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 ♥♩ꜝⱥⱷ♫ ≤─ ╘≡─ ™│ ─
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ⱶ⌂≥≢№∫√ ≤╡№ⅎ∏ ╩ ⇔≡╙
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 1.Ώ ΐ─ special technique 33  
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 ↓─↓≤⌐ ⇔≡ ♩fiⱪ♁fi ─ ≢

─ Nozawa and Thompson, 1971a─ ⌐ óThe 

completeness of deciliation depends upon the particular ho-

mogenizer and the experience of the operatorô ─ ⅜ ∫

≡™╢ ↓─╟℮⌐⇔≡ ⇔√ⱱ⸗☺Ⱡכ♩⅛╠
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≢№∫√ ╕√ ⅛╠Ⱶ♩◖fi♪ꜞ▪╩

⇔ ∕─ ╩ 105,000Ĭg 60 ∆╢↓≤

⌐╟∫≡Ⱶ◒꜡♁כⱶ ╩ √ ◦ꜛ ─

╙ ─ ≢ ⌂ ™╩⇔√  

 ⅛ↄ⇔≡ ≢№∫√ ─ ≢

∆═⅝ ╩ ╢↓≤⅜≢⅝ ♩fiⱪ♁fi

─ ◒ ꜞ ☻ ⱴ ☻ ≢ ╩ → √ ⅜ ─ 

ñCongratulationsò ─ ⅝⌂ ≢↓╣╕≢─ 2 ⅛ ─

╙∆∫⅛╡ ™╠╣ ≤ ─ ∆═⅝ ≤

⌂∫√ │ ⌐↓─ⱪ꜡☺▼◒♩⌐≈™≡ ⇔

∫√ ⌐ ⅜ ⌐⇔√ ñby Xômasò │ ≤╙ ⅎ

√⅜ ∕─ ∏∫≤ ⌐⌂∫≡™√ ≤↓╤≢ ↓─

╩ ╛ ≢ ∆╢≤ ∕─

⌂ ⌐ ─♩☻כ◗ ⌐ ∆╢ ™

╦∑⅜№╡ ∕─ ♩fiⱪ♁fi │ óspecial tech-

niqueô ⌂≥≤ ⇔≡™√⅜ №╢ ⌐│ ─√

╘⌐▪▬☻Ᵽ◔♇♩⌂≥ ╩ ╪≢

⌐ ╩ ╠∑ ╕∫√ ─ ≢∕─ óspecial 

techniqueô ╡╩ ⇔√↓≤╙№∫√ ⌂⅔ ↓─

─ │ Methods in Cell Biology ⌐ ↕

╣√ Nozawa, 1975) ◒ꜞ☻ⱴ☻╙ ╦╡ ∆⅜∆⅜

⇔™ ≢ 1971 ╩ ⅎ ─ⱪ꜡☺▼◒♩

≢№╢ ─ ⌐ ⌂ ⌐≤╡⅛⅛

╡ ─ ╩ ◒꜡ⱴ♩◓ꜝⱨ▫כ

─◦ꜞ◌◕ꜟ ⱪ꜠כ♩ ⌐╟∫≡

⇔ ─ ╩ ╠⅛⌐∆╢↓≤⅜≢

⅝√  

 

