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ABSTRACTぎ TｴW ｪﾉ┌IﾗゲW;ﾏｷﾐWどｷﾐｷデｷ;デWS ヴｷﾐｪどﾗヮWﾐｷﾐｪ ヮﾗﾉ┞ﾏWヴｷゲ;デｷﾗﾐ ﾗa ;ﾏｷﾐﾗ ;IｷS Nど
I;ヴHﾗ┝┞;ﾐｴ┞SヴｷSWゲ ;ﾐS OどI;ヴHﾗ┝;ﾐｴ┞SヴｷSWゲ デﾗ ┞ｷWﾉS ;ﾏヮｴｷヮｴｷﾉｷI HﾉﾗIﾆ Iﾗヮﾗﾉ┞ﾏWヴゲ デｴ;デ ;ヴW 
I;ヮ;HﾉW ﾗa ゲWﾉaど;ゲゲWﾏHﾉ┞ ｷﾐ ;ケ┌Wﾗ┌ゲ ゲﾗﾉ┌デｷﾗﾐ デﾗ aﾗヴﾏ ┘WﾉﾉどSWaｷﾐWSが ｪﾉ┌IﾗゲWどヮヴWゲWﾐデｷﾐｪが 
ヮ;ヴデｷIﾉWゲ ｷゲ ヴWヮﾗヴデWSく TｴW ヮ;ヴデｷIﾉWゲ aﾗヴﾏWS ;ヴW ゲ┌ゲIWヮデｷHﾉW デﾗ Wﾐ┣┞ﾏ;デｷIどﾏWSｷ;デWS ふﾉｷヮ;ゲW ;ﾐS 
ヮヴﾗデW;ゲWぶ ;ﾐS ヮHどｷﾐS┌IWS SWｪヴ;S;デｷﾗﾐが ;ﾐS I;ﾐ ゲWﾉWIデｷ┗Wﾉ┞ HｷﾐS デｴW ﾉWIデｷﾐ IﾗﾐI;ﾐ;┗;ﾉｷﾐ Aく 
CﾗﾐゲWケ┌Wﾐデﾉ┞が ゲ┌Iｴ ｪﾉ┞Iﾗヮ;ヴデｷIﾉWゲ ;ヴW ﾗa ゲｷｪﾐｷaｷI;ﾐIW aﾗヴ デｴW IﾗﾐデヴﾗﾉﾉWS ヴWﾉW;ゲW ﾗa ヮ;┞ﾉﾗ;S 
ﾏﾗﾉWI┌ﾉWゲ ｷﾐ ヴWゲヮﾗﾐゲW デﾗ ;ﾐ ;IｷSｷI Wﾐ┗ｷヴﾗﾐﾏWﾐデが aﾗヴ ｷﾐゲデ;ﾐIW I;ﾐIWヴﾗ┌ゲ デｷゲゲ┌Wが ;ﾐS ┌ヮﾗﾐ 
ｷﾐデWヴ;Iデｷﾗﾐ ┘ｷデｴ デ;ヴｪWデ Wﾐ┣┞ﾏWゲく   

INTRODUCTION                                                                                                                                                                                                                                                                 

Sデｷﾏ┌ﾉｷどヴWゲヮﾗﾐゲｷ┗W ﾏ;デWヴｷ;ﾉゲ Wﾐ;HﾉW デｴW SWﾉｷ┗Wヴ┞ ﾗa デｴWヴ;ヮW┌デｷI ;ｪWﾐデゲ ┌ヮﾗﾐ ｷﾐデWヴ;Iデｷﾗﾐ ┘ｷデｴ 

; デ;ヴｪWデWS ゲデｷﾏ┌ﾉ┌ゲ ｷﾐ ; ｴｷｪｴﾉ┞どIﾗﾐデヴﾗﾉﾉWS ﾏ;ﾐﾐWヴくヱ S┌Iｴ ﾏ;デWヴｷ;ﾉゲ ;ヴW ｴｷｪｴﾉ┞ ゲ┌ｷデWS デﾗ Sヴ┌ｪ 

SWﾉｷ┗Wヴ┞ ;ゲ デｴW┞ ヮWヴﾏｷデ ヮ;┞ﾉﾗ;S ヮヴﾗデWIデｷﾗﾐ ;ﾐS デヴ;ﾐゲヮﾗヴデ;デｷﾗﾐ ｷﾐ ┗ｷ┗ﾗが ヮヴｷﾗヴ デﾗ Sヴ┌ｪ ヴWﾉW;ゲW 

;ﾐS SWヮﾉﾗ┞ﾏWﾐデ ;デ デｴW デ;ヴｪWデ ゲｷデWくヲ Iﾐ ヮ;ヴデｷI┌ﾉ;ヴが ﾏ;デWヴｷ;ﾉゲ I;ヮ;HﾉW ﾗa ヴWﾉW;ゲｷﾐｪ ヮ;┞ﾉﾗ;S 

ﾏﾗﾉWI┌ﾉWゲ ｷﾐ ヴWゲヮﾗﾐゲW デﾗ ヴWS┌IWS Wﾐ┗ｷヴﾗﾐﾏWﾐデ;ﾉ ヮH ;ヴW ヮ;ヴデｷI┌ﾉ;ヴﾉ┞ ┘Wﾉﾉどゲ┌ｷデWS デﾗ HW 

Wﾏヮﾉﾗ┞WS aﾗヴ デｴW デヴ;ﾐゲヮﾗヴデ;デｷﾗﾐ ;ﾐS SWﾉｷ┗Wヴ┞ ﾗa ヮﾗﾗヴﾉ┞ ┘;デWヴ ゲﾗﾉ┌HﾉW ;ﾐデｷI;ﾐIWヴ ;ｪWﾐデゲがン S┌W 

デﾗ デｴW ;IｷSｷI ﾐ;デ┌ヴW ﾗa デ┌ﾏﾗ┌ヴ デｷゲゲ┌Wくヴ DWｪヴ;S;デｷﾗﾐ ﾗa デｴW ヮHどヴWゲヮﾗﾐゲｷ┗W ヮﾗﾉ┞ﾏWヴゲ H┞ ;IｷSど

ﾏWSｷ;デWS ｴ┞Sヴﾗﾉ┞ゲｷゲ ｷゲ ; ヮ;ヴデｷI┌ﾉ;ヴﾉ┞ WaaWIデｷ┗W ﾏWデｴﾗS aﾗヴ デｴW SWﾉｷ┗Wヴ┞ ﾗa デｴWヴ;ヮW┌デｷI ;ｪWﾐデゲ 

デﾗ I;ﾐIWヴﾗ┌ゲ ゲｷデWゲくヵ  

 

AﾏヮｴｷヮｴｷﾉｷI HﾉﾗIﾆ Iﾗヮﾗﾉ┞ﾏWヴゲ ﾏ;┞ HW SWゲｷｪﾐWS ;ﾐS IヴW;デWS デﾗ ;Sﾗヮデ SｷゲIヴWデW ﾐ;ﾐﾗヮ;ヴデｷI┌ﾉ;デW 

ゲデヴ┌Iデ┌ヴWゲ ｷﾐ ;ケ┌Wﾗ┌ゲ ゲﾗﾉ┌デｷﾗﾐく Cﾗﾏﾏﾗﾐﾉ┞が ヮﾗﾉ┞ふWデｴ┞ﾉWﾐW ｪﾉ┞Iﾗﾉぶ ふPEGぶ ｷゲ ┌デｷﾉｷゲWS ;ゲ デｴW 

ｴ┞SヴﾗヮｴｷﾉｷI HﾉﾗIﾆ デｴ;デ aﾗヴﾏゲ デｴW ゲｴWﾉﾉ ﾗa デｴW ﾐ;ﾐﾗヮ;ヴデｷIﾉWが ;ﾐS デｴ┌ゲ ;ｷSゲ ﾐ;ﾐﾗヮ;ヴデｷIﾉW 

SｷゲヮWヴゲｷﾗﾐ ｷﾐ ┗ｷ┗ﾗくヶ PEG ｴ;ゲ ﾐ┌ﾏWヴﾗ┌ゲ ;S┗;ﾐデ;ｪWﾗ┌ゲ ヮヴﾗヮWヴデｷWゲ デｴ;デ ヴWﾐSWヴ ｷデ ｴｷｪｴﾉ┞ど

;ヮヮヴﾗヮヴｷ;デW aﾗヴ デｴｷゲ ヴﾗﾉWが ｷﾐIﾉ┌Sｷﾐｪ ┘ｷSWどヴ;ﾐｪｷﾐｪ ゲﾗﾉ┌Hｷﾉｷデ┞ ｷﾐ Hﾗデｴ ﾗヴｪ;ﾐｷI ;ﾐS ;ケ┌Wﾗ┌ゲ 

ゲﾗﾉ┌デｷﾗﾐゲが ﾐﾗﾐどaﾗ┌ﾉｷﾐｪ I;ヮ;HｷﾉｷデｷWゲ ;ﾐS IﾗﾏﾏWヴIｷ;ﾉ ;┗;ｷﾉ;Hｷﾉｷデ┞く Hﾗ┘W┗Wヴが PEG ｴ;ゲ ヴWゲデヴｷIデWS 
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ゲ┌ゲIWヮデｷHｷﾉｷデ┞ デﾗ Wﾐ┣┞ﾏ;デｷI SWｪヴ;S;デｷﾗﾐ ;ﾐS ｷゲ ;ゲゲﾗIｷ;デWS ┘ｷデｴ ｴ┞ヮWヴゲWﾐゲｷデｷ┗ｷデ┞ ;aデWヴ 

ｷﾐデヴ;┗Wﾐﾗ┌ゲ ;ﾐS ﾗヴ;ﾉ ;Sﾏｷﾐｷゲデヴ;デｷﾗﾐゲが ;ﾐS ;ﾐ ;IIWﾉWヴ;デWS HﾉﾗﾗS IﾉW;ヴ;ﾐIW ヮｴWﾐﾗﾏWﾐﾗﾐ ;ゲ ; 

ヴWゲ┌ﾉデ ﾗa デｴW ｪWﾐWヴ;デｷﾗﾐ ﾗa ;ﾐデｷどPEG ;ﾐデｷHﾗSｷWゲくΑ CﾗﾐゲWケ┌Wﾐデﾉ┞が デｴWヴW ｷゲ ; IﾉW;ヴ SWﾏ;ﾐS aﾗヴ デｴW 

ｪWﾐWヴ;デｷﾗﾐ ﾗa ﾐﾗﾐどデﾗ┝ｷIが HｷﾗSWｪヴ;S;HﾉW ;ﾐS ｴ┞SヴﾗヮｴｷﾉｷI ヮﾗﾉ┞ﾏWヴゲ デｴ;デ ﾏ;┞ ゲWヴ┗W ;ゲ ;ﾐ 

;ﾉデWヴﾐ;デｷ┗W デﾗ PEG ｷﾐ デｴW ヮヴﾗS┌Iデｷﾗﾐ ﾗa ﾐ;ﾐﾗヮ;ヴデｷIﾉWゲ aﾗヴ IﾗﾐデヴﾗﾉﾉWS Sヴ┌ｪ SWﾉｷ┗Wヴ┞く    

 

