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1. │∂╘⌐ 
◄☺ⱪ♩ 18 BC1403  1365 ─ ⌐⁸ ⅜ ≤™╦╣╢ ⅛╠ ⇔

≡ ⇔⁸ ╩ ™√ ─ ⅜ ⅛╣≡™╕∆⁹↓╣│ ⅛╠ ≡⅔∕╠ↄⱳꜞ○∞╤℮
≤ ╦╣≡™╕∆⁹╕√⁸ ≢│ ─ ⅛╠ 1966, 1967 ↕╣
√⁸ 4,000─ ─ ─ ⌐╖╠╣╢ ⅜ⱳꜞ○─ ╩ ⇔≡™╢≤
ⅎ╠╣≡™╕∆ 2─1 ⁹↓╣╒≥ ⅛╠ ╣╠╣≡™√ ⱴⱥ╙∕─►▬ꜟ☻⌐
∆╢꞉◒♅fi─⅔ ≢ ─ ≥─ ⅛╠ ╩ ⇔╕⇔√⁹20 ─100⁸ ─ │
₁─ ╩40 ⅛╠80 ⌐╕≢ ┌⇔╕⇔√⁹ ╛ ⁸ ⁸ ◖꜠☻♥

ꜟכ꜡ ─ ╙╒╓ ⌐◖fi♩꜡כꜟ ╢╟℮⌐⌂╡╕⇔√⁹►▬ꜟ☻╛
⌐╟╢ ╩ ∆╢꞉◒♅fi≤ ⌐╟╢ ─ ⌐ ╦╣╢ │ ╩╒╓
⌐ ⇔⁸ ╛ ─ ╩ ↕∑√─≢∆⁹ 

↓─ ≢│⁸ ⅜►▬ꜟ☻╛ ⌂≥─ ⅛╠─ ⌐╟╢ ⌐≥─╟℮⌂ⱷ◌♬☼

ⱶ≢ ⇔≡™╢⅛╩⁸ ╩ ⌐ ═√ ⁸∕─ⱷ◌♬☼ⱶ─ ╩≈⅛↕≥∫≡™╢

DNADeoxyribonucleic acid⁸♦○◐◦ꜞⱲ ─ ≤ ⌐≈™≡ ⇔╕⇔√⁹↓╣╠│

≡ ─ ⌂ ╖ ╦∑≢ ↕╣≡™╢↓≤╩ ⇔≡⁸ ╢∞↑ ─ ≢╙─
╩ ≡⁸ ⅛╡ ™ ─ ≢ ╢ ╩⇔√≈╙╡≢∆⁹↔ ™√∞™≡⁸™─∟⌐ ╦
╢™╤™╤⌂ ╩ ─ ≢⁸№╢™│ ─ ≢ ⅎ╢↓≤─ ⇔↕╩ ⇔≢╙ ╦∫≡™
√∞↑╣┌ ╡ ™≤ ™╕∆⁹ 

 

2. ─ ╖─  

꞉◒♅fi─ ╕╡≢№╢ │⁸ ╡─ ⅜ ─ ≢№╢ ⌐ ↄ ⇔≡™╢√
╘⌐ ⌐⅛⅛╠⌂™↓≤─ ⅜ ∫ ↑≤⌂∫≡ ╕╣╕⇔√⁹☺▼fi♫כ(Edward 
Jenner)⅜ ─ ►▬ꜟ☻╩ⱥ♩⌐ ∆╢↓≤≢ ⌐⅛⅛╠⌂™╟℮⌐∆╢ ∆⌂╦

∟ ╩ ⅎ ⇔√─≢∆⁹꞉◒♅fi≤™℮ │ ►▬ꜟ☻─꞉◒♅♬▪►▬ꜟ☻⌐ ╪∞
╙─≢⁸Ɽ☻♠כꜟ⅜☺▼fi♫כ─ ─ ⌐ ╩ ⇔≡ ↑√≤ ╦╣≡™╕∆ 2

─1 ⁹ ►▬ꜟ☻⅛╠ ∫√꞉◒♅fi⅜ⱥ♩─ ⌐ ™√─│⁸ ∂►▬ꜟ☻⅜ ≤

ⱥ♩⌐ ⇔⁸ ⇔∏≈ ⇔≡ ≤ ─►▬ꜟ☻⌐⌂∫√√╘≤ ⅎ╠╣≡™╕∆⁹
⌐╟∫≡ ⌐ ╠⌂ↄ⌂╢╟℮⌐⁸ ⅜ ⌐ ⇔≡ ╩≈↑╢ ⅜ ≤
↑╠╣╕⇔√⁹ ─ ─ │♪▬♠─ⱬכꜞfi◓ Emil Adolf von Behring≤ ─

⌐╟∫≡⁸∕╣∙╣☺ⱨ♥ꜞ▪≤ ─ ╩ ™≡ ╦╣╕⇔√ 2─59
⁹↓╣╠─ ╩ ⇔∏≈ ⌐ ⇔≡ ↄ≤⁸∕─ ≢ ╩⇔≡╙⁸ │ ⇔⌂

™↓≤⁸╕√⁸∕╣│ ≤ ↑╠╣√ ⌐ ⌐ ∆╢ ⅜ ⌐ ⇔∕╣
⅜ ╩ ∆╢√╘≢№╢↓≤⅜ ╠⅛⌐↕╣√─≢∆⁹ │⁸ │ ≤ ┌╣⁸
≤ ┌╣╢ ≤ ⌐ ⇔≡ ╩ ╡⁸↓╣⅜ №╢™│ⱴ◒꜡ⱨ□כ☺⌐

≤ ⇔≡ ∆╢↓≤ ↕╣≡ ⅛╠ ↕╣⁸ ─ ⅜ ↕╣╢─⅜
─ ⅝≢∆⁹ ╩ ⇔≡ ⇔√ │ ╩ ∆╢⅜⁸☺ⱨ♥ꜞ▪⌐

│ ⅝╕∑╪⁹ ⁸☺ⱨ♥ꜞ▪ ╩ ⇔≡ ⇔√ │☺ⱨ♥ꜞ▪ ╩ ∆╢⅜⁸
⌐│ ⅝╕∑╪≢⇔√⁹∆⌂╦∟⁸ ⌐│ ™ ⅜№╢↓≤⅜ ⅛∫√─≢

∆⁹↓╣╠─ ⌐╟∫≡⁸ │ ─↓≤⁸ ≢Ɽ♇꜡כꜜ─ ─ ≢
№∫√☺ⱨ♥ꜞ▪⌐╟╢ ╩ ←↓≤⅜ ╕⇔√ 1 ⁹ 

 

3. ≤    

↓─╟℮⌐⇔≡⁸ ─ ⅜ ⅛╠ ⇔√ ╛ ⌂≥─ ≤ ♃fiⱤ◒≤
─ ≢№╢↓≤⅜ ⅛∫≡ ╢≤⁸ ─ │ ♃fiⱤ◒─ ≢⇔√⁹ ⅛╠─
─ │♥▫☿ꜞ►☻─ ≤☻fl▼♪ⱬꜟ◓─ ⌐╟∫≡ ╦╣⁸∕─

│⁸◄♦ꜟⱴfi≤ⱳכ♃כ⌐╟∫≡ ↕╣╕⇔√⁹∕─ ⁸ │♃fiⱤ◒ ≢ √Y
─ ≢⁸ ⌐ ≤ ∆╢ ╩ ≈ ─ L 2 ≤ ─ H 2

⅛╠ ╢4 ≢⁸∕╣∙╣⅜☺☻ꜟⱨ▫♪  - S - S - ≢ ↕╣≡™╢ 1⌐ ⇔√
╟℮⌂ ≢№╢↓≤⅜ ⅛╡╕⇔√⁹ ─ ⁸Y ─ ⌐№√╢ │Fab (Fragment, 
antigen binding portion)⁸╕√Y ─ ⌐ √╢ │Fc (Fragment, crystallizable portion)≤
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↑╠╣≡™≡⁸ │ ─ ⌐ ╦╢
⁸ │ ─ ⁸∆⌂╦∟ ⌐ ═╢

IgG⅛ IgE⅛⌂≥╩ ╘≡™╢ ≢∆⁹╕√

≤ ─ ⌐№╢ ⅜ ╩
⌐ ⇔⁸∕─№≤≢ ╛ⱴ◒꜡

ⱨ□כ☺≤ ⇔≡ ⌐ ↕╣╕∆⁹
╛ⱴ◒꜡ⱨ□כ☺⌐╟╢ ≤™℮ │↓─
╩ ⇔≡™╕∆⁹ 

╩ ≢│⌂ↄ ≤⇔≡≤╠ⅎ╢
│⁸ ◓꜡Ⱪꜞfi№╢™│▬ⱶⱡ◓꜡Ⱪꜞfi

Immunoglobulin, Ig≤ ┘╕∆⁹ⱥ♩─
◓꜡Ⱪꜞfi⌐│⁸IgG⁸IgA⁸IgM⁸IgE⁸IgD⅜

№╡╕∆⁹∕─ ≢⁸ ─70 75╩ ╘
╢ ◓꜡ⱩꜞfiG IgG⅜ ─ ⌐ ╦
╢╙─≢⁸∕─ │ 15 ⅜2 ⁸
⅜5.5 ≢∆⁹ ⌐⁸ ⁸ ⁸

⌂≥─ ─ ⌐№╢IgA⁸IgG≤╟ↄ √
─ 18─ ◓꜡Ⱪꜞfi⅜5≈☺☻

ꜟⱨ▫♪ ≢≈⌂⅜∫√ 90─IgM⅜№╡╕∆⁹IgE│ ⅛0.001⇔⅛ ⇔╕∑╪

⅜⁸ ╩◒♇ꜛ◦כ◦◐ꜝ▫ⱨ♫▪╛כ◑ꜟ꜠▪─ ⅝ ↓⇔╕∆ 2─15 ⁹
⌐⁸IgD≤™℮ ⅜№╡╕∆⅜⁸∕─ │ ∞ ╠⅛≢│№╡╕∑╪⁹ 2─11⅔╟

┘ 3─142  

↓↓≢⁸ ⌐≈™≡ ⇔ ⇔ↄ⅔ ⇔⇔╕∆⁹ ⅛╠ⱥ♩─ ⌐ ⇔√ ╛►
▬ꜟ☻⌂≥─ │ ∏ ─ ≢№╢ ⁸ⱴ◒꜡ⱨ□כ☺ ⁸♫♅ꜙꜝꜟ
כꜝ◐ NK ⅔╟┘ ⌐ ↕╣ ↕╣≡ ╡ ⅛╣╕∆⁹↓─

