.13ծ
m/z 596.11 涸猌㶩油⣜妃㼆䎾 ATP 涸[M+Na]+ծ[M+2Na-H]+ծ[M+3Na-2H]+⟄⿺[M+4Na-3H]+涸⻊ざ暟䕎
䒭[1,2]〳腊⚹ ATP 务♲熧ꃑ㛇㔙副 H 猌㶩鄄 Na 猌㶩鿈ⴔ䧴Ⰼ鿈》去た涸❡暟կず呋㖑GTPծCTPծUTP
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⛲⣜妃唬崵ⵌ✫絕ざ 1-4 ⚡ Na 猌㶩涸⻊ざ暟猌㶩䕎䒭絕卓錛邍 1 ⿺㕃 2կꤑ呍薗ꃑ湡叻油㢪呋嵴鵮唬
崵ⵌ㛇餘胜兞油㥵 m/z 551կ 

O
O

N

NN

N
NH2

OH OH

P
O

O
OH

P
O

OH
OP

O

OH
HO

 
㕃 1. ATP♲熧ꃑ艑薗絕匬䒭呍薗ꃑ絕匬䒭爙⢾ 

邍1. NTPⴔ㶩䒭⿺ⴔ㶩ꆀ唬崵絕卓 

ぜ獦 ⴔ㶩䒭 
[M+Na]+mono [M+2Na-H]+mono [M+3Na-2H]+mono [M+4Na-3H]+mono 

椚雿⧩ 㹊崵⧩ 椚雿⧩ 㹊崵⧩ 椚雿⧩ 㹊崵⧩ 椚雿⧩ 㹊崵⧩ 
ATP C10H16N5O13P3 529.99 530.12 551.97 552.16 573.95 574.13 595.93 596.11 
GTP C10H16N5O14P3 545.98 546.15 567.96 568.10 589.94 590.08 611.93 612.05 
CTP C9H16N3O14P3 505.97 506.12 527.96 527.94 549.94 549.83 571.92 571.88 
UTP C9H15N2O15P3 506.96 507.02 528.94 528.85 550.92 550.93 572.90 -- 

 

 
㕃 2.RNA 蚋暟欰❡⾲俱 NTP ♧紩餘靶㕃 (A: ATP, B: GTP, C: CTP, D: UTP) 

岤m/z 551 ⚹㛇餘胜兞油 

2.2 翸ざꃍꝆ䒭⿿䎾欰❡ DNA 蚋暟⾲俱 dNTP ⴔ㶩ꆀ⿺ⴔ區 
䎾欽 MALDI-8020 㼆翸ざꃍꝆ䒭导䎾欰❡ DNA 蚋暟⾲俱 dATPծdGTPծdCTPծdTTP 鵳遤唬崵絕卓

錛㕃 3կ㥵㕃 3A 䨾爙dATP 唬崵ⵌ m/z 514.16ծm/z 536.04ծm/z 558.03ծm/z 579.99 涸猌㶩油⣜妃
㼆䎾 dATP 涸[M+Na]+ծ[M+2Na-H]+ծ[M+3Na-2H]+⟄⿺[M+4Na-3H]+涸⻊ざ暟䕎䒭〳腊⚹ dATP 务♲熧ꃑ
㛇㔙副 H 猌㶩鄄 Na 猌㶩鿈ⴔ䧴Ⰼ鿈》去た涸❡暟կず呋㖑dGTPծdCTPծdTTP ⛲⣜妃唬崵ⵌ✫絕ざ 1-
4 ⚡ Na 猌㶩涸⻊ざ暟猌㶩䕎䒭絕卓錛邍 2 ⿺㕃 3կ 
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邍2. dNTPⴔ㶩䒭⿺ⴔ㶩ꆀ唬崵絕卓 

ぜ獦 ⴔ㶩䒭 
[M+Na]+mono [M+2Na-H]+mono [M+3Na-2H]+mono [M+4Na-3H]+mono 

椚雿⧩ 㹊崵⧩ 椚雿⧩ 㹊崵⧩ 椚雿⧩ 㹊崵⧩ 椚雿⧩ 㹊崵⧩ 
dATP C10H16N5O12P3 513.99 514.16 535.97 536.04 557.95 558.03 579.94 579.99 
dGTP C10H16N5O13P3 529.99 530.08 551.97 552.09 573.95 574.04 595.93 596.04 
dCTP C9H16N3O13P3 489.98 489.98 511.96 511.98 533.94 533.90 555.93 555.95 
dTTP C10H17N2O14P3 504.98 505.23 526.96 526.98 548.94 548.91 570.92 570.95 

 

 
㕃 3. DNA 蚋暟欰❡⾲俱 dNTP ♧紩餘靶㕃(A: dATP, B: dGTP, C: dCTP, D: dTTP) 

岤m/z 551 ⚹㛇餘胜兞油 

3絕雿 
 劥俒䎾欽〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8020 㼆 mRNA ⡤㢪鲮䔶⾲俱 NTP ⟄⿺ DNA

⾲俱 dNTP 鵳✫ⴔ區䨾剣⾲俱㖲唬崵ⵌ✫儑衼涸⸈ꛧ油〳⟄㼆絕卓鵳遤䘯鸟烁霆կ劥倰岁乼⡲皍⽀ծ唬
崵䧭劥⡛ծⴔ區鸟䏞䘯絕卓湬䱹ծⲥ烁ծ〳ꬑ剣劅㖈 mRNA ⡤㢪鲮䔶⾲俱ㄤ DNA ⾲俱餘䱽倰꬗剣刿⸈
䎛岌涸䎾欽կ 

[⿬罌俒柄] 
1. Eric Largy, Alexander König, Anirban Ghosh, Debasmita Ghosh, Sanae Benabou, Frédéric Rosu, and Valérie Gabelica. 
Mass Spectrometry of Nucleic Acid Noncovalent Complexes. Chemical Reviews. 2022, 122, 7720-7839 
2. Noah P. Christian, Steven M. Colby, Lori Giver, Chris T. Houston, Randy J. Arnold, Andrew D. Ellington and James P. Reilly. 
High Resolution Matrix-assisted Laser Desorption/Ionization Time-of-flight Analysis of Single-stranded DNA of 27 to 68 
Nucleotides in Length. RAPID COMMUNICATIONS IN MASS SPECTROMETRY, 1995, VOL. 9,1061-1066 
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㻑呍薗ꃑ⻊㷖ざ䧭⾲俱❇熧ꃀ腂⽀⡤涸ⴔ㶩ꆀ⿺勇餘ⴔ區 

䶰 銳千熧ꃀ腂⽀⡤僽㻑呍薗ꃑ蚋暟⻊㷖ざ䧭涸Ⱒꝶ暟俱㼆千熧ꃀ腂⽀⡤鵳遤ⴔ㶩ꆀ⿺勇餘ⴔ區僽㻑呍
薗ꃑ蚋暟欰❡餘ꆀ䱽ⵖ涸ꅾ銳ⰻ㺂կ劥俒䎾欽〵䒭 MALDI-8030 ⴔ區✫ 16 猫䌢錛涸千熧ꃀ腂⽀⡤⺫䭍 8
猫欽✵ざ䧭 DNA 涸千熧ꃀ腂⽀⡤⿺ 8 猫欽✵ざ䧭 RNA 涸千熧ꃀ腂⽀⡤〳⟄䘯鸟蜦䖤呋嵴涸礵烁ⴔ㶩ꆀ
⿺勇餘絆䧭䞔ⲃ⚹㻑呍薗ꃑ蚋暟⻊㷖ざ䧭暟俱涸餘ꆀ䱽ⵖ䲿⣘湬䱹⣜研կ 
 

Ⱒꝶ霒MALDI-TOF  千熧ꃀ腂⽀⡤  ⴔ㶩ꆀ  勇餘 

  

䪮助暵挿 
 偽꨽巊湱ⴔ猌ⴔ區鸟䏞䘯剒䘯 5-10 猲〳ⴔ區♧⚡呋嵴腊㢿鵳遤넞鸑ꆀ唬崵կ  
 㕃靶皍⽀ծ湬錜呏研餘靶㕃务⥌〿油餘蚚嫱涸㣐㼭⿺絆䧭〳䘯鸟ⴔ區千熧ꃀ腂⽀⡤涸ⴔ㶩ꆀ♸勇餘絆
䧭䞔ⲃկ 
 

㻑呍薗ꃑ蚋暟涸ざ䧭⚺銳僽㖈㔿湱副鵳遤涸㛇✵千熧ꃀ腂⽀⡤涸㔋姿⻊㷖ざ䧭岁膴唾䫡ծ⩐翫ծ孻⻊
ㄤ⸈䌨կ千熧ꃀ腂⽀⡤僽㻑呍薗ꃑ⾲俱蚋涸Ⱒꝶ暟俱痗ざ餘ꆀ銳宠涸千熧ꃀ腂⽀⡤涸⣘䎾僽㻑呍薗ꃑ蚋
暟㉁⚌⻊涸Ⱒꝶ㔔稇կ㖈㹊꣢䎾欽务千熧ꃀ腂⽀⡤⠔䒸Ⰶぐ猫⥝껑⟄䲿넞⡤ⰻ珘㹁䚍告絑鵂⥝껑た涸ⴔ
㶩絕匬」䖤㢕勇㢴呋勇餘猫碫籖㢴㔔姼㖈餘ꆀ䱽ⵖ副Ⱘ剣匧㣐涸䮋䧶կ㼆千熧ꃀ腂⽀⡤涸ⴔ㶩ꆀ⿺勇餘
鵳遤ⴔ區僽㻑呍薗ꃑ蚋暟暟俱餘䱽涸ꅾ銳ⰻ㺂կ劥俒䎾欽〵䒭MALDI-TOF餘靶⟉MALDI-8030㼆16猫䌢欽涸
千熧ꃀ腂⽀⡤涸ⴔ㶩ꆀ⿺勇餘鵳遤✫ⴔ區霪倰岁乼⡲皍⽀ծⴔ區鸟䏞䘯ծ絕卓湬錜〳⡲⚹千熧ꃀ腂⽀⡤
傈䌢䘯鸟餘䱽涸⿬罌կ 
 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ MALDI-8030 

1.2 ⴔ區勵⟝ 

靈 靕 垷 䒭 絁䚍姻猌㶩垷䒭 慨 ⯕ 腊 ꆀ 40 
慨 ⯕ 㐼 355 nm 㔿䙖慨⯕㐼 猌 㶩 ꡶ ꢖ ⧩ 500 
䪊 䲽 薴 㔵 m/z 500-5000 腡Ȿ䒸ⴀ餘ꆀ(Da)  1800 

1.3 呋ㅷ⵸㢅椚 

⢪欽歌ꃫ很鍒⟄副呋嵴ꂁⵖ⚹ 1 mg/mL 涸呋嵴䊨⡲巊կ》 0.5 μL NaTFA 很巊1 mg/mLծ0.5 μL

呋嵴䊨⡲巊ㄤ 1 µL 襡♲ꂛ㛇餘很巊10 mg/mL⣜妃挿ꬶ荈搬䎁醋た㼜ꬶ匣鷐Ⰶ餘靶ⴔ區կ㖈餘靶ꅷ

꧋鲱⟝副鷥䭊䖉ⴔ區涸呋嵴ꬶ挿〳㖈Ⳝⴔꛦⰻ㹊梡侨⼧⚡呋嵴涸䪠ꆀꅷ꧋կ剒䘯 5-10 猲ꛦ模䧭♧⚡呋嵴

涸餘靶㕃ꅷ꧋կ 
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邍 1. 千熧ꃀ腂⽀⡤⥌䜂 

䎸〿 ぜ獦 皍ⱗ CAS ⴔ㶩䒭 
ⴔ㶩ꆀ mono

Da 
1 DMT-dA(Bz)千熧ꃀ腂 DMT-dA 98796-53-3 C47H52N7O7P 857.37 

2 DMT-dC(bz)千熧ꃀ腂 DMT-dC 102212-98-6 C46H52N5O8P 833.36 
3 DMT-dG(ib)千熧ꃀ腂 DMT-dG 93183-15-4 C44H54N7O8P 839.38 
4 DMT-dT 千熧ꃀ腂 DMT-dT 98796-51-1 C40H49N4O8P 744.33 
5 DMT-2'-F-dA(Bz)千熧ꃀ腂 fdA 136834-22-5 C47H51FN7O7P 875.36 
6 DMT-2'-F-dC 千熧ꃀ腂 fdC 159414-99-0 C41H49FN5O8P 789.33 
7 DMT-2'-F-dG(iBu)千熧ꃀ腂 fdG 144089-97-4 C44H53FN7O8P 857.37 
8 DMT-2˛-F-dU 千熧ꃀ腂 fdU 146954-75-8 C39H46FN4O8P 748.30 
9 DMT-2'-O-TBDMS-A(Bz)千熧ꃀ腂 rA 104992-55-4 C53H66N7O8PSi 987.45 

10 DMT-2'-O-TBDMS-C(Ac)千熧ꃀ腂 rC 121058-88-6 C47H64N5O9PSi 901.42 
11 DMT-2'-O-TBDMS-G(iBu)千熧ꃀ rG 147201-04-5 C50H68N7O9PSi 969.46 
12 DMT-2'-O-TBDMS-U 千熧ꃀ腂 rU 118362-03-1 C45H61N4O9PSi 860.39 
13 DMT-2'-OMe-Bz-A 千熧ꃀ腂 OMe-A 110782-31-5 C48H54N7O8P 887.38 
14 DMT-2'-OMe-C(Ac)千熧ꃀ腂 OMe-C 199593-09-4 C42H52N5O9P 801.35 
15 DMT-2'-OMe-G(ibu)千熧ꃀ腂 OMe-G 150780-67-9 C45H56N7O9P 869.39 
16 DMT-2'-OMe-U 千熧ꃀ腂 OMe-U 110764-79-9 C40H49N4O9P 760.32 

 

2絕卓♸雭雿 

16 猫千熧ꃀ腂⽀⡤呏研⥝껑碫㘗涸♶ずⴔ⚹ 4 絆餘靶㕃錛㕃 1-㕃 4կ㕃 1-㕃 2 ⚹欽✵ざ䧭 DNA 涸 8
猫䌢錛千熧ꃀ腂⽀⡤㕃 3-㕃 4 ⚹欽✵ざ䧭 RNA 涸 8 猫䌢錛千熧ꃀ腂⽀⡤կꤑ fdUծDMT-dTծrUծOME-
U 㢪Ⱖ➭ 12 猫千熧ꃀ腂⽀⡤㖲唬崵ⵌ呋嵴涸⸈孲油ծ⸈ꛧ油ㄤ⸈꜅油瘝♲猫猌㶩⸈ざ䕎䒭㹊崵ⴔ㶩ꆀ
♸椚雿ⴔ㶩ꆀ♧荝⟄⸈ꛧ油⚹⢾崵霚霴䊵㖈 0.2 Da ⟄ⰻկfdUծDMT-dTծrUծOME-U 瘝 4 猫千熧ꃀ腂
⽀⡤唬崵ⵌ涸猌㶩⸈ざ油⚹⸈ꛧ油ծ⸈꜅油⚙猫劢唬崵ⵌ僈儑涸⸈孲油鵯〳腊♸⻊ざ暟涸䚍餘剣Ⱒկ 

ぐ呋嵴餘靶㕃务⚺銳涸⥌〿油⚹千熧ꃀ腂⽀⡤涸⸈ざ油告ꤑ姼⛓㢪嫦⼝千熧ꃀ腂⽀⡤㖲唬崵ⵌ㼱ꆀ
勇餘勇餘ゎꆀ♶瘝呋嵴千熧ꃀ腂⽀⡤ㄤ鿈ⴔ勇餘涸崵霚ⴔ㶩ꆀ⥌䜂錛邍 2կ 

邍 2. 16 猫千熧ꃀ腂⽀⡤崵霚絕卓絡雦 

䎸〿 皍ⱗ ⴔ㶩䒭 
[M+Na]+ 

椚雿 
[M+Na]+

㹊崵
勇餘m/z 

1 DMT-dA C47H52N7O7P 880.36 880.29 619.13ծ797.18ծ835.19ծ902.45 瘝 

2 DMT-dC C46H52N5O8P 856.35 856.23 878.36ծ811.10ծ616.13ծ641.21 瘝 
3 DMT-dG C44H54N7O8P 862.37 862.25 884.33ծ780.33ծ801.99ծ901.64 瘝 
4 DMT-dT C40H49N4O8P 767.32 767.26 684.18ծ692.29ծ722.28ծ805.40 瘝 
5 fdA C47H51FN7O7P 898.35 898.25 920.42ծ892.19ծ853.23ծ637.59 瘝 
6 fdC C41H49FN5O8P 812.32 812.21 914.43ծ729.06ծ967.52ծ612.12 瘝 
7 fdG C44H53FN7O8P 880.36 880.28 902.37ծ797.10ծ819.19ծ918.37 瘝 
8 fdU C39H46FN4O8P 771.29 771.17 793.23ծ929.19ծ809.23ծ687.95 瘝 
9 rA C53H66N7O8P 1010.44 1010.38 927.28ծ749.36ծ965.35ծ1032.77 瘝 

10 rC C47H64N5O9P 924.41 924.37 749.30ծ841.31ծ946.72ծ879.31 瘝 
11 rG C50H68N7O9P 992.45 992.42 1014.53ծ1030.52ծ906.42ծ1147.72 瘝 
12 rU C45H61N4O9P 883.38 883.32 838.28ծ905.51ծ749.30ծ921.55 瘝 
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13 OMe-A C48H54N7O8P 910.37 910.22 888.18ծ932.39ծ649.12ծ865.10 瘝 
14 OMe-C C42H52N5O9P 824.34 824.34 649.24ծ741.26ծ779.22ծ846.46 瘝 
15 OMe-G C45H56N7O9P 892.38 892.42 809.26ծ930.41ծ994.48ծ692.20 瘝 
16 OMe-U C40H49N4O9P 783.31 783.26 700.11ծ821.34ծ738.23ծ692.14 瘝 

㢊岤⟄副ⴔ㶩ꆀ⚹⽀ず⡙稇ⴔ㶩ꆀ 

 

 
㕃 1. DMT-dAծDMT-dCծDMT-dGծDMT-dT 涸餘靶㕃 

 
㕃 2. fdAծfdCծfdGծfdU 涸餘靶㕃 
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㕃 3.rAծrCծrGծrU 涸餘靶㕃

 
㕃 4. MOE-AծMOE-CծMOE-GծMOE-U 涸餘靶㕃 

 

3絕雿 
 劥俒䎾欽〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8030 㼆 16 猫䋑㈒千熧ꃀ腂⽀⡤鵳遤ⴔ㶩ꆀ

⿺勇餘唬崵ⴔ區鸟䏞䘯㕃靶皍⽀湬錜鸑鵂餘靶㕃务⥌〿油涸㣐㼭♸ⴔ䋒〳䘯鸟烁雩千熧ꃀ腂⽀⡤涸礵
烁ⴔ㶩ꆀ♸勇餘絆䧭䞔ⲃ⚹㻑呍薗ꃑ⻊㷖ざ䧭暟俱餘䱽䲿⣘湬䱹⣜研կ 
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㻑呍薗ꃑ䒸暟䱲ꛏ涸ざ䧭餘䱽 

䶰 銳劥俒䎾欽㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉MALDI-8030涸餏猌㶩垷䒭㼆ざ䧭涸㻑呍薗ꃑ䒸暟确
ꛏ鵳遤ⴔ區կ㖈餏猌㶩垷䒭♴♲⼝㻑呍薗ꃑ呋嵴㖲䧭⸆唬崵ⵌ呋嵴涸⽀歏蚚猌㶩油[M-H]-⿺⿽歏蚚猌㶩油
[M-2H]2-唬崵絕卓♸椚雿⧩湱痗կ劥䎾欽呩⢾邍僈㻑呍薗ꃑ碫呋嵴㖈MALDI-8030餏猌㶩垷䒭♴靶㕃皍⽀僒
✵鍒區MALDI-8030僽㻑呍薗ꃑ碫呋嵴ⴔ㶩ꆀ唬崵ㄤざ䧭餘ꆀ䱽ⵖ涸剣⸂䊨Ⱘկ 
 

Ⱒꝶ霒㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 㻑呍薗ꃑ䒸暟确ꛏ ⴔ㶩ꆀ唬崵  
 

䪮助暵挿 
 㻑呍薗ꃑ碫呋嵴ⴔ㶩ꆀ涸䘯鸟唬崵կ  
 呍ꃑ碫呋嵴㖈餏猌㶩垷䒭♴靶㕃刿皍⽀僒✵鍒區կ 

 
㻑呍薗ꃑ(Oligonucleotide)♧菚僽䭷呍薗ꃑ婎㛇⟄熧ꃑ✳ꂾꝶ鵶䱹罜䧭涸瀊Ꝇ絁䚍呍薗ꃑ晙媯կ㻑呍

薗ꃑ〳歋➃⚹霃雦ծ⟉㐼荈⸓ざ䧭⚹ DNA ざ䧭欽䒸暟ծ㛇㔔确ꛏ瘝欽✵ PCR 的㟞㹊낉ծ㛇㔔蓿晙ծ歏岷ծ
蚃⯕⾲⡙勇❜瘝鵂玐㖈梡去ⴔ㶩欰暟㷖灇瑕务Ⱘ剣䎛岌涸欽鸀կ搬罜ⴔ㶩欰暟㷖㹊낉务絑䌢⠔㔔⚹䒸暟
䧴罏确ꛏざ䧭꡼곿㼋荝❡暟的㟞♶椚䟝䧴蚃⯕⥌〿⡛涸꡼곿㔔姼㻑呍薗ꃑ涸餘ꆀ䱽ⵖㄤ霉⟟䖎剣䗳銳կ 

㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉(MALDI-TOF) ⡲⚹鲱歏猌垷䒭涸餘靶⟉䨾❡欰涸餘靶㕃㢴⚹
⽀歏蚚猌㶩鷓ざ鵳遤跗涯㢴胂ծ呍ꃑ碫欰暟呋劥涸ⴔ區կMALDI-8030僽䀙峸MALDI㹻偛剒倝㘗〿〵䒭劼
㟞⸈餏猌㶩唬崵垷㗌㖈餏猌㶩垷䒭♴歋✵♶⠔唬ⴀ渮碫⸈ざ暟㔔姼靶㕃刿皍⽀⚂僒✵鍒靀կ 

劥俒㾝爙✫ⵄ欽MALDI-8030涸餏猌㶩垷䒭勻唬崵㻑呍薗ꃑ䒸暟确ꛏ涸倰岁䧭⸆唬崵ⵌ♲⼝㻑呍薗ꃑ
呋嵴涸⽀歏蚚猌㶩油⿺⿽歏蚚猌㶩油կ呋嵴偽꨽⵸㢅椚湬䱹副劼ⴔ區鵂玐Ⱘ剣ⴔ區鸟䏞䘯ծⴔ區䧭劥⡛涸
暵挿կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ MALDI-8030 

1.2 霚⵫♸呋ㅷ 
㛇餘3-繿㛇-2-ぼ㊋歌ꃑ3-HPA㛇餘կ 
呋嵴ざ䧭涸㻑呍薗ꃑ䒸暟确ꛏ呋嵴♲⼝⥌䜂㥵邍 1կ 

 
邍 1.呋嵴⥌䜂邍 

No. 呋嵴ぜ獦 椚雿ⴔ㶩ꆀDa 
1 㻑呍薗ꃑ䒸暟确ꛏ 6066.9 
2 㻑呍薗ꃑ䒸暟确ꛏ 5572 
3 㻑呍薗ꃑ䒸暟确ꛏ 14839 
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1.3 ⴔ區勵⟝ 
靈 靕 垷 䒭 絁䚍餏猌㶩垷䒭 慨 ⯕ 腊 ꆀ 50 
慨 ⯕ 㐼 355 nm 㔿䙖慨⯕㐼 猌 㶩 ꡶ ꢖ ⧩ 1000 
䪊 䲽 薴 㔵 m/z 1000-10000 腡Ȿ䒸ⴀ餘ꆀ(Da)  4000 

 

2. 呋ㅷ⵸㢅椚 
㼜㻑呍薗ꃑ呋嵴磋劣欽宐ꂁⵖ䧭 5 μM 涸呋嵴很巊⡲⚹呋嵴䊨⡲巊կ欽⛩臟宐很巊ACN/water

70/30ꂁⵖ 5 mg/mL 㛇餘鳇⸔ꜽ渮很巊կ欽副鶣㛇餘鳇⸔ꜽ渮很巊㼜 3-HPA 㛇餘 3-繿㛇-2-ぼ㊋歌ꃑ
ꂁⵖ䧭 40 mg/mL 涸㛇餘很巊կ㼜副鶣 1 μL 呋嵴䊨⡲巊挿ⵌꬶ匣副կ䖉荈搬䎁醋たⱄ銻渷 1 μL 㛇餘很巊կ
䖉荈搬䎁醋た㼜ꬶ匣鷐Ⰶ餘靶ⴔ區կ 
 

3絕卓♸雭雿 
⟄ 3-繿㛇-2-ぼ㊋歌ꃑ3-HPA 㛇餘⚹㛇餘㖈餏猌㶩垷䒭♴鵳遤㻑呍薗ꃑ䒸暟确ꛏ呋嵴涸餘靶侨研

ꅷ꧋կ♲⚡呋嵴餘靶ⴔ區絕卓㥵♴կ 
1 〿呋嵴唬崵絕卓㥵㕃 1 䨾爙㖈 m/z 1000-10000 薴㔵ⰻ唬崵ⵌ 2 ⚡猌㶩油 m/z 6065 ㄤ m/z 3032

