
 

 
 

 

 

 

 

 

䀙峸欰暟蚋侮⡤鍒Ɀ倰呩✳ 

ˋ呍ꃑ碫蚋暟ㄤ氋蕐眜



 

 
 

⵸ 鎊 
呍ꃑ僽歋呍薗ꃑ⽀⡤翸ざ罜䧭涸欰暟㣐ⴔ㶩⻊ざ暟⚹欰ㄐ涸剒㛇劥暟餘⛓♧կⴔ⚹膴蝶呍祪呍ꃑ

DNAㄤ呍祪呍ꃑRNA⚺銳餏餓⪰㶸ㄤ⠛鷻麰⠛⥌䜂կ呍ꃑ蚋暟僽Ⱘ剣暵㹁焦㛇䎸⴩涸蚋暟,〳⟄⳪
⦶Ⱖ缺霖䧴靈䱽⸆腊屛毫氬氻կ♸㼭ⴔ㶩ㄤ䫒⡤蚋暟ꬶぢ跗涯餘♶ず呍ꃑ蚋暟鸑䌢⡲欽✵跗涯餘ざ䧭副
康⽰㛇㔔鲮䔶たծ跗涯餘缺霖⵸涸⥌⢪呍祪呍ꃑmRNA꣌媯僽♧猫➢彂㣢鵳遤䎁곫䫈ⵖ氬氻湱Ⱒ
㛇㔔邍鴪⚹氻椚䚍跗涯䧴䒸Ⰶ腊㢿邍鴪姻䌢跗涯涸㛇㔔䓙邉⸆腊跗涯涸♶駈屛叻⿶屛劥կ姼㢪呍ꃑ
蚋暟鵮Ⱘ剣毫佪儑衼ծ暵䒗䚍䔂ծ䒓〄ワ劍瀊瘝⠏挿溶絑䧭⚹⼕蚋䋑㖞涸掚挿㖈屛毫麰⠛䚍氬氻ծ去靧
氬氻ծ胅泿⟄⿺곫꣈䠭厩䚍氬氻瘝곭㚖剣满䊭㣐涸悶⸂鄄钚⚹絩㼭ⴔ㶩⻊蚋ㄤ䫒⡤蚋暟た涸倝♧去屛毫
蚋暟կ 

呍ꃑ蚋暟⚺銳ⴔ⚹㻑呍薗ꃑㄤ mRNA ⚙㣐碫կ㻑呍薗ꃑ蚋暟僽歋⼧Ⳝ⚡ⵌⳜ⼧⚡呍薗ꃑ絆䧭涸瀊Ꝇ呍
ꃑ⚺銳⺫䭍导⛐㻑呍薗ꃑantisense oligonucleotideASOծ㼭䎁䪓呍祪呍ꃑsmall interfering RNA
siRNAծ䗎㼭呍祪呍ꃑmicroRNAmiRNAծ呍ꃑ鷓ꂁ⡤aptamer瘝կ湡⵸灇瑕鳅㢴涸僽导⛐㻑呍薗
ꃑASOㄤ㼭䎁䪓 RNAsiRNA鸑鵂䎁곫ꬶ叻㛇㔔邍鴪勻屛毫氬氻կ2021 䎃 12 剢屛毫縁錛氻腤넏
䚍聝聘蟥綫涸导⛐㻑呍薗ꃑ蚋暟鄄紵Ⰶ务㕂⼕⥂կず剢Ɤ佪꣭過腒涸 siRNA 蚋暟 Leqvio 蜦 FDA 䪠ⲥ副
䋑㹊梡♧䎃⚙ꛏ䭯絯剣佪꣭腒կ㻑呍薗ꃑ蚋暟鷓䎾氿溶絑歋縁錛氻的㾝ⵌ䌢錛氻곭㚖劢勻〳劍կmRNA
僽歋Ⳝ⼪⚡呍薗ꃑ絆䧭涸ꟋꝆ呍ꃑⴔ⚹ mRNA 氋蕐ㄤ mRNA 蚋暟կmRNA 氋蕐〳㖈➃⡤ⰻ邍鴪䫒⾲跗
涯霶㼋劼⡤❡欰暵䒗䚍⯝氋䎾瘷,鴪ⵌ곫꣈⯝氋涸⡲欽կ荈 2021 䎃껷⚡ mRNA 氋蕐蜦䪠副䋑⟄勻mRNA
氋蕐넞⥂䫡桧ծꛏ㼆氻⾲⡤」䒗导䎾鸟䏞䘯ծ灇〄ワ劍瀊瘝⠏挿䒸〄Ⰼ椕㺙ⴗⰢ岤〄㾝鴽枡կmRNA 蚋
暟〳⟄鸑鵂暵㹁䎸⴩涸 mRNA㖈氻➃⡤ⰻ絈脅务欰❡꨽銳涸蚋暟㥵邉⩟緃㼱涸㛇㔔䧴跗涯餘䧴鲮⻊
䧭⽀⯘ꥑ䫒⡤ծꃍㄤ絈脅㔔㶩瘝跗涯餘蚋暟➢罜㹊梡屛毫湡涸կmRNA 傁〳곫꣈⛲〳屛毫氬氻⡲⚹瑲
灶䚍䪮助䎂〵剣劅鿈ⴔ剏去⠛絡氋蕐ㄤ蚋暟䒓䬪ⴀ倝涸屛毫곭㚖䌄勻倝涸毫岁」ꬠկ 

㻑呍薗ꃑ蚋暟鸑䌢絑㔿湱⻊㷖ざ䧭欰❡mRNA 氋蕐鸑䌢鸑鵂㛇㔔䊨玐欰❡㖈䒓〄ㄤ欰❡务㖲꨽銳
鵳遤❡ㅷㄤ䊨蒌湱Ⱒ练餘涸唬崵ㄤ霉⠮⟄⥂霆蚋暟餘ꆀ〳ꬑ䎇⚂㸝Ⰼ剣佪կ㻑呍薗ꃑ蚋暟湡⵸⚺銳⿬撑
㼭ⴔ㶩蚋暟餘ꆀ灇瑕涸湱Ⱒ銳宠鵳遤餘ꆀⴔ區կmRNA 氋蕐餘ꆀ霉⠮溶剣♧禹⴩涸䭷⽂〳⿬罌⢾㥵㕂㹻
蚋ㅷ港漛！椚㽷NMPA蚋ㅷ㹎霉务䗱✵ 2020 䎃 8 剢골䋒涸շ倝㘗ⱟ朐氻嫫곫꣈欽 mRNA 氋蕐蚋㷖灇瑕
䪮助䭷㼋⾲ⴭ霚遤ㄤ繠㕂蚋ⰩUSP✵ 2022 䎃 2 剢〄䋒涸mRNA 氋蕐餘ꆀⴔ區倰岁䭷⽂虊呩կ 

⡲⚹Ⰼ椕濼ぜ涸㹊낉㹔ⴔ區崵霚剪⸉⣘䎾㉁䀙峸荝⸂✵䲿⣘䪮助곭⯓涸⟉㐼霃㢊⿺Ⰼ꬗〳ꬑ涸絾ざ
倰呩կ䀙峸映絊㺙ⴗⰢ岤呍ꃑ蚋暟ⴔ區꨽宠⢪欽㢴猫⟉㐼MALDI-TOFծQ-TOFծ⽀㔋匧勍巊餘翫欽⟉ծ
欰暟䟘䚍巊湱禹絡ծTm ⴔ區禹絡ծ䪊䲽确ꛏ儑䗎Ꞥ瘝䒓〄✫♧禹⴩㻑呍薗ꃑ蚋暟ⴔ㶩ꆀծ焦㛇䎸⴩ծ
紱䏞ծ⾲俱餘䱽ծTm ⴔ區瘝ծmRNA 氋蕐⸈䌨桧ծ紱䏞ծ⾲俱餘䱽ծ䕎䙖ծ餘磜ⴔ區瘝ㄤ呍ꃑ蚋暟
鷻鷐禹絡ⴔ區倰岁宨綘䎇䲀ⴀշ呍ꃑ蚋暟䎾欽俒꧋ո⟄⣘湱Ⱒ㹐䨪⿬罌կ 

䀙峸⟱⚌！椚务㕂剣ꣳⰖ尽 
ⴔ區务䗱 



 

 
 

湡 䔶 

♧ծ 䀙峸欰暟䪮助蚋暟侮⡤鍒Ɀ倰呩 ....................................................................... 1 

✳ծ 㻑呍薗ꃑ蚋暟ⴔ區 ......................................................................................... 7 

LCMS 测定反义寡核苷酸分子量 ................................................................................................................................ 8 
LCMS 测定小干扰核苷酸 siRNA 分子量 ................................................................................................................ 12 
MALDI-8020 快速检测寡核苷酸药物的分子量及杂质 ..................................................................................... 18 
MALDI-8030 分析寡核苷酸序列和 LCMS-9030 分析寡核苷酸精确分子量 ............................................. 21 
使用双极性台式 MALDI-8030 进行合成寡核苷酸的负离子模式分析 ........................................................ 25 
使用 LabSolutions Insight™ Biologics 进行寡核苷酸杂质分析 ...................................................................... 29 
利用超高效液相色谱-四极杆飞行时间质谱进行寡核苷酸分子量测定和序列确认 ............................... 34 
生物惰性超高效液相色谱仪测定 siRNA 含量 ...................................................................................................... 38 
利用生物惰性液相分析 GalNAc 偶联的寡核苷酸药物纯度 ............................................................................ 42 
离子交换色谱法分析寡核苷酸并考察流动相 pH 变化对分离的影响 ......................................................... 45 
采用 Tm 分析系统分析核酸药物解链温度 ........................................................................................................... 49 

♲ծ mRNA 氋蕐ⴔ區 ........................................................................................... 53 

应用台式 MALDI-TOF MS 对共转录加帽后 mRNA 的帽子端进行定性分析 ............................................ 54 
应用 MALDI-8030 负离子模式对 mRNA 酶法加帽反应产物进行定性分析 ............................................. 57 
应用台式 MALDI-TOF MS 分析 mRNA 和 DNA 生产用核苷酸原料的分子量及组成 ............................ 61 
应用台式 MALDI-TOF MS 分析 mRNA 药物及疫苗生产所用核酸原料的分子量及组成 ..................... 65 
通过抑制金属吸附提高核苷酸分析重现性和定量准确性 ............................................................................... 68 
使用生物惰性液相评价 mRNA 疫苗分析方法重复性与残留量 .................................................................... 71 
生物兼容液相用于 mRNA 疫苗纯度分析 .............................................................................................................. 75 
扫描探针显微镜(SPM)表征 mRNA 疫苗样品的表面形貌 ................................................................................ 79 
生物惰性液相色谱分析三种构型的质粒样品 ...................................................................................................... 82 

㔋ծ 呍ꃑ蚋暟鷻鷐禹絡ⴔ區 .................................................................................. 85 

生物兼容液相 Nexera Bio 联合蒸发光散射检测器测定 mRNA 递送介质脂质纳米粒 LNP 中四种成分
的含量 ................................................................................................................................................................................ 86 
生物兼容液相 Nexera Bio 联合蒸发光散射检测器测定 mRNA 递送介质 DMG-PEG2000 的含量 ... 90 
高效液相色谱仪联合蒸发光散射检测器测定 siRNA 递送介质聚乙烯亚胺 ...................................................... 94 
应用台式 MALDI-TOF MS 分析 mRNA 药物递送系统脂质纳米粒的原料分子量 ................................... 97 
应用台式 MALDI-TOF MS 分析 mRNA 药物递送基质 DMG-PEG2000 的分子量分布及组成 ........ 100 

 



 

1 
 

♧ծ䀙峸欰暟䪮助蚋暟侮⡤鍒Ɀ倰呩 
欰暟䪮助蚋暟⟄♴皍獦欰暟蚋僽䭷ꅷ欽 DNA ꅾ絆䪮助䧴罏Ⱖ➭⴯倝欰暟䪮助欰❡涸♧㣐碫곫꣈ծ

霏倗ㄤ屛毫氬氻涸蚋暟㥵跗涯餘碫欰暟蚋⽀⯘ꥑ䫒⡤ծ輑ざ跗涯ծ絈脅㔔㶩ծ慨稇ծꃍ瘝ծ㛇㔔/絈脅
屛毫蚋暟mRNAծ㻑呍薗ꃑծ氻嫫鲿⡤碫㛇㔔屛毫蚋暟ծꬋ氻嫫鲿⡤碫㛇㔔屛毫蚋暟ծ絈脅屛毫❡ㅷ瘝կ 

㛇✵餘ꆀ彂✵霃雦QbD涸椚䙁㖈欰暟蚋灇〄ⵌ欰❡涸Ⰼ鵂玐㖲꨽鵳遤餘ꆀ灇瑕♸䱽ⵖ⟄烁⥂❡
ㅷ涸㸝Ⰼծ剣佪կ䀙峸Ⱆ尽稒騈遤⚌〄㾝㺙ⴗⰢ岤欰暟蚋餘ꆀ灇瑕ㄤ䱽ⵖ꨽宠♶倗꜂灇⯓鵳涸ⴔ區䪮助
䒓〄✫欰暟蚋侮⡤鍒Ɀ倰呩⺫䭍շ跗涯碫蚋暟ⴔ區眜ոծշ呍ꃑ碫蚋暟ㄤ氋蕐眜ոծշ絈脅㛆Ⱞ副幡巊ㄤ㛆Ⱞ
㛇ⴔ區眜ոծշ欰暟蚋练餘ㄤ鳇俱ⴔ區眜ո㔋⚡ⴔⱃ⸔⸂欰暟蚋涸灇〄♸餘䱽Ⱖ➭ⴔⱃ䭯絯刿倝务կ 

1. շ䀙峸欰暟蚋侮⡤鍒Ɀ倰呩♧ˋ跗涯碫蚋暟ⴔ區眜ո 
跗涯碫蚋暟⟄⽀⯘ꥑ䫒⡤⚹⢾䧮⼜溶䒓〄✫覆⿺灇〄ծ欰❡䊨蒌䒓〄♸⠏⻊ծ餘ꆀ䱽ⵖ⿺⚰䎯霚낉

Ⰼ崨玐涸ⴔ區鍒Ɀ倰呩կ㖈跗涯餘絕匬邍䖄ծ絈脅㛆Ⱞ㛇䒓〄ㄤ㛆Ⱞ䊨蒌⠏⻊ծ❡ㅷ餘ꆀ䱽ⵖծ䊨蒌练餘婎
殆ծDMPK ⴔ區瘝倰꬗獤稡✫⚪㺢涸呩⢾宨綘⚹շ䀙峸欰暟蚋侮⡤鍒Ɀ倰呩♧ˋ跗涯碫蚋暟ⴔ區眜ո
䎾欽俒꧋⣘䝠⿬罌կ 

 

 

 
✫鍒刿㢴霼䪊瀦叅ꢓ䎾欽俒꧋կ 

 

礵䕙䱯䕧 
ӗ 跗涯餘絕匬邍䖄  

ӗ Q-TOF LCMS-9030/LCMS-9050 絕ざ跗涯ⴔ區鲱⟝〳鵳
遤侮⡤ⴔ㶩ꆀⴔ區ծ千㛇ⴔ㶩ꆀⴔ區ծ胂㕃ⴔ區ծ✳炻
ꝶⴔ區ծ祪㘗烁雩ծⰌ䎸⴩ⴔ區瘝 

ӗ MALDI-TOF 鵳遤 PEG ⥝껑跗涯涸ⴔ㶩ꆀ邍䖄 
ӗ 絈脅㛆Ⱞ䊨蒌⠏⻊/㛆Ⱞ㛇倰岁䒓〄 

ӗ LC-MS/MS 絕ざ絈脅㛆Ⱞⴔ區倰岁⺫痦♲晜〳♧ꛏ
鵳呋 17 min ⰻず傞ⴔ區 144 猫⻊ざ暟銻渷脅ⰻ脅㢪
去靧暟絕卓〳錠⻊ 

ӗ ❡ㅷ餘ꆀ䱽ⵖ 
ӗ 欰暟䟘䚍巊湱 Nexera XS inert 〳鵳遤翸꧋⡤ⴔ區ծ歏蚚

䒗餘䚍ⴔ區ծADC 蚋暟 DAR ⧩ⴔ區ծ诱䏞ⴔ區ծ胂㕃ⴔ
區ծ祪㘗ⴔ區瘝〳䫈ⵖꆄ㾩エ꣡ծ罣ꃑ罣焦罣넞渮
珘㹁䚍㥩ծ罣欽䚍⢕ 

ӗ 䊨蒌练餘婎殆ⴔ區 
ӗ 䒓〄✫嵵ⴀ暟ㄤ䊨蒌练餘ⴔ區倰呩㥵勻荈♧妃䚍㛆Ⱞ

郍涸嵵ⴀ暟 bDtBPP勻荈⺫勞涸䊹ⰻꃀ腂ծ2-䊶㛇薅䎇
㑞㇬ծⰌ孮鳟ꃑծ⿽ꂛ A ㄤ宆千炦腂碫⻊ざ暟⟄⿺勻
荈䊨蒌鵂玐涸孲⻊〳涸匠ծ歌孽軧ョ瘝练餘ⴔ區倰岁կ 

ӗ DMPK ⴔ區 
ӗ LC-MS/MS 絕ざ nSMOL 䪮助〳㼆䫒⡤蚋暟 Fab ⼓㚖鷥

䭊䚍ꃍ鍒蜦䖤ꬶ叻跗涯暵䒗䚍胂媯㹊梡䫒⡤㹁ꆀկ 
 

  



 

2 
 

♧㕃鸟錢շ䀙峸欰暟䪮助蚋暟侮⡤鍒Ɀ倰呩♧ˋ跗涯碫蚋暟ⴔ區眜ո 

 



 

3 
 

2. շ䀙峸欰暟蚋侮⡤鍒Ɀ倰呩✳ˋ呍ꃑ碫蚋暟ㄤ氋蕐眜ո 
呍ꃑ蚋暟⚺銳ⴔ⚹㻑呍薗ꃑㄤmRNA⚙㣐碫կ㻑呍薗ꃑ餘ꆀ霉⟟鸑䌢覆⿺ⴔ㶩ꆀ烁雩ծ䎸⴩烁雩ծ鷻鷐

➝餘㹁ꆀⴔ區ծ紱䏞ⴔ區ծ⾲俱紱䏞ⴔ區ծ鍒Ꝇ庛䏞ⴔ區瘝倰꬗կmRNA餘ꆀ霉⟟鸑䌢覆⿺mRNA絕匬邍䖄ծ
⾲俱ⴔ㶩ꆀ烁雩ծ鷻鷐➝餘㹁ꆀⴔ區ծmRNA紱䏞ⴔ區ծ⾲俱紱䏞ⴔ區ծ餘磜匬㘗ⴔ區瘝倰꬗կ䀙峸映絊㺙
ⴗⰢ岤呍ꃑ蚋暟ⴔ區꨽宠⢪欽㢴猫⟉㐼䒓〄✫♧禹⴩㻑呍薗ꃑ蚋暟ծmRNA氋蕐ㄤ呍ꃑ蚋暟鷻鷐禹絡ⴔ
區倰岁շ䀙峸欰暟蚋侮⡤鍒Ɀ倰呩✳ˋ呍ꃑ碫蚋暟ㄤ氋蕐眜ո䎾欽俒꧋⣘䝠⿬罌կ 

 

 

 
 

✫鍒刿㢴霼叅ꢓ䎾欽俒꧋կ 
 

礵䕙䱯䕧 
ӗ 絕匬邍䖄  

ӗ MALDI-TOF 〳鵳遤㻑呍薗ꃑⴔ㶩ꆀㄤ焦㛇䎸⴩烁雩⟄
⿺Ⱏ鲮䔶⸈䌨ㄤꃍ岁⸈䌨导䎾た mRNA 涸䌨㶩畮ⴔ區
ⴔ區鸟䏞䘯ծ絕卓鍒區皍⽀湬錜 

ӗ ⾲俱餘䱽 
ӗ MALDI-TOF 〳鵳遤㻑呍薗ꃑ⾲俱千熧ꃀ腂⽀⡤ծmRNA

⡤㢪鲮䔶⾲俱⟄⿺ mRNA ⸈䌨⾲俱䌨㶩碫⡃暟ⴔ區〳
䘯鸟ծⲥ烁ծ湬錜㖑鵳遤ⴔ㶩ꆀ烁雩 

ӗ 鷻鷐➝餘ⴔ區 
ӗ 䀙峸巊湱蒀靶絕ざ襒〄⯕侔㼘唬崵㐼 ELSD-LT III 〳鵳

遤腒餘紵碛磜LNP务㔋猫䧭ⴔ⟄⿺㻑呍薗ꃑ鷻鷐
➝餘翸⛩掜千腂ゎꆀ崵㹁倰岁⾝併䏞넞ծ絁䚍薴㔵㺈ծ
ꅾ㢕䚍㥩 

ӗ 紱䏞ծ餘磜匬㘗ⴔ區 
ӗ 欰暟䟘䚍巊湱 Nexera XS inert 〳䫈ⵖ熧ꃑ㛇㔙涸ꆄ㾩

エ꣡ծ罣ꃑ罣焦罣넞渮㽍Ⱖ鷓ざ呍ꃑ蚋暟⿺Ⱖ⾲俱紱
䏞ⴔ區ծ餘磜涸♲猫匬㘗馄轠偒ծ絁䚍ㄤ䒓梠湱㼆
ゎꆀⴔ區倰岁婎殆㼭ծꅾ㢕䚍㥩ծⲥ烁〳ꬑկ 

ӗ 鍒Ꝇ庛䏞 Tm ⴔ區 
ӗ 稘㢪〳錛ⴔ⯕⯕䏞雦䵨ꂁ Tm ⴔ區禹絡〳鵳遤⿽Ꝇ絕匬

呍ꃑ蚋暟鍒Ꝇ庛䏞ⴔ區Tm ⴔ區鲱⟝〳湬錜靀ⴀ鍒Ꝇ
庛䏞կ 

 

    
Q-TOF LCMS-9030/LCMS-9050 MALDI- 8020/8030 LC-40+ELSD-LT III 
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♧㕃鸟錢շ䀙峸欰暟䪮助蚋暟侮⡤鍒Ɀ倰呩✳ˋˋ呍ꃑ碫蚋暟ㄤ氋蕐眜ո 

 

 

3. շ䀙峸欰暟蚋侮⡤鍒Ɀ倰呩♲ˋ絈脅㛆Ⱞ副幡巊ㄤ㛆Ⱞ㛇ⴔ區眜ո 

梡去欰暟䪮助♧菚⺫䭍㛇㔔䊨玐ծ絈脅䊨玐ծꃍ䊨玐ㄤ〄ꃋ䊨玐䪮助絈脅㛆Ⱞ僽Ⱖꅾ銳梠蒜կ䒓〄ざ
鷓涸㛆Ⱞ㛇ꂁ倰ㄤ⠏⻊㛆Ⱞ勵⟝僽⥂霆❡ㅷ❡ꆀծ餘ꆀ⿺䪠ꢂ♧荝䚍涸Ⱒꝶ㔔稇կ⚹✫忘駈傈渤㟞Ɤ涸絈
脅㛆Ⱞ㛇ծ絈脅㛆Ⱞ副幡巊ㄤ絈脅ⰻ去靧暟絆ⴔ涸Ⰼ꬗ծ䘯鸟ծず傞ⴔ區꨽宠䀙峸䒓〄✫絈脅㛆Ⱞⴔ區
欽倰岁⺫կ霪䪮助ꅷ欽馄䘯鸟♲ꅾ㔋匧勍巊餘翫欽⟉〳㖈 20 ⴔꛦⰻず傞㼆剒㢴 144 猫⻊ざ暟鵳遤䘯鸟
ⴔ區կ崵㹁湡叻暟巑渷祪ծ孽㛇ꃑծ絶欰稇ծ呍ꃑ⿺絈脅脅ⰻ脅㢪去靧暟կ䵨ꂁ Muti-omics 㢴絆㷖ⴔ區鲱
⟝〳㹊梡ⴔ區絕卓〳錠⻊〳湬錜㾝爙絆ⴔゎꆀꥥ傞ꢂ涸」⻊馋⸷⟄⿺脅ⰻㄤ脅㢪去靧暟㖈去靧鸑騟㕃
务涸⡙縨⿺Ⱖゎꆀ」⻊馋⸷䌐⸔ⴔ區罏刿㥩涸Ɀ瘻կ 㛇✵霪䪮助䎂〵䀙峸㖈絈脅㛆Ⱞ㛇ㄤ㛆Ⱞ䊨蒌⠏
⻊倰꬗溶獤稡✫⚪㺢涸䎾欽呩⢾梡宨綘⚹շ䀙峸欰暟蚋侮⡤鍒Ɀ倰呩♲ˋ絈脅㛆Ⱞ副幡巊ㄤ㛆Ⱞ㛇
ⴔ區眜ո⣘䝠⿬罌կ 

 

痦♲去絈脅㛆Ⱞ欽ⴔ區倰岁⺫             馄䘯鸟♲ꅾ㔋匧勍巊餘翫欽⟉ 
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✫鍒刿㢴霼叅ꢓ䎾欽俒꧋կ 

 

礵䕙䱯䕧 
ӗ 絈脅㛆Ⱞ㛇ⴔ區  

ӗ 䎾欽✵ゎ過幡ㄤ偽過幡㛆Ⱞ㛇䧭ⴔ䊵䒗ⴔ區䌐⸔䒓〄
刿痗ざ銳宠ծ蠒Ⱞ⚪㺢涸偽過幡㛆Ⱞ㛇 

ӗ 䎾欽✵♲猫䫒⡤蚋暟欰❡欽㛆Ⱞ㛇絆䧭ㄤ湱㼆ゎꆀ涸
䊵䒗ⴔ區〳欽✵♶ず碫ⵆծ♶ず䪠妃㛆Ⱞ㛇涸♧荝䚍
霉⠮կ 

ӗ 絈脅㛆Ⱞ鵂玐港䱽  
ӗ 䎾欽✵䫒⡤蚋暟欰❡涸 CHO 絈脅吳ծ㇄✌⸓暟絈脅ծ

谐랕勍蝒ծꝆ꩓蝒ծꃋ嫢蝒ㄤ溫蝒瘝㛆Ⱞ鵂玐港䱽〳
⟄湬錜儑爙㛆Ⱞ鵂玐务副幡巊絆ⴔゎꆀ」⻊馋⸷➢罜
⚹㛆Ⱞ䊨蒌涸佖鵳䲿⣘湬䱹涸⿬罌⣜研կ 

爙⢾㇄✌⸓暟絈脅 1-13 㣔㛆Ⱞ鵂玐务⻊ざ暟湱㼆ゎꆀ」⻊䞔ⲃ 

 

4. շ䀙峸欰暟蚋侮⡤鍒Ɀ倰呩㔋ˋ欰暟蚋练餘ㄤ鳇俱ⴔ區眜ո 

欰暟蚋练餘〳腊勻彂✵欰❡鵂玐务〳腊❡欰涸翸꧋⡤䧴䊨蒌务䨾欽ⵌ涸霚⵫婎殆⛲〳腊勻荈✵絈脅
㛆Ⱞ勞俱䧴⺫鄳勞俱务涸嵵ⴀ暟寓厩կ欰暟蚋鳇俱㥵属庛 80〳⟄꣈姺跗涯餘㖈很鍒鵂玐务」䚍ծ翸꧋ծ
邍꬗エ꣡ㄤ窚ⳕ告Ⱖ꣭鍒❡暟〳腊吐㼆➃⡤❡欰ⶰ⡲欽կ佦㼆欰暟蚋练餘ㄤ鳇俱䒊用〳ꬑ涸ⴔ區倰岁㼆
Ⱖゎꆀ䧴紱䏞鵳遤ⴔ區ㄤ霉⠮㼆❡ㅷ涸㸝Ⰼ䚍ㄤ剣佪䚍荛Ⱒꅾ銳կ䀙峸㖈欰暟蚋练餘ㄤ鳇俱ⴔ區倰꬗溶
獤稡✫⚪㺢涸䎾欽呩⢾梡宨綘⚹շ䀙峸欰暟蚋侮⡤鍒Ɀ倰呩㔋ˋ欰暟蚋练餘ㄤ鳇俱ⴔ區眜ո⣘䝠⿬
罌կ 

 
⸓䙖곾磜㕃⫸ⴔ區禹絡 iSpect DIA-10     欰暟䟘䚍巊湱蒀靶 Nexera XS inert   歏䠭羒ざ瘝猌㶩⡤餘靶⟉ ICPMS-2030 
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✫鍒刿㢴霼叅ꢓ䎾欽俒꧋կ 

礵䕙䱯䕧 
ӗ 嵵ⴀ暟ㄤ䊨蒌练餘ⴔ區  

ӗ LC-MS/MS ⴔ區♧妃䚍絈脅㛆Ⱞ郍嵵ⴀ暟䫒蝶⵫⿽2,4-
✳〈♨㛇薅㛇熧ꃑꂾbDtBPP霪暟餘鵂ꆀ㼜䫈ⵖ
絈脅欰Ɤ劥倰岁䘯鸟ծ⾝併ծ〳ꬑ〳欽✵ゎꆀ港䱽կ 

ӗ ICPE-9820 崵㹁⽀䫒蚋暟务嶊岙⵫婎殆ꆀ倰岁皍⤑ծ
䘯鸟ծⲥ烁鷓欽✵跗涯碫蚋暟务嶊岙⵫婎殆ꆀ崵㹁կ 

ӗ 翸꧋⡤ㄤ♶很䚍䗎磜ⴔ區  
ӗ 欰暟Ⱟ㺂巊湱 Nexera Bio ⴔ區餍⠄⽀䫒ծ꣚鴪加⽀䫒ㄤ

Fc 輑ざ跗涯㢴翸⡤ⴔ猌䏞㥩ծꅾ㢕䚍⢕կ 
ӗ ⢪欽⸓䙖곾磜㕃⫸ⴔ區禹絡 iSpect DIA-10 ⴔ區✫⽀䫒

蚋暟务♶很䚍곾磜涸磜䏞ծ磜䕎ㄤ곾磜㕐䏞〄梡霪蚋
暟务㶸㖈㼱ꆀ磜䖈鳅㣐⚂䕎朐♶錞ⴭ涸곾磜կ 

ӗ 蚋欽鳇俱ⴔ區  
ӗ ⢪欽 MALDI-TOF ⴔ區✫蚋欽鳇俱翸⛩✳ꃫ涸ⴔ㶩ꆀ⿺

ⴔ䋒鸑鵂嫱鳅叻ㅷㄤ属庛 80 涸ⴔ㶩ꆀⴔ䋒㼆岤㼘
⵫鳇俱属庛 80 ꣭鍒玐䏞鵳遤✫霉⟟կ 

ӗ ⢪欽 LC-MS/MS ⴔ區✫ꅾ絆➃涯➝稇务⸔很⵫⼧✳掬㛇
炻ꃑꛧSDSゎꆀ倰岁絁䚍薴㔵㺈ծ⾝併䏞넞ծꅾ
㢕䚍㥩鷓ざ欽✵ SDS ゎꆀ港䱽կ 
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✳ծ㻑呍薗ꃑ蚋暟ⴔ區 
㻑呍薗ꃑ蚋暟⚺銳鸑鵂千熧ꃀ腂㔿湱ざ䧭岁鵳遤欰❡㖈䊨蒌鵂玐务吐❡欰♧禹⴩练餘㥵䨔瀊䎸⴩

N-1ծN-2 瘝ծ㟞Ɤ䎸⴩N+1ծN+2 瘝ծꃑ焦㢅椚⟄⿺⪰㶸㼋荝涸꣭鍒❡暟瘝կ⚹⥂霆蚋暟餘ꆀ꨽
銳㼆絑鵂ⴔ猌紱⻊た涸㻑呍薗ꃑ蚋暟鵳遤紱䏞ծⴔ㶩ꆀㄤ䎸⴩烁雩ծ练餘㹁䚍ㄤ㹁ꆀ瘝ⴔ區կ 

㻑呍薗ꃑ蚋暟ⴔ㶩ꆀ鳅㣐紨 7~15 KDa僽歏餏䚍ծ䔂匧䚍⻊ざ暟կ⢪欽䌢錞导湱蒀靶鵳遤ⴔ區⥂
殆鳅烯佦鸑䌢ꅷ欽猌㶩㼆导湱蒀靶岁IP-RP-HPLC䧴꣊猌㶩❜䰃蒀靶岁AEX-HPLC鵳遤紱䏞ㄤ练餘
ⴔ區կ猌㶩㼆导湱蒀靶岁鸑鵂㻑呍薗ꃑ毜宐䚍䊵䒗鵳遤ⴔ猌崨⸓湱务幑⸈涸䮦〄䚍猌㶩㼆霚⵫〳♸餘靶
Ⱟ㺂կ꣊猌㶩❜䰃蒀靶岁鸑鵂歏蚚䊵䒗鵳遤ⴔ猌崨⸓湱务䌢欽ⵌ NaClO4ծNaCl 瘝♶䮦〄䚍渮♸餘靶♶
Ⱟ㺂կ歋✵㻑呍薗ꃑ蚋暟㺢ゎ熧ꃑ㛇㔙㺂僒♸ꆄ㾩邍꬗❡欰ꬋ暵䒗䚍エ꣡鸣䧭油䕎䬯㽵ծ⡛崽䏞♶ⴀ油
吥ⲥ刼絁♶䧭絁䚍瘝♧禹⴩啜䩛涸ⴔ區꡼곿կ䀙峸欰暟䟘䚍巊湱禹絡 Nexera XS inert 㖈♸呋ㅷ䱹鍘涸鿈⡙
ꅷ欽ꬋꆄ㾩勞俱霃雦〳 ⟄䖎㥩㖑䫈ⵖ㻑呍薗ꃑ蚋暟涸ꆄ㾩エ꣡蜦䖤葻㥩涸油䕎ㄤⴀ蒀涸珘㹁䚍կ姼㢪
鳕巊岹瘝鿈⡙ꅷ欽罣臱赤ざꆄ霃雦刿罣넞渮崨⸓湱涸臱赤կ⽰䫒ꆄ㾩エ꣡⿶罣넞渮臱赤涸 Nexera XS inert
僽鵳遤㻑呍薗ꃑ蚋暟ⴔ區涸椚䟝⟉㐼կ 

