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2-AB 2-aminobenzamide 

BDNF brain-derived neurotrophic factor 

BSA bovine serum albumin 

C4ST chondroitin 4-O-sulfotransferase 

C6ST chondroitin 6-O-sulfotransferase 

cDNA: complementary DNA 

CNS central nervous system 

CNTN-1 contactin-1 

CS chondroitin sulfate 

CSST CS sulfotransferase 

ChABC chondroitinase ABC 

DMSO dimethyl sulfoxide 

FAK focal adhesion kinase 

FBS fetal bovine serum 

FCS fucosylated CS 

Fuc L-fucose 

GAG glycosaminoglycan 

GalNAc N-acetyl-D-galactosamine 

GalNAc4S-6ST GalNAc 4-sulfate 6-O-sulfotransferase 

Gapdh glyceraldehyde-3-phosphate dehydrogenase 

GlcA D-glucuronic acid 

HBSS Hanksô balanced salt solution 

HEPES 2-[4-(2-hydroxyethyl)-1-piperazinyl]ethansulfonic acid 

HPLC high performance liquid chromatography 
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KD dissociation constant 

KO knockout 

mRNA messenger RNA 
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─ ≢№╢ ─ ╛ ⌐│⁸ ⌂ ╩╙≈ ⅜ ⌐

∆╢⁹↓╣╠─ │⁸◄Ⱡꜟ◑כ ⌐ ≥≤⌂fi◕כ◖ꜞ◓╢╦ ⌂╡⁸ ╛

♃fiⱤ◒ ≤ ⌐⁸ ⁸ ♃fiⱤ◒ №╢™│ⱪ꜡♥○◓ꜞ◌fi PG ─╟℮⌂

╩ ⇔≡™╢⁹ │⁸ ₁⌂ ≤─ ╩ ⇔≡⁸ ◖Ⱶꜙ

╩fiꜛ◦כ◔♬ ╘≤∆╢ ─ ╩≈⅛↕≥╢(1)⁹∕╣╝ⅎ │⁸ ⁸♃fi

Ɽ◒ ⌐ ← ─ ≤ ┌╣╢⁹ 

ⱳ☻♩◕ⱡⱶ ─ ⌂ ⌐ ™⁸ │ 100 ╩ ⌐ ⅎ╢ ≤

∆≢⌐ ≠↑╠╣≡™╢(2)⁹ ⌂ ─ ≤⇔≡⁸

╩ ∆╢ N- ╛⁸ ╩ ╘≤∆╢ ─ ⌂

╩ ⱶכ♂♁▬ꜝ╢∆ ⅜ ↕╣╢╟℮⌐⌂∫√(3,4)⁹ ⅎ≡ ⁸ ─

⅜⁸ ╛⅜╪╩ ╘≤∆╢ ₁─ ⌐╙ ↄ ∆╢↓≤⅜ ↕╣≡

™╢(5,6)⁹⇔√⅜∫≡⁸ ─ │ ⌐ ╡⅛≈ ≢№╢ ╩ ⇔≡

™╢⁹ 

│⌂−↓╣╒≥╕≢⌐ ─ ⌐ ┬─⅛⁹∕─ ≤⇔≡ ─

⅜ →╠╣╢(7)⁹ ╩ ∆╢ ─≤⌂☻כⱴfiⱡ╛☻כ◖ꜟ◓⁸│

⌐ 10 ─ ⅛╠ ↕╣╢⁹↕╠⌐⁸ ─ │⁸ ─ ∞↑

≢⌂ↄ⁸ ╛ ⌐╟∫≡╙ ↕╣╢⁹ ─ ─ ≢╙ PG╩

∆╢ │⁸▪Ⱶⱡ ╩ ⌐ ∆╢↓≤⅛╠◓ꜞ◖◘Ⱶⱡ◓ꜞ◌fi GAG  ≤

┌╣≡⅔╡⁸ ⌐ ╗ ─ ≤⇔≡ ╠╣≡™╢⁹ 

GAG │►꜡fi ⅔╟┘▪Ⱶⱡ ╩ ≤∆╢ ⅜ ⌐ ╒≥

⇔√ ╩ ⌐ ⇔⁸ ─ ⌐ ≠™≡ⱫⱤꜝfi HS ⅔╟┘◖

fi♪꜡▬♅fi CS ─ ⌐ ↕╣╢(8,9)⁹HS ≤ ⇔≡ CS │⁸ ─

⌂≥─ ⅜ ≢№∫√√╘⁸ ⌐∕─ ⅜ ╤⌐↕╣≡⅝√⁹

⇔⅛⇔ CS │ ─ ╩ ⌐ ∆╢↓≤⌐╟╡⁸ ╛ ⁸

⌂≥─ ₁⌂ ╩ ∆╢↓≤⅜ ⅞ ⌐ ↕╣≡⅔╡⁸ ╩

┘≡™╢(10-23)⁹╝ⅎ⌐⁸ ₁⌐ ⌂ ╩ ∆╢ ≢╙⁸CS ─ ≤

≤─ ─ │ ™(24)⁹ 
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CS ⌐ ─ ⌂ │⁸ ─ ≢№╢◓ꜟ◒꜡fi GlcA ╕√│ N-

▪☿♅ꜟ●ꜝ◒♩◘Ⱶfi GalNAc ⌐⅔↑╢ ─ ⌐ ≠⅝⁸⸗ⱡ

⅔╟┘☺ ─ 2 ⌐ ↕╣╢⁹↕╠⌐⁸ ₁ ─ ⌐ ≠

⅝⁸ │ A unit GlcA-GalNAc 4-O-sulfate ⅔╟┘C unit GlcA-GalNAc 6-O-sulfate ⁸

│ D unit GlcA 2-O-sulfate -GalNAc 6-O-sulfate ⅔╟┘ E unit GlcA-GalNAc

4,6-O-disulfate ⌐ ↕╣╢(23,25) Fig. 1 ⁹╕√ ⌐⅔↑╢↓╣╠ 4 ─

Ɽ♃כfi│⁸ ─ ⌂╢ ⌂ CSST ⌐╟╡⁸⸗ⱡ

≢№╢ A unit⅔╟┘ C unit⅜ ≢№╢ O unit GlcA-GalNAc

╩ ≤⇔≡ ↕╣√ ⁸⸗ⱡ ─∕╣∙╣╩ ≤⇔≡☺

≢№╢ E unit⅔╟┘ D unit⅜ ↕╣╢↓≤⌐╟╡ ↕╣╢(8,23,26,27)⁹ 

≢│⁸CSST╩ ╘≤∆╢ ⌂ ⅜ CS ─ Ɽ♃כfi⅔╟

┘ ╩ ה ⌐ ⌐ ⇔≡™╢↓≤╩ ⇔≡⅝√(23,28-39)⁹↕╠⌐

⁸CS ─ Ɽ♃כfi─ ה ⅜ ─ ─ ╩ ℮↓≤╙ ⇔

√(16)⁹╟∫≡⁸CS ─ Ɽ♃כfi─ ה ⅜⁸CS ⌐╟╢

─ ╩ ℮≤ ↕╣╢⁹∕╣╝ⅎ⁸ №╢™│ ⌐╟╢ ה

⌂ CS ─ Ɽ♃כfi─ │ ₁─ ─ ≤⌂╡℮╢⁹ 

∆═⅝↓≤⌐⁸ ─ ─ CS ⌐ ╕╣╢ │⁸ ⅜⸗ⱡ

≢№╢ A unit⅔╟┘ C unit≢№╢√╘⁸☺ ≢№╢ D unit⅔╟

┘ E unit│ ⅛⇔⅛ ⇔⌂™⁹ ≢ ⁸☺ ╩ ⌐ ∆╢

CS ⅜ (14,40,41)╩ ╘⁸⅜╪─ (42)╛ ─ (43,44)⌂≥─ ⌐

╙ ∆╢↓≤⅜ ↕╣≈≈№╢⁹╟∫≡⁸CS ─ ⌐⅔↑╢ CS │

≢⅝⌂™⁹ 

⁸ ╩ ≤⇔√ ⌐╟╡⁸☺ ╩ ⌐ ∆╢▬◌╛

◘ⱷ ─ CS │ ⌐ ⇔≡ ⌂ ╩ ∆↓

≤⅜ ↕╣≡™╢(45-47)⁹ ⌐⁸⸗ⱡ ╩ ⌐ ∆╢

─ CS│ ⌐⅔↑╢ CNS ─ ≤⇔≡ ╢ ℮

(48,49)⁹≈╕╡⁸CNS ⌐⅔™≡ CS ─ │⁸ CS ─ ≤

│ ╩ ∆╢↓≤⅛╠⁸CNS ⌐⅔™≡⁸ CS ─ ⌐ ⌂╢

⅜ ∑╠╣≡™╢⁹ 
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Fig. 1 ─ ⌂╢ CSST⌐╟╡ ↕╣╢ CS ─ ⌂  