呏研ⴔ㶩ꆀ䲀崵ⴔⵆ㼆䎾霪呋嵴涸⽀歏蚚猌㶩油[M-H]-⿺⿽歏蚚猌㶩油[M-2H]2-կ餘靶唬崵絕卓♸椚雿⧩
湱痗կ 

 
㕃 1. 1 〿呋嵴餘靶㕃m/z 1000-10000) 

2 〿呋嵴唬崵絕卓㥵㕃 2 䨾爙㖈 m/z 2000-10000 薴㔵ⰻ唬崵ⵌ 2 ⚡猌㶩油 m/z 5572 ㄤ m/z 2784
呏研ⴔ㶩ꆀ䲀崵ⴔⵆ㼆䎾霪呋嵴涸⽀歏蚚猌㶩油[M-H]-⿺⿽歏蚚猌㶩油[M-2H]2-կ餘靶唬崵絕卓♸椚雿⧩
湱痗կ 

 
㕃 2. 2 〿呋嵴餘靶㕃m/z 2000-10000) 
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3 〿呋嵴唬崵絕卓㥵㕃 3 䨾爙㖈 m/z 5000-20000 薴㔵ⰻ唬崵ⵌ 2 ⚡猌㶩油 m/z 14836 ㄤ m/z 7418
呏研ⴔ㶩ꆀ䲀崵ⴔⵆ㼆䎾霪呋嵴涸⽀歏蚚猌㶩油[M-H]-⿺⿽歏蚚猌㶩油[M-2H]2-կ餘靶唬崵絕卓♸椚雿⧩
湱痗կ 

 
㕃 3. 3 〿呋嵴餘靶㕃m/z 5000-20000) 

   

4絕雿 
劥俒䎾欽䀙峸 MALDI-8030 㼆ざ䧭涸㻑呍薗ꃑ䒸暟确ꛏ鵳遤唬崵蜦䖤✫♲⼝㻑呍薗ꃑ呋嵴㖈餏猌㶩垷

䒭♴涸ⴔ㶩ꆀ⥌䜂կ♸姻猌㶩垷䒭湱嫱餏猌㶩垷䒭♴♶❡欰渮碫⸈ざ暟靶㕃刿皍⽀ծ刿僒鍒區կ霪倰岁
Ⱘ剣⵸㢅椚皍⤑ծⴔ區鸟䏞䘯ծ䧭劥⡛涸暵挿⚹㻑呍薗ꃑ碫呋嵴⺫䭍 DNA/RNA ⡛翸⡤ծ䒸暟/确ꛏㄤ㻑
呍薗ꃑ碫蚋暟瘝湱Ⱒ唬崵䲿⣘倰岁⿬罌կ 
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㻑呍薗ꃑ蚋暟涸ⴔ㶩ꆀ⿺勇餘䘯鸟唬崵 

䶰 銳MALDI-TOF 餘靶䪮助Ⱘ剣⵸㢅椚皍⽀ծⴔ區鸟䏞䘯ծⴔ區餘ꆀ薴㔵㺈ծ㕃靶皍⽀僒鍒區瘝⠏挿劥
俒➝絏✫䎾欽䀙峸〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8020 䘯鸟唬崵㻑呍薗ꃑ蚋暟涸ⴔ㶩ꆀ
⿺勇餘涸呩⢾霪倰岁ꤑ湬䱹崵㹁呋嵴礵烁ⴔ㶩ꆀ㢪鵮〳㼆〳腊ゎ剣涸勇餘䞔ⲃ鵳遤港崵կ 
Ⱒꝶ霒MALDI-TOF  㻑呍薗ꃑ  ⴔ㶩ꆀ  勇餘 

 

䪮助暵挿 
 ⴔ區鸟䏞䘯〳⟄鵳遤넞鸑ꆀ唬崵կ  
 ⵸㢅椚皍⽀〳湬䱹崵㹁呋嵴ⴔ㶩ꆀ䎇㼆勇餘ゎ剣䞔ⲃ鵳遤港崵կ 
 

MALDI-TOF餘靶䪮助㔔Ⱖ⵸㢅椚皍⽀ծⴔ區鸟䏞䘯ծ唬崵鸑ꆀ넞ծⴔ區餘ꆀ薴㔵㺈ծ䲿⣘涸ⴔ㶩ꆀⲥ烁ծ
㕃靶皍⽀僒鍒區瘝⠏挿鄄䎛岌欽✵跗涯餘ծ㢴胂ծ呍ꃑծ翸ざ暟瘝呋嵴涸ⴔ㶩ꆀ唬崵䊨⡲կ⠛絡涸MALDI-
TOF餘靶⟉⡤獤鳅㣐ծ⟟呔傱餥ꣳⵖ✫霪碫霃㢊涸兜⿺կ䀙峸〵䒭MALDI-TOF餘靶⟉MALDI-8020⡤獤㼭
䊫㖈絁䚍姻猌㶩垷䒭♴♸⠛絡涸MALDI-TOF餘靶⟉Ⱘ剣ず瘝䚍腊կ霪餘靶⟉ꂁ㢊✫200 Hz涸㔿䙖慨⯕㐼ㄤ
♧⚡䘯鸟鵳呋涸餏鲿ꝉ㹁㹔㹊梡✫呋嵴涸䘯鸟唬崵կ 

劥俒➝絏✫䎾欽MALDI-8020䘯鸟崵㹁㻑呍薗ꃑ蚋暟ⴔ㶩ꆀ⿺勇餘涸呩⢾կ》0.5 μL呋嵴很巊湬䱹挿㖈
MALDIꬶ匣副䎇㖈Ⱖ副銻渷㛇餘⢪欽MALDI-8020鵳遤唬崵剒䘯Ⳝ猲ꛦ⽰〳模䧭♧⼝呋嵴涸唬崵ⴔ區
ꤑ礵烁ⴔ㶩ꆀ㢪鵮〳蜦䖤ゎ剣涸勇餘湱Ⱒ⥌䜂絕卓湬䱹〳ꬑ〳⡲⚹㻑呍薗ꃑ蚋暟ざ䧭䘯鸟餘䱽涸⿬
罌կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ MALDI-8020 

1.2 ⴔ區勵⟝ 
靈 靕 垷 䒭 絁䚍姻猌㶩垷䒭 慨 ⯕ 腊 ꆀ 95 
慨 ⯕ 㐼 355 nm 㔿䙖慨⯕㐼 猌 㶩 ꡶ ꢖ ⧩ 1000 
䪊 䲽 薴 㔵 m/z 1000-10000 腡Ȿ䒸ⴀ餘ꆀ(Da)  8000 

1.3 呋ㅷ⵸㢅椚 
》呋嵴⸈宐獺ꅺ⚹100 μM⡲⚹呋嵴䊨⡲巊կエ》0.5 μL 3-HPA㛇餘很巊50 mg/mLծ0.5 μL呋嵴

䊨⡲巊⣜妃挿ꬶ荈搬䎁醋た㼜ꬶ匣鷐Ⰶ餘靶ⴔ區կ㖈餘靶ꅷ꧋鲱⟝副鷥䭊䖉ⴔ區涸呋嵴ꬶ挿〳 㖈Ⳝⴔꛦ
ⰻ㹊梡侨⼧⚡呋嵴涸䪠ꆀꅷ꧋կ 
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㕃 1 呋嵴ꬶ匣⿺⟉㐼呋嵴㹔 

2絕卓♸雭雿 
2.1 ⽀Ꝇ DNA 蚋暟ⴔ㶩ꆀ⿺勇餘唬崵 

䎾欽 MALDI-8020 㼆 4 ⼝♶ずꟋ䏞涸⽀Ꝇ DNA 蚋暟鵳遤ⴔ㶩ꆀ唬崵絕卓錛㕃 2呋嵴涸椚雿ⴔ㶩ꆀ
⿺㹊崵ⴔ㶩ꆀ錛邍 1կ4 ⼝呋嵴㖲唬崵ⵌ㻑呍薗ꃑ蚋暟涸䌄♧⚡姻歏蚚[M+H]+⿺䌄⚙⚡姻歏蚚[M+2H]2+涸猌
㶩䕎䒭Ⱖ务[M+H]+Ⱘ剣鳅넞⥌〿䔂䏞կ餘靶㕃⥌㐾嫱葻㥩㹊崵ⴔ㶩ꆀ♸椚雿⧩♧荝կ勇餘倰꬗4 ⼝呋
嵴㖲劢唬崵ⵌ僈儑勇餘կ 

邍 1. ⽀Ꝇ DNA 蚋暟ⴔ㶩ꆀ⿺勇餘䞔ⲃ唬崵絕卓 
呋嵴ꝆꟋ [M+H]+ave 椚雿⧩ [M+H]+ave 㹊崵⧩ 勇餘唬崵䞔ⲃ 

15nt 4553.05 4553.18 - 

16nt 4882.26 4881.84 - 

20nt 6118.06 6118.68 - 

25nt 7667.06 7666.23 - 

㢊岤-去邍劢唬崵ⵌ僈儑勇餘 
 

 
㕃 2. ⽀Ꝇ DNA 蚋暟涸餘靶㕃 
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2.2 ⽀Ꝇ RNA 蚋暟ⴔ㶩ꆀ⿺勇餘唬崵 
䎾欽 MALDI-8020 㼆 4 ⼝⽀Ꝇ RNA 蚋暟鵳遤ⴔ㶩ꆀ唬崵絕卓錛㕃 3呋嵴涸椚雿ⴔ㶩ꆀ⿺㹊崵ⴔ㶩

ꆀ錛邍 2կ4 ⼝呋嵴㖲唬崵ⵌ㻑呍薗ꃑ蚋暟涸䌄♧⚡姻歏蚚[M+H]+⿺䌄⚙⚡姻歏蚚[M+2H]2+涸猌㶩䕎䒭Ⱖ
务[M+H]+Ⱘ剣鳅넞⥌〿䔂䏞կ餘靶㕃⥌㐾嫱葻㥩㹊崵ⴔ㶩ꆀ♸椚雿⧩♧荝կ 

勇餘倰꬗呋嵴 S1 劢唬崵ⵌ僈儑勇餘⥌〿呋嵴 S2 唬崵ⵌ䗎烯 m/z 5159.67 ♸ m/z 5464.81 ⥌〿
呋嵴 S3 餘靶㕃副唬崵ⵌ m/z 3805.81ծm/z 4480.03ծm/z 4786.22ծm/z 5092.05 瘝㢴⚡餘靶油呋嵴 S4
唬崵ⵌ䗎烯 m/z 5678.67 ⥌〿կ 

邍 2. ⽀Ꝇ RNA 蚋暟ⴔ㶩ꆀ⿺勇餘䞔ⲃ唬崵絕卓 
ぜ獦 [M+H]+ave 椚雿⧩ [M+H]+ave 㹊崵⧩ 〳腊涸勇餘m/z 

S1 6299.00 6299.88 - 

S2 5771.39 5770.92 5159.67, 5464.81 

S3 6031.70 6031.60 3805.81ծ4480.03ծ4786.22ծ5092.054 

S4 6008.66 6007.63 5678.67 

㢊岤-去邍劢唬崵ⵌ僈儑勇餘 

 

 
㕃 3. ⽀Ꝇ RNA 蚋暟涸餘靶㕃 

 

3絕雿 
 劥俒䎾欽〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8020 㼆 4 ⼝♶ずꟋ䏞涸⽀Ꝇ DNA 蚋暟⿺ 4

⼝⽀Ꝇ RNA 蚋暟鵳遤ⴔ區〳⟄湬䱹崵㹁呋嵴涸礵烁ⴔ㶩ꆀ䎇㼆勇餘ゎ剣䞔ⲃ鵳遤港崵կ劥倰岁⵸㢅椚
皍⽀ⴔ區鸟䏞䘯〳⟄㖈Ⳝⴔꛦ傞ꢂⰻ模䧭侨⼧⚡呋嵴涸䪠ꆀ唬崵絕卓湬䱹ծⲥ烁ծ〳ꬑ〳⡲⚹㻑呍
薗ꃑ蚋暟ざ䧭䘯鸟餘䱽涸⿬罌կ 
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⿿⛐㻑呍薗ꃑ蚋暟涸䎸⴩崵㹁 

䶰 銳导⛐㻑呍薗ꃑ蚋暟ASO僽湡⵸灇瑕鳅㢴涸呍ꃑ碫蚋暟罜呍薗ꃑ䎸⴩烁雩僽 ASO 餘䱽务涸ꅾ銳
梠蒜կ劥俒➝絏✫䎾欽〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8020 䘯鸟崵㹁导⛐㻑呍薗ꃑ蚋暟涸
呍薗ꃑ䎸⴩涸呩⢾鸑鵂㼆 ISD彂ⰻ鄬鍒垷䒭❡欰涸烱晙猌㶩鵳遤ⴔ區㹊梡 ASO 呍薗ꃑ䎸⴩涸烁雩կ
霪倰岁乼⡲皍⤑㕃靶皍⽀僒鍒區կ 
Ⱒꝶ霒MALDI-TOF  导⛐㻑呍薗ꃑ  彂ⰻ鄬鍒  䎸⴩鍒區 

䪮助暵挿 
 姻猌㶩垷䒭ⴔ區导⛐㻑呍薗ꃑ蚋暟䎸⴩կ  
 ⵸㢅椚皍⽀㕃靶僒✵鍒區կ 
 

呍ꃑ蚋暟毫岁⡲⚹♧猫倝涸屛毫垷䒭鵛䎃勻䒸饰✫➃⼜涸䎛岌Ⱒ岤կ♸⠛絡欰暟ⵖ蚋♶ず呍ꃑ蚋
暟〳⟄鸑鵂Ⱘ剣넞䚍⟟嫱涸⻊㷖ざ䧭勻欰❡կ㻑呍薗ꃑ蚋暟鸑䌢䭷歋➃䊨ざ䧭涸Ɤ䏞50⚡⟄ⰻ呍薗ꃑ絆䧭
涸♧碫蚋暟կ霿銯齡欰ꛧ岤㼘巊僽Ⰼ椕껷⚡欽✵屛毫縁錛氻腤넏䚍聝蟥綫氿涸礵ⲥꬶぢ屛毫蚋暟կ 

㛇餘鳇⸔慨⯕鍒エ歏猌MALDI〳⟄厫ㄤ㖑歏猌㻑呍薗ꃑ呋嵴罜♶䒸饰♶꨽銳涸烱鄬կ鸑鵂⢪欽♧
猫暵㹁涸MALDI㛇餘㟞⸈慨⯕撑㼘腊ꆀ㽠剣〳腊ず傞䒸饰呋嵴歏猌ㄤ❡欰烱晙猌㶩կ彂ⰻ鄬鍒ISD
❡欰涸烱晙猌㶩〳欽✵絕匬ⴔ區կ呍ꃑ涸MALDI-ISD烱鄬〳⟄䲿⣘鸑鵂皍⽀涸鄬鍒䲿⣘鵶絯涸烱晙猌㶩
㔔姼㼆㻑呍薗ꃑ蚋暟涸崵䎸ꬋ䌢剣欽կ 

劥俒㾝爙✫䎾欽〵䒭⿽匧䚍㛇餘鳇⸔慨⯕鍒エ굷遤傞ꢂ餘靶⟉MALDI-8020䘯鸟崵㹁霿銯齡欰ꛧ⟬ⵖ蚋
呍薗ꃑ䎸⴩涸呩⢾կ劥倰岁㛇✵MALDI-TOF MS彂ⰻ鄬鍒ISD涸烱鄬倰䒭鸑鵂皍⽀䲿넞慨⯕撑㼘腊ꆀ
⽰〳㹊梡㻑呍薗ꃑ涸彂ⰻ鄬鍒䎇⧫ぢ欰䧭a猌㶩♸w猌㶩կ♸CID焥中霶㼋鍒猌湱嫱MALDI-ISD❡欰
涸㕃靶刿⸈皍⽀刿僒✵鍒區կ 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ MALDI-8030 

 
㕃 1. 呍ꃑ欽蓿晙ꬶ匣⿺ MALDI-8020 
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1.2 ⴔ區勵⟝ 
靈 靕 垷 䒭 絁䚍姻猌㶩垷䒭 慨 ⯕ 腊 ꆀ 110-150 
慨 ⯕ 㐼 355 nm 㔿䙖慨⯕㐼 猌 㶩 ꡶ ꢖ ⧩ 500 
䪊 䲽 薴 㔵 m/z 500-10000 腡Ȿ䒸ⴀ餘ꆀ(Da)  10000 

1.3 呋ㅷ⵸㢅椚 
》导⛐㻑呍薗ꃑ蚋暟ASO呋嵴⸈宐獺ꅺ⚹150 μM⡲⚹呋嵴䊨⡲巊կ》0.5 μL 呋嵴䊨⡲巊挿呋ⵌ溶곫

⯓嶃侴3-HPA㛇餘涸蓿晙ꬶ匣㕃1餝荈⻌❩嫏倝⽇⴯欰暟猰䪮剣ꣳⰖ尽荈搬䎁醋た㼜ꬶ匣鷐Ⰶ餘靶ⴔ
區կ 

2絕卓♸雭雿 
⢪欽 MALDI-8020 㖈姻猌㶩垷䒭♴㼆 ASO 蚋暟鵳遤ⴔ區⟄ 3-HPA ⚹㛇餘慨⯕腊ꆀ 110 傞ASO 呋

嵴唬崵ⵌ䌄♧⚡姻歏蚚[M+H]+⿺䌄⚙⚡姻歏蚚[M+2H]2+涸⻊ざ暟猌㶩餘靶㕃⥌㐾嫱葻㥩㹊崵ⴔ㶩ꆀ♸椚
雿⧩♧荝㕃 2կ 

 
㕃 2. 㻑呍薗ꃑ ASO 涸♧紩餘靶㕃慨⯕腊ꆀ 110 

㻑呍薗ꃑ絑彂ⰻ鄬鍒た⧫ぢ❡欰 a 猌㶩♸ w 猌㶩鄬鍒垷䒭錛㕃 3կ鸑鵂䲿넞餘靶ꅷ꧋涸慨⯕腊ꆀ
ⵌ 150㹊梡㻑呍薗ꃑ蚋暟涸彂ⰻ鄬鍒ISD絕卓錛㕃 4կ餘靶㕃副錜崵ⵌ錞䖒䚍ⴔ䋒涸 a 禹⴩猌㶩♸ w
禹⴩猌㶩ꤑ 5’-劣畮涸 a1ծa17 ♸ 3’-劣畮涸 w1 瘝♸㛇餘䎁䪓⥌〿ꅾ〜涸猌㶩㢪唬崵ⵌⰦ➭Ⰼ鿈 a 猌㶩
♸ w 猌㶩䎇♸㻑呍薗ꃑ涸椚雿䎸⴩ 5’-MeUMeCAMeCMeUMeUMeUMeCAMeUAAMeUGMeCMeUGG-3’姻烁⼐ꂁկ⟄副
絕卓邍僈⢪欽 MALDI-8020 涸姻猌㶩垷䒭〳鲽匠㹊梡ざ䧭㻑呍薗ꃑ涸ⴔ㶩ꆀ烁雩䎇〳鸑鵂 ISD 烱晙 a
猌㶩♸ w 猌㶩涸⼐ꂁ䘯鸟烁雩呍薗ꃑ䎸⴩կ 
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㕃 3. 㻑呍薗ꃑ ISD 鄬鍒垷䒭 

 
㕃 4. 㻑呍薗ꃑ ASO 涸 ISD 餘靶㕃慨⯕腊ꆀ 150⿺ a 猌㶩ծw 猌㶩涸䔱㾩岤ASO 䎸⴩务 Me 去邍歌㛇⻊⥝껑 

 

3絕雿 
 劥俒䎾欽〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶MALDI-8020㖈姻猌㶩垷䒭♴ⴔ區导⛐㻑呍薗ꃑ

ASO蚋暟〳鲽匠崵㹁ASO涸ⴔ㶩ꆀկ㖈彂ⰻ鄬鍒垷䒭♴鸑鵂餘靶㕃务a猌㶩ծw猌㶩♸呍薗ꃑ䎸⴩涸⼐
ꂁ〳⟄㹊梡导⛐㻑呍薗ꃑASO䎸⴩涸䘯鸟烁雩կ劥倰岁⵸㢅椚皍⽀㕃靶皍⽀僒鍒區〳⡲⚹ざ䧭㻑呍薗
ꃑ蚋暟餘ꆀ䱽ⵖ务䎸⴩ⴔ區涸⿬罌կ 
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2.3 䗎欰暟ꊹ㹁 
䗎欰暟䭷涸僽⚡⡤ꦼ⟄鸑鵂聘滚湬䱹錜㻋涸䨾剣䗎㼭欰暟涸絡獦巑渷絈蝒ծ溫蝒ծ氻嫫ծ㼱侨豄碫瘝կ

⠛絡涸䗎欰暟ꊹ㹁倰岁⺫ゎ鸑鵂儑䗎Ꞥ湬䱹錜㻋ծ㖈鷥䭊㛆Ⱞ㛇ㄤꊹⵆ㛆Ⱞ㛇务㛆Ⱞ錜㻋ծ鵳遤欰⻊导䎾

ꊹⵆծꅷ欽⯝氋㷖倰岁ꊹⵆ⟄⿺鵘欽ⴔ㶩欰暟㷖倰岁ꊹⵆ㥵 PCR 岁䧴㛇㔔崵䎸岁կ搬罜⠛絡倰岁㶸

㖈署傞Ɤծ䧭劥넞ծ鸑ꆀ⡛瘝꡼곿鵯㖈♧㹁玐䏞副䕧ㆇ✫氻⾲䗎欰暟ꊹ㹁涸鸟䏞㖈♧㹁玐䏞副䕧ㆇ✫氬

氻涸곫꣈䱽ⵖկ 

20 ⚆紬 80 䎃去劣荛 90 䎃去ⴲMALDI-TOF ㄤ ESI 鵯⚙猫鲱歏猌䪮助涸꡼⚆⢪䖤餘靶腊㢿㹊梡㼆欰

暟㣐ⴔ㶩涸䘯鸟ⴔ區կ2001 䎃繠㕂 University of Maryland 涸⚙⡙㷖罏 Ryzhov ㄤ Fenselau ⦶⸔餘靶㼆

䗎欰暟絈脅ⰻ⚪㺢涸呍祪⡤跗涯餘ⴔ㶩䭷紻鵳遤ⴔ區䲿ⴀ✫ⵄ欽 MALDI-TOF ꊹ㹁氻⾲䗎欰暟涸〳腊䚍կ 

 

MALDI-TOF 䗎欰暟ꊹ㹁禹絡䊨⡲崨玐 

MALDI-TOF 鵳遤䗎欰暟ꊹ㹁Ⱘ剣䘯鸟ծⲥ烁ծ넞鸑ꆀծ䧭劥⡛瘝暵挿կ㖈⢪欽 MALDI-TOF 鵳遤䗎欰暟

ꊹ㹁傞Ⱙ㘗涸餘ꆀ薴㔵⚹ m/z 2000-20000 Da䨾唬崵ⵌ涸湡叻⥌〿⚺銳⚹呍祪⡤跗涯ㄤ♧❈骆㹻跗涯

姼㢪鵮剣ꃍծ腒碫瘝涸⥌〿կ鸑䌢腊㢿ꊹ㹁ⵌ猫涸宐䎂㛇✵暵婋涸欰暟⥌䜂㷖ⴔ區鲱⟝欨荛腊㢿ꊹ㹁

ⵌ千猫䧴吳涸宐䎂կMALDI-8020/8030 ⡲⚹䀙峸剒倝涸〵䒭굷遤傞ꢂ餘靶䚍腊⼾馊⼧ⴔ鷓ざ欽✵䗎欰

暟蝒猫涸䘯鸟ꊹ㹁կ 

 

䗎欰暟ꊹ㹁絕卓歲꬗ 
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暋㥗⚥䗎欰暟涸䘯鸟ꊹ㹁 

䶰 銳㖈䗎欰暟ꊹ㹁곭㚖♸⠛絡涸䎂匣雦侨岁ծ欰⻊导䎾岁湱嫱㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶
(MALDI-TOF)岁Ⱘ剣䘯鸟ծⲥ烁ծ⢪欽䧭劥⡛ծ乼⡲皍⤑瘝暵挿կ劥俒⢪欽䀙峸 MALDI-8020 絕ざ嫏倝⽇⴯
䗎欰暟侨研䎽㼆暋㥗务䗎欰暟鵳遤✫䘯鸟ꊹ㹁唬崵ⵌ涸䗎欰暟⚺銳⺫䭍♶⸓勍蝒ծ✌ꃑ蝒⿺㣐肃蝒纈
瘝կ 

Ⱒꝶ霒㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8020 暋㥗务䗎欰暟 䗎欰暟ꊹ㹁 

 