bx Ἱ  (Membrane formation)˵⇔ Ὁϒχз

р♦ל ◓χ︡Ϥ₅ϙ 

⇔√╟℮⌐ │ ⌐│ꜞfi

⅛╠ ╡ ∫≡⅔╡ ┼─ꜞfi ─ ╡

╖ incorporation─ ⅛╠ ─ ╩

∆╢↓≤⅜≢⅝╢ ↓─ ⌐ ⌂ ⌂

╙∆≢⌐ ⇔≡⅔╡ ↓╣↓∕⅜ ─

⅛╠─ √╢ ≢№∫√√╘ ∕─ ⌐ │∏

╕∑√ ⌐│ ⱪכ♩♁▬▪ ⇔√ ─
14C- 14C-ⱤꜟⱵ♅fi 32P ≢ ╩Ɽꜟ

☻ꜝⱬꜟ 5 ⇔√ ⌐ ⌐ ╩

⇔ ∕╣∙╣─ꜞfi ⱪכ♩♁▬▪─ ╡ ╖

cpm)/ ꜞfi ╩ ⇔√ 14C-ⱤꜟⱵ♅fi

ꜝⱬꜟ─ ≢│ ─ ≢№╢

Ⱶ◒꜡♁כⱶ ≤∕─ │ 1 5 ≢

∆≢⌐ ™ ╩ ∆─⌐ ⇔

≢│ ™ ╡ ╖ ⅜ ⅝

⅜ ⌐ ∆╢⌐│ 6 ╩ ⇔√  1 ╕

√ ∕╣∙╣─ ─ ꜞfi PEⱱ☻ⱨ□

♅☺ꜟ◄♃ⱡכꜟ▪Ⱶfi PCⱱ☻ⱨ□♅☺ꜟ◖ꜞ

fi  AEPL2-▪Ⱶⱡ◄♅ꜟⱱ☻ⱱⱡꜞⱧ♪

⌐≈™≡ Ⱶ◒꜡♁כⱶ ≤ ─ ╩

⌐ ═╢≤ ꜝⱬꜟ 1 ≢│∕╣∙╣─ │

⌂╢⅜ 6 ⌐│™∏╣─ꜞfi ╙╒╓ ∂

1 1.5╩ ∆╟℮⌐⌂╢ ↓─╟℮⌂ │ 14C-

ꜝⱬꜟ≢╙ ↕╣√  

 ↓╣╠─ ⅛╠ ─ ≢№╢ ⅛╠ 

óintactô ⌂ꜞfi ⅜ ∕╣∙╣ ╣√ ─ ⌐

╠⅛─ ≢ ∆╢↓≤⅜ ↕╣√ ≈╕╡

ꜞfi ─  ótransferô ⌐№╢ ─ vehicle

⅜ ⇔≡™╢≤ ⅎ fiⱤ♃כ▪ꜞꜗ◐╩╣⧵

◒ carrier protein≤⇔≡ ─ꜞfi ─

⸗♦ꜟ╩ ⇔√ Nozawa and Thompson,  

1971b) ≢│ ⌂≥≢ ─ ⌂

⅜ ╠⅛⌐↕╣≡™╢⅜ ─♥♩ꜝⱥⱷ♫

≢│↓─ ⸗♦ꜟ╩ ∆╢─⅜╛∫≤≢№∫

√ ≤↓╤≢ ↓─ │ ╩ ™≡

∫√ ↓─ │ ─√╘⌐ ╛♃fiⱤ◒

─ ⌂ de novo ⅜ ╦╣≡™╢√╘ ꜞfi

─ ┼─ ╡ ╖⅜ net ⌐╟╢╙─⅛ №╢™

│ exchange⌐╟╢╙─⅛⅜ ≤⇔⌂™

 1. ♥♩ꜝⱥⱷ♫ ─ ⌐⅔↑╢ 14C-ⱤꜟⱵ

♅fi ─ꜞfi ┼─ ╡ ╖ ⅛╠

Ⱶ♩◖fi♪ꜞ▪). Nozawa and Thompson 

(1971b) ╩ ⇔≡  
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∕↓≢ de novo ─ ™ non-growing

≢ ⌂ ╩ ∫√

TPIA╕√│♃fiⱤ

◒ ◦◒꜡Ⱬ◐◦Ⱶ♪ ─ ⌐

≈™≡ ⇔√≤↓╤ ─ ≤╒╓

∂ ⅜ ╠╣√↓≤⅛╠ ꜞfi ─ ╡

╖─ ⌐ ⌂ ≤

⅜ ╦╣≡™╢↓≤⅜ ↕╣√ Nozawa 

and Thompson, 1972)  

 ≈™≢ ♥♩ꜝⱥⱷ♫ ─ ≢№╢ AEPL ≤

♥ꜟⱭⱡ▬♪─♥♩ꜝⱥⱴⱡכꜟ tetrahymanol⅜

⌐ ⌐ ↄ ∆╢ ╩

⇔√ ∕─ⱷ◌♬☼ⱶ≤⇔≡ ≢ ↕╣

√↓╣╠─ ⅜ ┼ ⌐ ↕╣╢

ⅎ┌ ─◒fiⱤ♃כ▪ꜞꜗ◐⌂ ) №╢

™│ ⌐⅔™≡ ↕╣╢ ⅎ┌

⌐╟╢ ⅜ ⅎ╠╣√⅜ ─ ↓╣╠

│ ⌐╟╢ ⌐ ╩╙≈√╘∕─

≤⇔≡ ∆╢ ∆⌂╦∟ ⅜ ⌂ ≢№╢↓

≤⅜ ╠⅛⌐⌂∫√ Thompson et al., 1971) ╖⌐♥

♩ꜝⱥⱴⱡכꜟ│ ─ ꜟכ꜡♥☻꜠◖

≤ ⌂ ⅝╩⇔≡™╢≤ ⅎ╠╣≡™╢  

 ⅛ↄ⇔≡ ↕╣≡™√ ⱪ꜡☺▼◒♩╩

ⅎ╢↓≤⌐⌂∫√ ╠╣√ 2 ≢│№∫√⅜

╩ ⅎ╢ ╩ →╢↓≤⅜≢⅝ ⌐ ⇔√

♥◐◘☻ ≢─ ≢№∫√ ∕─ √∞└

√∆╠⌐ ⌐ ∆╢┌⅛╡≢ ⌐ ℮ óhard 

workerô ─ ⌂ ≢№∫√ ⌂↓≤⌐↓─↓

≤╩ ╠⇔ↄ ∫≡™√─⅛╙ ╣⌂™ ╩

⌐ ⅎ ─ ≠↑╩ ╕∑ ─ ─√╘

⌐ ╡≢ ⌐ ⅛℮ ⌐ ⅎ╢ ─

◦fiⱲꜟ─ ╩ ⌐∆╢╛ ⌐ ™╙─╩ ∂

∕─ ─ │ ⌐⇔≡╙⌂⅔ ⌐ ™ ⅛┬ ♩

fiⱪ♁fi ≢─⅔ ╣ ≢╙ ╕∞ ─↓

≤⅜ ≤⌂╡ ↕╪⅛╠ ↕╣╢ ╙№∫√

⅜ ╛⅛⌂ ─ fi♅☻כ○─ 2 ≢

─ ™ ⌐ ⅜ ™√ ∕⇔≡ ─ ♩fiⱪ♁

fi │∂╘ ─ ╡╩ ↑  4  4 

ﬞ ╣╩ fi♅☻כ○≈≈╖⇔ ╩ ⌐⇔√

1971  9 ) ∕─ ⅛⇔≡ ⅜ ∫√

╩ ⌐ ╪≢ ≤≤╙⌐ ∫≡ↄ╣√  2)  

 