TｴW ヴｷﾐｪどﾗヮWﾐｷﾐｪ ヮﾗﾉ┞ﾏWヴｷゲ;デｷﾗﾐ ふ˃OPぶ ﾗa ;ﾏｷﾐﾗ ;IｷS NどI;ヴHﾗ┝┞;ﾐｴ┞SヴｷSW ふNCAぶ ﾏﾗﾐﾗﾏWヴゲ 

ｷゲ ;ﾐ WaaWIデｷ┗W ﾏWデｴﾗS デﾗ IヴW;デW ヮﾗﾉ┞ﾏWヴゲ デｴ;デ ;ヴW HｷﾗSWｪヴ;S;HﾉWが ヮﾗゲゲWゲゲ ｪWﾐWヴ;ﾉ 

HｷﾗIﾗﾏヮ;デｷHｷﾉｷデ┞ ;ﾐS I;ﾐ ヴW;Sｷﾉ┞ ゲWﾉaど;ゲゲWﾏHﾉW ｷﾐ ;ケ┌Wﾗ┌ゲ ゲﾗﾉ┌デｷﾗﾐ デﾗ ┞ｷWﾉS SｷゲIヴWデW 

ﾐ;ﾐﾗゲデヴ┌Iデ┌ヴWゲくΒ TｴW ゲWIﾗﾐS;ヴ┞ ゲデヴ┌Iデ┌ヴWゲ デｴ;デ ヮﾗﾉ┞ふ;ﾏｷﾐﾗ ;IｷSぶゲ I;ﾐ ヮﾗゲゲWゲゲ ｷゲ ; aW;デ┌ヴW デｴ;デ 

ｷゲ ヴ;ヴWﾉ┞ ヮヴWゲWﾐデWS H┞ ゲ┞ﾐデｴWデｷI ヮﾗﾉ┞ﾏWヴゲくΓ NCA ˃OP ヴW;Sｷﾉ┞ ヮヴﾗIWWSゲ aヴﾗﾏ ; ヮヴｷﾏ;ヴ┞ ;ﾏｷﾐWど

HW;ヴｷﾐｪ ｷﾐｷデｷ;デﾗヴ ;ﾐS ゲﾗ ヮﾗﾉ┞ﾏWヴ ｪヴ;aデｷﾐｪ aヴﾗﾏ ; ┘ｷSWどヴ;ﾐｪW ﾗa a┌ﾐIデｷﾗﾐ;ﾉ ｷﾐｷデｷ;デﾗヴゲ ｷゲ 

ヮﾗゲゲｷHﾉWくヱヰ Iﾐ ;SSｷデｷﾗﾐが デｴW W┝デWﾐゲｷ┗W ;ﾐS ┗;ヴｷWS a┌ﾐIデｷﾗﾐ;ﾉｷデｷWゲ デｴ;デ ゲ┌Iｴ ヮﾗﾉ┞ﾏWヴゲ ヮヴWゲWﾐデ 

Wﾐ;HﾉWゲ ゲデヴ;ｷｪｴデaﾗヴ┘;ヴS ヮﾗゲデどヮﾗﾉ┞ﾏWヴｷゲ;デｷﾗﾐ ふHｷﾗぶﾏﾗﾉWI┌ﾉ;ヴ ｪヴ;aデｷﾐｪく OどI;ヴHﾗ┝┞;ﾐｴ┞SヴｷSW 

ふOCAぶ ﾏﾗﾐﾗﾏWヴゲ ﾗaaWヴ ; ヴWﾉ;デｷ┗Wﾉ┞ ゲデヴ;ｷｪｴデaﾗヴ┘;ヴS ヴﾗ┌デW デﾗ デｴW ゲ┞ﾐデｴWゲｷゲ ﾗa a┌ﾐIデｷﾗﾐ;ﾉ 

ヮﾗﾉ┞ふWゲデWヴぶゲくヱヱ CﾗﾐゲWケ┌Wﾐデﾉ┞が OCA ˃OP ﾗaaWヴゲ ; ヴﾗ┌デW デﾗ HｷﾗSWｪヴ;S;HﾉW ヮﾗﾉ┞ﾏWヴゲ デｴ;デ ;ヴW 

I;ヮ;HﾉW ﾗa ┌ﾐSWヴｪﾗｷﾐｪ ゲWﾉaど;ゲゲWﾏHﾉ┞ ｷﾐ ;ケ┌Wﾗ┌ゲ ゲﾗﾉ┌デｷﾗﾐが ;ﾐS I;ﾐ HW ヴW;Sｷﾉ┞ a┌ﾐIデｷﾗﾐ;ﾉｷゲWS 

┘ｷデｴ IｴﾗゲWﾐ ふHｷﾗぶﾏﾗﾉWI┌ﾉWゲく  

 

C;ヴHﾗｴ┞Sヴ;デWゲ ;ﾐS I;ヴHﾗｴ┞Sヴ;デWどIﾗﾐデ;ｷﾐｷﾐｪ ふﾏ;IヴﾗぶﾏﾗﾉWI┌ﾉWゲ ;ヴW WゲゲWﾐデｷ;ﾉ IﾗﾏヮﾗﾐWﾐデゲ 

┘ｷデｴｷﾐ Hｷﾗﾉﾗｪ┞く Gﾉ┞IﾗヮヴﾗデWｷﾐゲ ;ヴW ; ヮ;ヴデｷI┌ﾉ;ヴ W┝;ﾏヮﾉW ﾗa ; I;ヴHﾗｴ┞Sヴ;デWどHW;ヴｷﾐｪ 

ﾏ;IヴﾗﾏﾗﾉWI┌ﾉW デｴ;デ ヮﾉ;┞ ; ﾆW┞ ヴﾗﾉW ｷﾐ ﾐ┌ﾏWヴﾗ┌ゲ HｷﾗﾉﾗｪｷI;ﾉ ヮヴﾗIWゲゲWゲが ｷﾐIﾉ┌Sｷﾐｪ IWﾉﾉどIWﾉﾉ 

ｷﾐデWヴ;Iデｷﾗﾐゲくヱヲ C;ヴHﾗｴ┞Sヴ;デW ﾉｷｪ;ﾐSゲ ﾏ;┞ HW Iﾗﾐﾃ┌ｪ;デWS デﾗ ヮヴﾗデWｷﾐ ﾏﾗﾉWI┌ﾉWゲ ｷﾐ ﾗヴSWヴ デﾗ デ;ヴｪWデ 

ヮヴﾗデWｷﾐ ヴWIWヮデﾗヴゲ ;デ ゲｷデWゲ ﾗa ﾉﾗI;ﾉｷゲ;デｷﾗﾐ ふｪﾉ┞Iﾗデ;ヴｪWデｷﾐｪぶ ;ゲ ヮ;ヴデ ﾗa ; デ;ヴｪWデWS Sヴ┌ｪ SWﾉｷ┗Wヴ┞ 

ﾏWIｴ;ﾐｷゲﾏくヱン AﾉデWヴﾐ;デｷ┗Wﾉ┞が ゲ┞ﾐデｴWデｷI ヮﾗﾉ┞ふ;ﾏｷﾐﾗ ;IｷSぶゲ ﾏ;┞ HW ┌デｷﾉｷゲWS ;ゲ ; ゲ┌Hゲデｷデ┌デW aﾗヴ 

ヮヴﾗデWｷﾐゲ ｷﾐ デｴW IヴW;デｷﾗﾐ ﾗa ┘WﾉﾉどSWaｷﾐWS ｪﾉ┞Iﾗヮﾗﾉ┞ﾏWヴゲ aﾗヴ デ;ヴｪWデWS Sヴ┌ｪ SWﾉｷ┗Wヴ┞くヱヴ S┌Iｴ 

ヮﾗﾉ┞ﾏWヴゲ ｴ;┗W ゲｴﾗ┘ﾐ ｪﾗﾗS HｷﾗﾉﾗｪｷI;ﾉ ;Iデｷ┗ｷデ┞ ;ﾐS デｴW I;ヮ;Hｷﾉｷデ┞ デﾗ ┘ｷデｴｴﾗﾉS ヮ;┞ﾉﾗ;S 

ﾏﾗﾉWI┌ﾉWゲく TｴW Iﾗﾐﾃ┌ｪ;デｷﾗﾐ ﾗa ｪﾉ┌IﾗゲW デﾗ HｷﾗSWｪヴ;S;HﾉW ヮﾗﾉ┞ふ;ﾏｷﾐﾗ ;IｷSぶゲ ｷゲ ﾗa ヮ;ヴデｷI┌ﾉ;ヴ 

ゲｷｪﾐｷaｷI;ﾐIW aﾗヴ デｴW IヴW;デｷﾗﾐ ﾗa ; ｴｷｪｴﾉ┞どWaaWIデｷ┗W Sヴ┌ｪ SWﾉｷ┗Wヴ┞ ゲ┞ゲデWﾏき ｪﾉ┌IﾗゲW デヴ;ﾐゲヮﾗヴデWヴゲ 

;ヴW ﾏWﾏHヴ;ﾐWどWﾏHWSSWS ヮヴﾗデWｷﾐゲ デｴ;デ a;Iｷﾉｷデ;デW デｴW デヴ;ﾐゲヮﾗヴデ ﾗa ｪﾉ┌IﾗゲW ;Iヴﾗゲゲ デｴW IWﾉﾉ 
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ﾏWﾏHヴ;ﾐWくヱヵ Gﾉ┌IﾗゲW ┌ヮデ;ﾆW ;ﾐS ﾏWデ;Hﾗﾉｷゲﾏ H┞ I;ﾐIWヴ IWﾉﾉゲ ｷゲ ｪヴW;デWヴ デｴ;ﾐ ｪﾉ┌IﾗゲW ┌ヮデ;ﾆW 

;ﾐS ﾏWデ;Hﾗﾉｷゲﾏ H┞ ﾐﾗﾐどI;ﾐIWヴﾗ┌ゲ IWﾉﾉゲが Iﾗﾐaｷヴﾏｷﾐｪ デｴW ┗;ﾉｷSｷデ┞ ﾗa ┌デｷﾉｷゲｷﾐｪ ｪﾉ┌IﾗゲW ﾏﾗｷWデｷWゲ 

デﾗ Wﾐ;HﾉW ﾏﾗﾉWI┌ﾉ;ヴ ┌ヮデ;ﾆW H┞ I;ﾐIWヴ IWﾉﾉゲくヱヶ  

 

C;ヴHﾗｴ┞Sヴ;デW ふﾏ;IヴﾗぶﾏﾗﾉWI┌ﾉWゲ ﾏ;┞ HW ┌デｷﾉｷゲWS ;ゲ ｷﾐｷデｷ;デﾗヴゲ aﾗヴ ヮﾗﾉ┞ﾏWヴｷゲ;デｷﾗﾐゲが ﾗヴ ┌ﾐSWヴｪﾗ 

Iｴ;ｷﾐどｪヴﾗ┘デｴ ヮﾗﾉ┞ﾏWヴｷゲ;デｷﾗﾐ ┌ヮﾗﾐ デｴW ｷﾐデヴﾗS┌Iデｷﾗﾐ ﾗa ┗ｷﾐ┞ﾉ ｪヴﾗ┌ヮゲ デﾗ デｴW ゲ┌ｪ;ヴ ┌ﾐｷデく Fﾗヴ 