CS │ GlcA⅔╟┘ GalNAc╩ ≤∆╢ ⅜ ⌐ ╒≥ ⇔√

╩ ⌐ ∆╢⁹CS ─ ≢№╢ O unit─ │⁸C4ST╕√│ C6ST

⌐╟╡⸗ⱡ ≢№╢ A╕√│ C unit⌐ ↕╣⁸↓╣╠╩ ⌐ ∆╢ CS

│ CS≤ ┌╣╢⁹⸗ⱡ ─ │⁸∕─ ↕╠⌐ GalNAc4S-6ST

╕√│ UST ⌐╟╡☺ ≢№╢ E╕√│ D unit⌐ ↕╣⁸↓╣╠╩ ⌐

∆╢ CS │ CS≤ ┌╣╢⁹ ─ΓSò│ ╩ ⇔⁸2S⁸4S⁸6S│⁸

∕╣∙╣ 2 ⁸4 ⁸6 ─ⱥ♪꜡◐◦ ⅜ ⌐ ↕╣√ ╩ ∆⁹GlcA⁸◓ꜟ◒

꜡fi GalNAc⁸N-▪☿♅ꜟ●ꜝ◒♩◘Ⱶfi C4ST⁸◖fi♪꜡▬♅fi 4-O-

C6ST⁸◖fi♪꜡▬♅fi 6-O- GalNAc4S-6ST⁸N-▪☿♅ꜟ●ꜝ◒♩◘

Ⱶfi 4- 6-O- UST⁸►꜡ⱡ◦ꜟ 2-O- ⁹ 
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↓─ ─ ─√╘⌐│⁸ CS─ ⌐⅔↑╢

─ ⅜ ─ ≢№╢⁹ ⁸↓─ ⸗♦ꜟ≤⇔≡⁸₈◘▬♩◌▬fi─ꜞ◙

₈CS┘╟⅔₉כⱣכ ─ꜞ●fi♪₉─ 2≈⅜ ↕╣≡™╢(23,50) Fig. 2 ⁹↓╣

╠─ ⸗♦ꜟ│⁸ CS ─ ─╖⌂╠∏⁸CS ─

⌂ ╩ ⌐ ∆╢√╘─ ╩ ╢ ⌂ ⅜⅛╡≤⇔≡ ↕╣≡™

╢⁹∕↓≢↓╣╠ 2 ≈─ ⸗♦ꜟ⌐ ⇔⁸CNS ⌐⅔↑╢ CS ─

─ ╩ ⇔√⁹ 

 

 

 

 

 

 

 

Fig. 2 CS─ ⌐⅔↑╢ 2 ─ ⸗♦ꜟ 

CS │◖▪♃fiⱤ◒ ⌐ ⇔√ PG≤⇔≡⁸ ─ ╛

ⱴ♩ꜞ♇◒☻⌐ ∆╢⁹₈◘▬♩◌▬fi─ꜞ◙כⱣ₉כ⸗♦ꜟ ≢│⁸

CS│⁸ ↕╣√ ─◘▬♩◌▬fi ╩ ⇔⁸◘▬♩◌▬fi ⌐

⌐ ∆╢⁹∕─ ⁸◘▬♩◌▬fi⌐╟╡ ↕╣╢ ╩ ∆╢⁹ ≢⁸

₈CS ─ꜞ●fi♪₉⸗♦ꜟ ≢│⁸ CS│⁸ ⌐ ∆╢ CS

⁸ ─ ⌂≥ ⌐ ⇔⁸ ◦◓♫ꜟ ╩ ∆╢⁹╟

∫≡⁸CS ─ ╛ ⌐╟╡⁸ ─ ⌐ ⇔≡ⱳ☺♥▫Ⱪ№╢™│Ⱡ●♥

▫Ⱪ⌂ ╩ ∆⁹ 
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1 ≢│₈◘▬♩◌▬fi─ꜞ◙כⱣ₉כ⸗♦ꜟ⌐ ╩ ≡√⁹↓─⸗♦ꜟ│ ─

≢№╡⁸ CS⅜ ₁⌂◘▬♩◌▬fi≤ ™ ╩ ∆╢↓≤⌐ ╩

⇔≡™╢(9,24,25,51,52)⁹ ╛ ⱴ♩ꜞ♇◒☻⌐ ∆╢ CS│⁸

↕╣√ ─◘▬♩◌▬fi╩ ⇔⁸ ─ ╛∕─ ⌐ ↕∑╢⁹∕

─ ⁸◘▬♩◌▬fi⅜ ─ ⌐ ∆╢◘▬♩◌▬fi ⌐ ⌐

↕╣╢⁹≈╕╡⁸ CS│◘▬♩◌▬fi─ ╩ ∆╢↓≤⌐╟╡⁸◘▬♩◌

▬fi⌐╟╡ ↕╣╢ ╩ ∆╢≤ ⅎ╠╣≡™╢⁹ 

⁸CNS⌐⅔™≡ CS─ ≈≢№╢ E unit╩ ⌐ ∆╢▬◌ ─ CS

CS-E │⁸₈◘▬♩◌▬fi─ꜞ◙כⱣ₉כ≤⇔≡ ∆╢↓≤⌐╟╡⁸ ⌂

╩ ∆↓≤⅜ ↕╣≡™╢(20,23,25,53)⁹╕√ ○ꜞ◗ ╩ ™√

⅛╠⁸CS-E─ ─ ⌐⅔™≡⁸2≈─ E unit⅜♃fi♦ⱶ⌐

⇔√ CS-E ⅜ ≢№╢↓≤⅜ ↕╣≡™╢(54)⁹╟∫≡⁸CS-E │

ה ≤⇔≡⁸ ₁─ CNS ⌐ ∆╢ ♪כ◦─ ≤⇔≡

≢№╢≤ ⅎ╠╣≡™╢(50)⁹ 

≢⁸ ⌐ ∆╢ ⌂ⱨ◖כ☻ ╩ ∆╢ CS FCS │⁸CS-E≤

─ CS ╩ ⇔⁸ ₁⌂ ╩ ∆↓≤⅜ ↕╣≡™╢(55-59) Fig. 3 ⁹

⇔⅛⇔ FCS ─ ≤⇔≡⁸CS-E ⌐ ─ │ ↕╣≡™⌂⅛∫

√⁹↕╠⌐ ™↓≤⌐ FCS│⁸CS ⌐ⱨ◖כ☻ ╩ ∆╢√╘⁸CS

≢№╢◖fi♪꜡▬♅♫כ♀ ABC ChABC ⌐╟╢ ⌐ ⇔≡ ╩ ∆

(60,61)⁹╟∫≡⁸FCS─ ─ ⌐⅔↑╢ ─ ⌐╟╡⁸CS-E╩ ∆

╢ ♪כ◦─ ≤⇔≡⁸FCS─ √⌂ ⅜ ∑╢≤ ↕╣√⁹∕

↓≢ FCS─ ≤⇔≡ ⌐ ⇔⁸FCS⅜ CS-E⌐ ∆╢◦

♪כ ⌐⌂╡℮╢⅛⁸∕─ ╩ ⇔√(62)⁹ 

Fig. 3 ⌐ ─ⱨ◖כ☻ ╩ ∆╢ CS FCS ─  

FCS─ CS │ GalNAc─ 4 ≤ 6 ⅜ ╩ ↑√ E unit╩ ⌐ ∆

╢⁹╕√ CS ─ GlcA ─ 3 ⌐ⱨ◖כ☻ ╩ ∆╢⁹↕╠⌐ⱨ◖כ☻ ╙

⌐╟╢ ╩ ∆⁹ ─ΓSΔ│ ╩ ⇔⁸∕─ │ ↕╣

℮╢ⱥ♪꜡◐◦ ─ΓHΔ╩ ∆⁹ 
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2 ≢│⁸₈CS ─ꜞ●fi♪₉⸗♦ꜟ⌐ ╩ ≡√⁹↓─⸗♦ꜟ│⁸