3x ГЕжПЮЗ χḕẽל♦ ᴂṐ χᾆẕ 

˵ᴛ ᴟϬ τ 

⇔√╟℮⌐  2 ─ ⌂ⱪ꜡☺▼◒♩≢

№∫√ ╡ ╖ ⌐ ⇔≡│ ╒╓

╩ ↓≤⅜≢⅝√⅜ ∕─ ≢ ─

⌐ ∆╢ ⌐⅔↑╢ ─ ⌐

⅜ ╡ ─ ≤⇔≡ ⅎ≡™√

╩│∂╘≤⇔≡ ↄ │ ╩ ⌐

⇔ ∕╣∙╣─ ╩ ⇔≡ ╩

⇔ ⌂ ╩ ∆╢↓≤⅜ ╠╣≡™╢

homeoviscous adaptation) ♥♩ꜝⱥⱷ♫ ⌐│

⌂ ⌐ ∆╢ ⅜ ™↓≤ ╕√

─ ⅜ ↕╣≡™╢↓≤⌂≥─ ⅜№

╡ ה ⱪ꜡☺▼◒♩⌐ ╘≡ ⌂

⸗♦ꜟ ≤ ⅎ ⇔≡ ╙⌂ↄ ⌂ ╩

╘√ ∕╪⌂ ≢ ╕↕⌐◄ⱳ♇◒ⱷ▬◐fi◓⌂ Sci-

ence 1972  2 ─ ╩ ⌐∆╢╛ ⅜

∫√ SJ Singer & GL Nicolson ⌐╟╢ óFluid mosaic 

modelô ⸗ ◙ ▬ ◒ ⸗ ♦ ꜟ ─ ≢ № ╡

Robertson ─ ─ ╩ ≡ ⇔√ ⌐

⌂ ⸗♦ꜟ≢№∫√ ∕─♬◖ꜟ♁fi

│ 3 1975 ⌐ ≢ ⇔√ ⌐ ╩

╘√ ⌐↓─ ⌂ ◘▬fi  2 ╩ ⇔⌂⅜

╠ ↓─ ⸗♦ꜟ─ │ 28 ─ ≢№∫√≤

↑ ⅎ√ ↓─ ⸗♦ꜟ─ ⌐╟∫≡ ⌐

╟╢ │ fluidity─ ⌐

≤∫≡ ≢№╢↓≤⅜ ↕╣ ─ ⌂

⅜ ↕╣√ ₁╙ ⌐ ─

╩ ⌐ ╡ ╣╢↓≤⌐⇔ ∕─ ≤⇔≡

☻Ⱨfi ESR) X ╕√

ⱨꜞה☼כⱨꜝ◒♅ꜗכ ╩ ™√  

 ₁│ ♥♩ꜝⱥⱷ♫ ≢│↕╕↨╕⌂

 2. ♩fiⱪ♁fi ─ ─   2. Nicolson ─Ώ ⸗♦ꜟΐ 
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≤⇔≡ ≤⇔≡

≤⇔≡ ─⧵ה ─

─ ⌐ ⇔≡ ─ ⅜ ∂ ∕╣

⌐ ∫≡ ⅜ ∆╢↓≤╩ ↄ─ ≢ ⇔

≡⅝√⅜ ∕─ ⌂ ⌐ ∆╢┌⅛╡≢

№∫√ ꜟכ꜡♥☻◗ꜟ◄≡⇔≥ 1 ─⧵ ╩

∆╢ ⌐ ∆╢

─♥♩ꜝⱥⱴⱡכꜟ│ ≡∫╟⌐ꜟכ꜡♥☻◗ꜟ◄

↕╣ ∕╣⌐ ∫≡ꜞfi ה ─

≤ ─ ⅜ ∂ ≤ ═≡ ─▪

♦♬ꜟ ♀כꜝ◒◦ ⅜ ↄ⌂╡ ◄Ⱡꜟ

─כ◑ ╙ 8  ╒≥ ⌐◦ⱨ♩⇔√ ↓─

│ ─ ה ─ ≤ ─ ⌂╢

╩ ⇔≡™╢ ≤↓╤≢ │ ⌂

⅛≢╙ ☻♩꜠☻ ╩ ⌐ ═╢ ⌂⅔ ↓╣

╠─ ⌐ ⇔≡ ⌐ ≤⇔≡

Nozawa, 2011⌐╕≤╘√  

 

ax ᴛ ᴟτϢϥ  ל♦ ʾ χ ᴂ
ˢAdaptive modificationˣ 

 2 ≈─ ─ ∆⌂╦∟

≤ ◦ⱨ♩ shift⌐≈™≡ ⇔√ ⌂⅔

─ ─ 1 │ ⱪ꜡◓ꜝⱶ 3 

≤⇔≡ ⌂╦╣ ↓╣╩ ⌐ ─ ⅜

♩fiⱪ♁fi ⌐ ∆╢↓≤⌐⌂∫√  

 ⌐ ─ ≢№╢⅜ T. 