╩ ≤™™╕∆⁹ 

∕╣≢╙ ⅜ ≢⅝⌂™≤⅝│ ≤™╦╣╢ ⅜ ⅝╕∆⁹↓─ ╩
↓∆ ∫ ↑⌐⌂╢─│⁸ ⅜ ╡ ╪∞ ─ ╩ ─ ─ ⌐ ⅎ╢
─ ≤ ┌╣╢ ≢∆⁹∆⌂╦∟⁸ │ ╡ ╪∞ ╩ ≢ ⇔⁸
⇔√Ɑⱪ♅♪ ─ ╩ ⌐ ⇔╕∆⁹∆╢≤ ⌐ ∆╢HLAHuman leucocyte 

antigen≤™℮ ─ ╩ ⇔≡™╢

⅜↓╣╩ ∆╢─≢∆⁹↓─╟℮⌐
─HLA⌐Ɑⱪ♅♪ ─ ⅜ ⇔√ ─

⅜ꜞfiⱤ ⌐ ╣≡ ↄ≤⁸∕↓≢ ∟
ⅎ≡™√ꜞfiⱤ ─1 ≢№╢T ⅜HLA⌐

╟╢Ɑⱪ♅♪ ─ ╩ ═≡ ─
⅜ ⅛ ⅛╩ ⇔╕∆⁹∕⇔≡ ⅛╠
⇔√ ⅜ ≢№╢↓≤⅜ ≢⅝╣

┌⁸ ≢№╢◘▬♩◌▬fi⅜T ⅛
╠ ↕╣≡⁸ ─ ─ꜞfiⱤ ≢№╢B
⅜ ⇔ ↕╣≡ ⅜ ⌐ ↕╣⁸
╛►▬ꜟ☻╩ ∆╢─≢∆⁹↓↓≢B ╩
∆╢◘▬♩◌▬fi╩ ∆╢─│T ─

─ⱫꜟⱤכT ─1 ≢№╢Th1╛Th2
≢∆⁹ ⌡≡ ⅎ┌⁸HLA │ ≢⁸

⇔≡⅝√ ⅜ ≢ ↕╣≡ √Ɑⱪ
♅♪ ≤ ⇔≡⁸T ⌐ ─ ╩

1 ─  

( 3─ 4 29╩ ╩ ≡ ─  

2 ─  

Copyright 2010 FromñEssential Cell Biology, third editionò by Bruce Alberts, et al. Reproduced by permission of Taylor and 

Francis Group, LLC, a division of Informa plc.  
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╠∑≡™╢─≢∆⁹↓─ ⅝⅜ ≢∆ 2 ⁹ 

⌂⅔⁸ ─ ≢№╢♃fiⱤ◒ │⁸10≢ ⇔ↄ ═≡™╢╟℮⌐⁸™╤™╤⌂ ─

▪Ⱶⱡ ⅜ ≢ ≈⌂⅜∫≡ √⁸ ⅝ↄ≡ ⅝ ┌∆≤ ™ ─╟℮⌐⌂╢
≢∆⁹ ─Ɑⱪ♅♪ ─ ≤™℮─│⁸ ─ ⅝≢♃fiⱤ◒ ─▪Ⱶⱡ ─
⅜ ≢ ╣≡ √ ─⅛⌂╡ ↕⌂♃fiⱤ◒ ─↓≤≢∆⁹ 

Th1 Tכꜝ◐│ ╩ ⇔≡ ╩ ↕∑╕∆⁹√∞⁸↓─ ≢│ ™╙
↓╡╕∆⁹ ╛ꜞ►ⱴ♅⌂≥─ ≤ ┌╣╢ │⁸HLA⅜ ╩ ≤
כꜝ◐⁸⇔ ╛ ⅜ ╩ ⇔≡ ∆╢↓≤⅜ ⅛∫≡™╕∆ 4⅔╟┘5 ⁹ 

─ ⅜ ╘≡≢│⌂ↄ⁸ ─ ⌐ ⌐ ⇔√B ⅜╕∞ ∫
≡™╢ │⁸B ⅜ ╩ ⇔≡ ╩ ™⁸ ≤ ⌂ ≢T ╩
⇔≡ ⅜ ↕╣╕∆⁹ ─ ╩ ⇔≡™╢B ⅜ ⇔≡™√ │ ─

≤ ⌂ ≢ ⅜ ⇔╕∆⁹ 

↓↓≢ ─ ⅜B ∞↑≢│ ∑∏⁸T ╩ ⇔≡ ∆╢╟℮⌐⌂∫≡™╢─

│⁸♄Ⱪꜟ♅▼♇◒ ⌐╟╡ ─ ╩ ╘≡⁸ ╩ ≤ ⇔≡ ⌐ ╢
╟℮⌂↓≤╩ ←√╘≢№╢≤ ⅎ╠╣╕∆⁹ 

⌂⅔⁸ ⁸ ─ ≢⁸ ≢ ↕╣√Toll≤™℮ ⌐╟ↄ √TLR
Toll-like receptor: Toll⅜ ╛►▬ꜟ☻─ ≤ⱴ◒꜡ⱨ□כ☺╛ ─

⌐ ↄ ╦∫≡™╢↓≤⅜ ╠⅛⌐⌂╡╕⇔√⁹↓╣⌐≈™≡│⁸ 5⅔╟┘ 2─35 - 51

╩↔ ↄ∞↕™⁹ 

⅜ ⌐ ╩ ╓∆↓≤╙№╡╕∆⁹ ⅜ №╢™│ ⌐ ∆╢
▼◦ꜞ─☻⁹ⱨꜝfi∆╕™™≥כ◑ꜟ꜠▪╩ Charles Robert Richet│◒ꜝ◕─ ╩ ⇔⁸

─◒ꜝ◕─ ╩ ⌐ ⇔⁸ ◌ ⌐ ─ ╩ ∆╢≤ ⅛╠ ↕╣╢
≤│ ⌂╡⁸ ≡─ ⅜◦ꜛ♇◒╩ ↓⇔≡ ∆╢↓≤╩ ≈↑╕⇔√⁹ │↓─ ╩

Prophylaxis─ ─ ≢▪♫ⱨ▫ꜝ◐◦כ Anaphylaxis◦ꜛ♇◒≤ ↑╕⇔√⁹

anaphylaxis─ana │ ∆╢⁸phlaxis│ ≤™℮ ≢∆⁹↓╣│⁸ ⌐ ═╢╟℮⌐⁸

─ ≢ ↄ ≤│ ⌂╢ ─ ⅜≢⅝╢√╘≢№╢↓≤⅜ ⌐ ╠⅛⌐⌂╡╕⇔
√⁹ 

1966☺ꜛfi☼ⱱⱪ◐fi☻ ─ ⌐╟∫≡ ⌐ ™ ⌐ ∆╢Ⱪ♃◒◘⌐
≈╙╩כ◑ꜟ꜠▪≡⇔ ─ ⅛╠ 19─ ⇔™ IgE⅜ ↕╣╕⇔√⁹IgE
│⁸ ─IgG≤│ ⌂╡⁸ ─ ╩ ∫ ↑≤⇔≡B ⌐╟∫≡ ↕╣√№≤⁸
╛ⱴ◒꜡ⱨ□כ☺≤│ ∑∏⁸ ⱴ☻♩ ─IgE ≤ ⇔╕∆⁹∕

⇔≡ ⌐ ⅜ ⇔≡⅝≡⁸ ⌐ ∆╢IgE⌐ ⇔√≤⅝⌐⁸ ≈─
⅜ ⌐ ≈─IgE⌐ ⇔≡IgE ╩ ™⌐ ↑∆╢ ⅜ ↓∫≡⁸IgE ⅜

≢ ⇔⁸∕╣⅜ ⅝ ≤⌂∫≡ ⌐ ⅎ╠╣≡™√ⱥ☻♃Ⱶfi⅜
╩כ◑ꜟ꜠▪⁸╣↕ ⅝ ↓∆─≢∆⁹ⱥ☻♃Ⱶfi│ ▪Ⱶⱡ ≢№╢ⱥ☻♅☺fi

⅛╠ ∆╢▪Ⱶfi ≢⁸ ⁸ ⌂≥╩ כ◑ꜟ꜠▪⁸⇔
╩ ⅝ ↓⇔╕∆⁹↓─╟℮⌂ ⅜ ─ ≢ ↓╢≤ ╛ↄ⇔╚╖⅜≤╘≥╙⌂ↄ ╢
↓≤⌐⌂╡╕∆⇔⁸ ≢ ↓╢≤ ⅜ ∫ ⌐⌂╡╕∆⁹↓╣⅜ ─כ◑ꜟ꜠▪─≤⌂
≢∆⁹ ≢ ↓╢≤ ╛▪♩Ⱨ⁸╡⌂⌐כ ≢│ ⌐⁸ ≢│ ⌐⌂╡╕∆⁹
≢ ↓∫≡ ─ ⅜ ╦╡⁸ ⅜ ⌐ ≡ ⅜ ⌐ ⇔⁸◦ꜛ♇◒ ≤
⌂╢─⅜▪♫ⱨ▫ꜝ◐◦⁹∆≢◒♇ꜛ◦כ 3   

