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1. Introduction  

1.1 Peptides and Proteins as Therapeutics  

d+*7!?,30!*7)-!)!7C-B30B!>0>*+B0G!)-B!>3,*0+-G!)>>3,F0B!94!*70!M='!*,!*30)*!

F)3+,CG!B+G0)G0G!)-B!?)-4!?,30!+-!6(+-+6)(!)-B!>3026(+-+6)(!B0F0(,>?0-*K!*703)>0C*+6!

>0>*+B0G!)-B!>3,*0+-G!?)D0 !)-!+?>,3*)-*!6()GG!,@!B3C8G!*,B)4!Z=@9[V!"0>*+B0!)-B!>3,*0+-!

B3C8G!7)F0!01OC+G+*0!G>06+@+6+*4K!(,W!*,1+6+*4K!)-B!7+87!)@@+-+*4!@,3!B+F03G0!*)380*G!ZAB#9[V!

\,W0F03K!*70!6(+-+6)(!CG0!,@!)((!>0>*+B0G!)-B!?,G*!>3,*0+-G!ZW+*7!*70!0160>*+,-!,@!

)-*+9,B+0GK!)(9C?+-!Z5[!)-B!*3)-G@033+-!Z8[[!+G!67)((0-80B!94!*70+3!3)>+B!6(0)3)-60!@3,?!

6+36C()*+,-!@,((,W+-8!>)30-*03)(!)B?+-+G*3)*+,-!BC0!*,!)!G?)((!G+;0!)-B],3!

+??C-,80-+6+*4!+-!*70!6)G0!*7)*!*70!9+,?,(06C(0!+G!B03+F0B!@3,?!)!-,-27C?)-!,3+8+-! ZC[V!

570+3!G7,3*!>()G?)!7)(@2(+F0G!,-!*70!,3B03!,@!?+-C*0G!*,!)!@0W!7,C3G!-060GG+*)*0!@30OC0-*!

+-U06*+,-GK!W7+67!6)-!6)CG0!)-!C-B0G+3)9(0!>0)D2*, 2F)((04!@(C6*C)*+,-!,@!*70!B3C8!

6,-60-*3)*+,-! !"#$!$%!)G!W0((!)G!30BC60!>)*+0-*!6,?>(+)-60!)-B!+-630)G0!*30)*?0-*!6,G*!

Z4[V!#*703!(+?+*)*+,-G!,@!>0>*+B0!)-B!>3,*0+-!*703)>0C*+6G!?)4!+-6(CB0!>,,3!G*)9+(+*4!) -B !

(,W!G,(C9+(+*4!ZD[V!570G0!(+?+*)*+,-G!?)D0!-)*+F0!>0>*+B0!)-B!>3,*0+-!B3C8G!C-GC+*)9(0!

@,3!*703)>0C*+6!CG0!W+*7,C*!)-!0-8+-0030B!)(*03-)*+F0!Z4B#=E[V!

1.2 Delivery Strategies for Peptide and Protein Therapeutics  

57030!)30!80-03)((4!*7300!6,??,-!)>>3,)670G!*,!+?>3,F+-8! *70!7)(@2(+@0!,@!)!

9+,(,8+6!B3C8H!! [!0-8+-003+-8!*70!G0OC0-60!*,!0-7)-60!G*)9+(+*4!Z9B#C[K!" [!B0F0(,>+-8!-,F0(!
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@,3?C()*+,-G!*7)*!>3,F+B0!GCG*)+-0B!30(0)G0!Z4B#=E@=A[K!)-B!#[!@CG+-8!(,-8 26+36C()*+-8!

6)33+03!>3,*0+-G!Z=>@=5[!,3!6,-UC8)*+-8!XG*0)(*7Y!>,(4?03G!ZDB#=8[!*,!*70!B3C8!*,!30BC60!

30-)(!6(0)3)-60V!\,W0F03K!*70G0!?0*7,BG!)30!-,*!W+*7,C*!(+?+*)*+,-GV!L0OC0-60!

0-8+-003+-8K!GC67!)G!*70!+-6,3>,3)*+,-!,@!=2)?+-,!)6+BG!,3!,*703!670?+6)((4!0G,*03+6!

)?+-,!)6+B! B03+F)*+F0GK!+G!0@@06*+F0!+-!(+?+*+-8!>3,*0,(4*+6!B083)B)*+,-!,@!*70!>0>*+B0!,3!

>3,*0+-!ZC[K!9C*!6)-!)(G,!>30F0-*!+*!@3,?!90+-8!?)-C@)6*C30B!CG+-8!306,?9+-)-*!

*067-,(,84! Z=C[V!$-6)>GC()*+,-!+-!B0(+F034!6)33+03G!,@*0-!(+?+*!9+,)F)+()9+(+*4!,3!30OC+30!

6,?>(01!?C(*+2G*0>!@,3?C()*+,-!>3,60GG0G!W+*7!F)3+)9(0!(,)B+-8!6)>)6+*4!Z=AB#=4B#=D[K!

W7+(0!?,G*!>C?>!)-B!B0>,*!G4G*0?G!30OC+30!GC38+6)(!+?>()-*)*+,-!ZAE@AA[V!MCG+,-!,@!

>3,*0+-G!)-B!>0>*+B0G!*,!(,-8 26+36C()*+-8!6)33+03!?,(06C(0G!GC67!)G!7C?)-!G03C?!

)(9C?+-! Z=9[K!,3!M6!@3)8?0-*G!Z=5[!7)G!G7,W-!>3,?+G0!+-!0-7)-6+-8!6+36C()*+-8!7)(@2(+@0V!

\,W0F03K!*7+G!7)(@2(+@0!01*0-G+,-!*4>+6)((4!30BC60G!)6*+F+*4!94!,-0!*,!G0F03)(!,3B03G!,@!

?)8-+*CB0!)-B!30OC+30G!01>0-G+F0!?)??)(+)-!01>30GG+,-!G4G*0?G!Z=>B#A>[V!

1.3 PEGylation  

'?, -8!*70!F)3+,CG!B0(+F034!)>>3,)670GK!"$%4()*+,- K!,3!*70!6,F)(0-*!6,-UC8)*+,-!

,@!>,(4Z0*74(0-0!8(46,([!Z"$%[!*,!*703)>0C*+6!>0>*+B0G!)-B!>3,*0+-GK!)-B!?,30!3060-*(4!

,(+8,-C6(0,*+B029)G0B!B3C8GK!7)G!*70!(,-80G*!7+G*,34!,@!GC660GG@C(!6(+-+6)(!CG0!ZA9[V!570!

0?0 380-60!,@!"$%4()*+,-!B)*0G!9)6D!*,!*70!()*0!R`jQGK!W70-!*70!G0?+-)(!>)>03G!94!=)F+G!

)-B!6,W,3D03G!0G*)9(+G70B!"$%!)G!)!XG*0)(*7Y!>,(4?03K!)G!B0@+-0B!94!+*G!)9+(+*4!*,!
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>3,(,-8!*70! !"#$!$%!6+36C()*+,-!7)(@2(+@0!)-B!30BC60!*70!+??C-,80-+6+*4!,@!9+,?,(06C(0G!

C>,-!6,F)(0-*!6,-UC8)*+,-! ZA5B#A8[V!570G0!90-0@+*G!)30!)**3+9C*0B!*,!*70!@)6*!*7)*!+-!

)OC0,CG!G,(C*+,-K!*70!6,-UC8)*0B!"$%!@,3?G!74B3,80-!9,-BG!W+*7!W)*03!*,!630)*0!)!

74B3)*+,-!()403!,-!+*G!GC3@)60K!W7+67!G+8-+@+6)-*(4!+-630)G0G!*70!74B3,B4-)?+6!3)B+CG!,@!

*70!6,-UC8)*0!*,!?+-+?+;0!30-)(!6(0)3)-60K!)-B!G7+0(BG!*70!+??C-,80-+6!0>+*,>0G!,-!*70!

*)380*!9+,?,(06C(0!@3,?!+??C-0!G4G*0?!306,8-+*+,-!Z=8B#AC[V!L+-60!*70!)>>3,F)(!,@!*70!

@+3G*!"$%4()*0B!B3C8K!"$%2)B0-,G+-0!B0)?+-)G0!Z"$%2'='K!*3)B0!-)?0!'B)80- p [!@,3!

*30)*+-8!G0F030!6,?9+-0B!+??C-,B0@+6+0-64!B+G0)G0!ZLJg=[K!94!*70!EVLV!M,,B!)-B!=3C8!

'B?+-+G*3)*+,- !ZM='[!+-!R``QK!"$%4()*+,-! 7)G!OC+6D(4!906,?0!,-0!,@!*70!?,G*!

6,??,-(4!CG0B!B3C8!B0(+F034!)>>3,)670GK!0F+B0-*!@3,?!*70!-C?03,CG!"$%4()*0B!B3C8G!

6C330-*(4!,-!*70!?)3D0*!@, 3!*30)*+-8!)!F)3+0*4!,@!B+G0)G0G!)-B!?)-4!?,30!+-!6(+-+6)(!)-B!

>3026(+-+6)(!B0F0(,>?0-*!Z=8B#A4@>E[V!

\,W0F03K!)@*03!6(,G0!*,!@,3*4!40)3G!,@!30G0)367!)-B!,F03!*W,!B06)B0G!,@!6(+-+6)(!

CG0K!*70!(+?+*)*+,-G!,@!"$%4()*+,- !7)F0!908C-!*,!0?0380K!W7+67!+-6(CB0!+*G!G4-*70*+6!

(+?+*)*+,-GK!-,- 2B083)B)9+(+*4!)-B!+??C-,80-+6+*4!,@!*70!>,(4?03!Z>=@>>[V!

J ,-F0-*+,-)(!?0*7,BG!@,3!*70!G4-*70G+G!,@!"$%4()*0B!6,-UC8)*0G!7)F0!*70!@,((,W+-8!

(+?+*)*+,-GH!! [!6,-UC8)*+,-!+-F,(F0G!*70!30)6*+,-!90*W00-!>3,*0+-230>C(G+F0!"$%!67)+-G!

)-B!9+,?)63,?,(06C(0GK!G,!*7)*!0F0-!W+*7!)!()380!0160GG!,@!>,(4?03K!G*03+6!7+-B3)-60!

G*+((!30GC(*G!+-!)!(,W!4+0(B!,@!6,-UC8)*0K!*4>+6)((4!+-!*70!RQ2PQb!3)-80!Z>9[w!" [!*70!>30G0-60!