ｷﾐゲデ;ﾐIWが N;ﾆ;ﾏ┌ヴ; Wデ ;ﾉく SｷゲIﾉﾗゲゲWS デｴW ┌ゲW ﾗa デｴW ヮﾗﾉ┞ゲ;Iｴ;ヴｷSW Iｴｷデﾗゲ;ﾐ ;ゲ ; ﾏ;Iヴﾗｷﾐｷデｷ;デﾗヴ 

aﾗヴ デｴW ｪWﾐWヴ;デｷﾗﾐ ﾗa Iｴｷデﾗゲ;ﾐどｪヴ;aデどヮﾗﾉ┞ゲ;ヴIﾗゲｷﾐW Iﾗヮﾗﾉ┞ﾏWヴゲ H┞ NCA ˃OPくヱΑ Wﾗﾐｪ Wデ ;ﾉく 

SWﾏﾗﾐゲデヴ;デWS デｴW ;Iヴ┞ﾉ;デW ﾏﾗSｷaｷI;デｷﾗﾐ ﾗa ｪﾉ┌IﾗゲW;ﾏｷﾐW ふGﾉ┌Aﾏぶ デﾗ ┞ｷWﾉS ; ゲ┌ｪ;ヴどHW;ヴｷﾐｪ 

ﾏﾗﾐﾗﾏWヴ デｴ;デ Iﾗ┌ﾉS ┌ﾐSWヴｪﾗ IﾗﾐデヴﾗﾉﾉWS ヴW┗WヴゲｷHﾉW ;SSｷデｷﾗﾐЪaヴ;ｪﾏWﾐデ;デｷﾗﾐ Iｴ;ｷﾐどデヴ;ﾐゲaWヴ 

ふ˃AFTぶ ヮﾗﾉ┞ﾏWヴｷゲ;デｷﾗﾐくヱΒ Y;ﾏ;S; Wデ ;ﾉく SWゲIヴｷHWS デｴW ヮヴﾗS┌Iデｷﾗﾐ ﾗa ;ﾏヮｴｷヮｴｷﾉｷI HﾉﾗIﾆ 

Iﾗヮﾗﾉ┞ﾏWヴゲ ﾗa ┗ｷﾐ┞ﾉ WデｴWヴゲ ふVEゲぶ デｴ;デ ┘WヴW a┌ヴﾐｷゲｴWS ┘ｷデｴ ヮWﾐS;ﾐデ Nど;IWデ┞ﾉどSどｪﾉ┌Iﾗゲ;ﾏｷﾐW 

ふGﾉINAIぶ ┌ﾐｷデゲく TｴW Iﾗヮﾗﾉ┞ﾏWヴゲ ┘WヴW ヮヴﾗS┌IWS H┞ デｴW ﾉｷ┗ｷﾐｪ I;デｷﾗﾐｷI ヮﾗﾉ┞ﾏWヴｷゲ;デｷﾗﾐ ﾗa 

ｷゲﾗH┌デ┞ﾉ VE ;ﾐS ; VE I;ヴヴ┞ｷﾐｪ ンがヴがヶどデヴｷどOど;IWデ┞ﾉどヲどSWﾗ┝┞どヲどヮｴデｴ;ﾉｷﾏｷSﾗどéどSどｪﾉ┌IﾗゲWくヱΓ Aﾗｷ Wデ 

;ﾉく SWﾏﾗﾐゲデヴ;デWS デｴW ˃OP ﾗa ヲどO┝;┣ﾗﾉｷﾐWゲ ｷﾐｷデｷ;デWS H┞ GﾉINAI デﾗ ┞ｷWﾉS ｪﾉ┌Iﾗゲ;ﾏｷﾐWど

デWヴﾏｷﾐ;デWS ヲどﾗ┝;┣ﾗﾉｷﾐW ヮﾗﾉ┞ﾏWヴゲ ┌ヮﾗﾐ デｴW ヴWﾏﾗ┗;ﾉ ﾗa デｴW ;IWデ┞ﾉ ヮヴﾗデWIデｷﾐｪ ｪヴﾗ┌ヮゲくヲヰ 

Cﾗﾐデｷﾐ┌;デｷﾗﾐ ﾗa ┌デｷﾉｷゲｷﾐｪ I;ヴHﾗｴ┞Sヴ;デW ﾏﾗﾉWI┌ﾉWゲ デﾗ ｷﾐｷデｷ;デW ヮﾗﾉ┞ﾏWヴｷゲ;デｷﾗﾐゲ ﾏ;┞ HW a┌ヴデｴWヴ 

W┝デWﾐSWS デﾗ ┌ゲW Gﾉ┌Aﾏ aﾗヴ デｴW ｷﾐｷデｷ;デｷﾗﾐ ﾗa NCA ˃OPが デｴ┌ゲ ;aaﾗヴSｷﾐｪ ｪﾉ┌IﾗゲWどデWヴﾏｷﾐ;デWS 

ヮﾗﾉ┞ふ;ﾏｷﾐﾗ ;IｷSぶゲ ;ﾐS ヮﾗﾉ┞ふ;ﾏｷﾐﾗ ;IｷSぶどヮﾗﾉ┞ふWゲデWヴぶ Iﾗﾐﾃ┌ｪ;デWゲく  

 

WW ヴWヮﾗヴデ デｴW IヴW;デｷﾗﾐ ﾗa ヮﾗﾉ┞ふ;ﾏｷﾐﾗ ;IｷSぶ HﾉﾗIﾆ Iﾗヮﾗﾉ┞ﾏWヴゲ ;ﾐS ヮﾗﾉ┞ふゲ;ヴIﾗゲｷﾐWぶどHど

ヮﾗﾉ┞ふWゲデWヴぶ HﾉﾗIﾆ Iﾗヮﾗﾉ┞ﾏWヴゲ aﾗヴﾏWS H┞ ;ﾐ ｷﾐｷデｷ;ﾉ NCA ˃OP デｴ;デ ｷゲ ｷﾐｷデｷ;デWS aヴﾗﾏ Gﾉ┌Aﾏく TｴW 

ｪﾉ┞Iﾗゲ┞ﾉ;デWS ヮﾗﾉ┞ﾏWヴ ヮヴﾗS┌IWS I;ﾐ デｴWﾐ ｷﾐSWヮWﾐSWﾐデﾉ┞ ｷﾐｷデｷ;デW ; ゲWIﾗﾐS ;ﾏｷﾐﾗ ;IｷS NCAが ﾗヴ 

;ﾐ ;ﾏｷﾐﾗ ;IｷS OCA デﾗ ┞ｷWﾉS ; ゲWIﾗﾐS ヮﾗﾉ┞ふ;ﾏｷﾐﾗ ;IｷSぶ HﾉﾗIﾆ ﾗヴ ヮﾗﾉ┞ふWゲデWヴぶ HﾉﾗIﾆが ヴWゲヮWIデｷ┗Wﾉ┞く 

Tﾗ デｴW HWゲデ ﾗa ﾗ┌ヴ ﾆﾐﾗ┘ﾉWSｪW デｴｷゲ ｷゲ デｴW ヮヴｷﾏ;ヴ┞ W┝;ﾏヮﾉW ﾗa IﾗﾏHｷﾐｷﾐｪ NCA ˃ OP ;ﾐS OCA ˃OP 

デﾗ ヮヴﾗS┌IW ; HﾉﾗIﾆ Iﾗヮﾗﾉ┞ﾏWヴ Iﾗﾐゲｷゲデｷﾐｪ ﾗa SｷゲIヴWデW ヮﾗﾉ┞ふWゲデWヴぶ ;ﾐS ヮﾗﾉ┞ふヮWヮデﾗｷSぶ HﾉﾗIﾆゲく 

Uデｷﾉｷゲｷﾐｪ ｪﾉ┌Iﾗゲ;ﾏｷﾐW ｷﾐ デｴｷゲ ﾏ;ﾐﾐWヴ ﾐWｪ;デWゲ デｴW ヴWケ┌ｷヴWﾏWﾐデ ﾗa ヮﾗゲデどヮﾗﾉ┞ﾏWヴｷゲ;デｷﾗﾐ 

a┌ﾐIデｷﾗﾐ;ﾉｷゲ;デｷﾗﾐ デﾗ HW IﾗﾐS┌IデWS aﾗヴ デｴW ヮヴﾗS┌Iデｷﾗﾐ ﾗa ｪﾉ┞IﾗヮWヮデｷSWゲき ; ｪﾉ┌IﾗゲWどヮヴWゲWﾐデｷﾐｪ 

;ﾏヮｴｷヮｴｷﾉｷI HﾉﾗIﾆ Iﾗヮﾗﾉ┞ﾏWヴ ｷゲ IヴW;デWS ｷﾐ ; ﾗﾐWどヮﾗデ ヴW;Iデｷﾗﾐく TｴW ヮﾗﾉ┞ﾏWヴゲ aﾗヴﾏWS ﾏ;┞ ゲWﾉaど

;ゲゲWﾏHﾉW デﾗ ┞ｷWﾉS SｷゲIヴWデW ﾐ;ﾐﾗヮ;ヴデｷIﾉWゲ ｷﾐ ;ケ┌Wﾗ┌ゲ ゲﾗﾉ┌デｷﾗﾐ ;ﾐS ヮﾗゲゲWゲゲ デｴW I;ヮ;Hｷﾉｷデ┞ デﾗ 
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WﾐI;ヮゲ┌ﾉ;デW ;ﾐS ┘ｷデｴｴﾗﾉS ヴｴﾗS;ﾏｷﾐW B ﾏﾗﾉWI┌ﾉWゲが ヮヴｷﾗヴ デヴｷｪｪWヴWS ｪﾉ┞Iﾗヮ;ヴデｷIﾉW SWｪヴ;S;デｷﾗﾐ 

;ﾐS ヮ;┞ﾉﾗ;S ヴWﾉW;ゲW ┌ヮﾗﾐ ｷﾐデWヴ;Iデｷﾗﾐ ┘ｷデｴ ;IｷSｷI Wﾐ┗ｷヴﾗﾐﾏWﾐデ;ﾉ ゲﾗﾉ┌デｷﾗﾐ ;ﾐSっﾗヴ ;ﾐ 

;ヮヮヴﾗヮヴｷ;デW ﾉｷヮ;ゲW ﾗヴ ヮヴﾗデW;ゲW Wﾐ┣┞ﾏWく TｴW ｪﾉ┞Iﾗヮ;ヴデｷIﾉWゲ aﾗヴﾏWS SWﾏﾗﾐゲデヴ;デWS W┝IWﾉﾉWﾐデ 

ゲWﾉWIデｷ┗ｷデ┞ デﾗ HｷﾐS IﾗﾐI;┗;ﾉｷﾐ Aが ゲｷｪﾐｷa┞ｷﾐｪ デｴ;デ ｪﾉ┌IﾗゲW ｷゲ ヮヴWゲWﾐデWS ﾗﾐ デｴWｷヴ W┝デWヴｷﾗヴく 