pyriformis WH-14 ╩ 15 25 34  ≢ ⇔

∕╣∙╣⅛╠ ⇔√ Ⱶ♩◖

fi♪ꜞ▪ Ⱶ◒꜡♁כⱶ ─ ╩ ⇔√

⌂ ─ ⅜╖╠╣√⅜ ⌐

▪◦ꜟ ─ ⅜ ≢№∫√ ↓↓⌐ 25  

⅛╠─ ⌐≈™≡ ESR ⌐╟╢ ─

╩♃כ♦ ∆⅜ Ⱶ◒꜡♁כⱶ ─

≢ ⅜ ⅝™  3)( Nozawa et al., 1974) ╕√

15 ─ ─ │ ™

∏╣╙ 34 ╟╡ ⅝ↄ

─ ⌂ ⅜╟ↄ ↕╣≡™╢ ↓─ ⌐

│ ⌂ ™ ⅜№╢ ESR ⌐ ⇔≡╕∫√ↄ─

─ │ ⌐╙ ESR ─ ─

ה ╩ ╣ ╒≥⅝ ≤

╩⅔ ™⇔√≤↓╤ ↄ ↑ ╣≡™√∞⅝ ∕─

⇔→ↄ ™╩⇔≡ ™ ╩ ╢↓≤⅜

≢⅝√ ─ ∞∫√ ⅜ ⌐ ₁─

☻♃♇ⱨ≤⌂╡ ─ ⅜ ⌐ ⇔

√  

 ∕─ ≢ ⌂↓≤⌐♩fiⱪ♁fi ⅜

─♥♩ꜝⱥⱷ♫ ─◖◦◐ⱷכꜙ♬ ⅛╠

39.5  ╩ ⇔ ─ ≢  NT-1 

NozawaהThompson No. 1≤⇔√  1 │

ה ─ ╩ ∆⅜ ↓╣⅜ NT-1 

╩ ∫√ ⱪ꜡☺▼◒♩─  1 ─ ≤

⌂∫√ Fukushima et al., 1976) 15 ⅛╠

⇔√ ─ PC │ 39 ─

⌐ ∆╢⅜ PE ─ │╒≤╪≥⌂™ ≤

Ⱶ◒꜡♁כⱶ≢│ ≢ AEPL הPE ⅜ ╠

╣╢ ▪◦ꜟ ≢│ ⌐ ⌂ ⅜ ╘

╠╣ ™∏╣─ ≢╙ ─╙─│ U/S /

⅜ ⅝ↄ ─ ≢│

─ ⅜ ⅝™ √∞⇔ ∆╢ ─

╙ ⌐╟∫≡ ⌂╡ ꜞ│≢ⱶכ♁꜡◒Ⱶה

ⱡכꜟ C18:2ȹ9,12) ꜞⱡ꜠fi C18:3ȹ6,9,12⅜

∆╢─⌐ ⇔ ≢│ ─◦ꜞ◄fi  

C18:2ȹ6,11⅜ ⇔ↄ ∆╢  

 ⌐ 2 ≈ ─ ∆⌂╦∟ ◦ⱨ♩⌐⅔↑

╢ ה ≤∕─ⱷ◌♬☼ⱶ⌐≈™≡

⇔√ 39 ╩ 30 ⅛↑≡ 0.8/

≢ 15  ⌐◦ⱨ♩⇔ ⌐ ה ─

 3. ♥♩ꜝⱥⱷ♫ ─ Ⱶ◒꜡♁כ

ⱶ─ ☻Ⱨfi ꜝⱤכ♄כ○╢╟⌐

ⱷכ♃כ ). Nozawa et al. (1974) ╟╡  

 4. ◦ⱨ♩ 39  Ÿ 15⌐╟╢ ─ꜞfi

ꜟ◦▪ה ─ Nozawa and Kasai (1978) ╩

⇔≡  
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╩ ═√ ↓↓⌐◦ⱨ♩ ─ ─ꜞfi ה

╩ ∆⅜ 10 ╕≢│ꜞfi │╒≤╪

≥ ⇔⌂™⅜ ∕╣ │ AEPL הPE ⅜

⅝ 48 ≢│ 15  ─ ≤╒╓ ∂⌐

⌂╢  4)  

ꜞfi ≤│ ⌐ ▪◦ꜟ ─

│ ≢ ◦ⱨ♩ 4 ─ⱤꜟⱵ♩○

꜠▬fi C16:1ȹ9 ─ ≤ ⱤꜟⱵ♅fi C16:0

─ ≈™≢ C18:2ȹ9,12הC18:3ȹ6,9,12 ─ ⅜ ∂

╢ 48 ≢│ꜞfi ─ ≤ ⌐ 15  

─ ≤╒╓ ∂╟℮⌐⌂╢ ↓╣╠─

│ Ⱶ♩◖fi♪ꜞ▪ Ⱶ◒꜡♁כⱶ≢

╙ ╠╣√⅜ Ⱶ◒꜡♁כⱶ⅜ ╙ ≢№∫√  

5)  

↓ ─ C16:0 הC16:1 

desaturation│ ☻♩꜠☻⌐ ╘≡ ⌐ ∆╢

ⱪ꜡☿☻≢ ₁│ quick≤ ┘ C 18:2ה

C18:3 ╩ slow ≤⇔≡ ⇔√  6)  

 ≈™≢↓─ ⌐ ℮ ─ ╩ⱨꜞכ

כꜗ♅◒ꜝⱨה☼ ≢ ⇔√ ◦ⱨ♩

39  ─ ─ ♃fiⱤ◒ │ ╩

∆⅜ ◦ⱨ♩ ⌐│ ⇔™ ⅜ ∂ │

─ ↕™ ™ rigid≤⌂╢ ⇔⅛⇔

ה .1  ─  

 Cilia Pellicles Microsomes 

 15 24 39 15 24 39 15 24 39 

 Phospholipid composition          

    2-Aminoethylphosphonolipids (AEPL) 40.0 37.0 36.4 30.8 32.9 19.1 22.9 20.8 14.7 

    Phosphatidylethanolamines (PE) 20.8 21.4 20.0 33.2 36.2 49.2 34.1 35.5 43.9 

    Phosphatidylcholines (PC) 15.8 18.1 30.0 18.9 21.4 23.5 30.0 27.6 32.4 

 Fatty acid composition of phospholipids          

    C14:0 6.0 3.9 6.7 8.4 9.6 8.9 7.2 7.4 7.3 

    C16:0 16.8 19.4 16.8 12.7 15.8 16.4 8.9 10.4 13.2 

    C16:1ȹ9 14.4 7.7 8.3 9.9 7.4 7.1 8.8 9.8 8.7 

    C18:0 2.5 3.8 6.1 0.7 2.0 3.0 0.5 1.4 2.2 

    C18:1ȹ9 6.9 8.0 11.7 7.4 8.5 12.6 8.1 7.1 13.9 

    C18:2ȹ9,12 9.0 9.7 8.1 16.2 13.8 10.5 19.5 17.7 13.0 

    C18:3ȹ6,9,12 27.2 28.2 20.7 28.0 27.4 18.5 31.8 31.2 21.4 

Fukushima et al. (1976) ╩ ⇔≡  

  ṇ  

 5. ◦ⱨ♩ 39  Ÿ 15⌐╟╢ ─▪

◦ꜟ ─ Maruyama et al. (1982) ╩ ⇔≡

  

 6. ♥♩ꜝⱥⱷ♫ ⌐⅔↑╢ ⱪ꜡☿☻  
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≤≤╙⌐ │ ↕╣ 10 ≢│ ─

⌐ ∆╢  7) ↕╠⌐ ™↓≤⌐

─ ⌐ ⇔≡ │ ◦ⱨ♩ ⌐ ⇔≡

™√ ╩ ┘ ∆╢ ⌂⅔ ↓─ ◦ⱨ♩⌐⅔

↑╢ ≤ ─ │ ESR

X ה ⱪכꜟ◓

≤ ⌂≥─ ⌂ ⌐╟∫≡╙

↑╠╣√  

 