,@!)!()380!0160GG!,@!C-30)6*0B!>,(4?03!?)D0G!>3,BC6*!>C3+@+6)*+,-!-,-2*3+F+)(w!)-B!#[!
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6,-UC8)*+,-!*4>+6)((4!+-F,(F0G!30)6*+-8!*70!67)+-20-BG!,@!*70!>,(4?03!W+*7!30)6*+F0!G+B02

83,C>G!,-!(4G+-0!)-B!64G*0+-0!30G+BC0GK!W7+67!)30!,@*0-!>3,?+G6C,CG(4!B+G*3+9C*0B!,-!

*70!9+,?,(06C(0K!*7CG!4+0(B+-8!670?+6)((4!70*03,80-0,CG!>3,BC6*G!*7)*!6)-!G+8-+@+6)-*(4!

6,?>3,?+G0! *70!9+,)6*+F+*4!,@!*70!B3C8!!)-B!830)*(4!6,?>(+6)*0!308C()*,34!)>>3,F)(!Z>=B#

>>B#>5[V!

g-!)>>(+6)*+,-G!W7030!*70!?,(06C()3!W0+87*!Z&d[!,@!*70!6,-UC8)*0B!"$%!+G!

67,G0-!*,!90!830)*03!*7)-!30-)(!6(0)3)-60!G,!)G!*,!6,-@03!)!(,-8!6+36C()*+,-!7)(@2(+@0!,@!*70!

B3C8K!*70!()6D!,@!B083)B)*+,-!,@!"$%!+-!G4G*0?+6!6+36C()*+,-!?)4!6)CG0!*70!>,(4?03!,3!

*70!"$%4()*0B!6,-UC8)*0!*,!(+-803!+-!6+36C()*+,-!)-B!0F0-*C)((4!0+*703!6(0)3!*73,C87!*70!

(+F03!,3!B0>,G+*!+-!F)3+,CG!*+GGC0G!Z=8[V!$)3(4!G*CB+0G!7)F0!G7,W-!F)6C,(0!@,3?)*+,-!+-!

,38)-G!+-6(CB+-8!(+F03K!D+B-04G!)-B!G>(00-!)GG,6+)*0B!W+*7!"$%4()*0B!>3,*0+-G!

)B?+-+G*030B!+-!G0F03)(!)-+?)(!?,B0(G!Z>8@>4[K!*7,C87!?,30!+-2B0>*7!+-F0G*+8)*+,-!+G!

-00B0B!*,!6,-@+3?!)!6)CG02)-B 20@@06*!30()*+,-G7+>!90*W00-!"$%4()*+,-!)-B!F)6C,()*+,-V!

MC3*703?,30K!W7+(0!"$%!7)B!900-!80-03)((4!)660>*0B!)G!)-!+-03*!)-B!

9+,6,?>)*+9(0!?)*03+)(!@,3!?)-4!40)3GK!G*CB+0G!7)F0!-,W!6,-@+3?0B!*7)*!+*!+G!

+??C-,80-+6V!' -*+2"$%!)-*+9,B+0G!7)F0!900-!+-BC60B!+-!>)*+0-*G!*30)*0B!W+*7!

"$%4()*0B!B3C8G!)-B!7)F0!900-!G7,W-!*,!6,330()*0!W+*7!3)>+B!6(0)3)-60!,@!*70G0!B3C8G!

Z>D@9A[V!\+87!(0F0(G!,@!>30201+G*+-8!)-*+2"$%!)-*+9,B+0G!7)F0!)(G,!900-!@,C-B!+-!

+-B+F+BC)(G!-)^F0!*,!"$%4()*0B!)80-*GK!W7+67!)30!)GG,6+)*0B!W+*7!G03+,CG!@+3G*201>,GC30!
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)((038+6!30)6*+,-G!Z9>[V!570G0!)BF03G0!6,-G0OC0-60G!,@!"$%!+??C-,80-+6+*4!)30!

G03+,CG(4!C-B03?+-+-8!*70!G)@0*4!)-B!0@@+6)64!,@!*3)B+*+,-)(!"$%4()*0B!B3C8GV!

1.4 Motivation and Overview  

&,*+F)*0B!94!*70!G4-*70*+6!)-B!G)@0*4!(+?+*)*+,-G!,@!*3)B+*+,-)(!"$%4()*+,-K!W0!

7030+-!30>,3*!*70!B0F0(,>?0-*!,@!)!-01*280-03)*+,-!"$%4()*+,-!*067-,(,84K!W7+67!W0!

-)?0B!"#$%&'()*+,-K!,3!*70!6,F)(0-*!6,-UC8)*+,-!,@!*70!"$% 29)G0B!93CG7!>,(4?03!

>,(4t ,(+8,Z0*74(0-0!8(46,([!?0*74(!0*703!?0*7)634()*0v!Z"#$%&'[!*,!*703)>0C*+6!

9+,?,(06C(0GV!

$)67!,@!*70!@,((,W+-8!*7300!67)>*03G!B+G6CGG0G!)!B+@@030-*!)G>06*!,@!*70!

"#$%&'()*+,-!*067-,(,84V!J7)>*03!P!B0G63+90G!*70!B0F0(,>?0-*!,@!*70!G,3*)G02

6)*)(4;0B!>,(4?03!6,-UC8)*+,-!*067-,(,84K!W7+67!)BB30GG0G!*70!G4-*70*+6!(+?+*)*+,-G!,@!

6,-F0-*+,-)(!"$%4()*+,-!94!0-)9(+-8!7+87 24+0(B!G4-*70G+G!,@!J2*03?+-)((4!G+*02G>06+@+6!

)-B!RHR!G*,+67+,?0*3+6!"#$%&'!6,-UC8)*0G!,@!)!>0>*+B0!,3!>3,*0+-V!g-!J7)>*03!hK!*70!

*703)>0C*+6!>,*0-*+)(!,@!"#$%&'!6,-UC8)*0G!+G!B0?,-G*3)*0B!94!+?>(0?0-*+-8!G,3*)G02

6)*)(4;0B!>,(4?03!6,-UC8)*+,-!G*3)*084!W+*7!010-B+-2e!Z010-B+-[K!)!*703)>0C*+6!>0>*+B0!

6(+-+6)((4!CG0B!*,!*30)*!*4>0!P!B+)90*0GK!)-B!)GG0GG+-8!*70!*703)>0C*+6!0@@+6)64!,@!010-B+-2

J 2"#$%&'!6,-UC8)*0G!+-!)!B+)90*+6!?,CG0!?,B0(V!J7)>*03!e!B0?,-G*3)*0G!*70!

?,BC()*+,-!)-B!0(+?+-)*+,-!,@!)-*+ 2"$%!)-*+80-+6+*4!,@!010-B+-2J 2"#$%&'!
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6,-UC8)*0GK!,3!*70+3!30)6*+F+*4!*,W)3B!>30201+G*+-8!)-*+2"$%!)-*+9,B+0G!+-!>)*+0-*GK!94!

,>*+?+;+-8!*70!G+B0267)+-!(0-8*7!,@!*70!6,-UC8)*0B!"#$%&'V!

2. Development of Sortase -Catalyzed Polymer 
Conjugation  

2.1 Introduction  

2.1.1 Recent Develop ments in Peptide/Protein -Polymer Conjugation  

"0>*+B0]>3,*0+-2>,(4?03!6,-UC8)*0G!)30!)!6()GG!,@!7493+B!9+,?)63,?,(06C(0G!

,@@03+-8!)!B+F03G0!3)-80!,@!@C-6*+,-GV!J,F)(0-*!6,-UC8)*+,-!W+ *7!G*0)(*7!>,(4?03G!(+D0!

"$%!6)-!+?>3,F0! *70!>7)3?)6,D+-0*+6G!)-B!30BC60!*70!+??C-,80-+6+*4!,@!*703)>0C*+6!

>3,*0+-G!)-B!>0>*+B0G!Z99B#95[V!J,-UC8)*+,-!W+*7!XG?)3*Y!>,(4?03G!6)-!)(G,!+?>)3*!

+-*030G*+-8!)-B!CG0@C(!907)F+,3G!GC67!)G!01*03-)((4!*3+88030B!)6*+F+*4!GW+*67+-8!,@!*70!

9+,?,(06C(0!Z98B#9C[V!

570!6,-F0-*+,-)( !3,C*0!,@!G4-*70G+;+-8!>0>*+B0]>3,*0+-2>,(4?03!6,-UC8)*0GK!)G!+-!

*70!6)G0!,@!"$%4()*+,-K!+-F,(F0G!G0>)3)*0!G4-*70G+G!)-B!)**)67?0-*!,@!)!>,(4?03!*,!*70!

9+,?,(06C(0!,@!+-*030G*V!57+G!G,26)((0B!X83)@*+-8!*,Y!)>>3,)67 !,@*0-!GC@@03G!@3,?!(,W!

4+0(B!BC0!*,!G*03+6!7+-B3)-60!90*W00-!*70!9+,?,(06C(0!)-B!>,(4?03! ) -B!B+@@+6C(*4!+-!

>3,BC6*!>C3+@+6)*+,-!)G!)!30GC(*!,@!G+?+()3!G+;0G!)-B!GC3@)60!>3,>03*+0G!,@!*70!30)6*)-*G!

)-B!>3,BC6*G!Z>=B#>>B#>5[V!

g-!)-!0@@,3*!*,!)67+0F0!7+8724+0(B!G4-*70G+G!,@!>0>*+B0]!>3,*0+-2>,(4?03 !

6,-UC8)*0G!)-B!*,!G+?>(+@4!>C3+@+6)*+,-!,@!*70!6,-UC8)*0K!*70!6,-60>*!,@!X83)@*+-8!@3,?Y!
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W)G!+-*3,BC60B!+-!3060-*!40)3G!Z94@5=[V!570!X83)@*+-8!@3,?Y!)>>3,)67K!)(G,!*03?0B!!"#/!'. !

>,(4?03+;)*+,-K!0-*)+(G!*70!)**)67?0-*!,@!>,(4?03+;)*+,-!+-+*+)*,3ZG[!,3!67)+-!*3)-G@03!

)80-*ZG[!tJ5'ZG[v!*,!*70!9+,?,(06C(0!,@!+-*030G*K!@,((,W0B!94!83)@*+-8!*70!B0G+30B!

>,(4?03ZG[!@3,?!*70!?)63,+-+*+)*,3!,3!?)63,J5'V!570!CG0!,@!G4-*70*+6!?,-,?03G! *7)*!

)30!@)3!G?)((03!*7)-!>,(4?03G!)G!30)6*)-*G!G+8-+@+6)-*(4!30BC60G!*70!G*03+6!7+-B3)-60!)-B!

+-630)G0G!B+@@CG+F+*4K!)-B!0-7)-60G!6,-UC8)*+,-!0@@+6+0-64V!570!()380!G+;0!B+@@030-60!

90*W00-!*70!30G+BC)(!?,-,?03K!*70!>3,*0+-!?)63,+-+*+)*,3!)-B!*70!>3,*0+- . >,(4?03!