CﾗﾐゲWケ┌Wﾐデﾉ┞が デｴW ｪﾉ┞Iﾗヮ;ヴデｷIﾉWゲ SWデ;ｷﾉWS ;ヴW W┝デヴWﾏWﾉ┞ ヮヴﾗﾏｷゲｷﾐｪ I;ﾐSｷS;デWゲ ;ゲ 

HｷﾗSWｪヴ;S;HﾉW Sヴ┌ｪ SWﾉｷ┗Wヴ┞ ┗WｴｷIﾉWゲ aﾗヴ デｴW デ;ヴｪWデWS ;ﾐS IﾗﾐデヴﾗﾉﾉWS SWﾉｷ┗Wヴ┞ ﾗa デｴWヴ;ヮW┌デｷI 

;ｪWﾐデゲく    

EXPERIMENTAL  

M;デWヴｷ;ﾉゲ ;ﾐS MWデｴﾗSゲ  

TヴｷヮｴﾗゲｪWﾐW ふΓΒХぶが SﾗSｷ┌ﾏ ﾐｷデヴｷデW ふдΓΑХぶが ;ﾐｴ┞Sヴﾗ┌ゲ Wデｴ┞ﾉ ;IWデ;デW ふΓΓくΒХぶが ;ﾐｴ┞Sヴﾗ┌ゲ THF 

ふдΓΓくΓХぶが ﾐどｴW┝;ﾐW ふΓΒХぶが ;ﾐｴ┞Sヴﾗ┌ゲ DMF ふΓΓくΒХぶが SｷWデｴ┞ﾉ WデｴWヴ ふΓΓくΒХぶが ﾉｷヮ;ゲWが üど

CｴWﾏﾗデヴ┞ヮゲｷﾐ aヴﾗﾏ Hﾗ┗ｷﾐW ヮ;ﾐIヴW;ゲが ヱがンがヴがヶどデWデヴ;どOど;IWデ┞ﾉどヲど;ﾏｷﾐﾗどSWﾗ┝┞どéどDど

ｪﾉ┌Iﾗヮ┞ヴ;ﾐﾗゲW ふдΓΒХぶ ;ﾐS SﾗSｷ┌ﾏ ;IWデ;デW デヴｷｴ┞Sヴ;デW ふдΓΓХぶ ┘WヴW ;ﾉﾉ ;Iケ┌ｷヴWS aヴﾗﾏ Sｷｪﾏ; 

AﾉSヴｷIｴく üどPｷﾐWﾐW ふΓΒХぶが S;ヴIﾗゲｷﾐW ふS;ヴぶ ふΓΒХぶ ;ﾐS ヮｴﾗゲヮｴ;デW H┌aaWヴWS ゲ;ﾉｷﾐW ふPBSぶ H┌aaWヴ 

ふD┌ﾉHWIIﾗ けAげ デ;HﾉWデゲぶ ┘WヴW ゲ┌ヮヮﾉｷWS H┞ TｴWヴﾏﾗ FｷゲｴWヴ SIｷWﾐデｷaｷI L;Hﾗヴ;デﾗヴｷWゲく ˃ｴﾗS;ﾏｷﾐW B 

ふΓΒХぶ ;ﾐS LどヮｴWﾐ┞ﾉ;ﾉ;ﾐｷﾐW ふPｴWぶ ふΓΓХぶ ┘WヴW ゲ┌ヮヮﾉｷWS H┞ Aﾉa; AWゲ;ヴく HPLC ｪヴ;SW ┘;デWヴ ふヱΒくヲ 

MмくIﾏぶ ┘;ゲ ゲ┌ヮヮﾉｷWS H┞ VW˃ IﾐデWヴﾐ;デｷﾗﾐ;ﾉく Aﾉﾉ IｴWﾏｷI;ﾉゲ ┘WヴW ┌ゲWS ;ゲ ヴWIWｷ┗WS ┌ﾐﾉWゲゲ ゲデ;デWS 

ﾗデｴWヴ┘ｷゲWく ヱH NM˃ ゲヮWIデヴ; ┘WヴW ヴWIﾗヴSWS ;デ ヲヵ ェC ﾗﾐ ; Bヴ┌ﾆWヴ A┗;ﾐIW ヵヰヰ ゲヮWIデヴﾗﾏWデWヴ ;ﾐS 

;ﾐ;ﾉ┞ゲWS ┌ゲｷﾐｪ MWゲデヴWNﾗ┗;イ ˃WゲW;ヴIｴ L;H ゲﾗaデ┘;ヴWく EﾉWIデヴﾗゲヮヴ;┞ Iﾗﾐｷゲ;デｷﾗﾐ M;ゲゲ 

ゲヮWIデヴﾗﾏWデヴ┞ ふESIどMSぶ ┘;ゲ ヮWヴaﾗヴﾏWS ┌ゲｷﾐｪ ; TｴWヴﾏﾗ SIｷWﾐデｷaｷI Uﾉデｷﾏ;デW ンヰヰヰ ﾏ;ゲゲ 

ゲヮWIデヴﾗﾏWデWヴ ;ﾐS WﾉWﾏWﾐデ;ﾉ ;ﾐ;ﾉ┞ゲWゲ ┘WヴW IﾗﾐS┌IデWS ┌ゲｷﾐｪ ; TｴWヴﾏﾗ Fﾉ;ゲｴEA Aﾐ;ﾉ┞┣Wヴ ヱヱヱヲ 

SWヴｷWゲく 

Synthesis of NCA monomers  

Sarcosine (10 g, 112.2 mmol) was dried under a stream of dry nitrogen aﾗヴ Β ｴﾗ┌ヴゲく ü-pinene 

(29.9 g, 220 mmol) and anhydrous tetrahydrofuran (150 mL) were added to the sarcosine. 

The resultant suspension was heated to reflux. Then triphosgene (16.6 g, 56 mmol) was 

dissolved in anhydrous tetrahydrofuran (20 mL) and added dropwise to the refluxing 

suspension. The reaction was left to reflux for 5 hours at which point the reaction mass had 

turned into a clear brown solution. The solution was concentrated under vacuum to yield a 
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brown solid residue galvanised with clear brown oil. The mixture was heated to 75 oC and left 

to dry under high vacuum until a solid residue was obtained. The crude solid was re-dissolved 

in anhydrous THF (50 mL) and the solution was precipitated with cold n-hexane (150 mL). The 

precipitate was left standing in hexane (-18 oC) for 24. The solvent was removed by filtering 

under vacuum, the residue dried in vacuo and then recrystallised twice in tetrahydrofuran/n-

hexane (1:5, v/v) to obtain the pure OCA as white crystals. Yield: 8.83 g, 76.7 mmol, 68.4 %. 

1H NM˃ ふヵヰヰ MH┣が DMSOが ~が ヮヮﾏぶぎ ヴくヲン ふゲが ヲHが COCH2), 2.87 (s, NCH3). 13C NMR (125 MHz, 

DMSOが ~が ヮヮﾏぶぎ ヱヶΑくン ふCH2CO2), 152.6 (NCO2), 51.1 (CH2), 29.8 (CH3). Elemental Analysis: 

Carbon 41.7%, Nitrogen, 12.2%, Hydrogen 4.41%. 

A similar procedure was followed for the synthesis of phenylalanine NCA. Yield: 4.33 g, 22.7 

mmol, 74.9 %. 1H NMR (500 MHz, DMSO-Sヶが ~が ヮヮﾏぶぎ ΓくヰΒ ふゲが ヱHが NHぶが Αくンン - 7.17 (m, 5H, ArH, 

J = 80 Hz), 4.79 - ヴくΑΑ ふデが ヱHが ü-CH, J = 10 Hz), 3.03 - 3.02 (d, 2H, CH2, J = 5 Hz). Elemental 

Analysis: Carbon 62.8%, Nitrogen 7.35%, Hydrogen 4.77%. 

Synthesis of 2-Hydroxy-3-Phenyl Propanoic Acid  

L-phenylalanine (5 g, 30.3 mmol) was dissolved in a solution of 1M sulphuric acid plus reagent 

grade acetone (100 mL, 1:1 v/v). The resultant solution was added to a round bottom flask 

and cooled to 0 oC in an ice bath. Sodium nitrite (6.27 g, 90.3 mmol) was dissolved in deionised 

water (10 mL) and added dropwise to the amino acid solution over a period of 30 minutes. 

The reaction was maintained at 0 oC for a further 2 hours and then allowed to stir at room 

temperature for 18 hours. The reaction mass was then poured into deionised water (500 mL) 

and then extracted with ethyl acetate 3 times (3 x 300 mL). The organic layers were combined 

and washed with deionised water 3 times (3 x 500 mL) and then with a saturated solution of 

brine and finally dried over magnesium. The dried sample was then filtered and the ethyl 

;IWデ;デW ヴWﾏﾗ┗WS ┌ﾐSWヴ ┗;I┌┌ﾏ デﾗ ┞ｷWﾉS デｴW ｴ┞Sヴﾗ┝┞ﾉ ;IｷS ;ゲ IヴW;ﾏが Iヴ┞ゲデ;ﾉﾉｷﾐW けﾐWWSﾉWゲげく 

Yield: 2.80 g, 16.8 mmol, 55.5 %. 1H NMR (500 MHz, Acetone-d6が ~が ヮヮﾏぶぎ Αくヲヱ - 7.05 (m, 5H, 

ArH, J = 7.13 Hz), 4.27 - ヴくヲヵ ふSSが ヱHが üCH, J = 4.26 Hz), 3.01 - 2.97 (dd, 1H, Ph-CH, J = 2.99 Hz) 

2.81 - 2.76 (dd, 1H, Ph-CH, J = 2.78 Hz). ESI-MS (189.1, M + Na+). 

Synthesis of L-Phenylalanine OCA 

To a solution of 2-hydroxy-3-phenyl propanoic acid (2.70 g, 16.3 mmol) and disphosgene (6.43 

g, 32.5 mmol) in anhydrous tetrahydrofuran (50 mL) was added activated charcoal (0.20 g, 
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16.3 mmol). The resultant mixture was stirred at room temperature for 18 hours. The 

activated charcoal was then filtered off and rinsed free on any product  three times using 

anhydrous tetrahydrofuran. The filtrate was concentrated under vacuum to obtain a yellow 

solution which was crystallised from cold anhydrous tetrahydrofuran/pentane (1:9 v/v) to 

obtain cream crystals which were purified by further recrystallisation and dried under 

vacuum. Yield: 1.60 g, 8.32 mmol, 51.1 %. 1H NM˃ ふヵヰヰ MH┣が MWODが ~が ヮヮﾏぶぎ Αくヲヰ - 7.08 (m, 

5H, ArH), 4.27 - ヴくヲヵ ふSSSが ヱHが üCH, J = 4.24 Hz), 2.97 - 2.79 (m, 2H, Ph-CH2). ESI-MS (206.1, 

M+NH). Elemental Analysis: Carbon 62.5%, Hydrogen 4.21%.  