⴮䮥ⴀ涸暋㥗务ゎ剣涸䗎欰暟鳅㼱告⪰㶸勵⟝ծ鵘鳕鵂玐⿺盗椚♶䔲瘝〳腊⠔䒸饰䗎欰暟寓群կ㥵鵘

鳕鵂玐务尵剣唾庛䲃倶⢪庛䏞鵂넞ծ⪰㶸㺂㐼♶⽡欰ծⶢ捘꩎虹瘝鿪〳腊⸈鸟䗎欰暟涸籖婤➢罜㼋荝暋

㥗」餘կ 

暋㥗⠔鵳Ⰶ⼪㹻♰䨪涸귬呱㼆暋㥗务涸䗎欰暟唬崵ꬋ䌢剣䗳銳կ⠛絡涸暋㥗䗎欰暟唬崵岁剣䎂匣雦侨

岁ծ欰⻊导䎾岁ծPCR 岁ծDNA 确ꛏ䪮助瘝կ⠛絡倰岁署傞鳅Ɤ霚⵫署勞䧭劥鳅넞կ㛇餘鳇⸔慨⯕鍒エ

歏猌굷遤傞ꢂ餘靶(MALDI-TOF)⡲⚹鵛䎃Ⱓ饰涸䗎欰暟ꊹ㹁䪮助ꊹ㹁鵂玐署傞〫꨽侨ⴔꛦծ傈䌢⢪欽䧭劥

⡛䐢溶㖈⚰䎯⿺猰灇务䖤ⵌ䎛岌䎾欽կ 

劥俒ⵄ欽䀙峸〵䒭굷遤傞ꢂ餘靶 MALDI-8020絕ざ嫏倝⽇⴯䗎欰暟侨研䎽㼆暋㥗务䗎欰暟鵳遤䘯鸟

ꊹ㹁կ絑鵂♸侨研䎽务涸叻ⲥ靶㕃㼆嫱䧭⸆ꊹ㹁♶⸓勍蝒ծ✌ꃑ蝒⿺㣐肃蝒纈瘝⚺銳⚹剣渤䗎欰暟絕

卓♸곫劍湱痗կ 

1㹊낉鿈ⴔ 
1.1 ⟉㐼⿺侨䰘䎽 

餘靶⟉䀙峸㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉MALDI-8020 
侨研䎽嫏倝⽇⴯䗎欰暟ꊹ㹁䎂〵BE3.1.6.1 

1.2 霚⵫♸呋ㅷ 
呋嵴劥妃㹊낉Ⱏ崵霚暋㥗呋嵴㛆Ⱞ䖤ⵌ涸 16 ⚡䗎欰暟㖲ꅷ欽㔿⡤㛆Ⱞ㛇㛆Ⱞկ 

㛇餘α-宊㛇-4-繿㛇聘聚ꃑCHCA5 mg/mLկ 

 
㕃 1. 暋㥗务䗎欰暟ꊹ㹁崨玐㕃   
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1.3 呋ㅷ⵸㢅椚 
㣐肃勍蝒叻ⲥ蝒吳 ATCC 8099 ⿺ 16 ⚡呋嵴㖲ꅷ欽⛩ꃫ歌ꃑ䲿》岁⵸㢅椚կ 

1.3.1 ⛩ꃫ歌ꃑ䲿》岁 

 
㕃 2. ⛩ꃫ歌ꃑ䲿》岁崨玐㕃 

 

1.4 ⴔ區勵⟝ 
靈靕垷䒭 Linear Positive 慨⯕㐼 355nm 㔿⡤慨⯕㐼 
䪊䲽薴㔵 m/z 2000-20000 慨⯕곸桧 50 Hz 
腡Ȿ䒸ⴀ餘ꆀ 8330 Da 慨⯕腊ꆀ 70-80 

2絕卓♸雭雿 
㼜呋嵴⵸㢅椚た鵳遤餘靶ⴔ區⢪欽 MALDI-8020 ꅷ꧋餘靶㕃㼜侨研㼋Ⰶ䗎欰暟侨研䎽ꊹ㹁կ 

叻ⲥ蝒吳ATCC 8099⿺鿈ⴔ崵霚呋嵴⢪欽MALDI-8020ꅷ꧋涸餘靶㕃㥵♴䨾爙㕃3-6կ 

 

㕃3. ATCC 8099叻ⲥ蝒吳涸餘靶㕃 

1.75%⛩ꃫꂁⵖ
》300 μL紱宐900 μL⛩ꃫ
蒀靶紱紩⟄副ꂁⵖ䧭

75%⛩ꃫ

2.䮋》蝒衅
⢪欽䱹猫梠䧴唼皊䮋》4-5

⚡㛆Ⱞ㛇副涸蝒衅ⵌ75%⛩ꃫ
务⯎ⴔ꩎虹幊⺣

3.猌䗱ծ⿡♳幡
12000 r/min猌䗱2 min

⢪欽獴巊㐼⿡ꤑ副幡

4.⸈70%歌ꃑㄤ⛩臟
⸈Ⰶ70%歌ꃑㄤ100%⛩臟

ぐ50 μL⯎ⴔ꩎虹幊⺣

5. 猌䗱ծ挿♳幡
12000 r/min猌䗱2 min
⢪欽獴巊㐼エ》副幡1 μL

挿呋荈搬典䎁

6.挿㛇餘巊
エ》1 μLꂁⵖ㥩涸5 mg/mL 

CHCA㛇餘巊挿ⵌꬶ㶰副
荈搬典䎁
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㕃4. 呋嵴1涸餘靶㕃 

 

㕃5. 呋嵴2涸餘靶㕃 
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㕃6. 呋嵴3涸餘靶㕃 

 

㕃7. 侨研䎽唬程絕卓歲꬗ 

餘靶侨研絑鲱⟝㢅椚た㼋Ⰶ侨研䎽唬程㕃7կ侨研䎽ꊹ㹁絕卓縨⥌䏞ꢖ⧩⚹25넞✵25⽰⚹꣉䚍

絕卓կ絑ꊹ㹁16⚡呋嵴㖲⚹꣉䚍絕卓霫絈ꊹ㹁絕卓錛邍1կ 

暋㥗务涸䗎欰暟⚺銳ⴔ⚹氻⾲䗎欰暟ծ剣㹲䗎欰暟ㄤ剣渤䗎欰暟կ氻⾲䗎欰暟㥵尪꡶孒蝒ծ䋒孒勍蝒ծ

ꢼ䃶勍蝒瘝♶⠔䕧ㆇ暋㥗嵴餘告僽⠔䒸饰➃⡤氬氻կ剣㹲䗎欰暟㥵⧺⽀脅蝒♶⠔䒸饰➃⡤氬氻⽲⠔䒸

饰暋㥗」餘涸臱餕蝒կ剣渤䗎欰暟僽䭷腊㼆肃麤去靧饰剣佪靈蒜⡲欽涸蝒纈㥵✌ꃑ蝒ծꝆ椕蝒ծ✌勍蝒ծ

㣐肃蝒纈瘝կ劥妃㹊낉暋㥗务唬崵ⵌ涸䗎欰暟⚺銳⚹♶⸓勍蝒ծ✌ꃑ蝒⿺㣐肃蝒纈瘝剣渤䗎欰暟⟄⿺〳腊

䒸饰暋㥗」餘涸⧺⽀脅蝒劢唬崵ⵌ䔂荝氻䚍涸尪꡶孒蝒ծ䋒孒勍蝒瘝氻⾲䗎欰暟կ 
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邍 1 暋㥗务䗎欰暟ꊹ㹁絕卓 

蝒吳綘〿 
ꊹ㹁蝒猫ぜ獦 

ꊹ㹁䖤ⴔ 
薉俒ぜ 务俒ぜ 

1 
Acinetobacter calcoaceticus-baumannii 

complex 
됟削♶⸓勍蝒㢕ざ⡤ 89.68 

2 Acinetobacter johnsonii 紨缦♶⸓勍蝒 109.67 

3 Rhodococcus erythropoliss 紤努紤椕蝒 97.42 

4 Acinetobacter johnsonii 紨缦♶⸓勍蝒 73.24 

5 Acinetobacter lwoffii 峫螨♶⸓勍蝒 90.51 

6 Enterococcus faecalis 礋肃椕蝒 82.25 

7 Klebsiella oxytoca ❡ꃑ⯘ꨭ⠭孒蝒 62.66 

8 Lactococcus garvieae 呔孒✌椕蝒 68.10 

9 Lactococcus lactis ✌ꃑ✌椕蝒 45.46 

10 Staphylococcus cohnii 㶰孒袕蟎椕蝒 80.64 

11 Enterococcus faecalis 礋肃椕蝒 81.48 

12 Pseudomonas rhodesiae ꩚孒⧺⽀脅蝒 60.18 

13 Agrobacterium tumefaciens 呏浓㕼㡝勍蝒 68.39 

14 Staphylococcus xylosus 加祪袕蟎椕蝒 78.43 

15 Streptococcus dysgalactiae ⨢✌Ꝇ椕蝒 68.16 

16 Bacillus cereus 蹙呋蔠㷋勍蝒 65.33 

ATCC8099 Escherichia coli 㣐肃㙩䋞蝒 121.43 

 

3絕雿 
劥俒ꅷ欽䀙峸〵䒭굷遤傞ꢂ餘靶 MALDI-8020絕ざ嫏倝⽇⴯䗎欰暟侨研䎽䘯鸟ⲥ烁ꊹ㹁暋㥗务涸䗎

欰暟蝒纈劥妃㹊낉唬崵ⵌ涸䗎欰暟⚹♶⸓勍蝒ծ✌ꃑ蝒⿺㣐肃蝒纈瘝կMALDI-TOF 䭷紻㕃靶岁넞佪ծ身
併ծ䘯鸟ծ乼⡲皍⤑僽䗎欰暟ꊹ㹁涸剣⸂ⴔ區倰岁կ 
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倝欰⯄肃麤䗎欰暟涸䘯鸟ꊹ㹁 

䶰 銳㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶岁(MALDI-TOF 岁)僽鵛❈䎃勻䗎欰暟ꊹ㹁곭㚖涸掚挿䪮助Ⱘ
剣䘯鸟ծⲥ烁ծ⢪欽䧭劥⡛ծ넞䏞荈⸓⻊涸暵挿կ劥俒⢪欽䀙峸 MALDI-8020 絕ざ嫏倝⽇⴯䗎欰暟侨研䎽
㼆倝欰⯄肃麤䗎欰暟鵳遤✫䘯鸟ꊹ㹁唬崵ⵌ涸倝欰⯄肃麤䗎欰暟⚺銳⺫䭍㣐肃㙩䋞蝒ծ礋肃椕蝒⿺♨ꃑ
唍蝒կ 

Ⱒꝶ霒㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8020 肃麤䗎欰暟 䗎欰暟ꊹ㹁 
 

➃⡤涸肃麤䗎欰䙖禹絡僽♧⚡䏐㣐罜㢕勇涸䗎欰䙖⡤禹㼆✵絶䭯➃⡤涸⨴䐀饰满ꅾ銳涸⡲欽կ肃麤蝒
纈㼆絶欰稇ざ䧭ծ欰Ɤ〄肫ծ暟餘去靧ծ⯝氋꣈䖵瘝鿪剣ꅾ銳涸⡲欽㔔姼㼆肃麤蝒纈涸灇瑕剣⸔✵倝欰⯄
涸氬氻곫꣈ㄤ欰Ɤ〄肫կ 

⠛絡涸肃麤䗎欰暟灇瑕涸倰岁剣䕎䙖㷖倰岁ծ欰椚欰⻊岁ծ㛇㔔崵䎸岁կ⠛絡倰岁署傞鳅Ɤ霚⵫署勞
䧭劥鳅넞կ㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶岁(MALDI-TOF 岁)⡲⚹♧猫倝涸䗎欰暟ꊹ㹁䪮助ꊹ㹁鵂玐
署傞〫꨽侨ⴔꛦծ傈䌢⢪欽䧭劥⡛䐢溶㖈⚰䎯⿺猰灇务䖤ⵌ䎛岌䎾欽կ 

劥俒ⵄ欽䀙峸〵䒭굷遤傞ꢂ餘靶MALDI-8020絕ざ嫏倝⽇⴯䗎欰暟侨研䎽鵳遤✫倝欰⯄肃麤䗎欰暟
䘯鸟ꊹ㹁կ絑鵂♸侨研䎽务涸叻ⲥ靶㕃㼆嫱䧭⸆ꊹ㹁㣐肃㙩䋞蝒ծ礋肃椕蝒⿺♨ꃑ唍蝒絕卓♸곫劍湱痗կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼⿺侨䰘䎽 

餘靶⟉㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉MALDI-8020 
侨研䎽嫏倝⽇⴯䗎欰暟侨研䎽BE3.1.6 

1.2 霚⵫♸呋ㅷ 
呋嵴劥妃㹊낉Ⱏ崵霚 12 ⚡呋嵴㖲ꅷ欽㔿⡤㛆Ⱞ㛇㛆Ⱞկ 

㛇餘α-宊㛇-4-繿㛇聘聚ꃑCHCA 

 
㕃 1.㔿⡤㛆Ⱞ㛇㛆Ⱞた涸肃麤䗎欰暟   

1.3 呋ㅷ⵸㢅椚 
1-8 〿呋嵴蝒衅鳅㼭ꅷ欽湬䱹嶃䋒岁副呋կ叻ⲥ蝒吳 ATCC25922 ⿺ 9-12 〿呋嵴蝒衅鳅㣐ꅷ欽⛩ꃫ

歌ꃑ䲿》岁կ 
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1.3.1 湬䱹嶃䋒岁 

 
㕃 2. 湬䱹嶃䋒岁崨玐㕃 

1.3.2 ⛩ꃫ歌ꃑ䲿》岁 

 
㕃 3. ⛩ꃫ歌ꃑ䲿》岁崨玐㕃 

1.4 ⴔ區勵⟝ 
靈靕垷䒭 Linear Positive 慨⯕㐼 355nm 㔿⡤慨⯕㐼 
䪊䲽薴㔵 m/z 2000-20000 慨⯕곸桧 50 Hz 
腡Ȿ䒸ⴀ餘ꆀ 8330 Da 慨⯕腊ꆀ 70-80 

2絕卓♸雭雿 
㼜呋嵴⵸㢅椚た鵳遤餘靶ⴔ區⢪欽 MALDI-8020 ꅷ꧋♧紩餘靶㕃㼜侨研㼋Ⰶ䗎欰暟侨研䎽ꊹ㹁կ 
叻ⲥ蝒吳 ATCC25922 ⿺鿈ⴔ崵霚呋嵴⢪欽 MALDI-8020 ꅷ꧋涸♧紩餘靶㕃㥵♴䨾爙㕃 4-7կ 

  
㕃4. ATCC25922叻ⲥ蝒吳餘靶㕃 

1.蝒衅嶃䋒
⢪欽䱹猫梠䧴唼皊䮋》㛆
Ⱞ㥩涸䗎欰暟⽀蝒衅㖲⺣

嶃䋒ⵌꬶ匣邍꬗

2.⸈25%歌ꃑ
エ》1 μLꂁⵖ㥩涸25%歌ꃑ

挿ⵌ嶃䋒た涸ꬶ㶰副
荈搬典䎁

3.挿㛇餘巊
エ》1 μLꂁⵖ㥩涸5 mg/mL 

CHCA㛇餘巊挿ⵌꬶ㶰副
荈搬典䎁

1.75%⛩ꃫꂁⵖ
》300 μL紱宐900 μL⛩ꃫ
蒀靶紱紩⟄副ꂁⵖ䧭

75%⛩ꃫ

2.䮋》蝒衅
⢪欽䱹猫梠䧴唼皊䮋》4-5
⚡㛆Ⱞ㛇副涸蝒衅ⵌ75%⛩

ꃫ务⯎ⴔ꩎虹幊⺣

3.猌䗱ծ⿡♳幡
12000 r/min猌䗱2 min

⢪欽獴巊㐼⿡ꤑ副幡

4.⸈70%歌ꃑㄤ⛩臟
⸈Ⰶ70%歌ꃑㄤ100%⛩臟

ぐ50 μL⯎ⴔ꩎虹幊⺣

5. 猌䗱ծ挿♳幡
12000 r/min猌䗱2 min
⢪欽獴巊㐼エ》副幡1 μL

挿呋荈搬典䎁

6.挿㛇餘巊
エ》1 μLꂁⵖ㥩涸5 mg/mL 

CHCA㛇餘巊挿ⵌꬶ㶰副
荈搬典䎁
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㕃5. 呋嵴1餘靶㕃 

 

㕃6. 呋嵴2餘靶㕃 

 

㕃7. 呋嵴3餘靶㕃 
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㕃8. 侨研䎽唬程絕卓歲꬗ 

餘靶侨研絑鲱⟝㢅椚た㼋Ⰶ侨研䎽唬程㕃8կ侨研䎽ꊹ㹁絕卓縨⥌䏞ꢖ⧩⚹25넞✵25⽰⚹꣉䚍

絕卓կ♸侨研䎽荈䌄涸叻ⲥ靶㕃荈⸓⼐ꂁꊹ㹁12⚡呋嵴㖲⚹꣉䚍絕卓霫絈ꊹ㹁絕卓錛邍1կ崵霚涸肃麤

䗎欰暟⚺銳⚹㣐肃勍蝒ծ礋肃椕蝒ծ♨ꃑ唍蝒鵯♲猫絈蝒㖈倝欰⯄肃麤务嫱鳅䌢錛կ 

邍 1 倝欰⯄肃麤䗎欰暟ꊹ㹁絕卓 

蝒吳綘〿 
ꊹ㹁蝒猫ぜ獦 

ꊹ㹁䖤ⴔ 
薉俒ぜ 务俒ぜ 

sample-1 Enterococcus faecalis 礋肃椕蝒 79.81 

sample-2 Escherichia coli 㣐肃㙩䋞蝒 62.59 

sample-3 Enterococcus faecalis  礋肃椕蝒 60.57 

sample-4 Escherichia coli 㣐肃㙩䋞蝒 55.93 

sample-5 Enterococcus faecalis 礋肃椕蝒 49.19 

sample-6 Enterococcus faecalis 礋肃椕蝒 99.62 

sample-7 Escherichia coli 㣐肃㙩䋞蝒 27.68 

sample-8 Enterococcus faecalis 礋肃椕蝒 53.67 

sample-9 Clostridium butyricum ♨ꃑ唍蝒 83.07 

sample-10 Clostridium butyricum ♨ꃑ唍蝒 71.59 

sample-11 Clostridium butyricum ♨ꃑ唍蝒 65.47 

sample-12 Clostridium butyricum ♨ꃑ唍蝒 62.44 

叻吳 ATCC25922 Escherichia coli 㣐肃㙩䋞蝒 102.84 

3絕雿 

劥俒ꅷ欽䀙峸〵䒭굷遤傞ꢂ餘靶MALDI-8020絕ざ嫏倝⽇⴯䗎欰暟侨研䎽䘯鸟ⲥ烁ꊹ㹁倝欰⯄肃麤

䗎欰暟蝒纈劥妃㹊낉唬崵ⵌ涸䗎欰暟⚹㣐肃㙩䋞蝒ծ礋肃椕蝒⿺♨ꃑ唍蝒կMALDI-TOF䭷紻㕃靶岁넞佪ծ

身併ծ䘯鸟ծ乼⡲皍⤑僽䗎欰暟ꊹ㹁涸剣⸂ⴔ區倰岁կ 
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繙㥗⚥✌勍蝒涸䘯鸟ꊹ㹁 

䶰 銳渤欰蝒腊⤛鵳➃⡤㼆蠒Ⱞ暟餘涸嶊⻊エ佐㖈✌ⵖ嵴务鳅䌢錛կ㖈䗎欰暟ꊹ㹁곭㚖㛇餘鳇⸔慨⯕
鍒エ歏猌굷遤傞ꢂ餘靶(MALDI-TOF)岁Ⱘ剣䘯鸟ծⲥ烁ծ⢪欽䧭劥⡛ծ乼⡲皍⤑瘝暵挿կ劥俒⢪欽䀙峸 MALDI-
8020 絕ざ嫏倝⽇⴯䗎欰暟侨研䎽㼆繙㥗务䗎欰暟鵳遤✫䘯鸟ꊹ㹁唬崵ⵌ涸䗎欰暟⚺銳⺫䭍⽷刼✌勍蝒ծ
〄ꃋ✌勍蝒ծ碫䋒孒✌勍蝒瘝渤欰蝒կ 
 

Ⱒꝶ霒㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8020 繙㥗 䗎欰暟ꊹ㹁 

 

䪮助暵挿 
 餘靶岁乼⡲皍⤑ծⴔ區鸟䏞䘯〳⟄䘯鸟絛ⴀꊹ㹁絕卓կ  
 霪倰岁鷓欽✵✌ⵖ嵴务䗎欰暟䘯鸟ꊹ㹁կ 
 

渤欰蝒僽䭷♧碫腊㢿㖈➃⡤ⰻ❡欰渤㢅涸䗎欰暟կ㸐⼜腊䫈ⵖ剣㹲絈蝒涸欰Ɤ䫻䫒氻⾲蝒涸䠭群
⼸⸔ざ䧭➃⡤꨽銳涸絶欰稇⤛鵳➃⡤㼆瀤暟餘涸エ佐կ渤欰蝒鵮腊䌐⸔絶䭯肃麤蝒纈涸䎂邂ծ㟞䔂肃麤
涸嶊⻊ㄤエ佐腊⸂ծⵞ慨➃⡤⯝氋禹絡կ 

繙㥗⡲⚹♧猫蠒Ⱞ⚪㺢涸✌ⵖ嵴♶➑ゎ剣⚪㺢涸跗涯餘ծ腒肘ծ絶欰稇ㄤ瀤暟餘鵮ゎ剣㢴猫渤欰
蝒կ⠛絡涸✌ⵖ嵴䗎欰暟唬崵岁㥵欰⻊导䎾岁ծPCR岁ծDNA确ꛏ䪮助瘝署傞鳅Ɤ霚⵫署勞䧭劥鳅
넞կMALDI-TOF餘靶岁⡲⚹鵛䎃Ⱓ饰涸䗎欰暟ꊹ㹁䪮助ꊹ㹁鵂玐署傞〫꨽侨ⴔꛦծ傈䌢⢪欽䧭劥⡛䐢
溶㖈⚰䎯⿺猰灇务䖤ⵌ䎛岌䎾欽կ 

劥俒ⵄ欽MALDI-8020絕ざ䗎欰暟侨研䎽㼆繙㥗务䗎欰暟鵳遤䘯鸟ꊹ㹁կ絑鵂♸侨研䎽务涸叻ⲥ靶㕃
㼆嫱䧭⸆ꊹ㹁⽷刼✌勍蝒ծ〄ꃋ✌勍蝒ծ碫䋒孒✌勍蝒瘝渤欰蝒絕卓♸곫劍湱痗կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼⿺侨䰘䎽 

餘靶⟉㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉MALDI-8020 
侨研䎽嫏倝⽇⴯䗎欰暟侨研䎽BE3.1.6.1 

1.2 霚⵫♸呋ㅷ 
呋嵴劥妃㹊낉Ⱏ崵霚繙㥗呋嵴㛆Ⱞ䖤ⵌ涸 8 ⚡䗎欰暟㖲ꅷ欽㔿⡤㛆Ⱞ㛇㛆Ⱞկ 

㛇餘α-宊㛇-4-繿㛇聘聚ꃑCHCA5 mg/mLկ 



59 
 

  
㕃 1. 繙㥗务䗎欰暟ꊹ㹁崨玐㕃   

1.3 呋ㅷ⵸㢅椚 
㣐肃勍蝒叻ⲥ蝒吳 ATCC 8739 ⿺ 8 ⚡呋嵴㖲ꅷ欽⛩ꃫ歌ꃑ䲿》岁⵸㢅椚կ 

1.3.1 ⛩ꃫ歌ꃑ䲿》岁 

 
㕃 2. ⛩ꃫ歌ꃑ䲿》岁崨玐㕃 

1.4 ⴔ區勵⟝ 
靈靕垷䒭 Linear Positive 慨⯕㐼 355nm 㔿⡤慨⯕㐼 
䪊䲽薴㔵 m/z 2000-20000 慨⯕곸桧 100 Hz 
腡Ȿ䒸ⴀ餘ꆀ 8330 Da 慨⯕腊ꆀ 70-75 

 

1.75%⛩ꃫꂁⵖ
》300 μL紱宐900 μL⛩ꃫ蒀靶

紱紩⟄副ꂁⵖ䧭75%⛩ꃫ

2.䮋》蝒衅
⢪欽䱹猫梠䧴唼皊䮋》4-5⚡㛆Ⱞ
㛇副涸蝒衅ⵌ75%⛩ꃫ务꩎虹幊

⺣馄㡮5 min

3.猌䗱ծ⿡♳幡
12000 r/min猌䗱2 min

⢪欽獴巊㐼⿡ꤑ副幡

4.⸈70%歌ꃑㄤ⛩臟
⸈Ⰶ70%歌ꃑㄤ100%⛩臟
ぐ50 μL꩎虹幊⺣馄㡮

5 min

5. 猌䗱ծ挿♳幡
12000 r/min猌䗱2 min
⢪欽獴巊㐼エ》副幡1 μL

挿呋荈搬典䎁

6.挿㛇餘巊
エ》1 μLꂁⵖ㥩涸5 mg/mL CHCA

㛇餘巊挿ⵌꬶ㶰副
荈搬典䎁
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2絕卓♸雭雿 
㼜呋嵴⵸㢅椚た鵳遤餘靶ⴔ區⢪欽 MALDI-8020 ꅷ꧋餘靶㕃㼜侨研㼋Ⰶ䗎欰暟侨研䎽ꊹ㹁կ 
叻ⲥ蝒吳㣐肃勍蝒 ATCC 8739 ⿺鿈ⴔ崵霚呋嵴⢪欽 MALDI-8020 ꅷ꧋涸餘靶㕃㥵♴䨾爙㕃 3-6կ 

 
㕃3. ATCC 8739叻ⲥ蝒吳涸餘靶㕃 

 