6,-UC8)*0!)((,WG!@,3!0)G4!G0>)3)*+,-!,@!*70!6,-UC8)*0!94!673,?)*,83)>74! Z>=B#5AB#5>[V!

\,W0F03K!6,-*3,(!,F03!*70!G+*0!)-B!G*,+67+,?0*34!,@!>,(4?03!6,-UC8)*+,-!

30?)+-0B!)!67)((0-80V!L+*02G>06+@+6+*4!)-B!W0((2B0@+-0B!G*,+67+,?0*34!)30!+?>,3*)-*!

@0)*C30G!,@!>0>*+B0]>3,*0+-2>,(4?03!6,-UC8)*0G!)G!*704!>3,F+B0!7,?,80-0,CG!>3,BC6*G!

)-B!? +-+?+;0!*70!(,GG!,@!9+,)6*+F+*4V!$)3(+03!G*CB+0G!0+*703!01>(,+*0B!+-*03)6*+,-G!*7)*!)30!

-,*!80-03)((4!@,C-B!+-!>0>*+B0G!)-B!>3,*0+-G!Z94[!,3!-,- 2G>06+@+6)((4!*)380*0B!30)6*+F0!

G+B0267)+-G!,-!(4G+-0!Z59B#55[!,3!64G*0+-0!Z9CB#5EB#58[!30G+BC0G!*,!)**)67!*70!+-+*+)*+,-!G+*0GV!

'(*7,C87!+-!G,?0!6)G0GK!6)30!W)G!*)D0-!*,!0-GC30!RHR!G*,+67+,?0*34!94!*C-+-8!+-+*+)*,32

*, 2>3,*0+-!3)*+,!,3!+-*3,BC6+-8!?C*)*+,-G!94!>3,*0+-!0-8+-003+-8K!-,-0!,@!*70G0!?0*7,BG!

)30!80-03)((4!)>>(+6)9(0V!!
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2.1.2 Control of Site -Specificity and  Stoichiometry  

'BB30GG+-8!*70!+GGC0G!+-!*70!0)3(+03!G*CB+0GK!)!-C?903!,@!80-03)(!?0*7,BG!7)F0!

0?0380B!@,3!*70!83)@*+-8!,@!>,(4?03G!@3,?!>3,*0+-G!)-B!>0>*+B0G!+-!)!G+*02G>06+@+6!)-B!

G*,+67+,?0*3+6!@)G7+,-V!#-0!)>>3,)67!CG0G!C--)*C3)(!)?+-,!)6+B!ZE ''[!+-6,3>,3)*+,-!*,!

+-G*)((!)!>,(4?03+;)*+,-! +-+*+)*,3!)*!)!B0G+30B!(,6)*+,-!+-*,!)!>3,*0+-K!@,((,W0B!94!!"#/!'. !

>,(4?03+;)*+,-!@3,?!*70 !>3,*0+-!?)63,+-+*+)*,3!Z5CB#54[V!d+*7!6)30@C(!B0G+8-!)-B!

0-8+-003+-8K!*7+G!G*3)*084!6)-!90!CG0B!*,!+-6,3>,3)*0!)!>,(4?03+;)*+,-!+-+*+)*+,-!G+*0!)*!

F+3*C)((4!)-4!30G+BC0!,-!)!9+,?,(06C(0V!\,W0F03K!E''!+-6,3>,3)*+,-!7)G!G0F03)(!

B3)W9)6DGH!! [!+*!30OC+30G!GC9G*)-*+)(!>3,*0+-!)-B!60((2(+-0!0-8+-003+-8!*,!+-G*)((!*70!

80-0*+6!?)67+-034!*,!*3)-G()*0!)!G*,>!6,B,-!)G!)!E''! Z=CB#5D[w!" [!>3,BC6*!6,G*G!)30!7+87!

)G!)!()380!)?,C-*!,@!01>0-G+F0!E''!7)G!*,!90!+- 6(CB0B!+-!*70!6C(*C30!?0B+)!Z8E[w!#[!

4+0(BG!)30!G+8-+@+6)-*(4!(,W03!@,3!E''26,-*)+-+-8!>3,*0+-!F)3+)-*G!6,?>)30B!*,!*70+3!

W+(B2*4>0!6,C-*03>)3*G!Z8E[w!)-B!$[!*70!*,1+6+*4!)-B!+??C-,80-+6+*4!,@!E'' 26,-*)+-+-8!

>3,*0+-G!)30!C-D-,W- V!

#C3!83,C>!7)B!>30F+,CG(4!B0F0(,>0B!*W,!6,?>(0?0-*)34! G*3)*08+0G!@,3!*70!!"#

/!'. !83,W*7!,@!)!>,(4?03!G+*02G>06+@+6)((4!@3,?!*70!/2!,3!J 2*03?+-CG!,@!)!>0>*+B0!,3!

>3,*0+-!Z8=B#8A[V!'G!*70!/ 2!)-B!J 2*03?+-+!)30!6,-G03F0B!+-!)((!9+,?,(06C(0GK!)-B!)30!

@30OC0-*(4!G,(F0-*!)660GG+9(0K!*70G0!G*3)*08+0G!6,((06*+F0(4!,@@03!)!80-03)(!?0*7,B,(,84!

@,3!*70!X83)@*+-8!@3,?Y!G4-*70G+G!,@!G+*02G>06+@+6!)-B!G*,+67+,?0*3+6!Z,-0!>,(4?03 !67)+-!

>03!>0>*+B0!,3!>3,*0+-!GC9C-+*[!>0>*+B0]>3,*0+-2>,(4?03!6,-UC8)*0GV!570!/2*03?+-)(!
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G*3)*084!01>(,+*G!*70!GC@@+6+0-*(4!()380!B+@@030-60!90*W00-!*70!>y)!,@!*70!/2*03?+-)(!

)?+-0!Z>y) %&jVi[!)-B!*7)*!,@!)?+-0G!,-!*70!(4G+-0!G+B0!67)+-G!Z>y)!_RQVa2RP[K!*,!)67+0F0!

G+*02G>06+@+6!)**)67?0-*!,@!)-!+-+*+)*,3!G,(0(4!)*!*70!/2*03?+-CG!,@!)!>0>*+B0!,3!>3,*0+-K!

@,((,W0B!94!83)@*+-8!,@!)!>,(4?03!@3,?!*70!?)63,+-+*+)*,3!94!!"#/!'. !'*,?!53)-G@03!

T)B+6)(!",(4?03+;)*+,-!Z'5T"[! Z8=[V!

570!6, ?>(0?0-*)34!J 2*03?+-)(!G*3)*084!01>(,+*G!*70!6(0)F)80!?067)-+G?!,@!)!

?C*)*0B!+-*0+-!*7)*!+G!306,?9+-)-*(4!@CG0B!*,!*70!J2*03?+-CG!,@!*70!>0>*+B0!,3!>3,*0+-!,@!

+-*030G*K!*,!80-03)*0!)!30)6*+F0!*7+,0G*03!,-!*70!J 2*03?+-CG!,@!*70!9+,?,(06C(0V!57+G!J2

*03?+-)(!*7+,0G*03!6)-!*70-! 30)6*!W+*7!)-!/ 2*03?+-)( !64G*0+-0!,-!)-!'5T"!+-+*+ )*,3!*,!

G+*02G>06+@+6)((4!+-G*)((!*70!+-+*+)*,3!)*!*70!J 2*03?+-CG!,@!*70!>0>*+B0!,3!>3,*0+-K!0-)9(+-8!

GC9G0OC0-*!83)@*+-8!,@!)!>,(4?03!@3,?!*70!J2*03?+-CG!,@!*70!>0>*+B0!,3!>3,*0+-!F+)!!"#

/!'. !'5T" !Z8A[V!570!?)+-!)BF)-*)80G!,@!*7+G!J2*03?+-)(!+-*0+-!G*3)*084!)30!+*G!G+?>(0K!

,-0 2G*0>!+-+*+)*,3!)**)67?0-*!)-B!+*G!XG6)3(0GG!-)*C30YK!+-!W7+67!*70!+-*0+-!6(0)-(4!

6(0)F0G!+*G0(@!,C*K!(0)F+-8!-,!01*3)!30G+BC0!90*W00-!*70!J2*03?+-)(!0-B!,@!*70!*)380*!

>3,*0+-!)-B!*70!)**)670B!+-+*+)*,3V!\,W0F03K!*7+G!G*3)*084!7)G!G0F03)(!B3)W9)6DGV!M+3G*K!

906)CG0!+-*0+-G!)30!30()*+F0(4!()380!>3,*0+-!B,?)+-GK!*70+3!+-6,3>,3)*+,-!?)4!30BC60!*70!

01>30GG+,-!,@!*70!@CG+,-!>3,*0+-V!L06,-BK!)!>C3+@+6)*+,-!*)8!+G!+-+*+)((4!@CG0B!)*!*70!J2

*03?+-CG!,@!*70!>0>*+B0]>3,*0+-2+-*0+-!@CG+,-!)-B !+G!B0G+8-0B!*,!90!30?,F0B!

G+?C(*)-0,CG(4!94!*70!+-*0+-!6(0)F)80!)@*03!>C3+@+6)*+,-!,@!*70!@CG+,-!>3,*0+-V!\,W0F03K!

*70!/ 2cL!)64(!G7+@*!G*0>!,@!*70!+-*0+-!6(0)F)80!?067)-+G?!*)D0G!>()60!>,G*2*3)-G()*+,-)((4!



!

!

RQ!

+-!:;#-%,!K!)-B!*70!30GC(*)-*!*7+,0G*03!(+-D)80!90*W00-!*70!>3,*0+-!)-B!+-*0+-!+G!>3,-0!*,!

+-*3)60((C()3!30BC6*+,-K!W7+67!30GC(*G!+-!>30?)*C30!6(0)F)80!,@!*70!>C3+@+6)*+,-!*)8!)-B !

*7CG!B0630)G+-8!,F03)((!4+0(B!,@!*70!@CG+,-!>3,*0+-V!'BB+*+,-)((4K!*70!>30G0-60!,@!)!

64G*0+-0!)*!*70!(+8)*+,-!G+*0!(0)BG!*,!*70!@,3?)*+,-!,@!G?)((!@3)6*+,-G!,@!G0F03)(!

C-B0G+3)9(0!G+B02>3,BC6*GK!+-6(CB+-8!,-0!W+*7!*W,!'5T"!+-+*+)*,3G!Z8A[V!

2.1.3 Atom Transfer Radical Polymerization (ATRP)  

'-!)BB+*+,-)(!67)((0-80!,@!X83)@*+-8!@3,?Y!6,-UC8)*+,-!+G!*70!-00B!*,!83,W!)!