№╢™│ ≤ ⇔√ ⅜ ╛ⱴ
◒꜡ⱨ□כ☺≤ ∆╢⅛⁸ ≤ ∆╢
⅛│⁸ ─Fc Y ─ ⌐№√╢
─ ≢ ╕╡╕∆⁹∆⌂╦∟Fc─ ⅜

─ ⌐ ⌐ ≡™≡⁸IgG⅜

⌐ ∆╢╟℮⌂↓≤│ ↓╠⌂™─≢
∆⁹ 2─15⅔╟┘ 6  

⌂⅔⁸ ≤™℮─│ ─
╛ ⌂≥⌐ ∆╢ ─  3▪♫ⱨ▫ꜝ◐◦כ ─ⱷ◌♬☼ⱶ 
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≢⁸ ╛ ⌂≥─ ⌐ ⌂ ╩ ≈ ≢∆⁹ ≤™℮ │∕─
╣√ ⅜ ╩ ↕∑╢↓≤⅛╠ ™√ ≢⁸ ─ ≤│ ⅜№╡╕∑╪⁹ ─√╘

⇔ ⅎ╕∆⁹ 

⁸ ╩ ⇔√ ⅜ ↄ ╠╣╢╟℮⌐⌂╡╕⇔√⁹ ≤™╦╣╕
∆⁹ ─ ⅜ ⇔√ꜞ►ⱴ♅─ ╙ ─ ≈≢∆⁹↓╣│ ◘▬
♩◌▬fi≤ ┌╣╢ ⌐ ╦╢ ─ ─ ≈≢№╢▬fi♃כ꜡▬◐fi 6 IL-6 ≤
™℮◘▬♩◌▬fi─ ⅝─ ╩ ≤⇔≡ ╠╣√ ≢⁸↓╣⅜ ─IL-6 ⌂╠
┘⌐ ╛ ⌐№╢ IL-6 ⌐ ≤⇔≡ ∆╢↓≤≢⁸ ⌐ ∆╢IL
-6⅜∕─ ⌐ ∆╢─╩ ⇔≡⁸ꜞ►ⱴ♅─ ⁸ ⁸ ⁸ ⁸
⌂≥─™╤™╤⌂ ╩ ⅝ ↓∆IL-6─ ╩ ⅎ╢─≢∆⁹↓─ │⁸ ∏ⱥ♩
─IL-6 ╩ ≤⇔≡ ∆╢ ╩ⱴ►☻≢ ╡⁸∕─ ╩ ─
≢ⱥ♩ ⇔≡⁸ⱥ♩─ ≢ ≤ ↕╣⌂™╟℮⌐⇔≡№╡╕∆⁹IL-6│⁸ ⌐ ═√T
╛B ╩ ∆╢◘▬♩◌▬fi─ ≈⌂─≢∆⅜⁸ ⌐ ↕╣╢≤ ╛ ⌂

≥─ ╩ ⅝ ↓∆─≢∆⁹ ꜞ►ⱴ♅─ ≢│⁸ ─ ⅛╠ ─IL-6⅜

↕╣≡⅔╡⁸↓╣⅜ ─ꜞ►ⱴ♅ ─ ╩ ⅝ ↓⇔≡™╕∆⁹⌂⅔⁸ ⁸ ⁸
⁸⅜╪⁸⌂≥≢ ⅜ ↓╢≤IL-6⅜ ↕╣⁸↓╣⅜ ─ ⌐ ⇔≡▪ꜟⱩⱵfi╩
∆╢ ─ ⅝╩ ╘⁸ ╦╡⌐ ♃fiⱤ◒CRPC-reactive protein╩ ╢╟℮⌐⌂╡
╕∆⁹ꜞ►ⱴ♅ ≢CRP⅜ ⅜╢─│ ⅛╠ ─IL-6⅜ ↕╣╢√╘≢∆⁹

│₈▬fi♃כ꜡▬◐fi─ ≤∕╣╠─ ─ ⌐╟╢ ₉≢
⁸◖꜡ꜝ♪ ─Charles Dinarello≤≤╙⌐☻►▼כ♦fi ▪◌♦Ⱶכ╟╡

◒ꜝⱨ◊כ♪ ╩ ⇔≡⅔╠╣╕∆ 2─54 - 94 ⁹ 

╙ ╛►▬ꜟ☻≤ ⌐ ⌐≤∫≡│ ⌂─≢⁸ ─ ╩ ⇔≡ №╢™
│ ≡╙⅔⅛⇔ↄ⌂™─≢∆⅜⁸ ≤─ ⅜ ↕™↓≤╙№∫≡⁸ ╩
⇔√ ─ │ ↄ│№╡╕∑╪⁹ ╛ ⅜╪ ⌐╟╢ │ ⌐ ⇔≡™╢
∞↑╩ ∆─≢│⌂ↄ≡⁸ ⁸ ⌐⁸ ─ ≢ ╟ↄ ╩ ↑≡™╢ꜞfiⱤ

╙ ⇔≡⇔╕™⁸ ∞↑╩ ∆╢↓≤│ ⌂™─≢∆⁹ ⁸ ∞↑╩ ≤⇔≡
∆↓≤─ ╢ ⅜╪ ⅜ ⇔∏≈ ⇔≡ ╡╕⇔√⁹ 

⅜╪│ ∕─ ⅜⅛⌂╡ ™─≢∆⅜⁸ ⌐│ ─ ⅜ ⌐ ™╙─⅜№╡╕
∆⁹∕─╟℮⌂ ⅜╪ │ ⌐HER2Human Epidermal Growth Factor Receptor Type2
≤ ↑╠╣≡™╢ ♃fiⱤ◒╩ ∫≡™╢↓≤⅜ ⅛╡╕⇔√⁹ ⅜╪─ Ɫכ☿ⱪ♅fi
│↓─HER2♃fiⱤ◒⌐ ≤⇔≡ ⇔≡∕─ ≢№╢⅜╪ ─ ╩ ∆╢╙─≢

∆⁹ ─ ꜞ►ⱴ♅─ ≤ ─ ≢ ╠╣√ ⌂ⱥ♩ ─ ≈≢∆

7 ⁹↓─ ─ Tכꜝ◐│ ╛ⱴ◒꜡ⱨ□⁸⅜☺כ⅜╪ ╩ ∫≡™╢ ─

Fc⌐ ⇔≡ ╩ ∆╢ADCCAntibody-Dependent-Cellular-Cytotoxicity  

⅜ ↕╣╢↓≤╙ ╠⅛⌐⌂∫≡™╕∆ 8 ⁹ 

─ ↄ│ ─ ⌐ ⌂ ♃fiⱤ◒─ 10 ╩ ⇔≡ ╩

↕∑╢ ≢∆⁹√≤ⅎ┌⁸Ɑ♬◦ꜞfi│ ─ ─ ≢№╢Ɑⱪ♅♪◓ꜞ◌fi╩
∆╢─⌐ ⌂ ♃fiⱤ◒─ ⅝╩ ╘≡ ╩ ⇔≡⇔╕℮─≢∆⁹ⱥ♩─ ⌐│

Ɑⱪ♅♪◓ꜞ◌fi│ ⇔⌂™─≢ │№╡╕∑╪⁹ │20⌐1 ←╠™─ ↕≢ ⇔
╕∆⁹DNA─ ─ │ ─ ⌐ ∆╢─≢⁸ ⅜ ↑╣┌ ™╒≥⁸

DNA─ ─ │ ↄ⌂╡╕∆⁹ ─ ─ ≢│DNA⅜ ⇔√ ⅜ ∆╢

⅜ ↄ⌂╡⁸ ╩ ∆╣┌∆╢╒≥∕╣⌐ ∆╢ ─№╢ ⅜ ⌐ ⅝
∫≡ ╢↓≤⌐⌂╢─≢∆⁹MRSAⱷ♅◦ꜞfi Ⱪ♪► │≥─╟℮⌂

╙ ⅛⌂™ ─ ≢∆⁹ 

⌐ ∆╢ ╩⁸ ╩ ∫≡ ⌐ ╤℮≤∆╢ ⅜ ╘╠╣≡™╕∆⁹∕╣│ⱥ♩─

─ ╩ ╗ ╩ ─ ─ ⌐ ╣≡⁸ⱥ♩─ ╩ ∫√ ╩
╢ ≢∆⁹↓─ ─ ⅛╠ⱥ♩─ ⌂ ╩ ⌐ ╢↓≤⅜ ╕∆⁹╕√⁸↓─
⌐ ╩ ⅎ≡ ╩ ╢↓≤╙ ≢⇔╞℮⁹ ─ ⌐⅛ⅎ╢ ─ ╡ ≤
╙™ⅎ╢╙─≢⁸ ─ ⅜ ↕╣╕∆ 9 ⁹ 