⇔≈≈№╢ ≢№╡⁸2009 ⌐ ─ ╠⅜⁸ CS ─ ╩

≢ ↑≡ ⇔√↓≤⌐ ╩ ⇔≡™╢(11)⁹ ─ CS ≤⇔≡ ↕╣√

contactin-1 CNTN-1 │⁸CS-E─ ≤⇔≡ ⇔⁸ ♅꜡◦fi◐♫כ♀≢

№╢ Fyn ─ ╩ ⇔≡⁸ ─ ╩ ∆╢(11)⁹╕√↓─ │⁸CS

─ ⌐⅔↑╢ ≤⇔≡₈CS ─ꜞ●fi♪₉⸗♦ꜟ╩ ⇔√─╖⌂

╠∏⁸♃fiⱤ◒ ≢│⌂ↄ ⅜ ─ꜞ●fi♪≤⇔≡ ∆╢↓≤╩ ⇔

√ ─ ≤⌂∫√⁹ 

™↓≤⌐⁸ ─ CS ≤⇔≡ CNTN-1⅜ ↕╣≡ ⁸ ⌂ ⌐

╟╡⁸ ⇔√ ⌐ ∆╢ ─ ⅜ ─ CS ≤⇔≡

⇔⁸ ╩ ∆╢◦◓♫ꜟ ╩ ∆╢↓≤⅜ ™≢ ↕╣√(63-65) 

Fig. 4 ⁹↓╣╠─ │₈CS ─ꜞ●fi♪₉⸗♦ꜟ─ ╩ ↑╢∞↑≢⌂

ↄ⁸CS ⅜ ⌐⅔↑╢ ⌂╢ ≢№╢≤™℮ ╩ ⇔√⁹ ⁸

CNS ─ ≤⇔≡⁸ CS ╩ ≤⇔√ ╛ Ɑⱪ♅♪

─ ⅜ ╖╠╣≡™╢(66-69)⁹ 

CS ≤ ⌐ CS ╙ CNS ─ ─ ≤⌂╡℮╢⁹⇔

⅛⇔⁸ CS │ CNTN-1⅜ ↕╣≡™╢⌐∆⅞∏⁸ CS ≤

⇔≡⁸ ─ ⅜ ↄ ↕╣≡™╢⁹⇔√⅜∫≡⁸ CS ╩ ≤⇔√

─ ─√╘⌐│⁸ CS ╩ ⇔√ ─ ⅜ ⅜╣╢⁹ 

≢│↓╣╕≢⌐⁸CS-E≤│ ⌂╢ Ɽ♃כfi╩ ∆╢ CS-D⅜⁸CS-E

≤ ⌐ ╩ ∆╢↓≤╩ ⇔≡™╢(45,46)⁹⇔⅛⇔⌂⅜╠

™↓≤⌐⁸CS-D ≢ ╩ ∆╢≤⁸ ™ ─

⅜ ↕╣⁸CS-E ⌐⅔↑╢ ─ ™ ≤│ ⌐ ⌂╢↓≤

⅜ ↕╣≡™╢(47)⁹≈╕╡⁸ ─ ⅜ ≤⌂╢ CS─

Ɽ♃כfi⌐ ∆╢↓≤⅛╠⁸CS-D ⌐╟╢ ─ │⁸CS-E ─

≢№╢ CNTN-1≤│ ⌂╢ ─ CS ╩ ∆╢≤ ↕╣√⁹∕↓≢⁸CS-

D ⌐╟╢ ─ ⌐ ∆╢ ─ CS ─ ╩ ╖√⁹ 
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Fig. 4 CNS⌐⅔↑╢ ╕√│ CS ╩ ⇔√ CS ─  

CNS ⌐⅔™≡⁸ ⇔√ ⌐ ∆╢ ─ ⅜

╩ ∆╢◦◓♫ꜟ ╩ ⇔⁸ ╩ ∆╢ ─ CS ⁹ ≢⁸

─ ⌐ ∆╢ GPI▪fi◌כ ≢№╢ CNTN-1│⁸ ↕

╣≡™╢ CS ≢№╡⁸ CS─ ≈≢№╢ CS-E─ ≤⇔≡

⇔⁸ ─ ╩ ∆╢◦◓♫ꜟ ╩ ∆╢ CS ⁹ 
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1  ⱨ◖כ☻ ╩ ∆╢ CS ─ ─  

 