>,(4?03!@3,?!) !>0>*+B0!,3!>3,*0+-!+-!)OC0,CG!6,-B+*+,-G!. !-060GG)34!*,!>30G03F0!+*G!

G*3C6*C3)(!+-*083+*4!)-B!*7CG!9+,(,8+6)(!)6*+F+*4!. !W7030+-!*70!&d !,@!*70!>,(4?03!6)-!90!

>306+G0(4!G>06+@+0B!)-B!+*G!B+G>03G+*4!?+-+?+;0BV!57+G!67)((0-80!7)GK!*,!)!()380!01*0-*K!

900-!G,(F0B!94!*70!?)*C3)*+,-!,@!6,-*3,((0B] (+F+-8!3)B+6)(!>,(4?03+;)*+,-!ZJT"[!

?0*7,BGK!GC67!)G!)*,?!*3)-G@03!3)B+6)(!>,(4?03+;)*+,-!Z'5T"[K!30F03G+9(0!)BB+*+,-.

@3)8?0-*)*+,-!67)+-2*3)-G@03!>,(4?03+;)*+,-!ZT'M5[K!)-B!-+*3,1+B02?0B+)*0B!3)B+6)(!

>,(4?03+;)*+,-!Z/&" [!Z5>B#8>[V!

'5T"! W)G!+-F0-*0B!94!&)*4U)G;0WGD+!)-B!6,W,3D03G!+-!R``a!Z85[V!g*!+G!)!7+87(4!

F03G)*+(0!*067-+OC0!*7)*!0-)9(0G!*70!G4-*70G+G!,@!6,?>,G+*+,-)((4!)-B!)367+*06*C3)((4!

B+F03G0!>,(4?03G!W+*7!)! 7+87!B08300!,@!6,-*3,(!,F03!?,(06C()3!W0+87*!)-B!-)33,W!

B+G>03G+*4V!'G!G7,W-!+-!'()*+,%! K!*70!?)+-!6,?>,-0-*G!,@!)!6()GG+6!'5T"!30)6*+,-!)30!)-!

)(D4(!7)(+B0!+-+*+)*,3!ZT2r[K!*70!F+-4(!?,-,?03!,@!+-*030G*!Z&[K!)-B!)!*3)-G+*+,-!



!

!

RR!

?0*)( ](+8)-B!6,?>(01!Z&*]f - [!6)>)9(0!,@!0OC+(+93)*+-8!90*W00-!*W,!,1+B)*+,-!G*)*0GV!570!

*3)-G+*+,-!?0*)(!*4>+6)((4!*)D0G!*70!@,3?!,@!)!?0*)(!7)(+B0V!=0>0-B+-8!,-!*70!)>>(+6)*+,-K!

*70!+-+*+)*,3!6)-!)(G,!90!6,-UC8)*0B!*,!)!GC3@)60!,3!*,!)!?)63,?,(06C(0!*,!@,3?!)!

?)63,+-+*+)*,3!Z9CB#94B#88[V!

!

'()*+,% ! -%.,/012(34%56%/7133(/%89:;<%=1/>-%+1>,%/523>12>%56%1/>(?1>(52@%=A,1/>-%+1>,%
/523>12>%56%A,1/>(?1>(52@%=B-%+1>,%/523>12>%56%B+5B1)1>(52@%=>-%+1>,%/523>12>%56%

>,+4(21>(52@%.-%45254,+@%:C:-%>,+4(21>(52%DE%+1A(/17%/5*B7(2)@%:F -%>,+4(21>(52%DE%
/01(2 C,2A%0EA+57E3(3@%:G-%>,+4(21>(52%DE%/01(2C,2A%A(3B+5B5+>(521>(52<%'()*+,%6+54%

H!" I<%

570!'5T"!?067)-+G?!9C+(BG!,-!*70!30F03G+9(0!GW+*67+-8!90*W00-!*70!*W,!

,1+B)*+,-!G*)*0G!,@!*70!*3)-G+*+,-!?0*)(!Z&*[V!d70-!&*!+G!+-!+*G!(,W03!,1+B)*+,-!G*)*0!

Z&*? [K!)(G,!D-,W-!)G!*70!)6*+F)*,3K!*70!7)(,80-!3)B+6)(!Zr[!0-B26)>G!*70!>3,>)8)*+-8!

67)+-!*,!D00>!+*!+-!*70!B,3?)-*!,3!B0)6*+F)*0B!G*)*0V!'G !&*!8,0G!*73,C87!0(06*3,-!

*3)-G@03!*,!30F03G+9(4!GW+*67!*,!+*G!7+8703!,1+B)*+,-!G*)*0!Z&*?uR[K!)(G,!D-,W-!)G!*70!

B0)6*+F)*,3K!r!*70- !6,C>(0G!W+*7!*70!*3)-G+*+,-!?0*)(K!*C3-+-8!*70!>3,>)8)*+-8!67)+-!0-B!

+-*,!)-!)6*+F0!3)B+6)(!@,3!?,-,?03!)**)67?0-*! Z85B#8C[V!L+?>(4!G>0)D+-8K!*70!*3)-G+*+,-!

?0*)(!0GG0-*+)((4!G03F0G!)G!*70!,G6+(()*+-8!X,-2,@@!GW+*67Y!,@!)-!'5T"!30)6*+,-V! T0)6*+,-!

6,-B+*+,-G!)30!*C-0B!GC67!*7)*!*70!0OC+(+93+C?!+G!G*3,-8(4!G7+@*0B!+-!*70!B+306*+,-!,@!



!

!

RP!

B0)6*+F)*+,-K!*7CG!*70!>3,>)8)*+-8!67)+-G!)30!>3+?)3+(4!+-!*70!B0)6*+F)*0B!G*)*0!)-B!,-(4!

*3)-G+0-*(4!)6*+F)*0BK!6)CG+-8!*70!30)6*+,-!*,!>3,600B!+-!)!7+87(4!6,-*3,((0B!?)--03V!'G !

*70!3)*0!,@!+-+*+)*+,-!+G!G+8-+@+6)-*(4!7+8703!6,?>)30B!*,!*70!3)*0!,@!>3,>)8)*+,-K!)((!

67)+-G!+-!*70!30)6*+,-!)30!*7CG!0GG0-*+)((4!83,W+-8!6,-6C330-*(4V!570!B+306*+,-!,@!*7+G!

0OC+(+93+C?!+G!+-@(C0-60B!94!?)-4!@)6*,3GK!+-6(CB+-8!*70!G*3C6*C30!,@!*70!30)6*+,-!

6,?>,-0-*G!)-B!6,-B+*+,-G!GC67!)G!67,+60!,@!G,(F0-*!)-B!*0?>03)*C30!Z84@CE[K!*7CG!

G,?0!+-+*+)(!,>*+?+;)*+,-!+G!30OC+30BV!570!G(,W!)-B!6,-*3,((0B!>3,>)8)*+,-!0-GC30G!*7)*!

*70!6,-60-*3)*+,- !,@!)6*+F0!3)B+6)(!+-!*70!30)6*+,-!?+1*C30!)*!)-4!8+F0-!*+?0!+G!F034!(,WK!

6,-G0OC0-*(4!*70!>3,9)9+(+*4!,@!*03?+-)*+,-!+G!?+-+?+;0BV!570!6,-*3,((0B!>3,>)8)*+,-!,@!

)((!67)+-G!)-B!?+-+?+;0B!*03?+-)*+,-!8+F0!3+G0!*,!*70!B+G*+-6*!@0)*C30G!,@!'5T"!*7)*!

B0@+-0!+*!)G!)!6,-*3,((0B](+F+-8!3)B+6)(!>,(4?03+;)*+,-H!R[!@+3G*2,3B03!30)6*+,-!D+-0*+6GK!P[!

>302B0*03?+-)9(0!B08300!,@!>,(4?03+;)*+,-!Z="- [!)G!+*!(+-0)3(4!6,330()*0G!W+*7!?,-,?03!

6,-F03G+,-K!h[!-)33,W!>,(4?03!B+G>03G+*4!BC0!*,!-08(+8+9(0!*03?+-)*+,-!0F0-*GK!)-B!e[!

(,-8 2(+F0B!>,(4?03!67)+-G!W+*7!>30G03F0B!@C-6*+,-)(+*+0GV!570!()G*!@0)*C30!0-)9(0G!*70!

@)6+(0!G4-*70G+G!,@!6,?>,G+*+,-)((4!)-B!G*3C6*C3)((4!6,?>(01!>,(4?03G!GC67!)G!9(,6D!

6,>,(4?03!)-B!G*)3 2(+D0!>,(4?03G!ZC=[V!

'5T"! 6,-BC6*0B!+-!>,()3!G,(F0-*G!GC67!)G!)OC0,CG!9C@@03G!+G!>3,-0!*,!7)F+-8!

G0F03)(!6,?>0*+-8!G+B0230)6*+,-GK!+-6(CB+-8!B0630)G0B!G*)9+(+*4!,@!*70!)6*+F)*,32(+8)-B!

6,?>(01K!B+GG,6+)*+,-!,@!*70!7)(+B0!@3,?!*70!B0)6*+F)*,3K!B+G>3,>,3*+,-)*+,-!,@!*70!

)6*+F)*,3K!)-B!B+G>3,>,3*+,-)*+,-!,3!74B3,(4G+G!,@!*70!6)39,- 27)(,80-!9,-B !ZCAB#C>[K!



!

!

Rh!

W7+67!6)-!)BF03G0(4!)@@06*!*70!30)6*+,-!D+-0*+6G!)-B!,C*6,?0V!\,W0F03K!6)30@C(!G0(06*+,-!

,@!30)6*+,-!6,?>,-0-*G!)-B!,>*+?+;)*+,-!,@!6,-B+*+,-G!)30!,@*0-!GC@@+6+0-*!*,!0-GC30!)!

W0((26,-*3,((0B!30)6*+,-!*7)*!8+F0G!3+G0!*,!>3,BC6*!W+*7!>306+G0(4!B0@+-0B!&d!)-B!

-)33,W!B+G>03G+*4!ZC9B#C5[V!

2.1.4 Sortase -Catalyzed C -Terminal Ligation  

'+?+-8!*,!)BB30GG!*70!+GGC0G!)GG,6+)*0B!W+*7!*70!>30F+,CG!6,-UC8)*+,-!G*3)*08+0G!

)-B!*,!6,-*+-C0!01>)-B+-8!*70!*,,(9,1!,@!G+*02G>06+@+6!)-B!G*,+67+,?0*3+6!X83)@*+-8!

@3,?Y!>,(4?03!6,-UC8)*+,- K! *70!6)-,-+6)(!J 2*03?+-)(!(+8)*+,-!?067)-+G?!,@!*70!G,3*)G0!