│ ╩ ≢╙ ∆╢╟℮⌐⌂╡╕⇔√⁹∕╣│⁸ ⅜ ⌐│♃fi



6 

Ɽ◒ ⅜ ╢ ⌐ ⌂ ≢№╢↓≤⅜ ╠⅛⌐⌂∫≡⅝√⅛╠≢∆⁹1975
⁸ ≢№╢B BꜞfiⱤ ≤ ●fi ─ ╩ⱳꜞ◄♅꜠fi

ꜟכ◖ꜞ◓ ≢ ↕∑╢≤⁸ ⌐ ─ ™ ≤⌂╢↓≤⅜ ↕╣╕⇔√

10⁹↓─ ╙B ≤ ⌐∕╣∙╣─ │ ─ ╩ ╡∞∆─≢⁸

╩ ≈∏≈ ╡ ⇔≡ ∆╣┌ ⌐ ⌂ ─ ≤⌂╡╕∆⁹ ⌐√∞
─ ⌂ ╩⸗ⱡ◒꜡כ♫ꜟ β≤™™╕∆⁹B │ ⌐ ╡ ∆≤ ™

≢ ⇔≡⇔╕℮─≢⸗ⱡ◒꜡כ♫ꜟ ─ ⌐│ ⅎ╕∑╪⁹↓─ ─ ─
⌐╟∫≡⁸ │ ─ ₁⌂ ≢╙ ↕╣╢╟℮⌐⌂╡╕⇔√⁹►▬ꜟ☻⅜ √∟─

⌐ ╡ ╕⌂™╟℮⌐ ╩ ⇔√ⱴ☻◒─ ╛ ⌐ ═√ ⅜╪ Ɫכ☿ⱪ♅
fi─╟℮⌂⅜╪ ╩Ⱨfiⱳ▬fi♩≢⌡╠™ ∟∆╢ ⅛≈ ─ ⌂™⅜╪ ─
√╘─ ─ ה ⌂≥│ ⌂ ≢∆⁹ 

1980 ┌⌐⁸ ─ ╩ ↕∑╢ ╩╙∫√ ⁸∆⌂╦∟ (catalytic 

antibody)╩ ╢ ⅜ ↕╣╕⇔√⁹↓╣│⁸ ╖─ ─ ≤⌂╢╟℮⌂ ╩ⱴ►☻
⌐ ⇔≡⁸∕─ ╩ ∆╢B ─ ╩ ╛⇔√℮ⅎ≢ ≤─ ╩ ╢↓

≤⌐╟∫≡ ⇔╕⇔√⁹↓╣⌐╟∫≡ │ ╛ ─╖⌂╠∏⁸ ─ ⌐⅔™≡╙
↕╣╢╟℮⌐⌂╡╕⇔√⁹↓─ ─ ╩ ⌐ ™╢≤⁸√≤ⅎ┌⁸ ─ ⅜ ≤
⇔≡╟╡ ↕⌂ ⌐ ∆╢ ╩ ≤ ∂╟℮⌂ ⌂ ≢ ℮↓≤⅜
╕∆ 11⅔╟┘12⁹ │⁸ ≢│⁸ ─ ─ ▪

Ⱶⱡ ⌂≥ ⌂ ┼─ ⁸ ─ ─ ⁸ ≢ ⌐
⌂∫√♃fiⱤ◒ ╛ ⌂≥─▪Ⱶⱡ ╛♯◒꜠○♅♪┼─ ה ⌂≥⌐ ↕╣≡™╕
∆⁹ 

↕╠⌐ ⁸ ⌐│ ⇔⌂™ ⌐ ∆╢ ╩ ⇔⁸ ─ ╩
⌂ ≤⇔≡ ⇔√ ⅜ ╠╣╕⇔√⁹ ⅎ┌⁸ ⌂꜡☺►ⱶ ╩
⌐ ∆╢⸗ⱡ◒꜡כ♫ꜟ ╩ ⇔≡⁸▪ꜝ♬fi≤™℮▪Ⱶⱡ ╩ ∆╢≤ ⌐
∆╢▪ꜝ♬fi≤ ↄ ∂ ─╙─╩ ╢↓≤⅜ ╕∆⁹ ─▪Ⱶⱡ ⌐│
⅜ ≤ ─╙─⅜ ⇔⁸ ⌐ ∆╢╙─│ ≡ ⌂─≢∆⅜⁸↓╣╩
≢ ∆╢≤⁸™╤™╤⌂ ╩⇔≡╙ ─ ─ ─ ╩ ←─│ ≢

∆⁹↓─ ╩ ∆╢ ≢│ ⌐100 ⅜ ╢─≢∆ 13⅔╟┘14⁹ 

2B6≤™℮⸗ⱡ◒꜡כ♫ꜟ ⌐ ⱳꜟⱨ▫ꜞfi╩ ╖ ╦∑√ ─ ≢⁸ ⌐
╩ ∆╢≤⁸ ⅛╠ ╩ ↕∑╢↓≤⅜≢⅝╕∆ 15⁹ ∞ │ ™≢∆⅜⁸

●☻╩ ⌂fiכꜞ◒™⌂↕ ╩ ≤ ⅛╠ ∆╢ ─ ≈≤⇔≡⁸ ↕╣╢

╙ ™≤ ╦╣╕∆⁹ 

↓─╟℮⌐ ≢─ ─ ≢ ╠⅛⌐⌂∫√ ─ │ ה ─ ─
╖⌂╠∏⁸ ╛ ─ ≢╙ ╩ →≈≈№╡╕∆⁹ ≢№╢♃fiⱤ◒ ⌐╟╢

─ ≤ ─ ≤⇔≡ ─ ™⌂╢ ⅜ ⇔╖≢∆⁹ 

 

4. ►▬ꜟ☻─ⱥ♩┼─  

⌐⅔ ⇔⇔√ ⱴⱥ╙ ╙►▬ꜟ☻⌐╟╢ ≢∆⁹►▬ꜟ☻│∕╣∞↑≢│
≢⅝╕∑╪⁹ ─╟℮⌂ ≢│ ⇔⌂™─≢∆⁹ ∏ ─ ─ ≢ ⇔⁸╕√
⇔╕∆⁹∕⇔≡ ╩ ∫≡ ⌐ ⇔╕∆⁹∕╣≢╙ ─ ╩ ∆╟℮⌂↓≤

│⇔╕∑╪⁹ ╠─ ─√╘≢∆⁹√≤ⅎ┌⁸ ▬fiⱨꜟ◄fi◙►▬ꜟ☻│ ─ ╡
⌐│ ⇔≡╙ ↕∑╕∑╪⅜⁸♬꞉♩ꜞ╛ ⌐│ ™ ╩ ⇔╕∆⁹▪ⱥꜟ─▬fi
ⱨꜟ◄fi◙►▬ꜟ☻⅜♬꞉♩ꜞ⌐℮≈╡⁸∕↓≢ ⇔≡ ⌂ ╩ ∆↓≤╙№╡╕
∆⁹╕√⁸▪ⱥꜟ≤ⱥ♩─▬fiⱨꜟ◄fi◙►▬ꜟ☻│ⱥ♩≤▪ⱥꜟ─ ≢│ ™⌐│ ⇔╕∑
╪⅜⁸ ─ ⌐ ⌐ ∫≡ ⅜ ∂╡ ℮≤⁸ⱥ♩⌐╙ ∆╢ ─ ™►▬ꜟ☻

⌐⌂╢↓≤╙№╡╕∆⁹ⱥ♩─▬fiⱨꜟ◄fi◙⌐ ⇔√ ⅜⁸♬꞉♩ꜞ─▬fiⱨꜟ◄fi◙⌐
∆╢≤ ⌂↓≤⅜ ↓╢ ⅜№╡╕∆⁹ 

β │ ™╤™╤⌂ ─ ⅛╠ ╡ ↕╣╢ ≢∆⁹⸗ⱡ◒꜡כ♫ꜟ

│ ─ ⅛╠ ╡ ↕╣√ ⌐ ⌂ ─ ╕╡≢∆⁹ 
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►▬ꜟ☻≤ ≤─ ╦╡ ™⌐≈™≡╙℮ ⇔ ⇔
™⅔ ⇔╩∆╢ ⌐⁸ ⁸ ⌐ ─ ⌐≈™≡
⅔ ⇔╩⇔╕∆⁹ ─ ⌐№√╢ │⁸ 4⌐
⇔√╟℮⌐⁸ ⌐ ─ ─2 ≢ ╠╣
√ ↕5♫ⱡⱷכ♃כ ─ ≢⁸↓─ ╩ ⇔≡

─ ⅜ ╢≤≤╙⌐ ⅜ ↕╣╢⌂≥⁸™
╤™╤─╙── ╡⌐ ╦╣╢≤ ⌐⁸ ─
⌂ ⅜ ⌐ ∆╢─╩ ← ╙ √⇔≡™
╕∆⁹ │⁸◖ꜞfi⁸꜠◦♅fi⌂≥─
≤─ ⅜ ↄ⁸ ≤ ↨╡ ™ ≤
≤─ ⅜ ↄↄ⁸ ≤ ↨╡ ™

1 2 ╩ ≈ ™ ≢∆⁹ ╙

⌐ ∆╢ │ ≤ ⅜ꜞfi
╩ ⇔≡≈⌂⅜∫√ꜞfi ≢⁸∕─
⌂╙─│ⱱ☻ⱨ□♅☺ꜟ◖ꜞfi 1 ≢
∆ 14 ⁹ ⅜ ╡№∫≡

╩ ⌐ ↑√ ≢ ─ ⅜ ╪≢

2 ─ ⌐⌂∫√─⅜ ≢∆ 4 ⁹

─ │™╤™╤⌂ ─ ≢
↕╣≡™╕∆⁹∕⇔≡⁸↓╣╠─ │
⅝ ↄ⁸ ─ №╢™│ ─ ─ ≢│⅛⌂╡─ ↕≢ ─ ╩⇔≡™╕∆⁹↓─

─ ⅜ ─ ╩ ╘≡™╢─≢∆⁹↓─ ─ │ ─ ╛ ⌐
═╢ ⌐ ╘ ╕╣√ ♃fiⱤ◒─ ─ ⌂≥≢ ⌂ ⅝╩⇔≡™╕∆⁹⌂⅔⁸
─ ⌐≈™≡│ 14╩ ⇔≡ ↕™⁹ 