bx ♦ ▒ ᴟ• χᶨ Ṑ  

◦ⱨ♩⌐╟∫≡ ⅜ ⇔

⅜ ∆╢↓≤⅛╠ Fatty acid 

desaturase, FDSase│ ⌐╟∫≡ ↕╣╢≤

™℮ ╩♩fiⱪ♁fi ≤─ ≢ ⇔√

Martin et al., 1976; Kasai et al., 1976) √≤ⅎ┌

C18:2C18:3№╢™│◄ꜟ◗☻♥꜡כꜟ─

⌐╟∫≡ │∕╣∙╣ №╢™│

⇔ ≢│ │ ⇔ ≢│ ⇔

√ ♩fiⱪ♁fi │ⱪכꜟ◓ ⌐╟╢

⌐ ℮ ─ ⌂≥─ ╩ ⅎ

FDSase ─ ∆╢ ─ ⅜ ─

╩ ⅎ ╩╙√╠∆≤™℮

Fluidity self-regulation╩ ⇔ √ Nandini-

Kishore et al., 1977; Kitajima and Thompson, 1977) ∕─

╟℮⌂ ≢ ₁│ FDSase ─ ∆⌂╦∟

induction╩ ∆╢ ⅛╠

╩ ∆╢ ≤⌂╡ ─ⱪכꜟ◓ ⌐ ⌂

⅜ ∂╢↓≤≤⌂∫√⅜ │ ≤⇔≡ ─

ה ≢│ ╩ ⌐ ∫≡⅝√ ─ ™

│ ─↓≤≢№∫≡ │ ╠ ╦╢↓≤

⌂ↄ ≢╙⌂⅔ ™≡™╢  

 ↕╠⌐ ₁│ C16:0 Ÿ C16:1╩ ╢Ɽ

ꜟⱵ♩▬ꜟ CoA DSase≤

C18:2 Ÿ C18:3 ╩ ∆╢☻♥▪꜡▬ꜟ CoA 

DSase ⌐≈™≡ ⇔√ C16:0 ⅜ ♃fi

Ɽ◒ ◦◒꜡Ⱬ◐◦Ⱶ♪ ─ ⌐

╟∫≡ ↕╣ ╕√◦ⱨ♩ 2 ─Ⱶ◒꜡♁כⱶ

─ ─ ╙ ↓╠⌂™↓≤⅛╠

─ ╩ ⇔√ Nozawa and Kasai, 1978; 

Fukushima et al., 1979; Umeki et al., 1982) ↕╠⌐ ─☻

♥♇ⱪ≤⇔≡ delta 9 ▪◦ꜟ CoA DSase ─ ◒

╩◓fi♬כ꜡ ™ ◦ⱨ♩⌐╟╢ mRNA ╩

═√ Nakashima et al., 1996) 35 ⅛╠ 15  ⌐◦ⱨ♩

∆╢≤ ⌐ Ⱨכ◒⅜ ╠╣╢⅜ ◦ⱨ♩

─ ≤ ─ ╩ ⇔ↄ ═╢≤

─ 27  ≢ ⌐ mRNA ⅜ ∆╢  8)

↓─ ⅛╠ delta 9 ▪◦ꜟ CoA DSase ─ │

꜠ⱬꜟ≢ ╦╣≡™╢↓≤⅜ ↕╣√⅜ │

╩ ⇔≡⅛╠∆≢⌐ 10 ╙ ≡™√ ↓

─ ─ ≤⌂∫√─│ ה

⅛╠─ T. thermophila cDNA ꜝ▬Ⱪꜝꜞכ─

≢№∫√ ╕√∕─ ☻♩꜠☻ ─

╩ differential display ≢ ™ ─ p38 

SAPK ⌐ ⇔√ MAP ◐♫כ♀─ TpMAPK ≤ TpNrk ╩

⇔◓fi♬כ꜡◒ה ☻♩꜠☻⌐╟╢ mRNA ─

╩ ⇔√ Wang et al., 1998; Nakashima et al., 

1999) ↓─ ⅛╠ ─ ⌐⅔

↑╢ MAP ◐♫כ♀─ ⅜ ↕╣√⅜ ∕─ ⅜

⌂↕╣⌂™╕╕⌐ ≤⇔≡ ↕╣√ ≤↓╤

≢ ↓╣╠ 2 ─ │ ⌐≤∫≡│♥♩ꜝⱥⱷ♫

─ ≢╙№╡ ⇔ↄ╙ ╩ ∂ↄ⇔≡

─ ╩ ⅎ╢↓≤⌐⌂∫√  

 

4x ГЕжПЮЗʾϸиЯДвзрχᾆẕ˵ 

`֫σ Ϥ›ϩδ 

◌ꜟ⸗♦ꜙꜞfi Calmodulin, CaM│ ─

╒≤╪≥∆═≡─ ⌐ ⇔ ↕╠⌐ ╛

⌐╙ ↄ ⇔≡™╢ 4 ≈─ Ca2+ ╩╙≈

 16,000 ─♃fiⱤ◒ ≢№╢ ∕─ ╙

─ ♃fiⱤ◒ ╛ ─ ♃fiⱤ◒ ≤─

 7. ◦ⱨ♩(39  Ÿ 15⌐╟╢ ♃fiⱤ◒

─ Nozawa and Kasai (1978) ╩ ⇔≡  

 8. ◦ⱨ♩ 35  ќ 15 A ≤◦ⱨ♩

B ⌐⅔↑╢ delta 9 ─ mRNA 

─ Nakashima et al. (1996) ╩ ⇔≡  
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╩ ⇔≡ ⌂≥ ↄ─

╩ ⇔≡™╢ ⅜◌ꜟ⸗♦ꜙꜞfi╩ ⌐⇔

√ │ ╦∏ ⌂ ─ ≢№╡

⅜↓─ ─ ⌐ ∟ ╢⌂≥≤│ ∆╠⇔⌂

⅛∫√ │ ⇔√ ─ ≢

─ ⅜╙√╠∆ ─ ╩ ∆╢√╘⌐

⌐ ∆╢▪♦♬ꜟ ♀כꜝ◒◦ ACase) ◓▪

♬ꜟ ♀כꜝ◒◦ GCase⌐≈™≡ ◄Ⱡꜟ◑כ

─ ╩ ═≡™√ ACase ≢│ ⇔√ ⅜

╠╣√⅜ GCase │ ⅜ ⇔ ≢⅝∏ ∕─

⅜ ≤⇔≡ ∫√ ∕─Ώ⌂− GCase │ΐ─ ╩

╠⅛⌐∆╢√╘⌐ ↓─ ─ ⌐≈™

≡ ∆╢↓≤⌐⇔√ ℮⌂╣┌ ↓─ ⅜ ─

♥♩ꜝⱥⱷ♫ה◌ꜟ⸗♦ꜙꜞfi TהCaM ≤─

√∫⌂≥♠כꜟ─╡╦ ⌐∕─ ─ TהCaM ─

⌐ ╢╕≢─ ⌐≈™≡ ═╢⅜ ™ↄ≈⅛─

⌂ ╡ ╦∑⌐╟∫≡ ⇔√ ─ ╩ →╢

↓≤⅜≢⅝√ √∞⇔ ─ ≤│ ⌂

╡ TהCaM ─ │╗⇔╤ ╡ ⅎ√ ⌐

╟∫≡ ↕╣√─⅜ ≢№╢ ⇔√⅜∫≡ ↓─

│ óserendipityô ≤™℮╟╡╗⇔╤ óspin-offô ─

⅜ ≢№╤℮ ↓╣╠─ ╙ ╘ TהCaM ─

╩ ≤⇔≡ ≤─ ≢

)(Watanabe and Nozawa, 1982⌐╕≤╘√  

 