㻑呍薗ꃑ蚋暟涸ⴔ㶩ꆀㄤ焦㛇䎸⴩僽ⰦⰢꝶ餘ꆀ㾩䚍鸑䌢〳⢪欽 MALDI-TOF 䧴 IP-RP-LCMS 鵳遤崵
㹁կMALDI-TOF 偽꨽⢪欽ゎ猌㶩㼆霚⵫涸崨⸓湱ծ偽꨽䬐䗱餘靶寓厩ծ⵸㢅椚皍⽀ծⳜ猲ⵌⳜ⼧猲ⰻ⽰〳
䖤ⵌ餘靶㕃ծ餘靶⚺銳⟄⽀歏蚚猌㶩⚹⚺ծ鍒靶皍⽀〳⟄䘯鸟ծ넞鸑ꆀ崵㹁㻑呍薗ꃑⴔ㶩ꆀㄤ焦㛇䎸⴩կ
猌㶩㼆导湱蒀靶絕ざ⽀㔋匧勍巊餘翫欽⟉LCMSծ♲ꅾ㔋匧勍巊餘翫欽⟉LC-MS/MS䧴㔋匧勍굷遤傞
ꢂ餘靶⟉Q-TOFⱄ鳇⟄㢴歏蚚鍒⽷獤鲱⟝〳⟄崵㹁㻑呍薗ꃑⴔ㶩ꆀկ猌㶩㼆导湱蒀靶絕ざ Q-TOF
ⱄ鸑鵂焦㛇䎸⴩烁雩鲱⟝〳⟄鵳遤㻑呍薗ꃑ䎸⴩烁雩կ 

⿽Ꝇ絕匬㻑呍薗ꃑ蚋暟ꥥ满庛䏞⼮넞⿽Ꝇ絕匬鷶幯䩧䒓剒絊鲮」⚹⽀Ꝇ絕匬կ㼜⿽Ꝇㄤ⽀Ꝇ䨾⽑嫱
⢾湱瘝涸庛䏞㹁⛐⚹鍒Ꝇ庛䏞TmկTm 僽邂ꆀ⿽Ꝇ絕匬呍ꃑ碫暟餘珘㹁䚍涸ꅾ銳䭷叻僽䱽ⵖ絕匬ㄤ⸆
腊涸Ⱒꝶ㔔稇կ呍ꃑ碫暟餘㖈 260 nm ꣡鵛剣稘㢪エ佐油エ佐⧩㖈鍒Ꝇ鵂玐务㟞⸈鸑鵂崵霚エ⯕䏞涸」
⻊〳⟄烁㹁 Tm ⧩կ鸑鵂稘㢪ⴔ⯕⯕䏞雦崵㹁⿽Ꝇ碫㻑呍薗ꃑ蚋暟 Tm ⧩僽絑Ⱙ倰岁կ 

劥畎➝絏✫䀙峸欰暟䟘䚍巊湱 Nexera XS inert ⴔ區㻑呍薗ꃑ蚋暟紱䏞ㄤ练餘MADI-TOFծLCMS ㄤ Q-
TOF 崵㹁㻑呍薗ꃑⴔ㶩ꆀMADI-TOF ㄤ Q-TOF 鵳遤㻑呍薗ꃑ䎸⴩烁雩Tm ⴔ區禹絡崵㹁㻑呍薗ꃑ Tm
㻑呍薗ꃑ⾲俱ⴔ區瘝䎾欽呩⢾⣘䝠⿬罌կ 
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LCMS 崵㹁⿿⛐㻑呍薗ꃑⴔ㶩ꆀ 
 

䶰 銳劥俒⢪欽欰暟䟘䚍馄넞佪巊湱蒀靶㔋匧勍餘靶翫欽⟉ LCMS-2050 崵㹁导⛐㻑呍薗ꃑⴔ㶩ꆀկꅷ欽
DUISESI+APCI餏猌㶩垷䒭㼆䖉崵呋ㅷ鵳遤餘靶䪊䲽⢪欽 LabSolutions 鲱⟝㼆餘靶㕃鵳遤㢴歏蚚ⴔ區կ
絕卓邍僈餘靶㕃务ゎ 5 猫㢴歏蚚猌㶩歏蚚侨ꆀ⚹ 4~8կ鸑鵂㢴歏蚚鍒⽷獤ⴔ區雦皾䖤ⵌ霪导⛐㻑呍薗ꃑ
呋ㅷⴔ㶩ꆀ⚹ 6681.57 Da♸椚雿⧩涸⨊䊵⚹ 0.4 Da餘ꆀⲥ烁䏞넞կLCMS-2050 Ⱘ剣餘ꆀ薴㔵㺈涸暵挿
鷓ざⴔ㶩ꆀ鳅㣐涸导⛐㻑呍薗ꃑⴔ㶩ꆀ唬崵կ 

 

Ⱒꝶ霒⽀㔋匧勍餘靶 导⛐㻑呍薗ꃑ ⴔ㶩ꆀ 餘靶㢴歏蚚ⴔ區 
 

䪮助暵挿 
 ⢪欽䀙峸剒倝⽀㔋匧勍餘靶⟉Ⱖꅷ欽 ESI/APCIDUIS⸈掚㘗猌㶩彂⾝併䏞넞կ 
 导⛐㻑呍薗ꃑ㖈 LCMS-2050 副䕎䧭侨⚡㢴歏蚚鸑鵂 LabSolutions 鲱⟝务餘靶㢴歏蚚ⴔ區⸆腊〳
ⲥ烁崵㹁Ⱖⴔ㶩ꆀկ 
 

㼭呍ꃑ蚋暟僽Ɤ䏞鳅瀊ծ焦㛇㼱✵30nt涸♧碫呍ꃑ蚋暟Ⱖ鸑鵂⡲欽✵荝氻ꬶ㛇㔔䧴罏ꬶmRNA➢呏
彂 副 靈 䱽 荝 氻 㛇 㔔 涸 邍 鴪  鴪 ⵌ 氬 氻 屛 毫 涸 湡 涸 կ 㼭 呍 ꃑ 蚋 暟 ⚺ 銳 剣 导 ⛐ 㻑 呍 薗 ꃑ  antisense 
oligonucleotide, ASOծ㼭䎁䪓RNAsmall interference RNAsiRNAծ䗎㼭RNAmicro RNA, miRNAծ
RNA鷓ꂁ⡤RNA aptamerծ䫒⡤呍ꃑ⩐翫蚋暟antibody-siRNA conjugate ARC瘝կ 

Ⱖ务ASO蚋暟㹊餘副僽⽀ꝆDNA䧴罏DNA♸RNA练ざꝆⴔ㶩ꆀ涸崵㹁僽Ⱖ餘ꆀ䱽ⵖ务ꬋ䌢ꅾ銳涸
姿낢⛓♧կ劥俒ꅷ欽LCMS-2050ꅷ꧋䖤ⵌASO餘靶㕃䎇絕ざ䀙峸LabSolutions鲱⟝涸餘靶㢴歏蚚ⴔ區
⸆腊㼆餘靶㕃鵳遤鍒⽷獤ⴔ區〳 ⟄ⲥ烁崵㹁ASOⴔ㶩ꆀկLCMS-2050Ⱘ剣餘ꆀ薴㔵㺈涸暵挿鷓ざⴔ㶩ꆀ
鳅㣐涸ASOⴔ㶩ꆀ崵㹁կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 

欰暟䟘䚍巊湱蒀靶⟉ Nexera XS Inert ♸⽀㔋匧勍餘靶⟉ LCMS-2050 翫欽禹絡Ⱘ⡤ꂁ縨⥌䜂㥵♴ 
禹 絡 䱽 ⵖ 㐼 CBM-40 荈 ⸓ 鵳 呋 㐼 SIL-40C XSi 
膴 孞 劼 DGU-405 叙   庛   盲 CTO-40C 
鳕   巊   岹 LC-40D XSi×2 餘 靶 ⟉ LCMS-2050 ⽀㔋匧勍餘靶⟉ 

蒀 靶 䊨 ⡲ 畀 LabSolutions Ver. 5.114 
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㕃 1. 넞佪巊湱蒀靶餘靶翫欽⟉ LCMS-2050  

1.2 ⴔ區勵⟝  
蒀  靶  叙 Shim-Pack Scepter C18-120[Metal free] (50 mm×2.1 mm I.D.

3µm䀙峸副嵳㹊낉㐼勞剣ꣳⰖ尽P/N: 227-31073-01 
崨  ⸓  湱 A 湱-10mM DIPEA+100mM HFIP 

B 湱-⛩臟 鵳 呋 ⡤ 獤 5 μL 
崨     鸟 0.3 mL/min  叙    庛 55˫ 
峤 膴 倰 䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹ 5%傞ꢂ玐䎸錛邍 1կ 

邍 1. 唑䏞峤膴玐䎸 

 

 

 

 

餘靶勵⟝ 
猌 㶩 彂 DUIS (ESI+APCI) 膴 很 ⵫ 庛 䏞 450˫  

꨺ ⻊ 孞 2.0 L/min 䱹 〡 歏 ⾓ -2 kV 

䎁 醋 孞 5.0 L/min 䪊 䲽 垷 䒭 Scan (-) 

⸈ 掚 孞 7.0 L/min 䪊 䲽 薴 㔵 50~2000 

D L 庛 䏞 250˫   

1.3 呋ㅷ⵸㢅椚倰岁 
㼜导⛐㻑呍薗ꃑ呋ㅷ欽宐很鍒䎇獺ꅺ荛 50 μg/mLկ 
 

2絕卓♸雭雿 
2.1 ⿿⛐㻑呍薗ꃑ呋ㅷ蒀靶㕃♸餘靶㕃 

Time(min) Module Command Value 

1.00 Pumps Pump B Conc. 5 
6.00 Pumps Pump B Conc. 30 
6.10 Pumps Pump B Conc. 95 
7.00 Pumps Pump B Conc. 95 
7.10 Pumps Pump B Conc. 5 

12.00 Control Stop  
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霪导⛐㻑呍薗ꃑ⚹⽀Ꝇ DNAⰦ䚪猌㶩崨㕃㥵㕃 2 䨾爙餘靶㕃㥵㕃 3 䨾爙կ➢餘靶㕃䖤濼呋ㅷ务
♶ず歏蚚侨涸猌㶩餘靶⥌〿僈儑կ 

      
  㕃 2. 导⛐㻑呍薗ꃑ䚪猌㶩崨㕃                          㕃 3. 导⛐㻑呍薗ꃑ餘靶㕃 

2.2 餘靶㢴歏蚚ⴔ區絕卓 
鸑鵂䀙峸 LabSolutionsTM 鲱⟝涸鍒⽷獤餘靶㢴歏蚚ⴔ區⸆腊㼆呋ㅷ餘靶㕃鵳遤ⴔ區껷⯓㖈倰岁

錠㕃綘鳓㢴歏蚚ⴔ區⿬侨搬た㖈㹁䚍㢅椚务挿ⴁ餘靶㢴歏蚚ⴔ區⽰〳䖤ⵌⴔ區絕卓Ⱘ⡤乼⡲姿낢㥵㕃
4 䨾爙կ㢴歏蚚ⴔ區絕卓㥵㕃 5 䨾爙➢絕卓䖤濼霪导⛐㻑呍薗ꃑ餘靶㕃ゎ 5 ⚡♶ず歏蚚侨猌㶩油歏蚚
侨ꆀ⚹ 4~8鲱⟝鍒⽷獤雦皾䖤ⵌⴔ㶩ꆀ⚹ 6681.57 Daぐ㢴歏蚚油涸餘ꆀ侨叻ⲥ⨊䊵⚹ 0.436 Daկ 

霪导⛐㻑呍薗ꃑ呋ㅷ䎸⴩⚹G*C*G*T*T*T*G*C*T*C*T*T*C*T*T*C*T*T*G*C*G椚雿ⴔ㶩ꆀ⚹ 6681.57 
Da雦皾ⴔ㶩ꆀ♸椚雿ⴔ㶩ꆀ⨊䊵⚹ 0.4 Da雦皾絕卓ⲥ烁䏞넞կ 

 
㕃 4. 䀙峸 LabSolutionsTM 涸鍒⽷獤⸆腊霃縨 

2.0 3.0 4.0 5.0 6.0 min

0.5

1.0

1.5

2.0

2.5

3.0
(x10,000,000)
1:TIC(-)

750 1000 1250 1500 m/z
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Inten.(x1,000,000)

953.43

1112.68

834.03
1669.591335.03
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㕃 5. 导⛐㻑呍薗ꃑⴔ㶩ꆀ鍒⽷獤絕卓 

 
邍 2. 椚雿ⴔ㶩ꆀ♸㹊崵ⴔ㶩ꆀ嫱鳅 

呋ㅷぜ 䎸⴩ 
椚雿ⴔ㶩ꆀ

(Da) 
㹊崵ⴔ㶩ꆀ

(Da) 
⨊䊵 
(Da) 

导⛐㻑呍薗ꃑ 
G*C*G*T*T*T*G*C*T*C*T*T*C*T

*T*C*T*T*G*C*G 
6681.17 6681.57 0.4 

 

3絕雿 
劥俒⢪欽欰暟䟘䚍馄넞佪巊湱蒀靶㔋匧勍餘靶翫欽⟉ LCMS-2050 崵㹁导⛐㻑呍薗ꃑⴔ㶩ꆀկꅷ欽 DUIS

ESI+APCI餏猌㶩垷䒭㼆䖉崵呋ㅷ鵳遤餘靶䪊䲽⢪欽 LabSolutions 鲱⟝涸餘靶㢴歏蚚ⴔ區⸆腊㼆
餘靶㕃鵳遤鍒⽷獤ⴔ區կ絕卓儑爙餘靶㕃务ゎ 5 猫㢴歏蚚猌㶩歏蚚侨ꆀ⚹ 4~8կ鸑鵂鍒⽷獤ⴔ區烁雩✫
霪导⛐㻑呍薗ꃑ呋ㅷⴔ㶩ꆀ⚹ 6681.57 Da♸椚雿ⴔ㶩ꆀ涸⨊䊵⚹ 0.4 Da餘ꆀⲥ烁䏞넞կLCMS-2050 Ⱘ
剣餘ꆀ薴㔵㺈涸暵挿鷓ざⴔ㶩ꆀ鳅㣐涸导⛐㻑呍薗ꃑⴔ㶩ꆀ唬崵կ 

  

[M-4H]4 [M-5H]5 
[M-6H]6 

[M-7H]7 

[M-8H]8 
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LCMS 崵㹁㼭䎁䪓呍薗ꃑ siRNA ⴔ㶩ꆀ 
 

䶰 銳劥俒⢪欽欰暟䟘䚍馄넞佪巊湱蒀靶⟉ Nexera XS inert ♸ LCMS-2050 翫欽崵㹁✫㼭䎁䪓呍薗ꃑ
siRNA ⴔ㶩ꆀկꅷ欽 DUISESI+APCI猌㶩彂涸餏猌㶩垷䒭ⴔ區䖉崵呋ㅷ鸑鵂⠏⻊崨⸓湱ㄤ餘靶ꅷ꧋⿬
侨⿡ꤑ䎁䪓餘靶油⢪欽 LabSolutions 鲱⟝荈䌄涸餘靶㢴歏蚚ⴔ區⸆腊ⲥ烁崵㹁 siRNA ⴔ㶩ꆀկ絕
卓儑爙siRNA 姻⛐Ꝇ餘靶㕃务ゎ 8 猫㢴歏蚚猌㶩歏蚚侨ꆀⴔ䋒⚹ 4~11㢴歏蚚ⴔ區崵㹁ⴔ㶩ꆀ⚹ 6631.63 
Da♸椚雿⧩涸⨊䊵⚹ 0.34 DaկsiRNA 导⛐Ꝇ餘靶㕃务ゎ 7 猫㢴歏蚚猌㶩歏蚚侨ꆀ⚹ 4~10㢴歏蚚ⴔ
區崵㹁ⴔ㶩ꆀ⚹ 6637.64 Da♸椚雿⧩涸⨊䊵⚹ 0.39 Da餘ꆀⲥ烁䏞넞կLCMS-2050 Ⱘ剣餘ꆀ薴㔵㺈涸暵
挿絕ざ LabSolutions 鲱⟝荈䌄涸餘靶㢴歏蚚ⴔ區⸆腊〳⟄欽✵崵㹁 siRNA ⴔ㶩ꆀկ 

 

Ⱒꝶ霒⽀㔋匧勍餘靶  siRNA  ⴔ㶩ꆀ  餘靶㢴歏蚚ⴔ區 
 

䪮助暵挿 
 㖈崨⸓湱务幑⸈䗎ꆀ EDTA絞ざ禹絡务 Na+䱗ꤑ✫⸈ꛧ油㼆ⴔ㶩ꆀ涸䎁䪓կ  
 靈侮MS⿬侨务Qarray歏⾓〳⯎ⴔ⿡ꤑⰙ孮䒗⚋ꃫ⸈ㄤ猌㶩կ 
 

㼭呍ꃑ蚋暟僽Ɤ䏞鳅瀊ծ焦㛇㼱✵30 nt涸♧碫呍ꃑ蚋暟Ⱖ鸑鵂⡲欽✵荝氻ꬶ㛇㔔䧴罏ꬶmRNA➢呏
彂 副 靈 䱽 荝 氻 㛇 㔔 涸 邍 鴪  鴪 ⵌ 氬 氻 屛 毫 涸 湡 涸 կ 㼭 呍 ꃑ 蚋 暟 ⚺ 銳 剣 导 ⛐ 㻑 呍 薗 ꃑ  antisense 
oligonucleotide, ASOծ㼭䎁䪓RNAsmall interference RNAsiRNAծ䗎㼭RNAmicro RNA, miRNAծ
RNA鷓ꂁ⡤RNA aptamerծ䫒⡤呍ꃑ⩐翫蚋暟antibody-siRNA conjugate ARC瘝կ 

Ⱖ务siRNA⚹⿽ꝆRNAⴔ㶩ꆀ涸崵㹁僽Ⱖ餘ꆀ䱽ⵖ务ꬋ䌢ꅾ銳涸姿낢⛓♧կ劥俒ꅷ欽LCMS-2050ꅷ
꧋䖤ⵌsiRNA餘靶㕃䎇絕ざ䀙峸LabSolutions鲱⟝涸餘靶㢴歏蚚ⴔ區⸆腊㼆餘靶㕃鵳遤鍒⽷獤ⴔ區
〳⟄ⲥ烁崵㹁siRNAⴔ㶩ꆀկLCMS-2050Ⱘ剣餘ꆀ薴㔵㺈涸暵挿鷓ざⴔ㶩ꆀ鳅㣐涸siRNAⴔ㶩ꆀ崵㹁կ 

 

1㹊낉鿈ⴔ 

1.1 ⟉㐼 
欰暟䟘䚍馄넞佪巊湱蒀靶㔋匧勍餘靶翫欽⟉ LCMS-2050Ⱘ⡤ꂁ縨⥌䜂㥵♴ 
禹 絡 䱽 ⵖ 㐼 CBM-40 膴 孞 劼 DGU-405 
鳕 巊 岹 LC-40D XSi×2 荈 ⸓ 鵳 呋 㐼 SIL-40C XSi 
叙 庛 盲 CTO-40C 餘 靶 ⟉ LCMS-2050 ⽀㔋匧勍餘靶⟉ 

蒀 靶 䊨 ⡲ 畀 LabSolutions Ver. 5.114 
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㕃 1. 넞佪巊湱蒀靶餘靶翫欽⟉ LCMS-2050  

1.2 ⴔ區勵⟝  
蒀 靶 叙 Shim-Pack Scepter C18-120[Metal free] (50 mm×2.1 mm I.D.3µm䀙

峸副嵳㹊낉㐼勞剣ꣳⰖ尽P/N: 227-31073-01 
崨 ⸓ 湱 A 湱-10mM DIPEA+25mM HFIP+10μM EDTAB 湱-⛩臟 
鵳 呋 ⡤ 獤 10 μL 崨 鸟 0.3 mL/min  
叙 庛 55˫   
峤 膴 倰 䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹ 5%傞ꢂ玐䎸錛邍 1կ 

邍 1. 唑䏞峤膴玐䎸 

 

 

 

 

 

餘靶勵⟝ 
猌 㶩 彂 DUIS (ESI+APCI) 膴 很 ⵫ 庛 䏞 450˫  

꨺ ⻊ 孞 2.0 L/min 䱹 〡 歏 ⾓ -2 kV 

䎁 醋 孞 5.0 L/min Q a r r a y 歏 ⾓ -50 V 

⸈ 掚 孞 7.0 L/min 䪊 䲽 垷 䒭 SCAN (-) 

D L 庛 䏞 250˫ 䪊 䲽 薴 㔵 50~2000 

1.3 呋ㅷ⵸㢅椚倰岁 
㼜 siRNA 呋ㅷ欽宐很鍒䎇獺ꅺ荛 50 μg/mLկ 
 

2絕卓♸雭雿 
2.1 倰岁⠏⻊ 

Time(min) Module Command Value 

1.00 Pumps Pump B Conc. 5 
2.00 Pumps Pump B Conc. 6 

10.00 Pumps Pump B Conc. 8 
10.10 Pumps Pump B Conc. 95 
12.00 Pumps Pump B Conc. 95 
12.10 Pumps Pump B Conc. 5 
16.00 Control Stop  
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霪 siRNA 呋ㅷ⚹⿽Ꝇ RNAⴔⵆ⚹姻⛐Ꝇㄤ导⛐Ꝇկ㖈蒀靶勵⟝♴ⴔ猌⚹⚙⚡油Ⱖ䚪猌㶩崨㕃㥵㕃
2 䨾爙餘靶㕃㥵㕃 3 䨾爙կ➢餘靶㕃〳⟄溏ⴀ餘靶油ꬋ䌢练包鵯㼆 siRNA ⴔ㶩ꆀ涸烁㹁鸣䧭✫⚚ꅾ涸
䎁䪓䨾⟄꨽⠏⻊倰岁⿡ꤑ䎁䪓餘靶油կ 

 
㕃 2. siRNA 䚪猌㶩崨㕃 

  
㕃 3. siRNA 餘靶㕃䊩㕃姻⛐Ꝇ〸㕃导⛐Ꝇ 

⟄♴⟄姻⛐Ꝇ⚹⢾䲽鶣倰岁⠏⻊鵂玐կ鸑鵂䀙峸 LabSolutionsTM 鲱⟝餘靶㢴歏蚚ⴔ區⸆腊㼆餘
靶㕃鵳遤鍒⽷獤ⴔ區ⴔ區絕卓㥵㕃 4 䨾爙կ餘靶㕃鍒⽷獤た䖤ⵌ 4 ⚡ⴔ㶩ꆀⴔⵆ⚹ 6799.1ծ6631.1ծ
6652.8ծ6821.2DaⰦ嫱⢾ⴔⵆ⚹ 100964635կⰦ务 6631.1 ⚹ siRNA 姻⛐Ꝇⴔ㶩ꆀ6799.1 ♸
6631.1 湱䊵 168.0䲀崵Ⱖ⚹姻⛐Ꝇ⸈ㄤ崨⸓湱务Ⱉ孮䒗⚋ꃫHFIPⴔ㶩ꆀ⚹ 169⸈ㄤた䖤ⵌ涸ⴔ㶩
ꆀկ6652.8 ♸ 6631.1 湱䊵 21.7䲀崵Ⱖ⚹姻⛐Ꝇ⸈ㄤ禹絡务ꛧ猌㶩կ6821.2 ♸ 6631.1 湱䊵 190.1䲀崵
⚹姻⛐Ꝇ⸈ㄤ HFIP ㄤ Na た䖤ⵌ涸ⴔ㶩ꆀկ 

 

6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 min

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

(x10,000,000)
1:TIC(-)

500 1000 1500 m/z
0.00

0.25

0.50

0.75

1.00

1.25

Inten.(x1,000,000)

754.47

773.13

678.92

946.35
1104.13 1662.19

500 1000 1500 m/z
0.00

0.25

0.50

0.75

1.00

1.25

Inten.(x1,000,000)

849.62

755.07

947.14

1105.15
1326.35 1663.87
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㕃 4. siRNA ⴔ㶩ꆀ鍒⽷獤絕卓 

⚹✫⿡ꤑ餘靶㕃务涸⸈ㄤ猌㶩껷⯓㖈崨⸓湱务幑⸈ 10 μM EDTA欽✵絞ざ禹絡务 Na+⿡ꤑ M+Na 油կ㢴歏蚚鍒⽷
獤絕卓㥵㕃 5 䨾爙絕卓儑爙 siRNA 溶偽僈儑⸈ꛧ油կ 

 
㕃 5. 崨⸓湱⸈Ⰶ EDTA た siRNA ⴔ㶩ꆀ鍒⽷獤絕卓 

⚹✫⿡ꤑ HFIP ⸈ㄤ油劥㹊낉㼆 Qarray 歏⾓鵳遤靈侮կ㼜 Qarray 歏⾓ⴔⵆ霃縨⚹ˊ20ծ-50ծ-80 V䖤ⵌ涸餘靶㕃㥵
㕃 6 䨾爙կ➢㕃〳濼䔲 Qarray 歏⾓⚹ˊ20 V 傞餘靶㕃务鵮僽剣 678.81ծ754.31 瘝姻⛐Ꝇ⸈ㄤ HFIP た涸㢴歏蚚油կ䔲
Qarray 歏⾓⚹ˊ50 V 傞⿡ꤑ✫姻⛐Ꝇ⸈ㄤ HFIP 涸㢴歏蚚油餘靶㕃」䖤ꬋ䌢䎁ⲙկ䔲鵳♧姿⸈㣐 Qarray 歏⾓荛ˊ80 V 傞
䌄歏蚚鳅㢴涸餘靶油ㆇ䎾僈儑♴꣭⚂❡欰✫倝涸烱鄬կ䨾⟄剒絊烁㹁 Qarray 歏⾓⚹-50 Vկ 

 

 

6550 6600 6650 6700 mass
0.0

2.5

5.0

7.5

Inten.(x10,000)
6631.53

500 750 1000 1250 1500 1750m/z
0.00

0.25

0.50

0.75

1.00

1.25

1.50

Inten.(x1,000,000)

678.81

754.32

827.76

946.21
1103.99

1324.97 1656.34617.03

500 750 1000 1250 1500 m/z
0.0

0.5

1.0

1.5

2.0

Inten.(x1,000,000)

662.16735.84

827.94

946.35 1104.20601.91 1656.741325.18

6550 6600 6650 6700 mass
0.0

0.5

1.0

1.5

2.0

2.5

3.0
Inten.(x10,000)

6631.17

M+Na 
M 

6700 6750 6800 6850 mass
0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

Inten.(x10,000)
6799.14

M+HFIP 

M+HFIP+Na 
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㕃 6. ♶ず Qarray 歏⾓䖤ⵌ涸 siRNA 餘靶㕃副-20V务-50V♴-80V 

2.2 餘靶㢴歏蚚ⴔ區絕卓 
㼆⠏⻊た䖤ⵌ涸餘靶㕃鵳遤㢴歏蚚鍒⽷獤ⴔ區ⴔ區絕卓㥵㕃 7 䨾爙կ➢絕卓䖤濼霪 siRNA 姻⛐Ꝇ

餘靶㕃ゎ 8 ⚡♶ず歏蚚侨猌㶩油歏蚚侨ꆀ⚹ 4~11鲱⟝鍒⽷獤雦皾䖤ⵌⴔ㶩ꆀ⚹ 6631.63 Daぐ㢴歏蚚
油涸餘ꆀ侨叻ⲥ⨊䊵⚹ 0.422 DaկsiRNA 导⛐Ꝇ餘靶㕃ゎ 7 ⚡♶ず歏蚚侨猌㶩油歏蚚侨ꆀ⚹ 4~10鲱⟝
鍒⽷獤雦皾䖤ⵌⴔ㶩ꆀ⚹ 6637.64 Daぐ㢴歏蚚油涸餘ꆀ侨叻ⲥ⨊䊵⚹ 0.569 Daկ 

 

500 750 1000 1250 1500 1750 m/z
0.0

0.5

1.0

1.5

2.0

2.5

Inten.(x100,000)

946.26
1104.09

1656.53827.80

1325.13

735.86
882.86
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㕃 7. siRNA 姻⛐Ꝇ♸导⛐Ꝇⴔ㶩ꆀ鍒⽷獤絕卓 

霪 siRNA 姻⛐Ꝇㄤ导⛐Ꝇ䎸⴩㥵邍 2 䨾爙椚雿ⴔ㶩ꆀⴔⵆ⚹ 6631.97 ㄤ 6638.03Da㹊崵ⴔ㶩ꆀ♸
椚雿ⴔ㶩ꆀ涸⨊䊵ⴔⵆ⚹ 0.34 ㄤ 0.39 Daկ 

邍 2. 椚雿ⴔ㶩ꆀ♸㹊崵ⴔ㶩ꆀ嫱鳅 

呋ㅷぜ 䎸⴩ 
椚雿ⴔ㶩ꆀ 

(Da) 
㹊崵ⴔ㶩ꆀ

(Da) 
⨊䊵 
(Da) 

siRNA 姻⛐Ꝇ AUGGAAUACUCUUGGUUACdTdT 6631.97 6631.63 0.34 
siRNA 导⛐Ꝇ GUAACCAAGAGUAUUCCAUdTdT 6638.03 6637.64 0.39 

 

3絕雿 
劥俒⢪欽欰暟䟘䚍馄넞佪巊湱蒀靶⟉ Nexera XS inert ♸ LCMS-2050 鵶欽崵㹁✫㼭䎁䪓呍薗ꃑ siRNA

ⴔ㶩ꆀկ鸑鵂倰岁⠏⻊⿡ꤑ✫餘靶㕃务䎁䪓猌㶩油絕ざ LabSolutions 鲱⟝餘靶㢴歏蚚ⴔ區⸆腊ⲥ烁崵
䖤✫ siRNA ⴔ㶩ꆀկ 
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MALDI-8020 䘯鸟唬崵㻑呍薗ꃑ蚋暟涸ⴔ㶩ꆀ⿺勇餘 
 

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꨽㢕练涸呋ㅷ⵸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꨽㢕练涸呋ㅷ⵸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ㅷ⸈宐獺ꅺ⚹100 μM⡲⚹呋ㅷ䊨⡲巊կエ》0.5 μL NaTFA很巊1 mg/mLծ1 1 μL DHB㛇餘

很巊30 mg/mLծ0.5 μL 呋ㅷ䊨⡲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 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ㅷ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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MALDI-8030 ⴔ區㻑呍薗ꃑ䎸⴩ㄤ LCMS-9030 ⴔ區㻑呍薗ꃑ礵烁ⴔ

㶩ꆀ 
 
䶰 銳⢪欽⿽匧䚍〵䒭絁䚍 MALDI-TOFMS MALDI-8030 䒊用✫ⴔ區⚙猫ざ䧭㻑呍薗ꃑ焦㛇䎸⴩ㄤ ESI-
QTOF LCMS-9030 ⴔ區⚙猫㻑呍薗ꃑ礵烁ⴔ㶩ꆀ涸倰岁կMALDI-8030 餏猌㶩垷䒭彂ⰻ鄬鍒ISD〳⟄䖤
ⵌ⚪㺢⚂ㆇ䎾葻㥩涸㻑呍薗ꃑ烱晙猌㶩⚺銳⚹⽀歏蚚涸 W 猌㶩鍒靶㺂僒կ姼㢪MALDI-TOF 乼⡲皍⽀ծ
ⴔ區鸟䏞䘯絕卓湬䱹〳ꬑ僽㻑呍薗ꃑ䎸⴩ⴔ區涸♧猫剣佪涸倰岁կLCMS-9030 〳崵㹁㻑呍薗ꃑ涸礵烁
ⴔ㶩ꆀm/z 涸錜崵⧩♸椚雿⧩涸⨊䊵ⴔⵆ⚹ 0.03ppm ㄤ 0.02ppm餘ꆀⲥ烁䏞㥩կ 

 

Ⱒꝶ霒㻑呍薗ꃑ  ⴔ㶩ꆀ  焦㛇䎸⴩  MALDI-8030  LCMS-9030 

 
呍ꃑ蚋暟僽㖈欰暟导䎾⡲欽劼ⵖ涸副康〄䮦⡲欽♶葻导䎾鳅㼱僽剣䋞劅屛毫㢴猫氬氻涸蚋暟կⵄ欽

餘靶㼆呍ꃑ鵳遤邍䖄僽湡⵸㢊「Ⱒ岤涸灇瑕倰ぢկ㽴！넞ⴔ鳹桧ㄤ넞礵䏞涸 ESI 餘靶腊ⲥ烁崵㹁呍ꃑ餘ꆀ
告鵳遤䌢錞㻑呍薗ꃑ䎸⴩ⴔ區➠鳅⚹籖椫⚂㔮ꦼկ⢪欽絑Ⱙ涸 ESI-MS/MS 䪮助䖎ꦼ蜦䖤模侮涸ⰻ鿈㻑呍薗
ꃑ䎸⴩կ姼㢪⢪欽 MALDI-TOFMS 涸 In Source decay (ISD)鵳遤呍ꃑ䎸⴩ⴔ區⛲僽♧猫剣佪涸倰岁կ劥俒
㼜➝絏 LCMS-9030ESI-QTOFㄤ MALDI-8030⿽匧䚍〵䒭絁䚍 MALDI-TOFMS鵳遤呍ꃑ邍䖄涸呩⢾կ 
 

1. 崵㹁勵⟝ㄤ呋ㅷⴔ區 
1.1. ざ䧭呍ꃑ 

⚙猫Ⱘ剣♶ず祪絆ⴔ絕匬涸炻去㻑呍薗ꃑLNA-Oligo ㄤ S-Oligo餝荈 GeneDesign(傈劥)կ㻑呍薗
ꃑ涸䎸⴩㥵㕃 1 䨾爙կ䨾剣涸呍ꃑ鿪⢪欽 Milli-Q 宐ꂁⵖ崽䏞⚹ 10 pmol/mLկ 

 
㕃 1. 㻑呍薗ꃑ䎸⴩ 

1.2. MALDI-TOFMS 
⟄ 3-繿㛇ぼㅜ掬ꃑ(3-HPA)⚹㛇餘厾墰ꃑꜽ⚹幑⸈⵫鵳遤 ISD 崵㹁կ㼜㛇餘很巊ㄤ呋ㅷ㽻〜㖈♶Ꝑꛩ

MALDI ꬶ匣副կ⢪欽⿽匧䚍〵䒭絁䚍 MALDI-TOFMS 涸 MALDI-8030 鵳遤餏猌㶩涸 ISD ⴔ區կ 

1.3. ESI-QTOF 
⢪欽 LCMSˉ9030 涸餏猌㶩垷䒭鵳遤礵烁餘ꆀⴔ區կ⟄ 50 mmol/L HFIPծ10 mmol/L DIPEA ㄤ⛩臟⚹

崨⸓湱崨鸟⚹ 0.2 mL/minկQTOF 涸 MS 薴㔵霃縨⚹ m/z 500 荛 3000կ鸑鵂 LabSolutions InsightTM 涸
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ReSpect 㼆 ESI 餘靶㕃鵳遤鍒⽷獤կ 

2. 絕卓♸雭雿 
2.1 ⢪欽 LCMS-9030 ⴔ區⚙猫㻑呍薗ꃑ涸礵烁ⴔ㶩ꆀ 

⢪欽 LCMS-9030 㖈餏猌㶩垷䒭♴㼆㕃 1 䨾爙涸⚙猫㻑呍薗ꃑ鵳遤✫礵烁涸餘ꆀⴔ區կ〳 ⟄錜㻋ⵌ➢[M-
4H]4-ⵌ[M-6H]6-ⴔ䋒涸㻑呍薗ꃑ涸㢴歏蚚猌㶩㥵㕃 2 ㄤ㕃 3 䨾爙կ鸑鵂㼆 ESI 餘靶㕃鵳遤鍒⽷獤雦皾
䖤ⵌ鵯⚙⚡㻑呍薗ꃑ涸礵烁餘ꆀկ歋㕃 2 ㄤ㕃 3 〳濼LNA-oligo 涸ⴔ㶩ꆀ⚹ 6711.6733S-OligoL 涸ⴔ㶩
ꆀ⚹ 6431.7241կ㥵㕃 4 䨾爙歋✵ LNA-ㄤ S-oligo 涸椚雿餘ꆀⴔⵆ⚹ 6711.6731 ㄤ 6431.7240m/z 涸錜
崵⧩♸椚雿⧩涸⨊䊵ⴔⵆ⚹ 0.03ppm ㄤ 0.02ppm餘ꆀ侨ⲥ烁䏞㥩կ 

 
㕃 2. LNA-Oligo 涸礵烁餘ꆀⴔ區絕卓 

 
㕃 3. S-Oligo 涸礵烁餘ꆀⴔ區絕卓 

 

㕃 4. 㻑呍薗ꃑ餘ꆀⴔ區涸ⲥ烁䏞 
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2.2 ⢪欽 MALDI-8030 ⴔ區⚙猫㻑呍薗ꃑ涸礵烁ⴔ㶩ꆀㄤ焦㛇䎸⴩ 
⢪欽 MALDI-8030 㼆⚙⚡㻑呍薗ꃑ鵳遤✫餏猌㶩垷䒭彂ⰻ鄬鍒ISDⴔ區կMALDI-8030 ➢ MS 崵ꆀⵌ

ISD 垷䒭〫꨽銳皍⽀㖑㟞⸈慨⯕腊ꆀ䘯鸟⚂㺂僒կMALDI-ISD 鄬鍒䎸⴩絕卓㥵㕃 5 ㄤ㕃 6 䨾爙կ㕃务叻
雵⚹ a ⿺ w 涸烱晙猌㶩鸑鵂♸椚雿䎂㖲餘ꆀ⼐ꂁ鵳遤䔱㾩կ㖈餘靶㕃务Ⳝ⛖〳⟄䪪ⵌ㻑呍薗ꃑ䎸⴩❡欰
涸䨾剣 w 猌㶩կ〫 剣㼆䎾✵➢ 3'畮䒓映涸痦♧⚡䧴痦✳⚡⽀⯋涸 w 猌㶩歋✵♸㛇餘❡欰涸⥌〿ꅾ〜罜♶腊
鄄䔱㾩կ㖈 S-Oligo 涸ⴔ區务ꤑ✫⚙⚡ 5'畮⽀⯋㢪Ⳝ⛖唬崵ⵌ✫♧禹⴩模侮涸 a 猌㶩կ罜㖈 LNA-Oligo
涸ⴔ區务唬崵ⵌ涸 a 猌㶩模Ⰼ勻荈ⰻ鿈䎸⴩霹僈㖈鵯猫䞔ⲃ♴鵯❈ a 猌㶩⥌䜂〳⟄邉⯎ w 猌㶩䨾䲿
⣘涸䎸⴩⥌䜂կ 

 

㕃 5. LNA-Oligo 涸 ISDծ⿺ aծw 猌㶩涸䔱㾩 

 

㕃 6. S-Oligo 涸 ISDծ⿺ aծw 猌㶩涸䔱㾩 
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3. 絕雿 
⢪欽 LCMS-9030 㼆㻑呍薗ꃑ鵳遤礵烁餘ꆀⴔ區䖤ⵌ涸絕卓♸椚雿餘ꆀ♧荝䚍䖎넞质量准确度好կ⢪欽
MALDI-8030 涸 ISD 〳䖤ⵌ㻑呍薗ꃑ涸ⰻ鿈䎸⴩⥌䜂偽꨽ꂁⵖ崨⸓湱ծ乼⡲皍⽀ծⴔ區䘯鸟⚂鍒靶㺂僒կ
㔔姼MALDI-ISD ㄤ ESI-QTOF 鵳遤㻑呍薗ꃑ涸邍䖄僽剣佪⚂넞佪涸絆ざկ 
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勻彂S. Salivo, Negative Mode Analysis of Synthetic Oligonucleotides using the MALDI-8030 Dual Polarity Benchtop MALDI-TOF 
Mass Spectrometer, KRATOS ANALYTICAL LTD. 