⌐│™╤™╤⌂ ─♃fiⱤ◒ ⅜ ╘ ╕╣≡™≡⁸ ╛ ⁸▬○fi
⌂≥─ ╩≈⅛↕≥╢╒⅛⁸ ─◦◓♫ꜟ ─ ╛ ≤⇔≡ ⇔≡™╕∆⁹
↓╣╠─♃fiⱤ◒ ─ ─≤⌂☻כ⁸ⱴfiⱡ☻כ♩◒ꜝ●⁸☻כ◖ꜟ◓│⌐ ⅜ ≈⌂
⅜∫√ ⅜ ⇔≡™≡⁸ ♃fiⱤ◒≤ ┌╣╕∆⁹↓╣╠─♃fiⱤ◒ ⌐ ⇔√ │
╩ ∆╢─≢ ─ ╛ ─ ╩ ∫≡™╕∆⁹╕√⁸ ─ │ ₁⌐
⇔≡ ∆╢╙─≢│⌂ↄ⁸ №╢™│ ─ ⌐ ⇔≡ ∆╢─
⅜ ≢∆⁹↓─ ─ ─ ™─ ╛ ⌐╙ ♃fiⱤ◒─ │ ⌂ ╩ √⇔

≡™╕∆⁹√≤ⅎ┌⁸ ⌐╟╢ ─ ⌐│⁸ ─ ─ ⅜ ╦∫≡™╢─
≢∆⁹╕√⁸ ╛ ─ ╩ ∫≡™╢ ─ ─ fi▫♦כ꜡◒│⌐
≤™℮♃fiⱤ◒ ─ ⅜ ─ ⅝╩⇔≡™╕∆ 3─221 - 228 ⁹↓─╟℮⌐⁸

│ ™⌐ ─ ™ ⅜ ╩ ⇔√ ≢ ⇔≡⁸ ≈⌐│⌂™ ╩
⇔≡™╢ ≤™℮↓≤⅜ ╕∆⁹ ≢─ ─ │⁸ ≢ ═╢►▬ꜟ☻─
⌐⅔↑╢♃fiⱤ◒ ─ ╛DNA ─ ╙ ╘≡⁸ ╩ ╢ ≢ ⌂ ⅝

╩⇔≡™╢↓≤⅜ ™─≢∆⁹ 

►▬ꜟ☻│™ↄ≈⅛─♃fiⱤ◒ ⅜ ⇔≡ √ ↕⌂ ⌐ ╕╣√ ≤™ⅎ╢
╙─≢∆⁹►▬ꜟ☻⌐╟∫≡│⁸↓─♃fiⱤ◒ ─ ⅜↕╠⌐ ⌐ ═√ 2 ─ ⌐

╦╣≡™╕∆ 5 ⁹∕─ ⌂►▬ꜟ☻⅜▬fiⱨꜟ◄fi◙►▬ꜟ☻≢∆⁹▬fiⱨꜟ◄fi◙
►▬ꜟ☻⅜ ≤⌂╢ ⌐ ╢ ⌐│⁸↓─►▬ꜟ☻─ 2 ⅜ ─ 2

≤ ∆╢─≢∆⁹∕⇔≡⁸►▬ꜟ☻─ ⅜ ─ ⌐ ↕╣╢─≢∆⁹↓↓≢
│⁸ ⌐ ═√ ─ ⅜►▬ꜟ☻─ ┼─ ⌐ ™⌐ ∫≡™╕∆⁹►▬ꜟ☻─
│ ↕™─≢∕─ ⌐ ╢DNA╛RNA─ ⌐│ ╡⅜№╡⁸∕─ ∆⌂╦∟ ─

╩∆╢─⌐ ⌂ ╩ √∏⁸ ─ ─ ╩ ∫≡ ╩∆╢─≢
∆⁹►▬ꜟ☻⅜ ≈ │⁸ ╠─ ╩ ∆╢♃fiⱤ◒ ≤ ─ ─ ⌐ ⌂
╩ ─ ⅛╠ ⅝ ∑╢♃fiⱤ◒ ⌐ ∆╢ ─╖≢№╡╕∆ ↓─►▬ꜟ☻─
⌐ ∆╢ │7⁸10⁸13╩ ╪≢ ↄ≤ ⅛╡ ↄ⌂╡╕∆ ⁹ 

►▬ꜟ☻╩ ╗ 2 ⌐│∕─►▬ꜟ☻ ─♃fiⱤ◒ №╢™│ ♃fiⱤ◒─ ☻

4 ─  

1 ⱨ◊☻ⱨ□♅☺ꜟ◖ꜞfi 

CH2 O

CH O

CH2 O

C R1

O

C R2

O

C O

O

P

O-

O

O

CH2CH2N+(CH3)3

R1⅔╟┘R2│ ™
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Ɽ▬◒ ⅜ ╘ ╕╣≡™╕∆⁹√≤ⅎ┌⁸
─▬fiⱨꜟ◄fi◙►▬ꜟ☻─ ⌐│Ⱬ

ⱴ◓ꜟ♅♬fi(HA)≤ⱡ▬ꜝⱵ♬♄כ♀(NA)
≤™℮2 ─ ♃fiⱤ◒ ─ ⅜ ⇔╕
∆⁹HA│↕╠⌐15 ⌐⁸NA│10 ⌐

⅛╣≡™≡⁸∕─ ╖ ╦∑⌐╟∫≡►▬
ꜟ☻─ ↑⅜ ╕∆⁹√≤ⅎ┌⁸☻Ɑ▬
fi ─►▬ꜟ☻│H1N1⁸♬꞉♩ꜞ─▬fi
ⱨꜟ◄fi◙►▬ꜟ☻│H5N1≢∆⁹ ∫√

─►▬ꜟ☻⌐ ∆╢꞉◒♅fi│ ⅛⌂™─
≢⁸▬fiⱨꜟ◄fi◙꞉◒♅fi│ ↄ─ ─
╙─╩ ⇔⌂↑╣┌⌂╠∏⁸╕√∕─ ⌐

∆╢▬fiⱨꜟ◄fi◙─꞉◒♅fi⅜ ╙
↕╣≡™╢╦↑≢│№╡╕∑╪⁹ 

≤↓╤≢⁸▬fiⱨꜟ◄fi◙►▬ꜟ☻─HA
☻Ɽ▬◒│►▬ꜟ☻⅜ ≤∆╢
─◦▪ꜟ sialic  acid╩ ╗ ⌐

⇔≡ ⌐ ⇔⁸ ⇔╕∆⁹ ⇔√
►▬ꜟ☻│ ─ ─ ⌐ ∆╢√╘
⌐ ─ ⌐ ╟℮≤∆╢─≢∆⅜⁸∕─
⁸ ⌐ ╢─≢│⌂ↄ≡⁸►▬ꜟ☻─

HA ⅜ ─◦▪ꜟ ╩ ╗

⌐ ⇔╕∆⁹↓─ ╩ ⇔≡ ⇔
√►▬ꜟ☻╩ ⌐ ∆ ╩ √∆─⅜NA ⌂─≢∆⁹
▬fiⱨꜟ◄fi◙►▬ꜟ☻ ─♃Ⱶⱨꜟ│NA─ ╩

⇔⁸ ≢ ⇔√►▬ꜟ☻⅜⁸ ─ ┼
∆╢─╩ ⇔⁸▬fiⱨꜟ◄fi◙►▬ꜟ☻─ ╩ ∆╢
⌂─≢∆⁹≥─╟℮⌂ ─▬fiⱨꜟ◄fi◙►▬ꜟ☻⌐ ⇔
≡╙ ─№╢ ▬fiⱨꜟ◄fi◙►▬ꜟ☻ ≢∆

16⁹►▬ꜟ☻─ ה ─ⱷ◌♬☼ⱶ╙ ─

≤⇔≡ ⌐ ↕╣╢╟℮⌐⌂╡⁸►▬ꜟ☻⌐╟∫≡

⅝ ↓↕╣╢ ─ ─ ⅜ ∞↑≢│⌂ↄ
⌂ ⌐ ≠™≡╙ ⅎ╢╟℮⌐⌂∫√─│ ∆═⅝↓
≤≤ ⅎ╕∆⁹ 

1980 ≢ ⌂ ╩ ℮T Tꜞ fiⱤ ⅜ ⇔ↄ ⇔≡⁸ ⌂╠

⌂≥⌐⌂╢ ─⌂™≥↓⌐≢╙ ∆╢◌ⱦ⅜ ─ ⅜ ≈⅛╡╕⇔√⁹™╦╝╢

AIDSAcquired Immune Deficiency Syndrome─ ╕╡≢∆⁹2 ⌐ⱥ♩
►▬ꜟ☻ HIVHuman Immunodeficiency Virus≤™℮▪ⱨꜞ◌─◘ꜟ ─ ⇔™►

▬ꜟ☻⌐╟╢ ≢⁸ ╛ ─ ⌐ ∫√►▬ꜟ☻⌐╟∫≡ ∆╢↓≤⅜ ╠⅛⌐⌂
╡╕⇔√⁹ ∞↑≢⌂ↄ ⅛╠╙ ⅜ ⅜╡╕⇔√⁹►▬ꜟ☻⌐ ∆╢≤

⌐ ⅜ ╕∆⅜⁸↓╣⌐│ ⅜ ≢∆⁹↓─ ⌐ ⇔√ ╩ ℮≤ ⅜
↓╢ ⅜№╢─≢∆⁹∕╣≢ │⁸ ─ ─♅▼♇◒⌐⁸ ─ ≢│⌂ↄ►▬ꜟ
☻─ ∕─╙─╩ ⇔≡ ∆╢ ⅜ ↕╣≡™╕∆⁹↓╣│ NAT 