' !*3)-G>0>*+B)G0!@3,?!&'()*+,%-%--./#(.01./ !W)G!67,G0-!@,3!+-+*+)*,3!)**)67?0-*!906)CG0!

+*G!7+87!G>06+@+6+*4!)-B!?+(B!30)6*+,-!6,-B+*+,-G!)30!+B0)(!@,3!>3,*0+-!)-B!>0>*+B0!

?,B+@+6)*+,-!ZC8B#CC[V!570!-)*C3)(!@C-6*+,-!,@!*7+G!?067)-+G?!+G!*,!)-67,3!GC3@)60!

>3,*0+-G!*,!*70!9)6*03+)(!60((!W)((!ZC4[V!570!F03G)*+(+*4!,@!G,3*)G026)*)(4;0B!J 2*03?+-)(!

(+8)*+,-!7)B!900-!B0?,-G*3) *0B!>30F+,CG(4!ZCD@4A[K!9C*!+*!7)B!- ,* !900-!01>(,+*0B!*,!

+-G*)((!)!>,(4?03+;)*+,-!+-+*+)*,3!)*!)!B0@+-0B!G+*0!,-!)!>3,*0+-!,3!>0>*+B0K!*,!0-)9(0!!"#

/!'. !83)@*+-8!,@!)!>,(4?03!@3,?!*70!9+,?,(06C(0V!



!

!

Re!

!

'()*+,% " -%JC>,+4(217%7()1>(52%4,/012(34%56%35+>13,%8<%8 I%K5+>13,%8%+,/5)2(L,3%>0,%
B,2>1B,B>(A,%3,M*,2/,%NO;P9QR%,4D,AA,A%(2%5+%>,+4(2177E%1BB,2A,A%>5%1%>1+),>%

D(5457,/*7,@%12A%(>3%>0(57%)+5*B%52%1%=,E%/1>17E>(/%/E3>,(2,%+,3(A*,%2*/7,5B0(7(/177E%
1>>1/=3%>0,%14(A,%D52A%D,>S,,2%N9R%12A%NQR%S(>0(2%>0,%+,/5)2(>(52%3,M*,2/,@%

+,3*7>(2)%(2%12%(2>,+4,A(1>,%/523(3>,A%56%35+>13,%8%>,4B5+1+(7E%/522,/>,A%>5%>0,%JC
>,+4(2*3%56%>0,%>1+),>%D(5457,/*7,%?(1%1%>0(51/E7%D52A<%TI%8%3,/52A%HD(5I457,/*7,%

/1++E(2)%12%UC>,+4(217%57()5)7E/(2,%45>(6%2*/,5B0(7(/177E%1>>1/=3%>0,%>0(51/E7%D52A%>5%
A(3B71/,%35+>13,%8%12A%>0,%>S5%HD(5I457,/*7,3%1+,%7()1>,A%?(1%1%21>(?,%B,B>(A,%D52A<%
O;P9Q-%7E3(2,CB+57(2,CPC>0+,52(2, C)7E/(2,@%S0,+,%NPR%(3%12E%3>12A1+A%14(25%1/(A%

+,3(A*, <%

'G!G7,W-!+-! '()*+,%" K!G,3*)G0!'!306,8-+;0G!*70!>0-*)>0>*+B0!G0OC0-60!Xf"r5%Y!

Z(4G+-02>3,(+-02r 2*730,-+-028(46+-0K!W7030!XrY!+G!)-4!G*)-B)3B!)?+-,!)6+B!30G+BC0[!

0?90BB0B!+-!,3!*03?+-)((4!)**)670B!*,!)!>3,*0+-!,3!>0>*+B0K!)-B!+*G!64G*0+-0!ZJ[!

-C6(0,>7+(+6)((4!)**)6DG!*70!)?+B0!9,-B!90*W00-!*730,-+-0!)-B!8(46+-0!W+*7+-!*70!

306,8-+*+,-!G0OC0-60K!80-03)*+-8!)!30()*+F0(4!(,-82(+F0B!0- ;4?0 2*7+,)64(!+-*03?0B+)*0!

ZC8[V!5,!6,?>(0*0!*3)-G>0>*+B)*+,-K!)!G06,-B!Z9+,[?,(06C(0!W+*7!)-!/ 2*03?+-)(!

A 

B 



!

!

Ra!

-C6(0,>7+(+6!83,C>K!*4>+6)((4!)-!,(+8,8(46+-0!?,*+@K!)**)6DG!*70!+-*03?0B+)*0K!B+G>()6+-8!

G,3*)G0!'!)- B!U,+-+-8!*70!*W,!?,(06C(0G!F+)!)!-)*+F0!>0>*+B0!9,-B!ZC8[V!

2.1.5 Overview and Choice of Components  

L,3*)G0!' !W)G!CG0B!*,!G+*02G>06+@+6)((4!)**)67!)-!+-+*+)*,3!G,(0(4!)*!*70!J2*03?+-CG!

,@!8300-!@(C,30G60-*!>3,*0+-!Z%M"[K!@,((,W0B!94!83,W*7!,@!*70!G*0)(*7!>,(4?03 !"#$%&' !

@3,?!*70!>3,*0+-!94!!"#/!'. !'5T" !+-!)OC0,CG!9C@@03K!*,!4+0(B!G+*02G>06+@+6!ZJ2*03?+-)([!

)-B!G*,+67+,?0*3+6!ZRHR[!%M"2J 2"#$%&'!6,-UC8)*0G V!%M"!W)G!67,G0-!)G!)!?,B0(!

>3,*0+-!+-!*7+G!>3,,@2,@26,-60>*!G*CB4!)G!+*G!@(C,30G60-60!)((,WG!0)G4!*3)6D+-8!,@!*70!

>3,*0+-!*73,C87!*70!+-+*+)*,3!+-G*)(()*+,-!)-B!!"#/!'. !>,(4?03+;)*+,-K!)-B!+*!)(G,!G03F0G!)G!

)-!+-B+6)*,3!,@!*70!@,(B+-8!)-B!)6*+F+*4!,@!*70!>3,*0+-V!

570!"$% 29)G0B!93CG7!>,(4?03!"#$%&' !W)G!67,G0-!@,3!!"#/!'. !>,(4?03!8 3,W*7!

906)CG0!,C3!83,C>!7)B!>30F+,CG(4!G7,W-!*7)*!"#$%&'!6,-UC8)*0G!,@!?,B0(!>3,*0+-G!

G+8-+@+6)-*(4!+-630)G0B!6+36C()*+,-!7)(@2(+F0G!Z8=B#8A[!)-B!*C?,3!30*0-*+,-!,@!*70!>3,*0+-G!

Z8A[V!MC3*703?,30K!"#$%&'!6)-!90!G4-*70G+;0B!94!'5T"!+-!)OC0,CG!?0B+C?!W+*7!

8, ,B!6,-*3,(!,@!*70!>,(4?03! ?,(06C()3!W0+87*!Z&d[ !)-B!B+G>03G+*4!Z59B#55B#4>[K!

)**3+9C*0G!*7)*!)30!0GG0-*+)(!@,3!>3,BC6+-8!@C-6*+,-)((4!C-+@,3?!>0>*+B0]>3,*0+-2>,(4?03!

6,-UC8)*0GV!'BB+*+,-)((4K!"#$%&'!+ G!>,*0-*+)((4!9+,B083)B)9(0!)G!+*G!,(+8,Z0*74(0-0!

8(46,([!t#$%v!G+B0!67)+-G!)30!(+-D0B!*,!*70!9)6D9,-0!94!0-;4?02B083)B)9(0!)-B!

74B3,(4;)9(0!0G*03!9,-BGK!)-B!*70!B083)B)*+,-!>3,BC6*G!)30!G?)((!0-,C87!*,!90!6(0)30B!



!

!

RS!

@3,?!*70!9,B4!94!30-)(!@+(*3)*+,-V!57CGK!*70!>,*0-*+)(!B083)B)9+(+*4!,@!"#$%&'!?)4!

,F036,?0!*70!-, - 29+,B083)B)9(0!>3,9(0?!,@!"$%!@,3!*70!B0G+8-!,@!*70!-01*!80-03)*+,-!

>3,*0+-!B3C8G!Z>>[V!

2.2 Materials and Methods  

2.2.1 Materials   

'((!?,(06C()3!9+,(,84!30)80-*G!W030!>C367)G0B!@3,?!/0W!$-8()-B!A+,()9GK!

C-(0GG!,*703W+G0!G>06+@+0BV!'((!670?+6)(!30)80-*G!W030!>C367)G0B!@3,?!L+8?)!'(B3+67!

)-B!CG0B!)G!3060+F0BK!C-(0GG!,*703W+G0!G>06+@+0BV!/ C6(0,*+B0G!)30!B0-,*0B!94!*70+3!G+-8(0!

(0**03!6,B0V!

2.2.2 Cloning  of GFP-srt -His6-ELP 

'!>30F+,CG(4!6,-G*3C6*0B!>$5Pa9Zu[!F06*,3!0-6,B+-8!)!>3,*0+-2G3*2\+GS2$f"!

@CG+,-!80-0!W)G!CG0B!)G!*70!*)380*!F06*,3!@,3!6(,-+-8!*70!%M"2G3*2\+GS2$f"!6,-G*3C6* V!g-!

*7+G!F06*,3K!*70!>3,*0+-2G3*!+-G03*!W)G!@()-D0B!94!r9)g!)-B!\+-Bggg!30G*3+6*+,-!G+*0G!

@,((,W0B!94!6,B,-G!*7)*!0-6,B0!)!701)7+G*+B+-02*)8!Z\+GS2*)8 [K!)!*73,?9+-!6(0)F)80!G+*0!

)-B!)-!$f"!W+*7!)!G0OC0-60!,@!Zk"%r%[`QK!W7030!r!30>30G0-*G!)()-+-0!Z'[K!8(46+-0!Z%[!

)-B!F)(+-0!Zk[!)*!PHhHa!?,()3!3)*+,V!RVa!x8!,@!*7+G!*)380*!F06*,3!W)G!B+80G*0B!W+*7!P!xf !

0)67!,@!r9)g!)-B!\+-Bggg!+-!Rr!/$A!9C@@03!P!W+*7!Rr!9,F+-0!G03C?!)(9C?+-!ZAL'[!@,3!

RVa!7!)*!hj!sJV!570!B+80G*+,-!?+1*C30!W)G!0-;4?)*+6)((4!B0>7,G>7,34()*0B!W+*7!R!xf !6)(@!

+-*0G*+-)(!>7,G>7)*)G0!ZJg"[!@,3!R!7!)*!hj!sJ!*,! >30F0-*!G0(@26+36C()3+;)*+,-!,@!*70!F06*,3V!



!

!

Rj!