⢪欽⿽匧䚍〵䒭 MALDI-8030 鵳遤ざ䧭㻑呍薗ꃑ涸餏猌㶩垷䒭ⴔ區 
 

䶰 銳⢪欽⿽匧䚍〵䒭 MALDI-8030 〳鲽匠鵳遤ざ䧭㻑呍薗ꃑ涸餘ꆀ唬崵餏猌㶩垷䒭♴〳嶊ꤑ渮⸈ざ
暟䎁䪓偽꨽膴渮㢅椚⽰〳蜦䖤葻㥩涸⾝併䏞皍⻊呋ㅷⵖ㢊ㄤ餘靶鍒區կ䎾欽霪䪮助鵳遤✫㓭䚍紦絶
⻊Phe508del 」䒗涸㛇㔔㘗ⴔ區♸ⳕ脸歏岷湱嫱侮⚡ⴔ區䊨⡲崨玐皍⽀⚂䘯鸟կ 

 

Ⱒꝶ霒㻑呍薗ꃑ  ⴔ㶩ꆀ  MALDI-8030 

 
ざ䧭㻑呍薗ꃑ僽瀊 DNA 䧴 RNA 䎸⴩㖈ⴔ㶩欰暟㷖务剣♶ず涸䎾欽⢾㥵欽✵ DNA 崵䎸ㄤ翸ざꃍꝆ

导䎾(PCR)的㟞涸䒸暟կ鵛勻ざ䧭㻑呍薗ꃑ⛲鄄确程欽✵屛毫ㄤ霏倗湡涸⟄⿺㛇✵ DNA 涸霏倗霚⵫渱կ 
㓭䚍紦絶⻊僽♧猫〄欰㖈 DNA 宐䎂涸氬氻㕃 1կ㸐僽涯蒀➃猫䔲务剒⚹䌢錛涸䌢厩蒀⡤ꥧ䚍麰⠛

氻歋⺫ゎ 27 ⚡㢪儑㶩涸㓭䚍紦絶⻊騗芘鲮㼋靈蒜㔔㶩CFTR㛇㔔瑲」䒸饰霪㛇㔔⡙✵厩蒀⡤곭㚖
7q31.2կCFTR 㛇㔔瑲」鸑鵂守猌㶩鲮鵘ㄤ䫈ⵖꛧ䶑》꣖烯孞！⿺㼋！ⰻⴔ屲暟涸姻䌢宐ⴔ⣘絛կ鵯⚺銳
〄欰㖈孞！副淼ծ寂艑ծ嶊⻊㐼㸽⺫䭍臍腮ㄤ胐！⟄⿺屲㽶欰婤禹絡瘝⚺銳〄梡 CFTR 跗涯餘涸⼓㚖կ 

ꤑ⚰䎯䠑⛐㢪㓭䚍紦絶⻊鵮〳欽✵怵爙侅㷖㹊낉㹔涸㛇㔔ⴔ㘗䊨⡲崨玐鵯僽㔔⚹ꊹ㹁涸㢴⚡瑲」
>1500〳腊覆⿺♶ず涸ⴔ㶩ⴔ區կ鵯❈僽Ⱙ㘗涸 PCR 湱Ⱒ唬崵倰岁㥵的㟞꣖忕瑲」禹絡 PCR(ARMS-
PCR)〳欽✵ Phe508delծGly542X ⿺ Asn1303Lys 瑲」ꣳⵖ䚍晙媯Ɤ䏞㢴䙖䚍(PCR-RFLP)〳欽✵
Arg1303LysծArg347Pro1ㄤ arg334try3瑲」䒗彂⿽Ꝇⴔ區(HA)〳欽✵ Phe508delծIle507del ㄤ
1677delTA3瑲」կ告僽㖈鵯❈ⴔ區务PCR 的㟞た鸑䌢鸑鵂ⳕ脸歏岷唬崵❡暟⢪欽 UV 渱务涸徃⻊⛩
ꝵ厩蒀鵳遤靀》կ姼䊨⡲崨玐餩傞餩⸂⚂䧭劥鳅넞կ⢪欽 MALDI-TOF 涸剏去唬崵倰岁吐刿㺂僒կ 

MALDI-TOF MS 僽♧猫䧭擿涸ծ䎛岌䎾欽✵㻑呍薗ꃑⴔ區涸䪮助㸐䘯鸟ծ皍⽀〳⟄䲿⣘ⴔ㶩ꊹ㹁ㄤ
䎸⴩⥌䜂կ㖈姻猌㶩垷䒭♴ⴔ區㻑呍薗ꃑ涸♧㣐䮋䧶僽㖈很巊务吐䕎䧭ꛧ䧴꜅⸈ざ暟蕯♶鵳遤⿡ꤑⴭ吐
㼋荝⾝併䏞⿺靶油ⴔ鳹桧涸꣭⡛կ罜㖈餏猌㶩垷䒭ⴔ區䔲务Ⳝ⛖尵剣唬崵ⴀ渮⸈ざ暟կ劥俒➝絏✫⢪欽⿽
匧䚍〵䒭 MALDI-8030 鵳遤㓭䚍紦絶⻊Phe508del 」䒗涸㛇㔔㘗ⴔ區涸呩⢾㕃 2կ䧮⼜鸑鵂嶊ꤑ渮
⸈ざ暟䎁䪓皍⻊呋ㅷⵖ㢊ㄤ餘靶㕃鍒區霆僈✫餏猌㶩垷䒭涸⠏挿կ姼倰岁〳䧭⚹去剏 PCR たⳕ脸歏岷
/徃⻊⛩ꝵ涸剣佪倰岁㕃 3կ 

   
㕃 1. 㓭䚍紦絶⻊务 CFTR 㛇㔔                       㕃 2. ざ䧭㻑呍薗ꃑ涸ⴔ區䊨⡲崨玐 
剒⚹䌢錛涸瑲」劼ⵖPhe508del 
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㕃3 ⢪欽ⳕ脸歏岷ծ徃⻊⛩ꝵ/UV渱唬崵㻑呍薗ꃑ❡暟涸蕯䎁䌢欽PCR岁 

A ꣳⵖ䚍晙媯Ɤ䏞㢴䙖䚍翸ざꃍꝆ导䎾PCR-RFLPB䒗彂⿽Ꝇ PCR 岁C) 的㟞꣖忕瑲」禹絡ARMS-PCRկ㕃晙㛇
✵⿬罌俒柄 1ծ2ծ3կ 

  

野生型 

消化 

突变体 

内切酶限制位点 

突变导致的位点丢失 

切割 

探测区域 

野生型   杂合子     纯合子 

凝胶电泳+溴化乙锭

/UV 盒 

野生型 突变体 

野生型    杂合子    纯合子 

凝胶电泳+溴化乙

锭/UV 盒 

扩增子 

变性和复性 

异源双链（Ht） 

同源双链（Hm） 

外侧引物 G 内侧引物 

G 等位基因 

T 等位基因 

外侧引物 G 内侧引物 

T 内侧引 外侧引物 

外侧引物 T 内侧引物 

产品 

非等位基因特异性 

G 等位基因特异性 

T 等位基因特异性 

凝胶电泳+溴化乙锭/UV 盒  

   野生型 杂合子 纯合子 

普通扩增子 
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1. 崵㹁勵⟝ㄤ呋ㅷⴔ區 
垷䬾 PCR た欰䧭㻑呍薗ꃑ涸䞔兞կ劥呩⢾㛇✵㓭䚍紦絶⻊涸瘝⡙㛇㔔㹊倶կ♸㓭䚍紦絶⻊〄欰㛇㔔瑲

」涸 CFTR 㛇㔔䎸⴩湱㼆䎾涸⟄♴ざ䧭㻑呍薗ꃑ呋ㅷ餝荈랾⯘欰ㄐ猰㷖ATCTTTGGTTTꅿ欰㘗/姻䌢 CFTR
㛇㔔ATTGGTGTPhe508del CFTR 瑲」㛇㔔կ厾墰ꃑꜽ✳焦ծDowex 猌㶩❜䰃吆腒⿺ 3-繿㛇ぼ㊋歌ꃑ
3-HPA⛲餝荈랾⯘欰ㄐ猰㷖կ⢪欽 UHQ-宐ⵖ㢊 100 μM 㻑呍薗ꃑ呋ㅷկ⢪欽 70:30 涸⛩臟/宐ⵖ㢊 5 
mg/mL 涸厾墰ꃑꜽ渮欽Ⱖⵖ㢊 3-HPA 㛇餘45 mg/mLկ 

㖈姻猌㶩垷䒭♴崵㹁傞⢪欽 Dowex ꣉猌㶩❜䰃吆腒㼆呋ㅷ鵳遤膴渮կ㖈餏猌㶩垷䒭♴崵㹁傞劢㹊
倶膴渮կ呋ㅷ♸㛇餘䭽撑 1:2 幊ざ搬た挿㖈ꬶ匣副կ 

⢪欽膴渮⿺劢膴渮呋ㅷⴔⵆ㖈姻餏猌㶩垷䒭♴ⵄ欽 MALDI-8030 鵳遤 MALDI ⴔ區կ 
 

2. 絕卓♸雭雿 
㕃 4 ⚹㓭䚍紦絶⻊♶ず㛇㔔㘗涸㻑呍薗ꃑ餏猌㶩垷䒭唬崵餘靶㕃A「霚罏➢昿嫢⿽倰鿪絩䪬✫姻䌢

CFTR 㛇㔔ꅿ欰㘗B「霚罏➢昿嫢⿽倰鿪絩䪬✫瑲」㘗 Phe508del CFTR 㛇㔔紱ざ㶩C「霚罏
麰⠛✫ 1 ⚡姻䌢 CFTR 㛇㔔ㄤ 1 ⚡ Phe508del CFTR 瑲」㛇㔔练ざ㶩կ 

㥵♴䨾爙雦皾[M-H]-䎂㖲涸礵烁 m/z ⧩ 
姻䌢 CFTR 㛇㔔ATCTTTGGTGTm/z 3656.43 
Phe508del CFTR 瑲」㛇㔔ATTGGTGTT m/z 2758.85 
䨾剣㻑呍薗ꃑ㖲⟄葻㥩涸餘ꆀ礵䏞鵳遤✫唬崵կ 

 
㕃4䱹♴곜去邍㓭䚍紦絶⻊3猫♶ず㛇㔔㘗涸㻑呍薗ꃑ餏猌㶩垷䒭餘靶㕃 

A➑姻䌢CFTR㛇㔔ꅿ欰㘗B➑Phe508 del CFTR瑲」㛇㔔紱ざ㶩 
*䳃Ⰶ㕃䨾爙⚹姻猌㶩垷䒭ⴔ區♴䨾䖤涸㻑呍薗ꃑ餘靶油կ 

ⰻ縨姻猌㶩垷䒭 

餏猌㶩垷䒭 



 

28 
 

 
㕃4䱹副곜去邍㓭䚍紦絶⻊3猫♶ず㛇㔔㘗涸㻑呍薗ꃑ餏猌㶩垷䒭餘靶㕃 C1⚡姻䌢CFTR㛇㔔ㄤ1⚡Phe508del CFTR瑲

」㛇㔔絆䧭涸练ざ㶩邍爙氬氻鲿⡤ 

㕃 4A ⿺㕃 4B 涸䳃Ⰶ㕃儑爙✫姻猌㶩垷䒭ⴔ區♴䖤ⵌ涸㻑呍薗ꃑ靶油կ〳⟄錜㻋ⵌ⽰⢪鵳遤✫膴渮
꣉猌㶩❜䰃㖈姻猌㶩垷䒭♴➠吐唬崵ⴀ㼱ꆀ涸ꛧ⿺꜅⸈ざ暟կ湱导㖈餏猌㶩垷䒭♴䖤ⵌ涸餘靶㕃ⴭ
刿䎁ⲙ♶ゎ渮⸈ざ暟㔔姼偽꨽膴渮կ 

姼㢪➢㕃 4A~C 涸儑衼餘靶⥌〿〳⟄溏ⴀ⢪欽 MALDI-TOF MS 〳⟄葻㥩㖑鵳遤㻑呍薗ꃑ唬崵կ劥霚
낉䨾欽鄳縨涸䚍腊〳㹊梡姻䌢 CFTR 㻑呍薗ꃑ♸练ざ㶩务 Phe508del CFTR 瑲」㻑呍薗ꃑ涸ⴔ猌㕃 4C
㔔姼〳呏研ꅿ欰㘗ծ紱ざ㶩⿺练ざ㶩涸 3 猫❡暟絕卓鲽匠ⴼ倗䨾剣㛇㔔㘗կ 

 

3. 絕雿 
劥䎾欽邍僈⿽匧䚍 MALDI-8030 Ⱘ剣鲽匠唬崵ざ䧭㻑呍薗ꃑ䎇鵳遤餘ꆀⴔ猌涸腊⸂կ 
䧮⼜霆僈✫餏猌㶩垷䒭唬崵涸⠏挿㖈㻑呍薗ꃑⴔ區务偽꨽呋ㅷ膴渮涸幡裂姿낢ず傞➠搬Ⱘ剣葻㥩涸

⥌〿⾝併䏞կ 
♸ⳕ脸歏岷湱嫱侮⚡ⴔ區䊨⡲崨玐皍⽀⚂䘯鸟կ㔔姼鵯고䪮助〳⟄㖈 PCR 的㟞た涸㹊낉㹔侅㷖务

涸雲絅㷖欰⛲〳⟄㖈刿䌢錞涸㹊낉㹔务鵳遤㛇㔔ⴔ㘗կ 
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3).Peng, Bao-yu, et al. "A novel and quick PCR-based method to genotype mice with a leptin receptor 
mutation (db/db mice)." Acta Pharmacologica Sinica 39.1 (2018): 117- 123. 

 

餏猌㶩垷䒭 
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来源：Noriko Kato, Junna Nakazono. An Oligonucleotide Impurity Analysis Workflow Using LabSolutions Insight™ Biologics 
Software, Global Application Development Center, Analytical & Measuring Instruments Division, Shimadzu Corporation, Japan. 

 

⢪欽 LabSolutions Insight˳ Biologics 鵳遤㻑呍薗ꃑ勇餘ⴔ區 
 

䶰 銳劥俒䒊用✫♧猫⢪欽䀙峸馄넞佪巊湱蒀靶-㔋匧勍굷遤傞ꢂ餘靶鵳遤㻑呍薗ꃑ䎸⴩烁雩ㄤ练餘ꊹ㹁
涸倰岁կ湡叻㻑呍薗ꃑ僽Ɤ䏞⚹ 20merծ絑炻去熧ꃑ⥝껑涸㻑呍薗ꃑ磦ㅷ皍獦 PS20merկ⢪欽
LabSolutions Insight Biologics 鲱⟝崵㹁✫ PS20mer 涸礵烁⽀ず⡙稇ⴔ㶩ꆀ鵳遤✫䎸⴩烁雩䎸⴩銻渷
䏞葻㥩կず傞㼆练餘⛲鵳遤✫霫絈唬程Ⱏꊹ㹁ⴀ♶ずꝆꟋծ焦㛇緃㣟⡤ծ猌㶩⸈ざ暟瘝 30 ⡮猫练餘կ㼆
緃㣟 14 ⚡呍薗ꃑ涸练餘鵳遤✫䎸⴩烁雩䎸⴩銻渷䏞葻㥩կ⢪欽 LabSolutions Insight Biologics 鲱⟝〳㼆
㻑呍薗ꃑ涸练餘鵳遤Ⰼ꬗ꊹ㹁ㄤ䎸⴩烁雩歲꬗湬錜ծ崨玐皍⽀ծ絕卓〳ꬑկ 

 

Ⱒꝶ霒Q-TOF  LCMS-9050  㻑呍薗ꃑ  䎸⴩烁雩  练餘ꊹ㹁 
 

鵛䎃勻呍ꃑ蚋暟굷鸟〄㾝⡲⚹♧猫倝涸蚋暟〄梡倰䒭「ⵌ✫䎛岌Ⱒ岤կ⚹✫烁雩⡲⚹蚋暟涸㸝Ⰼ䚍
ㄤ剣佪䚍꨽銳㼆练餘鵳遤Ⰼ꬗唬崵ㄤꊹ㹁կ劥俒➝絏✫ⵄ欽㔋匧勍굷遤傞ꢂ餘靶⟉ LCMS-9050 ㄤ
LabSolutions Insight Biologics 鵳遤练餘ⴔ區涸䊨⡲崨玐կ 
 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸欰暟䟘䚍馄넞佪巊湱蒀靶 Nexera XS inert ㄤ㔋匧勍굷遤傞ꢂ餘靶翫欽⟉ LCMS-9050Ⱘ⡤ꂁ縨⚹ 

禹絡䱽ⵖ㐼 CBM-40 膴 孞 劼 DGU-405 
鳕 巊 岹 LC-40D XSi  叙 庛 盲 CTO-40S 
荈⸓鵳呋㐼 SIL-40C XSi 餘 靶 ⟉ LCMS-9050 
蒀靶䊨⡲畀 LabSolutions Ver. 5.120LabSolutions Insight Biologics 

1.2 ⴔ區勵⟝  

巊湱蒀靶勵⟝ 
蒀  靶  叙 Shim-pack Scepte Claris C18-12050 mm × 2.1 mm I.D.1.9 μm

䀙峸副嵳㹊낉㐼勞剣ꣳⰖ尽P/N:227-31210-02 
崨  ⸓  湱 A-ゎ100 mM HFIP/10 mM TEA 涸宐很巊 

B-ゎ50 mM HFIP/5 mM TEA 涸50%歌ꃫ 
崨 鸟 0.3 mL/min   
鵳 呋 ⡤ 獤 2 µL 叙 庛 60˫ 
峤 膴 倰 䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹5%傞ꢂ玐䎸錛邍1կ 

邍 1. 唑䏞峤膴傞ꢂ玐䎸 

Time(min) Module Command Value 

1.00 Pumps Pump B Conc. 5 
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26.00 Pumps Pump B Conc. 40 

26.10 Pumps Pump B Conc. 90 

30.00 Pumps Pump B Conc. 90 

30.10 Pumps Pump B Conc. 5 

34.00 Controller Stop  

餘靶勵⟝ 
猌 㶩 ⻊ 垷 䒭 ESI- ꨺ ⻊ 孞 崨 鸟 3 L/min 
⸈掚垷㗌庛䏞 400˫ ⸈ 掚 孞 崨 鸟 10 L/min 
䱹 〡 庛 䏞 350˫ 䎁 醋 孞 崨 鸟 10 L/min 
D L 庛 䏞 250˫ 䪊 䲽 垷 䒭 MSծMS/MSDDA 

䪊䲽薴㔵 m/z 
MS1 550-2500 

MS2 550-2500 
䱹 〡 歏 ⾓ -3.0 kV 

1.3 ⴔ區⿬侨霃縨 
LabSolutions Insight Biologics僽欽✵㻑呍薗ꃑ⿺Ⱖ练餘暵䚍霉⟟涸ⴔ區鲱⟝կ껷⯓㖈⿬侨霃縨歲꬗

务鷥䭊✲⯓岤ⱃ涸呍焦㛇ծ鵶䱹㶩ծ呍祪ծ焦㛇⥝껑瘝勻⴯䒊䎸⴩կ副鶣呍焦㛇ծ鵶䱹㶩ծ呍祪ծ焦㛇⥝껑
〳荈歋鷅⸈ㄤ綘鳓կ鳕Ⰶ䎸⴩た儑爙ⴔ㶩䒭ㄤ⽀ず⡙稇餘ꆀ〸⣩儑爙絕匬䒭㕃1կ〳 㹊傞儑爙䨾鳕Ⰶ䎸
⴩涸絕匬䒭湬錜烁雩鳕Ⰶꝡ霴կ 

㥵㕃2䨾爙⚹✫倰⤑叅溏♶ず呍焦㛇鿈ⴔ⟄♶ず괃蒀儑爙罜⚂鵮〳⟄儑爙烱晙⡙縨կ 

      
㕃 1 ⿬侨霃縨歘꬗                                           㕃 2 儑爙晙媯鿈ⴔ 

㖈湡叻⥝껑涸鷥고子务鷥䭊곫劍涸练餘կꤑꝆꟋ䊵䒗ծ呍焦㛇緃㣟ծ膴得ョ/㏉㊋ծ膴  孽㛇ծ⥂䫡婎
㛇瘝涸练餘ծ⸈ざ猌㶩ㄤ劢濼⥝껑⡤⛓㢪鵮〳⟄㼆欽䨪幑⸈涸ⴔ㶩」⻊鵳遤䵂程霃縨կ 

 

2絕卓♸雭雿 
2.1 PS20mer ⴔ㶩ꆀ烁雩ㄤ勇餘ꊹ㹁 

磦ㅷPS20mer鸑鵂PDAㄤMS鵳遤唬崵կLC蒀靶㕃ㄤMS蒀靶㕃〳⟄副♴儑爙倰⤑鵳遤油⧩烁雩㥵㕃
3䨾爙կMS蒀靶㕃儑爙⚹絆ⴔ蒀靶㕃㛇✵MS1餘靶䎇絆ざ♶ず歏蚚侨ㄤず⡙稇油涸餘靶⥌〿կPS20mer
涸㢴歏蚚猌㶩餘靶㕃ㄤ鍒⽷獤餘靶㕃㥵㕃4䨾爙կ 

㻑呍薗ꃑ练餘涸餘靶㕃⛲鄄鍒⽷獤欽✵练餘涸唬程կ呏研 MS1 侨研㼆练餘鵳遤✫霫絈涸䵂程Ⱏꊹ
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㹁ⴀ♶ずꝆꟋծ焦㛇緃㣟⡤ծ猌㶩⸈ざ暟瘝 30 ⡮猫练餘կ 

 
㕃 3 磦ㅷ PS20mer 涸 UV 蒀靶㕃副ㄤ絆ⴔ蒀靶㕃♴ 

 
㕃 4 PS20mer 涸餘靶㕃♴ㄤ鍒⽷獤餘靶㕃副 

2.2 PS20mer 䎸⴩烁雩 
姼㢪霪鲱⟝〳㛇✵MS2涸烱晙猌㶩儑爙䎸⴩銻渷䏞կ 
烱晙猌㶩㖈PS20mer䎸⴩务涸ⴔꂁ絕卓㥵㕃5ծ6䨾爙կ嫦⚡呍焦㛇㢅烱鄬欰䧭涸烱晙猌㶩♸䎸⴩⥂
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䭯♧荝կ䎸⴩銻渷䏞儑爙剣⚙猫垷䒭㞅⯎垷䒭〳叅溏ⴔꂁ猌㶩涸䔂䏞⥌䜂ㄤⰌ꬗䚍ⴔ佅垷䒭〳儑爙烱晙
䎸⴩〳⟄呏研꨽銳烁雩涸고湡鵳遤ⴗ䰃կ 

 
㕃 5 PS20mer 䎸⴩銻渷䏞㞅⯎垷䒭 

 
㕃 6 PS20mer 䎸⴩銻渷䏞ⴔ佅垷䒭 
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2.3 勇餘䎸⴩烁雩 
➢5'畮緃㣟14⚡呍薗ꃑ涸练餘♴獦N-14涸䎸⴩Ⱖ湱㼆✵⚺䧭ⴔ涸⚪䏞嫱⚹0.5%կ㥵鸑鵂㕃7烁雩

涸呍焦㛇副鿈涸綁蒀Ԩ叻䘋䨾爙鸑鵂넞銻渷䏞霆㹊✫ⴔ區絕卓涸〳ꬑ䚍կ 

 
㕃7 N-14涸䎸⴩銻渷桧㞅⯎垷䒭:䊩㕃ⴔ佅垷䒭〸㕃 

 

3. 絕雿 
⢪欽LabSolutions Insight Biologics鲱⟝〳⟄㼆㻑呍薗ꃑ涸练餘鵳遤Ⰼ꬗ꊹ㹁ㄤ䎸⴩烁雩կ♶➑⚺銳䧭

ⴔ䖤ⵌ✫模侮涸䎸⴩銻渷⚪䏞嫱0.5%涸练餘⛲腊䖤ⵌ䖎넞涸䎸⴩銻渷䏞կ 
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ⵄ欽馄넞佪巊湱蒀靶-㔋匧勍굷遤傞ꢂ餘靶鵳遤㻑呍薗ꃑⴔ㶩ꆀ崵㹁ㄤ

䎸⴩烁雩 
 

䶰 銳劥俒䒊用✫♧猫⢪欽䀙峸馄넞佪巊湱蒀靶-㔋匧勍굷遤傞ꢂ餘靶鵳遤㻑呍薗ꃑⴔ㶩ꆀ崵㹁ㄤ䎸⴩烁
雩涸倰岁կ湡叻㻑呍薗ꃑ僽Ɤ䏞⚹ 21merծ鵳遤✫ 2'-O-methyl ⥝껑涸 RNA 碫㘗涸㻑呍薗ꃑկ⢪欽 Insight 
Explore CSD 鲱⟝务 Respect 皾岁鵳遤㢴歏蚚鍒⽷獤㢅椚㻑呍薗ꃑぐず⡙稇油ⴔ猌葻㥩⽀ず⡙稇餘ꆀ霴
䊵 0.16 ppmկ⢪欽 Protein metrics 务 Oligo 垷㗌鵳遤✫㻑呍薗ꃑ䎸⴩烁雩絕卓儑爙湡叻㻑呍薗ꃑ䎸⴩♸
霃雦䎸⴩⼐ꂁ葻㥩կ〳⚹㻑呍薗ꃑⴔ㶩ꆀ崵㹁ㄤ䎸⴩烁雩䲿⣘⿬罌կ 

 

Ⱒꝶ霒Q-TOF  LCMS-9030  㻑呍薗ꃑ  ⴔ㶩ꆀ崵㹁  䎸⴩烁雩 
 

㻑呍薗ꃑ蚋暟鸑䌢䭷歋⻊㷖ざ䧭欰❡涸Ɤ䏞 50 ⚡⟄ⰻ呍薗ꃑ絆䧭涸♧碫蚋暟⺫ゎ⽀Ꝇ䧴⿽Ꝇ DNA
䧴 RNAկ湡⵸灇瑕鳅㢴涸僽导⛐㻑呍薗ꃑ蚋暟ASOㄤ㼭䎁䪓 RNA 蚋暟(siRNA)կ♸㼭ⴔ㶩蚋暟ㄤ⽀䫒蚋
暟ꬶぢ跗涯餘♶ず㻑呍薗ꃑ蚋暟鸑䌢ꬶぢ mRNA➢鲮䔶た宐䎂鵳遤屛毫Ⱘ剣暵䒗䚍㥩ծ剣佪䚍넞ㄤꟋ
佪䚍瑲ⴀ涸⠏⸷կ 

㻑呍薗ꃑ蚋暟鸑鵂㔿湱⻊㷖ざ䧭欰❡Ⱖ焦㛇䎸⴩鸑䌢僽溶濼涸告㖈ざ䧭ծ紱⻊瘝䊨蒌鵂玐务Ⱖ絕
匬剣〳腊〄欰佖」佦㼆㻑呍薗ꃑ鵳遤ⴔ㶩ꆀ崵㹁ㄤ焦㛇䎸⴩烁雩僽⥂霆㻑呍薗ꃑ焦㛇䎸⴩♸霃雦䎸⴩
♧荝涸ꅾ銳䪮助䩛媯կ㻑呍薗ꃑ蚋暟⚹ꃑ䚍䔂匧䚍⻊ざ暟鸑鵂猌㶩㼆导湱蒀靶餘靶岁鵳遤ⴔ㶩ꆀ邍䖄僽
絑Ⱙ涸ⴔ區倰岁կ 

劥俒ꅷ欽馄넞佪巊湱蒀靶-㔋匧勍굷遤傞ꢂ餘靶ⵄ欽넞礵䏞♧紩餘ꆀ侨ㄤ✳紩烱鄬猌㶩⥌䜂絕ざ侨
研㢅椚鲱⟝㼆Ɤ䏞⚹21mer涸RNA㘗涸㻑呍薗ꃑ鵳遤✫ⴔ㶩ꆀ崵㹁ㄤ䎸⴩烁雩⣘湱Ⱒ唬崵➃プ⿬罌կ 
1㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸 LCMS-9030 馄넞佪巊湱蒀靶ˋ㔋匧勍굷遤傞ꢂ餘靶Ⱘ⡤ꂁ縨⚹ 

禹絡䱽ⵖ㐼 CBM-40 膴   孞   劼 DGU-20A5 

鳕  巊  岹 LC-40AD X3×2 荈 ⸓ 鵳 呋 㐼 SIL-40C X3 

叙  庛  盲 CTO-40C 굷遤傞ꢂ餘靶⟉ LCMS-9030 

蒀靶䊨⡲畀 LabSolutions Ver.5.114ծLabSolutions Insight Explore CSD 

Protein metrics 鲱⟝ Oligo 垷㗌 
1.2 ⴔ區勵⟝  

巊湱蒀靶勵⟝ 
蒀  靶  叙 XBridge Oligonucleotide C18 50 mm x 2.1 mm I.D., 2.5 μm 
崨  ⸓  湱 A-15 mM TEA+400 mM HFIP

B-歌ꃫㄤ崨⸓湱 A 瘝⡤獤幊ざ 
崨 鸟 0.2 mL/min 

鵳 呋 ⡤ 獤 1 µL 叙 庛 60˫ 
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峤 膴 倰 䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹20%傞ꢂ玐䎸錛邍1կ 

邍 1. 唑䏞峤膴傞ꢂ玐䎸 

Time(min) Module Command Value 

10.00 Pumps Pump B Conc. 40 

11.00 Pumps Pump B Conc. 40 

12.00 Pumps Pump B Conc. 100 

13.00 Pumps Pump B Conc. 100 

13.10 Pumps Pump B Conc. 20 

15.00 Controller Stop  

餘靶勵⟝ 
猌 㶩 ⻊ 垷 䒭 ESI- ꨺ ⻊ 孞 崨 鸟 3 L/min 
⸈掚垷㗌庛䏞 400˫ ⸈ 掚 孞 崨 鸟 10 L/min 
䱹 〡 庛 䏞 350˫ 䎁 醋 孞 崨 鸟 10 L/min 
D L 庛 䏞 250˫ 䪊 䲽 垷 䒭 MSծMS/MS 