Polymer Synthesis 

An example of the ROP procedure followed for polymer synthesis is provided for the synthesis 

of Glu-poly(Sar)-b-poly(PheLA). The NCA of sarcosine (420 mg, 3.65 mmol) was dissolved in 

anhydrous DMF (10 mL) in a nitrogen-purged Schlenk tube equipped with a magnetic stirrer 

bar. To this, a solution of 1,3,4,6-tetra-O-acetyl-2-amino-deoxy-é-D-glucopyranose (64 mg, 

0.183 mmol) in anhydrous DMF (5 mL) was added. The reaction was allowed to stir at room 

temperature for 96 hours under nitrogen flow. 1 mL aliquots were obtained from the parent 

solution at 24 hour, 72 hour and 96 hour intervals. These were precipitated in cold diethyl 

ether and the solids obtained after centrifugation were analysed by ESI MS in order to confirm 

the ROP of sarcosine NCA from the glucose molecule. Then the OCA of L-phenylalanine (350.6 

mg, 1.83 mmol) was dissolved in anhydrous DMF (5 mL) and injected gently into the Schlenk 

tube together with a solution of 4-dimethylaminopyridine (DMAP) (22.3 mg, 0.183 mmol) in 

anhydrous DMF (2 mL). The reaction was allowed to stir at room temperature for a further 96 

hours. The polymer was then precipitated in cold diethyl ether and isolated by centrifugation 

(4000 rpm, 10 min) and then dried in vacuo for 24 hours at 37 oC. A similar procedure was 

followed for the synthesis of Glu-Poly(Sar)-b-Poly(Phe) using phenylalanine NCA to generate 

the peptide block.  

Glu-poly(Sar)-b-poly(PheLA): 53.4%. 1H NM˃ ふヵヰヰ MH┣が TFAが ~ぶ Βくヵン ふゲが NH), 7.67 - 7.16 (m, 

ArH), 7.02 (t, OCHC(O)CH3), 6.32 - 5.28 (m, OC(O)CH3(CH)3NH), 4.73 - 4.62 (m, 

CふOぶüCHCH2ArH), 4.62 - 4.51 (m, COCH2N(CH)3), 4.12 - 4.07 (m, CHNHCO, CH2CHO), 3.52 - 3.00 

(m, Ar-CH2, NCH3), 2.41 - 2.33 (q, COCH3, 12H).  
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Glu-poly(Sar)-b-poly(Phe): 75.9%. 1H NM˃ ふヵヰヰ MH┣が TFAが ~ぶぎ Βくヵヵ ふゲが NH), 7.50 - 7.15 (m, ArH), 

5.40 - 5.36 (m, CH(OCOCH3)), 5.01 m - 4.92 (m, CH2(OCOCH3)), 4.72 - 4.49 (m, CH2N(CH3), 

üCHNH), 3.78 - 3.74 (t, CH(O)OCOCH3), 3.68 - 3.63 (t, CHCONHCH2), 3.39 - 3.09 (m, CH2Ar, 

N(CH3)), (d, OCOCH3).  

Acetyl Deprotection 

An example of acetyl deprotection is provided for the synthesis of Glu-poly(Sar)-b-

poly(PheLA). Briefly, 1,3,4,6-tetra-O-acetyl-2-amino-deoxy-é-D-glucopyranose-poly(Sar)-b-

poly(PheLA) (400 mg) was dissolved in 0.2 M LiOH(aq)/tetrahydrofuran (40 mL, 1:3 v/v). The 

solution was introduced into a 2-neck round bottom flask equipped with a magnetic stirrer 

bar. The reaction was stirred at room temperature for a minimum of 12 hours under nitrogen 

flow. Tetrahydrofuran was then removed under vacuum and the deacetylated polymer was 

dialysed against HPLC-grade water for 96 hours, with the dialysate being replenished at 8 hour 

intervals. Yields after dialyis and lyophilisation: Glu-poly(Sar)-b-poly(PheLA): 63 wt.%; Glu-

poly(Sar)-b-poly(Phe): 72 wt.%.  

Polymer Nanoprecipitation  

Glycopolymer solutions (5 mg/mL) were obtained by dissolving the respective polymers (5 

mg) in N,N-Dimethylformamide (1 mL). Then, PBS buffer (2.5 mL, pH 7.4) was added to the 

solutions under vigorous stirring. The mixture was stirred for an hour and then transferred to 

a dialysis tubing (2,000 Da MWCO). Complete nanoparticle formation and elimination of the 

organic solvent was then achieved by dialysis against PBS buffer (pH 7.4) (50 mL) for 72 hours, 

when then the total volume in the dialysis tubing was approximately 15 mL (ｷくWくが Я ヰくンン ﾏｪっﾏL 

nanoparticles). The nanoparticles were collected into glass vials and stored for subsequent 

analysis.  

Turbidimetry Studies 

Lectin solutions (2 mg/mL) were obtained from Con A and RCA120 by dissolving the respective 

lectins in PBS buffer (pH 7.4). Nanoparticles (5 mg/ mL) in PBS buffer (pH 7.4) were prepared 

from the glycopolymers. Lectin binding assessments, using UV-Vis spectrophotometry, were 

then carried out by monitoring the change in turbidity upon mixing the lectin and 

glycopolymer solution at 450 nm, at 37 °C. Typically, 400 µL of Con A was pipetted into a 
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UV/Vis quartz cuvette and the background absorbance was measured. Then, 200 µL of 

nanoparticle solution was added to the lectin solution. The solution was mixed thoroughly by 

pipetting up and down and the absorbance was monitored continuously for 10 minutes. From 

then on, the concentration of the nanoparticles was increased gradually by adding 100 µL of 

nanoparticle solution at 10 minute intervals and subsequently monitoring the absorbance. 

Consequently, the final concentration of nanoparticles in the lectin-polymer mixture was ca 

3.18 mg/mL. The same procedure was repeated using RCA120.    

Preparation of Rhodamine B-Loaded Glycoparticles  

Glycopolymer solutions were obtained by dissolving the respective polymers (20 mg) in DMSO 

(1 mL). Then, rhodamine B solution (34 µM) was prepared in PBS buffer and its absorbance 

was confirmed by UV-Vis spectrophotometry. In order to generate rhodamine-B loaded 

nanoparticles, the glycopolymer solution (1 mL) was added gradually to the aqueous 

rhodamine-B solution (20 mL) under vigorous stirring. After complete addition, the 

suspensions generated were incubated at room temperature and left to stir for 18 hours in 

the dark to afford enough time for encapsulation of rhodamine B. Then the respective 

suspensions were centrifuged (6000 rpm, 10 mins). Rhodamine B-loaded nanoparticles were 

subsequently isolated from free, unencapsulated, rhodamine B and DMSO by decanting off 

the supernatant and the particles rinsed using fresh PBS buffer. The absorbance of the 

ゲ┌ヮWヴﾐ;デ;ﾐデ ﾗHデ;ｷﾐWS ;aデWヴ IWﾐデヴｷa┌ｪ;デｷﾗﾐ ┘;ゲ ﾏW;ゲ┌ヴWS ;デ デｴW ゜max (554 nm). Absorbance 

values from before and after rhodamine B-encapsulation were then used to determine the 

concentration of rhodamine B that was encapsulated in nanoparticles. 

Payload Release from Glycoparticles 

Rhodamine B-loaded Glu-poly(Sar)-b-poly(PheLA) nanoparticles and Glu-poly(Sar)-b-

poly(Phe) nanoparticles were re-suspended in solutions of PBS buffer (pH 7.4, 5 mL) only, PBS 

buffer (pH 7.4, 5 mL) containing 40 units of lipase, PBS buffer (pH 7.4, 5 mL) containing 40 

┌ﾐｷデゲ ﾗa ü-Chymotrypsin and acetate buffer (pH 5.4, 5 mL), respectively. The respective 

mixtures were then contained in glass vials masked with aluminium foil and evaporation was 

minimised by capping the vials. The final concentration of nanoparticles in each vial set-up 

was 5 mg/mL. The vials were subsequently incubated in the dark at the 37 °C. At 

predetermined time intervals, 1 mL aliquots were obtained from each vial and transferred 
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into Eppendorf microcentrifuge safe-lock tubes. These were then centrifuged and the 

respective supernatants (0.7 mL) were transferred into micro cell quartz cuvettes and their 

abゲﾗヴH;ﾐIW SWデWヴﾏｷﾐWS H┞ UVっVｷゲ ゲヮWIデヴﾗヮｴﾗデﾗﾏWデヴ┞ ;デ デｴW ゜max (554 nm). The analysed 

samples were retained immediately into their respective parent sample vials so as to achieve 

accumulative rhodamine B release. The amount of rhodamine B released at each time interval 

was subsequently computed from the prepared calibration graph by using the acquired linear 

equation. 

RESULTS AND DISCUSSION 

NCA and OCA cyclic monomers were obtained in good purity using previously reported 

protocols (Scheme 1a-c, SI Figures S1-S5, SI Tables S2-S4). Then, amphiphilic block copolymers 

that contained poly(sarcosine) (poly(Sar)) as the hydrophilic segment were synthesised from 

acetyl-protected GluAm for use as drug delivery vehicles (Scheme 1d). Poly(Sar) is an 

uncharged water-soluble polymer that offers a viable alternative to PEG for use as the 

hydrophilic component of amphiphilic block copolymers.  Initially, phenylalanine (Phe) NCA 

was grafted from acetyl-protected Glu-poly(Sar) to yield a poly(peptoid)-b-poly(peptide) 

block copolymer. Secondly, phenylalanine lactic acid (PheLA) OCA was grafted from acetyl-

protected Glu-poly(Sar) to yield a poly(peptoid)-b-poly(ester) block copolymer.  
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SIｴWﾏW ヱぎ TｴW ヴﾗ┌デW デﾗ ﾗHデ;ｷﾐｷﾐｪ HｷﾗSWｪヴ;S;HﾉW ヮﾗﾉ┞ふゲ;ヴIﾗゲｷﾐWぶどHどヮﾗﾉ┞ふWゲデWヴぶ ;ﾐS 

ヮﾗﾉ┞ふゲ;ヴIﾗゲｷﾐWぶどHどヮﾗﾉ┞ふヮWヮデｷSWぶ Iﾗﾐﾃ┌ｪ;デWゲ aヴﾗﾏ ; I;ヴHﾗｴ┞Sヴ;デW ｷﾐｷデｷ;デﾗヴぎ ゲ┞ﾐデｴWゲｷゲ ﾗa 

ゲ;ヴIﾗゲｷﾐW NCA ふ;ぶが ゲ┞ﾐデｴWゲｷゲ ﾗa LどヮｴWﾐ┞ﾉ;ﾉ;ﾐｷﾐW NCA ふHぶが ゲ┞ﾐデｴWゲｷゲ ﾗa LどヮｴWﾐ┞ﾉ;ﾉ;ﾐｷﾐW OCA ふIぶが 

ゲ┞ﾐデｴWゲWゲ ﾗa HｷﾗSWｪヴ;S;HﾉW HﾉﾗIﾆ Iﾗヮﾗﾉ┞ﾏWヴゲ aヴﾗﾏ ; I;ヴHﾗｴ┞Sヴ;デW ｷﾐｷデｷ;デﾗヴ ふSぶ ;ﾐS デｴW 

ヴWﾏﾗ┗;ﾉ ﾗa デｴW ;IWデ┞ﾉ ヮヴﾗデWIデｷﾐｪ ｪヴﾗ┌ヮゲ ふWぶく 

Pﾗﾉ┞ふ;ﾏｷﾐﾗ ;IｷSぶどIﾗﾐデ;ｷﾐｷﾐｪ Gﾉ┌どヮﾗﾉ┞ふS;ヴぶどHどヮﾗﾉ┞ふPｴWぶ ;ﾐS ヮﾗﾉ┞ふWゲデWヴぶどIﾗﾐデ;ｷﾐｷﾐｪ Gﾉ┌ど