ax Endogenous activating factor (EAF) Τϣ Tʾ

CaM 

 TהGCase ─ ⱷ◌♬☼ⱶ╩ ∆╢

√╘⌐  2 ╩ ∫

≡ GCase ─ ◖

הכ♬꜡ ╩ ╣ ╩⅔ ™⇔

√ ─ GCase │ Mn2+ ≢№╢─

⌐ ⇔≡ TהGCase │ Mg2+ ╩ ⇔ ≢

№∫√ ≈™≢ ♥♩ꜝⱥⱷ♫ ─ⱱ⸗☺Ⱡכ♩─ 

105,000Ĭg ─ ╩ ═√≤↓╤ ♃fiⱤ◒

─ ⌂  GCase ─ ⅜ ╘╠╣√⅜

─ ╛♩ꜞⱪ◦fi ⌐╟∫≡∕─ ⅜

∆╢↓≤⅛╠ ♃fiⱤ◒ ─ óendogenous activat-

ing factor  (EAF)ô ─ ⅜ ↕╣√  2)( Nakazawa 

et al., 1979)  

↓─ ╩ ≢ ⇔≡ ╩ √≤↓

╤≢ CaM ─ ─ ה

) ה ⅛╠ ─⅔

™ ↑ ⌐ 3 ─ ╩ ╘ ⅞─ⱪ

꜡☺▼◒♩≤⇔≡ ╘╢↓≤⌐⇔√ ≤™℮─│ JJ 

Blum ◓ꜟכⱪ Duke ╙ ∂╟℮⌂ ≢

⅜ ╘╠╣≡™√⅛╠≢№╢ №╢ ⌐│ Blum 

≤ │∕╣∙╣─ ╩ ∆╢ ╙№∫√⅜

⅔ ™⌐ TהCaM ╩ ⇔≡™╢∞↑⌐ ⌐│

╣⌂⅛∫√⅜ ╛⅛⌂ ─♦▫☻◌♇◦ꜛ

fi≢№∫√ ₁─ TהGCase EAF─

ה ⌂╠┘⌐ TהGCase ─ ─√╘⌐

⅜ ─ⱪכꜟ◓ ⌐ ⇔√  

 ↓─ ⌂ ╡ ╦∑⌐ ⅝ ╠∏╙ ⌂╢ ╡

╦∑⅜ ∫≡™√ 1978 

≢─ ↕╪ ─ ─♥♩ꜝⱥⱷ

ⱶ►◦ꜟ◌ה♫ ♃fiⱤ◒ TCBP; Tetrahymena  

calcium-binding protein─ ≢№∫√ ∕─ ⅛╠

⇔≡ ↓╣↓∕⅜ ₁─ ╘≡™╢ EAF ≢№╤℮≤─

™≢ ⅜ ╡ ∟⌐∕─ ⌂◘fiⱪꜟ

─ ≤ ╩⅔ ™⇔ TהGCase ─

╩ ∆╢↓≤⌐⌂∫√ √∑╢⅛⌂ TCBP ⅜

⌐ TהGCase ╩ ⇔ ─ ╖≢№∫√ ∕↓≢

≤ ♩꜡fi♩ 1979  

7 ≢ ∆╢↓≤⌐⌂╡ 2 ─ Suzuki 

et al., 1979; Nagao et al., 1979─ ╩ ⇔≡♩

꜡fi♩⌐ ⅛∫√ ≢│ TCBP ⌐╟╢ TהGCase 

⅔╟┘ CaM ≤─ ⅜ ↕╣√ ∕─ 3 ⅛

⌐ Blum ⅛╠─ ⌂ Jamieson et al., 

1979╩ ⌐⇔√ 1979 ⌐⅔↑╢ ╕←╢⇔™ 

TהCaM ─꜠כ☻ ─ 1 ≈─ ╡≤ ⅎ

√ óPresence of calmodulin in protozoaô ≤ ∆╢∕─

⌐ ₁─♩꜡fi♩ ─ ⅜ ↕╣

ה ─™⅛⌂╢ CaM ⌐╟╢ GCase ─

⅜⌂™↓≤╩ ⌐ TCBP ≤ ╠─ CaM ⅜ ♃

fiⱤ◒ ≢№╢⅛│ ≢⌂™≤ ↕╣√ ∕─

⌐│ ⱪכꜟ◓  ה Ⱪכꜙ♅│

ꜞfiה☿ⱨ□꜡4 ☻כB ◌ꜝⱶ⌐╟╢ ≢ Tה

CaM ╩ ⇔√ Kumagai et al., 1980) ≈™≢ TCBP 

─ PDEⱩ♃ ▪Ⱶⱡ ◌ꜟ◦►ⱶ

⌐♃כ♦─≤⌂ ≠™≡ óTCBP is indeed a 

calmodulinô ≤⇔≡ ⇔√⅜ Suzuki et al., 1981) ↓

♀כꜝ◒◦   
♫ⱡ⸗ꜟ/ /mg♃fiⱤ◒   

 ◓▪♬ꜟ   ▪♦♬ꜟ   ♃fiⱤ◒ ɛg   

◖fi♩꜡0.035 0.155       0  ꜟכ 

  10 0.268   

  20 0.342  

  30 0.457 0.032 

  50 0.573 0.029 

  100 0.642 0.031 

   50 0.059  

◖fi♩꜡0.193 0  ꜟכ  

   50 0.540  

♩ꜞⱪ◦fi    50 0.187  

 2. 105,000Ĭg ─◓▪♬ꜟ ꜟ♬♦▪ה ◦◒

♀כꜝ ┼─   

Nakazawa et al. (1979) ╩ ⇔≡  
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─ óindeedô ⌐│ ₁─↕╕↨╕⌂ ™⅜ ╘╠╣≡™