1   

⌐⅔™≡⁸CS │ ─ ≢ ⌐ ⇔⁸ ─ ╩

∆╢⁹↓╣│ CS ⅜ ╩ ∆╢ ⌂ ≢№╢√╘≤ ⅎ╠╣≡⅝√

(48,49)⁹ ⁸ ─ CNS⌐⅔™≡ CS │⁸ ⱴ♩ꜞ♇◒☻⌐ ⌐ ⇔≡

⅔╡⁸ ─ ⌐ ∫≡⁸∕─ Ɽ♃כfi⅜ ⌐ ∆╢⁹ Ɽ♃כfi─ ⌂

╢ CS │⁸∕╣∙╣ ⌂╢ ╩ ∆╢↓≤⌐╟╡⁸ ─ ╛

─ ה ⌐ ⌂ ╩ √⇔≡™╢↓≤⅜ ↕╣≈≈№╢(16,49)⁹╟∫≡⁸CNS

⌐⅔™≡CS ─ Ɽ♃כfi│⁸∕─ ≤ ⌂ ⅜№╢≤ ⅎ╠╣≡™╢⁹ 

↓╣╕≢⌐⁸ CS─ ≈≢№╢ E unit╩ ⌐ ∆╢▬◌ ─ CS CS-

E │⁸brain-derived neurotrophic factor BDNF ╩ ╘≤∆╢ Ᵽכ◙ꜞ─

≡⇔≥כ ∆╢↓≤⌐╟╡⁸ ⌐ ⇔≡ ⌂ ╩ ∆

↓≤⅜ ↕╣≡™╢(20,23,25,53)⁹↕╠⌐ ○ꜞ◗ ╩ ™√ ⅛╠⁸↓─

⌐⅔™≡│⁸E unit ─ CS-E ≢│ ≢⁸2≈─ E unit⅜♃fi♦ⱶ⌐ ⇔

√ CS-E ⅜ ≢№╢↓≤╙ ↕╣≡™╢(54)⁹╟∫≡⁸CS-E │ CNS

╩ ╘≤∆╢ ₁─ CNS ⌐ ∆╢ ♪כꜞ─ ≤⇔≡ ↕╣≡™╢⁹ 

≢⁸CS-E≤ ─ CS ╩ ∆╢ñCS-E▪♫꜡◓ò⅜⁸ ─♫ⱴ◖─ ⅛

╠ ↕╣≡™╢⁹↓╣╠─ │⁸CS ⌐ ⇔√ Ŭ-ⱨ◖כ☻

╩ ≤⇔⁸FCS ⱨ◖כ☻ ╩ ∆╢ CS ≤ ↕╣≡™╢(70-75)⁹FCS │

↓╣╕≢⌐⁸ (55,56)╩ ╘⁸ (56,58)⁸ ►▬ꜟ☻ (57)╛ ⅜╪

(59)⌂≥─ ⌐╦√╢ ╩ ∟ ╦∑╢↓≤⅜ ↕╣≡™╢⁹⇔⅛⇔⁸CS-

E ─ ⌐≈™≡│ ≢№╢⁹ 

↓╣│⁸↓╣╕≢ FCS─ ⌐⅔™≡⁸CS ≢│⌂ↄⱨ◖כ☻ ─

⅜ ↕╣≡⅝√⅛╠≢№╢⁹ ↄ═⅝↓≤⌐⁸FCS─ ⅔╟┘

│⁸ ⌐⅔↑╢ FCS ─ ⌐╟╢ ⱨ◖כ☻ ─ ⌐╟╡

∆╢(55,56)⁹╝ⅎ⌐⁸↓╣╠─ ─ │⁸ⱨ◖כ☻ ─ ⁸№╢™│ CS

⌐ ⇔√ⱨ◖כ☻ ─ ⌐ ∆╢≤ ⅎ╠╣≡™╢(60,61,70)⁹⇔⅛⇔⁸

FCS─ ─ ≡⅜ⱨ◖כ☻ ─╖⌐ ⇔⁸CS ⌐│ ↄ ⇔⌂™≤

↑╢─│ ≢№╢⁹ 
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↕╠⌐ ™↓≤⌐⁸FCS│⁸ⱨ◖כ☻ ─ ⌐╟╡⁸CS ╩ ∆╢⌐╙

⅛⅛╦╠∏⁸CS ≢№╢ ChABC ⌐╟╢ ⌐ ∆╢ ╩ ∆↓≤

╙ ╠╣≡™╢ (6,12-14)⁹⇔√⅜∫≡⁸FCS⌐ ╩ ∆↓≤⅜≢

⅝╣┌⁸CS-E⌐ ∆╢ ♪כ◦─ ≤⌂╢≤ ↕╣√⁹ 

⌐⅔™≡ │⁸ ⌂♫ⱴ◖≢№╡⁸CS ⌐ E unit╩ ⌐

∆╢ⱴ♫ⱴ◖ Apostichopus japonicus ─ FCS⌐ ⇔⁸ FCS⅜ CS-E≤ ⌐

╩ ∆╢↓≤╩ ⇔√⁹↕╠⌐⁸ ─ ○ꜞ◗ ╩ ™≡⁸CS-

E ─ ⌐⅔↑╢ⱨ◖כ☻ ≤─ ⁸⅔╟┘ FCS

─ ⌐⅔↑╢ ─ ╩ ╖√⁹ 
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2  ⅔╟┘  

2-1  

FluoroshieldTM│ ImmunoBioScience ▪ⱷꜞ◌⁸꞉ ◦fi♩fi ╟╡⁸DNase I│ Roche 

Custom Biotech ▪ⱷꜞ◌⁸▬fi♦▫▪♫ ╟╡⁸ BDNF │ Santa Cruz 

Biotechnology ▪ⱷꜞ◌⁸♥◐◘☻ ╟╡⁸Cy3 ɓ♅ꜙכⱩꜞfi ⁸ovalbumin⁸

poly-L-ornithine PLO ⁸rabbit IgG isotype control isotype ctrl │◦◓ⱴ ▪ꜟ♪ꜞ♇♅ 

☺ꜗⱤfi ╟╡⁸8 wellⱪꜝ☻♅♇◒♅ꜗfiⱣ⁸♪▬ꜝ☻כB27 supplement⁸

GlutaMAXTM I⁸Hankôs Balanced Salt SolutionHBSS ⁸Hoechst 33342⁸NeurobasalTM 

medium⁸Trypsin ◒♇▫fi♥▫ⱨ◄▬◘כꜗ◦♇▫ⱨ⸗כ◘│ ╟╡⁸

Proteus vulgaris ◖fi♪꜡▬♅♫כ♀ ABC ChABC EC 4.2.2.4 ⁸ CS

⁸◘ⱷ CS-C⁸▬◌ CS-E│ ╟╡⁸Fetal 

Bovine Serum FBS │ BioWest ⱨꜝfi☻⁸ⱷכ♯ ◄ ꜡꞉כꜟ ╟╡⁸2-▪Ⱶⱡ

ⱬfi☼▪Ⱶ♪ 2-AB ⁸♩ꜞ♩fi X-100⁸Ɑ♬◦ꜞfi-☻♩꜠ⱪ♩ⱴ▬◦fi │♫◌

ꜝ▬♥☻◒ ╟╡⁸ 16 C57BL/6 │☻►fiⱴכꜞ◒ SLC

╟╡⁸◌Ᵽכ●ꜝ☻│ ╟╡⁸►◦ ▪

ꜟⱩⱵfi BSA ⁸Ɽꜝⱱꜟⱶ▪ꜟ♦ⱥ♪ PFA │ ╟╡

⇔√⁹A. japonicus FCS⅔╟┘⁸ ⇔√ CS○ꜞ◗ (76,77) Table 1-1

│⁸ ─ ╟╡ ↕╣√⁹ 

 

2-2 A. japonicus⅛╠─ FCS─ ≤  

20.56 g─ ⇔√ A. japonicus ─ ╩ 160 mL─ ≢ 10

⇔√ ⁸200 mL─ 0.5 Mⱱ► pH 7.0 ╩ ⇔√⁹ ™≢⁸ ╩ 55ęC

≢♃fiⱤ◒ ≢№╢ N Amano G╩ 3 ⌐ 1.46 g ⇔⌂⅜╠⁸ 9

⇔√⁹ ⇔√ ╩ 15 ↕∑⁸☿ꜝ▬♩≢ ⇔√⁹ ╩

Pellicon Biomax PXB008A50 Merck Millipore⁸♪▬♠⁸Darmstadt ╩ ™≡ ⇔⁸

™≢ 1.25 % NaOAc╩ ∆╢ 80 %◄♃ⱡכꜟ≢ ↕∑⁸0ęC≢ ⇔√⁹

╠╣√ ─ 3.02 g ╩ ─ 0.15 M LiCl / 0.05 M pH 4.0 ≢

⇔⁸DEAE-☿ꜟ꜡כ☻◌ꜝⱶ ű4.4~35 cm ⌐ ⇔√ ⁸◌ꜝⱶ╩ 0.15⁸0.5⁸1.0⅔╟

┘ 2.0 M─ LiCl╩ ╗ ╩ 750 mL ∏≈ ™≡ ⌐ ⇔√⁹↓╣╠─℮∟⁸

FCS ╩ ╙ ↄ ╗ 2.0 M LiCl ╩ ─ ⌐⅛↑√ ⁸◕ꜟ ◌ꜝⱶ◒꜡

ⱴ♩◓ꜝⱨ▫כ LH-20⁸H2O⁸ű4.6~34 cm ⅔╟┘⁸ ⌐╟╡ ה ⇔√⁹

╠╣√ ╩ ∆╢↓≤⌐╟╡⁸1.18 g─ A. japonicus FCS╩ √⁹ 
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2-3 A. japonicus FCS─ ⌐⅔↑╢  

2-2≢ √ 23.2 mg─ A. japonicus FCS╩⁸1 M◑ ⁸80ęC≢ 15

⇔√⁹ ™≢⁸◑ ╩ ≢ ⇔√ ⁸ ╩◕ꜟ ◌ꜝⱶ◒꜡ⱴ♩◓ꜝⱨ▫כ

LH-20⁸1% AcOH⁸ű1.3~86 cm ≢ ∆╢↓≤⌐╟╡⁸4.4 mg─ ⱨ◖◦ꜟ

CS ╩ √⁹ 

 

2-4 A. japonicus FCS─  

2-4-1 ChABC⌐╟╢  

2-3≢ √ CS ╩⁸ CS ⌐ ∆╢√╘⌐⁸ChABC 10 mIU

╩ ™⁸ 50 mM Tris-HCl (pH 8.0)⅔╟┘ 60 mM NaOAc╩ ╗ 20 ɛL

─ ≢ 37 ęC⁸2 ⇔√(78,79)⁹ 

 