ヮﾗﾉ┞ふS;ヴぶどHどヮﾗﾉ┞ふPｴWLAぶ ┘WヴW ヮヴﾗS┌IWS ｷﾐ ┞ｷWﾉSゲ ﾗa  ΑヵくΓХ ;ﾐS  ヵンくヴХ ヴWゲヮWIデｷ┗Wﾉ┞く ヱH NM˃ 

ふSI Fｷｪ┌ヴWゲ SΑが SΒぶ ;ﾐS FTI˃ ふSI Fｷｪ┌ヴWゲ SΓが Sヱヰぶ IﾗﾐaｷヴﾏWS デｴW ヮヴﾗS┌Iデｷﾗﾐ ﾗa デｴW SWゲｷヴWS 

ヮﾗﾉ┞ﾏWヴゲ ;ﾐS デｴW Iﾗﾏヮﾗゲｷデｷﾗﾐ ﾗa デｴW ヮﾗﾉ┞ﾏWヴゲ ┘;ゲ ;ヮヮヴﾗ┝ｷﾏ;デWS aヴﾗﾏ ヱH NM˃く ヲヴくヴ ┌ﾐｷデゲ ﾗa 

S;ヴ ;ﾐS ヱヰくΒ ┌ﾐｷデゲ ﾗa PｴW ┘WヴW ゲ┌IIWゲゲa┌ﾉﾉ┞ ｪヴ;aデWS aヴﾗﾏ Gﾉ┌Aﾏ デﾗ ┞ｷWﾉS Gﾉ┌どヮﾗﾉ┞ふS;ヴぶどHど

ヮﾗﾉ┞ふPｴWぶ ┘ｴｷﾉW ヲヰ ┌ﾐｷデゲ ﾗa S;ヴ ;ﾐS ヱヱ ┌ﾐｷデゲ ﾗa PｴWLA  ┘WヴW ゲ┌IIWゲゲa┌ﾉﾉ┞ ｪヴ;aデWS aヴﾗﾏ Gﾉ┌Aﾏ 

デﾗ ┞ｷWﾉS Gﾉ┌どヮﾗﾉ┞ふS;ヴぶどHどヮﾗﾉ┞ふPｴWLAぶく ˃Wﾏﾗ┗;ﾉ ﾗa デｴW ;IWデ┞ﾉ ｪヴﾗ┌ヮゲ デｴ;デ ヮヴW┗ｷﾗ┌ゲﾉ┞ ヮヴﾗデWIデWS 

デｴW ｴ┞Sヴﾗ┝┞ﾉ ｪヴﾗ┌ヮゲ ﾗa ｪﾉ┌Iﾗゲ;ﾏｷﾐW ┘;ゲ IﾗﾐS┌IデWS ┌ゲｷﾐｪ ; LｷOHが THFっHヲO ﾏｷ┝デ┌ヴW ふSIｴWﾏW 

ヱWぶく TｴW Mﾐが M┘ ;ﾐS PDI ┗;ﾉ┌Wゲ ﾗa デｴW ヮﾗﾉ┞ﾏWヴゲ ヮヴﾗS┌IWS ┘WヴW ;ゲゲWゲゲWS H┞ AS┗;ﾐIWS 

Pﾗﾉ┞ﾏWヴ Cｴヴﾗﾏ;デﾗｪヴ;ヮｴ┞が ;ゲ ヴW┗W;ﾉWS ｷﾐ T;HﾉW ヱく TｴW ヴWゲ┌ﾉデゲ Iﾗﾐaｷヴﾏ デｴ;デ ;IWデ┞ﾉ SWヮヴﾗデWIデｷﾗﾐ 

SｷS ﾐﾗデ ヴWゲ┌ﾉデ ｷﾐ ヮﾗﾉ┞ﾏWヴ ｴ┞Sヴﾗﾉ┞ゲｷゲが ｷﾐ Hﾗデｴ ｷﾐゲデ;ﾐIWゲく 
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Table 1: The molecular weight analysis of the polymers produced. 

Pﾗﾉ┞ﾏWヴ Mﾐ ふｪくﾏﾗﾉどヱぶ M┘ ふｪくﾏﾗﾉどヱぶ PDI 

Gﾉ┌どPﾗﾉ┞ふS;ヴぶどHどPﾗﾉ┞ふPｴWぶ ヴがヲヲヱ ヴがヴヴΓ ヱくヰヵ 

Gﾉ┌どPﾗﾉ┞ふS;ヴぶどHどPﾗﾉ┞ふPｴWLAぶ ヴがヲンヴ ヴがヴヶヶ ヱくヰヵ 

 

Bﾗデｴ デｴW ヮﾗﾉ┞ﾏWヴゲ ヮヴﾗS┌IWS ヮﾗゲゲWゲゲWS ﾐ;ヴヴﾗ┘ PDI ┗;ﾉ┌Wゲが ;ﾐ ｷﾏヮWヴ;デｷ┗W ヴWケ┌ｷヴWﾏWﾐデ ﾗa 

WaaWIデｷ┗W Sヴ┌ｪ SWﾉｷ┗Wヴ┞ ┗WｴｷIﾉWゲく F┌ヴデｴWヴ Iﾗﾐaｷヴﾏ;デｷﾗﾐ ﾗa ;IWデ┞ﾉ SWヮヴﾗデWIデｷﾗﾐ ┘;ゲ ｪ;ｷﾐWS H┞ 

ﾗHデ;ｷﾐｷﾐｪ ヱH NM˃ ;ﾐS FTI˃ S;デ; ﾗa デｴW ヮヴﾗS┌Iデゲ ふSI Fｷｪ┌ヴWゲ SΑどSヱヰぶく 

TｴW I;ヮ;Hｷﾉｷデ┞ ﾗa デｴW ヮﾗﾉ┞ﾏWヴゲ ヮヴﾗS┌IWS デﾗ aﾗヴﾏ ヮ;ヴデｷIﾉWゲ ｷﾐ ;ケ┌Wﾗ┌ゲ ゲﾗﾉ┌デｷﾗﾐ ｷゲ WゲゲWﾐデｷ;ﾉ デﾗ 

Wﾐ;HﾉW デｴWｷヴ SWヮﾉﾗ┞ﾏWﾐデ ;ゲ Sヴ┌ｪ SWﾉｷ┗Wヴ┞ ┗WｴｷIﾉWゲく N;ﾐﾗヮ;ヴデｷIﾉWゲ ┘WヴW aﾗヴﾏWS H┞ Sｷゲゲﾗﾉ┗ｷﾐｪ 

デｴW ヴWゲヮWIデｷ┗W ヮﾗﾉ┞ﾏWヴゲ ｷﾐ DMFが ;ﾐS デｴWﾐ Sｷ;ﾉ┞ゲｷﾐｪ デｴW ゲﾗﾉ┌デｷﾗﾐゲ ;ｪ;ｷﾐゲデ PBS ゲﾗﾉ┌デｷﾗﾐく TｴW 

ﾏﾗヴヮｴﾗﾉﾗｪｷWゲ ﾗa デｴW ﾐ;ﾐﾗヮ;ヴデｷIﾉWゲ ヮヴﾗS┌IWS ┘;ゲ ;ゲゲWゲゲWS H┞ TEM ふFｷｪ┌ヴW ヱ;が Hぶ ;ﾐS SEM ふSI 

Fｷｪ┌ヴW Sヱヱぶが ┘ｴｷIｴ ヴW┗W;ﾉWS デｴW aﾗヴﾏ;デｷﾗﾐ ﾗa SｷゲIヴWデW ﾐ;ﾐﾗヮ;ヴデｷIﾉWゲく        
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Fｷｪ┌ヴW ヱぎ Tﾗヮ A ゲIｴWﾏ;デｷI ヴWヮヴWゲWﾐデ;デｷﾗﾐ ﾗa デｴW aﾗヴﾏ;デｷﾗﾐ ﾗa ﾐ;ﾐﾗヮ;ヴデｷIﾉWゲ ｷﾐ ;ケ┌Wﾗ┌ゲ 

ゲﾗﾉ┌デｷﾗﾐく TEM ﾏｷIヴﾗヮｴﾗデﾗｪヴ;ヮｴゲ ﾗa ﾐ;ﾐﾗヮ;ヴデｷIﾉWゲ aﾗヴﾏWS aヴﾗﾏ デｴW ゲ┞ﾐデｴWゲｷゲ ﾗa HｷﾗSWｪヴ;S;HﾉW 

HﾉﾗIﾆ Iﾗヮﾗﾉ┞ﾏWヴゲ aヴﾗﾏ Gﾉ┌どヮﾗﾉ┞ふS;ヴぶどHどヮﾗﾉ┞ふPｴWLAぶ ふ;ぶ ;ﾐS Gﾉ┌どヮﾗﾉ┞ふS;ヴぶどHどヮﾗﾉ┞ふPｴWぶ ふHぶく DLS 

ゲｷ┣W SｷゲデヴｷH┌デｷﾗﾐ デヴ;IWゲ ﾗa Gﾉ┌どヮﾗﾉ┞ふS;ヴぶどHどヮﾗﾉ┞ふPｴWLAぶ ﾐ;ﾐﾗヮ;ヴデｷIﾉWゲ ふIぶ ;ﾐS Gﾉ┌どPﾗﾉ┞ふS;ヴぶどHど

ヮﾗﾉ┞ふPｴWぶ ﾐ;ﾐﾗヮ;ヴデｷIﾉWゲ ふSぶく 

D┞ﾐ;ﾏｷI ﾉｷｪｴデ ゲI;デデWヴｷﾐｪ ふDLSぶ ﾏ;┞ HW Wﾏヮﾉﾗ┞WS デﾗ SWデWヴﾏｷﾐW デｴW IヴｷデｷIｷI;ﾉ ;ｪｪヴWｪ;デｷﾗﾐ 

IﾗﾐIWﾐデヴ;デｷﾗﾐ ﾗa デｴW ヮﾗﾉ┞ﾏWヴゲ ヮヴﾗS┌IWSくヲヱ DLS Aﾐ;ﾉ┞ゲｷゲ ヴW┗W;ﾉWS デｴ;デ デｴW ヮ;ヴデｷIﾉWゲ Iﾗﾐゲｷゲデｷﾐｪ 

ﾗa Gﾉ┌どヮﾗﾉ┞ふS;ヴぶどHどヮﾗﾉ┞ふPｴWぶ ｴ;S ; ｴ┞SヴﾗS┞ﾐ;ﾏｷI ヴ;Sｷ┌ゲ ﾗa ヶヶくΒ в ヱヰくヰ ﾐﾏ ふFｷｪ┌ヴW ヱSが SI T;HﾉW 

Sヵぶ ;ﾐS ; IヴｷデｷI;ﾉ ;ｪｪヴWｪ;デｷﾗﾐ IﾗﾐIWﾐデヴ;デｷﾗﾐ ﾗa ヰくヰΑΓ ﾏｪくﾏLどヱ ふSI Fｷｪ┌ヴW Sヱン;ぶく TｴW ヮ;ヴデｷIﾉWゲ 

aﾗヴﾏWS aヴﾗﾏ Gﾉ┌どヮﾗﾉ┞ふS;ヴぶどHどヮﾗﾉ┞ふPｴWLAぶ ヮﾗゲゲWゲゲWS ; ｴ┞SヴﾗS┞ﾐ;ﾏｷI ヴ;Sｷ┌ゲ ﾗa ヵΓくヶ в ヱヲくヰ ﾐﾏ 