 
㕃4. 呋嵴1涸餘靶㕃 
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㕃5. 呋嵴2涸餘靶㕃 

 
㕃6. 呋嵴3涸餘靶㕃 

 
㕃7. 侨研䎽唬程絕卓歲꬗ 

餘靶侨研絑鲱⟝㢅椚た㼋Ⰶ侨研䎽唬程㕃7կ侨研䎽ꊹ㹁絕卓縨⥌䏞ꢖ⧩⚹25넞✵25⽰⚹꣉䚍

絕卓կ絑ꊹ㹁8⚡呋嵴㖲⚹꣉䚍絕卓劥妃㹊낉繙㥗务唬崵ⵌ涸䗎欰暟⚺銳⚹⽷刼✌勍蝒ծ磨芘✌勍蝒ծ〄

ꃋ✌勍蝒ծ碫䋒孒✌勍蝒瘝剣渤䗎欰暟霫絈ꊹ㹁絕卓錛邍1կ 
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邍 1 繙㥗务䗎欰暟ꊹ㹁絕卓 

蝒吳綘〿 
ꊹ㹁蝒猫ぜ獦 

ꊹ㹁䖤ⴔ 
薉俒ぜ 务俒ぜ 

1 Lactobacillus mucosae 랭芘✌勍蝒 34.47 

2 Lactobacillus crispatus ⽷刼✌勍蝒 57.59 

3 Lactobacillus mucosae 랭芘✌勍蝒 31.57 

4 Lactobacillus crispatus ⽷刼✌勍蝒 62.02 

5 Lactobacillus fermentum 〄ꃋ✌勍蝒 74.97 

6 Lactobacillus crispatus ⽷刼✌勍蝒 64.59 

7 Lactobacillus fermentum 〄ꃋ✌勍蝒 77.6 

8 Lactobacillus parabuchneri 碫䋒孒✌勍蝒 75.51 

ATCC8739 Escherichia coli 㣐肃㙩䋞蝒 79.88 
 

3絕雿 
劥俒ꅷ欽䀙峸Ⱆ尽〵䒭굷遤傞ꢂ餘靶 MALDI-8020絕ざ嫏倝⽇⴯䗎欰暟侨研䎽䘯鸟ⲥ烁ꊹ㹁繙㥗务

涸䗎欰暟蝒纈劥妃㹊낉唬崵ⵌ涸䗎欰暟⚹⽷刼✌勍蝒ծ〄ꃋ✌勍蝒ծ碫䋒孒✌勍蝒瘝剣渤䗎欰暟կMALDI-
TOF 䭷紻㕃靶岁⵸㢅椚皍⽀ծ鸟䏞䘯ծ乼⡲皍⤑ず傞侨研䎽务ゎ剣 3000 猫⟄副涸蝒猫叻ⲥ靶㕃僽䗎欰
暟ꊹ㹁涸剣⸂ⴔ區倰岁կ 

  



63 

 

⢪欽絡雦ⴔ區鲱⟝㼆Ꝇ椕蝒鵳遤ⴔ㘗 
ⵄ欽㛇餘鳇⸔慨⯕鍒エ/歏猌餘靶⟉MALDI-TOF MS鵳遤䗎欰暟ꊹ㹁涸倰岁馊勻馊兜麑㔔⚹ꊹ㹁

鵂玐嫱⠛絡倰岁刿䘯ծ刿皍⽀կMALDI-TOF餘靶溶絑䧭⚹ꊹ㹁䪮助涸♧猫䊨Ⱘկ⚹✫鵳♧姿的㾝䎾欽곭
㚖➃⼜姻⸖⸂ⵄ欽MALDI⟉㐼鵳遤䗎欰暟涸Ⱖ➭唬崵罜♶➑ꣳ✵ꊹ㹁կ 

鵛䎃勻歋A纈Ꝇ椕蝒GAS䒸饰涸⤀鄆䚍䠭群ッ副⼮馋⸷կⰦ务emm1 A纈Ꝇ椕蝒Ⱘ剣䖎넞涸荝氻
䚍Ⱖ⤀鄆䚍䠭群氻⢾邍僈Ⱖ〄㾝⚹凐〄㘗涸〳腊䚍ꬋ䌢넞կ研霹Ⱖ氻娥桧ㄤ䎇〄氿〄欰桧鿪䖎넞կ劥俒➝
絏✫♧⚡ⵄ欽MALDI-TOF MSㄤ絡雦ⴔ區鲱⟝eMSTAT Solution⼓ⴔ넞荝氻䚍emm1㘗♸Ⱖ➭碫㘗涸♧⚡⢾
㶩կ 

           

 呋ㅷⵖ㢊ㄤ唬崵勵⟝ 
껷⯓㖈勻荈⤀鄆䚍䠭群氿涸GAS蝒吳务䧮⼜⢪欽✫ⴔ猌곸桧넞涸emm 1ծemm 12ծemm 28ծ

emm 89ぐ10吳䎇㼊䪪剣⸔✵⼓ⴔemm碫㘗涸叻䘋暟կ 
⟄副㔋猫emm蝒吳㖈過楹腒㛆Ⱞ㛇副㛆Ⱞ24㼭傞絑⛩ꃫ-歌ꃑ䲿》⟄蓤㶩ꃑ⚹㛇餘㖈MALDI-

TOF MS副鵳遤ⴔ區կ⚹唾霆叻䘋暟涸ꅾ梡䚍➢ⱄ㛆Ⱞ蝒衅务ⵖ㢊呋嵴嫦猫碫㘗涸蝒吳崵ꆀ9妃կⵄ欽
eMSTAT Solution鲱⟝㼆餘靶䖤ⵌ涸油⴩邍鵳遤㢴」ꆀⴔ區⟄⼓ⴔemm碫㘗կ姼㢪䧮⼜㼆379吳勻荈
ㅱ拧ㄤ䩀呠⡤拧涸蝒吳鵳遤✫湧崵⺫䭍BծCㄤG纈Ꝇ椕蝒կ 

 

 
㕃 1  emm1 㘗Ꝇ椕蝒♸Ⱖ➭碫㘗Ꝇ椕蝒涸餘靶㕃嫱鳅 

 

 ⴔ區絕卓 
㕃1爙ⴀA纈Ꝇ椕蝒emm1㘗ㄤⰦ➭碫㘗涸餘靶㕃կ餘靶㕃䖎湱⡃䖎ꦼ➢錠錣副⼓ⴔ㸐⼜կ搬罜鸑鵂

鵳遤㢴」ꆀⴔ區皾岁PLS-DA➭⼜鄄ⴔ⚹⚙絆emm1㘗ㄤⰦ➭碫㘗㕃2կ 
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㕃 2  A 纈Ꝇ椕蝒㢴」ꆀⴔ區絕卓雵ⴔ㕃 

 
⢪欽eMSTAT Solution鲱⟝〳⟄⼓ⴔ㖈MALDI餘靶务唬崵ⵌ涸叻雵油鵯剣⸔✵⼓ⴔemm1碫㘗ㄤⰦ

➭碫㘗կ⡲⚹社程涸絕卓䧮⼜➢油⧩瀃꣋邍务烁雩㖈m/z 10932㢅涸油⧩僽㖈emm1碫㘗涸䨾剣90⚡呋
劥务唬崵ⵌ涸♸姼湱导㖈Ⱖ➭碫㘗涸䨾剣呋劥务尵剣唬崵ⵌ㕃3կ鵯㖈餘靶㕃务䖤ⵌ✫霆㹊䧮⼜〳
⟄骆ⵌm/z 10932涸油➑㖈emm1㘗务唬崵ⵌ㕃4կ 

䱹♴勻䧮⼜欽m/z10932涸叻雵油⡲⚹䭷叻㼆379吳⚰䎯ⴔ猌蝒吳鵳遤✫湧崵邍1կ㖈379吳蝒吳
务97吳絑䌢錞麰⠛ⴔ區ꊹ㹁⚹emm1㘗Ⱖ务92吳94.8%絑MALDI-TOF MSꊹ㹁⚹emm1㘗꣉䚍痗ざ
桧鳅넞կ〥㢪欽MALDI-TOF MS倰岁ⴔ㘗⚹ꬋemm1㘗涸3吳蝒吳䌢錞倰岁ⴔ㘗⚹emm11n=1ㄤemm28
n=2꣊䚍痗ざ桧⚹98.9%邍2կ 

 
㕃 3 ⵄ欽油瀃꣋ⴅ侨霋ⵆ叻雵油 
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㕃 4 A 纈Ꝇ椕蝒 emm1 㘗⿺Ⱖ➭碫㘗涸佞㣐餘靶㕃 

 
邍 1 欽✵湧崵涸⚰䎯ⴔ猌蝒吳 

 
邍 2 湧崵絕卓 

 
 絕雿 

⠛絡涸emmⴔ㘗䪮助꨽銳絈蝒㛆ⰮծGASⴔ猌ծPCR的㟞emm㛇㔔ㄤ䎸⴩ⴔ區꨽銳♲㣔䩞腊䖤ⵌ絕
卓կ搬罜ⵄ欽MALDI-TOF餘靶䪮助㖈㛆Ⱞた涸Ⳝ⼧ⴔꛦⰻ⽰〳䖤ⵌ絕卓կ鵯僽♧猫㖈瀊傞ꢂⰻ㼆넞荝氻
䚍emm1㘗鵳遤ⴔ㘗涸倝䪮助㸐㖈劢勻涸〄㾝⧩䖤劍䖉կ 
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2.4 翸ざ暟ⴔ區 
翸ざ暟ⴔ㶩ꆀ崵㹁涸䌢錛倰岁巑渷孞湱幷鷳岁ծ芘幷鷳岁ծ⯕侔㼘岁ծ馄鸟猌䗱小꣭䎂邂岁ծ磨䏞岁⟄

⿺ⳕ脸幷鷳蒀靶岁GPCկMALDI-TOF⡲⚹♧猫넞佪䘯䰦涸ⴔ區䩛媯ㄤ⠛絡倰岁湱鳅罜鎊偽꨽籖椫涸
⵸㢅椚崨玐⚂腊㢿㺂䗽㼱ꆀ涸渮䧴綕Ȿ巊կ♸姼ず傞MALDI-TOF㖈翸ざ暟ⴔ區务㾝梡ⴀ넞身併䏞ծ㺈䎛
涸餘ꆀ唬崵薴㔵ծ䘯鸟涸ⴔ區鸟䏞ծ腊㢿湬䱹鵳遤副呋ⴔ區ծ㼆呋嵴涸꨽宠ꆀ鳅㼱ծ腊㢿ⴔ區ꦼ很䚍呋嵴瘝
儑衼暵挿կ鸑鵂㼆ざ䧭넞ⴔ㶩鵳遤 MALDI-TOFⴔ區腊㢿蜦》礵烁ⴔ㶩ꆀծ䎂㖲ⴔ㶩ꆀծ㢴ⴔ侔䏞ծ翸ざ
䏞ծ⽀⡤餘ꆀծ婎㛇餘ꆀծ匬䧭ⴔ㶩ꆀⴔ䋒涸ず偛翸ざ暟油涸侨ꆀ瘝ぐ猫ⴔ㶩ꆀ湱Ⱒ涸霫㽴⥌䜂կ䀙峸涸 
MALDI-8020⿺MALDI-8030䨾ꂁ㢊涸ⴔ區鲱⟝MALDISolutions 腊㢿♸痦♲倰翸ざ暟ⴔ區鲱⟝ Polymerix 
⼸ず翫欽㖲腊㢿鴽鸟㖑ⴔ區䎇蜦》翸ざ暟涸湱Ⱒ⥌䜂կ 

 

 
翸ざ暟ⴔ區鲱⟝Polymerixⴔ區歲꬗ 
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蚋欽鳇俱PEG6000涸ⴔ㶩ꆀ⿺ⴔ䋒唬崵 
䶰 銳㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶MALDI-TOF MS僽鵳遤翸ざ暟ⴔ㶩ꆀ唬崵⿺絕匬ⴔ區涸䌢欽
䩛媯⛓♧㸐〳⟄䘯鸟絛ⴀ翸ざ暟涸餘ꆀⴔ䋒⽀⡤絕匬瘝⥌䜂䎇〳⟄剣佪㼆翸ざ暟涸畮㛇絕匬鵳遤ⴔ
區կ劥俒⢪欽䀙峸〵䒭 MALDI-TOF MS⟄襡♲ꂛ⚹㛇餘ⴔ區翸⛩✳ꃫ 6000PEG6000,䖤ⵌ✫ⴔ㶩ꆀ
涸ⴔ䋒⿺⽀⡤絕匬⥌䜂կ 
 

Ⱒꝶ霒〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶  MALDI-TOF  翸⛩✳ꃫ ⴔ㶩ꆀ 
  

㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶MALDI-TOF MSⰨ剣皍⽀ծ䘯鸟蜦》➢⡛ⴔ㶩ⵌ넞ⴔ㶩ぐ猫呋
嵴涸ⴔ㶩ꆀ⥌䜂涸⠏挿䎛岌䎾欽✵灇瑕䒓〄⟄⿺餘ꆀ䱽ⵖ곭㚖务ぐ猫ざ䧭勞俱⿺㣔搬❡暟涸ⴔ㶩ꆀ崵㹁
翸ざ暟涸ⴔ㶩ꆀ崵㹁⿺絕匬ⴔ區⤑僽ⰦⰩ㘗䎾欽⛓♧կ 

MALDI-8020僽䀙峸涸〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶Ⱘ剣⡤獤稒ⲽꟋ0.45碛ծ㺈0.745碛ծ
넞1.055碛ծⴔ區鸟䏞䘯200 Hz  355 nm㔿䙖慨⯕㐼ꅷ꧋ծ⟉㐼絶䫡倰⤑True Clean荈⸓UV慨⯕彂幡
峤ㄤ鲱⟝忘駈21 CFR Part 11ざ錞䚍涸暵挿կ劥俒⟄襡♲ꂛ⚹㛇餘䎾欽MALDI-8020⿺翸ざ暟ⴔ區鲱⟝
PolymerixSierra Analyticsⴔ區✫䌢欽蚋欽鳇俱翸⛩✳ꃫ6000PEG6000涸ⴔ㶩ꆀⴔ䋒⿺⽀⡤⥌䜂
〳⡲⚹翸ざ暟呋嵴ⴔ區傞涸⿬罌կ 
 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ MALDI-8020 
 

1.2 ⴔ區勵⟝ 

靈靕垷䒭絁䚍姻猌㶩垷䒭 

慨⯕㐼355 nm 㔿䙖慨⯕㐼 

䪊䲽薴㔵m/z 1000-10000 

慨⯕腊ꆀ90 
 

2呋ㅷ⵸㢅椚 
》呋嵴⸈宐很鍒ꂁ䧭5 mg/mL涸呋嵴䊨⡲巊կ》1 μL涸呋嵴很巊ㄤ1 μL襡♲ꂛ㛇餘很巊10 mg/mL

很⵫⚹㔋孲ト㊢挿ꬶ, 荈搬䎁醋た㼜ꬶ匣鷐Ⰶ餘靶ⴔ區կ 

3絕卓♸雭雿 

PEG6000 涸餘靶唬崵絕卓㥵㕃 1 䨾爙կ呋嵴唬崵ⵌ翸ざ暟猌㶩油禹⴩湱龇翸ざ⽀⯋ⴔ㶩ꆀ湱䊵 44 
DaⰦ务⥌〿䔂䏞鳅넞涸猌㶩油禹⴩涸ⴔ㶩ꆀⴔ䋒♸絕匬䒭 HO(CH2CH2O)nH 湱痗〥㢪♧⚡猌㶩油禹⴩⥌
〿䔂䏞鳅⡛翸ざ⽀⯋嫱〥♧禹⴩涸湱龇翸ざ⽀⯋㣐 28 Da〳腊⚙罏畮㛇絕匬剣䨾♶ずկ呋嵴涸ⴔ㶩ꆀⴔ
䋒⥌䜂歋翸ざ暟鲱⟝ PolymerixSierra Analyticsⴔ區雦皾կPolymerix 鲱⟝ⴔ區絕卓錛㕃 2կ 
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㕃 1. PEG6000 涸♧紩餘靶㕃 

 

 
㕃 2. Polymerix 鲱⟝ⴔ區絕卓 

   

 

4絕雿 
 劥俒䎾欽〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8020 ⴔ區 PEG6000湬䱹䖤ⵌ✫呋嵴涸ⴔ

㶩ꆀⴔ䋒ծ⽀⡤餘ꆀ涸⥌䜂կMALDI-8020 ⡲⚹〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶Ⱘ剣⡤獤稒ⲽծ
ⴔ區鸟䏞䘯ծ⟉㐼絶䫡倰⤑ㄤ鲱⟝ざ錞涸暵挿僽翸ざ暟ⴔ區涸剣⸂䊨Ⱘկ 
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mRNA 蚋暟鷻鷐禹絡腒餘紵碛磜涸⾲俱ⴔ㶩ꆀ唬崵 

䶰 銳劥俒䎾欽䀙峸〵䒭 MALDI-TOF 餘靶⟉ MALDI-8020 㼆 mRNA 蚋暟⿺氋蕐欰❡䨾欽涸腒餘紵碛磜
LNPs涸㔋猫⾲俱〳歏猌腒餘ծ务䚍鳇⸔腒餘ծ胐㔿ꃫㄤ PEG ⥝껑腒餘鵳遤餘靶ⴔ區〳⟄䘯鸟唬
崵⾲俱呋嵴涸ⴔ㶩ꆀ⿺絆䧭⥌䜂կ劥倰岁乼⡲皍⤑ծⴔ區鸟䏞䘯絕卓湬䱹〳ꬑ⚹ mRNA 蚋暟⿺氋蕐鷻
鷐➝餘⾲俱涸餘ꆀ䱽ⵖ䲿⣘✫⿬罌կ 
Ⱒꝶ霒 MALDI-TOF  腒餘紵碛磜  ⾲俱  ⴔ㶩ꆀ 
  

腒餘紵碛磜LNPs僽湡⵸ mRNA 蚋暟ㄤ氋蕐灇瑕䎾欽剒㢴涸鷻鷐禹絡⛲〳欽✵鷻鷐㻑呍薗ꃑ蚋暟
鸑䌢歋〳歏猌腒餘胐㔿ꃫ务䚍鳇⸔腒餘ㄤ PEG ⥝껑腒餘㔋猫䧭ⴔ絆䧭կ〳歏猌腒餘涸㣢鿈孽㛇㖈ꃑ䚍
勵⟝♴⠔餘㶩⻊䎇䌄姻歏蚚,鵯⢪Ⱖ㼆 RNA 剣䖎䔂涸⺫鲿腊⸂㟞䔂⡤ⰻ鷖鹟կ胐㔿ꃫ䌢⡲⚹ LNP ꂁ倰涸
絕匬腒餘〳⟄㟞䔂 LNP 涸珘㹁䚍➝㼋 LNP ⰻふ䎇剣ⵄ✵烁唾 LNP 涸⿽㽻絕匬⿺腒餘涸崨⸓䚍կ鳇
⸔䚍务䚍腒餘♧菚⚹껒ㄤ熧腒〳⟄荈〄㖑絆絉䕎䧭腒餘⿽㽻կPEG ⥝껑腒餘⡙✵腒餘紵碛磜邍꬗Ⱖ危
宐畮PEG Ꝇぢ㢪䕎䧭腒餘紵碛磜涸唾䫡䚍㢪㡲〳⟄꣖姺過幡跗涯エ꣡ㄤ⽀呍ふ㑂絈脅禹絡涸䶑》
ず傞꣈姺 LNP 곾磜翸꧋䲿넞 LNP 涸珘㹁䚍կ 

♶ず⣘䎾㉁涸 LNPs ⾲俱餘ꆀ♶♧⾲俱餘ꆀ涸絈㼭」⻊〳腊⠔鸣䧭 LNP 䕎䙖⿺ mRNA ⺫醙佪卓涸䊵
䒗剒絊㼆 mRNA 蚋暟ㄤ氋蕐涸剣佪䚍⿺⡲欽〄䮦涸珘㹁䚍❡欰䕧ㆇկ㔔姼㼆⡲⚹ LNPs ⚺銳⾲俱涸ⴔ
㶩ꆀ鵳遤港崵唾霆⾲俱䪠妃ꢂ涸♧荝䚍♸珘㹁䚍㼆唾ꥻ mRNA 蚋暟⚰䎯佪卓涸剣佪䚍⿺珘㹁䚍Ⱘ剣ꅾ
銳䠑⛐կ劥俒䎾欽〵䒭 MALDI-TOF 餘靶⟉ MALDI-8020 㼆〳歏猌腒餘 DLin-MC3-DMA ♸ SM-102ծ务䚍鳇
⸔腒餘 DSPCծ胐㔿ꃫծPEG ⥝껑腒餘 DMG-PEG2000 瘝 5 猫 LNPs 䌢錛涸⾲俱呋嵴鵳遤ⴔ㶩ꆀ唬崵ず傞
〳⟄㼆呋嵴涸紱䏞鵳遤烁雩〳⡲⚹呍ꃑ蚋暟ㄤ氋蕐鳇俱餘䱽涸⿬罌կ 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ MALDI-8020 

1.2 ⴔ區勵⟝ 

靈 靕 垷 䒭 絁䚍姻猌㶩垷䒭 慨 ⯕ 腊 ꆀ 70-80 
慨 ⯕ 㐼 355 nm 㔿䙖慨⯕㐼 猌 㶩 ꡶ ꢖ ⧩ 300 
䪊 䲽 薴 㔵 m/z 300-4000 腡Ȿ䒸ⴀ餘ꆀ(Da)  1800 

1.3 呋ㅷ⵸㢅椚 
獦》呋嵴⢪欽歌ꃫ很鍒ꂁⵖ⚹1 mg/mL涸呋嵴很巊կ》0.5 μL NaTFA很巊1 mg/mLծ1 μL呋嵴很

巊ㄤ1 μL㛇餘很巊30 mg/mL⣜妃挿ꬶ荈搬䎁醋た㼜ꬶ匣鷐Ⰶ餘靶ⴔ區կぐ呋嵴涸㛇餘⥌䜂錛♴邍կ 

邍1 ぐ呋嵴㼆䎾涸㛇餘⿺鳇⸔渮⥌䜂 

呋嵴 Dlin-MC3- SM-102 Cholester DSPC DMG-

㛇餘 DHB DHB 9-AA DHB 襡♲ꂛ 

渮 NaTFA NaTFA - NaTFA NaTFA 
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2絕卓♸雭雿 
2.1 〳歏猌腒餘ծ⚥䚍鳇⸔腒餘ծ胐㔿ꃫⴔ㶩ꆀ唬崵 

䎾欽 MALDI-8020 唬崵〳歏猌腒餘 Dlin-MC3-DMA ♸ SM-102ծ务䚍鳇⸔腒餘 DSPCծ絕匬腒餘胐㔿ꃫ
涸ⴔ㶩ꆀ絕卓㥵㕃 1 䨾爙ⴔ㶩ꆀ唬崵⥌䜂錛邍 2կ 

㕃 1A ⚹〳歏猌腒餘 Dlin-MC3-DMA 涸餘靶㕃呋嵴唬崵ⵌ m/z 642.51ծm/z 690.47 涸猌㶩油Ⱖ务
m/z 642.51 ⚹ Dlin-MC3-DMA 涸⸈孲油[M+H]+椚雿⧩⚹ m/z 642.62m/z 690.47 䲀崵⚹勇餘կ 

㕃 1B ⚹〳歏猌腒餘 SM-102 涸餘靶㕃呋嵴唬崵ⵌ m/z 710.55 涸猌㶩油㼆䎾 SM-102 涸⸈孲油
[M+H]+椚雿⧩⚹ m/z 710.67կ  

㕃 1C ⚹务䚍鳇⸔腒餘 DSPC 涸餘靶㕃呋嵴唬崵ⵌ m/z 790.56 ♸ m/z 1580.22 涸猌㶩油⵸罏㼆䎾
DSPC 涸⸈孲油[M+H]+椚雿⧩⚹ m/z 790.63た罏㼆䎾 DSPC 涸✳翸⡤⸈孲油[2M+H]+椚雿⧩⚹
m/z 1580.26կ 

㕃 1D ⚹胐㔿ꃫ涸餘靶㕃呋嵴唬崵ⵌ m/z 387.28 涸猌㶩油㼆䎾胐㔿ꃫ涸⸈孲油[M+H]+椚雿⧩
⚹ m/z 387.36կ呋嵴侮⡤紱䏞鳅㥩餘靶㕃副勇餘油鳅㼱կ 

邍2. 呋嵴ⴔ㶩䒭⿺ⴔ㶩ꆀ唬崵絕卓 

ぜ獦 ⴔ㶩䒭 [M+H]+mono 椚雿⧩ 㹊崵⧩m/z 

Dlin-MC3-DMA C43H79NO2 642.62 642.51 

SM-102 C44H87NO5 710.67 710.55 

DSPC C44H88NO8P 790.63 790.56 

胐㔿ꃫ C27H46O 387.35 387.28 

 

 
㕃 1. 呋嵴唬崵餘靶㕃. ADlin-MC3-DMABSM-102CDSPCD胐㔿ꃫ 
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2.2 PEG⥝껑腒餘DMG-PEG2000ⴔ㶩ꆀ唬崵 
䎾欽 MALDI-8020 㼆 PEG ⥝껑腒餘 DMG-PEG2000 ⾲俱鵳遤唬崵餘靶㕃錛㕃 2կ歋㕃〳錛呋嵴㖈

m/z 1900-3100 薴㔵ⰻ唬崵ⵌ♧禹⴩ⴔ㶩ꆀ⣜妃湱䊵 44 Da 涸翸ざ暟猌㶩油կ⢪欽翸ざ暟鲱⟝ Polymerix
Sierra Analyticsⴔ區呋嵴ⴔ區絕卓爙⢾錛㕃 3呋嵴⻊㷖䒭⚹ C32H62O5(C2H4O)n·Na㼆䎾 DMG-PEG2000
ⴔ㶩䒭 C32H62O5(C2H4O)n)涸ꛧ猌㶩⸈ざ油կPolymerix 鲱⟝荈⸓雦皾䖤ⵌ涸侨㖲ⴔ㶩ꆀ Mnծꅾ㖲ⴔ㶩
ꆀ Mwծ餘㖲ⴔ㶩ꆀ Mzծ㢴ⴔ侔䏞 PDծ翸ざ䏞 DP 瘝湱Ⱒ⥌䜂錛㕃 3կ 