2-4-2 2-▪Ⱶⱡⱬfi☼▪Ⱶ♪ 2-AB ⅔╟┘ HPLC  

2-4-1≢ √ ╩ ↕∑√ ⁸ 350 mM 2-AB ≤ 1.0 M NaCNBH4

╩ ╗ 5 ɛL─ DMSO: 7 : 3 ≢⁸65 ęC≢ 2 ↕∑⁸

CS ╩ 2-AB≢ ⇔√(80)⁹ ╩500 ɛL─ ⌐ ⇔⁸

─◒꜡꜡ⱱꜟⱶ≤ ⁸2,000 rpm≢ 5 ⇔⁸ ─ 2-AB╩◒꜡꜡ⱱꜟⱶ

⌐ ⇔√(81)⁹↓─ ╩ 10 ╡ ⇔√ ⁸ ╩ ⇔√⁹ ↕╣√

╩400 ɛL─ ⌐ ⅛⇔⁸ⱨ▫ꜟ♃כ ⅝ⱴ▬◒꜡♅ꜙכⱩ≢╤ ⁸ⱳꜞ▪

Ⱶfi ◦ꜞ◌◌ꜝⱶ YMC-Pack PA-03 YMC⁸ ╩ ™√ ▬○fi HPLC≢

CS ─ ╩ ⇔√⁹HPLC │⁸ ⁸ 1.0 mL/min⁸60 ⁸

NaH2PO4 16 mM⅛╠ 530 mM╕≢─ ≢ ⇔√⁹ │ ≢№

╢ 2-AB ─ ╩ ⌐⁸ 320 nm/ 420 nm ≢ ⌂∫√(82)⁹2-AB

↕╣√ CS ─ ╩ ⌐⁸ ↕╣√Ⱨכ◒╩ ⅔╟┘ ⇔

√⁹ 

 

2-5 In vitro⌐⅔↑╢ CS ⌂ ─  

2-5-1 CS◖כ♩ 

8 well ♅ꜗfiⱣכ☻ꜝ▬♪─ well ⌐ 0.1 M ⱱ► pH 8.4 ≢ 1.5 

ɛg/mL ⌐ ⇔√ PLO ╩400 ɛL⇔⁸ ≢ 2 ⇔√⁹ well╩ꜞ

fi PBS⁸pH 7.4 ≢ 3 ⇔√ ⁸PBS≢ ─ ⌐ ⇔√ CS ╩

400 ɛL⇔⁸4ęC≢ ⇔√⁹ ─ ⌐⁸ well╩ PBS≢ 3 ⇔⁸

300 ɛL─ B27 supplement 1× ⁸5 mM GlutaMAXTM I⁸0.1 % ovalbumin⁸Ɑ

♬◦ꜞfi-☻♩꜠ⱪ♩ⱴ▬◦fi 1× ╩ ╗ NeurobasalTM medium ╩ ⇔√⁹ 
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2-5-2 ─  

│₈ ─ ┘ ⌐ ∆╢ ₉⅔╟┘₈ ─ ┘ ⌐

∆╢ ₉⁸₈ ─ ┘ ⌐ ∆╢ ₉ ⌐ ≠⅝⁸ ─

─ ╩ ↑≡⅔╡⁸₈ ₉╩ ⇔≡ ⇔√⁹

≤ ─ ⅛╠ ─ │⁸ ⌐ ⇔√ ⌐≤≥╘√⁹ 

16 C57BL/6 ╡╟☻►fiⱴכꜞ◒ ⇔√ ╩ PBS⌐ ⇔√ ⁸

╟╡ ╩ ⇔⁸ HBSS⌐ ⇔√⁹ ⁸ Ⱨfi☿♇♩≢ ─

╩ ∆╢≤ ⌐ ╩ ⇔√ ⁸ ─ ─ ┼─ ⇔ ⌐

∆╢ ╩ ⇔⁸ HBSS ⌐ ⇔√⁹ ⇔√ ╩ HBSS≢ 3

⇔√ ⁸100 ɛL─ 0.25 % Trypsin⅔╟┘ 0.05 % DNase I╩ ⇔√ HBSS ≢37ęC⁸

10 ⇔√⁹ ™≡ 5 ⇔√ ⁸1,500 rpm ≢ 1 ⇔⁸ ╩ ™√

⁸ ╩ ⇔√200 ɛL─ Neurobasal medium≢ ⇔√⁹1,500 rpm≢ 2

⇔⁸ ╩ ™√ ⁸ ─ ╩ ⇔⁸ⱧⱭ♇♥▫fi◓⌐╟╡ ⌐

↕∑√⁹ ╩♩ꜞⱤfiⱩꜟכ ≢ ⇔⁸ 2-5-1≢ CS◖כ♩⇔√

♅ꜗfiⱣכ☻ꜝ▬♪⌐ 10,000-12,000 cells/cm2≤⌂╢╟℮⌐ 100 ɛL/well≢ ⇔⁸37 

ęC⁸5 % CO2 ≢ 24 ⇔√⁹ 

 

2-5-3 ─  

2-5-2≢ 24 ⇔√ ╩⁸200 µL/well─ 4% (w/v) PFA/PBS⌐╟

╡⁸ ≢ 30 ⁸ ⇔√ ⁸ well╩ PBS≢ 3 ⇔√⁹ ™≢⁸200 µL/well

─ 0.2%♩ꜞ♩fi X-100╩ ╗ 3% BSA/PBS ⌐╟╡⁸ ≢ 30 ⁸Ⱪ꜡♇◐fi◓

⅔╟┘ ⇔√⁹∕─ ⁸100 µL/well ─ Cy3 ɓ♅ꜙכⱩꜞfi  (1 2,000) 

╩ ╗ 3% BSA/PBS ⌐╟╡⁸ ≢ 2 ⁸ ⇔√ ⁸ well╩ PBS ≢ 3

⇔√⁹∕⇔≡ 200 µL/well─ 2.0 ɛg/mL─ Hoechst 33342/PBS╩ ╣≡

≢ 10 ⁸ ⇔√⁹PBS≢ 1 ⁸ FluoroshieldTM ╩ ™≡◌Ᵽכ●

ꜝ☻╩☻ꜝ▬♪ ⌐ ╡ ↑√⁹⌂⅔⁸ ─ │ Neuron-specific beta-III Tubulin 

Antibody Tuj1 ╩ ™√ ≤ ≢№∫√ ♃כ♦ ⁹ 

 

2-5-4 ─ ─  

2-5-3≢ ⇔√ⱪ꜠Ɽꜝכ♩─ fi꞉fi▬ꜟכ○╩ BZ-8000⁸

fi☻⁸◄כ◐ ⌐╟╡ ⇔√ ⁸ ♁ⱨ♩►▼▪ FLVFS-LS⁸

ⱨ꜡כⱬꜟ⁸ ╩ ™≡⁸ ⇔√ 50 ─ ⌐⅔™≡ ⅛

≈ ╟╡ ™ ─ ↕╩ ⇔√⁹ 
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2-5-5 BDNF ⌐╟╢ CS-E ≢─ ─  

2-5-2⌐ ⇔√ ⌐ ™⁸ ╩ ⇔⁸37ęC⁸5% CO2 ≢ 2

⇔√ ⁸ BDNF ─ ─√╘⁸100 µL/well ─ ≤⇔≡ 1.0 

ɛg/mL─ BDNF (54)╕√│ isotype control ctrl ╩ ╗ ╩ ⇔

√⁹ ─ ≢ 22 ⇔√ ⁸ ⅔╟┘ ╩ 2-5-

3⅔╟┘ 2-5-4─ ⌐ ∫≡ ∫√⁹ 

 