䪊䲽薴㔵 m/z 
MS1 500-2000 

MS2 100-2000 
焥 中 腊 ꆀ 10~80 V 

1.3 呋ㅷ㢅椚 
㼜㻑呍薗ꃑ呋ㅷ欽馄紱宐很鍒䎇獺ꅺ䧭 100 pmol/µL 涸呋ㅷ很巊湬䱹鵳呋ⴔ區կ 
21mer 㻑呍薗ꃑ䎸⴩⥌䜂㥵♴ 
5'-rGmUrArAmCmCrArArGrArGmUrAmUmUmCmCrAmUTT-3' 
岤r邍爙 RNAm邍爙 2'-O-methyl ⥝껑կ 
⽀ず⡙稇餘ꆀ6761.07876 

2絕卓♸雭雿 
2.1 㻑呍薗ꃑ礵烁ⴔ㶩ꆀ崵㹁 

⢪欽 LCMS-9030 ⴔ區㻑呍薗ꃑ呋ㅷTIC 㕃ㄤ♧紩餘靶㕃ⴔⵆ錛㕃 1 ㄤ㕃 2կTIC 㕃务〳錜㻋ⵌ僈儑涸
㻑呍薗ꃑ湡叻油կ♧紩餘靶㕃务〳錜㻋ⵌ➢[M-4H]4-ⵌ[M-10H]10-⛓ꢂⴔ䋒涸㻑呍薗ꃑ㢴歏蚚猌㶩կ⢪欽
LabSolutions Insight Explore CSD 涸ReSpect皾岁鵳遤㢴歏蚚鍒⽷獤㢅椚䖤ⵌ⿡⽷獤た涸靶㕃㥵㕃
3 䨾爙կ歋㕃〳濼㻑呍薗ꃑぐず⡙稇油㛇劥㹊梡㛇絁ⴔ猌㹊崵⽀ず⡙稇餘ꆀ⚹ 6761.07764♸椚雿ず
⡙稇餘ꆀ 6761.07876 湱嫱餘ꆀ霴䊵⚹ 0.16 ppm餘ꆀⲥ烁䏞㥩կ 
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㕃 1 㻑呍薗ꃑ呋ㅷ TIC 㕃  

 

 
㕃 2 㻑呍薗ꃑ♧紩餘靶㕃 

 
㕃 3 㻑呍薗ꃑ⿡⽷獤靶㕃 

 
 

2.2 㻑呍薗ꃑ䎸⴩烁雩 
⢪欽 Protein metrics 鲱⟝务涸 Oligo 垷㗌㼜 LCMS-9030 ꅷ꧋涸⾲映侨研鲿Ⰶ鳕Ⰶ㻑呍薗ꃑ涸霃

雦䎸⴩⽰〳荈⸓鵳遤㻑呍薗ꃑ䎸⴩烁雩絕卓錛㕃 4կ霪㕃僽 ESI ✳紩餘靶㕃〳⟄溏ⵌ⚪㺢涸㻑呍薗

3.68e71:TIC(-)

RT (min)
0 1 2 3 4 5 6 7 8 9 10 11

0.00

%

100.00

2.10e51:MS(-) RT:9.633

675.40760

750.56377 844.51051

965.29683

1126.17890 1351.81537
1690.01704

m/z
600 800 1000 1200 1400 1600

0.00

%

100.00

2.01e5Reconstructed zero charge spectrum - [M-H]-

6761.07764

6762.08301

6763.09668
6764.09668

6765.08838

6766.09814

6767.10449

6768.09570

Mass
6762 6764 6766 6768

0.00

%

100.00

[M-4H]4- 

[M-5H]5- [M-6H]6- 

[M-7H]7- 

[M-8H]8- [M-9H]9- 

[M-10H]10- 

2.10e51:MS(-) RT:9.633

1125.84645

1126.01437

1126.17890
1126.51027

1126.67900

1126.85007

1127.01620

m/z
1126 1127

0.0e0

1.0e4

2.0e4

3.0e4

4.0e4

5.0e4

6.0e4

⽀ず⡙稇油 

㻑呍薗ꃑ湡叻油 
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ꃑ烱晙猌㶩㕃务溶叻雵ⴀ⼐ꂁ副涸㻑呍薗ꃑ烱晙猌㶩碫㘗կ㕃务〸副錭僽㻑呍薗ꃑ霃雦䎸⴩盐絁痗〿
邍爙霪⡙縨㹊崵烱晙猌㶩ㄤ椚雿烱晙猌㶩♧荝կ歋姼〳濼霪㻑呍薗ꃑ䎸⴩♸霃雦䎸⴩⼐ꂁ䏞葻㥩կ 

 
㕃 4 㻑呍薗ꃑ䎸⴩烁雩絕卓 

3絕雿 
⢪欽䀙峸馄넞佪巊湱蒀靶-㔋匧勍굷遤傞ꢂ餘靶絕ざ Insight Explore CSD ㄤ Protein metrics 侨研㢅椚鲱⟝
䒊用✫㻑呍薗ꃑⴔ㶩ꆀ崵㹁ㄤ䎸⴩烁雩涸倰岁կ䀙峸 Q-TOF Ⱘ剣넞ⴔ鳹ծ넞餘ꆀ侨ⲥ烁䏞ㄤ넞⾝併䏞涸暵
挿〳⟄崵䖤㻑呍薗ꃑ⿺Ⱖ烱晙猌㶩涸礵烁餘ꆀկ鸑鵂 Insight Explore CSD 务 Respect 皾岁〳⟄鵳遤넞佪
涸㢴歏蚚鍒⽷獤㢅椚⿡⽷獤た㻑呍薗ꃑず⡙稇油㛇劥鴪ⵌ㛇絁ⴔ猌鲽匠䖤ⵌ礵烁⽀ず⡙稇餘ꆀ♸椚雿
⧩餘ꆀ霴䊵⚹ 0.16 ppm餘ꆀⲥ烁䏞㥩կ鸑鵂 Protein metrics 务 Oligo 垷㗌〳荈⸓ծ䪠ꆀծ䘯鸟㖑鵳遤㻑
呍薗ꃑ䎸⴩烁雩絕卓湬錜ⲥ烁կ劥倰岁乼⡲皍⤑ծⲥ烁䏞넞鷓欽✵㻑呍薗ꃑ蚋暟ⴔ㶩ꆀ邍䖄ㄤ䎸⴩烁雩կ 

 

  



 

38 
 

欰暟䟘䚍馄넞佪巊湱蒀靶⟉崵㹁 siRNA ゎꆀ 
 

䶰 銳劥俒ꅷ欽䀙峸欰暟䟘䚍馄넞佪巊湱蒀靶⟉䒊用✫㼭䎁䪓 RNA(siRNA)㹁ꆀ倰岁կ絕卓邍僈欰暟䟘䚍
巊湱蒀靶！騟絑 peek 勞俱ⰻ邔たⰌ崨騟♶ゎ♶Ꝑꛩ勞餘〳⟄䫈ⵖꆄ㾩エ꣡㔔姼 siRNA 㖈姼禹絡务偽
僈儑婎殆կ㖈 1~100 μg/mL 絁䚍薴㔵ⰻ絁䚍葻㥩絁䚍湱Ⱒ禹侨⚹ 0.9998կ礵㺙䏞㹊낉务2 μg/mL 叻
ⲥ很巊⥂殆傞ꢂ RSD 㼭✵ 0.08%油꬗獤 RSD 㼭✵ 2.70%կⴔ區㹊꣢ siRNA ⵖ⵫呋ㅷ崵㹁呋ㅷ务 siRNA
ゎꆀ⚹ 1.21 mgկ㹊낉絕卓邍僈霪倰岁腊䘯鸟ⲥ烁㖑㹁ꆀⴔ區 siRNAկ 
 

Ⱒꝶ霒欰暟䟘䚍馄넞佪巊湱蒀靶⟉ Metal free蒀靶叙  siRNA  
 

siRNASmall interfering RNA㼭䎁䪓呍薗ꃑ僽歋20-25⚡呍薗ꃑ絆䧭涸⿽ꝆRNAկsiRNA⡲欽✵mRNA
鸑鵂㛇㔔小랾䫈ⵖꬶ跗涯邍鴪㖈浓氿ծ麰⠛⿺去靧瘝氬氻涸屛毫务Ⱘ剣䎛ꢢ涸⵸兞կ 

siRNA务ゎ熧ꃑ㛇㔙♸ꆄ㾩䱹鍘傞僒❡欰エ꣡梡韌կ䌢錞넞佪巊湱蒀靶⟉歋✵♶Ꝑꛩ！騟瘝鿈⟝♸
siRNA䱹鍘傞❡欰エ꣡⡲欽䕧ㆇ蒀靶油油䕎⚂僒❡欰婎殆➢罜䕧ㆇ㹁ꆀⲥ烁䚍կꤑ巊湱蒀靶⟉㢪䌢
錞巊湱蒀靶叙⛲僽ꆄ㾩エ꣡涸ꅾ拇⼓㔔⚹蒀靶叙癃匣⚹緸朐♶Ꝑꛩ勞餘ゎ熧ꃑ㛇㔙涸siRNA僒エ꣡婎殆
㖈蒀靶叙叙㣢կ 

劥倰岁ꅷ欽䀙峸欰暟䟘䚍馄넞佪巊湱蒀靶⟉Nexera XS inert㖈⥂霆馄넞罣⾓涸⵸䲿♴！騟絑peek
勞俱ⰻ邔㹊梡Ⰼ崨騟偽♶Ꝑꛩ勞餘䫈ⵖꆄ㾩エ꣡կ蒀靶叙ꅷ欽Metal free蒀靶叙䫈ⵖsiRNA㖈蒀靶叙务
涸エ꣡㹊梡䘯鸟ծⲥ烁㹁ꆀⴔ區siRNAկ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 

欰暟䟘䚍馄넞佪巊湱蒀靶⟉ Nexera XS inertⰨ⡤ꂁ縨⥌䜂㥵♴ 
禹 絡 䱽 ⵖ 㐼 CBM-40 荈 ⸓ 鵳 呋 㐼 SIL-40C XSi 
鳕   巊   岹 LC-40D XSi  膴   孞   劼 DGU-405 
唬 崵 㐼 UV 蒀 靶 䊨 ⡲ 畀 Labsolutions Ver. 5.114 

 
㕃 1. 欰暟䟘䚍馄넞佪巊湱蒀靶⟉ 
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1.2 ⴔ區勵⟝ 
蒀   靶   叙 Shim-Pack Scepter C18-120[Metal free] (50 mm×2.1 mm I.D.3µm䀙

峸副嵳㹊낉㐼勞剣ꣳⰖ尽P/N: 227-31073-01 
崨 ⸓ 湱 A-15mM TEA+400mM HFIP     B-50%A+50%歌ꃫ 
崨       鸟 0.3 mL/min 鵳 呋 ⡤ 獤 1 μL 
叙       庛 55˫ 唬 崵 㐼 UV 
唬 崵 㐼 庛 䏞 40˫ 唬 崵 岚 Ɤ 260 nm 
峤 膴 倰 䒭 唑䏞峤膴B 湱饰映崽䏞⚹ 20%傞ꢂ玐䎸㥵邍 1 䨾爙կ 

邍 1. 唑䏞峤膴傞ꢂ玐䎸 

傞ꢂ(min) ⽀⯋ 㢅椚ㄐ⟁ ⧩ 
5 岹 B.Conc 80 
8 岹 B.Conc 80 

8.1 岹 B.Conc 20 
15 䱽ⵖ㐼 Stop  

1.3 叻ⲥㅷ⿺呋ㅷꂁⵖ 
叻ⲥㅷ⪰㢊巊獦》叻ⲥㅷ鷓ꆀ欽馄紱宐很鍒獺ꅺ䧭 1 mg/mL 
叻ⲥ很巊》鷓ꆀ㼆撑ㅷ⪰㢊巊欽馄紱宐鷶紩獺ꅺꂁⵖ崽䏞⚹1ծ2ծ5ծ10ծ20ծ50ծ100 μg/mL

涸叻ⲥ很巊կ 
ⲏ䎁ⵖ⵫呋ㅷ㢅椚》2 mL馄紱宐很鍒呋ㅷ欽焦䚍很巊獺ꅺ40⦔佞縨15 min㼜鷻鷐➝餘ㄤsiRNA

鍒猌副劼ⴔ區կ 
 

2絕卓♸雭雿 
2.1 叻ⲥ很巊蒀靶㕃 

siRNA ⚹⿽Ꝇ RNA㖈剣劼很⵫ㄤ넞庛⡲欽♴鍒猌佦蒀靶㕃务⚹⿽油蒀靶㕃錛㕃 2կ 
siRNA ゎ熧ꃑ㛇㔙僒㖈♶Ꝑꛩ！騟ㄤꆄ㾩蒀靶叙务❡欰ꆄ㾩エ꣡㼋荝婎殆䕧ㆇ㹁ꆀⲥ烁䚍ꅷ欽

䌢錞馄넞佪巊湱蒀靶⟉ㄤꆄ㾩蒀靶叙㖈 100 μg/mL 叻ⲥ很巊たⴔ區瑟涯很巊务剣婎殆瑟涯很⵫蒀靶
㕃錛㕃 3կ劥㹊낉ꅷ欽欰暟䟘䚍巊湱蒀靶⟉絕ざ metal free 蒀靶叙Ⰼ崨騟♶ゎ♶Ꝑꛩ勞餘㖈吥ⲥ刼絁剒
넞挿100 μg/mLsiRNA 叻ⲥ很巊たⴔ區瑟涯很⵫劢唬ⴀ siRNA偽婎殆կ 

 
㕃 2. siRNA 蒀靶㕃崽䏞 1~100 μg/mL 

6.0 6.5 min

0.5

1.0

1.5

2.0uV(x10,000)

siRNA-1 siRNA-2 
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㕃 3. 瑟涯很⵫♸ 1 μg/mL 叻ⲥ很巊蒀靶㕃嫱鳅 

䊩LC-40D XS+Metal 蒀靶叙〸LC-40D XSi+Metal free 蒀靶叙 

2.2 吥ⲥ刼絁 

䭽 1.2 务涸ⴔ區勵⟝崵㹁叻ⲥ很巊崽䏞⚹ 1~100 μg/mL⟄崽䏞⚹埇㗂叻⚙油油꬗獤⛓ㄤ⚹紷㗂
叻ꅷ欽絆吥ⲥ㢪叻岁䒊用吥ⲥ刼絁吥ⲥ刼絁㥵㕃 4 䨾爙絁䚍湱Ⱒ䚍넞ծⲥ烁䏞넞կ  

 
㕃 4. 吥ⲥ刼絁 

2.3 礵㺙䏞㹊낉 

䭽撑 1.2 ⴔ區勵⟝㼜崽䏞⚹ 2 μg/mL 涸叻ⲥ很巊ꅾ㢕ⴔ區 6 妃雦皾䖤ⵌ siRNA ⥂殆傞ꢂ RSD 㼭
✵ 0.08%油꬗獤 RSD 㼭✵ 2.70%蒀靶㕃錛㕃 5կ  

 
㕃 5. 礵㺙䏞㹊낉絕卓 

2.4 呋ㅷゎꆀ崵㹁 

5.0 5.5 6.0 6.5 7.0 7.5 min

3.5

4.0

4.5

5.0

5.5

6.0

6.5
uV(x1,000)

瑟涯很⵫ 
(100 μg/mL 叻ⲥ很巊た鵳呋) 

1 μg/mL 叻ⲥ很巊 

4.0 5.0 6.0 7.0 min

2.5

3.0

3.5

uV(x1,000)

5.5 6.0 6.5 7.0 min

3.50

3.75

4.00

4.25

4.50

4.75

uV(x1,000)

1 μg/mL 叻ⲥ很巊 

瑟涯很⵫ 
(100 μg/mL 叻ⲥ很巊た鵳呋) 

0.0 25.0 50.0 75.0 浓浓
0.00

0.25

0.50

0.75

1.00

1.25
面面(x100,000)

Y=1234.36X­50.5409 
r =0.9998 
ⲥ烁䏞96.4~102.4% 
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䭽撑 1.3 务㢅椚倰岁㼆 siRNA ⲏ䎁ⵖ⵫呋ㅷ鵳遤㢅椚鵶絯ⴔ區 5 妃罌㻋⵸㢅椚倰岁鍒猌鷻鷐➝餘
ㄤ siRNA 涸珘㹁䚍呋ㅷ蒀靶㕃㥵㕃 6 䨾爙㹁ꆀ絕卓㥵邍 2 䨾爙5 妃鵶絯ⴔ區ゎꆀ RSD ⚹ 2.43%珘
㹁䚍㥩կ 

 
㕃 6. 呋ㅷ蒀靶㕃 

邍 2. 呋ㅷ务 siRNA 㹁ꆀ絕卓 

고湡 
嫦⟧呋ㅷ务 siRNA ꆀmg 

䎂㖲⧩mg 
RSD

% 1 2 3 4 5 

絕卓 1.23 1.21 1.24 1.21 1.16 1.21 2.43 

  

 

3絕雿 
劥俒ꅷ欽䀙峸欰暟䟘䚍馄넞佪巊湱蒀靶⟉䒊用✫㼭䎁䪓RNA(siRNA)㹁ꆀ倰岁կ霪倰岁务 siRNA偽婎

殆㖈1~100 μg/mL絁䚍薴㔵ⰻ絁䚍葻㥩絁䚍湱Ⱒ禹侨⚹0.9998կ礵㺙䏞㹊낉务2 μg/mL叻ⲥ很巊⥂殆
傞ꢂRSD㼭✵0.08%油꬗獤RSD㼭✵2.70%կⴔ區㹊꣢siRNAⵖ⵫呋ㅷ崵㹁呋ㅷ务siRNAゎꆀ⚹1.21 mgկ
㹊낉絕卓邍僈霪倰岁腊䘯鸟ⲥ烁㖑㹁ꆀⴔ區siRNAկ 

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5

0.50

0.75

1.00

1.25

mAU(x10)
Ch1 260nm,4nm 
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ⵄ欽欰暟䟘䚍巊湱ⴔ區 GalNAc ⩐翫涸㻑呍薗ꃑ蚋暟紱䏞 
 

䶰 銳劥俒ⵄ欽䀙峸欰暟䟘䚍巊湱蒀靶禹絡Nexera XS inert絕ざ导湱猌㶩㼆蒀靶岁䒊用✫ GalNAc ⩐
翫涸㻑呍薗ꃑ蚋暟涸紱䏞ⴔ區倰岁կ㻑呍薗ꃑ蚋暟⚺油♸练餘ⴔ猌䏞葻㥩⚂偽僈儑婎殆倰岁皍⽀ծ珘㹁ծ
〳ꬑ〳⣘湱Ⱒ遤⚌⿬罌կ 
 

Ⱒꝶ霒欰暟䟘䚍巊湱禹絡  㻑呍薗ꃑ蚋暟  紱䏞  练餘 
 

䪮助暵挿 
 Nexera XS inert 欰暟䟘䚍禹絡デⵆꆄ㾩エ꣡偽婎殆կ 
 ⢪欽 metal-free 蒀靶叙♸ Nexera XS inert ꂁ㤛⢪欽〳剒㣐ꣳ䏞〄䮦ⴀꆄ㾩エ꣡䫈ⵖ佪卓 
 

㻑呍薗ꃑ蚋暟鸑䌢䭷歋⻊㷖ざ䧭欰❡涸Ɤ䏞 50 ⚡⟄ⰻ呍薗ꃑ絆䧭涸♧碫蚋暟⺫ゎ⽀Ꝇ䧴⿽Ꝇ DNA
䧴 RNAկ鵛Ⳝ䎃㻑呍薗ꃑ蚋暟溶䎛岌䎾欽✵麰⠛氬氻ծ胅泿ծ氻嫫䠭厩ㄤ䠭錣㐼㸽瘝㢴猫氬氻涸屛毫
Ⱘ剣暵䒗䚍䔂ծꬶ挿⚪㺢ծ넞佪ծꟋ佪瘝⠏挿剣劅䧭⚹絩㼭ⴔ㶩蚋暟ㄤ䫒⡤蚋暟た涸倝♧去毫岁կ 

㻑呍薗ꃑ♧菚歋荈⸓⻊涸㔿湱岁ざ䧭䊨蒌欰❡「ⵌざ䧭导䎾佪桧ㄤ⾲俱紱䏞瘝㢴ꅾ㔔稇涸䕧ㆇ㻑呍
薗ꃑ蚋暟㖈ざ䧭鵂玐た吐㶸㖈㢴猫♶ず涸涸练餘,蚋暟涸练餘吐䕧ㆇ蚋暟涸毫佪䎇䒸饰♶葻导䎾կ㔔姼剣
䗳銳⸈䔂㻑呍薗ꃑ蚋暟涸餘ꆀ䱽ⵖ紱䏞僽㻑呍薗ꃑ蚋暟餘ꆀ䱽ⵖ涸Ⱒꝶ㾩䚍կ 
㻑呍薗ꃑゎ熧ꃑ㛇㔙♸ꆄ㾩䱹鍘傞僒❡欰ꬋ暵䒗䚍エ꣡梡韌䕧ㆇ蒀靶油油䕎⚂僒❡欰婎殆➢罜䕧ㆇ
崵㹁կ䀙峸䲀ⴀ涸欰暟䟘䚍馄넞佪巊湱蒀靶⟉ Nexera XS inert 㼜넞⾓罣「䚍♸模Ⰼ䟘䚍涸呋ㅷ崨騟模繠絕
ざ烁⥂♶吐〄欰ꆄ㾩邍꬗涸ꬋ暵䒗䚍エ꣡⡲欽⚂Ⱘ剣馄넞罣臱赤䚍➢罜⚹呍ꃑ碫暟餘涸ⴔ區䲿⣘✫椚
䟝涸鍒Ɀ倰呩կ劥俒⢪欽霪㤛⟉㐼㼆 GalNAc ⩐翫涸㻑呍薗ꃑ蚋暟紱䏞鵳遤✫ⴔ區霪倰岁皍⽀ծ〳ꬑծ偽
僈儑婎殆〳⣘湱Ⱒ➢⚌➃プ⿬罌կ 
 

1.㹊낉鿈ⴔ 
1.1 ⟉㐼 

劥㹊낉ꅷ欽欰暟䟘䚍馄넞佪巊湱⟉ Nexera XS inert 禹絡Ⱘ⡤ꂁ縨⚹ 
禹絡䱽ⵖ㐼 CBM-40 膴 孞 劼 DGU-405 

鳕 巊 岹 LC-40D xsi×2 荈⸓鵳呋㐼 SIL-40C xsi 

叙 庛 盲 CTO-40C 唬 崵 㐼 SPD-M40A 

蒀靶䊨⡲畀 LabSolutions Ver. 5.118 
1.2 ⴔ區勵⟝ 

蒀  靶  叙 Shim-pack Scepter C18-120 [Metal free] (50 mm×2.1 mm I.D.1.9µm 

䀙峸副嵳㹊낉㐼勞剣ꣳⰖ尽P/N: 227-31072-01 

崨  ⸓  湱  A-15mM TEA+400mM HFIP B-50%A+50%歌ꃫ 

鵳 呋 ꆀ 2.0 µL 叙  庛 50˫ 
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崨  鸟 0.2 mL/min 唬 崵 岚 Ɤ 258nm 

峤 膴 倰 䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹ 52%傞ꢂ玐䎸錛邍 1 

邍 1. 唑䏞峤膴玐䎸 

Time Module Command Value 

10.00 岹 B.Conc 57 
12.00 岹 B.Conc 57 
12.10 岹 B.Conc 52 
16.00 䱽ⵖ㐼 Stop  

1.3 呋ㅷ⵸㢅椚 
獦》鷓ꆀ呋ㅷ⟄⿡猌㶩宐很鍒ꂁⵖ崽䏞⚹ 200ppm 涸很巊䖉崵կ 

 

2絕卓♸雭雿 
2.1 叻ⲥ很巊蒀靶㕃 

⢪欽 1.2 ⴔ區勵⟝㼆瑟涯很⵫鵳遤ⴔ區劢錛䎁䪓油㼆呋ㅷ鵳遤ⴔ區⚺油⥂殆傞ꢂ 11.310 minꤑ
⚺油㢪〳錜崵ⵌ 5 ⚡练餘油练餘油꬗獤紱䏞嫱⢾㥵♴邍 2 䨾爙呏研꬗獤䔱♧岁雦皾㻑呍薗ꃑ蚋
暟涸紱䏞⚹ 88.539%呋ㅷⴔ區たⱄⴔ區瑟涯很⵫鵳罜霉⠮㻑呍薗ꃑ蚋暟涸婎殆劢錛僈儑婎殆կ 

 
㕃 1 㻑呍薗ꃑ蚋暟紱䏞ⴔ區蒀靶㕃 

邍 2 㻑呍薗ꃑ蚋暟油邍 

ID ⥂殆傞ꢂ ꬗獤 ꬗獤% 
1 8.591 3499 0.149 
2 9.519 12670 0.538 
3 10.747 164934 7.007 
4 11.310 2084149 88.539 
5 12.177 54357 2.309 
6 13.151 34335 1.459 

2.2 㻑呍薗ꃑ蚋暟ꅾ㢕䚍㹊낉 

㼆㻑呍薗ꃑ蚋暟ꅾ㢕鵳呋 6 妃⥂殆傞ꢂ⿺꬗獤ꅾ㢕䚍㥵♴㕃 2 ㄤ邍 3 䨾爙⚺油⿺练餘油涸⥂殆傞
ꢂ RSD<0.14%,꬗獤 RSD<1.38%珘㹁䚍葻㥩կ 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 min
-25
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175
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4

5 6寡核苷酸药物 

空白溶剂 

进样后空白溶剂 

10.0 12.5 min
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㕃 2 㻑呍薗ꃑ蚋暟ꅾ㢕䚍蒀靶㕃 

邍 3 㻑呍薗ꃑ蚋暟ꅾ㢕䚍ⴔ區絕卓n=6 

ぜ獦 ⥂殆傞ꢂ RSD% ꬗獤 RSD% 
1 0.14 1.38 
2 0.13 0.97 
3 0.12 0.45 
4 0.12 0.07 
5 0.12 0.78 
6 0.13 0.89 

 

3. 絕雿 
劥㹊낉䒊用✫♧猫⢪欽䀙峸欰暟䟘䚍馄넞佪巊湱⟉Nexera XS inert絕ざ Shim-pack Scepter C18-

120 [Metal free] 蒀靶叙鵳遤㻑呍薗ꃑ呋ㅷ涸紱䏞ⴔ區倰岁կ瑟涯很⵫偽䎁䪓导湱勵⟝♴呋ㅷ♸练餘ⴔ
猌葻㥩⚂偽婎殆կ倰岁皍⽀鷓欽✵㻑呍薗ꃑ蚋暟涸餘ꆀ䱽ⵖկ 
 

0.0 2.5 5.0 7.5 10.0 12.5 15.0min

0

25000

50000

75000
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150000
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7.0 8.0 9.0 10.0 11.0 12.0 13.0 min
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勻彂C. Hosoi, R. Suzuki. Oligonucleotides analysis by Ion Exchange Chromatography and Effects of pH Changes in the Mobile Phase 
on Separation. Global Application Development Center, Analytical & Measuring Instruments Division, Shimadzu Corporation, Japan. 

猌㶩❜䰃蒀靶岁ⴔ區㻑呍薗ꃑ䎇罌㻋崨⸓湱 pH 」⻊㼆ⴔ猌涸䕧ㆇ 
 

䶰 銳劥俒䒊用✫♧猫⢪欽欰暟䟘䚍巊湱蒀靶絕ざ猌㶩❜䰃蒀靶岁ⴔ猌❀猫♶ず䎸⴩Ɤ䏞㻑呍薗ꃑ涸ⴔ區
倰岁կ呋ㅷꅾ㢕ⴔ區 6 妃⥂殆傞ꢂㄤ油꬗獤涸湱㼆叻ⲥ⨊䊵RSD㖲㼭✵ 1%ꅾ㢕䚍㥩կ⢪欽霪倰岁
ⴔ區✫劢絑 HPLC 紱⻊涸呋ㅷ⥂䫡㛇ծ瀊䎸⴩瘝练餘〳♸湡叻㻑呍薗ꃑⴔ猌կ罌㻋✫崨⸓湱 pH 」⻊㼆ⴔ
猌涸䕧ㆇ⢪欽䌄鵂応㐼涸崨⸓湱櫕渷剣ⵄ✵⥂䭯崨⸓湱 pH 珘㹁➢罜㹊梡葻㥩涸ⴔ區珘㹁䚍կ 

 

Ⱒꝶ霒猌㶩❜䰃蒀靶岁  欰暟䟘䚍巊湱  㻑呍薗ꃑ   
 
呍ꃑ碫蚋暟⢾㥵导⛐㻑呍薗ꃑ〳 鸑鵂♸絈脅ⰻ㢪ꬶ㛇㔔瘝涸湱匹⡲欽〄䮦蚋佪կ♸⠛絡涸㼭ⴔ㶩蚋

暟♶ず〳㖈㛇㔔宐䎂屛毫氬氻㔔姼絩䫒⡤蚋暟⛓た䧭⚹㢊「Ⱒ岤涸♴♧去欰暟蚋暟կ㻑呍ꃑ蚋暟⚺銳
鸑鵂⻊㷖ざ䧭鵳遤ⵖ鸣Ⱖざ䧭鵂玐⛲吐欰䧭雽㢴练餘⢾㥵㻑呍薗ꃑ瀊䎸⴩ㄤ⥂䫡㛇㔙练餘㔔姼꨽銳ざ
椚㖑ⴔ猌ㄤ紱⻊㻑呍薗ꃑկ 

劥俒䒊用✫♧猫⢪欽猌㶩❜䰃蒀靶岁絕ざ欰暟䟘䚍巊湱蒀靶ⴔ猌♶ず䎸⴩Ɤ䏞㻑呍薗ꃑ涸ⴔ區倰岁
⧺㹁鳅瀊䎸⴩涸㻑呍薗ꃑ絆ⴔ⚹ざ䧭鵂玐务〳腊❡欰涸瀊䎸⴩练餘䎇罌㻋✫崨⸓湱 pH 」⻊㼆ⴔ區絕卓
涸䕧ㆇկ 䀙峸欰暟䟘䚍馄넞佪巊湱蒀靶⟉Nexera XS inert〳⟄ⴀ蒀㖑䫈ⵖゎ熧ꃑ㛇㔙⻊ざ暟涸ꆄ㾩邍
꬗エ꣡蜦䖤⠏䒗涸油㘗ծ葻㥩涸ꅾ梡䚍ㄤⴀ蒀涸⾝併䏞կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⴔ區勵⟝  

蒀 靶 叙 Shim-pack Bio IEX Q-NP (100 mm × 4.6 mm I.D., 5 μm) 
崨 ⸓ 湱 A-10 mmol/L NaOH 

B-ゎ 1 mol/L NaClO4 涸 10 mmol/L NaOH 
崨 鸟 0.8 mL/min 叙 庛 60˫ 
鵳 呋 ⡤ 獤 1 µL 唬 崵 岚 Ɤ UV 260 nm 
峤 膴 倰 䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹ 25%傞ꢂ玐䎸錛邍 1կ 

邍 1. 唑䏞峤膴傞ꢂ玐䎸 

Time(min) Module Command Value 
15.00 Pumps Pump B Conc. 32.5 
15.10 Pumps Pump B Conc. 100 
20.00 Pumps Pump B Conc. 100 
20.10 Pumps Pump B Conc. 25 
25.00 Controller Stop  

 

1.2 呋ㅷ㢅椚 
㻑呍薗ꃑ呋ㅷ䎸⴩㥵邍 2 䨾爙湡叻㻑呍薗ꃑ䎸⴩Ɤ䏞⚹ 20 merկ䎸⴩Ɤ䏞 16~19 mer 涸㻑呍薗ꃑ鄄
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⧺㹁⚹ざ䧭鵂玐务❡欰涸瀊䎸⴩练餘կ⚙罏㖲⚹劢⥝껑涸⽀Ꝇ DNA鸑鵂㔿湱ざ䧭岁HPLC 紱⻊ⵖ㢊կ
㼜邍 2 务❀猫䎸⴩Ɤ䏞涸㻑呍薗ꃑ⟄宐很鍒ꂁⵖ⚹ 5 μmol/L 的混合标准品。 

邍 2 㻑呍薗ꃑ呋ㅷ 

No. Sequence (5'̔3') Length (mer) 

1 TCTTGGTTACATGAAA 16 

2 TCTTGGTTACATGAAAT 17 

3 TCTTGGTTACATGAAATC 18 

4 TCTTGGTTACATGAAATCC 19 

5 TCTTGGTTACATGAAATCCC 20 

 

2絕卓♸雭雿 
2.1 㻑呍薗ꃑ幊ざ呋ㅷ蒀靶㕃 

猌㶩❜䰃蒀靶岁鸑䌢呏研㻑呍薗ꃑ务涸熧ꃑ㛇侨ꆀ⽰餏歏蚚䊵䒗鵳遤ⴔ猌կ㔔姼鸑䌢䭽撑ꝆꟋ歋瀊
荛Ɤ涸곡䎸峤膴կ5 猫䎸⴩涸㻑呍薗ꃑ幊ざ呋ㅷ涸蒀靶㕃㥵㕃 1 䨾爙կ〳錛ぐ㻑呍薗ꃑ呏研䎸⴩Ɤ䏞鵳遤
ⴔ猌կ 

 
㕃 1 㻑呍薗ꃑ幊ざ呋ㅷ涸蒀靶㕃 

2.2 ꅾ㢕䚍 
16~20 mer 涸㻑呍薗ꃑ幊ざ呋ㅷꅾ㢕ⴔ區 6 妃⥂殆傞ꢂㄤ油꬗獤涸湱㼆叻ⲥ⨊䊵RSD㥵邍 3 䨾

爙կ⚙고䭷叻㖲⡛✵ 1%ⴔ區ꅾ㢕䚍葻㥩կ 
邍 3 ぐ䧭ⴔ湱㼆叻ⲥ⨊䊵n=6 

Ɤ䏞(mer) ⥂殆傞ꢂ(RSD%) 油꬗獤(RSD%) 

16 0.138 0.224 

17 0.105 0.335 

18 0.098 0.494 

19 0.085 0.161 

20 0.075 0.307 
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2.3 ゎ勇餘涸幊ざ呋ㅷⴔ區 
4猫䎸⴩涸㻑呍薗ꃑ呋ㅷ絑鵂HPLC紱⻊1猫䎸⴩涸㻑呍薗ꃑ呋ㅷ➑鵳遤膴渮㢅椚劢絑HPLC紱⻊㼜