ふFｷｪ┌ヴW ヱIが SI T;HﾉW Sヵぶ ;ﾐS ; IヴｷデｷI;ﾉ ;ｪｪヴWｪ;デｷﾗﾐ IﾗﾐIWﾐデヴ;デｷﾗﾐ ﾗa ヰくヰヶヱ ﾏｪくﾏLどヱ ふSI Fｷｪ┌ヴW 

SヱンHぶく Iﾐ Hﾗデｴ ｷﾐゲデ;ﾐIWゲ デｴW ヮ;ヴデｷIﾉWゲ aﾗヴﾏWS ;ヴW ﾗa ゲ┌ｷデ;HﾉW SｷﾏWﾐゲｷﾗﾐゲ デﾗ HW ┌ゲWS ;ゲ Sヴ┌ｪ 

SWﾉｷ┗Wヴ┞ ┗WｴｷIﾉWゲ ｷﾐ ┗ｷ┗ﾗが ;ﾐS aﾗヴﾏ ゲデ;HﾉW ヮ;ヴデｷIﾉWゲ ;デ ゲ┌ｷデ;Hﾉ┞ ﾉﾗ┘ IﾗﾐIWﾐデヴ;デｷﾗﾐゲ デﾗ HW ;ヮヮﾉｷWS 
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ｷﾐ ┗ｷ┗ﾗくヲヲ TｴW ゲデ;Hｷﾉｷデ┞ ﾗa デｴW ヮ;ヴデｷIﾉWゲ aﾗヴﾏWS aヴﾗﾏ Gﾉ┌どヮﾗﾉ┞ふS;ヴぶどHどヮﾗﾉ┞ふPｴWぶ ┘;ゲ ;ゲゲWゲゲWS 

ｷﾐｷデｷ;ﾉﾉ┞ ﾗ┗Wヴ ; ヮWヴｷﾗS ﾗa ンヰヰ ﾏｷﾐゲ HWaﾗヴW デｴW ヮ;ヴデｷIﾉWゲ ┘WヴW ゲデﾗヴWS ;ﾐS ヴWど;ﾐ;ﾉ┞ゲWS ;aデWヴ ヵ 

S;┞ゲ ;ﾐS ヲヵ S;┞ゲ ふSI Fｷｪ┌ヴW  Sヱン;がIぶく TｴW ヮ;ヴデｷIﾉW ゲｷ┣W ┘;ゲ aﾗ┌ﾐS デﾗ ｴ;┗W ヴWﾏ;ｷﾐWS ヴWﾉ;デｷ┗Wﾉ┞ 

ゲデ;HﾉW ;デ ヶΑくΓ ﾐﾏ ;ﾐS ヶΒくヲ ﾐﾏが ;aデWヴ ヵ S;┞ゲ ;ﾐS ヲヵ S;┞ゲ ヴWゲヮWIデｷ┗Wﾉ┞く  TｴWヴW ┘;ゲ ﾐﾗ ゲｷｪﾐｷaｷI;ﾐデ 

Iｴ;ﾐｪW ｷﾐ デｴW ゲｷ┣W ﾗa デｴW ヮ;ヴデｷIﾉWゲ ﾗ┗Wヴ デｴW ヲヵ S;┞ ヮWヴｷﾗS ;デ デｴW Γヵ Х CくLく Aﾐ;ﾉﾗｪﾗ┌ゲ ;ﾐ;ﾉ┞ゲｷゲ 

ﾗa デｴW ヮ;ヴデｷIﾉWゲ aﾗヴﾏWS aヴﾗﾏ Gﾉ┌どヮﾗﾉ┞ふS;ヴぶどHどヮﾗﾉ┞ふPｴWLAぶ ┘;ゲ ヮWヴaﾗヴﾏWS ;ﾐS ヴW┗W;ﾉWS デｴ;デ 

デｴW ゲｷ┣W ﾗa デｴWゲW ヮ;ヴデｷIﾉWゲ ヴWﾏ;ｷﾐWS ヴWﾉ;デｷ┗Wﾉ┞ ゲデ;HﾉW ;デ ヶヲくン ﾐﾏ ;ﾐS ヶヲくヴ ﾐﾏが ;aデWヴ ヵ S;┞ゲ ;ﾐS 

ヲヵ S;┞ゲ ヴWゲヮWIデｷ┗Wﾉ┞ ふSI Fｷｪ┌ヴW  SヱンHがSぶく TｴWヴW ┘;ゲ ﾐﾗ ゲｷｪﾐｷaｷI;ﾐデ Iｴ;ﾐｪW ｷﾐ デｴW ゲｷ┣W ﾗa デｴW 

ヮ;ヴデｷIﾉWゲ ﾗ┗Wヴ デｴW ヲヵ S;┞ ヮWヴｷﾗS ;デ デｴW Γヵ Х CくLく  

CWﾐデヴ;ﾉ デﾗ デｴW SWゲｷｪﾐ ﾗa デｴW ヮﾗﾉ┞ﾏWヴゲ ヮヴﾗS┌IWS ｷゲ デｴWｷヴ I;ヮ;Hｷﾉｷデ┞ デﾗ ヮヴWゲWﾐデ ｪﾉ┌IﾗゲW ┌ﾐｷデゲ ﾗﾐ 

デｴWｷヴ W┝デWヴｷﾗヴが ┌ヮﾗﾐ ゲWﾉaど;ゲゲWﾏHﾉ┞ ｷﾐデﾗ ヮ;ヴデｷIﾉWゲく TｴW ヴWIﾗｪﾐｷデｷﾗﾐ I;ヮ;HｷﾉｷデｷWゲ ﾗa デｴW 

ｪﾉ┞Iﾗヮﾗﾉ┞ﾏWヴゲ aﾗヴﾏWS ┘;ゲ SWデWヴﾏｷﾐWS ┌ゲｷﾐｪ IﾗﾐI;ﾐ;┗;ﾉｷﾐ A ふCﾗﾐ Aぶが ; デWデヴ;ﾏWヴｷI ﾉWIデｷﾐ デｴ;デ 

ヮﾗゲゲWゲゲWゲ aﾗ┌ヴ HｷﾐSｷﾐｪ ゲｷデWゲ デｴ;デ I;ﾐ ゲヮWIｷaｷI;ﾉﾉ┞ HｷﾐS デﾗ ｪﾉ┌Iﾗゲ┞ﾉ ヴWゲｷS┌Wゲく S┌IIWゲゲa┌ﾉ 

ｷﾐデWヴ;Iデｷﾗﾐ HWデ┘WWﾐ デｴW ﾐ;ﾐﾗヮ;ヴデｷIﾉWゲ ;ﾐS ﾉWIデｷﾐ ﾏ;IヴﾗﾏﾗﾉWI┌ﾉWゲ ヴWゲ┌ﾉデゲ ｷﾐ ヮ;ヴデｷIﾉW 

;ｪｪヴWｪ;デｷﾗﾐが ;ﾐS ;ﾐ ｷﾐIヴW;ゲW ｷﾐ デｴW デ┌ヴHｷSｷデ┞ ﾗa デｴW ゲﾗﾉ┌デｷﾗﾐ ｷﾐ ┘ｴｷIｴ デｴW┞ ;ヴW aﾗ┌ﾐSく Fｷｪ┌ヴW ヲ 

ヴW┗W;ﾉゲ デｴW デWﾐSWﾐI┞ ﾗa ﾐ;ﾐﾗヮ;ヴデｷIﾉWゲ aﾗヴﾏWS aヴﾗﾏ Gﾉ┌どヮﾗﾉ┞ふS;ヴぶどHどヮﾗﾉ┞ふPｴWぶ ;ﾐS Gﾉ┌ど

ヮﾗﾉ┞ふS;ヴぶどHどヮﾗﾉ┞ふPｴWLAぶ デﾗ ;ｪｪヴWｪ;デW ｷﾐ デｴW ヮヴWゲWﾐIW ﾗa Cﾗﾐ Aが H┌デ ﾐﾗデ ｷﾐ デｴW ヮヴWゲWﾐIW ﾗa デｴW 

ﾐﾗﾐどｪﾉ┌IﾗゲWどHｷﾐSｷﾐｪ ﾉWIデｷﾐ aヴﾗﾏ RｷIｷﾐ┌ゲ Cﾗﾏﾏ┌ﾐｷゲ Aｪｪﾉ┌デｷﾐｷﾐ ふ˃CAヱヲヰぶく E;Iｴ ゲデWヮ ｷﾐIヴW;ゲW ｷﾐ 

;HゲﾗヴH;ﾐIW デｴ;デ ｷゲ W┗ｷSWﾐIWS ｷﾐ Fｷｪ┌ヴW ヲI ;ﾐS Fｷｪ┌ヴW ヲS ｷゲ ; ヴWゲ┌ﾉデ ﾗa a┌ヴデｴWヴ ﾐ;ﾐﾗヮ;ヴデｷIﾉW 

;SSｷデｷﾗﾐ デﾗ デｴW ゲﾗﾉ┌デｷﾗﾐ ふヰくヵ ﾏｪぶが HWaﾗヴW ; デﾗデ;ﾉ ヮﾗﾉ┞ﾏWヴ IﾗﾐIWﾐデヴ;デｷﾗﾐ ﾗa ンくヱΒ ﾏｪっﾏL ┘;ゲ 

ヴW;IｴWS ;aデWヴ ヵヰ ﾏｷﾐ┌デWゲく 

 

N;ﾐﾗヮ;ヴデｷIﾉW ;ｪｪヴWｪ;デｷﾗﾐ ┘;ゲ ;ﾉゲﾗ IﾗﾐaｷヴﾏWS H┞ SEM ;ﾐ;ﾉ┞ゲｷゲ ﾗa デｴW ゲﾗﾉ┌デｷﾗﾐゲ Iﾗﾐデ;ｷﾐｷﾐｪ 

ﾐ;ﾐﾗヮ;ヴデｷIﾉWゲ ヮヴﾗS┌IWS aヴﾗﾏ Gﾉ┌どヮﾗﾉ┞ふS;ヴぶどHどヮﾗﾉ┞ふPｴWぶ ;ﾐS Gﾉ┌どヮﾗﾉ┞ふS;ヴぶどHどヮﾗﾉ┞ふPｴWLAぶ 

ｷﾐSWヮWﾐSWﾐデﾉ┞ ｷﾐI┌H;デWS ┘ｷデｴ Cﾗﾐ A ふFｷｪ┌ヴW ヲW ;ﾐS Fｷｪ┌ヴW ヲa ヴWゲヮWIデｷ┗Wﾉ┞ぶく Sｷ┣W ;ﾐ;ﾉ┞ゲｷゲ ﾗa デｴW 

;ｪｪヴWｪ;デWゲ aﾗヴﾏWS ┘;ゲ IﾗﾐS┌IデWS H┞ DLS ;ﾐS ヴW┗W;ﾉWS デｴ;デ Gﾉ┌どヮﾗﾉ┞ふS;ヴぶどHどヮﾗﾉ┞ふPｴWぶ 