2-6  

♁ⱨ♩≤⇔≡ SPSS ⱶ◄הכⱦה▬▪ ⁸ ╩ ™⁸

─ ≤⇔≡ p<0.05 ╩ ⇔√⁹╕√ │⁸ ANOVA

─ ⁸Tukey-Kramer ⌐╟╡ ∫√⁹⌂⅔⁸ ≡─ │ ± S.E.M. ≢ ⇔

√⁹ 
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3   

3-1 A. japonicus FCS│ ⱨ◖כ☻ ╩ ∆╢ CS-E▪♫꜡◓≢№╢ 

♫ⱴ◖ FCS ─ ∆╢ ⱨ◖כ☻ ─ │⁸ ₁⌂ ≤─

⅜ ↕╣≡⅝√ ≢⁸∕─ ⌐ ╢╕≢ ⌐ ↕╣≡⅝√⁹ ⌐⁸FCS

─ CS │⁸ ≤─ ⅜⌂™╙─≤⇔≡⁸∕─ ─ ⅜ ╤⌐↕╣

≡⅝√⁹∕─√╘⁸ ⌂♫ⱴ◖≢№╢ A. japonicus ─ FCS⌐≈™≡╙⁸CS

─ ⅜ ⌐ ↕╣≡™╢≤│ ⅎ⌂™⁹∕↓≢↓─ ─ ≈≢№╢

Ɽ♃כfi╩ ∆╢√╘⌐⁸╕∏ CS ≢№╢ ChABC╩ ⇔⁸A. japonicus

─ ⅛╠ ⇔√ FCS ╩ CS ⌐╕≢ ⇔√⁹∕─ ⁸

(60,61)≤ ⇔≡⁸▬fi♃◒♩⌂ FCS │ CS ╩ ∆╢⌐╙⅛⅛╦╠∏⁸

ChABC ⌐ ⇔≡ ╩ ⇔√⁹↓─ │ ⌐ GlcA ─ 3-O ⌐

⇔√ⱨ◖כ☻ ─ ⌐ ∆╢≤ ↕╣≡™╢(60,61)⁹∕↓≢ FCS⅛╠ⱨ◖כ☻

╩ ∆╢√╘⌐⁸ ≢ ╩⇔√≤↓╤⁸ChABC ⌐ ⇔

≡ ╩ ⇔√⁹ ─↓≤⅛╠⁸ ⇔√ A. japonicus FCS│

(70,83)≤ ⌐⁸GlcA ─ 3-O ⌐ ⇔√ⱨ◖כ☻ ╩ ∆╢≤ ⅎ╠╣√⁹ 

⌐⁸A. japonicus FCS─ CS ─ Ɽ♃כfi╩ ─ CS ≢№╢

CS-C⅔╟┘ CS-E≤ ∆╢√╘⌐⁸ ₁─ ChABC ⌐╟╡ ╠╣√ CS

╩ 2-AB≢ ⇔⁸HPLC≢ ⇔√ Table 1-2 ⁹∕─ ⁸ ∆═⅝↓

≤⌐⁸FCS─ CS ⌐ ╕╣╢ ⌂ Ɽ♃כfi│⁸☺ ─ ≈≢

№╢ E unit 48% ≢№╡⁸ ™≢⸗ⱡ ≢№╢ C unit 28% ⅜ ⅛∫√⁹

╕√⁸FCS─ CS ⌐ ╕╣╢ E unit─ │⁸E unit╩ ⌐ ∆╢▬◌

CS-E Table 1-2 ≤ ∆╢≤ 20ⱳ▬fi♩ ⌂⅛∫√⅜⁸ ⌂ CS≢

№╢◘ⱷ CS-C 0.5% ⌐ ═ ╠⅛⌐ ™↓≤⅛╠⁸ ─

⌐│ ≢№╢≤ ⅎ╠╣√⁹ ─↓≤⅛╠⁸A. japonicus FCS│ ⱨ◖

☻כ ╩ ∆╢ CS-E▪♫꜡◓≢№╡⁸CS-E≤ ⌐ ╩ ∆╢

⅜ ™≤ ↕╣√⁹ 

 

Composition 
A. japonicus  

FCS 

 

CS-C 

 

CS-E 

O unit 12 0.8 6.2 

A unit 12 13 17 

C unit 28 78 8.2 

D unit not detected 8.0 not detected 

E unit 48 0.5 68 

Table 1-2. A. japonicus FCS ⌐⅔↑╢ ─ mol%  
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3-2 A. japonicus FCS│▬◌ CS-E≤ ─ ╩ ∆╢ 

─ ╡⁸▬◌ CS-E│ ⌐ ⇔≡ ⌂

╩ ∆↓≤⅜ ╠⅛≤⌂∫≡™╢(11,23,25,46,47)⁹╕√ ─ ⅛╠⁸A. japonicus

FCS │ ⱨ◖כ☻ ╩ ∆╢ CS-E ▪♫꜡◓≢№╢↓≤⅜ ╠⅛≤⌂∫√⁹╟

∫≡⁸FCS ╙ CS-E ≤ ⌐ ⌂ ╩ ∆╢≤ ↕╣√⁹∕↓

≢⁸FCS─ ╩ ∆╢√╘ (11, 46,47, 84,85)─ ≤

⌐⁸FCS⁸⅔╟┘ ─ CS ≢№╢ CS-C⅔╟┘ CS-E╩⁸PLO◖כ♩⇔√♅

ꜗfiⱣ⁸⇔♩כ◖⌐♪▬ꜝ☻כ∕╣╠─ ≢ ╩ 24 ⇔√─∟⁸

─ ╩ ⇔√⁹ 

∕─ ⁸ (11,23,25,46,47)─ ≤ ⇔≡⁸PLO ≤ ⇔≡ CS-C

⌐⅔™≡⁸ ─ ⌐ ⌂ │ ╘╠╣⌂⅛∫√⁹ ⌐⁸CS-E╕√

│ A. japonicus FCS ⌐⅔™≡│⁸™∏╣⌐⅔™≡╙ ─ ⌐ ™

╩ ∆╢ ⅜ ↕╣√ Fig. 1-1 A ⁹ 

B 
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Fig. 1-1 A. japonicus FCS─ in vitro⌐⅔↑╢  

A. PLO◖כ♩ ⌐ CS ◘ⱷ CS-C╕√│▬◌ CS-E⁸A. 

japonicus FCS 5 µg/mL √⇔♩כ◖╩ ≢⁸ 16 ⱴ►☻

10,000 cells/cm2 ╩ 24 ⇔√⁹ ╩ ⁸Cy3 ɓ♅ꜙכⱩꜞ

fi ⅔╟┘ Hoechst 33342 ⌐╟╡ ╩ ꜟכ◔☻⁹√⇔

Ᵽכ│ 100 µm╩ ∆⁹ 

B. ↔≤⌐ ⇔√ 50 ─ ⌐≈™≡ ╩ ⇔⁸∕

─ ╩ ⇔√⁹ n=3 * p 0.01 n.s. not significant PLO  
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∕↓≢⁸ ₁─ ⌐⅔™≡ ╩ ⌐ ╩ ⇔√≤

↓╤⁸A. japonicus FCS ─ │⁸▬◌ CS-E⌐

⇔√ Fig. 1-1 B ⁹ ─ ╟╡⁸FCS│ E unit─ ⅜ CS-E╟╡ 20ⱳ▬fi

♩ ™ ≢⁸ ─ ⱨ◖כ☻ ╩ ∆╢⁹↓╣╠─↓≤⅛╠⁸A. japonicus

FCS │ ╩ ∆╢ CS-E ▪♫꜡◓≤⇔≡ ╢ ℮∞↑≢⌂ↄ⁸∕─

─ ⌐⅔™≡⁸ⱨ◖כ☻ ⅜ E unit─ ╩ ℮≤ ↕╣√⁹ 

 