鵯❀猫䎸⴩Ɤ䏞涸㻑呍薗ꃑ呋ㅷꂁⵖ⚹5μmol/L涸幊ざ呋ㅷկ 
⺫ゎ膴渮紱⻊ㅷ涸幊ざ呋ㅷ♸➑⺫ゎHPLC紱⻊ㅷ涸幊ざ呋ㅷ瑟涯蒀靶㕃㥵㕃2䨾爙կ〄梡♶➑〳⟄ⴔ

猌湡叻㻑呍薗ꃑ鵮〳⟄ⴔ猌康猌⥂䫡㛇瘝练餘ㄤ♶模ⰌꟋ䏞㻑呍薗ꃑꝆ瘝练餘կ 

 
㕃 2 ⺫ゎ练餘涸㻑呍薗ꃑ幊ざ呋ㅷ涸蒀靶㕃 

2.4 崨⸓湱 pH 」⻊㼆⥂殆傞ꢂ❡欰涸䕧ㆇ 
㥵⵸俒䨾鶣⢪欽猌㶩❜䰃蒀靶岁靶岁ⴔ區㻑呍薗ꃑ傞鸑鵂渮崽䏞唑䏞⢪湡叻暟ⴔ猌ծ峤膴կ⠍䨾ワ

濼焦䚍崨⸓湱吐エ佐瑟孞务涸✳蝶⻊焫㼋荝pH〄欰佖」կ猌㶩❜䰃蒀靶岁呏研ⴔ區暟歏蚚䊵䒗鵳遤ⴔ
猌佦崨⸓湱pH涸䗎㼭」⻊〳腊㼆ⴔ區絕卓❡欰鳅㣐䕧ㆇկ㔔姼⚹✫蜦䖤珘㹁涸ⴔ區絕卓䫈ⵖ崨⸓湱
涸pH」⻊荛Ⱒꅾ銳կ 

✵僽䧮⼜嫱鳅✫⢪欽叻ⲥ崨⸓湱櫕渷ㄤ䌄剣腊꣈姺崨⸓湱䮦〄涸鵂応㐼涸崨⸓湱櫕渷ⴔⵆ㖈崨⸓湱
ⵖ㢊䔲㣔ㄤ2㣔た鵳遤ⴔ區涸佪卓կぐ荈涸㻑呍薗ꃑ幊ざ呋ㅷ蒀靶㕃㥵㕃3䨾爙⟄ⵖ㢊䔲㣔涸⧩⚹100ぐ
崨⸓湱pH涸」⻊桧㥵㕃4䨾爙կ 

    
图3 崨⸓湱ⵖ㢊䔲㣔⿺2㣔た 㻑呍薗ꃑ幊ざ呋ㅷ涸蒀靶㕃         㕃4 湱嫱崨⸓湱ⵖ㢊䔲㣔ⵖ㢊2㣔た涸pH」⻊桧 
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⢪欽叻ⲥ崨⸓湱櫕渷傞♸崨⸓湱ⵖ㢊䔲㣔΍湱嫱ꥥ满pH涸」⻊⥂殆傞ꢂ䎂㖲㟞⸈8%Ώ
罜⢪欽䌄剣鵂応㐼涸櫕渷傞⥂殆傞ꢂⳜ⛖尵剣」⻊Ύկ歋姼〳濼⢪欽䌄剣鵂応㐼涸櫕渷〳䫈ⵖ崨⸓
湱pH涸」⻊蜦䖤珘㹁涸ⴔ區絕卓կ 
 

3絕雿 
劥俒➝絏✫⢪欽猌㶩❜䰃蒀靶岁絕ざNexera XS inertㄤShim-pack Bio IEXⴔ區㻑呍薗ꃑ涸呩⢾〳㼜⻊㷖
ざ䧭鵂玐务❡欰涸⥂䫡㛇瘝练餘ծ⟄⿺♶模Ⰼざ䧭❡欰涸♶ずꝆꟋ涸㻑呍薗ꃑ♸湡叻㻑呍薗ꃑ䧭⸆ⴔ猌
㾝梡✫葻㥩涸ꅾ梡䚍կ歋✵崨⸓湱涸pH」⻊吐㼆ⴔ區暟涸⥂殆傞ꢂ❡欰䕧ㆇ㔔姼崨⸓湱涸pH䱽ⵖ㼆✵珘
㹁㖑ⴔ區⼧ⴔꅾ銳կ姼㢪⢪欽欰暟䟘䚍禹絡⛲剣⸔✵蜦䖤葻㥩涸ⴔ區珘㹁䚍կ 



 

49 
 

ꅷ欽 Tm ⴔ區禹絡ⴔ區呍ꃑ蚋暟鍒Ꝇ庛䏞 
 
䶰銳  鵛䎃勻⟄呍ꃑ蚋暟⚹껷涸⸆腊䚍呍ꃑ㢊「Ⱒ岤㖈灇〄ㄤ霉⟟鵯猫⸆腊䚍呍ꃑ傞掚珘㹁䚍僽䖎ꅾ
銳涸䭷叻㸐僽䱽ⵖ絕匬ㄤ⸆腊涸㔔稇կ姼㢪掚珘㹁㖈㛇✵呍ꃑ练❜涸倰岁㥵 PCR ㄤ DNA 䗎꣋⴩务
⛲僽䗳♶〳㼱涸կ劥俒⢪欽稘㢪〳錛ⴔ⯕⯕䏞雦 UV-1900i ㄤ Tm ⴔ區禹絡TMSPC-8鵳遤✫呍ꃑ涸鍒Ꝇ
庛䏞崵霚㼆✵呍ꃑ蚋暟掚珘㹁䚍霉⟟饰ⵌ䭷㼋⡲欽կ 
 

Ⱒꝶ霒  UV-1900i   Tm ⴔ區禹絡   呍ꃑ   鍒Ꝇ庛䏞Tm 
 

⟄呍ꃑ蚋暟⚹껷涸⸆腊䚍呍ꃑ㢊「Ⱒ岤2021 䎃䏀屛毫縁錛氻腤넏䚍聝聘蟥綫涸导⛐㻑呍薗ꃑ蚋暟霿
銯齡欰ꛧ鵳Ⰶ务㕂⼕⥂Ⳝ⛖ず♧傞ꢂ羟⼕蚋Ⱆ尽꣭過腒涸㼭䎁䪓 RNA 蚋暟 Leqvio 蜦 FDA 䪠ⲥ副䋑
研䜪♧䎃〫꨽欽蚋⚙妃կ㻑呍薗ꃑ蚋暟溶絑➢縁錛氻鵂庋ⵌ✫䌢錛䢨䚍氻䎇〳㣐㣐꣭⡛䝖罏欽蚋곸桧կꥥ
满㻑呍薗ꃑ碫蚋暟涸꣣絯副䋑呍ꃑ蚋暟溶䧭⚹䔲⵸欰ㄐ猰㷖ㄤ蚋暟灇瑕涸掚挿⛓♧կ 

呍ꃑ碫蚋暟⿶獦呍薗ꃑ碫蚋暟僽ぐ猫Ⱘ剣♶ず⸆腊涸㻑翸呍祪呍薗ꃑ(RNA)䧴㻑翸膴蝶呍祪呍薗ꃑ
(DNA)⚺銳㖈㛇㔔宐䎂副〄䮦⡲欽կ剣❈呍ꃑ蚋暟Ⱘ剣⿽Ꝇ轠偒絕匬告䔲庛䏞⼮넞傞孲ꝶ倗鄬⿽Ꝇ
鷶幯鍒⡤䕎䧭⽀Ꝇ絕匬կ鵯猫梡韌獦⚹呍ꃑ涸很鍒㼜⿽Ꝇㄤ⽀Ꝇ䨾⽑嫱⢾湱瘝涸庛䏞㹁⛐⚹鍒Ꝇ庛
䏞TmկTm ⧩僽邍䖄呍ꃑ掚珘㹁䚍涸䭷叻Tm 》Ɀ✵焦㛇䎸⴩ծ呍ꃑ崽䏞ծꝡꂁꬋ匹邉䚍焦㛇ꂁ㼆
瘝կ呍ꃑ㖈 260nm ꣡鵛剣♧⚡稘㢪エ佐油エ佐⧩㖈很鍒鵂玐务㟞⸈կTm ⴔ區禹絡崵㹁霪エ⯕䏞」
⻊⟄烁㹁 Tm ⧩կ 

劥俒⢪欽稘㢪〳錛ⴔ⯕⯕䏞雦 UV-1900i ㄤ Tm ⴔ區禹絡TMSPC-8鵳遤✫呍ꃑ涸鍒Ꝇ庛䏞崵霚㼆
✵呍ꃑ蚋暟掚珘㹁䚍霉⟟饰ⵌ䭷㼋⡲欽կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
UV-1900i、Tm ⴔ區禹絡TMSPC-8 

 
㕃 1. 䀙峸 UV-1900i+Tm ⴔ區禹絡                           㕃 2.  8 翫䗎ꆀ嫱蒀渓 

1.2 崵霚勵⟝ 
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邍 1  崵霚勵⟝ 

ⴔ區⟉㐼 UV-1900iծTm ⴔ區禹絡 TMSPC-8 
崵㹁岚Ɤ 260 nm 

杞綟㺈 1 nm 
寑瑟涯吥姻 ゗欽 

饰映庛䏞 20 ˫ 
饰映⥂殆傞ꢂ 120 s 

⼮庛鸟桧 1.0 ˫/min 
瘝䖉崵㹁 30 s 
崵㹁ꢂꥬ 1 ˫ 
絕勲庛䏞 90 ˫ 

1.3 崵霚鵂玐 
㼜呋ㅷ獺ꅺⵌ♧㹁崽䏞⥂霆㖈 260 nm 㢅涸エ⯕䏞⚹ 0.1։1 Abs ⛓ꢂկ搬た鵳遤✫呋ㅷ很巊膴孞涸

곫㢅椚㥵卓很巊务瑟孞㖈넞庛♴吐❡欰孞岙偽岁ⲥ烁崵㹁կ8 翫䗎ꆀ嫱蒀渓涸⯕玐剣 10 mm ㄤ 1 
mm ⚙猫剒㼭呋ㅷⴔ區⡤獤ⴔⵆ⚹ 100 μL ㄤ 35 μL〳呏研呋ㅷ涸エ⯕䏞崽䏞ㄤ呋ㅷꆀ勻鷥䭊կ劥
俒⢪欽⯕玐⚹ 10mm 涸 8 翫䗎ꆀ嫱蒀渓鵳遤崵霚կ  

 

2. 崵霚絕卓 
2.1  呋ㅷ 1 崵霚刼絁 

                

㕃 3. 呋ㅷ 1 涸 Tm 刼絁                           

         
㕃 4. 呋ㅷ 1 涸 Tm 雦皾倰岁䊩鴝务絁岁〸鴝㼋侨岁  
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2.2  呋ㅷ 1 崵霚絕卓 
邍 2 呋ㅷ 1 崵霚絕卓 

雦皾倰岁 Tm˫ 

务絁岁 70.035 
䗎ⴔ岁 70.340 

2.3  呋ㅷ 2 崵霚刼絁 

 
㕃 5. 呋ㅷ 2 涸 Tm 刼絁 

 

         
㕃 6. 呋ㅷ 1 涸 Tm 雦皾倰岁䊩鴝务絁岁〸鴝㼋侨岁  

2.4  呋ㅷ 2 崵霚絕卓 
邍 3 呋ㅷ 2 崵霚絕卓 

雦皾倰岁 Tm˫ 

务絁岁 67.570 
䗎ⴔ岁 68.370 

2.5 絕卓ⴔ區 
㕃 3 ㄤ㕃 5 儑爙✫鸑鵂 Tm ⴔ區鲱⟝崵㹁蜦䖤涸呍ꃑ呋ㅷ Tm 刼絁絚ⵖ 260nm 㢅涸エ⯕䏞㼆庛䏞刼

絁儑爙✫⼮庛傞涸絕卓エ⯕䏞ꥥ庛䏞⼮넞罜㟞㣐կ 
Tm ⧩鸑鵂务絁岁ㄤ䗎ⴔ岁⚙猫雦皾倰岁鵳遤✫雦皾կ㖈务絁岁务㼆⵸駟鴲⼓㚖ծた駟鴲⼓㚖务鷥䭊

涸嫦⚡⼓ꢂⴔⵆ絚ⵖⴗ絁䎇雦皾⚙勵ⴗ絁涸务絁♸エ⯕䏞刼絁涸❜挿⡲⚹ Tm ⧩鍒Ꝇ庛䏞կ㖈䗎ⴔ岁
务㼆霃㹁⼓ꢂⰻ涸ぐ霃㹁挿侨鵳遤♧꣌䗎ⴔ鵘皾雦皾儑爙Ⱖ剒㣐⧩涸⡙縨涸庛䏞⡲⚹ Tm ⧩鍒Ꝇ庛
䏞կ 
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3. 絕雿 
劥俒⢪欽稘㢪〳錛ⴔ⯕⯕䏞雦 UV-1900i ㄤ Tm ⴔ區禹絡TMSPC-8鵳遤✫呍ꃑ涸掚珘㹁䚍ⴔ區Tm

ⴔ區⚁欽 8 翫䗎ꆀ嫱蒀渓〳⟄ず傞剒㢴崵㹁 8 ⚡呋ㅷկⵄ欽劥禹絡崵霚䖤ⵌ 260 nm 㢅エ⯕䏞ꥥ庛䏞
⼮넞涸」⻊刼絁鸑鵂务絁岁ㄤ䗎ⴔ岁⚙猫倰岁雦皾ⴀ Tm ⧩㼆呍ꃑ蚋暟掚珘㹁䚍霉⟟饰ⵌ䭷㼋⡲欽կ 
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♲ծmRNA 氋蕐ⴔ區 
mRNA 氋蕐/蚋暟僽㼜ゎ剣綘瀦䫒⾲跗涯涸 mRNA 㼋Ⰶ➃⡤,湬䱹鵳遤缺霖,䕎䧭湱䎾涸䫒⾲跗涯,➢罜霶

㼋劼⡤❡欰暵䒗䚍⯝氋䎾瘷,鴪ⵌ곫꣈⯝氋涸⡲欽կmRNA 氋蕐Ⱘ剣灇〄ワ劍瀊ծ欰❡䊨蒌皍⽀ծ㸝Ⰼ䚍葻
㥩瘝暵挿կ㕂㹻蚋ㅷ港漛！椚㽷NMPA蚋ㅷ㹎霉务䗱✵ 2020 䎃 8 剢골䋒涸շ倝㘗ⱟ朐氻嫫곫꣈欽 mRNA
氋蕐蚋㷖灇瑕䪮助䭷㼋⾲ⴭ霚遤ո䒊雳㼆 DNA 鲮䔶垷匣ծmRNA ⾲巊ㄤ mRNA-LNP 䧭ㅷ鵳遤餘ꆀ䱽ⵖ
覆⿺ mRNA 紱䏞ծ⸈䌨桧ծPoly A 㽵ծ垷匣 DNA 婎殆ծ⿽Ꝇ RNAdsRNA婎殆瘝暵剣ⴔ區⿬侨կ 

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⥂䫡 mRNA 涸 5畮♶鄄꣭鍒䎇腊⤛⢪缺霖涸饰映㔔姼 mRNA
涸⸈䌨桧僽 mRNA ⾲巊餘䱽涸ꅾ銳叻ⲥ⛓♧կ劥畎➝絏✫⢪欽䀙峸 MALDI-TOF 㼆Ⱏ鲮䔶⸈䌨た涸 mRNA
呋ㅷㄤꃍ岁⸈䌨导䎾た mRNA ⸈䌨❡暟鵳遤䌨㶩畮ⴔ區涸䎾欽呩⢾〳湬䱹唬崵ⵌ呋ㅷ务䌨㶩涸䕎䒭⿺湱
㼆ゎꆀկ倰岁乼⡲皍⽀ծ唬崵䧭劥⡛ծⴔ區鸟䏞䘯絕卓湬䱹ծⲥ烁ծ〳ꬑկ 

mRNA 氋蕐⾲俱务婎殆涸垷匣 DNA 䧴湱Ⱒꃍ〳腊鸣䧭♶葻导䎾㪭胇➃⡤⨴䐀կ㔔姼꨽銳㼆⾲俱
mRNA 紱䏞鵳遤灇瑕կ劥畎➝絏✫♧猫⢪欽䀙峸欰暟Ⱟ㺂巊湱禹絡Nexera Bio絕ざ SHIMEN Ankylo C18-
300S 蒀靶叙鵳遤 mRNA 紱䏞ⴔ區涸倰岁կmRNA ♸垷匣 DNAծ⿽Ꝇ RNAdsRNAⴔ猌葻㥩կ倰岁皍⽀
ꅾ㢕䚍㥩鷓欽✵ mRNA 氋蕐⾲俱涸餘ꆀ䱽ⵖկ 

mRNA 㺂僒鄄⡤ⰻ呍ꃑꃍ꣭鍒⚹✫⥂䫡 mRNA ♶鄄꣭鍒䎇⢪Ⱖ곡ⵄ瑬鵂絈脅芘꨽銳ꅷ欽腒餘紵碛磜
LNP䧴Ⱖ➭鷻鷐禹絡鵳遤⺫醙搬た鷻鷐荛絈脅ⰻկmRNA ㄤ鷻鷐禹絡䕎䧭涸倝絕匬涸磜䖈㣐㼭ծ絕匬
〳腊吐䕧ㆇⵌ mRNA 鷻鷐ㄤ邍鴪剣䗳銳㼆 mRNA ㄤ鷻鷐禹絡䕎䧭涸絕匬鵳遤䕎頗邍䖄կ劥畎➝絏✫♧猫
⢪欽䀙峸䪊䲽确ꛏ儑䗎ꞤSPM䪮助崵㹁 mRNA 氋蕐呋ㅷ磜䖈㣐㼭ㄤ邍꬗䕎頗涸倰岁㼆 mRNA 氋蕐
呋ㅷⵖ㢊鵂玐涸⠏⻊Ⱘ剣♧㹁䭷㼋ㄤ⿬罌䠑⛐կ 

mRNA 蚋暟⿺氋蕐欰❡鵂玐꨽銳欽ⵌ㢴猫⾲俱Ⱖ务欽✵ mRNA ⡤㢪鲮䔶♸⥝껑⸈䌨ծ⸈㽵梠蒜
涸⾲俱㼆⥂霆 mRNA 涸餘ꆀ⿺剣佪䚍荛Ⱒꅾ銳կmRNA ⡤㢪鲮䔶涸湬䱹⾲俱⚹ NTPATPծUTPծCTPծ
GTP⸈䌨⸈㽵歋✵ꅷ欽涸⥝껑騟絁♶ず⾲俱剣䨾♶ずկ劥畎➝絏✫♧猫䎾欽 MALDI-TOF 㼆 mRNA ⡤㢪
鲮䔶⾲俱⟄⿺ mRNA ⸈䌨⾲俱䌨㶩碫⡃暟鵳✫ⴔ區倰岁乼⡲皍⽀ծ唬崵䧭劥⡛ծⴔ區鸟䏞䘯絕卓湬䱹ծ
ⲥ烁ծ〳ꬑ剣劅㖈 mRNA ざ䧭呍ꃑ⾲俱餘䱽倰꬗剣刿⸈䎛岌涸䎾欽կ 

DNA餘磜Ⱘ剣3猫㛇劥匬㘗馄轠偒(Supercoiled皍獦SC)ծ絁䚍(Linear)ㄤ䒓梠(Opencircular皍獦
OC)կⰦ务馄轠偒鄄雩⚹僽腊㢿剒剣佪㖑䲿넞鲮厩佪桧ㄤ湡涸㛇㔔邍鴪ꆀ涸餘磜䕎䙖կ㖈㛇㔔屛毫涸灇瑕务
刿僽㼆蚋欽餘磜涸馄轠偒ゎꆀ⨞✫僈烁銳宠(FDA:>80%NMPA:90%SMPA:>85%)կ䨾⟄䖎剣䗳銳㼜♲
猫餘磜ⴔ猌䎇㼆Ⱖゎꆀ鵳遤烁㹁կ劥畎➝絏✫♧猫⢪欽欰暟䟘䚍巊湱蒀靶⟉䧭⸆ⴔ猌餘磜♲猫匬㘗䎇崵
㹁湱㼆ゎꆀ涸䎾欽⢾ⴔ猌䏞㥩ծꅾ㢕䚍⢕鷓欽✵餘磜务♲猫匬㘗涸唬崵կ 

劥畎宨꧋ mRNA 紱䏞ծ⸈䌨桧ծmRNA 氋蕐呋ㅷ磜䖈㣐㼭ㄤ邍꬗䕎頗ծ⡤㢪鲮䔶ㄤ⸈䌨⾲俱ⴔ區ծ餘
磜 DNA ♲猫匬㘗涸ゎꆀⴔ區瘝䎾欽呩⢾覆⿺ MALDI-TOFծ欰暟䟘䚍巊湱ծ䪊䲽确ꛏ儑䗎ꞤSPM瘝㢴
猫⟉㐼ⰻ㺂⚪㺢⣘䝠⿬罌 
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䎾欽〵䒭 MALDI-TOF MS 㼆Ⱏ鲮䔶⸈䌨た mRNA 涸䌨㶩畮鵳遤㹁䚍

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ㅷ鵳遤餘靶ⴔ
區〳湬䱹唬崵ⵌ呋ㅷ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⥂䫡mRNA涸5畮♶鄄꣭鍒䎇腊⤛⢪缺霖涸饰映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⡙焫⾲㶩鄄歌㛇⻊㥵卓RNA涸痦♧⡙呍薗ꃑ涸2-O〄欰歌㛇⻊
䕎䧭m7GPPPNm涸絕匬ⴭ⚹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ⴭ⚹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

ㅷ很巊կエ》1 μL 呋ㅷ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 
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2絕卓♸雭雿 
㼆⚙⟧㢅椚㥩涸 mRNA 呋ㅷ䎾欽 MALDI-8020 鵳遤餘靶唬崵餘靶㕃錛㕃 1ծ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ㅷ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ㅷ务䌨㶩涸絕匬䕎䒭⚹ cap1♶ゎ cap0 ♧荝կ唬崵絕卓絡雦錛邍 1կ 

ꤑ䌨㶩㢪呋ㅷ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ㅷ㖈⵸㢅椚梠蒜❡欰涸练餘կ⚙⟧呋ㅷ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ㅷ唬崵絕卓 

䌨㶩 [M+H]+椚雿⧩ 呋ㅷ 1 唬崵⧩ 呋ㅷ 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ㅷ 1 餘靶㕃 

 
㕃 2. mRNA 呋ㅷ 2 餘靶㕃 
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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ㅷ鵳遤䌨㶩畮
涸ⴔ區〳湬䱹唬崵ⵌ呋ㅷ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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䎾欽 MALDI-8030 餏猌㶩垷䒭㼆 mRNA ꃍ岁⸈䌨⿿䎾❡暟鵳遤㹁䚍

ⴔ區 
 

䶰 銳劥俒⢪欽䀙峸⿽匧䚍〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶MALDI-8030㼆ꃍ岁⸈䌨导䎾たmRNA
⸈䌨❡暟鵳遤餘靶ⴔ區4⚡mRNA呋ㅷ㖲䧭⸆唬ⴀ湡叻猌㶩油䎇呏研ⴔ㶩ꆀ䲀倗ⴀmRNA涸⸈䌨碫㘗
♸椚雿湱痗կⴔ區鵂玐Ⱘ剣⵸㢅椚崨玐皍⽀ծⴔ區䧭劥⡛ծ絕卓ⲥ烁〳ꬑ涸暵挿կ 
 

Ⱒꝶ霒㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶  MALDI-TOF  mRNA  ⸈䌨 
 

䪮助暵挿 
 ⢪欽䚍⟟嫱鳅넞涸〵䒭 MALDI-TOF偽꨽㢕练⵸㢅椚鲽匠㹊梡㻑呍薗ꃑ碫呋ㅷ涸唬崵կ 
 唬崵㖈餏猌㶩垷䒭♴鵳遤Ⲹ㼱✫渮⸈ざ暟❡欰靶㕃刿皍⽀⚂僒✵鍒區կ 
 

ꥥ满COVID-19㖈Ⰼ椕聒贈mRNA氋蕐ㄤ毫岁䧭⚹欰暟⼕蚋灇〄곭㚖务涸倝僤կmRNA氋蕐〳㼜綘
瀦䫒⾲涸mRNA鸑鵂鷻鷐禹絡䒸Ⰶ⡤ⰻざ䧭跗涯➢罜鍘〄⯝氋䎾瘷կmRNA毫岁⛲鷶幯欽✵㢴猫氬氻涸屛毫կ
搬罜mRNA꨽銳鷻鷐荛氻䝖涸ꬶぢ㐼㸽䎇剣佪欰䧭跗涯餘䩞腊〄䮦⸆腊կ 

⚹⥂霆mRNA涸鷻鷐ㄤ跗涯餘涸剣佪欰䧭鸑䌢㖈匬䒊⡤涸5 '畮鵳遤⸈副䌨㶩絕匬կ䌨㶩絕匬䭷㖈溫
呍欰暟务鲮䔶た⥝껑䕎䧭涸䧭擿mRNA㖈5'畮涸♧⚡暵婋絕匬կ呏研歌㛇⻊玐䏞♶ず〳䕎䧭3猫碫㘗涸䌨㶩
CAP 0㘗ծCAP 1㘗ㄤCAP 2㘗կmRNA䊨蒌欰❡务鸑䌢ꅷ欽ꃍ岁⸈䌨ㄤⰟ鲮䔶⸈䌨2猫倰䒭鵳遤⸈䌨կ䌨㶩
絕匬〳⟄꣈姺mRNA涸꣭鍒䎇⤛鵳mRNA涸缺霖կ唬崵mRNA⸈䌨桧僽mRNA欰❡䊨蒌餘ꆀⴔ區涸Ⱒꝶ䭷叻կ 

MALDI-8030僽䀙峸MALDI㹻偛剒倝㘗〿〵䒭劼匧䚍⿽Ⰼ姻餏猌㶩垷䒭䘯鸟ⴗ䰃곭⯓涸餏猌㶩垷
䒭ⴔ鳹桧㖈呍ꃑⴔ區倰꬗Ⱘ剣僈儑⠏⸷կ劥俒䎾欽MALDI-8030涸餏猌㶩垷䒭㼆ꃍ岁⸈䌨mRNA❡暟鵳遤
✫⸈䌨碫㘗㹁䚍ⴔ區䧭⸆唬ⴀ湡叻猌㶩油䎇䲀倗ⴀmRNA❡暟涸⸈䌨碫㘗կ 
 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 

⿽匧䚍〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ MALDI-8030կ 

 
㕃 1. 䀙峸 MALDI-8030 餘靶⟉                              
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1.2 霚⵫♸呋ㅷ 
㛇餘3-繿㛇-2-ぼ㊋歌ꃑ3-HPAկ 
呋ㅷꃍ岁⸈䌨导䎾た涸 mRNA 呋ㅷ⥌䜂㥵邍 1կ 

邍 1. 呋ㅷ⥌䜂邍 

呋ㅷぜ獦 椚雿⸈䌨碫㘗 
呋ㅷ 1 UNCAP 
呋ㅷ 2 CAP 0 
呋ㅷ 3 CAP 1 
呋ㅷ 4 CAP 0 ㄤ CAP 1  

1.3 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 6000-10000 慨 ⯕ 腊 ꆀ 80-100 

1.4 呋ㅷ⵸㢅椚 
㼜ꃍ岁⸈䌨导䎾た涸mRNA⡲⚹䖉ⴔ區涸呋ㅷ很巊կ》1 μL呋ㅷ很巊挿呋ⵌꬶ匣, 荈搬典䎁たⱄ》1 

μL 3-HPA3-繿㛇-2-ぼ㊋歌ꃑ㛇餘很巊崽䏞⚹40 mg/mL銻渷㖈呋ㅷ副, 荈搬典䎁た㼜ꬶ匣鷐Ⰶ⟉㐼
ⴔ區կ 

 

2絕卓♸雭雿 
4 ⚡ mRNA 呋ㅷ⺫ゎ涸涸⸈䌨碫㘗剣 3 猫UNCAP 㘗ծCAP 0 㘗ㄤ CAP 1 㘗♶ず⸈䌨碫㘗㼆䎾涸

椚雿ⴔ㶩ꆀ♶ずⰨ⡤ⴔ㶩ꆀ⥌䜂㥵邍 2կ㔔姼〳呏研餘靶㹊崵ⴔ㶩ꆀ涸䊵䒗㼆♶ず涸⸈䌨碫㘗鵳遤⼓ⴔկ 

邍 2.♶ず⸈䌨碫㘗涸椚雿ⴔ㶩ꆀ⥌䜂 

⸈䌨碫㘗 椚雿ⴔ㶩ꆀ [M-H]-椚雿⧩ 
UNCAP 7883.71 7882.70 
CAP 0 8165.98 8164.97 
CAP 1 8179.98 8178.97 

⢪欽 MALDI-8030 㼆 4 ⚡ mRNA 呋ㅷ鵳遤唬崵呋ㅷ涸餘靶ⴔ區絕卓宨䚪㥵邍 3կ餘靶㕃錛㕃 2-㕃 5կ
呋ㅷ 1 唬崵ⵌ湡叻猌㶩油 m/z 7882.25㼆䎾邍 2 务 UNCAP 㘗涸[M-H]-猌㶩油կ呋ㅷ 2 唬崵ⵌ湡叻猌㶩油
m/z 8164.89㼆䎾邍 2 务 CAP 0 㘗涸[M-H]-猌㶩油կ呋ㅷ 3 唬崵ⵌ湡叻猌㶩油 m/z 8178.35㼆䎾邍 2 务
CAP 1 㘗涸[M-H]-猌㶩油կ呋ㅷ 4 唬崵ⵌ 2 ⚡湡叻猌㶩油 m/z 8164.86 ㄤ m/z 8178.64ⴔⵆ㼆䎾邍 2 务 CAP 
0 㘗ㄤ CAP 1 㘗涸[M-H]-猌㶩油կ4 ⚡呋ㅷ⸈䌨碫㘗ⴔ區絕卓㖲♸椚雿⧩邍 1湱痗կ 

姼㢪呋ㅷ 3 ㄤ呋ㅷ 4 ꤑ湡叻油㢪鵮ⴔⵆ唬崵ⵌ m/z 7807.55ծm/z 7807.99 猌㶩油〳腊⚹ mRNA
ꃍ岁⸈䌨导䎾鵂玐务❡欰涸务ꢂ❡暟կ 

邍 3. mRNA 呋ㅷ餘靶ⴔ區絕卓 

呋ㅷぜ獦 湡叻油㹊崵⧩ ⸈䌨䕎䒭䲀倗絕卓 
呋ㅷ 1 7882.25 UNCAP 
呋ㅷ 2 8164.89 CAP 0 
呋ㅷ 3 8178.35 CAP 1 
呋ㅷ 4 8164.86 ㄤ 8178.64 CAP 0 ㄤ CAP 1 
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㕃 2. mRNA 呋ㅷ 1 餘靶㕃 

  
㕃 3. mRNA 呋ㅷ 2 餘靶㕃 

 
㕃 4. mRNA 呋ㅷ 3 餘靶㕃 
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㕃 5. mRNA 呋ㅷ 4 餘靶㕃 

 
   

3絕雿 
劥俒⢪欽⿽匧䚍〵䒭㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶MALDI-8030㼆ꃍ岁⸈䌨导䎾たmRNA⸈䌨❡

暟鵳遤㹁䚍ⴔ區〳湬䱹唬崵ⵌ湡叻猌㶩油䎇呏研ⴔ㶩ꆀ䲀倗ⴀmRNA⸈䌨碫㘗կ劥倰岁皍⤑䘯䰦ծ絕卓ⲥ
烁〳ꬑ⚹mRNA欰❡ⵖ鸣鵂玐务涸⸈䌨ⴔ區䲿⣘♧猫倝涸䙼騟⚹mRNA氋蕐ㄤmRNA蚋暟涸欰❡餘ꆀ䱽
ⵖ䲿⣘倰岁⿬罌կ 
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䎾欽〵䒭 MALDI-TOF MS ⴔ區 mRNA ㄤ DNA 欰❡欽呍薗ꃑ⾲俱涸ⴔ

㶩ꆀ⿺絆䧭 
 

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꨽㢕练涸呋ㅷ⵸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꨽㢕练涸呋ㅷ⵸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ㅷ⸈宐獺ꅺ⚹100 μM⡲⚹呋ㅷ䊨⡲巊կエ》0.5 μL NaTFA很巊1 mg/mLծ1 1 μL DHB㛇餘

很巊30 mg/mLծ0.5 μL 呋ㅷ䊨⡲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 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
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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
⛲⣜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ㅷ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
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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 

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. 
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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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䎾欽〵䒭 MALDI-TOF MS ⴔ區 mRNA 蚋暟⿺氋蕐欰❡䨾欽呍ꃑ⾲俱

涸ⴔ㶩ꆀ⿺絆䧭 
 

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 蚋暟⿺氋蕐欰❡䨾欽
涸呍ꃑ⾲俱鵳遤餘靶ⴔ區〳 湬䱹唬崵ⵌ mRNA ⡤㢪鲮䔶 UTP ⾲俱⿺Ⱏ鲮䔶⸈䌨导䎾务䌨㶩碫⡃暟涸ⴔ㶩
ꆀ⿺絆䧭䕎䒭կ劥倰岁乼⡲皍⤑ծⴔ區鸟䏞䘯絕卓湬䱹〳ꬑ⚹ mRNA 蚋暟⿺氋蕐欰❡湱Ⱒ⾲俱涸餘ꆀ
䱽ⵖ䲿⣘✫⿬罌կ 
 

Ⱒꝶ霒㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶  MALDI-TOF  mRNA  ⾲俱  UTP 
 

mRNA 蚋暟⿺氋蕐欰❡鵂玐꨽銳欽ⵌ㢴猫⾲俱Ⱖ务欽✵ mRNA ⡤㢪鲮䔶♸⥝껑⸈䌨ծ⸈㽵梠蒜
涸⾲俱㼆⥂霆 mRNA 涸餘ꆀ⿺剣佪䚍荛Ⱒꅾ銳կmRNA ⡤㢪鲮䔶涸湬䱹⾲俱⚹ NTPATPծUTPծCTPծ
GTP⸈䌨⸈㽵歋✵ꅷ欽涸⥝껑騟絁♶ず⾲俱剣䨾♶ずկ劥俒䎾欽〵䒭 MALDI-TOF 餘靶⟉ MALDI-8020 㼆
UTP ⾲俱⿺Ⱏ鲮䔶⸈䌨导䎾务涸䌨㶩碫⡃暟⾲俱鵳遤✫ⴔ區湬䱹唬崵ⵌ✫⾲俱涸ⴔ㶩ꆀ⿺ⴔ㶩絆䧭䕎䒭կ
霪唬崵倰岁乼⡲皍⽀ծⴔ區鸟䏞䘯絕卓湬䱹〳ꬑ〳⡲⚹ mRNA ⡤㢪鲮䔶ㄤ⥝껑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 ⯕ 㐼 355 nm 㔿䙖慨⯕㐼 
䪊 䲽 薴 㔵 m/z 200-5000 慨 ⯕ 腊 ꆀ 65~85 

1.3 呋ㅷ⵸㢅椚 
エ》 1 μL 呋ㅷ很巊ㄤ 1 μL 㛇餘很巊35 mg/mL 3-HPA / 4 mg/mL CHCA⣜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 UTP ⴔ㶩ꆀⴔ區 

䎾欽 MALDI-8020 㼆 mRNA ⡤㢪鲮䔶⾲俱 UTPⴔ㶩䒭⚹ C9H15N2O15P3鵳遤唬崵絕卓錛㕃 1կ歋
餘靶㕃〳錛呋ㅷ唬崵ⵌ餘蚚嫱⚹ m/z 485.17 涸猌㶩油㼆䎾⚹ UTP 涸⸈孲油[M+H]+椚雿⧩⚹ m/z 
484.98կ〥㢪呋ㅷ务鵮唬崵ⵌ m/z 507.27ծm/z 523.24 涸猌㶩油ⴔⵆ㼆䎾 UTP 涸ꛧ猌㶩⸈ざ油[M+Na]+
⟄⿺꜅猌㶩⸈ざ油[M+K]+կ歋✵㛇餘㖈 m/z 500 ꣡鵛㶸㖈胜兞䎁䪓ꤑ UTP 湡叻油㢪餘靶㕃务鵮唬崵
ⵌ♧禹⴩胜兞油瑟涯㛇餘涸餘靶㕃錛㕃 2կ 
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㕃 1. mRNA ざ䧭⾲俱 UTP 涸餘靶㕃 

 

 
㕃 2. 瑟涯㛇餘餘靶㕃 

2.2 mRNA ⸈䌨⾲俱䌨㶩碫⡃暟涸ⴔ㶩ꆀⴔ區 
䎾欽 MALDI-8020 㼆羟Ⱏ鲮䔶⸈䌨导䎾务涸䌨㶩碫⡃暟 EZ CapTM Reagent AGⴔ㶩䒭⚹ C32H43N15O24P4

鵳遤唬崵錜崵ⵌ餘蚚嫱⚹ m/z 1146.29 涸猌㶩油⚹䌨㶩碫⡃暟涸⸈孲油[M+H]+椚雿⧩⚹ m/z 1146.16կ
㼜 m/z 1146 ꣡鵛⼓㚖鵳遤㽷鿈佞㣐鵮〳溏ⵌ m/z 1168.47 ♸ m/z 1184.6 涸猌㶩油ⴔⵆ㼆䎾䌨㶩碫⡃
暟涸ꛧ猌㶩⸈ざ油♸꜅猌㶩⸈ざ油կꤑ䌨㶩⽀⡤㢪餘靶㕃务鵮唬崵ⵌ呋ㅷ务㶸㖈✳翸⡤[2M+H]+欨荛
♲翸⡤䕎䒭[3M+H]+㕃 3կ 
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㕃 3. mRNA ⸈䌨⾲俱䌨㶩碫⡃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 mRNA ⡤㢪鲮䔶⾲俱 UTP ⟄⿺

mRNA ⸈䌨⾲俱䌨㶩碫⡃暟鵳✫ⴔ區UTP 唬崵ⵌ✫儑衼涸⸈孲油ծ⸈ꛧ油ծ⸈꜅油䌨㶩⾲俱唬崵ⵌ✫
儑衼涸孲猌㶩⸈ざ油⟄⿺㼱ꆀ涸✳翸⡤ծ♲翸⡤涸猌㶩油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 ざ䧭呍ꃑ⾲俱餘䱽倰꬗剣刿⸈䎛岌涸䎾欽կ 
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勻彂D. Fujimura, E. Ando, R. Suzuki. Achieving Improved Sensitivity and Reliable Analytical Performances in Nucleotides Analysis. 
Global Application Development Center, Analytical & Measuring Instruments Division, Shimadzu Corporation, Japan. 