570!30G*3+6*0B!)-B!B0>7,G>,34()*0B!F06*,3!W)G!*70-!>C3+@+0B!CG+-8!)!>,(4?03)G0!67)+-!

30)6*+,-!Z"JT [!>C3+@+6)*+,-!D+*!Z<g'OC+6DK!<g'%$/[V!

570!80-0!@,3!%M"!W)G!"JT2)?>(+@+0B!@3,?!)-!)F)+()9(0!%M" 26,-*)+-+-8!

>$5hP9Zu[!F06*,3!@3,?!)!>30F+,CG!G*CB4!Z8A[!CG+-8!*70!@,3W)3B!)-B!30F03G0!>3+?03GH!

%M"2MH!al!55JJJJ5J5'%'''5''5555%5!hl !!

%M"2TH!hl!J5'J55%'J'5%55%J'%J5%JJ%JJ'JJJJJ%5J%''J%%JJ555 !

%%JJ%JJ !'55J%'''J%''J!al !

! 570!%M"2M!>3+?03!W)G!B0G+8-0B!*,!)--0)(!)*!*70!3+9,G,?)(! 9+-B+-8!G+*0!ZTAL[!

+??0B+)*0(4!C>G*30)?!,@!*70!*)380*!%M"!G0OC0-60!)-B!+-6(CB0G!)-!r9)g!G+*0!@,3!6(,-+-8!

+-*,!*70!*)380*!F06*,3V!570!%M"2T!>3+?03!W)G!B0G+8-0B!*,!)--0)(!*,!*70!J 2*03?+-CG!,@!

%M"!)-B !+-6(CB0G!)-!,F037)-8!*7)*!6,B0G!@,3!)!%(4eL03!(+-D03!)-B!*70!|f"$5%l!G,3*)G0!' !

306,8-+*+,-!G0OC0-60!)G!W0((!)G!)!\+-Bggg!G+*0!@,3!6(,-+-8!+-*,!*70!*)380*!F06*,3V!

570!%M"2G3*!@3)8?0-*!W)G!)?>(+@+0B!+-!*W,!aQ!xf!"JT!30)6*+,-GK!0)67!6,-*)+-+-8!

Pa!xf !%,5)O!8300-!?)G*03!?+1K!RQ!>?,(!0)67!,@!@,3W)3B!)-B!30F03G0!>3+?03GK!QVPa!xf!

*0?>()*0!)-B!-C6(0)G02@300!W)*03!+-!)!*,*)(!F,(C?0!,@!aQ!xfV!570!"JT!30)6*+,-!

6,-B+*+,-G!W030H!`a!sJ!@,3!P!?+-!@,3!+-+*+)(!B0-)*C3)*+,-K!@,((,W0B!94!eQ!646(0G!)*!`a!sJ!

@,3!hQ!GK!aP!sJ!@,3!hQ!GK!)-B!jP!sJ!@,3!R!?+-V!570!30GC(*+-8!|%M"2G3*l!"JT!>3,BC6*!W)G!

>C3+@+0B!CG+-8!)!"JT!>C3+@+6)*+,-!D+*!)-B!F+GC)(+;0B!,-!)!Rb!)8)3,G0!80(!G*)+-0B!W+*7!

L:AT p !L)@0!=/'!G*)+-V!RVa!x8!,@!*70!%M"!>3,BC6*!W)G!*70-!B+80G*0B!W+*7!P!xf!0)67!,@!



!

!

Ri!

r9)g!)-B !\+-Bggg!+-!Rr!/$A!9C@@03!P!)-B!Rr!AL' !@,3!RVa!7!)*!hj!sJ!)-B!W)G!>C3+@+0B!

CG+-8!)!"JT!>C3+@+6)*+,-!D+*!Z<g'OC+6DK!<g'%$/[V!

570!|%M"2G3*l!"JT!+-G03*!Za!xf [!W)G!(+8)*0B!+-*,!*70!*)380*!F06*,3!Zh!xf[!CG+-8!e!

xf !,@!5e!(+8)G0!+-!Rr!5e!(+8)G0!9C@@03!)-B!-C6(0)G02@300!W)*03!+-!)!*,*)(!F,(C?0!,@!PQ!xfV!

570!(+8)*+,-!?+1*C30!W)G!+-6C9)*0B!)*!3,,?!*0?>03)*C30!@,3!R!7V!AfPR!Z=$[!:;#-%,!!60((G!

W030!*70-!*3)-G@,3?0B!W+*7!j!xf!,@!*70!(+8)*+,-!?+1*C30!@,3!Ra!?+-!+-!)-!+602W)*03!9)*7K!

70)*2G7,6D0B!)*!eP!sJ!@,3!hQ!GK!)-B!30*C3-0B!*,!*70!+602W)*03!?+1*C30!@,3!)-,*703!P!?+-V!

570!60((G!W030!306,F030B!+-!L#J!?0B+)!W7+(0!7,3+;,-*)((4!G7)D+-8!)*!PQQ!3>?!)*!hj!sJ!

@,3!eQ!?+-K!)-B!W030!*70-!>()*0B!,-!5A!) 8)3,G0!>()*0G!6,-*)+-+-8!RQQ!x8]?( !)?>+6+((+-!

ZJ)(9+,670?[V!L0F03)(!6(,-0G!W030!83,W-!,F03-+87*!+-!h!?f !5A!?0B+)!GC>>(0?0-*0B!

W+*7!RQQ!x8]?(!)?>+6+((+-K!)-B!*70!>()G?+BG!W030!+G,()*0B!94!)!?+-+>30>!>()G?+B!

>C3+@+6)*+,-!D+*!Z<+)80-[!@,3!=/'!G0OC0-60!F03+@+6)*+,-V!

2.2.3 Expression and Purification of GFP-srt -His6-ELP 

53)-G@,3?0B!60((G!F03+@+0B!*,!6,-*)+-!*70!B0G+30B!%M"2G3*2\+GS2$f" !6,-G*3C6*!

W030!6C(*C30B!+-!5033+@+6!A3,*7!Z5AK!&,!A+,!f)9,3)*,3+0GK!g-6V[!GC>>(0?0-*0B!W+*7!RQQ!

x8] ?( !,@!)?>+6+((+-!)*!hj!VJV!#-60!*70!,>*+6)(!B0-G+*4!)*!SQQ!-?!Z#=SQQ[!,@!*70!6C(*C30!

30)670B!QVSK!gG,>3,>4(!}2= 2R2!*7+,8)()6*,>43)-,G+B0!Zg"5%K!'&T$LJ#[!W)G!)BB0B!*,!)!

@+-)(!6,-60-*3)*+,-!,@!QVa!?&!*,!+-BC60!,F03-+87*!01>30GG+,-V!J0((G!W030!7)3F0G*0B!Ra!7!

>,G*!+-BC6*+,-!94!60-*3+@C8)*+,-!)*!jQQ18!@,3!RQ!?+-!)-B!W030!(4G0B!94!G,-+6)*+,-!,-!)!



!

!

R !̀

&+G,-01!E(*3)G,-+6!f+OC+B!"3,60GG03!Z<G,-+6)K!ffJV[!)*!)?>(+*CB0!ia!@,3!h!?+-V!/C6(0+6!

)6+BG!W030!30?,F0B!@3,?!*70!63CB0!01*3)6*!94!)BB+*+,-!,@!R!Fb!>,(40*74(0-0+?+-0!Z"$gK!

'63,G[!@,((,W0B!94!60-*3+@C8)*+,-!)*!e!sJ!)*!PRKQQQ18!@,3!RQ!?+-V!570!$f"!*)8!0-)9(0!,@!

*70!@CG+,-!94!g-F03G0!53)-G+*+,-!J46(+-8!Zg5J[K!)!-,-673,?)*,83)>7+6!?0*7,B!*7)*!,C3!

83,C>!7)F0!B0F0(,>0B!@,3!*70!>C3+@+6)*+,-!,@!$f"!@CG+,-!>3,*0+-G!94!*)D+-8!)BF)-*)80!,@!

*70+3!+-F03G0!>7)G0!*3)-G+*+,-!907)F+,3!Z49[V!'@*03!*3+8803+-8!*70!+-F03G0!>7)G0!*3)-G+*+,-!

,@!*70!@CG+,-!94!)BB+*+,-!,@!R&!/)J(K!*70!)88308)*0B!>3,*0+-G!W030!6,((06*0B!94!

60-*3+@C8)*+,-!)*!PRKQQQ18!@,3!RQ!?+-!)*!_!ha!sJV!570!>0((0*!W)G!*70-!30G,(C9+(+;0B!+-!6,(B!

>7,G>7)*0!9C@@030B!G)(+-0!Z"ALK!>\!jVeK!$&=!&+((+>,30[!)-B!*70!30GC(*+-8!G,(C*+,-!W)G!

60-*3+@C80B!)*!eVJ!)*!PRKQQQ18!@,3!RQ!?+-!*,!30?,F0!)-4!30?)+-+-8!+-G,(C9(0!?)*03+)(V!

570!()G*!*W,!G*0>G!W030!30>0)*0BK!*4>+6)((4!*7300!,3!@,C3!*+?0GK!C-*+(!G)*+G@)6*,34!>C3+*4!

W)G!)67+0F0B!)G!F03+@+0B!94!G,B+C?!B,B064(!GC(@)*0!>,(4)634()?+B0!80(!0(06*3,>7,30G+G!

ZL=L2"'%$ [V!g-!*70!@+-)(!G*0>K!*70!>3,*0+-!W)G!30G,(C9+(+;0B!+-!G,3*)G0!9C@@03!ZaQ!?&!

53+G2J( K!RaQ!?&!/)J(K!RQ!?&!J)J(PK!>\! jVa[!+-!>30>)3)*+,-!@,3!G,3*)G026)*)(4;0B!

+-+*+)*,3!)**)67?0-*V!"3,*0+-!6,-60-*3)*+,-!)-B!4+0(B!W030!)GG0GG0B!,-!)-!/=2RQQQ!

/)-,B3,>!L>06*3,>7,*,?0*03!Z57 03?,!L6+0-*+@+6[!94!Ek2F+G!)9G,3>*+,-!G>06*3,G6,>4V!

2.2.4 Cloning, Expression and Purification  of His 6-Sortase A 

570!80-0!@,3!G,3*)G0!'!W+*7!)!a`!/ 2*03?+-)(!)?+-,!)6+B!*3C-6)*+,-!Z>30F+,CG(4!

G7,W-!*,!-,*!)@@06*!+*G!*3)-G>0>*+B)G0!)6*+F+*4!ZC4[[!)-B!)-! / 2*03?+-)(!\+GS2*)8!+-!)!



!

!

PQ!

>$5Ra9!F06*,3!W)G!*3)-G@,3?0B!+-*,!AfPR!:;#-%,!!60((GV!$1>30GG+,-!,@!>3,*0+-!)-B!60((!