3-3 A. japonicus FCS─ ─ │ FCS ≢№╢ 

○ꜞ◗ ╩ ⇔√ ⅛╠⁸2 ≈─ E unit ⅜♃fi♦ⱶ⌐ ⇔√ CS-E ⅜⁸

CS-E ─ ─ ⌐⅔↑╢ ≢№╢↓≤⅜ ↕╣≡™╢

(54)⁹⇔√⅜∫≡⁸FCS ─ ⌐⅔™≡⁸ⱨ◖כ☻ ⅜ E unit

─ ╩ ℮≤ ∆╢≤⁸ⱨ◖כ☻ ╩ ∆╢ E unit≢№╢ FCS ⅜ CS-

E ≤ ⌐ ╩ ∆╢ ≢№╢≤ ↕╣√⁹A. 

japonicus FCS ⌐ ╕╣╢ⱨ◖כ☻ ─ ↄ│ 2,4-O-☺ ↕╣≡™╢↓≤⅜

↕╣≡™╢(73)⁹╟∫≡⁸ ─ ─√╘─ FCS ≤⇔≡⁸ ⇔√ 2,4-

O-☺ ─ⱨ◖כ☻ ╩ ∆╢ E unit FCS-tri (76)╩ ™⁸╕∏

─ ╩ ⇔√⁹ 

™↓≤⌐⁸FCS-tri ─ │ FCS-tri─◖כ♩

⌐ ↕╣⁸15 ɛg/mL⌐⅔™≡ ╩ ⇔√ Fig. 1-2 A ⁹ ≢15 ɛg/mL╟╡

20 ɛg/mL ≢│⁸ ─ ⅜ ↕╣√⁹↓╣│ FCS-

tri ─ ─ ⅜ ∆╢ⱴ▬♫☻ ⌐ ∆╢ ≢№╢≤ ⅎ╠╣√⁹ 

⌐⁸FCS-tri ─ ⌐⅔↑╢ ╩ ∆╢√╘⌐⁸FCS-

tri≤⁸ ⇔√ 3 ─ CS ○ꜞ◗ CS-C-di⁸CS-E-di⅔╟┘ CS-E-tetra ─

╩ ⇔√ Fig. 1-2 B, C ⁹ ─ (54)≤ ⇔≡⁸

│⁸PLO≤ ⇔≡ CS-E-di≢│ ╘╠╣⌂⅛∫√ ≢⁸PLO⅔

╟┘ CS-E-di≤ ⇔≡ CS-E-tetra≢│ ⌐ ╘╠╣√⁹↓─↓≤⅛╠⁸CS-E ⅜

CS-E ─ ─ ≢№╢↓≤⅜ ≢⅝√⁹╕√⁸

FCS-tri│⁸PLO⁸⅔╟┘ A. japonicus FCS─ CS ⌐ ∆╢ CS-

C-di⅔╟┘ CS-E-di≤ ⇔≡⁸ ⌂ ⅜ ╘╠╣√⁹↓─↓≤⅛

╠ 2,4-O-☺ ⱨ◖כ☻ ⅜ A. japonicus FCS ─

⌐⅔↑╢ ≢№╡⁸FCS-tri⅜ FCS─ ─ ≢№╢

≤ ↕╣√⁹↕╠⌐⁸FCS-tri─ │ CS-E-tetra≤ ≢№∫√⁹

↓╣╠─ ⅛╠⁸FCS-tri ─ 2,4-O-☺ ⱨ◖כ☻ │ E unit─ ╩ ⇔≡

™╢↓≤⅜ ╠⅛≤⌂∫√⁹ 
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0 

ʿGlcA ʿGalNAc ʿFuc Sʿsulfate 

B 
CS-E-tetra CS-C-di CS-E-di PLO FCS-tri 

6S 4Sʾ6S 4Sʾ6S 4Sʾ6S 4Sʾ6S 

2Sʾ4S 

Fig. 1-2 FCS-tri⌂≥─ CS○ꜞ◗ ─  

A. PLO◖כ♩ ⌐ FCS-tri 2.5╕√│ 5.0⁸7.5⁸15⁸20 µg/mL √⇔♩כ◖╩ ≢⁸

16 ⱴ►☻ 10,000 cells/cm2 ╩ 24 ⇔√⁹ 

B, C. PLO◖כ♩ ⌐ CS○ꜞ◗ CS-C-di╕√│ CS-E-di⁸CS-E-tetra⁸FCS-tri

15 µg/mL √⇔♩כ◖╩ ≢⁸ 16 ⱴ►☻  

10,000 cells/cm2 ╩ 24 ⇔√⁹B. ☻◔כꜟⱣכ│ 100 µm╩ ∆⁹ C. ↔≤

⌐ ⇔√ 50 ─ ⌐≈™≡ ╩ ⇔⁸∕─ ╩

⇔√⁹ n=3 * p 0.01 n.s. not significant PLO  
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3-4 FCS-tri ─ │ BDNF◦◓♫ꜟ ╩ ∆╢ 

CS-E│ BDNF╩ ╘≤∆╢ ≤ ╩ ⇔⁸ Ᵽכ◙ꜞ─

│™╢№כ ≤⇔≡ ∆╢(20,23)⁹╕√⁸ ⌐⅔↑╢ CS-E ─

│ BDNF ◦◓♫ꜟ ╩ ∆╢↓≤⌐ ∆╢↓≤⅜

↕╣≡™╢(53,54)⁹╟∫≡⁸A. japonicus FCS⅔╟┘ FCS-tri ─

╙ BDNF◦◓♫ꜟ ─ ⌐ ∆╢≤ ↕╣√⁹∕↓≢⁸BDNF

⌐ ∆╢ ╩ ™⁸▬◌ CS-E⅔╟┘ A. japonicus FCS⁸⅔╟┘ ₁

⌐ ∆╢ ○ꜞ◗ ≢№╢CS-E-tetra⅔╟┘ FCS-tri ─

⌐ ╓∆ ╩ ⇔√⁹ 
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Fig. 1-3 CS-E⅔╟┘ FCS ⌐ ∆╢ BDNF ─  

A, B. PLO◖כ♩ ⌐ CS○ꜞ◗ CS-E-tetra╕√│ FCS-tri 15 µg/mL ╕

√│ CS ◘ⱷ CS-C╕√│▬◌ CS-E⁸A. japonicus

FCS 5 µg/mL √⇔♩כ◖╩ ≢⁸ 16 ⱴ►☻

12,000 cells/cm2 ╩ ⇔√⁹∕─ 2 ⁸ BDNF 1 µg/mL ╕√│

isotype ctrl╩ ⇔√⁹∕─ │ Fig. 1-1─ ≤ ⌐ ∫√⁹ n=3  A. ☻◔כꜟ

Ᵽכ│ 100 µm╩ ∆⁹ B. ↔≤⌐ ⇔√ 50 ─ ⌐≈™≡

╩ ⇔⁸∕─ ╩ ⇔√⁹ n=5 * p 0.01 n.s not 

significant ctrl  
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▬◌ CS-E⅔╟┘ A. japonicus FCS⁸CS-E-tetra⁸FCS-tri─™∏╣⌐⅔

™≡╙⁸isotype control ctrl ≤ ⇔≡ BDNF ─ ≢│⁸

⅜ ⌐ ⇔√ Fig. 1-3 ⁹↓─↓≤⅛╠⁸FCS⅔╟┘ FCS-tri ─

│ BDNF◦◓♫ꜟ ─ ╩ ≤∆╢↓≤⅜ ╠⅛≤⌂∫√⁹ 
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4   