鸑鵂䫈ⵖꆄ㾩エ꣡䲿넞呍薗ꃑⴔ區ꅾ梡䚍ㄤ㹁ꆀⲥ烁䚍 
 

䶰 銳劥俒➝絏✫絕ざ偽ꆄ㾩崨騟涸欰暟䟘䚍馄넞佪巊湱蒀靶⟉Nexera XS inert禹絡ㄤ㖈♶Ꝑꛩ
蒀靶叙ⰻ邍꬗⺫銻剣 PEEK 勞俱涸偽ꆄ㾩蒀靶叙㖈呍薗ꃑ呋ㅷⴔ區务涸䎾欽կ♸ꆄ㾩崨騟禹絡湱嫱
姼禹絡㖈ⴔ區呍薗ꃑ瘝Ⱘ剣熧ꃑ㛇㔙涸⻊ざ暟傞剣䖎㥩涸ꆄ㾩エ꣡䫈ⵖ佪卓〳⟄蜦䖤葻㥩涸ⴔ區ꅾ梡䚍
ㄤ㹁ꆀⲥ烁䚍կ 

 

Ⱒꝶ霒欰暟䟘䚍巊湱蒀靶  Nexera XS inert  呍薗ꃑ 䫈ⵖꆄ㾩エ꣡ 

 
鸑䌢欽✵HPLC崨騟！絁涸♶ꝐꛩⰯⰨ⠏䒗涸罣⾓䚍ծ罣臱赤䚍告歋✵僽ꆄ㾩吐♸Ⱘ剣熧ꃑ㛇㔙涸

⻊ざ暟❡欰湱匹⡲欽絑䌢䒸饰油䕎」䊵ㄤ䔂䏞꣭⡛կ⚹䫈ⵖ姼ꆄ㾩エ꣡吐⢪欽熧ꃑ瘝鵳遤崨騟幡峤ծ幑
⸈轌ざ⵫ծ⢪欽넞崽䏞呋ㅷ鵳遤䲁渷կ告僽⽰⢪ꅷ》姼碫㢅椚倰䒭➠ꦼ⟄蜦䖤넞ꅾ梡䚍涸ⴔ區絕卓կ 

劥俒➝絏✫偽ꆄ㾩崨騟涸馄넞佪巊湱蒀靶⟉Nexera XS inert禹絡⟄⿺㖈♶Ꝑꛩ蒀靶叙ⰻ邍꬗
⺫銻剣 PEEK 勞俱涸偽ꆄ㾩蒀靶叙姼禹絡ⴔ區呍薗ꃑ瘝Ⱘ剣熧ꃑ㛇㔙涸⻊ざ暟傞剣䖎㥩涸ꆄ㾩エ꣡䫈
ⵖ佪卓կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 

欰暟䟘䚍馄넞佪巊湱蒀靶⟉ Nexera XS inert 
馄䵆佪巊湱蒀靶⟉ Nexera XS 

1.2 ⴔ區勵⟝  

蒀 靶 叙 Shim-pack Scepter C18-120 (偽ꆄ㾩100 mm × 2.1 mm I.D., 3 μm) 

 Shim-pack Scepter C18-120 (100 mm × 2.1 mm I.D., 3 μm) 

崨 ⸓ 湱 ⛩臟/10 mmol/L 歌ꃑꜽ很巊 = 0.599.5 

崨 鸟 0.2 mL/min 叙 庛 40˫ 

鵳呋⡤獤 2 µL 唬 崵 岚 Ɤ 254 nmUHPLC 䟘䚍崨鸑寑 

1.3 呋ㅷⵖ㢊  
ゎ熧ꃑ㛇㔙涸⽀熧ꃑ艑薗AMPծ✳熧ꃑ艑薗ADPㄤ♲熧ꃑ艑薗ATP⢪欽馄紱宐很鍒ծ獺ꅺ

たⵖ㢊⚹䖉崵呋ㅷկ⚹霉⟟ꆄ㾩エ꣡涸䕧ㆇ䧮⼜嫱鳅蒀靶⟉ㄤ蒀靶叙涸⚙⚡絆ざ倰䒭♧⚡僽ゎꆄ㾩涸禹
絡〥♧⚡僽偽ꆄ㾩禹絡կ 

 

2絕卓♸雭雿 
2.1 䂽䕎⿺䂽꬗獤ꅾ㢕䚍涸嫱鳅 

AMPծADPծATP 涸幊ざ叻ⲥ很巊50 μg/mL蒀靶㕃㥵㕃 1 䨾爙ꅾ㢕ⴔ區 10 妃幊ざ叻ⲥ很巊傞涸
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ATP 蒀靶油䬯㽵㔔㶩⿺油꬗獤」⻊㥵㕃 2 ㄤ㕃 3 䨾爙կꆄ㾩崨騟禹絡务歋✵ꆄ㾩エ꣡㼋荝蒀靶油ⴀ梡
䬯㽵䬯㽵㔔㶩㣐✵ 4կ 

姼㢪湱ず呋ㅷꅾ㢕ⴔ區傞ATP 涸油꬗獤ッ㟞⸈馋⸷կ罜㖈偽ꆄ㾩崨騟务〄梡油䕎䖤ⵌ佖㊤䬯㽵
㔔㶩紨⚹ 1կ姼㢪♸ꆄ㾩崨騟禹絡湱嫱➢痦 1 妃荛痦 10 妃涸油꬗獤⧩Ⳝ⛖尵剣」⻊ꅾ梡䚍㥩կ歋姼
〳濼⢪欽偽ꆄ㾩崨騟禹絡吐䫈ⵖꆄ㾩エ꣡〳⟄佖㊤油䕎ㄤ䲿넞꬗獤ꅾ梡䚍կ 

        
㕃1 AMPծADPծATP幊ざ叻ⲥ呋ㅷ蒀靶㕃50μg/mL䊩ꆄ㾩崨騟〸偽ꆄ㾩崨騟 

      
㕃 2 ♶ず鵳呋妃侨涸 ATP 䬯㽵㔔㶩                   㕃 3 ♶ず鵳呋妃侨涸 ATP 油꬗獤⧩ 

2.2 ⴔ區呍薗ꃑ叻ⲥ呋ㅷ傞涸㹁ꆀ礵䏞嫱鳅 

䭽撑⵸鶣ⴔ區勵⟝崵㹁 ATP 叻ⲥ很巊1ծ2.5ծ5ծ10ծ25ծ50 μg/mLⵖ⡲叻ⲥ刼絁կ㖈ꆄ㾩崨騟
禹絡务崵㹁䨾䖤涸叻ⲥ刼絁「ꆄ㾩エ꣡䕧ㆇ絁䚍꣭⡛湱Ⱒ禹侨 r2 = 0.9918㕃 4կぐ吥ⲥ挿涸ⲥ烁䏞⿺
礵㺙䏞㥵邍 1 䨾爙կ1 μg/mL 劢唬ⴀ湡叻油㖈 2.5 μg/mL 傞䖤⟄唬ⴀ告歋✵油䔂䏞♶駈崽䏞⧩涸⨊
䊵鳅㣐կⵖ㢊✫ 2ծ20ծ45 μg/mL 涸呋ㅷ⡲⚹ QC 呋ㅷ⢪欽㕃 5 涸叻ⲥ刼絁鵳遤㹁ꆀկ㹁ꆀ絕卓ծ㹁ꆀ
ⲥ烁䏞⿺礵㺙䏞㥵邍 2 䨾爙կꆄ㾩崨騟务歋✵「ꆄ㾩エ꣡涸䕧ㆇ暵ⵆ僽⢪欽絁䚍鳅䊵涸⡛崽䏞⼓㚖叻
ⲥ刼絁傞㹁ꆀ⧩⨊䊵鳅㣐կ 

罜㖈ꬋꆄ㾩崨騟禹絡务崵㹁䨾䖤涸叻ⲥ刼絁务歋✵ꆄ㾩エ꣡䫈ⵖ佪卓葻㥩蜦䖤✫葻㥩涸絁䚍湱Ⱒ
禹侨 r2 = 0.9999㕃 5կ⢪欽偽ꆄ㾩崨騟禹絡㖈湱ず勵⟝♴崵㹁 ATP 叻ⲥ很巊ぐ吥ⲥ挿呋ㅷ涸ⲥ烁䏞
⿺礵㺙䏞絕卓㥵邍 3 䨾爙QC 呋ㅷ涸㹁ꆀ絕卓㥵邍 4 䨾爙կ♸⢪欽ꆄ㾩崨騟禹絡傞涸絕卓湱嫱⡛崽䏞呋
ㅷ涸ⲥ烁䏞ծ礵㺙䏞㖲蜦䖤葻㥩絕卓կ絾ざ⟄副絕卓〳濼崨騟涸偽ꆄ㾩⻊㼆✵ⴔ區呍薗ꃑ瘝Ⱘ剣熧ꃑ㛇㔙
涸⻊ざ暟⼧ⴔ剣佪կ 
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  㕃5 ATP涸叻ⲥ刼絁ꆄ㾩崨騟                         㕃6 ATP涸叻ⲥ刼絁偽ꆄ㾩崨騟 

邍1 吥ⲥ挿涸㹁ꆀ⧩ծⲥ烁䏞⿺礵㺙䏞ꆄ㾩崨騟 

崽䏞(µg/mL) 

㹁ꆀ絕卓 

㹁ꆀ⧩
(µg/mL) 

ⲥ烁䏞 
礵㺙䏞 

n = 6 

1 N.D.* --- --- 

2.5 2.28 91.0 110 

5 5.29 106 4.9 

10 8.65 86.5 7.1 

25 22.7 91.0 6.3 

50 51.3 103 3.6 
* N.D.: 未检出 

 

邍3 吥ⲥ挿涸㹁ꆀ⧩ծⲥ烁䏞⿺礵㺙䏞偽ꆄ㾩崨騟 

崽䏞(µg/mL) 

㹁ꆀ絕卓 

㹁ꆀ⧩
(µg/mL) 

ⲥ烁䏞 
礵㺙䏞 

n = 6 

1 1.07 101 0.61 

2.5 2.43 97.0 0.50 

5 4.82 96.4 0.28 

10 9.74 97.4 0.24 

25 24.9 99.4 0.81 

50 50.6 101 0.095 
 

邍2 QC呋ㅷ涸㹁ꆀ絕卓ծⲥ烁䏞⿺礵㺙䏞ꆄ㾩崨騟 

崽䏞(µg/mL) 

㹁ꆀ絕卓 

㹁ꆀ⧩
(µg/mL) 

ⲥ烁䏞 
礵㺙䏞 

n = 6 

2 4.53 226 1.6 

20 18.4 91.9 5.7 

45 46.4 103 3.3 
 

邍4 QC呋ㅷ涸㹁ꆀ絕卓ծⲥ烁䏞⿺礵㺙䏞偽ꆄ㾩崨騟 

崽䏞(µg/mL) 

㹁ꆀ絕卓 

㹁ꆀ⧩
(µg/mL) 

ⲥ烁䏞 
礵㺙䏞 

n = 6 

2 2.00 100 0.59 

20 19.6 98.2 0.081 

45 44.9 99.7 0.11 
 

 

3絕雿 

劥俒霉⟟✫ꆄ㾩エ꣡㼆呍薗ꃑⴔ區涸䕧ㆇկ♸⢪欽♶Ꝑꛩ勞餘涸禹絡ծ蒀靶叙湱嫱㼜崨騟偽ꆄ㾩⻊
〳㖈ⴔ區Ⱘ剣熧ꃑ㛇㔙涸⻊ざ暟傞蜦䖤ⲥ烁⚂ꅾ梡䚍葻㥩涸絕卓կ⟄䖃⢪欽♶Ꝑꛩ勞餘禹絡ㄤ蒀靶叙ⴔ
區Ⱘ剣熧ꃑ㛇㔙涸⻊ざ暟傞꨽銳ꅷ》䫈ⵖꆄ㾩エ꣡涸㢅椚罜 Nexera XS inert ♸ Shim-pack Scepter C18
偽ꆄ㾩蒀靶叙絕ざ⢪欽た偽꨽鵳遤ꆄ㾩䫈ⵖ㢅椚⽰〳㹊梡넞⾝併䏞ծ넞礵䏞ⴔ區կ 
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⢪欽欰暟䟘䚍巊湱霉⟟ mRNA 氋蕐ⴔ區倰岁ꅾ㢕䚍♸婎殆ꆀ 
 

䶰 銳劥俒⢪欽䀙峸欰暟䟘䚍巊湱蒀靶禹絡 Nexera XS inert 絕ざ导ぢ猌㶩❜䰃蒀靶岁䒊用 mRNA 氋蕐唬
崵倰岁կ鸑鵂㼆 mRNA 氋蕐ⴔ區倰呩ꅾ㢕䚍♸婎殆ꆀ鵳遤罌㻋낉霆䖤ⴀ霪倰岁偽꨽鵳遤エ꣡껒ㄤ♸ꆄ
㾩䫈ⵖ⽰〳蜦䖤〳ꬑծ珘㹁涸唬崵絕卓匧㣐玐䏞蒜紨呋ㅷ嶊署ꆀծ䲿넞唬崵佪桧կ 
 

Ⱒꝶ霒欰暟䟘䚍巊湱  mRNA 氋蕐  ꅾ㢕䚍  婎殆ꆀ 
 

䪮助暵挿 
 偽꨽エ꣡껒ㄤ⽰〳蜦䖤ꅾ㢕䚍鳅㥩涸唬崵絕卓կ 
 霪禹絡偽ꆄ㾩！騟〳剣佪䫈ⵖ mRNA 氋蕐ꆄ㾩エ꣡Ⲹ㼱禹絡婎殆կ 
 

mRNA 氋蕐僽㛇✵ꬶ挿䧴䫒⾲涸鷥䭊罜㼆 mRNA 鵳遤綘瀦䎇鸑鵂暵㹁鷻鷐禹絡㥵 LNP鵳Ⰶ絈脅
餘ⰻ㖈絈脅ⰻ❡欰暵㹁涸跗涯暟餘㖈絈脅ⰻ䧴ⴔ屲ⵌ絈脅㢪たⵞ慨⯝氋禹絡❡欰⯝氋导䎾կ荈 1996
䎃䒓㾝껷⚡ mRNA 胅泿氋蕐䎾欽灇瑕たmRNA 氋蕐涸灇〄ꥥ满⼕蚋䪮助涸〄㾝罜♶倗帿Ⰶկ2020 䎃ⴀ梡
倝ⱟ氋䞔mRNA 氋蕐刿僽鄄䲀副欰暟⼕蚋곭㚖涸灇〄掚惐կ㖈 mRNA 氋蕐涸灇瑕务巊湱僽䌢欽涸唬崵
ⴔ區䩛媯կ歋✵絕匬劥魧ゎ剣涸熧ꃑ㛇㔙⢪欽䌢錞巊湱ⴔ區ꬋ䌢㺂僒♸ꆄ㾩！騟❡欰エ꣡鸣䧭ꅾ㢕䚍
䊵ծ婎殆ꆀ넞ծ偽岁ⲥ烁㹁ꆀⴔ區瘝꡼곿կ㔔姼鍒Ɀエ꣡梡韌ծ蜦䖤珘㹁絕卓䧭⚹ mRNA 氋蕐巊湱ⴔ
區务涸瑲灶ꅾ挿կ 

湡⵸⚹䎾㼆霪고ꦼ挿㢴侨㹊낉唬崵⵸⢪欽넞崽䏞 mRNA 氋蕐呋ㅷ鵶絯㢴ꛏ鵳呋㼆！騟エ꣡껒
ㄤ㢅椚䖉油꬗獤珘㹁たⱄ鵳遤姻䒭侨研ꅷ꧋〥㢪鵳呋ꛏ㢅涸婎殆鵮꨽銳괄㢪罌㻋ㄤ⠏⻊կꅷ欽鵯
猫䌢錞䎾㼆倰岁傁嵠餩棇餥涸 mRNA 氋蕐呋ㅷ⿶署傞䎇⚂鵳呋ꛏ涸婎殆䱽ⵖ⛲䎇♶椚䟝կ 

䀙峸欰暟䟘䚍巊湱 Nexera XS inert 禹絡ꅷ欽偽ꆄ㾩呋ㅷ崨騟㖈罣넞⾓涸ず傞Ⱘ剣⠏䒗涸䫒エ꣡
腊⸂կ〳 鍒Ɀ mRNA 氋蕐巊湱ⴔ區务エ꣡婎殆瘝ꦼ挿劥㹊낉⢪欽霪㤛禹絡䒓〄 mRNA 氋蕐唬崵ⴔ區倰岁
偽꨽껒ㄤエ꣡ծ괄㢪幡峤⽰〳蜦䖤珘㹁ծ넞佪ծ⡛婎殆唬崵絕卓կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼  
䀙峸欰暟䟘䚍巊湱 Nexera XS inert 禹絡 ꂁ縨⥌䜂㥵♴ 

禹 絡 䱽 ⵖ 㐼 CBM-40A 膴 孞 劼 DGU-405 

鳕 巊 岹 LC-40D XSi×2 叙 庛 盲 CTO-40C 

荈 ⸓ 鵳 呋 㐼 SIL-40C XSi 唬 崵 㐼 SPD-M40 

蒀 靶 䊨 ⡲ 畀 Labsolutions Ver. 5.113   

1.2 ⴔ區勵⟝ 
巊湱蒀靶勵⟝ 
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蒀 靶 叙 DNAPacTMRP100 mm x 2.1 mmI.D., 4 μm 

崨 ⸓ 湱 A-0.1 moL/L ♲⛩㛇⛩ꃑꜽ䒗⚋ꃫ900:22.5, v:v 
B-0.1 moL/L ♲⛩㛇⛩ꃑꜽ⛩臟䒗⚋ꃫ600:200:20, v:v:v 

崨 鸟 0.2 mL/min 

叙 庛 60˫ 鵳 呋 ⡤ 獤 10 μL 

峤 膴 倰 䒭 唑䏞峤膴B 湱饰映崽䏞⚹ 29%傞ꢂ玐䎸㥵邍 1 䨾爙կ 

 邍 1. 唑䏞峤膴傞ꢂ玐䎸 

傞ꢂ(min) ⽀⯋ 㢅椚ㄐ⟁ ⧩ 

5.00 岹 B Conc 29 
5.10 岹 B Conc 42 

18.00 岹 B Conc 42 
18.10 岹 B Conc 100 
21.00 岹 B Conc 100 
21.10 岹 B Conc 29 
30.00 䱽ⵖ㐼 STOP  

1.3 呋ㅷ⵸㢅椚倰岁 
獴》 mRNA 氋蕐⣘霚ㅷ 10 μL縨 1 mL 猌䗱！务⸈偽呍ꃑꃍ宐 490 μL幊⺣䖉崵կ 
 

2. 絕卓♸雭雿 
2.1 mRNA氋蕐Ⱙ㘗蒀靶㕃 

⢪欽副鶣巊湱勵⟝㼆羟 mRNA 氋蕐鵳遤唬崵ⴔ區䨾䖤蒀靶㕃錛㕃 1կ 

 
㕃 1 羟 mRNA 氋蕐蒀靶㕃30 μg/mL 

2.2 ꅾ㢕䚍 
⢪欽 Nexera XS inert 禹絡㼆羟 mRNA 氋蕐⣘霚ㅷ偽껒ㄤ乼⡲湬䱹䎂遤鵳呋Ⱉ妃鵳遤ꅾ㢕䚍罌㻋

㹊낉絕卓錛邍 2կ 

  

5.0 7.5 10.0 min

0.0

1.0

2.0

3.0

4.0

5.0
mAU(x100)
260nm,4nm 
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邍 2. 羟 mRNA 氋蕐 HPLC ꅾ㢕䚍ⴔ區絕卓n=6 

# ⥂殆傞ꢂmin 油넞 油꬗獤 

1 7.33 492,149 2,515,237 

2 7.32 492,878 2,519,795 

3 7.32 496,326 2,510,582 

4 7.32 495,672 2,512,371 

5 7.31 494,967 2,474,948 

6 7.32 508,743 2,560,677 

RSD% 0.08 1.22 1.09 

2.2 ꅾ㢕䚍 
ⴔⵆ⢪欽䌢錞巊湱♸欰暟䟘䚍巊湱鵶絯ⴔ區羟 mRNA 氋蕐呋ㅷ 7 ꛏたⱄ鵶絯ⴔ區 3 ꛏ瑟涯很⵫➢

罜霉⠮⚙㤛禹絡羟 mRNA 氋蕐婎殆ꆀկ㹊낉絕卓䖤ⴀ䌢錞巊湱䨾䖤♲ꛏ很⵫瑟涯婎殆ꆀ⣜妃⚹ 1.16%ծ
0.70%ծ0.50%欰暟䟘䚍巊湱䨾䖤♲ꛏ很⵫瑟涯婎殆ꆀ⣜妃⚹ 0.69%ծ0.43%ծ0.28%㖲㼭✵ 1%湱嫱
兜鸑巊湱〳蜦䖤刿⡛婎殆ꆀ忘駈 mRNA 氋蕐㹁ꆀⴔ區꨽宠կ歋姼〳錛䀙峸欰暟䟘䚍巊湱禹絡⢪欽偽ꆄ
㾩崨騟禹絡〳䫈ⵖꆄ㾩エ꣡կ 

 
㕃 2. 羟 mRNA 氋蕐婎殆ꆀ罌㻋絕卓䌢錞巊湱 

 

 
㕃 3. 羟 mRNA 氋蕐婎殆ꆀ罌㻋絕卓欰暟䟘䚍巊湱 
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㕃 4 羟 mRNA 氋蕐婎殆ꆀ罌㻋蒀靶㕃 
 

3. 絕雿 

㹊낉⢪欽䀙峸 Nexera XS inert 欰暟䟘䚍馄넞佪巊湱䒊用 mRNA 氋蕐呋ㅷⴔ區倰岁կ鸑鵂罌㻋ꅾ㢕䚍♸
婎殆ꆀ〳濼霪禹絡㖈偽곫껒ㄤ㢅椚湬䱹鵳呋ⴔ區た湡叻暟⥂殆傞ꢂծ油꬗獤 RSD%ⴔⵆ⚹ 0.08%ծ
1.09%唬崵模䧭た偽괄㢪婎殆㢅椚♲ꛏ瑟涯很⵫涸婎殆ꆀⴔⵆ⚹ 0.69%ծ0.43%ծ0.28%կ䨾䖤絕卓
忘駈 mRNA 氋蕐ꅾ㢕䚍♸婎殆ꆀ唬崵꨽宠կ 

 

5.0 10.0 15.0 min
-1000

0

1000

2000

3000

4000

5000
uV

5.0 10.0 15.0 min
-1000

0

1000
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3000
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5000
uV

0.00%

0.20%

0.40%

0.60%

0.80%

1.00%

1.20%

1.40%

痦♧ꛏ 痦✳ꛏ 痦♲ꛏ

䌢錞巊湱

䟘䚍巊湱

䌢錞巊湱 䟘䚍巊湱 婎殆㼆嫱 

痦 1 ꛏ瑟涯 

痦 2 ꛏ瑟涯 

痦 3 ꛏ瑟涯 

痦 1 ꛏ瑟涯 

痦 2 ꛏ瑟涯 

痦 3 ꛏ瑟涯 
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欰暟Ⱟ㺂巊湱欽✵ mRNA 氋蕐紱䏞ⴔ區 
 

䶰 銳劥俒ⵄ欽䀙峸欰暟Ⱟ㺂巊湱蒀靶禹絡Nexera Bioㄤ导湱蒀靶岁䒊用✫ mRNA 氋蕐⾲俱紱䏞ⴔ
區倰岁կmRNA ⚺油♸练餘ⴔ猌䏞葻㥩倰岁皍⽀ծ珘㹁ծ〳ꬑ〳⣘湱Ⱒ遤⚌⿬罌կ 
 

Ⱒꝶ霒 欰暟Ⱟ㺂巊湱禹絡  mRNA  紱䏞  练餘 

 
⠛絡抣崞䧴Ⲹ嫫崞氋蕐欰❡ワ劍Ɤ,⚂歋✵氻嫫♶倗〄欰䫒⾲怓獴䧴䫒⾲鲮」,䌢㼋荝欰❡欽涸氋蕐吳

ㄤ崨遤吳邍꬗䫒⾲♶湱⼐ꂁ,㔔姼氋蕐剣佪䚍儑衼꣭⡛կ鵛❈䎃勻㛇㔔䊨玐䪮助ㄤぐ猫鷻鷐禹絡涸䒓〄⢪䖤
呍ꃑ氋蕐䖤ⵌ✫䖎㥩涸〄㾝կmRNA 氋蕐Ⱘ剣灇〄ワ劍瀊ծ欰❡䊨蒌皍⽀ծ㸝Ⰼ䚍葻㥩瘝暵挿կ 

mRNA 氋蕐涸欰❡鵂玐♧菚⺫䭍 DNA 餘磜涸ⵖ㢊ծ⡤㢪鲮䔶ㄤ鷻鷐禹絡鄳鲿瘝♲⚡⚺銳鵂玐կⰦ务
⡤㢪鲮䔶⟄Ꝇ朐 DNA ⚹垷匣呍薗ꃑ⚹䏀暟RNA 翸ざꃍ⿬♸鲮䔶䖤ⵌ涸 mRNA䎇㼜 DNA ⿺Ⱖ➭暟
餘応ꤑ䖤ⵌ紱䏞鳅넞涸⾲俱 mRNAկ溶剣湱Ⱒ灇瑕邍僈mRNA 氋蕐♶葻导䎾〄欰嫱⢾僈儑넞✵抣崞氋
蕐㔔姼剣䗳銳⸈䔂⾲俱 mRNA 餘ꆀ䱽ⵖկ紱䏞僽⾲俱 mRNA 餘ꆀ䱽ⵖ涸Ⱒꝶ㾩䚍կ 

劥俒ꅷ欽䀙峸欰暟Ⱟ㺂巊湱蒀靶禹絡Nexera Bio㼆 mRNA ⾲俱紱䏞鵳遤ⴔ區䎇㼆✵Ⱖ务涸练餘
油鵳遤✫㹁䚍霋ⵆկ霪倰岁皍⽀ծ〳ꬑ⣘湱Ⱒ唬崵➃プ⿬罌կ 
 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼  
劥㹊낉ꅷ欽䀙峸欰暟Ⱟ㺂巊湱蒀靶禹絡Nexera BioկⰨ⡤ꂁ縨⚹ 

禹 絡 䱽 ⵖ 㐼 CBM-20A 膴 孞 劼 DGU-20A 5R 
鳕 巊 岹 LC-20AD XR 荈 ⸓ 鵳 呋 㐼 SIL-20A XR 
叙 庛 盲 CTO-20AC 唬 崵 㐼 SPD-M20A 
蒀 靶 䊨 ⡲ 畀 LabSolutions Ver. 5.98 

1.2 ⴔ區勵⟝ 
巊湱蒀靶勵⟝ 

蒀 靶 叙 SHIMSEN Ankylo C18-300S, 100 mm×2.1 mm I.D.3 μmP/N:380-
01202-73䀙峸副嵳㹊낉㐼勞剣ꣳⰖ尽 

崨 ⸓ 湱 A-0.1M ♲⛩腂-ꃲꃑ很巊(pH=7.0)B-A:⛩臟=3:1 
崨 鸟 0.2 mL/min 叙 庛 55˫ 
鵳 呋 ꆀ 2 µL 峤 膴 倰 䒭 唑䏞峤膴20% B 湱錛邍 1 
峤 ꛏ 垷 䒭 R0,R3 㖲⚹歌ꃫ/⛩臟/䒗⚋ꃫ/宐1:1:1:1⸈ 1%FA 

 
邍 1. 唑䏞峤膴傞ꢂ玐䎸 

Time(min) Module Command Value 

10.00 Pumps Pump B Conc. 70 
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17.00 Pumps Pump B Conc. 95 

20.00 Pumps Pump B Conc. 95 

21.00 Pumps Pump B Conc. 20 

25.00 Controller Stop  

1.3 呋ㅷ⵸㢅椚倰岁 
獦》鷓ꆀ呋ㅷ⟄紱宐很鍒ꂁⵖ崽䏞⚹ 1 pM 很巊䖉崵կ 
 

2. 絕卓♸雭雿 
2.1 瑟涯很⵫蒀靶㕃 

㼜紱宐鵳遤ⴔ區蒀靶㕃儑爙㛇絁偽䎁䪓油կ 

 
㕃 1 瑟涯很⵫ 

2.2 Sample1呋ㅷ紱䏞ⴔ區 
sample1 务⚺䧭ⴔ僽紨 4kb mRNAⴔ㶩ꆀ紨 1300k Da㖈副鶣ⴔ區勵⟝♴⚺油⥂殆傞ꢂ 8.085 min

练餘油 1 㖈⚺油⛓⵸ⴀ油⥂殆傞ꢂ 6.773 minկ呏研꬗獤䔱♧岁雦皾sample1 紱䏞 99.831%կ㥵♴㕃 2
䨾爙紱䏞侨研㥵邍 2 䨾爙  

  
㕃 2 Sample1 蒀靶㕃 

邍 2. Sample1 油邍 

ID ⥂殆傞ꢂ ꬗獤 ꬗獤% 
1 6.773 38073 0.169 
2 8.085 22455533 99.831 

 

2.3 Sample2呋ㅷ紱䏞ⴔ區 
Sample2 僽㖈 sample1 㛇炄副⸈Ⰶ♧㹁崽䏞涸垷匣 DNA⟄⿺ BSA 跗涯կ㥵♴㕃 3 䨾爙ꤑ⚺油㢪

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 min

0.0

2.5

5.0

7.5

10.0

mAU
260nm,4nm 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 min

0

250

500

750

1000

1250

1500

mAU
260nm,4nm 

1

2

5.0 7.5 10.0 12.5 15.0 min
0

5

10

mAU
260nm,4nm 

1

2
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〳錜崵ⵌ 4 ⚡练餘油练餘油꬗獤紱䏞嫱⢾㥵♴邍 3 䨾爙կ呏研꬗獤䔱♧岁雦皾sample2 涸紱䏞 93.533%կ 

 
㕃 3 Sample2 ⴔ猌蒀靶㕃 

邍 3. Sample2 油邍 

ID ⥂殆傞ꢂ ꬗獤 ꬗獤% 
1 5.982 43168 0.165 
2 6.782 40232 0.153 
3 8.098 24528677 93.533 
4 11.573 1090 0.004 
5 12.173 1611596 6.145 