Nucleic acid Amplification Test≤ ┌╣⁸ ─ ╩ ╡ ⇔⁸∕─ ╩ ╡ ⇔≡⁸╙

≤─ ⌐ ⇔≡ ∆╢ ─ ™ ≢∆⁹⌂⅔⁸◄▬☼│ ⌐№√╢

™ ⌐╙ ⇔⁸ ⅛╠ ⌐╙ ∆╢─≢ ⌐│ ─ ⌐≈⌂⅜╡⅛⌡⌂™≤
™℮ ╙№╢ↄ╠™≢∆⁹ 

 

5. ►▬ꜟ☻⌐╟╢ ─  
►▬ꜟ☻⅜ ╩ ↕∑╢↓≤⅜№╡╕∆⁹1911▪ⱷꜞ◌NIH▪ⱷꜞ◌

5▬fiⱨꜟ◄fi◙►▫ꜟ☻─  

1─ 57  

O
NH2

OH

OH

C

O

OH

HO

OH

OH

2 ◦▪ꜟ ─ ≈ 

     ⱡ▬ꜝⱵfi  
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─ꜝ►☻ Francis Peyton Rous│♬꞉♩ꜞ─ ≢№╢ ⅜►▬ꜟ☻⌐╟∫≡ ↓╢↓≤╩
⇔╕⇔√⁹ ─ ╙1913∂ ╩ ⇔╕⇔√⁹ ╠│♬꞉♩ꜞ─

╩∆╡ ⇔≡⁸ ⅝─ ╩ ⇔≡ ╩∆═≡ ╡ ™√ ╩ ─♬꞉♩ꜞ⌐ ∆╢≤
⅜ ∆╢↓≤╩ ⇔√─≢∆⁹ │►▬ꜟ☻≤™℮ │ ∑∏⁸ ≤
┌╣≡™╕⇔√⅜⁸ ⌐↓╣⅜►▬ꜟ☻⌐╟∫≡ ↓╢ ─ ─ ≢№╢↓≤⅜ ╠⅛⌐
⌂╡╕⇔√⁹ 17 

⌐╟∫≡ ↕╣√ Tꜞ fiⱤ │►▬ꜟ☻⌐╟∫≡ ⅝ ↓↕╣╢ⱥ♩

─⅜╪≢∆⁹↓─ ─ ↄ⌐ ─ ⅜ ╘╠╣╢↓≤⅛╠►▬ꜟ☻─ ⅜ ╦╣⁸
►▬ꜟ☻⌐╟╢╙─≢№╢↓≤⅜ ╠⌐╟╡ ╠⅛⌐↕╣╕⇔√⁹ ∂↓╤▪ⱷꜞ◌

─●꜡ Robert Gallo⅜◌ꜞⱩ ⌐ ∆╢ ─ ⅛╠ ⇔√►
▬ꜟ☻HTLV-1 Human T-lymphotropic Virus -1 ⅜ Tꜞ fiⱤ ─╙─≤ ∂≢№╢↓
≤⅜ ╠⅛⌐⌂╡╕⇔√⁹↓─►▬ꜟ☻│CD4≤™℮ ⱴכ◌כ 6 ╩ ≈T
ꜞfiⱤ ⌐ ⇔⁸↓╣╩ ↕∑╕∆⁹◄▬☼►▬ꜟ☻╙CD4ⱴכ◌כ╩ ≈ Tꜞ fiⱤ ⌐
⇔╕∆⅜⁸↓─ │ Tꜞ fiⱤ ╩ ⇔≡⇔╕℮─≢∆ 1─14 ⁹ 

─ ⌐ ∂╢ ╙►▬ꜟ☻⅜ ∆╢↓≤⅜ ╠⅛⌐⌂∫≡™╢⅜╪≢∆⁹
↓─ │ ⌐ ™↓≤⅛╠ ≤─ ╩ ⇔≡ ⅜∆∆╘╠╣⁸ⱥ♩ⱤⱧ꜡כⱴ►
▬ꜟ☻─№╢ ─ ⅜ ⌐╟∫≡ ⇔⁸ ⅜ ⌐ ∆╢ ≢№╢↓≤⅜
╠⅛⌐⌂╡╕⇔√⁹ │⁸꞉◒♅fi⌐╟╢ ⅜ ⌐⌂∫≡™╕∆ 3─719 ⁹ 

 

6. ⱴכ◌כ≤ꜞfiⱤ  
↓↓≢⁸ ≢ ⌂⇔⌐ ⇔√CD4 ⱴכ◌כ⌐≈™≡ ⇔ ⇔≡ ⅝╕∆⁹ⱥ

♩─ ╩ ≤∆╢↕╕↨╕⌂ ⌐│ ♃fiⱤ◒⌂≥≢ ≡™≡ ─⸗ⱡ◒꜡כ♫
ꜟ ⌂ ≤ ⌐ ∆╢ ╩ ≈ ⅜ ⇔⁸ ⱴכ◌כ≤
┌╣≡™╕∆⁹ ─ ⱴכ◌כ│ ─ ─ ≤─╖ ∆╢╦↑≢∆⁹
ⱴכ◌כ≤ ∆╢ │ ⌂─≢CD ≤ ┌╣╢ ⅜ ↕╣≡™╕
∆⁹CD │1982⌐Ɽꜞ≢ ⅛╣√ 1 ⱥ♩ ⌐ ∆╢ ꞉כ◒◦ꜛ♇ⱪ

↑╠╣≡™≡⁸2007 ╕≢⌐9 ─꞉כ◒◦ꜛ♇ⱪ╩ ∂≡CD350╕≢⅜ ↕
╣≡™╕∆⁹CD≤™℮ │⁸cluster of differentiation ─ ╩≤∫√╙─≢⁸ ─ ₁

─ ⌐ ∆╢ ╩◒ꜝ☻♃ ≢ ⇔√↓≤⅛╠ ↑╠╣√╙─≢
∆⁹CD │↓─╟℮⌐ ╛∕─ ─ ─ ⱴכ◌כ╩ ≤∆╢ ─
≢∆⅜⁸↓─ ⌐ ∆╢ ─ ╩ ∆─⌐╙ ↕╣╕∆⁹√≤ⅎ┌⁸₈CD4ⱴכ

╩כ◌ ≈ Tꜞ fiⱤ ₉≤™℮ ⅜∕╣≢∆⁹CD4ⱴכ◌כ╩ ≈ Tꜞ fiⱤ │ ─ Tꜞ fiⱤ
─ ╩ ⇔√╡⁸BꜞfiⱤ ─ ⁸ ╩ ⇔√╡∆╢ ╩ ∫≡⅔
╡⁸ 3 ≢ ═√ⱫꜟⱤכT ≤╙ ┌╣≡™╕∆⁹CD │T Tꜞ fi
Ɽ ─ ╩ ∆─⌐╙ ╦╣≡™╢─≢∆ 18⁹ 

ⱥ♩─ꜞfiⱤ Lymphocyte│ ─20 40%╩ ╘╢ ≢⁸ 3 ≢╙ ═√╟

℮⌐⁸ ⌂≥╩ ∫≡ ⁸ ⌐►▬ꜟ☻╛ ╩ ⇔⁸ ─ ≢ ⌂ ╩
√⇔≡™╕∆⁹ ⌐╙ ═╕⇔√⅜⁸ꜞfiⱤ ⌐│⁸Tꜞ fiⱤ T ≤╙™℮⁸ⱫꜟⱤכ

Tꜞ fiⱤ כꜝ◐≥ Tꜞ fiⱤ ⅜№╢ ⁸BꜞfiⱤ B ≤╙™℮ כꜝ◐ꜟꜝꜙ♅♫⁸

NK ⌂≥─ ⅜№╡╕∆⁹ ⌐╙ ═√╟℮⌐⁸BꜞfiⱤ │ ⌐ ╦╡⁸Ⱬ

ꜟⱤכ Tꜞ fiⱤ │BꜞfiⱤ ─ ⌂╠┘⌐ ≢№╢◘▬♩◌▬fi╩ ⇔≡⁸∕╣╩

◘ⱳ⁹∆╕⇔♩כ ⌐ ╡ ╪≢⇔╕∫√►▬ꜟ☻⌐ ⇔≡ │ ⌂─≢∆⅜⁸►▬ꜟ
☻ ─♃fiⱤ◒ ─ ⅜ ╠⅛─ ≢ ⌐ כꜝ◐⁸≢─╢╣ Tꜞ fiⱤ ⅜↓╣╩

⇔≡ ╩ ⇔╕∆⁹ 

NK │ ╩ ∆╢ ╩ ⌂™≢⁸►▬ꜟ☻ ⁸ ⌂≥ⱥ♩⌐≤∫

≡ ≤⌂╢ ╩ ⇔╕∆⁹ ╕╣≈⅝ ╩ ∫≡™╢≤™℮ ≢♫♅ꜙꜝꜟ◐
≥כꜝ ↑╠╣√╦↑≢∆⁹NK │ ⌐ ∆╢ ⅜ ╡ ≈╕≢─ ⁸►▬ꜟ☻

╩ ∆╢─⌐ ≈─≢∆⅜⁸ ≈ ⅎ┌ ╩ ∆╢ ╙№╢─≢⁸∕─
│⁸►▬ꜟ☻ ╛ ─ ∆╢◘▬♩◌▬fi 3 ─╟℮⌂ ╩

⇔√ ─ ⌐ ╖ ╕╣≡™≡⁸ ⌐ ↕╣≡™╕∆⁹↓─╟℮⌐⁸ⱥ♩─ │™
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╤™╤⌂ ≢ ⅛╠ ╠╣≡™╢─≢∆⁹√∞⁸ ►▬ꜟ☻⅜ ⇔√ ─ ⅜◐
כꜝ Tꜞ fiⱤ ⌐ ↕╣≡ ↕╣⁸ ⅜ ∆╢╟℮⌂↓≤╙ ↓╡╕∆ C ⁹