╢ ⅛ↄ⇔≡ 2 ⌐╦√╢ EAF Ÿ TCBP Ÿ Tה

CaM ─ │Ⱨꜞ○♪╩ ⅎ√  

 

bx Tʾ CaM̓Tʾ GCase χ Ӱ ˵ⱨο σϥϜχ 

TהCaM ⌐╟╢ TהGCase ─ │ ∑⌠

≢№∫√⅜ ∕─ ⅜ ≥∟╠⅛ №╢™│

─ ⌐ ∆╢⅛╩ ╠⅛⌐∆╢√╘⌐ ⅜

⌂╢ CaM ≤ GCase ⌐≈™≡ ⇔√ ה

≤─ ) ⌐►◦ ▬♁◑fi♅ꜗ◒ ⱱ

♃♥ ⅛╠ ⇔√ CaM ⅔╟┘ ⅛╠ ↕

╣√ CaMⱱ►꜠fi♁► ►Ⱶ◦▬♃◔ ►

♬ │ ™∏╣╙ TהGCase ⅜⌂™↓≤  

9) ╕√ ꜝ♇♩ ꜝ♇♩ ⱥ♩

►♬ ─ GCase ⌐ ⇔≡ TהCaM │⌂╪╠

⇔⌂™⌂≥⅛╠ TהCaM ≤ TהGCase ─ ≤╙⌐

≢№╢↓≤ ⅛∫√ Kakiuchi et al., 1981)  

⌂⅔ ─ ⅛╠♂►ꜞⱶ◦ CaM │ TהCaM ≤

⌐ TהGCase ╩ ∆╢⅜ ♂►ꜞⱶ◦ GCase 

╩ ⇔⌂™↓≤⅜ ↕╣ ─ ≢№╡

⌂⅜╠ GCase ─ ╩ ⇔ ─ ⅛╠

╙ ™ Kudo et al., 1981) ╕√ ≢ TהCaM 

│►◦  CaM ≤ ∂╟℮⌐ PDE►◦ ) ACase

ꜝ♇♩ ) Ca2+הMg2+-ATPase ) Ⱶ○◦fi

♀כ♫◐ ♬꞉♩ꜞ) NAD ◐♫כ♀ ⌂≥

╩ Ca2+ ⌐ ∆╢↓≤⅜≢⅝ ─ 

CaM ≤─ ⅜╖╠╣╢ Kudo et al., 1982) ↕╠

⌐ ▪Ⱶⱡ ⌐ ⇔≡╙ TהCaM147 ▪Ⱶⱡ

≤ ─ CaM148 ▪Ⱶⱡ │

⌐│ ∆╢≤↓╤⅜ ↄ √≤ⅎ┌ CaM ⌐ ⌂

▪Ⱶⱡ ─♩ꜞⱷ♅ꜟꜞ☺fi Tml╩ ╖ ⱥ☻♅☺

fiה♅꜡◦fi⅜ ⌂ↄ ♩ꜞⱪ♩ⱨ□fiה◦☻♥▬fi

│ ⇔≡™╢  

cx Tʾ CaM χԁⱳ  ρ ӡ Ӱ Ӱ 

─╟℮⌐ TהCaM ─ ⅔╟┘ ─ CaM ≤

─ ⌂ ⅜╖╠╣╢⅜ ∕─ ╖╩ ∆

╢√╘⌐│ TהCaM ─ ─↕╠⌂╢ ⅜

≤↕╣√ ∕↓≢ ∏ ⌐ TהCaM ─ ╩

∆╢↓≤⌐⇔√⅜ ™⌐⇔≡ ─

ה ─ ⅜ ╠╣√ TהCaM ≤

 CaM ─ ™│ ↕╣√⅜ ⌐ ─

╩ ⇔≡╖╢≤ ∕─ │ ╟╡ ⅝™╙─≢

№∫√ ►◦  CaM148 ▪Ⱶⱡ ≤ ∆╢≤

─ Ala▪☿♅ꜟ ⅛╠ 69 Leu╕≢│ ↄ

∂≢№╢⅜ TהCaM147 ▪Ⱶⱡ ≢│ 11 ─▪

Ⱶⱡ ─ ≤ 146 ─☻꜠○♬fi─ ⅜ ╘╠╣

√⅜ ↓╣╠│ ⌐  3  4 ─ Ca2+ ♪ⱷ▬fi≢

╖╠╣╢ Yazawa et al., 1981) ∕─ ≢╙ 86 Arg 

Ÿ Ile) 135 Gln Ÿ His) 143 Gln Ÿ Arg─

≤ 146 ─☻꜠○♬fi ⅜ TהGCase ─ ⌐

⇔≡™╢ ⅜ ↕╣√ ↓─ │ ⅎ┌ 2 

╒≥ Ώ√⇔♩כ♃☻⌐ ⅞─ΐ ⱪ꜡☺▼

◒♩─ ─ ≤⌂∫√⅜ ∕─ⱷfiⱣכ─ ⌐│

⌐ ↕╣√ ╙⅔╠╣ ™╙─⅜№╢  

 ≤↓╤≢ 1980 ⌐⌂╢≤╦⅜ ─ כ♥

ⱴ╙ⱥ♩ ─ ╩ ∆╢ ◦◓♫

ꜟ ⌐ ╡ ╕√ TהCaM ⌐ ⇔≡│ ─

⅜ ╠╣√↓≤╙№∫≡ CaM ╙ ⌐ ≠⅝

≈≈№∫√ ≤↓╤⅜ ∕╣⅛╠ ╩ √№╢

⌐ ╩ ⇔≡♃fiⱤ◒ ─ ≢ ⌂

 ◐ꜞfiⱦכꜟ ⌐

≢ ⌂⅔ ™╩⇔√⅜ ≢ ⌐╙⅛⅛╦

╠∏ ↄ ⅝ ↑≡ ↕╡ ─ ╩ ╣

⌂ ∟ ╦∑╩ ∫√ ∕─ ≤│ TהCaM ─ C

- ─▪Ⱶⱡ ⅜ TהGCase ╩╙√╠∆

≢№╤℮≤─ ─ ╩ ⌐ ↑╢⌐│

ꜝ♇♩  CaM ─ site-directed mutagene-

sis⌐╟╢ TהGCase ⌐ ∆╢ ╩ ╠⅛⌐∆╢

↓≤⅜ ≢№╡ ∕─√╘─ꜞ◖fiⱦ♫fi♩  

CaM ─ ≢№∫√  

 9. ◌ꜟ⸗♦ꜙꜞfi─TהGCase⌐ ∆╢

 Kakiuchi et al. (1981) ╩ ⇔≡  

 3. ꜞ◖fiⱦ♫fi♩ ◌ꜟ⸗♦ꜙꜞfi 1.1

1.6 g   
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 ∕╣⌐ ∟ ꜝ♇♩ CaMהcDNA ה  