 
㕃 2. DMG-PEG2000 呋嵴餘靶㕃 

 
㕃3. Polymerix鲱⟝ⴔ區絕卓 

3絕雿 
 劥俒䎾欽〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8020 唬崵✫ 4 碫♶ず碫㘗涸 LNPs ⾲俱呋嵴
⺫䭍〳歏猌腒餘ծ务䚍鳇⸔腒餘ծ胐㔿ꃫ♸务䚍鳇⸔腒餘䖤ⵌ✫Ⱘ⡤涸ⴔ㶩ꆀⴔ䋒⿺絆䧭⥌䜂⚹ LNPs
⾲俱涸餘ꆀ䱽ⵖ䲿⣘✫⣜研կ劥倰岁乼⡲皍⽀ծ唬崵䧭劥⡛ծⴔ區鸟䏞䘯絕卓湬䱹ծⲥ烁ծ〳ꬑ〳⡲⚹
mRNA 蚋暟⿺氋蕐鷻鷐➝餘⾲俱餘䱽涸⿬罌կ 
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翸孻⚋掜炽ꂾꃫꄍ涸ⴔ㶩ꆀ⿺ⴔ䋒唬崵 
䶰 銳㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶MALDI-TOF僽鵳遤翸ざ暟ⴔ㶩ꆀ唬崵⿺絕匬ⴔ區涸䌢欽䩛
媯⛓♧㸐〳⟄䘯鸟絛ⴀ翸ざ暟涸ⴔ㶩ꆀⴔ䋒ծ⽀⡤絕匬瘝⥌䜂կ劥⢾⢪欽 MALDI-TOF⟄ CHCA ⚹㛇餘
㼆♧猫䫡肌嵴⿺䫡〄嵴务䌢錛涸蚋欽翸ざ暟鳇俱翸孻⚋掜炽ꂾꃫꄍ鵳遤ⴔ區䖤ⵌ✫呋嵴涸ⴔ㶩ꆀ⿺ⴔ䋒
⥌䜂կ 

Ⱒꝶ霒㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶  MALDI-TOF  翸孻⚋掜炽ꂾꃫꄍ ⴔ㶩ꆀ 
 

翸孻⚋掜炽ꂾꃫꄍ僽♧猫蚋欽翸ざ暟鳇俱Ⱘ剣嶹徾ծ嶹弪ծ㟞㝕ծⴔ侔瘝暵䚍䌢欽✵蚋嵴♸⻊㥿嵴
务կ㖈䫡肌嵴务ⰦⰨ剣⠏猖涸嶹肌唾弪⸆佪㟞⸈聝肌䔀䚍կ㖈䫡〄嵴务餻✮㣢〄⯕峂䎇剣♧㹁涸㹁
㘗⡲欽〳 欽✵〄脸涸㟞㝕㟞玸⵫կ翸ざ暟涸翸ざ䏞⿺ⴔ㶩ꆀⴔ䋒⠔䕧ㆇⰦ䚍腊㔔姼剣䗳銳㼆翸ざ暟鵳遤
唬崵կ  

 㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶MALDI-TOFⰨ剣皍⽀ծ䘯鸟蜦》➢⡛ⴔ㶩ⵌ넞ⴔ㶩ぐ猫呋嵴
涸ⴔ㶩ꆀ⥌䜂涸⠏挿䎛岌䎾欽✵灇瑕䒓〄ㄤ餘ꆀ䱽ⵖ곭㚖务ぐ猫ざ䧭勞俱⿺㣔搬❡暟涸ⴔ㶩ꆀ崵㹁翸
ざ暟涸ⴔ㶩ꆀ崵㹁⿺絕匬ⴔ區⤑僽ⰦⰩ㘗䎾欽⛓♧կ 

劥俒⟄CHCA⚹㛇餘⢪欽䀙峸MALDI-8020⿺翸ざ暟ⴔ區鲱⟝PolymerixSierra Analytics.ⴔ區✫♲
⚡♶ず䪠妃涸蚋欽鳇俱翸孻⚋掜炽ꂾꃫꄍ涸ⴔ㶩ꆀⴔ䋒⿺⽀⡤⥌䜂〳⡲⚹蚋欽翸ざ暟鳇俱呋嵴ⴔ區傞涸
⿬罌կ 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 

〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ MALDI-8020 

1.2 ⴔ區勵⟝  
靈靕垷䒭絁䚍姻猌㶩垷䒭 
慨⯕㐼355 nm 㔿䙖慨⯕㐼 
䪊䲽薴㔵m/z 500-3000 
慨⯕腊ꆀ55-60 

2呋ㅷ⵸㢅椚 
エ》翸孻⚋掜炽ꂾꃫꄍ呋嵴很巊欽⛩ꃫꂁⵖ䧭 1 mg/mL 涸䊨⡲巊》 10 μL 呋嵴䊨⡲巊ծ10 μL CHCA

㛇餘很巊10 mg/mLծ5 μL NaTFA 鳇⸔渮很巊5 mg/mL幊⺣》 1 μL 幊ざ巊挿ꬶ荈搬䎁醋た㼜
ꬶ匣鷐Ⰶ餘靶ⴔ區կ 

3絕卓♸雭雿 
3.1 餘靶唬崵絕卓⿺㢴靶㕃嫱㼆ⴔ區 

㼜♲⚡♶ず䪠妃涸翸孻⚋掜炽ꂾꃫꄍ䭽呋嵴⵸㢅椚崨玐挿呋た⢪欽 MALDI-8020 鵳遤唬崵餘靶㕃錛
㕃 1-㕃 3կ♲⚡呋嵴务㖲ゎ剣⚙瞭翸ざ暟呋嵴油痦♧瞭꧋务㖈 m/z 500-1300痦✳瞭꧋务㖈 m/z 1300-
2000⽀⡤ⴔ㶩ꆀ 58 Da♸翸孻⚋掜炽ꂾꃫꄍ⽀⡤涸椚雿ⴔ㶩䒭-C3H6O-湱痗կ 
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  㕃 1. 呋嵴 1 涸餘靶㕃 

 

 
  㕃 2. 呋嵴 2 涸餘靶㕃 

 

 
㕃 3. 呋嵴 3 涸餘靶㕃 
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㼜♲⚡䪠妃呋嵴涸餘靶㕃㖈ⴔ區鲱⟝务鵳遤㼆嫱ⴔ區㕃 4絕卓儑爙♲⚡呋嵴餘靶㕃ⴀ油鳅⚹碫
⡃⚺銳猌㶩油㖲꧋务㖈 m/z 500-2000⚺銳猌㶩餘蚚嫱m/z♧荝կ䚪⡤勻骆呋嵴ⴔ㶩ꆀ⿺ⴔ䋒♧
荝呋嵴⛓ꢂ偽僈儑䊵䒗կ 

 
㕃 4. ♲⚡䪠妃呋嵴餘靶㕃㼆嫱ⴔ區 

3.2 翸ざ暟ⴔ區鲱⟝雦皾絕卓 
⦶⸔痦♲倰翸ざ暟ⴔ區鲱⟝ PolymerixSierra Analytics〳⟄ⴔ區䎇蜦䖤呋嵴涸侨㖲ⴔ㶩ꆀ Mnծꅾ

㖲ⴔ㶩ꆀ Mwծ餘㖲ⴔ㶩ꆀ Mz㢴ⴔ侔䏞 PD翸ざ䏞 DPⴔ㶩䒭 Series Formula 瘝湱Ⱒ⥌䜂կ⢪欽 Polymerix
鲱⟝㼆♲⚡翸孻⚋掜炽ꂾꃫꄍ呋嵴ⴔ㶩ꆀⴔ䋒⥌䜂鵳遤ⴔ區ⴔ區霫絈絕卓錛邍 1կ鲱⟝곫崵翸孻⚋掜炽ꂾ
ꃫꄍ涸ⴔ㶩䒭⚹ C18H38(C3H6O)nNa邍僈餘靶唬崵ⵌ涸呋嵴猌㶩油⚺銳⚹⸈ꛧ油[M+Na]+կ 

 
邍 1. Polymerix 鲱⟝ⴔ區絕卓 

No. Mn Mw Mz PD DPn DPw DPz Repeat Adduct Series Formula 

Sample1 830.718 863.525 895.562 1.039 9.656 10.221 10.773 C3H6O Na C18H38(C3H6O)nNa 

Sample2 830.551 863.265 895.175 1.039 9.653 10.216 10.766 C3H6O Na C18H38(C3H6O)nNa 

Sample3 838.887 866.218 893.284 1.033 9.796 10.267 10.733 C3H6O Na C18H38(C3H6O)nNa 
 
   

 

4絕雿 
 劥俒䎾欽〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8020 ⴔ區翸孻⚋掜炽ꂾꃫꄍ⢪欽

Polymerix 鲱⟝ⴔ區〳⟄䘯鸟䖤ⵌ呋嵴涸ⴔ㶩ꆀⴔ䋒ծ⽀⡤餘ꆀծ翸ざ䏞ծ㢴ⴔ侔䏞瘝⥌䜂կMALDI-8020
⡲⚹〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶Ⱘ剣⡤獤稒ⲽծⴔ區鸟䏞䘯ծ⟉㐼絶䫡倰⤑ㄤ鲱⟝ざ錞涸暵
挿僽翸ざ暟ⴔ區涸剣⸂䊨Ⱘկ 
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〡臼䫡椚❡ㅷ⚥嶊嫫⵫䧭ⴔ翸絶ꂼ烿唬崵 
鸑䌢雩⚹MALDI-TOF MS僽♧猫腊剣佪㼆跗涯餘ㄤ㢴胂瘝㣐ⴔ㶩鵳遤ⴔ區涸倰岁告僽MALDI-TOF MS

⛲〳⟄欽✵䘯鸟皍⤑㖑ⴔ區⡛ⴔ㶩ꆀ⻊ざ暟կ㽍Ⱖ僽MALDI-TOF MS♶僒「ⴔ區呋嵴务䨾ゎ渮瘝涸䕧ㆇ偽
꨽鸑鵂紱⻊瘝곫㢅椚⽰〳湬䱹ⴔ區❡嵴务涸䧭ⴔկ⢾㥵〳 湬䱹ⴔ區䋑㖞副〡臼䫡椚❡嵴务涸勄蝒䧭ⴔ翸
絶ꂼ烿ㄤ袕蟎祪ꃑ守䊹㹁瘝⟄⿺碫⡃涸⡛ⴔ㶩ꆀ嶊嫫⵫䧭ⴔկ 

劥俒㼜ꛏ㼆ꅷ欽〵䒭MALDI-TOF MSMALDI-8020唬崵䋑㈒〡臼䫡椚❡嵴务嶊嫫⵫䧭ⴔ涸✲⢾㾝
䒓➝絏կ 

 MALDI-TOF 餘靶⟉ 
⢪欽〵䒭MADLI-TOF MS MALDI-8020鵳遤ⴔ區կ霪鄳縨唾䭯✫梡剣AXIMA Assurance涸⼾馊䚍腊

僽♧妴㹊梡㼭㘗⻊涸姻猌㶩垷䒭⚁欽鄳縨կMALDI-TOF餘靶⟉ꅷ欽200 Hz㔿䙖慨⯕㐼⡲⚹歏猌慨⯕ꤑꂁ
㢊Ⰼ荈⸓猌㶩彂幡峤鄳縨㢪鵮ꅷ欽偽屘ꥬ芘岹涸倝霃雦կ 

 ❡ㅷ⚥翸絶ꂼ烿涸湬䱹唬崵 
翸絶ꂼ烿僽♧猫Ⱘ剣勄蝒⡲欽ㄤ邍꬗崞䚍涸⡛ⴔ㶩ꆀ翸ざ暟禹恫〡宐瘝〡臼䫡椚❡嵴务ゎ剣涸♧猫

蚋暟կ㼜䋑㈒恫〡宐A匧㼱ꆀ诱ⵌMADLIꬶ匣副ⱄ挿副0.5 μL涸㛇餘很巊䎁醋た鵳遤ⴔ區կ崵㹁䨾䖤
餘靶㕃㥵㕃1䨾爙կ 

 
㕃1. 䋑㈒恫〡宐A涸餘靶㕃 崵㹁垷䒭Positive Linear 

 

㥵㕃2䨾爙鸑鵂佞㣐涸餘靶㕃〳烁雩彂荈翸絶ꂼ烿絆ⴔ⛓♧涸翸⛩掜ぼㅜ掬ꂼ涸餘ꆀ䊵⥌〿կ 
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㕃2. 䋑㈒恫〡宐A涸餘靶佞㣐㕃 崵㹁垷䒭Positive Linear 

 

 ❡ㅷ⚥守䊹㹁涸湬䱹唬崵 
守䊹㹁⟄袕蟎祪ꃑ渮涸䕎䒭㶸㖈✵❡嵴务կ♸翸絶ꂼ烿涸乼⡲湱ず㼜䋑㈒恫〡宐B匧㼱ꆀ诱ⵌ

MADLIꬶ匣副ⱄ挿副0.5 μL㛇餘很巊䎁醋た鵳遤唬崵կ崵㹁䨾䖤餘靶㕃㥵㕃3䨾爙㖈靶㕃副錜㻋ⵌ守䊹
㹁涸⥌〿կ守䊹㹁ゎ剣⚙⚡守⾲㶩〳⟄蜦䖤暵婋涸ず⡙稇ⴔ䋒կ㼜崵䖤涸靶㕃♸椚雿ず⡙稇ⴔ䋒鵳遤嫱
鳅〳⟄骆ⴀ⚙罏♧荝կ 

㥵姼鸑鵂⢪欽姻猌㶩絁䚍垷䒭⚁欽〵䒭MALDI-TOF MS MALDI-8020偽꨽곫㢅椚⽰〳皍⽀䘯鸟
㖑唬崵ⴀ❡嵴务䨾ゎ涸⡛ⴔ㶩ꆀ⻊ざ暟կ 

 
㕃3. 䋑㈒恫〡宐B涸餘靶㕃ㄤ守䊹㹁涸椚雿ず⡙稇ⴔ䋒 

紤㹊崵餘靶㕃ծ랱椚雿ず⡙稇ⴔ䋒㕃 
崵㹁垷䒭Positive Linea 
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翸⛩✳ꃫ⥝껑蚋ㅷ涸ⴔ區 

翸ざ暟僽歋獦⚹⽀⡤涸妃紩⽀⯋ꅾ㢕鵶䱹罜䧭涸ⴔ㶩歋✵Ⱖ暟椚ㄤ⻊㷖䚍餘㖈⼕㷖ծ蚋㷖ծ䊨㷖ծ
勞俱猰㷖瘝ぐ⚡곭㚖〄䮦满ꅾ銳涸⡲欽կ翸ざ暟涸ⴔ區〳⟄⢪欽SEC/GPC ⴔ區ծNMR/FT-IR ⴔ⯕岁瘝涸ぐ
猫ⴔ區䩛岁Ⱖ务MALDI-MS歋✵〳⟄䘯鸟䖤ⵌ翸ざ暟涸ⴔ㶩ꆀⴔ䋒ծ㢴ⴔ侔䚍⟄⿺畮㛇絕匬⥌䜂㔔姼
䎛岌䎾欽✵ⵖ鸣⚌ㄤ餘ꆀ盗椚㹊낉㹔կ 

翸ざ暟㼜剣劅⡲⚹鲿⡤ⴔ㶩䎾欽✵屛毫곭㚖䱽ⵖ䎇鵘鳕蚋暟ⵖ⵫荛ꬶ叻կꝶざⵌ翸⛩✳ꃫ1000PEG 
1000楉梵ꃑ副涸絶欰稇E絶欰稇E-TPGS㕃1鄄霆僈〳䲿넞蚋⵫很鍒䚍ծ幷鷳䚍⟄⿺珘㹁䚍կ劥俒
䧮⼜➝絏✫♧猫翫ざ〵䒭絁䚍MALDI-TOF餘靶⟉MALDI-8020ㄤ翸ざ暟侨研ⴔ區鲱⟝PolymerixSierra 
Analytics涸絶欰稇E-TPGS翸ざ暟涸模侮鍒Ɀ倰呩㕃2կ 

 

 
㕃1 絶欰稇E-TPGS 涸絕匬 

 勞俱⿺倰岁 
絶欰稇E-TPGS餝荈銯呔桾㤵䗞ꅽ㣼Ⱆ尽կ呋嵴很巊2 mg/mL⛩臟/宐=1/1♸MALDI㛇餘很巊α-

宊㛇-4-繿㛇聘聚ꃑCHCAծ10 mg/mL⛩臟/宐=1/1幊ざた⢪欽կ⡲⚹꣉猌㶩⻊霚⵫⢪欽守⻊ꛧ很巊
1 mM⛩臟/宐=1/1㼆MALDIꬶ匣鵳遤곫嶃կ㼜呋嵴ㄤ㛇餘涸幊ざ很巊1 µL诱ⵌ副鶣守⻊ꛧ涸곫嶃
ꬶ匣副կMALDI-MS ⴔ區䭽撑邍1䨾爙涸⿬侨鵳遤կ 

 

 
㕃2 絶欰稇E-TPGS翸ざ暟ⴔ區涸䊨⡲崨玐 

 
邍1 MALDI-MS 餘靶ꅷ꧋⿬侨 

琥珀酸 

维生素 E 
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靈靕垷䒭 絁䚍 
匧䚍 姻猌㶩 

䪊䲽薴㔵 100-3000 Da 
慨⯕곸桧 200 Hz 

鲲ⴁ妃侨⽀⚡靶㕃 50 
稡獤靶㕃侨 200 

 絕卓 
㕃3⚹絶欰稇E-TPGS翸ざ暟涸ꛧ⸈ざ猌㶩涸MALDI-MS㕃靶կ⚺銳翸ざ暟猌㶩禹⴩⡙✵m/z 1,100 ˊ 

1,900薴㔵ⰻꤑ姼⛓㢪鵮〳⟄骆ⵌ〥㢪⚙猫䗎㼭涸猌㶩油禹⴩m/z 800 ˊ 1,200 ㄤ1,700 ˊ 2,200㕃3
副կ 

㕃3♴儑爙⚙⚡⥌〿油ꢂꥬ44 Da♸ꅾ㢕⽀⯋C2H4O涸椚雿ⴔ㶩ꆀ♧荝կ歋姼〳濼⚙⚡靶油
湱䔲✵Ɤ䏞➑䊵♧⚡PEG⽀⯋涸⚙⚡翸ざ暟Ꝇկ〥㢪副鶣⚙⚡⽀ず⡙稇靶油㖲Ⱘ剣葻㥩涸ⴔ鳹桧{  }务
涸r⧩կ 

 
㕃3 絶欰稇E-TPGS涸ꛧ⸈ざ猌㶩餘靶㕃副ㄤ㼜覰蒀銻渷鿈ⴔ㽷鿈佞㣐涸餘靶㕃♴ 

㖈絶欰稇E-TPGS涸ꛧ⸈ざ猌㶩餘靶㕃㕃3务唬崵涸⚙⚡猌㶩m/z 430.33 ㄤ557.45ⴔⵆ♸絶欰稇E荈
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歋㛇猌㶩⟄⿺㖈絶欰稇E楉梵ꃑ务⸈ざ✫PEG⽀⯋涸(CH2)2鿈ⴔ涸猌㶩䨾爙涸絕匬䒭♧荝㥵㕃4 aㄤb䨾
爙կ  

〥㢪㕃5儑爙✫⢪欽Polymerix鲱⟝ⴔ區㖲翸暟禹⴩㕃6涸劣畮㛇㔙涸絕匬䒭ㄤ⻊㷖䒭կ 

 
㕃4 a絶欰稇E荈歋㛇猌㶩涸絕匬䒭⿺⻊㷖䒭 

bꝶざ✫鿈ⴔPEG⽀⯋涸絶欰稇E楉梵ꃑ-涸絕匬䒭⿺⻊㷖䒭 

 
㕃5 a雦皾䖤ⵌ涸㖲翸暟劣畮㛇㔙涸絕匬䒭⿺⻊㷖䒭 

⢪欽䲿⣘涸劣畮㛇㔙鵳遤♲⚡禹⴩Series 1։3涸鍒區た〄梡雦皾⧩♸㹊崵⧩⛓䊵Excess Mass
ꬋ䌢㼭䨾䲿⣘涸翸ざ暟絕匬♸㹊꣢侨研⯎ⴔ♧荝㕃6կ  

㖲翸暟鍒區务涸餻⧩㕃㥵㕃7䨾爙կ⼐ꂁ涸3⚡禹⴩Series 1։3㖈餘靶㕃副ⴔⵆ欽♶ず涸괃蒀叻岤կ 

 
㕃6  a⢪欽Polymerix鲱⟝鵳遤㖲翸暟鍒區傞涸禹⴩㹁⛐邍 

 

絶欰稇 E 

絶欰稇 E楉梵ꃑ(CH2)2 
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㕃7  ⢪欽Polymerix鲱⟝ⴔ區欰䧭涸㖲翸暟涸餻⧩㕃 
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䫒過吉蚋暟熬鴪聽涧ꛧⴔ區 
䶰 銳熬鴪聽涧ꛧ歋✵荈魧涸絕匬暵挿⢪䖤ⵄ欽蒀靶䧴蒀靶-餘靶努翫䪮助唬崵ⴔ㶩ꆀ⿺湱Ⱒ勇餘湱㼆㔮
ꦼկ劥俒䎾欽〵䒭⿽匧䚍 MALDI-TOF 餘靶⟉ MALDI-8030 㖈餏猌㶩垷䒭♴湬䱹崵㹁熬鴪聽涧ꛧ涸ⴔ㶩ꆀ
偽꨽蒀靶ⴔ猌皍⽀䘯鸟〳⚹ず碫㘗呋嵴崵霚䲿⣘⿬罌կ 

Ⱒꝶ霒MALDI-TOF  餏猌㶩  熬鴪聽涧ꛧ  ⴔ㶩ꆀ 
 

䪮助暵挿 
 ⵸㢅椚皍⽀偽꨽蒀靶ⴔ猌皍⽀䘯鸟կ  
 䎾欽 MALDI-8030 㖈餏猌㶩垷䒭♴湬䱹崵㹁熬鴪聽涧ꛧ涸ⴔ㶩ꆀկ 
  

熬鴪聽涧ꛧ僽♧猫➃䊨ざ䧭涸倝㘗䫒過吉蚋暟㾩✵넞鷥䭊䚍涸Xa㔔㶩䫈ⵖ⵫⚺銳鸑鵂䫒ⳕ過ꃍ(AT 
III)㼆Xa涸暵婋䫈ⵖ罜〄䮦毫佪կ㸐涸絕匬务ゎ❀⚡祪⽀⯋嫦⚡祪⽀⯋副鿪絕ざ✫熬ꃑꛧ㛇㔙Ⱘ剣䖎䔂
涸匧䚍㖈䌢錞导湱C18叙副唾殆遤⚹♶⢕⢪欽猌㶩蒀靶ⴔ區歋✵꨽銳涸巵峤巊崽䏞䖎넞荝⢪歏㼋唬崵㔮
ꦼկ熬鴪聽涧ꛧ劥魧涸絕匬暵挿⢪䖤ⵄ欽蒀靶䧴蒀靶-餘靶努翫䪮助唬崵熬鴪聽涧ꛧ涸ⴔ㶩ꆀ⿺湱Ⱒ勇餘䧭
⚹♧⚡ꦼ곿կ劥俒䒊用✫䎾欽〵䒭⿽匧䚍MALDI-TOF餘靶⟉MALDI-8030㖈餏猌㶩垷䒭♴ⴔ區熬鴪聽涧ꛧⴔ
㶩ꆀ涸倰岁偽꨽蒀靶ⴔ猌〳 ⟄湬䱹崵䖤熬鴪聽涧ꛧ涸ⴔ㶩ꆀ⿺ⴔ䋒䞔ⲃ皍⽀䘯鸟Ⱘ剣鳅넞㹊欽⟟⧩կ 

 

 
㕃 1. 熬鴪聽涧ꛧ絕匬䒭 

⻊㷖䒭 C31H43N3Na10O49S8䎂㖲ⴔ㶩ꆀ 1728.03 Da 
 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ MALDI-8030 

1.2 ⴔ區勵⟝  

靈靕垷䒭絁䚍餏猌㶩垷䒭 

慨⯕㐼355 nm 㔿䙖慨⯕㐼 

䪊䲽薴㔵m/z 500-5000 

慨⯕腊ꆀ90 
1.3 呋ㅷ⵸㢅椚  

》0.5 µL 熬鴪聽涧ꛧ岤㼘巊ㄤ0.5 µL 9-AA㛇餘很巊10 mg/mL⣜妃挿ꬶ䎁醋た鷐Ⰶ餘靶ⴔ區կ 
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2. 絕卓♸雭雿 
熬鴪聽涧ꛧ餘靶㕃錛㕃 2歋㕃〳錛呋嵴唬崵ⵌ 9 ⚡ⴔ㶩ꆀ⣜妃湱䊵 102 Da 涸猌㶩⣜妃⚹ m/z 