ヮ;ヴデｷIﾉWゲ ｷﾐI┌H;デWS ┘ｷデｴ Cﾗﾐ A ヮﾗゲゲWゲゲWS ; ﾏW;ﾐ ヮ;ヴデｷIﾉW ゲｷ┣W ﾗa ヲくヴヰ в ヰくンヰ ´ﾏ ふSI Fｷｪ┌ヴW 

Sヱヵ;ぶ ;ﾐS Gﾉ┌どヮﾗﾉ┞ふS;ヴぶどHどヮﾗﾉ┞ふPｴWLAぶ ヮ;ヴデｷIﾉWゲ ｷﾐI┌H;デWS ┘ｷデｴ Cﾗﾐ A ヮﾗゲゲWゲゲWS ; ﾏW;ﾐ 

ヮ;ヴデｷIﾉW ゲｷ┣W ﾗa ヲくΓン в ヰくヴヰ ´ﾏ ふSI Fｷｪ┌ヴW SヱヵHぶく Iﾐ Hﾗデｴ ｷﾐゲデ;ﾐIWゲ ;ｪｪヴWｪ;デW aﾗヴﾏ;デｷﾗﾐ ｴ;ゲ 

ﾗII┌ヴヴWSき デｴW ヮﾗﾉ┞SｷゲヮWヴゲｷデ┞ ﾗa デｴW ﾏW;ゲ┌ヴWﾏWﾐデゲ ┘;ゲ ｷﾐ W┝IWゲゲ ﾗa ヰくヶΑ ┘ｴｷIｴ ｷﾐSｷI;デWゲ デｴ;デ 

デｴW ヮ;ヴデｷIﾉWゲ ｷﾐ デｴW ゲ;ﾏヮﾉW ;ヴW ┌ﾐゲデ;HﾉW ;ﾐS ｴｷｪｴﾉ┞ ;ｪｪヴWｪ;デWSく       
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Figure 2: a and b, Uv-Vis spectrophotometry data revealing the aggregation of nanoparticles 

created from Glu-poly(Sar)-b-poly(Phe) and Glu-poly(Sar)-b-poly(PheLA) when incubated with 

Con A (р) and RCA120 (病) at increasing concentrations. The inset reveals the turbid suspensions 

that formed when the polymers were incubated with Con A and the clear solutions that were 

found when the polymers were incubated with RCA120. The binding of nanoparticles created 

from Glu-poly(Sar)-b-poly(Phe) (c) and Glu-poly(Sar)-b-poly(PheLA) (d) to Con A resulted in an 

increase in absorbance as the nanoparticle concentration was progressively increased over 

time. SEM analysis confirmed the formation of aggregates when Con A was incubated with 

nanoparticles created from Glu-poly(Sar)-b-poly(Phe) (eが ゲI;ﾉW H;ヴ ヴWヮヴWゲWﾐデゲ ヵ ´ﾏ) and Glu-

poly(Sar)-b-poly(PheLA) (fが ゲI;ﾉW H;ヴ ヴWヮヴWゲWﾐデゲ ヱヰ ´ﾏ).       
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Reduced environmental pH is a suitable stimulus to trigger the release of molecular cargo 

within an acidic environment, such as acidic tumor tissue. Creating polymeric structures that 

contain ester linkages that are susceptible to acid-mediated hydrolysis offers a highly-

effective mechanism to deliver anticancer agents to target cancerous cells. The capabilities of 

the glycoparticles formed to encapsulate, and selectively release, low molecular weight 

molecules was investigated by using rhodamine B as a model payload compound. 

Nanoparticles produced from Glu-poly(Sar)-b-poly(PheLA) were independently incubated in 

aqueous solutions with pH levels of pH 5.4 and pH 7.4. pH 5.4 was selected in order to 

simulate the (late) endosomal pH, whilst pH 7.4 is the physiological pH level.23 When 

incubated within pH 5.4 acetate buffer, release of rhodamine B (in excess of 97%) occurs due 

to the disruption of the nanoparticles upon acid hydrolysis of the ester bonds (Figure 3a). In 

contrast, the particles maintained in pH 7.4 PBS buffer released less than 11% of the loaded 

content over a 65 hour period. Payload release from exclusively poly(amino acid)-containting 

Glu-poly(Sar)-b-poly(Phe) particles in response to pH 5.4 buffer solution was extremely 

limited owing to the non-hydrolysis of the peptide bonds that form the polymer backbone 

(Figure 3b).   
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Figure 3: The release of rhodamine B from Glu-poly(Sar)-b-poly(PheLA) nanoparticles (a) and 

Glu-poly(Sar)-b-poly(Phe) nanoparticles (b)  in response to incubation in PBS buffer solution 

maintained at pH 7.4 (+) and acetate buffer solution ﾏ;ｷﾐデ;ｷﾐWS ;デ ヮH ヵくヴ ふ丑ぶく 

 

In addition, the composition of the block copolymers formed was selected to be susceptible 

to hydrolysis when independently incubated with chymotrypsin (Phe-containing polymers) 

and lipase (PheLA-containing polymers). The proteolytic enzyme chymotrypsin possesses the 

selectivity to cleave peptide bonds flanked by amino acids that possess aromatic side groups, 

for instance phenylalanine, whilst lipase possesses the broad selectivity to cleave ester 
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bonds.24 The capability of the particles produced to release their molecular cargo in response 

to an enzymatic trigger is displayed in Figure 4. As anticipated, chymotrypsin demonstrates 

extensive activity against the Phe-containing polymer, with 89.4% rhodamine B release 

occurring after 65 hours of incubation. The activity of chymotrypsin against the PheLa-

containing polymer is markedly less (23.3% release following 65 hours incubation), but is still 

noteworthy, and suggests the potential that this polymer has for gradual payload release 

upon interaction with chymotrypsin. The activity of lipase was profound against the PheLA-

containing polymers (81.8% release after 65 hours), but negligible against the Phe-containing 

polymers. Consequently, the polymers possess the capability to release their molecular cargo 

in response to acidic pH levels (PheLA-containing polymers), and the presence of lipase 

enzymes and protease enzymes.    
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Figure 4: The release of rhodamine B, at 37 °C, from Glu-poly(Sar)-b-poly(Phe) nanoparticles 

(a) and Glu-poly(Sar)-b-poly(PheLA)nanoparticles (b) in response to incubation in PBS solution 

(pH 7.4) only (+), PBS solution (pH 7.4) containing 40 Chyﾏﾗデヴ┞ヮゲｷﾐ ┌ﾐｷデゲ ふ病ぶ ;ﾐS PBS solution 

ふヮH Αくヴぶ Iﾗﾐデ;ｷﾐｷﾐｪ ヴヰ Lｷヮ;ゲW ┌ﾐｷデゲ ふ丑ぶく 

The KorsemeyarにPeppas (KP) model represented by equation (1), was then used to estimate 

the mechanism of rhodamine B release from the polymers produced.25   

log  岫暢禰暢屯岻 噺 券 log 建 髪 log 倦                                   (1) 

Whereby, Mデ ;ﾐS Mз represent the cumulative amount of guest molecules released at time 

t and infinite time, respectively. n is the release exponent indicative of the release mechanism 
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at time t and k is the rate constant that takes into account the geometric characteristics of 

the nanoparticles and the encapsulated cargo. Using Equation (1), a linear plot can be 

obtained that has a slope which is the release exponent (n). For spherical particles, the release 

of the encapsulated cargo follows Fickian diffusion when n г ヰくヴ3, is non-Fickian (anomalous) 

when 0.43 熟 n 熟 ヰくΒ5 and case II diffusion (relaxation-controlled transport) when n 出 ヰくΒ5.   

The KP model was used in both enzymatic and pH-mediated degradation studies. Analysis of 

the experimental data from enzyme-mediated degradation studies (SI Figure S17) revealed 

values of n г ヰくヴ3 for both Glu-poly(Sar)-b-poly(Phe) and Glu-poly(Sar)-b-poly(PheLA) 

nanoparticles (SI Table S6). As such, the release of rhodamine B follows Fickian diffusion, 

indicating that comparable erosion control and diffusion factors are responsible for payload 

release. However, analysis of data from pH-mediated degradation of Glu-poly(Sar-b-PheLA) 

nanoparticles (SI Figure S18, SI Table S7) revealed a value of n 出 ヰくΒ5 at acidic pH (case II 

transport-dominated release mechanism). This indicates the rapid diffusion of rhodamine B 

from the nanoparticles compared to the relaxation process of the polymer chains, most likely 

due to polymer erosion and subsequent dissociation.26 The negligible release from the control 

(Glu-poly(Sar)-b-poly(Phe) glycoparticles when incubated in solution of acidic pH appears to 

follow a Fickian diffusion (n =0.77), and is envisaged to be due to the swelling of nanoparticles 

over time (Figure S19, Table S8).   

CONCLUSION 

Amphiphilic block polymers consisting of discrete poly(ester) and/or poly(amino acid) 

segments independently conjugated to a poly(peptoid) segment have been produced using 

glucoseamine as the functional initiator. Utilising a glycoinitiator enables nanoparticulates to 

be generated that present glucose on their exterior, a feature that may be exploited for 

enhanced cellular uptake by cancer cells. The selective binding of the particles was 

demonstrated by the capability of glucose-bearing particles to bind with the target lectin Con 

A, but not the control lectin RCA120. The controlled release of entrapped payload molecules 

was achieved when the PheLA-containing particles were incubated in acidic solution. 

Additionally, the enzyme-mediated hydrolysis of both poly(amino acid) and poly(ester)-

containing polymers was achieved using protease and lipase enzymes, respectively. As such, 

the biodegradable particles presented are of significance as carrier vehicles for payload 

release upon interaction with a targeted stimulus. 
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S┌ヮヮﾗヴデｷﾐｪ Iﾐaﾗヴﾏ;デｷﾗﾐ 

TｴW S┌ヮヮﾗヴデｷﾐｪ Iﾐaﾗヴﾏ;デｷﾗﾐ ｷゲ ;┗;ｷﾉ;HﾉW デｴ;デ Iﾗﾐデ;ｷﾐゲぎ 

E┝ヮWヴｷﾏWﾐデ;ﾉ SWデ;ｷﾉゲが NM˃ ゲヮWIデヴ;が ESI MS ゲヮWIデヴ;が FTI˃ ゲヮWIデヴ;が ;ﾐS DLS ゲヮWIデヴ;く   

 

AIﾆﾐﾗ┘ﾉWSｪﾏWﾐデ 

TｴW ;┌デｴﾗヴゲ ┘ﾗ┌ﾉS ﾉｷﾆW デﾗ デｴ;ﾐﾆ デｴW BWｷデ デヴ┌ゲデ ;ﾐS EPS˃C aﾗヴ aｷﾐ;ﾐIｷ;ﾉ ゲ┌ヮヮﾗヴデが ;ﾐS Aﾉｪ┞ 

K;┣ﾉ;┌Iｷ┌ﾐ;ゲ ;ﾐS T;ﾐ┞; M;ヴｷﾐﾆﾗどCﾗ┗Wﾉﾉ aﾗヴ W┝ヮWヴｷﾏWﾐデ;ﾉ ;ゲゲｷゲデ;ﾐIWく 
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