 

2.4 Sample2 ꅾ㢕䚍㹊낉 
Sample2 ꅾ㢕鵳呋 3 妃⥂殆傞ꢂ⿺꬗獤ꅾ㢕䚍㥵♴㕃 4 ㄤ邍 4 䨾爙⚺油⿺练餘油涸⥂殆傞ꢂ

RSD<0.07%,꬗獤 RSD<1.7%珘㹁䚍葻㥩կ 

 
㕃 4 ⴔ猌蒀靶㕃 

邍 4 Sample2 ꅾ㢕䚍ⴔ區絕卓n=2 

ぜ獦 ⥂殆傞ꢂ RSD% ꬗獤 RSD% 
1 0.06 1.02 
2 0.03 0.92 
3 0.06 1.67 
4 0.05 1.22 
5 0.02 1.69 

 

2.5 Sample2勇餘㹁䚍 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 min

0

250

500

750

1000

1250

1500

mAU
260nm,4nm 

1 2

3

4 5

4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 min

0.0

0.5

1.0

1.5

(x10,000)

5.0 7.5 10.0 12.5 15.0 min

5.0

7.5

10.0

mAU
260nm,4nm 

1

2

3

4
5

1 
2 3 4 5 
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⚹✫烁雩练餘涸絆䧭ⵖ㢊✫鲮䔶鵂玐⾲俱ծ鳇俱呋ㅷ⺫䭍垷匣 DNAdsRNADnaseI ⟄⿺氻嫫跗
涯瘝鸑鵂⥂殆傞ꢂ烁雩练餘油 5 〳腊⚹ dsRNAծDNA Ⱏ很ⴀ涸蒀靶油կdsRNADNA 呋ㅷず瘝勵⟝♴
涸蒀靶㕃㥵㕃 5 䨾爙կ 

 
㕃 5 sample2 ♸ dsRNADNA ⽀叻㼆嫱㕃ch=260nm 

 

3. 絕雿 

劥㹊낉䒊用✫♧猫⢪欽䀙峸欰暟Ⱟ㺂巊湱禹絡Nexera Bio絕ざ SHIMEN Ankylo C18-300S 蒀靶叙鵳
遤㣐ⴔ㶩呍ꃑ呋ㅷ涸紱䏞ⴔ區倰岁կ瑟涯很⵫偽䎁䪓导湱勵⟝♴mRNA ♸ DNAծdsRNA ⴔ猌葻㥩կ倰
岁皍⽀鷓欽✵ mRNA 氋蕐⾲俱涸餘ꆀ䱽ⵖկ 

  

5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0min

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00
(x100,000)

PDA Ch1 260nm,4nm newTEAA_DNA409_2021827_004.lcd
PDA Ch1 260nm,4nm newTEAA_sample2_2021827_016.lcd
PDA Ch1 260nm,4nm newTEAA_dsRNA_2021827_006.lcd

DNA 

Peak5（sample2） 

dsRNA 



 

79 
 

䪊䲽确ꛏ儑䗎Ꞥ(SPM)邍䖄 mRNA 氋蕐呋ㅷ涸邍꬗䕎頗 
 

䶰 銳mRNA 氋蕐僽㼜ゎ剣綘瀦䫒⾲跗涯涸 mRNA 㼋Ⰶ➃⡤湬䱹鵳遤缺霖䕎䧭湱䎾涸䫒⾲跗涯➢罜霶
㼋劼⡤❡欰暵䒗䚍⯝氋䎾瘷鴪ⵌ곫꣈⯝氋涸⡲欽կ歋✵ⰦⰨ剣䘯鸟灇〄ծ䘯鸟ⵖ㢊ծ䭯絯傞ꢂꟋ⿺㸝Ⰼ䚍
ㄤ剣佪䚍㥩涸⠏挿「ⵌ✫猰灇䊨⡲罏涸ꅾ挿Ⱒ岤կ劥俒ꅷ欽䀙峸䪊䲽确ꛏ儑䗎ꞤSPM䪮助㼆 mRNA 氋
蕐呋ㅷ涸邍꬗䕎頗鵳遤邍䖄➢罜⚹ mRNA 氋蕐ⵖ㢊鵂玐涸⠏⻊䲿⣘✫♧㹁涸侨研佅䭯կ 
 

Ⱒꝶ霒䪊䲽确ꛏ儑䗎Ꞥ SPM  mRNA 氋蕐  邍꬗䕎頗 
 

倝ⱟ氻嫫肽拧荈旘〄⟄勻鵯㖞Ⰼ椕䚍涸㣐拇ꦼ暵㣐氋䞔䷎嫈✫䖎㢴㹻㔩㣫饥✫㣐ꆀ欰ㄐ佖」
✫➃⼜涸ⴀ遤ㄤ欰崞倰䒭կ鵛劍倝ⱟ氻嫫⽂ꬋ」猫ˋˋ㤵㺙⯘䧫刿僽勻⸷寷寷կⰌ⚆歲涸猰㷖㹻⼜⚹✫䫻
䖵鵯妃倝ⱟ氋䞔灇瑕ⴀ✫ぐ猫䪮助騟絁涸倝ⱟ氋蕐⺫䭍抣崞氋蕐ծ艑氻嫫鲿⡤氋蕐⟄⿺ mRNA 氋蕐կ
Ⱖ务歋✵ mRNA 氋蕐 Ⱘ剣ⵖ鸣倰⤑ծ灇瑕鴽鸟ծ㸝Ⰼ䚍ㄤ剣佪䚍㥩ծ䭯絯傞ꢂꟋ瘝暵挿♧湬㢊「猰㷖
㹻⼜澏湡㕂ⰻ㢪ぐ㣐蚋⟱⛲㖈獤匧鵳遤倝ⱟ mRNA 氋蕐涸灇瑕䎇》䖤✫鳅㣐鵳㾝կ 

劥俒⦶⸔䪊䲽确ꛏ儑䗎ꞤSPM錜崵✫ mRNA 氋蕐呋ㅷ涸邍꬗䕎頗⚹ mRNA 氋蕐ⵖ㢊鵂玐涸⠏⻊
䲿⣘✫♧㹁涸侨研佅䭯կ 

 

1. 㹊낉鿈ⴔ                
1.1⟉㐼 

䀙峸䪊䲽确ꛏ儑䗎Ꞥ SPM-9700HT 

 
㕃 1. 䪊䲽确ꛏ儑䗎Ꞥ SPM-9700HT 

1.2 ⴔ區勵⟝ 

⸆ 腊 垷 䒭 ⸓䙖垷䒭 确 ꛏ 䔀䚍禹侨 9 N/m 

⫸ 稇 512 x 512 䪊 䲽 梠 㞯 㣐孞梠㞯 

䪊 䲽 薴 㔵 0.4 μm x 0.4 μm    
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1.3 呋ㅷ 

 
㕃 2. mRNA 氋蕐呋ㅷ 

1.4 崵霚鵂玐 
1㼜✻嫢晙欽⿽꬗脸㔿㹁㖈♶Ꝑꛩ䩯副䎇欽脸䌄丘⿡✻嫢晙涸邍㽻䖉欽 
2欽⿡ꃍ宐㼜 mRNA 氋蕐呋ㅷ獺ꅺ 10 ⦔た诱㖈✻嫢晙副䎇꫽縨 10min 
3欽鷓ꆀ涸⿡ꃍ宐Ȿ峤副鶣呋ㅷ侨妃䎇欽孿孞鲽オ呋ㅷ⟄⿡ꤑ呋ㅷ邍꬗涸宐ⴔ 
4㼜副鶣㢅椚涸呋ㅷⱄ妃꫽縨 10min たꅷ欽䪊䲽确ꛏ儑䗎Ꞥ SPM-9700HT 鵳遤崵霚կ 
 

2. 絕卓♸雭雿 
ꥥ劼鷥》䨾ⵖ㢊涸 mRNA 氋蕐呋ㅷ涸羟♧⼓㚖鵳遤邍꬗䕎頗䪊䲽崵霚⯓➢㣐薴㔵䒓映䪊䲽㼊䪪呋ㅷ

䪪ⵌ湡叻呋ㅷた鷶幯綫㼭崵霚薴㔵荛ざ鷓㣐㼭姼傞䪊䲽薴㔵⚹ 0.4 μm x 0.4 μm錛㕃 3կ歋邍꬗䕎頗
㕃〳⟄錜㻋ⵌ mRNA 氋蕐呋ㅷ涸絕匬Ⱖ务괃蒀鳅冝涸⼓㚖邍爙넞䏞鳅⡛괃蒀鳅❭涸⼓㚖邍爙넞䏞鳅
넞կ䕎頗㕃务ⶆ꬗絁 AB 副涸㺈䏞⥌䜂〳湬錜㖑靀》呋ㅷ涸湬䖈紨 114 nmկ 

 
㕃 3. mRNA 氋蕐呋ㅷ涸邍꬗䕎頗⟄⿺ⶆ꬗ⴔ區 

⚹✫刿⸈幡兠ծ湬錜㖑导僥霪 mRNA 氋蕐呋ㅷ涸邍꬗䕎頗⥌䜂㼜副鶣蜦》涸呋ㅷ✳絶䕎頗㕃鲮䰃䧭
♲絶䕎頗㕃錛㕃 4Ⱖ务넞䏞⧩➢⡛ⵌ넞⣜妃歋覰蒀ծ랕蒀ㄤ紤蒀邍爙կ 
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㕃 4. mRNA 氋蕐呋ㅷ涸 3D 䕎頗 

 

3. 䚪絕 
⢪欽䀙峸䪊䲽确ꛏ儑䗎ꞤSPM䪮助崵㹁✫ mRNA 氋蕐呋ㅷ涸邍꬗䕎頗䎇⢪欽⟉㐼荈䌄涸鲱⟝

♧ꝶ㼜Ⱖ鲮䰃䧭✫刿⸈幡兠ծ湬錜涸♲絶䕎頗㕃霪侨研㼆 mRNA 氋蕐呋ㅷⵖ㢊鵂玐涸⠏⻊Ⱘ剣♧㹁䭷㼋
ㄤ⿬罌䠑⛐կ 
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欰暟䟘䚍巊湱蒀靶ⴔ區♲猫匬㘗涸餘磜呋ㅷ 
 

䶰 銳劥俒⢪欽欰暟䟘䚍巊湱蒀靶⟉ⴔ區餘磜♲猫匬㘗կ鸑鵂⠏⻊蒀靶叙庛䏞⢪ 3 猫朐䙖餘磜ⴔ猌䏞㖲
㣐✵ 1.5㹊梡模Ⰼⴔ猌կ餘磜呋ㅷꅾ㢕ⴔ區 6 妃⥂殆傞ꢂ RSD 㼭✵ 0.1%油꬗獤 RSD 㼭✵ 1.80%ꅾ
㢕䚍絕卓⢕կ姼倰岁鷓欽✵餘磜呋ㅷ涸ⴔ區կ 

 

Ⱒꝶ霒欰暟䟘䚍巊湱蒀靶  餘磜  ⴔ猌䏞  ꅾ㢕䚍 
 

䪮助暵挿 
 鸑鵂蒀靶叙庛䏞⠏⻊⢪ 3 猫朐䙖餘磜ⴔ猌䏞㣐✵ 1.5㹊梡㛇絁ⴔ猌կ  
 ⢪欽䟘䚍巊湱蒀靶⟉ⴔ區餘磜呋ㅷ⢪呋ㅷ㖈⟉㐼务偽婎殆⥂殆傞ꢂㄤ油꬗獤ꅾ㢕䚍㖲⢕կ 
 

餘磜僽㶸㖈✵絈脅餘务涸♧碫杝用✵厩蒀⡤涸麰⠛㔔㶩絟㣐鿈ⴔ⚹DNAկⰦ〳⟄鵳遤荈⚺㢕ⵖ䎇
腊㖈絈脅ⴔ鄬傞䛎㹁涸⠛絛㶩去絈脅կ䨾⟄餘磜⡲⚹皍⽀僒乼⡲涸㛇㔔鲿⡤䎛岌欽✵㛇㔔絈脅屛毫ㄤ呍
ꃑ蚋暟곭㚖կ 

叻ⲥ涸餘磜DNAⰨ剣3猫㛇劥匬㘗馄轠偒(Supercoiled皍獦SC)ծ絁䚍(Linear)ㄤ䒓梠(Opencircular
皍獦OC)կⰦ务馄轠偒鄄雩⚹僽♧猫腊㢿剒剣佪㖑䲿넞鲮厩佪桧ㄤ湡涸㛇㔔邍鴪ꆀ涸餘磜䕎䙖կ㖈㛇㔔屛毫
涸灇瑕务刿僽㼆蚋欽餘磜涸馄轠偒ゎꆀ⨞✫僈烁銳宠(FDA:>80%NMPA:90%SMPA:>85%)կ䨾⟄䖎剣
䗳銳㼜♲猫餘磜ⴔ猌䎇㼆Ⱖゎꆀ鵳遤烁㹁կ 

餘磜⚹ゎ熧ꃑ㛇㔙涸DNA僒㖈䌢錞巊湱蒀靶⟉务婎殆➢罜䕧ㆇⴔ區涸ꅾ㢕䚍կ劥俒ꅷ欽欰暟䟘䚍巊
湱蒀靶⟉ⴔ區餘磜呋ㅷ⿡ꤑ✫餘磜呋ㅷ㖈⟉㐼务涸婎殆կず傞鸑鵂倰岁⠏⻊㼜♲猫匬㘗餘磜模Ⰼⴔ猌
姼倰岁嫱䌢錞涸歏岷岁剣刿넞涸ⴔ鳹桧ㄤꅾ㢕䚍կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 

欰暟䟘䚍馄넞佪巊湱蒀靶⟉Ⱘ⡤ꂁ縨⥌䜂㥵♴ 
禹 絡 䱽 ⵖ 㐼 CBM-40 膴 孞 劼 DGU-405 
鳕 巊 岹 LC-40D XSi×2 荈 ⸓ 鵳 呋 㐼 SIL-40C XSi 
叙 庛 盲 CTO-40C 唬 崵 㐼 SPD-M40 

蒀 靶 䊨 ⡲ 畀 LabSolutions Ver. 5.114 

1.2 ⴔ區勵⟝  
蒀 靶 叙 SHIMSEN Ankylo SAX-PM 150×4.6 mm I.D., 5 μm, 䀙峸副嵳㹊낉㐼

勞剣ꣳⰖ尽P/N380-01215-64 
崨 ⸓ 湱 A 湱-20mM Tris-HCl(pH=8.5)B 湱-1M NaCl in20mM Tris-HCl(pH=8.5) 
鵳 呋 ⡤ 獤 10 μL 崨 鸟 1 mL/min  
叙 庛 25˫ 岚 Ɤ 260 nm 
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峤 膴 倰 䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹ 60%傞ꢂ玐䎸錛邍 1կ 

邍 1. 唑䏞峤膴玐䎸 

 

 

 

 

2絕卓♸雭雿 
2.1 ⴔ猌䏞⠏⻊ 

餘磜剣♲猫朐䙖ⴔⵆ⚹馄轠偒ծ䒓梠ㄤ絁䚍㖈烁㹁✫崨⸓湱ㄤ蒀靶叙勵⟝た鸑鵂靈侮蒀靶叙庛
䏞㼆ⴔ猌䏞鵳遤⠏⻊կ蒀靶叙庛䏞⚹ 40ծ30 ㄤ 25˫傞ꅷ꧋䖤ⵌ涸蒀靶㕃㥵㕃 1 䨾爙ⴔ猌䏞絕卓㥵邍 2
䨾爙կ絕卓邍僈ꥥ满蒀靶叙庛䏞涸꣭⡛ⴔ猌䏞䲿넞կ庛䏞⚹ 25˫傞ⴔ猌䏞㖲㣐✵ 1.5㹊梡模Ⰼⴔ
猌կ烁雩剒絊蒀靶叙庛䏞⚹ 25˫կ 

 

 

 
㕃 1. ♶ず蒀靶叙庛䏞♴涸蒀靶㕃 

  

4.5 5.0 5.5 6.0 6.5 7.0 7.5 min

0.0

2.5

5.0

7.5

mAU (x10)
260nm,4nm 

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 min

0.0

1.0

2.0

3.0

4.0
mAU (x10)

260nm,4nm 

Time(min) Module Command Value 

10.00 Pumps Pump B Conc. 90 
10.01 Pumps Pump B Conc. 60 

15 Control Stop  

5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 min

0.00

0.25

0.50

0.75

1.00

1.25

mAU(x100)
260nm,4nm 

䒓梠餘磜 

馄轠偒
餘磜 

絁䚍餘磜 

40˫ 

30˫ 

25˫ 
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邍 2. ♶ず蒀靶叙庛䏞♴♲猫餘磜涸ⴔ猌䏞 

蒀靶叙庛䏞 
ⴔ猌䏞 

䒓梠餘磜 馄轠偒餘磜 絁䚍餘磜 

40˫ / 2.098 0.194 

30˫ / 2.381 1.362 

25˫ / 2.563 1.668 

2.2 ꅾ㢕䚍㹊낉絕卓 
餘磜絕匬务ゎ熧ꃑ㛇㔙僒㖈䌢錞巊湱蒀靶务婎殆➢罜䕧ㆇ油꬗獤ꅾ㢕䚍կ劥㹊낉ꅷ欽䟘䚍巊湱蒀

靶㼜 3 猫朐䙖餘磜ꅾ㢕ⴔ區 6 妃罌㻋倰岁ꅾ㢕䚍կ絕卓儑爙⥂殆傞ꢂ RSD 㼭✵ 0.09%油꬗獤 RSD
㼭✵ 1.72%ꅾ㢕䚍絕卓葻㥩կ 

 
㕃 2. ♲猫朐䙖餘磜ꅾ㢕ⴔ區蒀靶㕃嫱鳅n=6 

邍 3. ♲猫朐䙖餘磜ꅾ㢕䚍㹊낉絕卓n=6 

餘磜朐䙖 ⥂殆傞ꢂ RSD(%) 油꬗獤 RSD(%) 
䒓梠餘磜 0.08 1.72 

馄轠偒餘磜 0.09 1.10 
絁䚍餘磜 0.09 0.69 

3絕雿 
劥俒⢪欽欰暟䟘䚍巊湱蒀靶⟉ⴔ區餘磜呋ㅷ〄梡庛䏞㼆 3 猫♶ず匬㘗餘磜涸ⴔ猌䕧ㆇ僈儑鸑鵂靈

侮庛䏞〳⟄㹊梡 3 猫匬㘗涸ⴔ猌䏞㖲㣐✵ 1.5կ餘磜㖈䟘䚍巊湱务偽婎殆姼傞⥂殆傞ꢂㄤ油꬗獤ꅾ㢕䚍
絕卓㖲⢕կ姼倰岁鷓欽✵餘磜呋ㅷ涸♲猫匬㘗ⴔ區կ 
 

2.5 5.0 7.5 min

0.0

0.5

1.0

1.5

2.0

2.5

uV(x100,000)
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㔋ծ呍ꃑ蚋暟鷻鷐禹絡ⴔ區 
呍ꃑ蚋暟鵳Ⰶ絈脅꬗⚰⚙㣐䮋䧶♧僽呍ꃑ蚋暟鵳Ⰶ⡤ⰻ䗄梠㺂僒鄄呍ꃑꃍ꣭鍒䎇⚂⛲剣鸣䧭⯝氋⾲

䚍涸굥ꤗ〥♧⚡僽䌄餏歏⚂ⴔ㶩鳅㣐涸呍ꃑ蚋暟ꦼ⟄瑬鷳ず呋䌄餏歏涸絈脅芘鵳Ⰶ絈脅ⰻկ㔔姼呍ꃑ蚋
暟鷻鷐禹絡䎾鵘罜欰㸐〳⟄⥂䫡呍ꃑ蚋暟鼙⯝Ⱖ鄄呍ꃑꃍ꣭鍒Ⲹ㼭⯝氋⾲䚍⛲腊䌐⸔呍ꃑ蚋暟瑬鷳絈
脅芘ⵌ鴪絈脅ⰻ鿈僽呍ꃑ蚋暟㹊梡⡤ⰻ珘㹁䚍ծ㸝Ⰼ䚍ㄤ剣佪䚍涸Ⱒꝶ䪮助կ 

㻑呍ꃑ蚋暟涸鷻鷐禹絡⚺銳剣腒餘⡤紵碛鷻鷐禹絡ծⰟ鲯鵶䱹鷻鷐禹絡㼭ⴔ㶩ꂁ⡤ծ䫒⡤ㄤⰦ➭ⴔ
㶩ծ翸ざ暟㛇餘鷻鷐禹絡ㄤⰦ➭鷻鷐禹絡偽劼紵碛곾磜ծ㢪屲⡤ㄤ氻嫫鲮厩瘝կⰦ务䎾欽鳅⚹䎛岌涸僽
腒餘⡤紵碛鷻鷐禹絡ㄤ GalNAcN-⛩ꃀ⼱✌祪腂Ⱏ鲯鵶䱹鷻鷐禹絡կmRNA 氋蕐䧴蚋暟䌢欽涸鷻鷐禹絡
僽腒餘紵碛곾磜LNP⚺銳歋 PEG ⥝껑腒餘ծ胐㔿ꃫծ鳇⸔务䚍腒餘ㄤ〳猌㶩⻊腒餘䧴꣉猌㶩腒餘
㔋猫䧭ⴔ絆䧭鵯㔋猫䧭ⴔ⼸ず⡲欽䫡鷐剣佪䧭ⴔ mRNA 瑬鷳絈脅芘䎇㖈絈脅餘务剣佪㖑ꅺ佞կ㔔姼
腒餘紵碛磜务㔋猫䧭ⴔ涸涸ゎꆀ㼆⠏⻊ mRNA 蚋暟涸絛蚋倰䒭蚋佪灇瑕瘝Ⱘ剣ꅾ銳䠑⛐կ㕂㹻蚋ㅷ港漛
！椚㽷NMPA蚋ㅷ㹎霉务䗱✵ 2020 䎃 8 剢골䋒涸շ倝㘗ⱟ朐氻嫫곫꣈欽 mRNA 氋蕐蚋㷖灇瑕䪮助䭷㼋
⾲ⴭո霚遤ո䒊雳㼆鷻鷐禹絡务ぐ絆ⴔ涸ゎꆀ鵳遤唬崵կ 

劥畎➝絏✫⢪欽䀙峸巊湱蒀靶禹絡絕ざ襒〄⯕侔㼘唬崵㐼崵㹁腒餘紵碛磜务㔋猫䧭ⴔゎꆀㄤ翸ざ暟㛇
餘鷻鷐禹絡 PEI翸⛩掜千腂ゎꆀ涸ⴔ區倰岁կ腒餘ㄤ翸ざ暟鸑䌢尵剣稘㢪エ佐佦䖎鷓ざꅷ欽鸑欽㘗唬
崵㐼ˋˋ襒〄⯕侔㼘唬崵㐼鵳遤ゎꆀ崵㹁կ䀙峸襒〄⯕侔㼘㐼 ELSD-LT III Ⱘ剣넞⾝併䏞ծ㺈絁䚍薴㔵涸⠏
挿䎇⚂鵮Ⱘ㢊⸓䙖靈侮㟞渤涸⸆腊♧妃鵳呋〳ず傞ⴔ區넞崽䏞ㄤ⡛崽䏞涸⻊ざ暟乼⡲倰⤑կ 

劥畎鵮➝絏✫⢪欽 MALDI-TOF 鵳遤腒餘紵碛磜㔋猫䧭ⴔ⾲俱ⴔ㶩ꆀ崵㹁ㄤ PEG ⥝껑腒餘ⴔ㶩ꆀⴔ䋒
崵㹁ㄤ䪠ꢂ♧荝䚍霉⠮涸䎾欽呩⢾倰岁乼⡲皍⽀ծⴔ區鸟䏞䘯絕卓湬䱹〳ꬑ〳⚹腒餘䧭ⴔ⾲俱餘䱽䲿
⣘⿬罌կ    
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欰暟Ⱟ㺂巊湱 Nexera Bio 翫ざ襒〄⯕侔㼘唬崵㐼崵㹁 mRNA 鷻鷐➝

餘腒餘紵碛磜 LNP ⚥㔋猫䧭ⴔ涸ゎꆀ 
 

䶰 銳劥俒ꅷ欽䀙峸 Nexera Bio 넞佪巊湱蒀靶⟉翫ざ襒〄⯕侔㼘唬崵㐼˼䒊用✫腒餘紵碛磜 LNP 㔋猫
䧭ⴔゎꆀ崵㹁涸倰岁կ霪倰岁务LNP 㔋猫䧭ⴔ㖈 5~250 μg/mL 絁䚍薴㔵ⰻ絁䚍葻㥩湱Ⱒ禹侨㖲㣐✵
0.999կ礵㺙䏞㹊낉务10 μg/mL 㼆撑ㅷ很巊⥂殆傞ꢂ RSD <0.1%油꬗獤 RSD<3%կ㹊낉絕卓邍僈霪
倰岁腊䘯鸟ⲥ烁㖑崵㹁 LNP 㔋猫䧭ⴔ涸ゎꆀկ 

 

Ⱒꝶ霒Nexera Bio  mRNA  襒〄⯕侔㼘唬崵㐼 
 
腒餘紵碛磜 LNPLipid nanoparticle僽♧猫倝㘗涸 mRNA 蚋暟涸鷻鷐➝餘ꥥ满倝ⱟ氋蕐涸抠掚灇

ⵖ罜鴽鸟鬎紤鄄㣐㹻雩霋LNP 歋㔋猫䧭ⴔ絆䧭ⴔⵆ⚹务䚍腒餘胐㔿ꃫ翸⛩✳ꃫ⥝껑涸熧腒PEGylated 
lipid〳歏猌涸꣉猌㶩腒餘ionizable lipidsկ 

务䚍腒餘♧菚⚹껒ㄤ熧腒〳 䲿넞꣉猌㶩腒餘⡤涸湱」庛䏞佅䭯㽻朐腒餘⿽㽻絕匬涸䕎䧭䎇珘㹁Ⱖ絕
匬䱗⴩կ胐㔿ꃫ剣鳅䔂涸芘輑ざ䚍⤛鵳 mRNA 脅ⰻ䶑Ⰶㄤ脅餘鵳ⰆկPEG ⻊熧腒⡙✵腒餘紵碛磜邍꬗
佖㊤Ⱖ❵宐䚍鼙⯝鄄⯝氋禹絡䘯鸟幡ꤑ꣈姺곾磜翸꧋㟞⸈珘㹁䚍կ剒Ⱒꝶ涸鳇俱僽〳歏猌꣉猌㶩腒餘
㸐僽 mRNA 鷻鷐ㄤ鲮厩佪桧涸Ɀ㹁䚍㔔稇կ䨾⟄㹁ꆀ烁㹁 LNP 务㔋猫䧭ⴔ涸涸ゎꆀ吐㼆⠏⻊ mRNA 蚋暟
涸絛蚋倰䒭蚋佪灇瑕瘝Ⱘ剣ꅾ銳䠑⛐կ 

劥㹊낉⢪欽 Nexera Bio 넞佪巊湱蒀靶⟉翫ざ襒〄⯕侔㼘㐼˼䒊用✫ LNP 务㔋猫䧭ⴔ涸ゎꆀ崵㹁倰岁
霪倰岁ⴔ區鸟䏞䘯⾝併䏞넞կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 

欰暟Ⱟ㺂巊湱禹絡 Nexera Bioꂁ縨⥌䜂㥵♴ 
禹 絡 䱽 ⵖ 㐼 CBM-20A 荈 ⸓ 鵳 呋 㐼 SIL-20AC XR 
鳕   巊   岹 LC-20AD XR  膴   孞   劼 DGU-20A 3R 
唬 崵 㐼 ELSD-LT III 蒀 靶 䊨 ⡲ 畀 Labsolutions Ver. 5.106 

1.2 ⴔ區勵⟝ 
蒀 靶 叙 ShimNex WP C4-300150 mm×4.6 mm I.D.5µm䀙峸副嵳㹊낉㐼

勞剣ꣳⰖ尽䀙峸P/N: 380-01235-74 
崨 ⸓ 湱 A-10mmol ♲⛩腂宐很巊(⛩ꃑ靈蒜 pH=7.0) 

B-10mmol ♲⛩腂歌ꃫ很巊(⛩ꃑ靈蒜 pH=7.0) 
鵳 呋 ⡤ 獤 10 μL 叙 庛 55˫ 
崨 鸟 1.0 mL/min 唬 崵 㐼 ELSD-LT III 
怓 獴 ！ 庛 䏞 40 ˫ ꨺ ⻊ 孞 ⾓ ⸂ 360 KPa 
峤 膴 倰 䒭 唑䏞峤膴B 湱饰映崽䏞⚹ 80%傞ꢂ玐䎸㥵邍 1 䨾爙կ 
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邍 1. 唑䏞峤膴傞ꢂ玐䎸 

傞ꢂ(min) ⽀⯋ 㢅椚ㄐ⟁ ⧩ 

3.00 岹 B Conc 80 
4.00 岹 B Conc 85 
5.50 岹 B Conc 100 

12.00 岹 B Conc 100 
12.10 岹 B Conc 80 
15.00 岹 B Conc 80 

1.3 崨⸓湱ծ叻ⲥㅷ⿺⣘霚ㅷꂁⵖ 

崨⸓湱 Aⲥ烁獦》 1.01 g ♲⛩腂✵ 1000 mL 宐务幊⺣欽⛩ꃑ靈蒜 pH 荛 7.0 ⽰䖤 
崨⸓湱 Bⲥ烁獦》 1.01 g ♲⛩腂✵ 1000 mL 歌ꃫ务幊⺣欽⛩ꃑ靈蒜 pH 荛 7.0 ⽰䖤 
㼆撑ㅷ⪰㢊巊獦》叻ⲥㅷ鷓ꆀ欽歌ꃫ很鍒獺ꅺ䧭 20 mg/mL 
叻ⲥ很巊》鷓ꆀ㼆撑ㅷ⪰㢊巊欽宐獺ꅺꂁⵖ崽䏞⚹5ծ10ծ20ծ50ծ100ծ200ծ250 μg/mL 涸

叻ⲥ很巊կ 
⣘霚ㅷ很巊ⵖ㢊欽歌ꃫ㼜呋ㅷ獺ꅺ 10 ⦔幊⺣⽰䖤կ 
 

2絕卓♸雭雿 
2.1 叻ⲥ很巊蒀靶㕃 

 
㕃 1. LNP 务㔋猫䧭ⴔ㼆撑很巊蒀靶㕃50 μg/mL 
1꣉猌㶩腒餘2胐㔿ꃫ3PEG4务䚍腒餘 

2.2 吥ⲥ刼絁 
䭽 1.2 务涸ⴔ區勵⟝鵳遤崵㹁⟄崽䏞⚹埇㗂叻油꬗獤⚹紷㗂叻ꅷ欽㢪叻岁䒊用䭷侨叻ⲥ刼絁絕

卓㥵㕃 2 䨾爙㔋猫絆ⴔ㖈 5~250 μg/mL 絁䚍崽䏞薴㔵ⰻ絁䚍湱Ⱒ䚍葻㥩Ⱘ⡤絁䚍湱Ⱒ禹侨⿺ⲥ烁䏞
㥵邍 2 䨾爙կ 

   

0.0 2.5 5.0 7.5 10.0 12.5 15.0

0

250

500

750

1000

mV

1

2
3

4

0.0 2.5 Ln(浓浓)
0

10

Ln(面面)

0.0 2.5 Ln(浓浓)
0

5

10

15

Ln(面面)
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                           ꣉猌㶩腒餘                                     胐㔿ꃫ 

   
PEG                                        务䚍腒餘 

㕃 2. LNP 务㔋猫絆ⴔ吥ⲥ刼絁 
邍 2 吥ⲥ刼絁ծ絁䚍湱Ⱒ禹侨⿺ⲥ烁䏞絕卓邍 

⻊ざ暟ぜ獦 叻ⲥ刼絁 湱Ⱒ禹侨 r ⲥ烁䏞% 

꣉猌㶩腒餘 lgY = 1.25165lgX+10.5328 0.9998 96.3~102.5 

胐㔿ꃫ lgY = 1.43447lgX+8.87104 0.9995 95.2~105.8 

PEG lgY = 1.47742lgX+9.22230 0.9994 96.8~108.0 

务䚍腒餘 lgY = 1.40980lgX+9.77045 0.9994 94.2~106.6 

2.3 礵㺙䏞㹊낉 

䭽撑 1.2 ⴔ區勵⟝㼜崽䏞⚹ 10 μg/mL 涸㼆撑ㅷ很巊ꅾ㢕ⴔ區 6 妃կ4 ⚡⻊ざ暟⥂殆傞ꢂ RSD 㼭✵
0.1%油꬗獤 RSD 㼭✵ 3%Ⱘ⡤絕卓錛邍 3ծ4 䨾爙կ㹊낉絕卓邍僈欰暟Ⱟ㺂巊湱禹絡 Nexera Bio Ⱘ
剣葻㥩涸礵㺙䏞կ 

 
㕃 3 㼆撑ㅷ很巊ꅾ㢕䚍蒀靶㕃10 μg/mL 

邍 3 㼆撑ㅷ很巊10 μg/mL⥂殆傞ꢂ礵㺙䏞絕卓n=6 

⻊ざ暟 
⥂殆傞ꢂ(min) 

RSD(%) 
1 2 3 4 5 6 

꣉猌㶩腒餘 5.900 5.904 5.896 5.912 5.901 5.900 0.093  

胐㔿ꃫ 6.652 6.663 6.652 6.656 6.651 6.652 0.067  

PEG 6.971 6.978 6.976 6.972 6.97 6.969 0.052  

务䚍腒餘 7.552 7.562 7.554 7.556 7.552 7.555 0.049  

0.0 2.5 Ln(浓浓)
0

10

Ln(面面)

0.0 2.5 Ln(浓浓)
0

10

Ln(面面)

3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 min

0.0

0.5

1.0

1.5

2.0

2.5

uV(x100,000)
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邍 4 㼆撑ㅷ很巊10 μg/mL油꬗獤礵㺙䏞絕卓n=6 