1705.0ծm/z 1603.0ծm/z 1500.9ծm/z 1398.9ծm/z 888.7ⴔⵆ㼆䎾熬鴪聽涧ꛧ剣 0-8 ⚡ SO3Na 㛇
㔙鄄 H 猌㶩》去た䎇⚗㣟♧⚡ Na 猌㶩涸⻊ざ暟䕎䒭կ〥㢪呋嵴鵮唬崵ⵌ m/z 1727.0 涸猌㶩油㼆䎾熬
鴪聽涧ꛧ涸[M-H]-䕎䒭餘靶⥌〿䔂䏞儑衼⡛✵[M-Na]-⿺Ⱖ➭ SO3Na 㛇㔙鄄 H 猌㶩》去た䎇⚗㣟♧⚡ Na
猌㶩涸⻊ざ暟䕎䒭鵯〳腊僽歋✵熬鴪聽涧ꛧ㺢ゎꛧ猌㶩湱嫱⚗㣟孲猌㶩熬鴪聽裈ꛧ㖈餘靶副刿㺂僒⚗
㣟ꛧ猌㶩罜䕎䧭Ⲹꛧ油կꤑ姼⛓㢪呋嵴鵮唬崵ⵌ SO3Na 㛇㔙⿺ 1 ⚡ Na 猌㶩Ⰼ鿈鄄 H 猌㶩》去た涸Ⲹꛧ
油㥵 m/z 866.5 㼆䎾熬鴪聽涧ꛧ涸[M-8X-2Na+H]-⻊ざ暟䕎䒭X 去邍♧⚡ SO3Na 㛇㔙鄄♧⚡ H 猌㶩》
去կ 

 
㕃 2. 熬鴪聽裈ꛧ餘靶㕃 

3絕雿 
 劥俒䎾欽〵䒭⿽匧䚍㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-8030 㖈餏猌㶩垷䒭♴㼆熬鴪聽涧ꛧ

涸ⴔ㶩ꆀ鵳遤唬崵湬䱹䖤ⵌ✫⻊ざ暟㢴猫猌㶩䕎䒭♴涸ⴔ㶩ꆀ⥌䜂կ霪倰岁偽꨽巊湱ⴔ猌乼⡲皍⤑⚹
蒀靶ⴔ區㔮ꦼ䧴罏蒀靶努翫餘靶唬崵㔮ꦼ涸⻊ざ暟䲿⣘✫⿬罌唬崵䩛媯կ 
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翸ざ暟涸掚꣭鍒ⴔ區 

鵛䎃勻MALDI-TOF餘靶⟉鄄馊勻馊㢴㖑欽✵ざ䧭❡暟ㄤ넞ⴔ㶩⻊ざ暟涸皍⽀ⴔ㶩ꆀ崵ꆀㄤⴔ區կ鵯僽
㔔⚹鵯猫碫㘗涸⟉㐼剣Ⳝ⚡剣ⵄ涸暵挿: ❡欰⽀歏蚚涸猌㶩㔔姼〳⟄䖎㺂僒㖑霋ⵆⴔ㶩ꆀ餘ꆀ薴㔵䖎䎛
罜⚂剣雽㢴很⵫〳⣘鷥䭊㔔⚹呋嵴㖈䎁醋⛓⵸㽠溶絑鄄软䎁✫կ 

〥♧倰꬗歋✵鵂⿡Ⳝ䎃爢⠔勵⟝涸」⻊筛䏎鿈꡶ծ㣐㷖ㄤ猙蠒⟱⚌䔂捘銳宠꣭⡛欽✵姼碫䎾欽涸⟉
㐼涸䒸鵳ㄤ鵘遤䧭劥կ〵䒭MALDI-8020MALDI-TOF餘靶⟉僽♧猫腊㢿⯎ⴔ忘駈鵯❈䋑㖞꨽宠涸倝㘗⟉
㐼կ⧩䖤岤䠑涸僽霪⟉㐼涸굷遤盗鳅瀊鵯僽Ⱖ⡤獤㼭涸⚺銳暵挿ず傞唾䭯✫♸⠛絡㘗〿湱ず䧴刿넞涸
䚍腊կ 

㖈勞俱ㄤ⻊㷖❡嵴涸剒倝䒓〄ㄤ餘ꆀ䱽ⵖ鵂玐务馊勻馊꨽銳㛇✵ⴔ㶩宐䎂涸⻊㷖」⻊絕ざ罣⛉䚍崵
霚皍⽀ծ䘯鸟㖑唬崵ざ䧭翸ざ暟❡嵴涸꣭鍒䞔ⲃկ劥俒➝絏✫欽MALDI-8020餘靶⟉ⴔ區翸ざ暟掚꣭鍒涸
㹊⢾կ 

 

 〵䒭 MALDI-TOF MS MALDI-8020 
MALDI-8020僽♧猫霃雦稒ⲽծ瑟ꢂ剒㼭涸絁䚍垷䒭MALDI-TOF餘靶⟉կ㸐㖈絁䚍垷䒭(姻猌㶩)♴涸䚍腊

〳♸⠛絡MALDI-TOF餘靶⟉涸湱ず垷䒭湱样繠կ霪⟉㐼ꂁ㢊✫200 Hz㔿⡤慨⯕㐼ㄤ⸈鲿ꝉ㹁㹔絕匬〳㖈
Ⳝⴔꛦⰻ刿矿呋嵴ꬶ匣ず傞唾䭯崵ꆀ⡙縨涸溫瑟䏞烁唾䘯鸟鵳遤崵ꆀկ 

霪⟉㐼涸굷遤盗Ɤ䏞綫瀊⚹0.85 m搬罜餘ꆀⴔ鳹桧♸⠛絡⟉㐼♧呋㥩կ霪⟉㐼Ⱘ剣㹊欽涸ⴔ鳹桧
⽰⢪㖈m/z 4000꣡鵛⛲腊鵳遤ず⡙稇ⴔ猌կ 

 

 ꣭鍒垷㘗涸䒊用ㄤ崵霚勵⟝ 
㹊낉务鸑鵂ꅾ㢕⸈掚ㄤ䧭㘗0ծ1ծ4ㄤ10妃涸鵂玐ⵖ㢊翸ざ暟꣭鍒垷㘗呋嵴կ䧮⼜♶⸈㢅椚㖑很鍒鵯

❈翸ざ暟䎇湬䱹⢪欽很巊欽✵MALDI崵ꆀկ姼㢪㼜鵯❈翸ざ暟㖈僒很涸很⵫务很鍒た䒸Ⰶⵌ♶僒很涸
很⵫务搬た佐꧋ゎ剣偽小巤暟涸⡛翸暟涸副幡巊(很鍒/ⱄ小巤岁)䎇欽霪很巊鵳遤MALDI崵ꆀկ⢪欽襡♲
ꂛ(20 mg /mL守⟬很⵫)⡲⚹㛇餘Na-TFA (10 mg /mL, THF很⵫)⡲⚹꣉猌㶩⵫կ 

 

 絡雦ⴔ區 
⺫䭍㢴⯋ⴔ區㖈ⰻ涸絡雦ⴔ區僽鸑鵂♸姻䌢❡嵴涸嫱鳅勻唬崵緃ꤴ❡嵴涸剣佪䊨Ⱘ告僽♧❈㉁⚌

副〳蜦䖤涸鲱⟝꨽銳⯓鵳涸絡雦ⴔ區濼霋鵯〳腊絛➃♧猫⢪欽鵯猫鲱⟝剣ꥻ烯涸⽪韌կ倝䒓〄涸eMSTAT 
SolutionTM䲿⣘湬錜ㄤ⿺傞涸絡雦ⴔ區կ俒务⢪欽鵯⚡鲱⟝鵳遤ⴔ區կ 
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㕃1. 鸑欽翸ꂾ涸餘靶㕃 

湬䱹很鍒副呋10 mg/mL劢⨞⟣⡦⵸㢅椚 

 

 㻑翸暟絕匬㚖涸崵ꆀ♸ⴔ區絕卓 
껷⯓䧮⼜㼜翸ざ暟很鍒㖈守⟬务䎇㖈MALDI-8020副鵳遤崵ꆀ(㕃1)կ呋嵴⛓ꢂ尵剣儑衼䊵䒗կ搬た

䧮⼜⟄守⟬⚹㥩很⵫⛩臟⚹䊵很⵫ꅷ欽很ⴀ/ⱄ小巤岁ⴔ猌ⴀ湱㼆⡛ⴔ㶩涸⡛翸暟絆ⴔ䎇鵳遤崵ꆀկ
絕卓㥵㕃3䨾爙➢㕃务〳⟄錜㻋ⵌ♸⚺䧭ⴔ⥌〿僈儑♶ず涸㼭ⴔ㶩ꆀ絆ⴔկꥥ满⸈掚妃侨涸㟞⸈鵯❈䧭
ⴔッ㟞⸈馋⸷կ䨾剣侨研鲮矿⚹俒劥䕎䒭㖈eMSTAT Solution副鵳遤ⴔ區(㕃3)կ㖈eMSTAT Solution靀》
侨研涸澕ꢂ絡雦ⴔ區絕卓⟄랾雩霃縨儑爙鸑鵂湬錜㖑佖」♧❈剒⡛銳宠涸⿬侨〳⟄䖤ⵌ剒⠏絕卓կ㥵
㕃4涸䖤ⴔ㕃䨾爙鵯❈䧭ⴔ鄄幡兠㖑ⴔ⚹㔋⚡鿈ⴔկ 

 
㕃2. 鸑欽翸ꂾ絑鵂很鍒/ⱄ小巤㢅椚た涸餘靶㕃 
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㕃3. 絡雦ⴔ區鲱⟝歘꬗(䊩)ㄤ䖤ⴔ㕃佞㣐(〸) 

 絕雿 
   䧮⼜ⵄ欽〵䒭MALDI-8020 MALDI-TOF餘靶⟉ㄤeMSTAT Solution絡雦ⴔ區鲱⟝㼆翸ざ暟鵳遤꣭鍒ⴔ區
䘯鸟䖤ⵌ✫剣欽涸絕卓կ꣭鍒䧴䒗䌢䧭ⴔ⽰⢪僽䗎ꆀ涸⛲〳腊㼆翸ざ暟涸䚍餘❡欰ꅾ㣐䕧ㆇկ剒㼱涸⵸
㢅椚ㄤMALDI-8020涸넞䚍腊〳⟄⡲⚹䯲蜦ⴔ㶩宐䎂副䗎㼭」⻊涸剣佪䩛媯կ姼㢪㼆✵⟄唬崵暵㹁䒗䌢絆
ⴔ⚹湡涸唬崵崨玐eMSTAT Solution〳⡲⚹乼⡲皍⽀崨歧涸剣欽鲱⟝կ 
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2.5 ꆄ㾩ꂁざ暟ⴔ區 
ꆄ㾩ꂁざ暟僽歋ꂁ⡤♸ꆄ㾩⾲㶩䧴猌㶩鸑鵂ꂁ⡙ꝶ䕎䧭涸ꂁざ暟կ鸑䌢⺫䭍务䗱ꆄ㾩⾲㶩䧴猌㶩ㄤ

㔵絗㸐涸ꂁ⡤կꂁ⡤〳⟄僽务䚍ⴔ㶩䧴꣊猌㶩㸐⼜鸑鵂䲿⣘㷐㼆歏㶩♸ꆄ㾩䕎䧭ꂁ⡙ꝶկꆄ㾩ꂁざ暟猫碫
籖㢴䌢錛涸剣ꆄ㾩纝㛇ꂁざ暟ծⱟꄍꂁざ暟ծN-勇梠子㺉ꆄ㾩ꂁざ暟瘝կ 

ꆄ㾩ꂁざ暟涸暟椚䚍餘괃蒀ծ擧挿ծ屗挿瘝㔔Ⱖ絆䧭ㄤ絕匬罜䒗Ⱖ鸑䌢Ⱘ剣鳅넞涸珘㹁䚍ㄤ⪶⻊
崞䚍腊㢿⿬♸㢴猫⻊㷖导䎾կꆄ㾩ꂁざ暟➝✵剣劼暟ㄤ偽劼暟⛓ꢂ傁Ⱘ剣剣劼暟涸넞蚃⯕ꆀ㶩佪桧涸⠏
挿⿶剣偽劼暟涸珘㹁䚍㥩涸暵挿կ㔔姼㸐⼜㖈〄⯕勞俱ծ⪶⻊⵫ծ蚋暟霃雦瘝곭㚖Ⱘ剣䎛岌䎾欽⵸兞կ 

ꆄ㾩ꂁざ暟⡲⚹〄⯕勞俱㖈㔿䙖♴Ⱘ剣鳅䔂蚃⯕⚂偽僈儑涸崽䏞帳抣梡韌鷓欽✵歏荝〄⯕㐼⟝涸
ⵖ㢊կ雽㢴ꆄ㾩ꂁざ暟Ⱘ剣⠏䒗涸⪶⻊䚍腊〳欽✵⪶⻊孻⻊ծ梠孻⻊ծ⸈孲瘝⻊㷖导䎾կꆄ㾩ꂁざ暟㖈蚋
暟霃雦务⛲〄䮦满ꅾ銳⡲欽㥵䫒浓蚋暟ծ䫒蝒蚋暟瘝կ姼㢪ꆄ㾩ꂁざ暟鵮䎛岌䎾欽✵群俱ծ嶃俱ծ㝕俱
瘝䊨⚌곭㚖կ䚪⛓ꆄ㾩ꂁざ暟僽♧碫絕匬㢴呋ծ䚍餘杝暵ծ䎾欽䎛岌涸⻊ざ暟կꥥ满猰㷖䪮助涸♶倗〄㾝
➃⼜㼆ꆄ㾩ꂁざ暟涸灇瑕㼜♶倗帿ⰆⰦ䎾欽곭㚖⛲㼜♶倗䬪㾝կ 
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ꆄ㾩ꂁざ暟涸ざ䧭烁雩 
䶰 銳劥俒䎾欽㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉MALDI-TOF㼆ꆄ㾩ꂁざ暟鵳遤ⴔ區ꅷ欽导-2-
[3-(4-〈♨㛇薅㛇)-2-歌㛇-2-千⚋掜㛇]⚋✳臟DCTB㛇餘㖈姻猌㶩垷䒭♴鵳遤侨研ꅷ꧋絕卓儑爙㖈
m/z 1-2000薴㔵ⰻ䧭⸆唬崵ⵌ呋嵴涸[M+H]+⽀♧ず⡙稇油⿺Ⱖず⡙稇油ぐず⡙稇油ⴔ䋒葻㥩կ絕卓邍僈
MALDI-TOF鷓欽✵ꆄ㾩ꂁざ暟涸ⴔ㶩ꆀ邍䖄ⴔ區鵂玐Ⱘ剣偽꨽呋嵴⵸㢅椚ծⴔ區鸟䏞䘯ծⴔ區䧭劥⡛涸暵
挿կ 

Ⱒꝶ霒㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-TOF ꆄ㾩ꂁざ暟 ⴔ㶩ꆀ唬崵  
 

䪮助暵挿 
 MALDI-TOF 欽✵ꆄ㾩ꂁざ暟瘝剣劼⸆腊勞俱ⴔ㶩ꆀ涸䘯鸟烁雩կ  
 MALDI-TOF 㹊낉〳身崞⢪欽㢴猫很⵫㖈⠏⻊ꅷ꧋⿬侨倰꬗刿⤑䰦կ 

 
ꂁ⡤♸ꆄ㾩⾲㶩䧴猌㶩鸑鵂ꂁ⡙ꝶ䕎䧭涸ꂁざ暟〭ꆄ㾩ꂁざ暟䌢錛涸剣ꆄ㾩纝㛇ꂁざ暟կꆄ㾩ꂁざ暟

䎛岌欽✵⯕歏곭㚖㸐♶➑僽♧猫䖎㥩涸㣖꣉腊歏寑勞俱鵮Ⱘ剣葻㥩涸蚃⯕䚍餘〳⟄欽勻ⵖ㢊LEDծ剣
劼EL㐼⟝瘝涸蚃⯕勞俱姼㢪ꆄ㾩ꂁざ暟〳⟄霋ⵆ欰暟ⴔ㶩ㄤ剣嫫⻊㷖暟餘瘝㔔姼〳⟄⡲⚹⻊㷖ㄤ欰
暟⠛䠭㐼涸⥌〿鲮矿勞俱կ 

㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉(MALDI-TOF)僽㣔搬❡暟灇瑕䒓〄ㄤざ䧭勞俱餘ꆀ䱽ⵖ涸⤑䰦
䊨Ⱘ偽꨽㢕勇呋嵴⵸㢅椚副劼唬崵鸟䏞䘯唬崵涸⚺銳僽⻊ざ暟涸⽀歏蚚油靶㕃湱㼆皍⽀僒✵鍒區կ 

劥俒㾝爙✫䎾欽䀙峸MALDI㹻偛剒倝㘗〿〵䒭劼MALDI-8030唬崵ꆄ㾩ꂁざ暟ⴔ㶩ꆀ涸倰岁㖈姻猌㶩
垷䒭♴䧭⸆唬崵ⵌꆄ㾩ꂁざ暟呋嵴涸⻊ざ暟⥌〿կ絕卓邍僈MALDI-TOF鷓欽✵ꆄ㾩ꂁざ暟⿺Ⱖざ䧭务ꢂ⡤
涸ⴔ㶩ꆀ唬崵⚹剣劼⸆腊勞俱涸唬崵䲿⣘倰岁⿬罌կ 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ MALDI-8030                             

1.2 霚⵫♸呋ㅷ 
㛇餘导-2-[3-(4-〈♨㛇薅㛇)-2-歌㛇-2-千⚋掜㛇]⚋✳臟DCTBկ 
呋嵴ꆄ㾩ꂁざ暟呋嵴⻊㷖䒭⚹ C30H24Cl2N6Ru絕匬䒭⥌䜂㥵㕃 1կ 

 
㕃 1. ꆄ㾩ꂁざ暟呋嵴絕匬䒭 

 



88 

 

1.3 ⴔ區勵⟝  
靈 靕 垷 䒭 絁䚍姻猌㶩垷䒭 慨 ⯕ 腊 ꆀ 50 
慨 ⯕ 㐼 355 nm 㔿䙖慨⯕㐼 䪊 䲽 곸 桧 200 Hz 
䪊 䲽 薴 㔵 m/z 1-2000   

 

2. 呋ㅷ⵸㢅椚 
㼜呋嵴䎁磋欽⛩臟ꂁⵖ䧭 1mg/mL 涸很巊⯎ⴔ很鍒た⡲⚹呋嵴䊨⡲巊կ欽✳守歌掬㼜导-2-[3-(4-〈♨

㛇薅㛇)-2-歌㛇-2-千⚋掜㛇]⚋✳臟DCTB㛇餘ꂁⵖ䧭 10 mg/mL 涸㛇餘很巊կ㼜副鶣 1 μL 呋嵴䊨⡲巊
挿ⵌꬶ匣副կ䖉荈搬䎁醋たⱄ銻渷 1 μL 㛇餘很巊կ䖉荈搬䎁醋た㼜ꬶ匣鷐Ⰶ餘靶ⴔ區կ 

3絕卓♸雭雿 
⟄导-2-[3-(4-〈♨㛇薅㛇)-2-歌㛇-2-千⚋掜㛇]⚋✳臟DCTB⚹㛇餘ꆄ㾩ꂁざ暟呋嵴㖈姻猌㶩垷䒭♴

鵳遤餘靶侨研ꅷ꧋餘靶ⴔ區絕卓㥵♴կ 
ꆄ㾩ꂁざ暟呋嵴ⴔ㶩䒭⚹ C30H24Cl2N6Ru椚雿ⴔ㶩ꆀ⽀♧ず⡙稇ⴔ㶩ꆀ⚹ 640.05կ呋嵴餘靶唬崵

絕卓㥵㕃 2 䨾爙㖈 m/z 1-2000 薴㔵ⰻ唬崵ⵌ霪呋嵴涸[M+H]+⽀♧ず⡙稇油m/z 641.18⿺Ⱖず⡙稇
油ぐず⡙稇油ⴔ䋒葻㥩կ唬崵絕卓♸椚雿⧩湱痗կ 

 
㕃 2. ꆄ㾩ꂁざ暟呋嵴餘靶㕃m/z 1-2000) 

 
   

4絕雿 
劥俒䎾欽䀙峸〵䒭劼MALDI-8030㖈姻猌㶩垷䒭♴㼆ꆄ㾩ꂁざ暟鵳遤ⴔ區蜦䖤✫ꆄ㾩ꂁざ暟呋嵴涸ⴔ

㶩ꆀ⥌䜂㹊梡✫MALDI-TOF㼆ꆄ㾩ꂁざ暟ざ䧭䞔ⲃ涸䘯鸟烁雩կ霪倰岁Ⱘ剣⵸㢅椚皍⤑ծⴔ區鸟䏞䘯ծ䧭
劥⡛涸暵挿⚹䊨⚌ծ剣劼礵絈ざ䧭ծ倝㘗⸆腊勞俱䒓〄瘝곭㚖务剣劼⸆腊勞俱涸ざ䧭餘䱽䲿⣘倰岁⿬罌
た絯〳㽂霚䬪㾝欽✵剣劼群俱ծ剣劼〄⯕✳匧盗OLEDծ剣劼㣖꣉腊歏寑瘝剣劼⸆腊勞俱涸唬崵կ 
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꜃轌ざ暟涸ⴔ㶩ꆀ唬崵 
䶰 銳ꆄ㾩轌ざ暟僽♧碫Ⱘ剣梠朐絕匬涸ꂁざ暟Ⱘ剣♶ず涸絕匬ծ䚍餘ㄤ⸆腊暵䚍㖈䊨⚌ծ欰暟⼕蚋
ㄤ梠㞯곭㚖剣满䎛岌涸䎾欽կ劥俒䎾欽㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉MALDI-TOF㼆꜃轌ざ暟鵳
遤ⴔ區偽꨽㛇餘鳇⸔꜃轌ざ暟㖈餏猌㶩垷䒭♴湬䱹歏猌唬崵絕卓儑爙㖈m/z 200-900薴㔵ⰻ䧭⸆唬
崵ⵌ♧禹⴩♶ず猫碫涸꜃轌ざ暟䨾㼆䎾涸猌㶩油կ絕卓邍僈MALDI-TOF鷓欽✵ꆄ㾩轌ざ暟涸ⴔ㶩ꆀ邍䖄ⴔ
區鵂玐偽꨽巊湱ⴔ猌ծⴔ區鸟䏞䘯ծ絕卓湬錜⚹ꆄ㾩轌ざ暟瘝ꂁ⡙⻊ざ暟涸䘯鸟唬崵䲿⣘倰岁⿬罌կ 

Ⱒꝶ霒㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-TOF ꜃轌ざ暟 ⴔ㶩ꆀ唬崵  

 

䪮助暵挿 
 MALDI-TOF 鷓欽✵ꆄ㾩轌ざ暟瘝ꂁ⡙⻊ざ暟ⴔ㶩ꆀ涸䘯鸟烁雩կ 
⵸㢅椚崨玐皍⤑霪꜃轌ざ暟呋嵴劥魧䌄餏歏蚚㖈餏猌㶩垷䒭♴偽꨽㛇餘鳇⸔〳湬䱹歏猌կ 

 
ꆄ㾩轌ざ暟僽♧碫Ⱘ剣梠朐絕匬涸ꂁざ暟鸑鵂⚙⚡䧴㢴⚡ꂁ⡙⡤♸ず♧ꆄ㾩猌㶩䕎䧭轌ざ梠涸轌ざ

⡲欽罜䖤ⵌկꆄ㾩轌ざ暟♸ꆄ㾩⯋稇稒㺙翫禹㖈♧饰Ⱘ剣♶ず涸絕匬ծ䚍餘ㄤ⸆腊暵䚍㖈䊨⚌ծ欰暟⼕
蚋ㄤ梠㞯곭㚖剣满䎛岌涸䎾欽㖈䊨⚌곭㚖〳欽✵ⵖ鸣群俱ծ脸⡤ծ歏㶩⯋⟝瘝雽㢴欽鸀㖈欰暟⼕蚋곭㚖
〳欽✵ⵖ㢊蚋暟ծ霏倗霚⵫瘝㖈梠㞯곭㚖〳欽✵⿡ꤑ剣㹲暟餘ㄤ寓群暟瘝կ 

㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉(MALDI-TOF)僽⻊ざ暟ⴔ㶩ꆀ邍䖄涸⤑䰦䊨Ⱘ偽꨽巊湱ⴔ猌
⵸㢅椚皍⽀副劼唬崵鸟䏞䘯靶㕃湱㼆皍⽀僒✵鍒區կ 

劥俒㾝爙✫䎾欽MALDI-8030唬崵ꆄ㾩轌ざ暟ⴔ㶩ꆀ涸倰岁㖈餏猌㶩垷䒭♴䧭⸆唬崵ⵌ♶ず猫碫涸꜃
轌ざ暟㼆䎾涸⻊ざ暟⥌〿կ絕卓邍僈MALDI-TOF鷓欽✵꜃轌ざ暟涸ⴔ㶩ꆀ唬崵⚹ꆄ㾩轌ざ暟瘝ꂁ⡙⻊ざ暟
涸唬崵䲿⣘倰岁⿬罌կ 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ MALDI-8030                             