3 ⌐ ⌐╙≥≥≤⌂◒♇ꜛ◦כ◦◐ꜝ▫ⱨ♫▪╛כ◑ꜟ꜠▪√═ ⅜ⱴ▬♫☻⌐

∆╢ ─ ≈≢∆⁹ 

T │ ≢ ⌂ ≢ ↕╣√ ⁸ ⌐ ∆╢ Thymus≢ ⇔╕∆⁹B
│ ≤⇔≡ ≢ ⇔⁸↕╠⌐ꜞfiⱤ ⌐ ⇔⁸∕↓≢╙ ה ⅜ ╦╣╕∆⁹T

ꜞfiⱤ ─ │ Thymus⌐ ⇔≡™╢─≢∆⅜⁸BꜞfiⱤ ─ ─ │

Bone marrow≢│⌂ↄ⁸ ╩≈ↄ╢ꜞfiⱤ │♬꞉♩ꜞ≢│ ─ ⌐№╢ⱨ□Ⱪꜞ◐►
☻ Bursa of Fabricius≢№╢≤™℮ ⌐ ⇔≡™╕∆⁹ 2─ 2  

 

7. DNA⅜ ─ ≢№╢↓≤─ ≤∕─ ─  

↓↓╕≢⌐⁸ ≤™℮ ╩ ⅛ ∫≡ ╡╕⇔√⁹↓─ │⁸ ∆╢ ≤™℮
≢∆⅜⁸∕─ │ⱷfi♦ꜟ─ ─ 1865≢∆⁹ ─ │ ╩ ℮

≢№╡⁸∕╣│⁸⅛⌂╡ ™ ⁸ ─♃fiⱤ◒ ≢№╢≤ ╦╣≡⅝╕⇔√⁹

1869⅛╠1929⌐⅛↑≡⁸ ⌐│♦○◐◦ꜞⱲ Deoxyribonucleic 

acidDNA≤ ┌╣╢ ⅜ ⇔√♦○◐◦ꜞⱲכ☻≤™℮ ꜟכ◖ꜟ▪
≤3 ─ꜞfi ≢ ↕╣╢ ⱳꜞⱴכ ⅜ ∆╢↓≤⅜ ╠⅛⌐

↕╣╕⇔√⁹∕⇔≡⁸►▬ꜟ☻╛ ⁸№╢™│ⱥ♩⌂≥─ ─ ─
│⁸ ╦╣≡™√ ─♃fiⱤ◒ ≢│⌂ↄ⁸DNA≢№╢↓≤⅜꜡♇◒ⱨ▼

כꜝ ─▪ⱬꜞכ Oswald Theodore Avery⌐╟∫≡ R ≤

S ─2 ─ ╩ ™╢ ≢ ⌐ ↕╣

╕⇔√⁹ 
╕∏S ─ ╩ ⇔√ ⁸♃fiⱤ◒ ≢
⇔≡♃fiⱤ◒ ╩ ╡ ™≡⅛╠R ⌐ ⅎ╢≤⁸∕─R
│ ╩ ↓⇔≡S ⌐ ╦╡╕⇔√⁹∕⇔≡∕─ │
≢⁸∕╣ ─ ⌐ ↑ ⅜╣╕⇔√⁹≤↓╤⅜⁸DNA
≢ ⇔√╙─│R ⌐ ⅎ≡╙⁸R │

╩ ↓↕⌂⅛∫√─≢∆⁹↓╣│♃fiⱤ◒ ⅜ ─ ≢│
⌂ↄ⁸DNA⅜ ─ ≢№╢↓≤╩ ⌐ ∆╢╙─≢⇔

√⁹ ⅜▪ⱷꜞ◌≤ ⇔≡™√↓╤─↓≤≢∆⅜⁸↓─
╢╟⌐◒♇ꜞ◒ה☻◦꞉♩♁fi≤ⱨꜝfiה☼ⱶכ▼☺│

DNA─ ╠∑╪ ─ ┼≤ ⅜╡⁸ ╛

─ ─ ⅝⌂⅝∫⅛↑≤⌂╡╕⇔√⁹ 

DNA │⁸ ⌐╙ ═√╟℮⌐⁸ ⅜ ⇔√♦○◐
◦ꜞⱲכ☻ ꜞⱲ2─☻כ ─OH ⅜H⌐ ⇔√

≤ꜞfi 3≤ 4 ≢ ↕╣╢

≤ ┌╣╢ ⱳꜞⱴכ ≢∆⁹ꜞfi ⅜♦○
◐◦ꜞⱲ3≥'5─☻כ'─ ≢2≈─ ╩ ┘ ↑╢↓
≤⌐╟∫≡DNA─ ™ ⅜ ≡™╕∆⁹∕─ ↕│
⅝ ┌∆≤1 ≢ ☿fi♅ⱷכ♩ꜟ⌐⌂╡╕∆

5 ⁹ │♦○◐◦ꜞⱲ1─☻כ' ─ ⌐ ⇔

≡⅔╡⁸∕─ │▪♦♬fi⁸◓▪♬fi⁸◦♩◦fi⁸♅

3 ꜞⱲכ☻ ≤♦○◐◦ꜞⱲכ☻  6 DNA╩ ∆╢ ≈─  

C C

C

O

C

OHOH

HH

H

CH2

H

HO
OH

C C

C

O

C

HOH

HH

H

CH2

H

HO
OH

1'

2'

3'4'

5'

P

O

OH

HO

HO

4  

ꜞfi  

P

O

O-

O

O

H

O

H

H

H

CH2 H

O

n

1'

2'

3'

4'

5'

5 DNAⱳꜞⱴכ 

N

CH

N

C

C

C

N
H

HC

N

NH2

NH

C

N

C

C

C

N
H

HC

N

O

NH2

N

C

N
H

HC

HC

C

NH2

O

NH

C

N
H

HC

C

C

O

O

H3C

▪♦♬fi( A) ◓▪♬fi( G)

◦♩◦fi( C) ♅Ⱶfi( T)

⅜



11 

Ⱶfi─ 6 ≢⁸∕╣∙╣ A, G, C, T≤™℮ ≢ ↕
╣╕∆⁹DNA─ ╠∑╪ │A≤T⅔╟┘G≤C─ ⌐

≢ ∆╢ ↑⌐╟∫≡ ↕╣≡™╢↓≤⅜X
⌂≥⅛╠ ╠⅛⌐↕╣╕⇔√⁹↓╣⌐╟╡⁸ ⅜DNA─

⌐╟∫≡ ↓╢↓≤╛DNA ─ ─ ⅜ ≢№╢↓≤
⅜ ≢⅝╢╟℮⌐⌂╡╕⇔√⁹ 6 ─ ─ ⌐
ⱪꜝ▬ⱶ ' ⅜ ™≡™╢─│⁸ ─ ⌐ⱪꜝ▬ⱶ '─ ™

─ ⅜ ↕╣╢√╘≢∆⁹  

≤™℮─│⁸ ╛ ⌂≥─ ∆⌂╦∟ ╩
⅝ ↑╢ ─ ⅝⌂ ⌐ ⇔√ ⅜ ∂ №╢™│
─ ─ ╛ ⌂≥─ ─ ⅝⌂ ≤─ ⌐ ╢
™ ╩™™╕∆⁹ ╟╡╙ ─ ⅝⌂ ⌐ ⇔√
│ ╩ ┘⁸ ╩ ┘√ ─ ─ ⅝⌂ ≤─ ⌐ ™
⅜ ↄ─≢∆⁹ ≈─ ─ ↕│ ⌐ ═≡│╢⅛⌐ ↄ⁸ ─ ≢
⌐ ╣≡⇔╕℮ ─ ↕≢∆⅜⁸ ╕╣┌∕─ ╩ ≢⅝⌂ↄ⌂╡╕∆⁹ ⅜⁸∕─

⅜ 162ϴ─ⱷ♃fi≤№╕╡ ╦⌂™⌐╙⅛⅛╦╠∏⁸ 100ϴ─ ≢№╢↓≤╛
≢№╢DNA⅜ ⌂2 ╠∑╪╩ ╢─│∕─√╘≢∆ 7 ⁹DNA─ ╠∑╪─

2 ─ │ ─ ─ ≤ ⌐ ⌐⌂∫≡™╕∆⁹∕─√╘⌐⁸⅔ ™⌐
√⌂ ╩ ⌐ ∆╢√╘─ ⌐ ⅎ╢─≢∆⁹DNA │↓─ ⌂ ─
≢100ϴ ↄ≢⌂™≤ ╣⌂™╒≥⇔∫⅛╡≤ ┘≈™≡™╕∆⁹∕╣≢⁸DNA─ │⁸
∏DNA ⌐ ─ ≤⌂╢♃fiⱤ◒ ⅜ ⇔≡2 ╩ ↕∑╢≤↓╤⅛╠ ╕╡╕∆⁹
↓─2 ⅜ ⅝ ╘╢ ⌐│ ♃fiⱤ◒≤ ↄ ∆╢ ⅜№╢∞↑≢⌂ↄ⁸

G - C ╟╡│ ─ ─ ⌂™A - T ─ ⅜ ™─≢∆ 8 ⁹ ⌐ ♃
fiⱤ◒⅜ ⇔≡ ╠∑╪─ ⅜ ∆╢≤⁸DNAⱳꜞⱷꜝכ♀─ ⅝≢ ─DNA
─ ≤ ⌂ ╩ ≈♦○◐◦ꜞⱲ♯◒꜠○♅♪ DNA─ ╩ ≈