☺ CS ≢№╢ E unit╩ ⌐ ∆╢ CS ≢№╢▬◌ CS-E│⁸

⌂ ╩ ∆╢(20,23,25,53)⁹╟∫≡ │⁸ ⌂ⱨ◖כ☻

╩ ⇔⅛≈CS ⌐E unit╩ ⌐ ∆╢A. japonicus ─FCS(70,83)⅜⁸

CS-E ≤ ─ ╩ ∆╢≤ ⇔⁸ⱨ◖כ☻ ≤ CS-E ─

≤─ ╩ ⇔√⁹∕─ ⁸ √⌐ ⇔√ A. japonicus FCS 

│⁸CS-E≤ ─ ╩ ∆╢↓≤⅜ ╠⅛≤⌂∫√⁹╕√ ○ꜞ◗

╩ ™√ ⅛╠⁸A. japonicus FCS ─ ─ ⌐⅔↑╢

│ FCS-tri 2,4-O-☺ ⱨ◖כ☻ ╩ ∆╢ E unit ≢№╢↓≤⅜ ╠⅛

≤⌂∫√⁹↕╠⌐↓╣╠─ ≤⇔≡⁸FCS⅔╟┘ FCS-tri⅜ CS-E⅔╟┘ CS-E

≤ ⌐ BDNF─ꜞ◙כⱣכ≤⇔≡ ∆╢ ╩ ⇔√⁹╟∫≡⁸↓╣╠─

│⁸FCS ─ │ E unit ╩ ↄ ∆╢ CS ⌐ ≢

№╢≤ ∆╢─╖⌂╠∏⁸FCS ⌐⅔↑╢ⱨ◖כ☻ ⅜ E unit ─ ╩ ℮≤

™℮ ─ ↑≤⌂∫√⁹ 

BDNF─ ⌐╟╡ ○ꜞ◗ ≢№╢ FCS-tri ─ │ ctrl≤

⌐ ↕╣╢ ≢⁸ ≢№╢ FCS ─ │ ctrl ≤ ╕≢

⌐│ ↕╣⌂⅛∫√⁹╟∫≡⁸FCS ─ ─ ⌐⅔™≡◘▬♩◌

▬fi─ꜞ◙כⱣכ ─ ─ ⅜ ↕╣╢⁹ ⁸○ꜞ◗ ≢№╢ CS-E

│◘▬♩◌▬fi─ꜞ◙כⱣכ≤⇔≡─╖ ∆╢ ≢⁸ ≢№╢ CS-E│◘▬♩◌

▬fi─ꜞ◙כⱣכ∞↑≢⌂ↄ 2 ≢ ∆╢ CS ─ꜞ●fi♪≤⇔≡─ ╙

∑ ≈≤ ⅎ╠╣≡™╢(23)⁹⇔√⅜∫≡⁸FCS ─ ─ ⌐⅔™

≡╙ CS-E≤ ⁸№╢™│ ─ CS ╩ ∆╢ ⅜ ↕╣√⁹ 

─ ⅛╠⁸FCS-tri ─ ≤ ≤─ │ CS ─ ⌂ ─

╩ ⌐ ∆╢ ≤⌂╡℮╢⁹⇔√⅜∫≡⁸ ↕╣√ CS ╕√│ FCS ╩

™√ CS ─ ─ ─ ⌐╟╡⁸CS ─ ─

╖⌂╠∏⁸CS ─ ⌂ ╩ ⌐ ∆╢√╘─ ⅜ ≢⅝╢ ⅜

№╢⁹ 

™↓≤⌐⁸ ⌐⅔™≡ FCS-tri│ E unit╩ 1≈⇔⅛ ⇔⌂™⌐╙ ╦╠∏⁸

E unit ╩ 2≈ ∆╢ CS-E-tetra≤ ─ ╩ ⇔√↓≤⅛╠⁸FCS-tri─ 2,4-O-☺

ⱨ◖כ☻ │ E unit─ ╩ ∆╢↓≤╙ ╠⅛≤⌂∫√ Fig. 1-4 ⁹╕√

⌐⅔↑╢ ⌐╟╡⁸FCS-tri│ FCS─ ∆╢ (55,56)⅔╟┘

(56,58)╩ ↕⌂™ ⅜ ↕╣≡™╢ ♃כ♦ ⁹↕╠⌐ FCS-tri│⁸CS-

E ≤ ⇔ ⅜ ≢№╢⁹╕√⁸CS-E │ ⌐⅔↑╢ CNS

♪כꜞ─ ≤⌂╡℮╢≤ ↕╣≡™╢⁹ 
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↓╣╠─↓≤⅛╠ FCS-tri │⁸CS-E ─ ≢№╢ CS-E ╩ ∆╢⁸

⌐⅔↑╢ CNS ╢℮╡⌂≥♪כ♄fi☻♃fi♦ꜟכ◗─ ♪כꜞ─ ≤

⇔≡─ ╩ ╘≡™╢≤ ⅎ╠╣√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʿGlcA ʿGalNAc ʿFuc Sʿsulfate 

Fig. 1-4 FCS-tri⌂≥─ CS○ꜞ◗ ─ ≤ ─  

─⌂™ CS-E ⌐⁸CS-E ⅜ ⇔√ CS-E ⁸⅔╟┘ 2,4-O-☺ ⱨ◖כ☻

⅜ ⇔√ FCS │ ─ ╩ ∆⁹╟∫≡⁸CS-E ≤ 2,4-O-☺ ⱨ◖כ☻│

⌐ ≢№╢⁸∆⌂╦∟⁸FCS ─ 2,4-O-☺ ⱨ◖כ☻ │ E unit╩

⇔≡™╢≤ ⅎ╠╣√⁹ 



 1  5   

24 

 

5   

 

A. japonicusה FCS─ CS ⌐⅔™≡⁸ ⅜ ≢№╢ │ E unit≢

№∫√⁹ 

 

A. japonicusה FCS │▬◌ CS-E≤ ─ ╩ ∆╢

↓≤⅜╦⅛∫√⁹ 

 

A. japonicusה FCS ─ ⌐⅔↑╢ │⁸FCS-

tri 2,4-O-☺ ⱨ◖כ☻ ╩ ∆╢ E unit ≢№∫√⁹ 

 

FCS-triה ─ ⌐⅔™≡⁸2,4-O-☺ ⱨ◖כ☻ │ E unit

─ ╩ ∆╢≤ ⅎ╠╣√⁹ 

 

A. japonicusה FCS ⅔╟┘ FCS-tri ─ ─ │⁸▬◌

CS-E ⅔╟┘ CS-E-tetra ≤ ⌐ BDNF ◦◓♫ꜟ ─ ╩ ≤∆╢

↓≤⅜╦⅛∫√⁹ 
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2  CS-D⌐╟╢ ─ ─  

 

1   

CS ─ ⌐⅔↑╢ ⸗♦ꜟ≤⇔≡⁸ 1 ≢ ═√₈◘▬♩◌▬fi─ꜞ

⌐ꜟ♦⸗₉כⱣכ◙ ⅎ≡⁸ ≢│₈CS ─ꜞ●fi♪₉⸗♦ꜟ╩ √⌐

⇔≡™╢⁹ ⁸2009 ⌐⁸CNS⌐⅔↑╢ ─ CS ≤⇔≡ CNTN-1╩

⌐ ↑≡ ⇔≡™╢(11)⁹↓─ ⁸ ⌂ ⌐╟╡⁸ ⌐⅔™≡

─ CS ⅜ ™≢ ↕╣(63-65)⁸ ─ ≤⇔≡ ╩ ╘≡™╢⁹╟∫

≡⁸ CS ⌐≈™≡╙ ─ ≤⌂╡℮╢≤ ↕╣╢⁹⇔⅛⇔⁸ CS

╩ ⇔√ │ ─ ⅜ ↄ ↕╣≡⅔╡⁸↓─ ⅜

─ ≢№╢⁹ 

 

 

 

 

 

Fig. 2-1 CS⌐╟╢ CS ╩ ⇔√ ⸗♦ꜟ 

CS-E│ CNTN-1─ꜞ●fi♪≤⇔≡ ⇔⁸ ─ ╩ ∆╢ ⁹
≢⁸CS-E≤│ ⌂╢ Ɽ♃כfi╩╙≈ CS-D ≢│⁸ ─ ⅜ CS-E

≤│ ╠⅛⌐ ⌂╡⁸ ─ ⅔╟┘ ─ ⅜ ↕╣╢⁹↓╣╠
─↓≤⅛╠⁸CS-D⌐╟╢ ─ ⌐⅔™≡⁸ ⱴ♩ꜞ♇◒☻ ≤ ™
╩╙≈ ITG⅜ CS ≤⇔≡ ∆╢ ⅜ ⅎ╠╣√ ⁹ 