⻊ざ暟 
油꬗獤 

RSD(%) 
1 2 3 4 5 6 

꣉猌㶩腒餘 525,268 550,962 549,963 528,887 526,627 549,792 2.38  

胐㔿ꃫ 163,921 160,135 161,205 165,899 164,374 163,692 1.31  

PEG 222,070 229,240 231,085 226,837 229,765 240,330 2.62  

务䚍腒餘 363,486 374,596 384,406 395,699 371,933 377,795 2.93  

2.4 呋ㅷゎꆀ崵㹁 

䭽撑 1.3 务⣘霚ㅷ很巊㢅椚倰岁㼆呋ㅷ鵳遤㢅椚副劼ⴔ區呋ㅷ蒀靶㕃㥵㕃 4 䨾爙㹁ꆀ絕卓㥵邍 5
䨾爙կ 

 
㕃 4 LNP 呋ㅷ蒀靶㕃 

邍 5  LNP 务 4 猫暟餘㹁ꆀ絕卓 

No. ⻊ざ暟 ⥂殆傞ꢂ(min) 油꬗獤 副劼崽䏞 
μg/mL 

呋ㅷ崽䏞 
μg/mL 

1 ꣉猌㶩腒餘 5.902 5957754 57.3  573 
2 胐㔿ꃫ 6.658 346489 15.0  150 
3 PEG 6.977 15238244 141.5  1415 
4 务䚍腒餘 7.569 1969025 28.5  285 

  

3絕雿 
劥俒ꅷ欽䀙峸 Nexera Bio 넞佪巊湱蒀靶⟉翫ざ襒〄⯕侔㼘唬崵㐼˼䒊用✫腒餘紵碛磜 LNP 㔋猫䧭ⴔ

ゎꆀ崵㹁涸倰岁կ霪倰岁务LNP 㔋猫䧭ⴔ㖈 5~250 μg/mL 絁䚍薴㔵ⰻ絁䚍葻㥩湱Ⱒ禹侨㖲㣐✵ 0.999կ
礵㺙䏞㹊낉务10 μg/mL 㼆撑ㅷ很巊⥂殆傞ꢂ RSD <0.1%油꬗獤 RSD<3%կ㹊낉絕卓邍僈霪倰岁腊䘯
鸟ⲥ烁㖑崵㹁 LNP 㔋猫䧭ⴔ涸ゎꆀկ 

  

4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0
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欰暟Ⱟ㺂巊湱 Nexera Bio 翫ざ襒〄⯕侔㼘唬崵㐼崵㹁 mRNA 鷻鷐➝

餘 DMG-PEG2000 涸ゎꆀ 
 

䶰 銳劥俒ꅷ欽䀙峸欰暟Ⱟ㺂巊湱 Nexera Bio䒊用✫ mRNA 鷻鷐➝餘 DMG-PEG2000 腒餘⡤ゎꆀ崵㹁涸
倰岁կ霪倰岁务DMG-PEG2000 㖈 5~200μg/mL 薴㔵ⰻ絁䚍葻㥩湱Ⱒ禹侨⚹ 0.9982կ礵㺙䏞㹊낉务 
DMG-PEG2000 涸⥂殆傞ꢂ RSD%⚹ 0.06-0.20%油꬗獤 RSD%⚹ 0.56-2.14%կ㹊낉絕卓邍僈霪倰岁腊
䘯鸟ⲥ烁㖑崵㹁 DMG-PEG2000 腒餘⡤涸ゎꆀկ 
 

Ⱒꝶ霒Nexera Bio 腒餘⡤ mRNA 
 

mRNA 僽䌄剣餏歏蚚涸ꟋꝆ㣐ⴔ㶩罜絈脅芘邍꬗⛲䌄剣餏歏蚚꫽歏䱗倉⢪䖤 mRNA ⴔ㶩鳅ꦼ瑬鵂
絈脅芘鵳Ⰶ絈脅ⰻկ䎇⚂㔔⚹ mRNA ⴔ㶩僽⽀Ꝇ劥魧匧Ⱖ腚烯⡤ⰻ涸㢴猫ꃍ鿪腊㼜㸐鴽鸟꣭鍒կmRNA
綘瀦⥌䜂务巑渷✫呍祪⡤欰䧭跗涯涸䎸⴩䗳곢鷻鷐荛絈脅ⰻ䩞腊綘瀦跗涯կ㔔姼꨽銳ざ鷓涸鷻鷐➝餘㼜
mRNA 鷻鷐ⵌ絈脅ⰻ鿈կ 

mRNA氋蕐/蚋暟鷻鷐鲿⡤⚺銳⺫䭍氻嫫鲿⡤ㄤꬋ氻嫫鲿⡤կ氻嫫鲿⡤⟄䢨氻嫫ծ艑湱Ⱒ氻嫫ծ➲〵氻
嫫瘝鲿⡤⚹⚺涸氻嫫鲿⡤赡腊鵳遤呍ꃑ鷻鷐告〳腊吐㔔鲿⡤䒸饰涸⯝氋导䎾罜「ⵌꣳⵖ䕧ㆇⰦ䎾欽կ罜
ꬋ氻嫫鲿⡤⚺銳⺫䭍腒餘⡤ծ吆瑲絈脅ծ偽劼紵碛磜㶩ծ꣉猌㶩絈脅瑬芘胂瘝կ湡⵸腒餘鲿⡤溶䧭⚹鷻鷐
mRNA剒⚹剣佪涸ꬋ氻嫫鲿⡤կ湡⵸欽✵鷻鷐mRNA涸ꬋ氻嫫鲿⡤务⟄腒餘⡤䎾欽涸剒⚹䎛岌⚺銳⺫䭍
꣉猌㶩腒餘⡤㢕ざ暟ծ腒餘⡤翸ざ暟ծ腒餘⡤紵碛磜ծ꣉猌㶩紵碛✌瘝կ 

DMG-PEG20001,2-✳聘鞝誇ꃀ-rac-欥屘-3-歌蝶㛇翸⛩✳ꃫ僽♧猫倝㘗涸mRNA氋蕐/蚋暟꣉猌㶩腒
餘⡤鷻鷐➝餘ꥥ满倝ⱟ氋蕐涸抠掚灇ⵖ罜鴽鸟鬎紤鄄㣐㹻雩霋霪勞俱僽鸑鵂PEG⻊⥝껑✫♧猫瀊Ꝇ腒餘
DMG-PEG2000涸瀊Ꝇ聘鞝誇ꃑC14嫱DSPE-mPEG2000ꟋꝆ炽腒ꃑC18⼱邝劍㼭〳刿䘯꣭鍒
〳꣭⡛腒餘⡤♸絈脅ꢂ涸湱匹⡲欽կ 

DMG-PEG2000 涸ゎꆀ唬崵吐㼆⠏⻊ mRNA 蚋暟涸絛蚋倰䒭蚋佪灇瑕瘝Ⱘ剣ꅾ銳䠑⛐կ 
劥㹊낉⢪欽欰暟Ⱟ㺂巊湱Nexera Bio翫ざ襒〄⯕侔㼘㐼䒊用✫mRNA鷻鷐➝餘DMG-PEG2000涸ゎꆀ崵

㹁倰岁霪倰岁ⴔ區鸟䏞䘯ⲥ烁䏞㥩կ 

 

1 㹊낉鿈ⴔ 
1.1 ⟉㐼 

欰暟Ⱟ㺂巊湱禹絡 Nexera Bioꂁ縨⥌䜂㥵♴ 
禹 絡 䱽 ⵖ 㐼 CBM-20A 荈 ⸓ 鵳 呋 㐼 SIL-20AC XR 
鳕 巊 岹 LC-20AD XR  膴 孞 劼 DGU-20A 3R 
唬 崵 㐼 ELSD-LT ˻ 蒀 靶 䊨 ⡲ 畀 Labsolutions Ver. 5.98 
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1.2 ⴔ區勵⟝ 
蒀 靶 叙 Shim-pack Scepter C4-30050 mm ×2.1 mm I.D.1.9µm䀙峸副

嵳㹊낉㐼勞剣ꣳⰖ尽䀙峸P/N: 227-31175-03 
崨 ⸓ 湱  A 10 mmol ♲⛩腂⛩ꃑTEAA宐很巊pH 7.0  
崨 ⸓ 湱  B 10 mmol ♲⛩腂⛩ꃑTEAA歌ꃫ很巊pH 7.0 
崨 鸟 0.5 mL/min 叙 庛 55˫ 
鵳 呋 ⡤ 獤 10 μL ꨺ ⻊ 孞 350 MPa 
唬 崵 㐼 庛 䏞 40˫ 唬 崵 㐼 㟞 渤 4 (╳8) 
峤 膴 倰 䒭 唑䏞峤膴B 湱饰映崽䏞⚹ 70%傞ꢂ玐䎸㥵邍 1 䨾爙կ 

邍 1. 唑䏞峤膴傞ꢂ玐䎸 

傞ꢂ(min) ⽀⯋ 㢅椚ㄐ⟁ ⧩ 

2.00 岹 B Conc 70 
6.00 岹 B Conc 100 

14.00 岹 B Conc 100 
14.10 岹 B Conc 70 
18.01 䱽ⵖ㐼 Stop  

1.3 崨⸓湱ㄤ叻ⲥㅷꂁⵖ 

崨⸓湱 A》 10 mmol 涸♲⛩腂✵鷓ꆀ宐务欽⛩ꃑ靈蒜 pH 荛 7.0た獺ꅺ荛 1000 mL 幊⺣馄㡮
膴孞⽰䖤 

崨⸓湱 B》 10 mmol 涸♲⛩腂✵鷓ꆀ歌ꃫ务欽⛩ꃑ靈蒜 pH 荛 7.0た獺ꅺ荛 1000 mL 幊⺣馄
㡮膴孞⽰䖤 

㼆撑ㅷ⪰㢊巊ⵖ㢊獦》叻ⲥㅷ 5.09 mg欽宐很鍒獺ꅺ䧭 5 mg/mL 
ⵄ欽㼆撑ㅷ⪰㢊巊ꂁⵖ絁䚍叻刼崽䏞ⴔⵆ⚹ 5102050100200 μg/mLկ 
 

2絕卓♸雭雿 
2.1 叻ⲥ刼絁 

   
㕃 1. DMG-PEG2000 㼆撑很巊5 ~200 μg/mL㕃靶䊩ㄤ DMG-PEG2000 叻ⲥ刼絁〸 

4.75 5.00 5.25 5.50 min
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

uV(x10,000)

Data6:std-200ppm.lcd AD2
Data5:std-100ppm.lcd AD2
Data4:std-50ppm.lcd AD2
Data3:std-20ppm.lcd AD2
Data2:std-10ppm.lcd AD2
Data1:std-5ppm.lcd AD2

0.0 1.0 2.0 3.0 4.0 Ln(浓浓)
0.0

2.5

5.0

7.5

10.0

12.5

Ln(面面)

LnY=1.6360LnX+3.95490 
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䭽 1.2 务涸ⴔ區勵⟝鵳遤崵㹁⟄崽䏞⚹埇㗂叻油꬗獤⚹紷㗂叻ꅷ欽㢪叻岁䒊用䭷侨叻ⲥ刼絁絕
卓㥵㕃 2 䨾爙DMG-PEG2000 㖈 5-200 μg/mL 絁䚍崽䏞薴㔵ⰻ絁䚍湱Ⱒ䚍葻㥩湱Ⱒ禹侨⚹ 0.9982
ⲥ烁䏞⚹ 89.3~114.2%㕃 1կ 

2.2 礵㺙䏞㹊낉 

䭽撑 1.2 ⴔ區勵⟝崵㹁鷥䭊崽䏞⚹ 5ծ20 ㄤ 200 μg/mL 涸 DMG-PEG2000 㼆撑ㅷ很巊ⴔⵆ鵶絯鵳呋
崵㹁 6 妃կDMG-PEG2000 涸⥂殆傞ꢂ RSD%⚹ 0.06-0.20%油꬗獤 RSD%⚹ 0.56-2.14%絕卓錛邍 2 䨾
爙կ㹊낉絕卓邍僈欰暟Ⱟ㺂巊湱禹絡 Nexera Bio Ⱘ剣葻㥩涸礵㺙䏞կ 

邍 2. DMG-PEG2000 㼆撑ㅷ很巊礵㺙䏞㹊낉絕卓n=6 

䎸〿 
5 μg/mL 50 μg/mL 200 μg/mL 

R.T. Area R.T. Area R.T. Area 

1 5.285 667 5.252 48670 5.234 325037 

2 5.279 638 5.255 47057 5.217 325328 

3 5.269 636 5.256 49066 5.231 328397 

4 5.271 648 5.256 47926 5.242 324382 

5 5.275 641 5.257 49793 5.242 324062 

6 5.297 626 5.262 47763 5.246 327871 

䎂㖲⧩ 5.279 643 5.256 48379 5.235 325846 

RSD(%) 0.20 2.14 0.06 2.04 0.20 0.56 

2.3 呋ㅷゎꆀ崵㹁 

㼜⣘霚ㅷ mRNA 氋蕐ⵖ⵫ⵄ欽紱宐獺ꅺ 50 ⦔た鵳呋ⴔ區絕卓㥵邍 3 䨾爙կ剒絊盐皾呋ㅷ务 DMG-
PEG2000 涸ゎꆀ⚹ 1760 μg/mLկ 

 
㕃 2. 獺ꅺた⣘霚ㅷ很巊蒀靶㕃 

邍 3. mRNA 氋蕐ⵖ⵫务 DMG-PEG2000 ゎꆀ崵㹁絕卓 

⻊ざ暟ぜ獦 ⥂殆傞ꢂ 油꬗獤 
獺ꅺた崽䏞 
μg/mL 

呋ㅷ务 DMG-PEG2000 ゎꆀ 
μg/mL 

4.5 5.0 5.5 6.0 6.5
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DMG-PEG2000 5.236 21717 35.200 1760 

3絕雿 
劥㹊낉⢪欽䀙峸欰暟Ⱟ㺂巊湱禹絡Nexera Bio翫ざ襒〄⯕侔㼘唬崵㐼䒊用✫DMG-PEG2000涸ゎꆀ崵

㹁倰岁կ絕卓邍僈DMG-PEG2000㖈5~200 μg/mL絁䚍薴㔵ⰻ絁䚍葻㥩湱Ⱒ禹侨⚹0.9982կ礵㺙䏞㹊낉
务鵶絯鵳呋6ꛏDMG-PEG2000涸⥂殆傞ꢂRSD⚹0.06-0.20%油꬗獤RSD⚹0.56-2.14%⟉㐼礵㺙䏞葻
㥩կ霪㹊낉倰岁ⴔ區鸟䏞䘯ⲥ烁䚍㥩կ 
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넞佪巊湱蒀靶⟉翫ざ襒〄⯕侔㼘唬崵㐼崵㹁 siRNA 鷻鷐➝餘翸⛩掜❇腂 
 

䶰 銳劥俒ꅷ欽䀙峸넞佪巊湱蒀靶⟉翫ざ襒〄⯕侔㼘唬崵㐼䒊用✫ siRNA 鷻鷐➝餘翸⛩掜千腂涸㹁ꆀ倰岁կ
霪倰岁务翸⛩掜千腂㖈 1~100 μg/mL 絁䚍薴㔵ⰻ絁䚍葻㥩絁䚍湱Ⱒ禹侨⚹ 0.9994կ礵㺙䏞㹊낉务2 
μg/mL 叻ⲥ很巊⥂殆傞ꢂ RSD ⚹ 0.13%油꬗獤 RSD ⚹ 2.29%կⴔ區㹊꣢ siRNA ⵖ⵫呋ㅷ㹁ꆀⲥ烁䏞
⚹ 95.1~102.7%կ㹊낉絕卓邍僈霪倰岁腊䘯鸟ⲥ烁㖑㹁ꆀⴔ區 siRNA 鷻鷐➝餘翸⛩掜千腂կ 
 

Ⱒꝶ霒ELSD-LT III  翸⛩掜千腂  siRNA 
 

siRNASmall interfering RNA㼭䎁䪓呍薗ꃑ僽㼭呍ꃑ蚋暟涸♧猫僽♸㼭ⴔ㶩蚋暟ծ䫒⡤蚋暟模
Ⰼ♶ず涸Ⰼ倝蚋暟碫ⵆ蚋暟匬䧭⚹呍薗ꃑ䎸⴩蚋暟⡲欽✵mRNA鸑鵂㛇㔔小랾䫈ⵖꬶ跗涯涸邍鴪➢
罜㹊梡屛毫氬氻涸湡涸僽欰暟ⵖ蚋⴯倝涸䧶殜䚍⵸屠곭㚖կ 

siRNA㖈⡤ⰻ♶珘㹁僒鄄⡤ⰻ呍ꃑꃍ꣭鍒ず傞siRNAⴔ㶩絕匬鳅㣐⚂䌄餏歏蚚瑬鷳絈脅芘涸ꦼ
䏞鳅㣐㔔姼꨽銳⦶⸔鷻鷐禹絡鵳Ⰶ絈脅䎇饰⡲欽կ湡⵸䌢欽涸鷻鷐鲿⡤〳⟄ⴔ⚹氻嫫鲿⡤ㄤꬋ氻嫫鲿⡤կ
氻嫫鲿⡤鲮厩佪桧넞告僽ⵖ㢊⿺紱⻊㔮ꦼ䶀鲿㛇㔔㺂ꆀ㼭⚂Ⱘ剣悶㖈荝氻䚍կꬋ氻嫫鲿⡤Ⱘ剣㸝Ⰼ䚍ծ
⡛嫫䚍ծ⡛⯝氋⾲䚍瘝⠏挿鄄雩⚹僽嫱氻嫫鲿⡤刿椚䟝涸siRNA鷻鷐鲿⡤կ㖈⠍㢴ꬋ氻嫫鷻鷐鲿⡤务翸
⛩掜千腂polyethyleneiminePEI僽湡⵸灇瑕鳅䎛岌涸ꬋ氻嫫鲿⡤⛓♧կ 

PEI僽♧猫꣉猌㶩翸ざ暟♧菚勻霹ⴔ㶩ꆀ馊㣐鲮厩崞䚍馊넞告嫫䚍⛲馊䔂㔔姼腊やⲥ烁ծ
넞⾝併䏞㖑唬ⴀPEI㖈湱Ⱒ❡ㅷ务涸ゎꆀ㼆❡ㅷ涸㸝Ⰼ䚍ㄤ餘ꆀ䱽ⵖ䠑⛐ꅾ㣐կPEI䌄㣐ꆀ姻歏蚚ⴔ㶩ꆀ
㣐劥妃㹊낉务PEIⴔ㶩ꆀ紨⚹4♰㖈♧菚导湱蒀靶禹絡副尵剣⥂殆⚂PEI尵剣儑衼涸稘㢪エ佐㛇㔙䨾
⟄劥俒ꅷ欽猌㶩㼆导湱蒀靶禹絡絕ざ襒〄⯕唬崵㐼唬崵PEI⾝併䏞넞ծ絁䚍薴㔵䎛ծꅾ㢕䚍㥩կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 

넞佪巊湱蒀靶⟉ LC-40B XRꂁ縨⥌䜂㥵♴ 
禹 絡 䱽 ⵖ 㐼 CBM-40lite 荈 ⸓ 鵳 呋 㐼 SIL-40C XR 
鳕 巊 岹 LC-40B XR  膴 孞 劼 DGU-4003 
叙 庛 盲 CTO-40C 唬 崵 㐼 ELSD-LT III 
蒀 靶 䊨 ⡲ 畀 Labsolutions Ver. 5.114 

1.2 ⴔ區勵⟝ 
蒀 靶 叙 䀙峸 PEI ⚁欽蒀靶叙  崨 ⸓ 湱 猌㶩㼆霚⵫ 
鵳 呋 ⡤ 獤 10 μL 崨 鸟 1.0 mL/min 
唬 崵 㐼 ELSD-LT III 叙 庛 40˫ 
㟞 渤 Wide 怓 獴 ！ 庛 䏞 60˫ 
꨺ ⻊ 孞 ⾓ ⸂ 360 KPa   
峤 膴 倰 䒭 唑䏞峤膴B 湱饰映崽䏞⚹ 20%傞ꢂ玐䎸㥵邍 1 䨾爙կ 
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邍 1. 唑䏞峤膴傞ꢂ玐䎸 

傞ꢂ(min) ⽀⯋ 㢅椚ㄐ⟁ ⧩ 
5 岹 B.Conc 80 
8 岹 B.Conc 80 

8.1 岹 B.Conc 20 
15 䱽ⵖ㐼 Stop  

1.3 叻ⲥㅷ⿺呋ㅷꂁⵖ 

叻ⲥㅷ⪰㢊巊獦》叻ⲥㅷ鷓ꆀ欽馄紱宐很鍒獺ꅺ䧭 1 mg/mL 
叻ⲥ很巊》鷓ꆀ㼆撑ㅷ⪰㢊巊欽馄紱宐宐鷶紩獺ꅺꂁⵖ崽䏞⚹1ծ2ծ5ծ10ծ20ծ50ծ100 μ

g/mL涸叻ⲥ很巊կ 
呋ㅷ很巊ⵖ㢊ꅷ欽焦䚍很巊很鍒呋ㅷ欽馄紱宐獺ꅺⴔⵆ獺ꅺ12.540ㄤ250⦔䖤ⵌ♶ず崽䏞呋ㅷ

た副劼ⴔ區կ 
 

2絕卓♸雭雿 
2.1 叻ⲥ很巊蒀靶㕃 

  
㕃 1. PEI 蒀靶㕃崽䏞 1~100 μg/mL                      㕃 2. PEI 吥ⲥ刼絁 

2.2 吥ⲥ刼絁 

䭽 1.2 务涸ⴔ區勵⟝崵㹁叻ⲥ很巊崽䏞⚹ 1~100 μg/mL⟄崽䏞涸㼆侨⚹埇㗂叻油꬗獤涸㼆侨⚹
紷㗂叻ꅷ欽㢪叻岁䒊用㼆侨吥ⲥ刼絁吥ⲥ刼絁㥵㕃 2 䨾爙絁䚍Ⱒ禹⚹ LnY = 1.69913×LnX + 7.71015
絁䚍湱Ⱒ禹侨 r ⚹ 0.9994ⲥ烁䏞⚹ 94.3~109.1%կ  

ELSD-LT III Ⱘ剣杝⴯涸⸓䙖薴㔵的㾝⸆腊絁䚍薴㔵䎛⚂偽꨽呏研呋ㅷ崽䏞⠏⻊㟞渤⧩〳 湬䱹㼜㟞
渤霃縨⚹ wide 垷䒭姼傞⡛崽䏞呋ㅷ⾝併䏞넞넞崽䏞呋ㅷ♶僒껒ㄤկ 

2.3 礵㺙䏞㹊낉 

䭽撑 1.2 ⴔ區勵⟝㼜崽䏞⚹ 2 μg/mL 涸叻ⲥ很巊ꅾ㢕ⴔ區 6 妃雦皾䖤ⵌ PEI ⥂殆傞ꢂ RSD ⚹
0.13%油꬗獤 RSD ⚹ 2.29%Ⱘ⡤錛鵂錛邍 2կ  

邍 2. 礵㺙䏞㹊낉絕卓 

No 1 2 3 4 5 6 RSD% 
⥂殆傞ꢂ 5.275 5.275 5.292 5.283 5.275 5.283 0.13 

油꬗獤 9,606 9,657 9,790 9,920 9,713 9,267 2.29 

4.5 5.0 5.5 min

0.00

0.25

0.50

0.75

1.00

uV(x1,000,000)

数数7:1ppm.lcd ELSD
数数6:2ppm.lcd ELSD
数数5:5ppm.lcd ELSD
数数4:10ppm.lcd ELSD
数数3:20ppm.lcd ELSD
数数2:50ppm.lcd ELSD
数数1:100ppm.lcd ELSD

0.0 1.0 2.0 3.0 Ln(浓浓)

7.5

10.0

12.5

15.0

Ln(面面)
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2.4 呋ㅷゎꆀ崵㹁 

䭽撑 1.3 务㢅椚倰岁㼆 siRNA ⵖ⵫呋ㅷ鵳遤㢅椚㢅椚た呋ㅷ椚雿崽䏞ⴔⵆ⚹ 4ծ25ծ80 μg/mLꅾ
㢕崵霚 3 妃㹁ꆀ絕卓ⲥ烁䏞ⴔⵆ⚹ 102.7%ծ98.4%ծ95.1%崵ꆀⲥ烁䏞넞կ呋ㅷ蒀靶㕃㥵㕃 3 䨾爙
㹁ꆀⰨ⡤絕卓㥵邍 2 䨾爙կ 

 

 

 
㕃 3. 呋ㅷ蒀靶㕃椚雿崽䏞副-4 μg/mL务-25 μg/mL♴-80 μg/mL 

邍 2. 呋ㅷ务 PEI 㹁ꆀ絕卓n=3 

No. 椚雿崽䏞μg/mL 崵霚崽䏞μg/mL 㹁ꆀⲥ烁䏞% RSD% 
1 4 4.11 102.70% 2.20% 
2 25 24.6 98.40% 0.92% 
3 80 76.07 95.10% 1.01% 

  
 

3絕雿 
劥俒ꅷ欽䀙峸넞佪巊湱蒀靶⟉翫ざ襒〄⯕侔㼘唬崵㐼䒊用✫siRNA鷻鷐➝餘翸⛩掜千腂涸㹁ꆀ倰岁կ霪

倰岁务翸⛩掜千腂㖈1~100 μg/mL絁䚍薴㔵ⰻ絁䚍葻㥩絁䚍湱Ⱒ禹侨⚹0.9994կ礵㺙䏞㹊낉务2 μg/mL
叻ⲥ很巊⥂殆傞ꢂRSD⚹0.13%油꬗獤RSD⚹2.29%կⴔ區㹊꣢呋ㅷ㹁ꆀⲥ烁䏞⚹95.1~102.7%կ㹊낉絕
卓邍僈霪倰岁腊䘯鸟ⲥ烁㖑㹁ꆀⴔ區siRNA鷻鷐➝餘翸⛩掜千腂կ  

2.0 3.0 4.0 5.0 6.0 7.0 min

0.0

0.5

1.0

1.5

mV(x10)

PE
I

2.0 3.0 4.0 5.0 6.0 7.0 min
0.00

0.25

0.50

0.75

1.00

mV(x100)

PE
I

2.0 3.0 4.0 5.0 6.0 7.0 min

0.0

2.5

5.0

mV(x100)

PE
I
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䎾欽〵䒭 MALDI-TOF MS ⴔ區 mRNA 蚋暟鷻鷐禹絡腒餘紵碛磜涸⾲

俱ⴔ㶩ꆀ 
 

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ㅷ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⟝♴吐餘㶩⻊䎇䌄姻歏蚚,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⥂ 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❵
宐畮PEG Ꝇぢ㢪䕎䧭腒餘紵碛磜涸⥂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腊吐鸣䧭 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⥂霆⾲俱䪠妃ꢂ涸♧荝䚍♸珘㹁䚍㼆⥂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ㅷ鵳遤ⴔ㶩ꆀ唬崵ず傞
〳⟄㼆呋ㅷ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ㅷ欽歌ꃫ很鍒ꂁⵖ⚹1 mg/mL涸呋ㅷ很巊կ》0.5 μL NaTFA很巊1 mg/mLծ1 μL呋ㅷ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ㅷ㼆䎾涸㛇餘⥌䜂錛♴邍կ 
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邍1 ぐ呋ㅷ㼆䎾涸㛇餘⿺鳇⸔渮⥌䜂 

呋ㅷ Dlin-MC3- SM-102 Cholester DSPC DMG-

㛇餘 DHB DHB 9-AA DHB 襡♲ꂛ 

渮 NaTFA NaTFA - NaTFA NaTFA 

 

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ㅷ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⚹练餘կ 

㕃 1B ⚹〳歏猌腒餘 SM-102 涸餘靶㕃呋ㅷ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ㅷ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ㅷ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ㅷ侮⡤紱䏞鳅㥩餘靶㕃副练餘油鳅㼱կ 

 
㕃 1. 呋ㅷ唬崵餘靶㕃. ADlin-MC3-DMABSM-102CDSPCD胐㔿ꃫ 
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邍2. 呋ㅷⴔ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 

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ㅷ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ㅷⴔ區絕卓爙⢾錛㕃 3呋ㅷ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ㅷ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

ㅷ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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䎾欽〵䒭 MALDI-TOF MS ⴔ區 mRNA 蚋暟鷻鷐㛇餘 DMG-PEG2000

涸ⴔ㶩ꆀⴔ䋒⿺絆䧭 
 

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䧭ⴔ DMG-PEG2000 鵳遤餘靶ⴔ區〳湬䱹唬崵ⵌ♶ず勻彂⾲俱呋ㅷ涸ⴔ㶩ꆀⴔ䋒⿺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  DMG-PEG2000  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鸑䌢歋鳇⸔䚍务䚍腒餘胐
㔿ꃫPEG ⥝껑腒餘꣉猌㶩腒餘㔋猫䧭ⴔ絆䧭կLNP 絆鄳傞 PEG ⥝껑腒餘⡙✵腒餘紵碛磜邍꬗㸐涸
毜宐畮♸꣉猌㶩腒餘涸毜宐畮絕ざ❵宐畮PEG Ꝇⴭぢ㢪䕎䧭腒餘紵碛磜涸⥂䫡䚍㢪㡲〳⟄꣖姺過
幡跗涯エ꣡ㄤ⽀呍ふ㑂絈脅禹絡涸䶑》䒁Ɤ✫⡤ⰻ涸䗄梠傞ꢂず傞꣈姺 LNP 곾磜翸꧋䲿넞 LNP 涸珘
㹁䚍կ䌢欽涸 PEG ⥝껑腒餘⺫䭍 DMG-PEG2000DSPE-mPEG2000 瘝Ⱖ务 DMG-PEG20001,2-✳聘鞝
誇ꃀ-rac-欥屘-3-歌蝶㛇翸⛩✳ꃫ 2000ꥥ满倝ⱟ肽拧 mRNA 氋蕐涸抠掚灇ⵖ罜鴽鸟鬎紤կ 

♶ず勻彂涸DMG-PEG2000⾲俱呋ㅷ涸ⴔ㶩ꆀⴔ䋒〳腊剣䨾♶ず罜鵯❈ⴔ㶩絆䧭副絈㼭涸」⻊〳腊吐
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⡲⚹LNP⚺銳⾲俱涸DMG-PEG2000涸ⴔ㶩ꆀⴔ䋒鵳遤港崵⥂霆⾲俱䪠妃ꢂ涸♧荝䚍♸珘㹁䚍
㼆⥂ꥻmRNA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5⟧♶ず勻彂涸DMG-PEG2000⾲俱呋ㅷ涸ⴔ㶩ꆀ絆䧭鵳
遤唬崵絕ざ翸ざ暟ⴔ區鲱⟝Polymerix蜦䖤✫ぐ⾲俱呋ㅷ涸ⴔ㶩ꆀ⥌䜂烁雩✫呋ㅷꢂⴔ㶩ꆀ絆䧭䊵䒗
涸㶸㖈կ霪唬崵倰岁乼⡲皍⽀ծⴔ區鸟䏞䘯絕卓湬䱹〳ꬑ〳 ⡲⚹呍ꃑ蚋暟ㄤ氋蕐PEG碫鳇俱餘䱽涸⿬罌կ 
 

 
㕃1. DMG-PEG2000涸絕匬䒭 

 

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 80 
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)  2500 
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1.3 呋ㅷ⵸㢅椚 
㼜獦》㥩涸呋ㅷ⢪欽歌ꃫ很鍒ꂁⵖ⚹1 mg/mL涸呋ㅷ很巊կ》0.2 μL NaTFA很巊ծ1 μL呋ㅷ很巊ㄤ

1 μL襡♲ꂛ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 
䎾欽 MALDI-8020 㼆 5 ⟧♶ず勻彂涸 DMG-PEG2000 ⾲俱鵳遤唬崵餘靶㕃錛㕃 2կ歋㕃〳錛呋ㅷ㖈

m/z 1800-3300 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ㅷⴔ區絕卓爙⢾錛㕃 3呋ㅷ歋⚙⚡猌㶩油禹⴩絆䧭⚺油禹⴩S1涸⻊㷖
䒭⚹ C32H62O5(C2H4O)n·Naⶰ油禹⴩S2涸⻊㷖䒭⚹ C32H62O5(C2H4O)n·Kⴔⵆ㼆䎾 DMG-PEG2000ⴔ
㶩䒭 C32H62O5(C2H4O)n)涸ꛧ猌㶩♸꜅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⥌䜂錛邍 15 ⟧呋ㅷ涸ⴔ㶩ꆀⴔ䋒㶸㖈♧
㹁䊵䒗կ 

 
㕃 2. DMG-PEG 呋ㅷ餘靶㕃 

 
㕃 3. Polymerix ⴔ區歲꬗爙⢾呋ㅷ 5 
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邍1. 呋ㅷⴔ㶩ꆀ絡雦⥌䜂ⴔ區鲱⟝Polymerix 

ぜ獦 Mn Mw Mz PD DPn DPw DPz 

呋ㅷ 1 2462.05 2480.54 2498.95 1.008 43.97 44.39 44.80 

呋ㅷ 2 2390.19 2409.59 2428.78 1.008 42.33 42.77 43.21 

呋ㅷ 3 2610.60 2620.92 2631.28 1.004 47.34 47.57 47.81 

呋ㅷ 4 2391.86 2407.48 2422.98 1.007 42.37 42.73 43.08 

呋ㅷ 5 2332.35 2343.07 2353.71 1.005 41.02 41.26 41.50 

 

㼜呋ㅷ餘靶㕃㽷鿈佞㣐㕃 4〳⟄錜㻋ⵌ呋ㅷ 1ծ2ծ3ծ5 㖲歋 C32H62O5(C2H4O)n 的ꛧ猌㶩♸꜅猌㶩
⸈ざ油絆䧭呋ㅷ 4 唬崵ⵌ嫱 S1 ⣜妃㣐 24 Da 涸猌㶩油邍僈呋ㅷ务〳腊㶸㖈畮㛇絕匬♸⚺油♶ず涸翸ざ
暟䕎䒭霪翸ざ暟䕎䒭⛲〳腊僽⚺䧭ⴔ♧㹁玐䏞涸꣭鍒❡暟կ 

歋⟄副絕卓〳濼嫦猫呋ㅷ涸 PEG 絆䧭䧭ⴔ剣䨾♶ず罜鵯❈䧭ⴔ副涸䊵䒗〳腊吐㼆 LNP 䕎䙖⿺ mRNA
蚋暟⺫醙涸佪卓鸣䧭䕧ㆇ㔔姼㼆 DMG-PEG2000 涸ⴔ㶩ꆀⴔ䋒⿺絆䧭鵳遤港崵僽 mRNA 蚋暟ㄤ氋蕐欰
❡ꅾ銳涸餘ꆀ䱽ⵖ⣜研կ 

 
㕃 4. DMG-PEG 呋ㅷ餘靶㽷鿈佞㣐㕃 

 

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 唬崵✫ 5 ⟧♶ず勻彂涸 DMG-PEG2000

⾲俱呋ㅷ䖤ⵌ✫Ⱘ⡤涸ⴔ㶩ꆀⴔ䋒⿺絆䧭⥌䜂⚹ DMG-PEG2000 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➝餘务 PEG 碫⾲俱
餘䱽涸⿬罌կ 