⅛╠ ╩ ≢ ╟ↄ ↕∑╢

╩ ⇔√≤↓╤ ─ ⌐ ╩ ⅎ╢↓≤⌐

╟∫≡  1 L ⅛╠  100 mg ─ꜞ◖fiⱦ♫fi

♩ CaM ╩ ≢⅝╢ ◦☻♥ⱶ╩ ∆╢↓≤⅜

≢⅝√ Matsuki et al., 1990) ⌐ 1 g ╒≥─ꜞ◖fi

ⱦ♫fi♩ CaM ╩ ─ ⌐⇔  3) ⅛≈≡│ ⌂

√╘ mg ≢⇔⅛ ≢⅝⌂∫√ ╩ ℮≤ Ᵽ▬○

♥◒ⱡ꜡☺כ─ ╩ ╘≡ ↕∑╠╣√  

 ≈™≢ ╩ ⇔≡ ≢№∫√  CaM ⌐╟╢ 

TהGCas ─ ╩ ⇔√ C- ⌐ ∆╢ 3 

─ꜝ♇♩  CaM∆⌂╦∟ CaMהA Gln-143 Ÿ 

Arg) CaMהD Thr-146 ) CaMהAD Gln-143 Ÿ 

Arg/Thr-146 ╩ ⇔ ꜝ♇♩  PDE ≤ Tה

GCase ─ ⌐ ∆╢ ╩ ═√≤↓╤ PDE 

≢│↓╣╠ 3 ─  CaM ≤  CaM 

(wCaM) ≤ ⅜ ╘╠╣⌂⅛∫√⅜ ─ GהGCase 

⌐ ⇔≡│ ™ ⅜ ╠╣√  10 ⌐ ∆

╟℮⌐ wCaM ≤ CaMהD │ TהGCase ╩ ⇔⌂

™─⌐ ⇔≡ CaMהA ≤ CaMהAD │ ∆╢↓≤

⅜≢⅝√ ─ │ TהCaM ─ ╒≥≢№╢

⅜ ∕─ ─ Ca2+ ⌐│ ⅜⌂⅛∫

√ ↓╣╠─ ⅛╠ TהCaM ─ Arg-143 ⅜ Tה

GCase ─ ⌐ ≢№╡ Thr-146 │ ⇔⌂

™↓≤⅜ ╠⅛⌐↕╣√ Nagao et al., 1990)  

↓╣╙╕√ ⌂ ╡ ╦∑⌐╟╢╙─≢№╡ ↓

─ 2 ─ ╩⇔≡ ─Ώ ΐCaM │ ╦

╡╩ ⅎ╢↓≤⌐⌂∫√⅜ Ώ⌂− GCase │ΐ─

⌐ ╩ ⇔≡⅛╠∆≢⌐ 10 ⅜ ∫≡™√ ─ 

TהCaM │  ⌐ ⅝ ⅜╣ ╩

≤⇔√ ⌂ ⅜ ↑╠╣ ↄ─∆←╣

√ ⅜ ╠╣≡™╢  

 

5x ΣϩϤτ 

 ─ ⌐№√╡ ⅜♥♩ꜝⱥⱷ♫ ─

≤™℮↓≤╙№∫≡ ≤╡№ⅎ∏ PubMed ─ Tetrahy-

menaNozawa ≢ ⇔≡╖╢≤ 141 ⅜ⱥ♇♩⇔√

⅜ ∕─ │ J. Cell Biol., 1971≢ │

Proc. Jpn. Acad., Ser. B, 2011≢№∫√ ↓─ꜞ☻♩

─ ⌐│ ↓↓≢ ⌐⇔√ ─

◌ꜟ⸗♦ꜙꜞfi⌐ ∆╢  60% ≤∕─

─♥♩ꜝⱥⱷ♫ ─╙─⅜ ╕╣≡™╢ ↓╣╩

⌐ ─ ꜞ☻♩╩ ╘⌂⅜╠ ╩ ™

↓⇔ ╩ ⌐⇔√ │╙≤╟╡ ─

⌐ ⇔≡ ╘≡ ∆╢┌⅛╡≢№╢ ╕√ G 

Csaba ◓ꜟכⱪ Semmelweis ≤─ ⌐

│ ⌂ ™ ⅜№╢ Ɫfi●ꜞכ ▪◌♦Ⱶ2 ─כ 

ⱪ꜡◓ꜝⱶ≢♥♩ꜝⱥⱷ♫─ hormone im-

printing╡ ╖ ─ ╩ ∫√⅜ ∕─ ≢

⌂ Csaba │∂╘  6 ⅜ ≢ ₁─

⌐ ⇔ ↄ─ ╩ ╢↓≤⅜≢⅝ ↕╣

√ ↓─╟℮⌂ ╙№∫≡⅛ ⌐╙☿fiⱷꜟ

꞉▬☻ ⅛╠ ⅜ ↕╣√⅜ 1985 

 4) 370 ╙─ ╩ ≈ ≢ ╦╣√ ╝⅛

⇔™ ⌐↓╣╕≢⌐⌂™ ⅝⌂ ╩ ↑ ∕─

─ ≤ ─ │ ╙⌂⅔ ™ ≤⇔≡ ⌐

∫≡™╢  

 ⅝⌐╦√╢ ♥♩ꜝⱥⱷ♫─ │ ─

ꜝ▬ⱨ꞉כ◒ ─ ⌐⅔↑╢◦◓♫ꜟ

─ ⌐≤∫≡ ⌂ ≤⌂∫√  

 ⌐ ↓╣╕≢─♥♩ꜝⱥⱷ♫ ⌐⅔™≡

№╢™│ ⌐ ⇔≡™√∞™√ ↄ─ ₁⌐

⌡≡ ≤⅔ ╩ ⇔ →√™ ╕√ ↓─ ─

╩ ∆╢ ╩ ⅎ≡™√∞™√ ─

⌐ ∆╢≤≤╙⌐ ─

↕╠⌂╢ ╩ ⇔√™  

 

 10. ꜞ◖fiⱦ♫fi♩ ◌ꜟ⸗♦ꜙꜞfi⌐╟╢ Tה

GCase Nagao et al. (1990) ╟╡  

 4. ☿fiⱷꜟ꞉▬☻ ) ꜝ♥

fi ─ ⅝    