6 DNA  

3─ 5 6╟╡ ╩ ≡  

7 DNA─ ╠∑╪  

3 5 2╟╡ ╩ ≡  

 DNA─  

  3─ 6 5╟╡ 

     ╩ ≡  

Copyright 2010 FromñEssential Cell Biology, third editionò by Bruce Alberts, et al. Reproduced by permission of Taylor and 
Francis Group, LLC, a division of Informa plc.  
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DNA ⅜ ╩ ♥fiⱪ꜠⁸♩כ

template≤⇔≡ ↕╣≡ ⇔⁸
⌐│⁸ ≤ ⌐ ⌂ ⅜∕╣∙╣1
∏≈≢⅝≡ ⅜ ⇔╕∆⁹ⱥ♩─DNA1
⌐│ ⅜╒╓1 №╡⁸ ⌐

⅜ ↕╣╢─≢ ⅜ ⌐ ↕╣
≡™╢─≢∆⁹ 9 ↓↓≢⁸♯◒꜠○♅♪

Nucleotide≤│⁸ ╩ ╗ ─

⅜ꜞⱲכ☻№╢™│♦○◐◦ꜞⱲכ☻⌐
⇔√♯◒꜠○◦♪ Nucleoside≤™℮ ─
─ ⌐1 ─ꜞfi ⅜ ⇔√╙─╩

™™╕∆⁹ 7⌐ ⇔√♯◒꜠○◦♪ 3ꜞ
fi │ꜞⱲ5─☻כ'─ ⌐ꜞfi ─3 ⅜

⇔√♯◒꜠○♅♪─ ≢∆⁹ 

∕╣≢│⁸↓─DNA─ ─ ╩ ⇔
⇔ↄ ⇔╕∆⁹ │DNA─ ⅜
╒≥↑≡Y ⌐⌂∫√2⅛ ≢⁸↓↓╩
ⱨ◊כ◒≤ ™╕∆ 9 ⁹ │↓─
ⱨ◊כ◒⅜DNA╩╒≥⅝⌂⅜╠ ┼ ⇔
≡™ↄ ─ ≢ ╦╣╕∆⁹DNA─
│DNA ─ ≤ ⌂ ╩ ≈♯◒
꜠○◦♪ 3ꜞ fi ⅜⁸DNA ⱳꜞⱷꜝכ♀─ ⅝
≢⁸DNA╩ ≤⇔≡ ⇔≡™ↄ

≢∆⁹√∞⁸ ⅛╠10
←╠™│DNA ≢│⌂ↄRNA 16

⅜ ╠╣╕∆⁹ ∏⁸ ─ ≤
⌂ ╩ ≈ꜞⱲ♯◒꜠○◦♪ 3ꜞ fi (RN1)

⅜ ─ ≢ ⌐ ⇔⁸↕╠⌐
─ꜞⱲ♯◒꜠○◦♪ 3ꜞ fi (RN2)⅜ ∆╢
≤⁸DNA╩ ≤⇔≡RNA╩ ∆╢

RNAⱳꜞⱷꜝכ♀─ ≈≢№╢ⱪꜝ▬ⱴכ♀

DNA ─ ─ ⌐ ╦╢ ⅜

⇔≡♯◒꜠○◦♪ 3ꜞ fi RN2⅛╠Ⱨ꜡ꜞ
fi ꜞfi ─2 ⅜ ⇔≡♯◒꜠○◦
♪RN1─5 ─3'≤RN2⌐ ∫√ꜞfi
⅜≈⌂⅜╡RNA─2 ⅜ ⇔╕∆

8 ⁹DNA ≢♯◒꜠○◦♪─5 ─3'≤∕╣⌐ ↄ♯◒꜠○◦♪─5 ─5'
⅜ꜞfi ╩ ⇔≡≈⌂⅜∫√╦↑≢∆⁹↓↓≢⁸♯◒꜠○◦♪ 3ꜞ fi ⅛╠Ⱨ꜡ꜞfi ⅜ ∆
╢ │ ≢⁸↓─◄Ⱡꜟ◑1⅜כ ≤2 ─♯◒꜠○◦♪╩ ↕∑╢◄Ⱡꜟ◑כ
⌐ ╦╣╢─≢∆⁹ ─ ╩ ≤∆╢ ⌂ ─ ≈≢∆⁹ 8  

9 ─  

  3─ 6 9╟╡ ╩ ≡  

   7 ꜞⱲ♯◒꜠○◦♪ 3ꜞfi ─ 

▪♦ⱡ◦fi 3ꜞfi  

8 ♯◒꜠○♅♪─  

N

N
N
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HH
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O
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H
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ꜞfi
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H
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C
C
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H
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Ⱨ꜡ꜞfi
β√∞∟⌐ ↕╣╢↓≤≢⁸ ⅜ ↓╠⌂™
╟℮⌐⌂∫≡™╢⁹

(RN1)
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⌐⇔≡♯◒꜠○◦♪ 3ꜞ fi ─ ⅜ ™≡

RNA─10 ←╠™⅜ √≤↓╤≢DNA ─

≤ ⌂ ╩ ≈♦○◐◦ꜞⱲ♯◒꜠○◦♪ 3ꜞ
fi 9 ⅜DNA ⌐ ┘ ╕╣⁸DNA
ⱳꜞⱷꜝכ♀─ ≢RNAⱪꜝ▬ⱴכ ─
≤ ─ ─ ≢DNA ⅜ ╠╣≡™⅝╕
∆ 10⁹DNAⱳꜞⱷꜝכ♀│♯◒꜠○◦♪╩≈⌂

← ∞↑≢⌂ↄ ╙ ∫≡™≡⁸ ⇔™♯◒
꜠○◦♪╩ ∆╢≤⅝⌐∕─ ─♯◒꜠○◦♪
─ ⅜ ∫≡™╢ ⌐│∕─♯◒꜠○◦♪╩
⇔≡ ⇔™╙─≤ ↑ ⅎ╢ ╙ ∆╢
╣√ ≢∆⁹↓─ │♯◒꜠○◦
♪⅜ ∆╢√┘⌐DNA ⌐ ∫≡ ⅝⁸

─ ─≤↓╤╕≢ ╩ ╡ ⇔
≡™ↄ─≢∆⁹ 

DNA≤RNA─ ⌂ ™│ ─ ⅜♦○

◐◦ꜞⱲ⁸⅛☻כꜞⱲ⁸⅜∆≢⅛☻כ╙℮
≈ ≤⇔≡RNA≢│DNA─♅Ⱶfi T

─ ╦╡⌐►ꜝ◦ꜟ U 10╩
╗ ⅜ ∫≡™╕∆⁹⇔⅛⇔U│T≤ ⌐

A≤ ╩ ∆╢─≢⁸ ─ⱪꜝ▬

ⱴכRNA─ ≤DNA─ ≤│⁸DNA
≢─ ⌂ ⌐╟╡ ↄ ∂

╟℮⌐ ╦╣╢─≢∆⁹RNAⱪꜝ▬ⱴכ│
⌐│DNA ─ ≤ ↕╣≡ ╡
⅛╣⁸DNA ⱳꜞⱷꜝכ♀─ ≢

DNA ⌐ ⅝ ⅎ╠╣╕∆⁹╕√⁸↓─╟
℮⌐⇔≡ ⌐ ↕╣√DNA │DNA
─♀כ●ꜞ ⅝≢ ⇔ↄ ↕╣≡ ─
⅜ ╦╡╕∆⁹ 

⌂⅔⁸↓↓≢ ⇔√DNA─ │2
╠∑╪⅛╠2 ⌐ ⅛╣√DNA ─ ⁸
♯◒꜠○◦♪─5 ─3ô≤∕╣⌐ ↄ♯
◒꜠○◦♪─5 ─5ô⅜ꜞfi ╩ ⇔≡
≈⌂⅜╢ ≢∆⁹DNAⱳꜞⱷꜝכ♀│↓

─ ─ ╩ ∆╢ ≢∆⁹↓─
≢│ │♯◒꜠○◦♪─5 ─5ô≤
∕╣⌐ ↄ♯◒꜠○◦♪─5 ─3ô⅜ꜞ
fi ╩ ⇔≡≈⌂⅜╢ ≢ ⅜ ╦╣╕∆⁹↓─ ─DNA─ ─ │
⅛⌂╡ ⌂─≢↓↓≢│ ╩ ↕∑≡™√∞⅝╕∆⁹ 3─ 5 ⅔

╟┘ 6  

™∏╣⌐⇔≡╙⁸♯◒꜠○♅♪─♯◒꜠○◦♪⌐ ∆╢⁸ ╕≢ ⅎ√
ↄ╒≥ ה ⌂ ⅜DNA─ ─ ⌐ ∆╢↓≤╩ ⇔

≡⅔™≡ ⇔™≤ ™╕∆⁹ 

♯◒꜠○♅♪─ ╩ ⌐ ⇔≡ ─DNA ╩ ═╢─⅜

DNAⱴ▬◒꜡▪꜠▬╕√│DNA♅♇ⱪ≤ ┌╣╢ ≢∆⁹↓╣│
─ ⅛∫≡™╢1 ─DNA╩ ⁸●ꜝ☻╛ⱪꜝ☻♅♇◒─ ⌐

9  

♦○◐◦ꜞⱲ♯◒꜠○◦♪ 3ꜞfi ─  

O

HOH

HH

H

CH2

H

N

N

NH2

O
OP

O-

O

OP

O-

O

OP-O

O-

O

⅜ ≤⌂╡⁸
⅜ ↑≡™╢

10 DNA─  

3─ 6 10╟╡ ╩ ≡  

10  

►ꜝ◦ꜟ 
⅜  
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