1.2 霚⵫♸呋ㅷ 
呋嵴呋嵴⚹ざ䧭涸♶ず猫碫꜃轌ざ暟涸幊ざ暟〳腊ゎ剣涸꜃轌ざ暟涸⻊㷖䒭⥌䜂㥵邍 1կ 

邍 1. ꜃轌ざ暟呋嵴⥌䜂邍 

䎸〿 ⻊㷖䒭 椚雿ⴔ㶩ꆀaverage 
1 [HPMo11O39]6- 285.23 
2 [H5PMo9O34]4- 360.88 
3 [H3PMo11O39]4- 428.35 
4 [H7PMo6O25]2- 506.85 
5 [H4PMo11O39]3- 571.47 
6 [H5PMo11O39]2- 857.71 

1.3 ⴔ區勵⟝  
ⴔ區垷䒭絁䚍餏猌㶩 
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慨⯕㐼355 nm㔿䙖慨⯕㐼 
䪊䲽薴㔵m/z 200-900 
慨⯕腊ꆀ75 
䪊䲽鸟桧200 Hz 

2. 呋ㅷ⵸㢅椚 
㼜呋嵴欽宐ꂁⵖ䧭 50 μg/mL 涸很巊⡲⚹呋嵴䊨⡲巊կ㼜副鶣呋嵴䊨⡲巊挿 1 μL ⵌꬶ匣副կ䖉荈搬

䎁醋た㼜ꬶ匣鷐Ⰶ餘靶ⴔ區կ 

3絕卓♸雭雿 
꜃轌ざ暟呋嵴㖈餏猌㶩垷䒭♴鵳遤餘靶侨研ꅷ꧋餘靶唬崵絕卓㥵㕃 1 䨾爙㖈 m/z 200-900 薴㔵ⰻ

唬崵ⵌ霪轌ざ꜃幊ざ暟呋嵴涸♧禹⴩瞭油㥵 m/z 285.06m/z 360.98m/z 427.78m/z 506.56m/z 
571.43m/z 650.27m/z 858.05 瘝կ㥵邍 2 䨾爙呏研呋嵴涸椚雿ⴔ㶩ꆀ⥌䜂䲀崵♶ず m/z 涸猌㶩油
㼆䎾♶ず涸꜃轌ざ暟䲀崵 m/z 285.06 㼆䎾[HPMo11O39]6-m/z 360.98 㼆䎾[H5PMo9O34]4-m/z 427.78 㼆
䎾[H3PMo11O39]4-m/z 506.56 㼆䎾[H7PMo6O25]2-m/z 571.43 㼆䎾[H4PMo11O39]3-m/z 858.05 㼆䎾
[H5PMo11O39]2-կ唬崵絕卓♸椚雿⧩湱痗կ 

邍 2. 餘靶唬崵絕卓 

⻊㷖䒭 
椚雿ⴔ㶩ꆀ

average 
㹊崵ⴔ㶩ꆀ

average 
[HPMo11O39]6- 285.23 285.06 
[H5PMo9O34]4- 360.88 360.98 
[H3PMo11O39]4- 428.35 427.78 
[H7PMo6O25]2- 506.85 506.56 
[H4PMo11O39]3- 571.47 571.43 
[H5PMo11O39]2- 857.71 858.05 

 

 
㕃 1. ꜃轌ざ暟呋嵴餘靶㕃m/z 200-900) 
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4絕雿 
劥俒䎾欽MALDI-8030㖈餏猌㶩垷䒭♴㼆꜃轌ざ暟幊嵴鵳遤ⴔ區蜦䖤✫♶ず猫碫涸꜃轌ざ暟涸ⴔ㶩ꆀ

⥌䜂㹊梡✫MALDI-TOF㼆ꆄ㾩轌ざ暟ⴔ㶩ꆀ涸䘯鸟烁雩կ霪倰岁ⴔ區鸟䏞䘯ծ絕卓湬錜僒✵ⴔ區⚹ꆄ㾩
轌ざ暟涸ⴔ區ㄤ唬崵䲿⣘✫♧猫倝涸䩛媯⚹Ⱖ➭碫⡃ꂁ⡙⻊ざ暟涸唬崵䲿⣘倰岁⿬罌կ 
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2.6 餘靶䧭⫸ⴔ區 
餘靶䧭⫸岁MSI〳❡欰⻊㷖䘯撑䳶爙ⴔ㶩瑟ꢂⴔ䋒⥌䜂կMSI 僽偽叻雵涸䎇⚂♶꨽銳欽✵絆絉

ⴔ區涸絆絉㷖群蒀涸雽㢴姿낢կ搬罜絆絉涸呋嵴ⵖ㢊꨽銳ⲇⲏⴗ晙կ椚雿副⟣⡦餘ꆀⴔ區⟉鿪腊㢿鵳遤
MSI〫銳⵸畮剣⸔✵㖈♧⚡⼓㚖副鵳遤䪊䲽䎇⚂侨研〳⟄⟄✳絶倰䒭鵳遤㢅椚ㄤ儑爙կ 

MALDI-TOF 䧭⫸䪮助荈 1997 䎃䒸Ⰶ⟄勻溶䎾欽✵鷳僈絈脅胄絈脅浓ծ➃碫絕湬肃浓ծ浓氿胊浓ㄤ✌
艑浓絆絉⟄⿺♶ず浓氿涸絆絉䗎꣋⴩务涸湬䱹腒餘ⴔ區կMALDI-TOF 餘靶⟉⸆腊䔂㣐〳⟄⟄䱹鵛⽀絈脅
ⴔ鳹桧涸ⴔ鳹桧䧭⫸կず傞Ⱘ剣䌢⾓湬䱹歏猌涸⠏挿溶鄄䎛岌欽✵偽叻雵ծ偽群蒀涸絆絉䧭⫸կ 

餘靶䧭⫸䪮助涸⠏挿⺫䭍腊㢿偽叻雵㖑䲽絚⾲⡙絈脅䒗餘䚍⼓ⴔ⨴䐀ㄤ氬氻絆絉կ餘靶䧭⫸倰岁涸♧
⚡⚺銳䮋䧶➠搬僽㼜⻊㷖䧴ⴔ㶩⥌䜂鲮⻊⚹欰暟⥌䜂կ荛㼱㖈剒ⴲ꨽銳♸⠛絡涸 H&E 群蒀ㄤⰦ➭⯝氋絆
絉⻊㷖群蒀鵳遤䎇遤㢅椚䎇♸絆絉㷖㹻/氻椚㷖㹻㺙ⴗざ⡲⟄霆㹊餘靶岁❡欰涸䧭⫸侨研կ 

 

 
MALDI 餘靶䧭⫸崨玐㕃 
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餘靶䧭⫸䪮助㖈굹ㅷ㸝Ⰼ⚥涸䎾欽 

餘靶䧭⫸僽鵛䎃〄㾝剒䘯涸餘靶䎾欽⛓♧կ姼䪮助湬䱹➢邍꬗㼆湡叻暟餘鵳遤崵㹁偽꨽⟣⡦叻雵䧴
遥欰⻊㢅椚կ㔔姼姼䪮助䌢欽✵㼆暟餘ⴔ䋒鵳遤〳錠⻊ⴔ區⢾㥵欰暟⡤ⰻ涸蚋暟去靧暟䧴굹嵴务涸⸆
腊䧭ⴔ姼碫暟餘鸑䌢ꦼ⟄鵳遤叻雵/遥欰⻊㢅椚կ 

劥䫣デ务䧮⼜⠔➝絏瑟ꢂⴔ鳹桧⚹50μm涸⚙⚡餘靶䧭⫸爙⢾嗃暟猫㶩邍꬗涸ⱚ蚋ㄤ굹嵴䱹鍘勞俱
涸掚霶㼋」餘կ 

 倰岁 
⢪欽MALDI-8020〵䒭絁䚍MALDI-TOF餘靶⟉鵳遤餘靶䧭⫸㹊낉㕃1կ⫸稇ꢂ騄⚹50μmկ 
嗃暟猫㶩涸餘靶䧭⫸㼜ⱚ蚋劢Ⱆ䒓㌂峞ⵌ㣐鞝猫㶩副կ㖈ⲇⲏ朐䙖♴ⵖ㢊猫㶩ⴗ晙㕃2搬

た欽iMLayer˳㛇餘⼮⼶禹絡嶃副α-宊㛇-4-繿㛇聘聚ꃑCHCA㕃1կiMLayer〳欰䧭珘㹁ծ〳ꅾ梡㛇餘
嶃㽻կ⢪欽IonView˳㼆蜦》涸侨研鵳遤ⴔ區㕃2կ 

PET謭芘涸餘靶䧭⫸㼜翸㼆薅✳歌ꃑ⛩✳ꃫꂾPET謭芘欽⡲굹嵴䱹鍘勞俱㖈175˫♴⸈掚4㼭
傞ծ18㼭傞կ⢪欽䩛⸓㛇餘㌂嶃㐼㼜ゎ剣NaI涸㖑襡ꂛ很巊嶃ⵌ⚙⚡呋劥ㄤ劢絑㢅椚涸PET謭芘呋劥副կ
⢪欽IMAGEREVEAL˳餘靶⟉㼆蜦》涸侨研鵳遤ⴔ區կ 

 
㕃 1. MALDI-8020 〵䒭 MALDI-TOF 餘靶⟉䊩կiMLayerTM 荈⸓㛇餘⼮⼶禹絡〸կ 

 
邍 1 餘靶䧭⫸勵⟝ 

㛇餘 CHCA 
㛇餘⾩䏞 0.7 μm 
匧䚍 姻猌㶩 
慨⯕鳒㼘湬䖈 紨 50 μm 
慨⯕ꅾ㢕곸桧 200 Hz 

 

 嗃暟猫㶩涸餘靶䧭⫸ 
㣐鞝猫㶩絑䌢鄄㌂峞ⱚ蚋ㄤ嶊嫫⵫⟄꣈⠟굹ㄤ氬氻կ告剣➃雩⚹㌂峞ⱚ蚋〳腊㼆傹赈猫纈❡欰♶ⵄ

䕧ㆇ㔔⚹欰Ɤ务涸嗃暟ゎ剣ⱚ蚋婎殆暟կ㔔姼烁㹁嗃暟猫㶩务婎殆⻊㷖暟餘涸侨ꆀㄤⴔ䋒ꬋ䌢ꅾ銳⟄
⤑烁㹁鷓䔲⢪欽姼碫⻊㷖暟餘腊や唾䫡梠㞯կ 
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ⱚ蚋涸餘靶䧭⫸絕卓儑爙ⱚ蚋〫㶸㖈✵猫㶩邍꬗劢幷Ⰶ猫㶩ⰻ鿈㕃2Aկ〥♧倰꬗㖈猫㶩ⰻ鿈
〄梡䒗餘〳腊⚹去靧暟ⴔ䋒㕃2B罜猫㶩ⴗ晙涸⯕㷖㕃⫸太儑爙ⴀ湱㼆㖲⺣涸邍꬗㕃2Cկ〜
⸈餘靶䧭⫸絕卓儑爙ⱚ蚋ㄤ去靧暟涸ⴔ䋒♶ず㕃2Dկ 

 
㕃2. ⟄50 μm涸瑟ꢂⴔ鳹桧㼆嗃暟猫㶩务涸ⱚ蚋鵳遤餘靶䧭⫸㛇餘絑iMLayer⼮⼶涸CHCA 

 

 PET 謭芘涸餘靶䧭⫸ 
㕃3⚹劥㹊낉涸䊨⡲崨玐կ吉䨾ワ濼PET涸梠朐♲翸⡤㖈⸈掚た⚺銳⟄[M + Na]+m/z 599.3涸䕎䒭

㶸㖈✵PET謭芘邍꬗錛㕃4务䳃㕃կ♸劢㢅椚傞湱嫱⸈掚4㼭傞た♲翸⡤涸䔂䏞剣䨾㟞⸈㕃4Bծ㕃
4CկMS㕃⫸儑爙梠朐♲翸⡤ⴔ䋒✵侮⚡ⴔ區⼓㚖㕃4B'ծ㕃4C'կ⸈掚18㼭傞たMS㕃⫸儑爙㖈䨾
ⴔ區PET謭芘呋劥涸♴鿈PET♲翸⡤涸ⴔ䋒刿꧋务錛㕃4A'♸㢅椚4㼭傞涸呋劥湱嫱♲翸⡤㖈侮⚡
呋劥务涸䔂䏞ⴔ䋒刿㖲⺣㕃4Bծ㕃4B'կ 

PET⡛翸暟䘯鸟⥌〿䔂䏞䧭⫸㕃絕卓邍僈姼䊨⡲崨玐〳㼆굹嵴䱹鍘勞俱ㄤぐ猫䊨⚌勞俱涸邍꬗鵳
遤霉⠮կ 

 
㕃3. ♶ず掚䎾⸂勵⟝♴PET謭芘ⵖ㢊 
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㕃4. 䊩♲猫♶ず⸈掚㢅椚♴涸PET梠朐♲翸⡤餘靶կ〸♲猫♶ず⸈掚㢅椚♴涸PET謭芘ⴗ晙餘靶㕃⫸կ 

 絕雿 
劥䫣デ务䧮⼜⢪欽〵䒭MALDI-8020怵爙✫餘靶䧭⫸㖈굹嵴猰㷖♸㸝Ⰼ곭㚖涸䎾欽կ㖈50μm瑟ꢂⴔ鳹

桧♴欰䧭ⱚ蚋ㄤ⡛翸暟涸餘靶䧭⫸㕃剣⸔✵㼆唬崵ⵌ涸䧭ⴔ涸ⴔ䋒䞔ⲃ鵳遤霉⠮կ 
MALDI-TOF〵䒭絁䚍餘靶⟉乼⡲皍⽀䘯䰦鷓欽✵ぐ猫餘靶䧭⫸䎾欽〳 䲿⣘⽀紱餘靶ꦼ⟄蜦》涸⡙縨

⥌䜂կ姼㢪MALDI-8020ㄤ㛇餘⼮⼶鄳縨涸絆ざ䎾欽剣劅㖈ぐ猫굹嵴♸㸝Ⰼ곭㚖〄䮦⡲欽⺫䭍굹嵴⺫鄳
ㄤ湱Ⱒ勞俱կ 
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餘靶䧭⫸䪮助㖈⸓暟絆絉ㄤ䭷紻⚥涸䎾欽 

餘靶ⴔ區涸䎾欽곭㚖♶倗的㣐餘靶䧭⫸僽Ⱖ务⛓♧կ㽴盗Ⱘ剣넞瑟ꢂⴔ鳹桧ծ넞餘靶ⴔ鳹桧涸⯓鵳⟉
㐼溶䎾欽✵䧭⫸곭㚖告㖈ぐ猫猰㷖/䊨⚌곭㚖姼碫곭㚖务偽꨽넞䚍腊⟉㐼⟉㐼㼭㘗⻊ㄤ僒欽䚍꨽宠
♸傈⥡㟞կ 

劥俒➝絏MALDI-TOF〵䒭餘靶⟉䎾欽✵餘靶䧭⫸կMALDI-8020ㄤiMLayer僽䧮⼜䲀ⴀ涸䧭⫸呋劥ⵖ㢊鄳
縨〳⟄30μm涸瑟ꢂⴔ鳹桧欰䧭㣐롖㣐腰ㄤ䭷紻涸餘靶㕃⫸乼⡲皍⽀䘯䰦կ  

劥俒➝絏涸〳霄꡼餘靶䧭⫸䊨⡲崨玐歋MALDI-TOF〵䒭餘靶⟉ծ㛇餘小獤倰岁ㄤ鲱⟝絆䧭鷓欽✵ぐ猫
䎾欽կ 

 倰岁 
劥俒务涸餘靶䧭⫸䊨⡲崨玐㥵㕃1䨾爙կ⢪欽MALDI-8020〵䒭絁䚍MALDI-TOF餘靶⟉涸ⴔ區勵⟝錛邍1կ

䨾剣餘靶䧭⫸㹊낉㖲㖈姻猌㶩垷䒭♴⟄30μm涸瑟ꢂⴔ鳹桧鵳遤կ䨾剣侨研ꅷ꧋㖲⟄200Hz涸MALDI慨⯕곸
桧鵳遤կ⢪欽iMLayer㼜DHB嶃銻ⵌ㣐롖㣐腰ㄤ䭷紻副կ⢪欽IonViewTM㼆侨研鵳遤ⴔ區կ 

 
㕃 1. ⢪欽 MALDI-8020 涸餘靶䧭⫸䊨⡲崨玐 

 
邍 1 MALDI-8020 涸ⴔ區勵⟝ 

㛇餘  DHB⼮⼶傞ꢂ7 ⴔꛦ 
匧䚍  姻猌㶩 
瑟ꢂⴔ鳹桧姿Ɤ  30 μm 
慨⯕ꅾ㢕桧  200 Hz 
侨研挿  84,681 ⫸稇㣐롖㣐腰 

23,104 ⫸稇䭷紻 

 

 㣐롖㣐腰涸餘靶䧭⫸ 
㣐롖㣐腰涸餘靶䧭⫸歋削䕸倛暵㣐㷖Wolfsonⴔ㶩䧭⫸务䗱WMICAdam McMahon⽇㡦䲿⣘㥵

㕃2䨾爙կ 
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䨾ⴔ區涸絆絉⼓㚖㕃2A⺫䭍㼭腰㼭腰ゎ剣歋♶ず絈脅纈ㄤ⼓㚖⢾㥵涯餘ㄤ抪餘絆䧭涸ⴔ㽻絕
匬կ⢪欽MALDI-8020蜦》涸餘靶䧭⫸絕卓㕃2B-D儑爙ⴀ㼭腰涸腒餘欰暟ⴔ㶩ⴔ䋒䎇幡兠儑爙ⴀ涯餘
ㄤ抪餘⼓㚖կ 

 
㕃2. 瑟ꢂⴔ鳹桧⚹30μm傞㣐롖㣐腰务腒餘欰暟ⴔ㶩涸餘靶䧭⫸ 

 

 䭷紻涸餘靶䧭⫸ 
䭷紻涸餘靶䧭⫸⛲㖈♶Ꝑꛩ匣副鵳遤կ䭽撑㕃1姿낢1䨾爙涸䊨⡲崨玐佐꧋䭷紻呋劥կ 
絕卓ⱄ妃儑爙ⴀ絆絉呋劥涸暵剣垷䒭餘靶䧭⫸絕卓儑爙ⴀ瘝ず✵䭷紻涸腒餘欰暟ⴔ㶩ⴔ䋒䭷䇇ꢂꥴ

务m/z 549ծ䭷䇇暵䖄务m/z 829ծ寂艑务m/z 375ծ567㕃3կ餘靶䧭⫸〳䳶爙⯕㷖㕃⫸务
偽岁骆ⵌ涸⼓㚖⢾㥵寂艑务僽や㶸㖈暵剣暟餘㕃3Aկ㔔姼㖈ꦼ⟄烁㹁暟餘僽や㶸㖈涸呋劥务鸑
鵂餘靶䧭⫸叅霧ⴔ㶩ⴔ䋒Ⱘ剣䊭㣐⠏⸷կ 

 
㕃3. 䭷紻⺫䭍㶰ꥴ⼓㚖涸餘靶䧭⫸ 

 絕雿 
劥俒➝絏✫⢪欽MALDI-8020鵳遤餘靶䧭⫸涸⚙猫䎾欽կ㕃2ծ㕃3邍僈⢪欽MALDI- 8020鵳遤餘靶䧭⫸

〳㹊梡駈㢿涸瑟ꢂⴔ鳹桧⽰30μmկiMLayerⰨ剣葻㥩涸呋劥곫㢅椚ꅾ梡⸆腊lonView鲱⟝剣⸔✵餘靶
㕃⫸ⴔ區կ㼆✵♶擿䜪餘靶䧭⫸侨研涸灇瑕➃プ勻霹副鶣❡嵴㣐剣酷渤կ 

鵯❈❡嵴ㄤMALDI-8020〵䒭絁䚍MALDI-TOF餘靶⟉剣劅䘯鸟ծ鲽匠䲿⣘餘靶䧭⫸㕃⢪ⴔ㶩ⴔ䋒〳錠
⻊➢罜蜦》ぐ곭㚖涸倝濼霋կ 
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餘靶䧭⫸䪮助㖈跗涯ㄤ㢴胂⚥涸䎾欽 

MALDI餘靶䧭⫸MSI䪮助⸆腊䔂㣐〳 ⵄ欽餘靶⟉⸆腊㖈呋劥涸♶ず⡙縨ꅷ꧋䧭⼪副♰䓎餘靶㕃կ
ꥥた⦶⸔⚁欽鲱⟝〳㼜唬崵ⵌ涸猌㶩〳錠⻊⚹垷䬾䕙蒀㕃⫸➢罜湬錜㖑儑爙Ⱒꝶⴔ㶩㖈呋劥/絆絉务
涸湱㼆⡙縨կ 

MALDI-8020絁䚍굷遤傞ꢂTOF餘靶⟉〳欰䧭넞餘ꆀ餘靶㕃⫸⢾㥵㣐롖㣐腰务涸腒餘կ⟉㐼务䘯鸟
刿矿呋劥ꬶ匣涸⸆腊<3ⴔꛦㄤ鳅瀊涸⟉㐼ⲥ㢊傞ꢂ䠑㄂满〳䘯鸟゗⸓ꅷ꧋鵯㼆⠏⻊䧭⫸倰岁㣐剣
酷渤կ䧮⼜⛓⵸溶㖈MALDI-TOF〵䒭禹絡副怵爙鵂MALDI䧭⫸欽✵ⴔ區䭷紻ծ㣐鞝ㄤPET謭芘涸ぐ猫湡叻
ⴔ區暟կ㖈姼䧮⼜⠔㾝爙䧮⼜䧭⫸䎂〵涸⸆腊絁䚍垷䒭ⴔ區ⴔ區㣐롖㣐腰絆絉ꛏ㼆勻荈絆絉ⴗ晙涸模
侮跗涯ㄤ⾲⡙ꃍⴗた涸㢴胂鲽匠㹊梡넞餘ꆀ餘靶侨研蜦》ㄤ餘靶䧭⫸կ 

 崵㹁勵⟝ㄤ呋劥 
歋AMSBIO薉㕂暋峸㣐㷖㖈FlexiVision-mini ITO鲿梯晙副ⵖ㢊㣐롖㣐腰呋劥⺫㙵㖈CMC务կ

梯晙⪰㶸✵-80°C呋劥㢅椚⵸㼜梯晙溫瑟䎁醋荛㹔庛կ 
ⵖ㢊欽✵㢴胂ㄤ跗涯ⴔ區涸絆絉傞㕃1꨽⿡ꤑ腒餘ㄤ渮碫㔔Ⱖ⠔⚺㼋餘靶䎇䫈ⵖ跗涯⥌〿կ膴

腒傞⢪欽6姿很⵫幡峤倰呩勻幡峤梯晙[1]170%⛩ꃫ务30猲2100%⛩ꃫ务30猲3子霿孒㔿㹁巊
⛩ꃫ守⟬⛩ꃑ涸嫱⢾⚹60:30:10务2ⴔꛦ4100%⛩ꃫ务30猲5宐务30猲6100%⛩ꃫ务30
猲կ幡峤た㖈㛇餘小獤⵸㼆梯晙鵳遤溫瑟䎁醋կ 

⾲⡙ꃍⴗ傞⢪欽SunCollect㌂嶃㐼䗞㕂SunChrom㼜崽䏞⚹67ng/μL涸枽脨跗涯ꃍ20mM 焫ꃑ
孲ꜽ-⛩臟ACN90:10很巊小獤ⵌ絆絉副կ⛓た㼜梯晙縨✵ゎ剣50:50 ACN:H2O涸ⱄ宐⻊㹔务㖈
37˫♴佞縨18㼭傞կ庛肫たⱄ妃⢪欽SunCollect㌂嶃㐼㼜崽䏞⚹10mg/mL涸α-宊㛇-4-繿㛇聘聚ꃑCHCA
50:50 ACN:0.1%♲孮⛩ꃑTFA嶃ⵌ梯晙副⛓た㖈85˫♴鵳遤2ⴔꛦ偽很⵫ⱄ宐⻊ⱄ欽5%⛩ꃑ鵳
遤3ⴔꛦⱄ宐⻊կⱄ宐⻊㢅椚⠔㼜ⴔ區暟䲿》ⵌ邍꬗կ 

 
㕃 1. 跗涯ㄤ㢴胂餘靶䧭⫸涸䊨⡲崨玐SA 㛇餘ㄤ CHCA 㛇餘 
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鵳遤模侮跗涯ⴔ區傞⢪欽iMLayerTM AERO荈⸓㌂嶃鄳縨傈劥䀙峸㼜崽䏞⚹10mg/mL涸蓤㶩ꃑ
70:30 ACN:0.1% TFA㌂嶃ⵌ絆絉副կ⟄50mm/s涸鸟䏞㼜絆絉㌂嶃8㽻⟄30mm/s涸鸟䏞㌂嶃4㽻կ㌂
模た㼜梯晙縨✵ゎ5%⛩ꃑ涸ⱄ宐⻊㹔务㖈85˫♴佞縨3.5ⴔꛦկ㖈MALDI-TOF〵䒭⟉㐼MALDI-8020
䀙峸副⟄50μm涸瑟ꢂⴔ鳹桧50μm⫸稇ꢂ騄ծ㖈絁䚍垷䒭♴㼆呋劥鵳遤ⴔ區կ 

ꅷ欽涸㢴胂ꅷ꧋倰岁⚹嫦䓎㕃靶慨⯕鲲ⴁ30妃ꅾ㢕곸桧⚹200Hz餘ꆀ薴㔵⚹300-3000m/z腡Ȿ
䲿》⧩霃⚹2700DaկⰟꅷ꧋67,482䓎㕃靶ꅷ꧋傞ꢂ⚹2㼭傞50ⴔꛦկ 