(4G+G!W)G!6)33+0B!,C*!+B0-*+6)((4!)G!@,3!*70!%M"2G3*2\+GS2$f"!@CG+,-!>3,*0+-V!570!\+GS2

G,3*)G0!'!@CG+,-!>3,*0+-!W)G!>C3+@+0B!94!+??,9+(+;0B!?0*)(!)@@+-+*4!673,?)*,83)>74!

Zg&'J[!,-!\+G"C3~!6,9)(*!G>+-! 6,(C?-G!Z5703?,!L6+0-*+@+6[!@,((,W+-8!*70!

?)-C@)6*C303lG!>3,*,6,(V!A3+0@(4K!*70!60((!(4G)*0!W)G!?+10B!W+*7!0OC)(!F,(C?0!,@!

0OC+(+93)*+,-!9C@@03!ZaQ!?&!G,B+C?!>7,G>7)*0K!hQQ!?&!G,B+C?!67(,3+B0K!RQ!?&!

+?+B);,(0w!>\!jVe[!)-B!W)G!(,)B0B!,-*,!)!>30 20OC+(+93)*0B!\+G"C3~!6,(C?-V!'@*03!

3,*)*+-8!*70!(,)B0B!6,(C?-G!)*!e VJ!@,3!hQ!?+-!*,!?)1+?+;0!9+-B+-8K!C-9,C-B!>3,*0+-G!

W030!0(C*0B!94!60-*3+@C8)*+,-!)*!jQQ18!@,3!P!?+-V!'BB+*+,-)(!0OC+(+93)*+,-!W)G70G!W030!

>03@,3?0B!C-*+(!)9G,39)-60!?0)GC30?0-*!)*!PiQ!-?!,@!*70!0(C0-*!30)670B!9)G0(+-0!)G!

?,-+*,30B!,-!)!/= 2RQQQ!/)-,B3,>!L>06*3,>7,*,?0*03V!J,-60-*3)*+,-!)-B!4+0(B!)*!0)67!

G*0>!W030!6)(6C()*0B!@3,?!*70!)9G,39)-60!?0)GC30?0-*GV!570!9,C-B!\+GS2G,3*)G0!'!

@CG+,-!>3,*0+-!W)G!0(C*0B!94!60-*3+@C8)*+,-!)*!jQQ18!@,3!P!?+-!+-!0(C*+,-!9C@@03!ZaQ!?&!

G,B+C?!>7,G>7)*0K!hQQ!?&!G,B+C?!67(,3+B0K!RaQ!?&!+?+B);,(0w!>\!jVe[V!54>+6)((4!*70!

@+3G*!*7300!0(C*+,-!W)G70G!W030!6,?9+-0B !)-B!G,(F0-*! 0167)-80B!94!,F03-+87*!B+)(4G+G!

)8)+-G*!G,3*)G0!9C@@03!+-!>30>)3)*+,-!@,3!CG0V!
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PR!

2.2.5 Synthesis of ATRP Initiator  AEBMP 

!

'()*+,% #-%Synthetic scheme of ATRP initiator N-(2-(2-(2-(2-
aminoacetamido)acetamido)acetamido)ethyl)-2-bromo-2-methylpropanamide (AEBMP, 

compound 4) (85).%

>,+>CD*>E7%H"CH"CD+545C" C4,>0E7B+5B1214(A5I,>0E7I/1+D141>,%H'()*+,%#@%

/54B5*2A%!I H!#F03!)!>03+,B!,@!Ra!?+-K!P293,?,+G,9C*434(!93,?+B0!ZhV`!?fK!hRVP!??,([!

W)G!)BB0B!*,!)!/)J(]+60!6,,(0B!9)*7!G,(C*+,-!,@!/ 2A,620*74(0-0B+)?+-0!ZaVQR!8K!hRVP!

??,([ !)-B!B++G,>3,>4(0*74()?+-0!ZS!?fK!he!??,(K!RVR!0OV[!+-!)-74B3,CG!

B+67(,3,?0*7)-0!Zha!?f [V!'@*03!R!7K!*70!+60!9)*7!W)G!30?,F0B!)-B!*70!30)6*+,-!W)G!

)((,W0B!*,!W)3?!*,!3,,?!*0?>03)*C30!)-B!G*+33+-8!W)G!6,-*+-C0B!@,3!Ri!7V!L+(+6)!80(!

Z_RQ!8[!W)G!)BB0B!)-B!*70!?+1*C30!W)G!6,-60-*3)*0B!*,!B34-0GG!C-B03!30BC60B!>30GGC30!

,-!)!3,*)34!0F)>,3)*,3V!M()G7!6,(C?-!673,?)*,83)> 74!tT0B+L0>T@!L+#P!ZiQ!8[K!RQQb!

J\ PJ( P! !aQb!0*74(!)60*)*0!Z$*#'6[!+-!J\ PJ( Pv!8)F0!! !)G!)-!,@@2W7+*0!G,(+B!ZjVhS!8K!jab[V!

R\!/&T!ZJ=J( hK!hQQ!&\;[H!•!jVP!Z9GK!R\[K!eV`R!Z9GK!R\[K!hVhh!Z?K!e\[K!RV`h!ZGK!S\[K!RVeh!ZGK!

`\[V! RhJ!/&T!ZJ=J( hK!hQQ!&\;[H!•!RjPV`K!RajVRK!iQVRK!SRV`K!ePVQK!eQVQK!hPVaK!PiVSV!$g&L!

?];H!hhR!Zt&u/)v u[K!hhh!Zt&u/)vu[V!
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!

PP!

UCH"C14(25,>0E7IC" CD+545C" C4,>0E7B+5B1214(A,%0EA+5/075+(A,%H'()*+,%#@%

/54B5*2A%"I H!'!G,(C*+,-!,@!! !ZjVhS!8K!PhVi!??,([!+-!e!&!\J(!+-!RKe2B+,1)-0!ZSe!?f K!PaS!

??,([!W)G!G*+330B!)*!3,,?!*0?>03)*C30!@,3!R!7V!570!30)6*+,-!?+1*C30!W)G!6,-60-*3)*0B!

*,!B34-0GG!,-!)!3,*)34!0F)>,3)*,3!)-B!@C3*703!B3+0B!C-B03!7+87!F)6CC?!CG+-8!)!F)6CC?!

?)-+@,(B!6,--06*0B!*,!)!F)6CC?!>C?>K!8+F+-8!)-!,@@2W7+*0!G,(+BV!570!G,(+B!W)G!

*3+*C3)*0B!C-B03!B+0*74(!0*703!Z$*P#K!h!1!RQQ!?f[!)-B!*70!GC>03-)*)-*!W)G!30?,F0B!94!

6)30@C(!B06)-*)*+,-V!570!+-G,(C9(0!?)*03+)(!W)G!B3+0B!C-B03!30BC60B!>30GGC30!,-!)!

3,*)34!0F)>,3)*,3!8+F+-8!" !)G!)!>)(0!G,(+B!ZaVi!8K!``b[V!R\!/&T!ZJ= h#=K!hQQ!&\;[H!•!

iVhS!Z9GK!R\[K!hVSa!Z9GK!R\[K!hVaR!ZGK!P\[K!hVQ`!ZGK!P\[K!RV`e!ZGK!S\[V!RhJ!/&T!ZJ= h#=K!hQQ!

&\;[H!•!RjeVhK!aiV`K!h`VhK!hjViK!hQVjV!$g&L!?];H!PQ`!Zt&2J(vu[K!PRR!Zt&2J(vu[V!

>,+>CD*>E7%H!$CD+545C!$ C4,>0E7C"@W@X@!#C>,>+15Y5C#@Z@[@!"C%

>,>+11L1B,2>1A,/E7I/1+D141>,%H'()*+,%#@%/54B5*2A%#IH!=++G,>3,>4(0*74()?+-0!ZRQVe!

?f K!SQ!??,(K!PVa!0OV[!W)G!)BB0B!+-!,-0!>,3*+,-!*,!)-!+6029)*7!6,,(0B!GCG>0-G+,-!,@!P!

ZaVi!8K!PhVi!??,([K!A,62!%(42%(42%(42#\!ZSV`!8K!PhVi!??,([K!)-B!$=J!ZSVie!8K!hS!??,(K!

RVa!0OV[!+-!)-74B3,CG!J\PJ( P!ZiQ!?f [V!570!?+1*C30!W)G!G*+330B!,F03-+87*!ZRS!7[!*70-!

B+(C*0B!W+*7!J\PJ( P!ZiQ!?f [V!g-G,(C9(0!?)*03+)(!W)G!+G,()*0B!94!F)6CC?!@+(*3)*+,-!)-B!

*70!@+(*03!6)D0!W)G!W)G70B!G0OC0-*+)((4!W+*7!\P#!ZRQQ!?f[K!6,(B!&0#\!Zh!1!PQ!?f[K!

$*P#!ZP!1!RQQ!?f[!)-B!B3+0B!+-!F)6C,!8+F+-8!#!)G!)!W7+*0!>,WB03!Z`VRe!8K!iQ!b[V!R\!/&T!

ZJ=J( hK!hQQ!&\;[H!•!eVRa2!eVRQ!Z?K!e\[K!hVi`!ZGK!P\[K!hVjP!Z?K!e\[K!RV`R!ZGK!S\[K!RVeh!ZGK!
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`\[V! RhJ!/&T!ZJ=J( hK!hQQ!&\;[H!•!RjPVeK!RSiV`K!RSeVaK!RaSViK!j`VaK!aPViK!eeV`K!eeVeK!eeVRK!

hiVPK!P`VhK!PaVPV!$g&L!?];H!aQh!Zt&u/)vu[K!aQa!Zt&u/)vu[V!

UCH"CH"CH"CH"%14(251/,>14(A5I1/,>14(A5I1/,>14(A5I,>0E7I C" CD+545C" C%

4,>0E7B+5B1214(A,%0EA+5/075+(A,%H'()*+,%#@%/54B5*2A%$IH!'!G,(C*+,-!,@!#!Z`VQ!8K!RiVi!

??,([! +-!e!&!\J(!+-!RKe2B+,1)-0!ZiQ!?f K!hPQ!??,([!W)G!G*+330B!)*!3,,?!*0?>03)*C30!@,3!

R!7V!570!30)6*+,-!?+1*C30!W)G!B+(C*0B!W+*7!$*P#!ZhQQ!?f[V!g-G,(C9(0!?)*03+)(!W)G!

6,((06*0B!)-B!B3+0B!94!F)6CC?!@+(*3)*+,-K!8+F+-8!*70!>3,BC6*!)G!)!W7+*0!>,WB03!ZjVj!8K!