ꅷ欽涸跗涯ꅷ꧋倰岁⚹嫦䓎㕃靶慨⯕鲲ⴁ20妃곸桧⚹100Hz餘ꆀ薴㔵⚹3000-30000m/z腡Ȿ䲿》
⧩霃⚹22000DaկⰟꅷ꧋68,836⚡㕃靶ꅷ꧋傞ꢂ⚹3㼭傞47ⴔꛦկ⢪欽lonView˳鲱⟝䀙峸㼆侨研鵳
遤ⴔ區կ 

 㢴胂ㄤ跗涯餘靶䧭⫸絕卓 
⵸劍䊨⡲务劢㾝爙⾲⡙ꃍⴗㄤ跗涯䧭⫸倰呩溶㖈MALDI-TOF/TOFMALDI-7090䀙峸⟉㐼副

䧭⸆낉霆կ劥㹊낉务䧮⼜溶㼜鵯❈倰岁鲮獴ⵌMALDI-TOF〵䒭絁䚍⟉㐼MALDI-8020副կ 
㣐롖㣐腰脨跗涯ꃍ嶊⻊涸MSI儑爙MALDI絁䚍TOF禹絡副➠〳呏研餘ꆀ偽MS/MS傞㼜㢴胂ⴲ姿

䔱㾩✵䌢錛涸㣐롖㣐腰跗涯⢾㥵넏熧腒焦䚍跗涯MBP鸑䌢㹁⡙✵涯餘务鵯♸蜦》涸MALDI㕃⫸♧荝
㕃2[2]կ 

模侮跗涯MSIず呋儑爙ⴀ♸㣐롖㣐腰务䌢錛跗涯㥵MBP湱㼆䎾涸ⴔ區暟㕃3կ㕃3务涸ⴲ姿跗涯
霋ⵆ㛇✵唬崵ⵌ暟餘涸餘ꆀ[3,4]կ♸䌢錞腒餘MSIⴔ區湱嫱〳腊蜦》餘ꆀ刿넞涸侨研邍僈姼䊨⡲崨玐鷓欽
✵跗涯䧭⫸կ馄鵂16kDa傞⥌〿䖎⡛告鵯㔔⢪欽⺫㙵⵫佖㊤㣐롖㣐腰叻劥ⴗ晙罜㼋荝[5]կ 

㣐롖Ⰼ腰㢴胂ㄤ模侮跗涯䧭⫸涸䘯鸟ꅷ꧋傞ꢂⴔⵆ⚹2㼭傞50ⴔꛦㄤ3㼭傞47ⴔꛦ剣ⵄ✵倰岁⠏⻊կկ 

 
㕃2. ꃍⴗた㢴胂涸MS㕃⫸AMBP胂HGFLPRT160-165m/z 726.394BMBP胂YLATASTMDHART148-159
m/z 1336.633㹁⡙✵涯餘务[4]CծD劢濼㢴胂ⴔⵆ㹁⡙✵㼭腰ㄤ抪餘务E㣐롖㣐腰㢴胂涸TIC餘靶㕃 
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㕃3. 模侮跗涯涸MS㕃⫸ⴲ姿ⴔꂁA牟絑곾磜稇m/z 7537B岌稇m/z 8565 

C넏熧腒焦䚍跗涯m/z 14124D㣐롖㣐腰跗涯涸TIC⯕靶 

 絕雿 
䧮⼜溶霆僈⡛䧭劥MALDI-TOF〵䒭⟉㐼〳鵳遤MALDI餘靶䧭⫸欽✵㢴胂ㄤ跗涯涸⾲⡙ⴔ區կ 
MALDI〵䒭⟉㐼务䘯鸟刿矿呋劥匣涸⸆腊<3ⴔꛦㄤ䘯鸟ꅷ꧋傞ꢂ200Hz慨⯕鸟䏞♴2㼭傞50ⴔ

ꛦ⽰〳ꅷ꧋㣐롖Ⰼ腰涸67,482⚡㕃靶剣ⵄ✵䧭⫸倰岁䒓〄կ⢪欽皍⽀涸䊨⡲崨玐⽰〳鲽匠唬崵ⴀ넞鴪
16kDa涸跗涯邍僈姼䊨⡲崨玐鷓欽✵跗涯䧭⫸կ 

MALDI㕃⫸副儑爙涸㢴胂➢⾲⡙ꃍⴗ务唬崵ⵌMSI♸湱䎾跗涯涸暵剣㹁⡙♧荝邍僈姼䊨⡲崨玐鷓
欽✵㢴胂䧭⫸⟄⿺ꛏ㼆絆絉务碫⡃넞餘ꆀ暟餘ⴔ䋒涸䎾欽կ胂涸ꊹ㹁㼜꨽銳MS/MS鵳遤烁雩告姼䎾欽霹
僈〳⟄霆僈MALDI-8020副涸跗涯ㄤ㢴胂MSI剣⸔✵癃鷥䎾欽կ 

姼妴⟉㐼絑崸㹊欽ծ霃雦㼭䊫ծ⸆腊䔂㣐僽MALDI䧭⫸倝䩛涸椚䟝⛓鷥⛲僽㣐㷖ㄤ侅㷖㹊낉㹔务♶
〳䧴緃涸霃㢊կ 

 ⿬罌俒柄 
[1] Yang et al (2011) Matrix sublimation/recrystallization for imaging proteins by mass spectrometry at high 

resolution. Anal. Chem. 83, 5728-5734. 
[2] Heijs et al (2015) Brain region-specific dynamics of on-tissue protein digestion using MALDI Mass Spectrometry 

Imaging. J Prot. Research 14, 5348-5354. 
[3] Schmitt et al (2019) Genetically Encoded Fluorescent Proteins Enable High-Throughput Assignment of Cell 

Cohorts Directly from MALDI-MS Images. Anal. Chem., 91,6, 3810-3817. 
[4] Groseclose et al (2007) Identification of proteins directly from tissue: in situ tryptic digestions coupled with 

imaging mass spectrometry. J. Mass Spectrom. 42, 254-262. 
[5] Franck & Rawlins et al (2010) MALDI mass spectrometry imaging of proteins exceeding 30000 Da. Med. Sci. Monit., 

16(9): BR293 299. 
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꣡ 䔶 1  ⴔ 區 䎾 欽 呩 ⢾ 程 䒸  

䎸 〿  呋 嵴 ぜ 獦  㛇 餘  鳇 ⸔ 渮  ⴔ 區 垷 䒭  곜 瀦  
1 ⯝ 氋 椕 跗 涯 A SA - 姻 猌 㶩  7 
2  絈 脅 㢪 㓭 岙  CHCA - 姻 猌 㶩  9 
3  尽 繠 呔 됓 胂  CHCA - 姻 猌 㶩  11 
4  脽 艑 岁 倝  CHCA - 姻 猌 㶩  15 
5  熧 ꃑ ⻊ 跗 涯 餘  ꂶ 跗 涯   CHCA - 姻 猌 㶩  18 
6  暋 過 幡 涯 跗 涯  BSA  SAծ DAN - 姻 猌 㶩  20 
7  㣔 搬 胂 ⿺ 孻 ⻊ 㘗 胂  DAN - 姻 猌 㶩  23 
8  ⸓ 暟 嬁 〄  CHCA - 姻 猌 㶩  27 
9  mRNA 3-HPA - 姻 猌 㶩  30 
10 呍 薗 ꃑ ⾲ 俱  DHB NaTFA 姻 猌 㶩  32 
11 千 熧 ꃀ 腂 ⽀ ⡤  襡 ♲ ꂛ  NaTFA 姻 猌 㶩  35 
12 㻑 呍 薗 ꃑ 䒸 暟 确 ꛏ  3-HPA - 餏 猌 㶩  39 
13 㻑 呍 薗 ꃑ 蚋 暟  3-HPA - 姻 猌 㶩  42 
14 导 ⛐ 㻑 呍 薗 ꃑ 蚋 暟  3-HPA - 姻 猌 㶩  45 
15 暋 㥗 务 䗎 欰 暟  CHCA - 姻 猌 㶩  49 
16 倝 欰 ⯄ 肃 麤 䗎 欰 暟  CHCA - 姻 猌 㶩  54 
17 繙 㥗 务 䗎 欰 暟  CHCA - 姻 猌 㶩  58 
18 Ꝇ 椕 蝒  CHCA - 姻 猌 㶩  63 
19 PEG6000 襡 ♲ ꂛ  - 姻 猌 㶩  67 
20 腒 餘 紵 碛 磜  LNPs  DHBծ 9-AAծ 襡 ♲ ꂛ  NaTFA  姻 猌 㶩  69 
21 翸 孻 ⚋ 掜 炽 ꂾ ꃫ ꄍ  CHCA NATFA 姻 猌 㶩  72 
22 翸 絶 ꂼ 烿  * - 姻 猌 㶩  75 
23 絶 欰 稇 E-TPGS CHCA NaCl 姻 猌 㶩  77 
24 熬 鴪 聽 涧 ꛧ  9-AA - 餏 猌 㶩  81 
25 鸑 欽 翸 ꂾ  襡 ♲ ꂛ  NaTFA  姻 猌 㶩  83 
26 ꆄ 㾩 ꂁ ざ 暟  DCTB - 姻 猌 㶩  87 
27 ꜃ 轌 ざ 暟  * - 餏 猌 㶩  89 
28 㣐 鞝 猫 㶩  CHCA - 姻 猌 㶩  93 
29 㣐 롖 㣐 腰  DHB - 姻 猌 㶩  96 
30 跗 涯 餘 㢴 胂  SA - 姻 猌 㶩  98 

 
岤  * 劢 僈 烁 䲿 ⿺ ⢪ 欽 涸 㛇 餘  - 劢 ⢪ 欽 䧴 劢 䲿 ⿺ 鳇 ⸔ 渮 很 巊 կ  
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꣡ 䔶 2  MALDI-TOF 崵 霚 傞 㛇 餘 鷥 䭊  

➢MALDI-TOFmatrix-assisted laser desorption ionization time-of-flight mass spectrometry涸㹁
⛐务䧮⼜〳⟄骆ⵌ㛇餘㖈呋嵴歏猌鵂玐务饰ⵌ✫ꬋ䌢ꅾ銳涸⡲欽կ鸑䌢雩⚹㛇餘涸⡲欽剣⟄♴Ⳝ挿1. 䪾
呋嵴ⴔ㶩ꥬ猌䒓2. エ佐慨⯕腊ꆀ3. 䲿⣘⽷崨㼜呋嵴ⴔ㶩鷐Ⰶ孞湱4. 䲿⣘导䎾猌㶩㼜呋嵴猌㶩⻊կ 

 

 
㛇餘鳇⸔呋嵴歏猌 

ꛏ㼆♶ず涸呋嵴鷥䭊湱䎾涸猌㶩⻊㛇餘ꬋ䌢ꅾ銳կ䌢錛涸㛇餘剣CHCADHBSADithranol瘝CHCA
⚺銳欽✵ꃍⴗた涸胂媯⿺㼭ⴔ㶩跗涯唬崵DHB⚺銳欽✵祪⿺祪跗涯唬崵SA⚺銳欽✵㣐ⴔ㶩跗涯䧴䫒⡤
涸唬崵Dithranol⚺銳欽✵翸ざ暟唬崵կ〥㢪ꛏ㼆㻑呍薗ꃑծ腒碫ծꆄ㾩ꂁざ暟瘝呋嵴ⴔ區涸㢴猫㛇餘〳
⣘鷥䭊霫䞔錛邍1կ 

䌢錛㛇餘涸ꂁⵖ 
1. CHCA㛇餘5-10 mg/ml (50% ACN, 50% H2O, 0.1% TFA) 鷓欽㢴胂⿺㼭ⴔ㶩⻊ざ暟 
2. DHB 㛇餘10-20 mg/ml (50% ACN, 50% H2O, 0.1% TFA) 鷓欽祪碫⿺㼭ⴔ㶩⻊ざ暟 
3. SA 㛇餘10-15 mg/ml (50% ACN, 50% H2O, 0.1% TFA) 鷓欽跗涯⿺㣐ⴔ㶩呋嵴 
4. Dithranol㛇餘10-15 mg/ml (100% THF, 0.1% TFA) 鷓欽翸ざ暟呋嵴 
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邍 1 㛇 餘 涸 鷥 䭊  

㛇餘皍ⱗ 㛇餘ぜ獦 ⽀ず⡙稇ⴔ㶩ꆀ 䎂㖲ⴔ㶩ꆀ ⻊㷖䒭 鷓ざ呋嵴 很鍒䚍 
SigmaAldrich

餗〿 
㢊岤 

CSA 
5-chloro-2-hydroxy benzoic acid,     

5-chlorosalyclic acid 
171.993 (Cl35)   
173.990 (Cl37) 

172.567 C7H5O3Cl 宐很䚍翸ざ暟 (㥵翸薅⛩掜) 
守⟬✳守歌掬 

㔋孲ト㊢ 
C7,090-8 1 

CHCA α-cyano-4-hydroxy cinnamic acid 189.043 189.170 C10H7NO3 
胂媯祪胂跗涯祪跗涯 

剣劼⻊ざ暟 
宐⛩臟歌ꃫ⛩ꃫ 14,550-5 2 

DHB 
2,5-dihydroxy benzoic acid, 

gentisic acid 
154.027 154.121 C7H6O4 

㼭ⴔ㶩⻊ざ暟祪ꂾ祪跗涯 
祪胂⡛翸祪翸ざ暟 

宐歌ꃫ㔋孲ト㊢ 
⛩臟⛩ꃫ⚋ꂼ 

14,935-7 2 

SA 
3,5-dimethoxy-4-hydroxycinnamic acid, 

sinapinic acid 
224.068 224.212 C11H12O5 跗涯翸ざ暟 

宐歌ꃫ㔋孲ト㊢ 
⛩臟⛩ꃫ⚋ꂼ 

D13,460-0 4 

HABA 2-(4-hydroxy-phenylazo)benzoic acid 242.069 242.234 C13H10N2O3 
㼭ⴔ㶩⻊ざ暟, 炻ꃑ⻊ざ暟 
群俱牟絑蒜薗腒翸ざ暟 

宐㔋孲ト㊢⛩臟 
⚋ꂼ 

14,803-2 1 

3-HPA 3-hydroxypicolinic acid 139.027 139.110 C6H5NO3 㻑呍薗ꃑ 宐歌ꃫ 15,230-7  

IAA trans-indole-acrylic acid 187.063 187.198 C11H9NO2 翸脽艑必㊋翸㽶薗ざ䧭翸ざ暟 
宐歌ꃫ⛩臟⛩ꃫ

⚋ꂼ 
I-380-7 1 

MSA 5-methoxysalicylic acid 168.042 168.148 C8H8O4 跗涯 ⛩ꃫ 14,618-8 5 

NH 
norharmane, 

9H-pyrido[3,4-b]indole 
168.199 168.069 C11H8N2 

跗涯胂媯腒碫祪 
㻑呍薗ꃑ翸ざ暟 

TFA, 歌ꃫ⛩臟 
⛩ꃫ⚋ꂼ㔋孲ト㊢

守⟬✳守歌掬 
N3,310-1  

PA picolinic acid, 2-pyridineboxylic acid 123.032 123.111 C6H5NO2 㻑呍薗ꃑ 歌ꃫ宐⛩臟 P4,280-0 6 

THAP 2,4,6-trihydroxy-acetophenone 168.042 168.148 C8H8O4 
15 ⚡焦㛇㼆⟄♴涸㻑呍薗ꃑ 

䌄㢴⚡餏歏蚚呋嵴 
㥵翸⼱✌祪ꄏꃑ 

歌ꃫ⛩ꃫ T-6,460-2  

Dithranol 1,8,9-trihydroxy-anthracene 226.063 226.231 C14H10O3 ꬋ匧䚍⻊ざ暟⿺翸ざ暟 㔋孲ト㊢守⟬ 25,920-9 1 
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㢊岤 1. 㖈⢪欽 5-守宐勿ꃑ⨞㛇餘傞〳㖈幑⸈㛇餘⛓⵸ぢ呋嵴务幑⸈Ꜿ猌㶩⟄㟞䔂⥌〿䔂䏞կ 

㢊岤 2. 㖈⡛ⴔ㶩ꆀ⼓㚖䌢錛涸 CHCA 胜兞油m/z 93.03, 146.06, 190.05, 212.03, 228.01, 379.09。 

㢊岤 3. 㖈⡛ⴔ㶩ꆀ⼓㚖䌢錛涸 DHB 胜兞油m/z 109.03, 137.02, 154.03, 155.04, 177.02, 192.99, 273.04, 288.3, 304.3, 443.4, 
478.4。 

㢊岤 4. 㖈⡛ⴔ㶩ꆀ⼓㚖䌢錛涸 SA 胜兞油m/z 147.04, 179.07, 181.08, 207.07, 224.07, 225.08, 387.14。 

㢊岤 5. MSA ♸ DHB 絕ざ⢪欽⡲⚹馄紩 DHB 䧴 DHBկ 

㢊岤 6. PA 〳⽀杝⢪欽告刿䌢欽✵♸ HPA 絕ざ⢪欽կ 
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꣡ 䔶 3 呋 ㅷ 崵 霚 崽 䏞 ⿺ 挿 ꬶ 倰 岁  

ꤑ鷥䭊ざ鷓㛇餘㢪崵霚呋嵴涸崽䏞⛲䎾㖈ざ鷓薴㔵կ鸑䌢⢪欽獴巊卦エ》1 μL很鍒㥩涸巊⡤呋嵴挿ⵌ
⚁欽ꬶ匣副荈搬典䎁崽䏞䭷涸僽1 μL巊⡤务呋嵴涸絟㼆ゎꆀկꛏ㼆䌢錛涸呋嵴䲀虛涸崽䏞薴㔵㥵♴邍2կ 
 

邍 2 呋嵴崽䏞薴㔵 

呋嵴碫㘗 崽䏞薴㔵 䲀虛㛇餘 

㢴胂 100 fmol-5 pmol CHCADHB 

跗涯餘 1-10 pmol SA 

翸ざ暟 50-100 pmol DithranolTHAP 

㻑呍薗ꃑ 5-50 pmol HPAPA 

 

呋嵴挿ꬶ倰䒭 
1.幊⺣岁: 呋嵴⿺㛇餘㖈Ep盗ⰻ幊ざ㖲⺣》1 μL挿ꬶ荈搬典䎁կ 
2.銻渷岁獴巊卦》1 μL呋嵴挿ꬶ荈搬典䎁կ》1 μL㛇餘銻渷ⵌ呋嵴副荈搬典䎁կ 
3.♲僈屛岁獴巊卦》1 μL㛇餘挿ꬶ瘝5-10s㼜㛇餘エ饥䕎䧭㛇餘涸謭芘կ》1 μL呋嵴挿ꬶ荈

搬典䎁կⱄ》1 μL㛇餘挿ꬶ銻渷荈搬典䎁կ 
 

 
翸 ざ 暟 呋 嵴 挿 ꬶ 倰 岁  幊 ⺣ 岁   
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꣡ 䔶 4 吥 ⲥ 叻 ⲥ ㅷ 涸 鷥 䭊  

崵霚呋嵴⛓⵸꨽銳欽叻ⲥ嵴鵳遤⟉㐼涸吥ⲥկ鸑䌢倝⟉㐼⠔剣荈䌄涸䀙峸叻ⲥ霚⵫渱ꅽ꬗ゎ剣叻ⲥ
㢴胂幊ざ暟TOFmixծ䌢錛㛇餘ծ絈脅蒀稇Cծ暋過幡涯跗涯BSAծ叻嵴獺ꅺ很⵫瘝կ㥵卓叻ⲥ霚⵫渱⢪欽模
〳⟄翫禹䀙峸餝✈倝涸霚⵫渱䧴罏➢Sigma餝✈湱䎾涸叻ⲥ嵴կSigma剣⚙⚡鷓ざMALDI-TOF涸叻ⲥ嵴㤛
鄳MSCAL2㢴胂吥ⲥ㤛鄳鷓ざ㼭ⴔ㶩呋嵴涸吥ⲥMSCAL3跗涯吥ⲥ㤛鄳鷓ざⴔ㶩ꆀ鳅㣐涸呋嵴吥ⲥկⰦ
➭呋嵴〳⟄呏研呋嵴ⴔ㶩ꆀ鷥䭊ざ鷓涸叻ⲥ嵴鵳遤吥ⲥ䌢錛涸叻ⲥ㢴胂/跗涯錛♴꬗邍3կ♧菚鷥䭊㢴挿吥
ⲥ♲⚡吥ⲥ挿⿺⟄副♶䒊雳⢪欽⽀⚡叻ⲥ嵴䔂ⵖ鵂⾲挿吥ⲥ垷䒭կ鸑䌢䒊雳叻ⲥ嵴♸呋嵴崵霚勵⟝♧
荝猌㶩⻊垷䒭ծ䪊䲽薴㔵ծPE⧩ծBlank⧩瘝〫꨽㼆慨⯕腊ꆀ鵳遤䗎靈⢪呋嵴ⴀ油⥌〿䔂䏞㖈ざ鷓
薴㔵⽰〳鵯呋崵霚䖤ⵌ涸湡叻油餘蚚嫱m/z刿礵ⲥկ 
 

邍 3 䌢 錛 涸 叻 ⲥ 㢴 胂 /跗 涯  

跗涯/㢴胂ぜ獦 勻彂 Swiss-Prot 綘〿 ⴔ㶩ꆀ Sigma 餗〿 
Leu Enkephalin Human PENK_HUMAN 556.6 L9133 

Met Enkephalin Human PENK_HUMAN 573.7 M6638 
Bradykinin Human KNH_HUMAN 1060.2 B3259 

Gramicidin S Bacillus brevis  1141.5 G0900 
Substance P Human TKNB_HUMAN 1347.8 S6883 

Peptide Seq. Std Synthetic  1657.8 P2046 
Renin substrate Porcine ANGT_PIG 1759.0 R8129 

Renin substrate Human ANGT_HUMAN 1760.0 R5880 
Insulin A chain, oxidised Bovine INS_BOVIN 2531.7 I1633 

Melittin Bee venom MEL1_APIME 2846.5 M1407 
Glucagon Bovine GLUC_BOVIN 3482.8 G7774 

Insulin B chain, oxidised Bovine INS_BOV 3495.9 I1764 
Insulin Sheep INS_SHEEP 5703.5 I9254 

Insulin Bovine INS_BOVIN 5733.6 I15500 
Insulin Horse INS_HORSE 5747.6 I9129 

Insulin Porcine INS_PIG 5777.6 I3505 
Insulin Human INS_HUMAN 5807.7 I0259 

Ubiquitin Bovine UBIQ_BOVIN 8564.9 U6253 
Cytochrome c Tuna heart CYC_KATPE 12028.6 C2011 

Cytochrome c Bovine heart CYC_BOVIN 12230.9 C3131 
Cytochrome c Horse heart CYC_HORSE 12360.1 C7752 

Ribonuclease A Bovine RNP_BOVIN 13682.3 R5500 
Alpha lactalbumin Human LCA_HUMAN 14070.1 L7269 

Alpha lactalbumin Bovine LCA_BOVIN 14178.1 L6010 
Lysozyme c Chicken Egg LYC_CHICK 14305.1 L6876 

Apomyoglobin Horse  MYG_HORSE 16951.5 A8673 
Apomyoglobin Sperm whale MYG_PHYCA 17199.9 A5289 

Beta lactalbumin B Bovine LACB_BOV 18277.2 L8005 
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Beta lactalbumin A Bovine LACB_BOV 18363.3 L7880 
Trypsin inhibitor, B chain Soybean ITRB_SOYBN 20036.6 T9003 

Trypsin inhibitor, A chain Soybean ITRB_SOYBN 20090.7 T9003 
Trypsin inhibitor, C chain Soybean ITRB_SOYBN 20162.8 T9003 

Protein G Recombinant  21599.0 P5170 
Growth hormone Human SOMA_HUMAN 22125.1 S4776 

Beta trypsin Bovine TRYP_BOVIN 23293.3 T8658 
Alpha trypsin Bovine TRYP_BOVIN 23311.3 T8658 

Gamma trypsin Bovine TRYP_BOVN 23329.4 T8658 
Trypsin Porcine TRYP_PIG 23463.5 T0134 

Trypsinogen Bovine TRYP_BOVIN 23981.0 T1143 
Alpha chymotrypsin Bovine CTRA_BOVIN 25233.7 C7762 

Chymotrypsinogen A Bovine CTRA_BOVIN 25656.1 C4879 
Carbonic anhydrase II Bovine CAH2_BOVIN 29022.7 C7500 

Pepsin A Porcine PEPA_PIG 34583.8 P6887 
Aldolase Rabbit muscle ALFA_RABIT 39203.7 A7145 

Pepsinogen Porcine PEPA_PIG 39606.9 P4656 
Alcohol dehydrogenase S Horse liver ADHS_HORSE 39711.4 A6128 

Alcohol dehydrogenase E Horse liver ADHE_HORSE 39832.4 A6128 
Ovalbumin Chicken Egg OVAL-CHICK 44400.0 A2512 

Protein A Recombinant  44652.0  
Glucose-6-phos. dehydr. Yeast G6PD_YEAST 57432.5 G4134 

Albumin Bovine serum ALBU_BOVIN 66430.0 A0281 
Albumin Human serum ALBU_HUMAN 66438.2 A3782 

Urease Jack bean UREA_CANEN 90761.9 U0376 
Phosphorylase B Rabbit PHS1_RABIT 97218.5 P6635 

Albumin dimer Bovine serum ALBU_BOVIN 132858.0 A9039 
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