`ib[V! R\!/&T!ZJ= h#=K!aQQ!&\;[H!•!eVPQ!Z?K!e\[K!hVia!ZGK!P\[K!hVjQ!Z?K!e\[K!RV`P!ZGK!S\[V!

ZJ=J( hK!hQQ!&\;[H!•!RjRVQK!RS`ViK!RSSVaK!RShViK!aPVSK!ehVhK!ePVjK!hiViK!hQVhV!$g&L!?];H!hiQ!

Zt&\ 2J(vu[K!hiP!Zt&\ 2J(vu[V!

2.2.6 Sortase -Catalyzed Initiator Attachment and Macroinitiator 
Purification  

'! 30)6*+,-!?+1*C30!6,-G+G*+-8!,@!%M"2G3*2\+GS2$f"K!\+GS2G,3*)G0!'K!)-B!*70!'5T"!

+-+*+)*,3!'$A&" !)*!)!PHRHSQ!3)*+,!+-!G,3*)G0!9C@@03!W)G!+-6C9)*0B!)*!hj!sJ !@,3!a!7V!",G*!

30)6*+,-K!)!30F03G0!\+G2*)8!>C3+@+6)*+,-!W)G!>03@,3?0BK!W7030!*70!%M"2J 2A3!

?)63,+-+*+)*,3!W)G!>C3+@+0B!94!0(C*+-8!*73,C87!)!\+G"C3~!6,9)(*!G>+-!6,(C?- !Z5703?,!

L6+0-*+@+6[!W7+(0!(0)F+-8!)((!,*703!C-W)-*0B!G>06+0G!9,C-B!*,!*70!30G+-K!94!01>(,+*+-8!*70!

@)6*!*7)*!*70!?)63,+-+*+)*,3!+G!*70!,-(4!G>06+0G!+-!*70!30)6*+,-!?+1*C30!W+*7,C*!)!\+GS2*)8V!

$OC+(+93)*+,-!)-B!0(C*+,-!W)G70G!W030!B,-0!)G!B0G63+90B!+-!L06*+,-!PVPVeV!570!@+3G*!*W,!

0OC+(+93)*+,-!W)G70G!6,-*)+-+-8!*70!0(C*0B!%M"2J 2A3!W030!6,((06*0B!)-B!G,(F0-*!



!

!

Pe!

0167)-80B!94!,F03-+87*!B+)(4G+G!)8)+-G*!+-!>30>)3)*+,-!@,3!CG0V!'!6,-*3,(!30)6*+,-!W)G!

B,-0!94!30>()6+-8!'$A&"!W+*7!*3+8(46+-0!Z%(4h[K!W7+(0!D00>+-8!)((!,*703!6,-B+*+,-G!*70!

G)?0V!570!30GC(*+-8!%M"2J 2%(4h!W)G!CG0B!)G!)!-08)*+F0!6,-*3,(!+-!*70!GC9G0OC0-*!!"#/!'. !

'5T"!30)6*+,-V !

2.2.7 In Situ  ATRP of POEGMA from GFP -C-Br  

'-! #$%&'! ?,-,?03!W+*7! & - !_aQQ!=)!,3!_`!G+B0267)+-!0*74(0-0!8(46,(!30>0)*G!!

Z$%`[!,-!)F03)80!ZL+8?)!'(B3+67K!€eej`eh[!W)G!0(C*0B!*73,C87!)!6,(C?-!>)6D0B!W+*7!

)6*+F)*0B!9)G+6!)(C?+-)!*,!30?,F0!*70 !>,(4?03+;)*+,-!+-7+9+*,3GV!57300!G0*G!,@!30)6*+,-!

6,-B+*+,-G!W030!)**0?>*0B!)-B!*70!>)3)?0*03G!)30!GC??)3+;0B!+-!91D7,%!V!!

91D7,%! -%90+,,%3,>3%56%/7133(/%89:;%+,1/>(52%/52A(>(523%H:Y2%!C#I%*3,A%>5%)+16>%
;\]Q.8%6+54%Q'; CJ CT+%H#$I<%

!
Q'; CJ CT+%

Zx?,( ]0OFV[!
J* ^J7!

Zx?,( ]0OFV[!
J* ^ Ĵ7"%

Zx?,( ]0OFV[!
F.9]98 %

Zx?,( ]0OFV[!
\]Q.8 %

Zx?,( ]0OFV[!
9(4, %

:Y2%!% QVP]R! aVR]Pa! RaVQ]ja! PaVQ]RPa! RRQ]aaQ! hQ!?+-!

:Y2%"% QVP]R! aVR]Pa! RRVR]aa! PQVQ]RQQ! PPQ]RRQQ! hQ!?+-!

:Y2%#% QVP]R! aVR]Pa! RRVR]aa! PQVQ]RQQ! eeQ]PPQQ! P!7!

!

",(4?03+;)*+,-! W)G!*4>+6)((4!6)33+0B!,C*!94!@+3G*!?+1+-8!G>06+@+0B!)?,C-*G!,@!

JCgJ(K!JCggJ( PK!)-B!RKRKPKjKRQKRQ2701)?0*74(*3+0*74(0-0*0*3)?+-0!Z\&5$5'[!+-!RQQ!x f!,@!

&+((+<!W)*03!C-*+(!)((!30)80-*G!W030!6,?>(0*0(4!B+GG,(F0B!)-B!*70-!*,>>0B!C>!W+*7!eQQ!

x f !,@!"ALV!'!G06,-B!G,(C*+,-!W)G!>30>)30B!94!)BB+-8!#$%&'!*,!P!?f !,@!RQQ!x&!%M"2

J 2A3!+-!"ALV!570!*W,!G,(C*+,-G!W030!B08)GG0B!94!9C99(+-8!G0>)3)*0(4!W+*7!)38,-!@,3!hQ!



!

!

Pa!

?+-!CG+-8!)!L67(0-D!(+-0K!)@*03!W7+67!*70!@+3G*!G,(C*+,-!W)G!OC+6D(4!*3)-G@0330B!+-*,!*70!

G06,-B!G,(C*+,-!94!)!6)--C()V!",(4?03+;)*+,-!W)G!)((,W0B!*,!>3,600B !@,3!)!G>06+@+0B!

*+?0!)*!3,,?!*0?>03)*C30!C-B03!)38,-!)-B !W)G!OC0-670B!94!9C99(+-8!W+*7!)+3V!'-!

+-+*+)(!G0>)3)*+,-!,@!*70!6,-UC8)*0!@3,?!*70!(,W!?,(06C()3!W0+87*!Z&d[!30)80-*G!W)G!

6)33+0B!,C*!94!80(!@+(*3)*+,-!,-! )! B+G>,G)9(0!"=2RQ!6,(C?-!Z%$!f+@0!L6+0-60[!90@,30!

GC9G0OC0-*!>C3+@+6)*+,-!)-B!67)3)6*03+;)*+,-V!

2.2.8 SDS-PAGE Analysis and Calculation of Initiator At tachment 
Efficiency  

L)?>(0G!W030!>30>)30B!+-!f)0??(+!(,)B+-8!B40!ZA+,2T)B[ !6,-*)+-+-8!a!F b! } 2

?036)>*,0*7)-,(V !'@*03!93+0@!70)*+-8!)*!`i!VJK!*70!G)?>(0G!W030!(,)B0B!,-*,!>306)G*!e2

PQb!53+G2\J(!80(G !ZA+,2T)B[V!%0(G!W030!3C-!)*!RhQ!k!)-B!eQQ!?'!@,3!aa!?+-!+-!R1!

3C--+-8!9C@@03!ZPa!?&!53+GK!R`P!?&!%(46+-0K!)-B!QVRb!L=L[!,-!)!A+,2T)B!&+-+2

"T#5$'/!80(!)>>)3)*CGV !%0(G!W030!G*)+-0B!W+*7!6,>>03!67(,3+B0V!

5,!B0*03?+-0!*70!0@@+6+0-64!,@!+-+*+)*,3!)**)67?0-*K!OC)-*+@+6)*+,-!,@!80(!9)-B!

+-*0-G+*4!W)G!>03@,3?0B!CG+-8!g?)80zV!57+G!?0*7,B!@,3!OC)-*+@+6)*+,-!,@!*70!4+0(B!,@!

+-+*+)*,3!)**)67?0-*!*,!%M"!+G!F)(+B!906)CG0!*70!)**)67?0-*!,@!*70!+-+*+)*,3!*,!%M"!+G!-,*!

01>06*0B!*,!)(*03!*70!G*)+-+-8!,@!*70!>3,*0+-V!M,3!0)67!L=L2"'%$!80(K!9)-BG!+-!0)67!()-0!

W030!B0@+-0B!+-!g?)80z!)- B!6,-F03*0B!+-*,!+-*0-G+*4!>3,@+(0!>(,*G!CG+-8!)!9C+(*2+-!

@C-6*+,-K!W7030!0)67!9)-B!W)G!)GG+8-0B!)!6,330G>,-B+-8!>0)DV!'@*03!B0@+-+-8!*70!



!

!

PS!

9)G0(+-0!@,3!0)67!>0)DK!9)-B!+-*0-G+*+0G!W030!6,?>C*0B!94!6)(6C()*+-8!*70!)30)!C-B03!

0)67!>0)DV!k)(C0G!W030!*70-!+?>,3*0B!+-*,!$160(!@,3!)-)(4G+GV!

A06)CG0!*70!033,3G!+-F,(F0B!+-!G)?>(0!(,)B+-8!6)-!90!G+8-+@+6)-*!W70-!*70!

>3,BC6*!,@!)!G,3*)G0!6(0)F)80!30)6*+,-!+G!-,3?)(+;0B!*,!)!G*)-B)3B!)?,C-*!,@!%M"2G3*2

\+GS2$f"!(,)B0B!+- !)!G0>)3)*0!()-0K!*70!4+0(B!,@!0)67!G,3*)G0!30)6*+,-!W)G!6)(6C()*0B!94!

+-*03-)(!-,3?)(+;)*+,-K !W7030+-!+*!W)G!)GGC?0B!*7)*!*70!+-*0-G+*4!,@!*70!>3,BC6*G!,@!)!

G,3*)G0!6(0)F)80!30)6*+,-!GC?G!*,!*7)*!,@!*70!>)30-*!@CG+,-!6,-G*3C6*!+*!W)G!B03+F0B!@3,?V!

\0-60K!*70!9)-B!+-*0-G+*4!,@!*70!+-+*+)(!)?,C-*!,@!%M"2G3*2\+GS2$f" !CG0B!+-!0)67!30)6*+,-!

W)G!B0*03?+-0B!94!GC??+-8!C>!)((!,@!+*G!>3,BC6*G!)@*03!30)6*+,-K!-)?0(4!30G+BC)(!

C-30)6*0B!%M"2G3*2\+GS2$f"K!6(0)F0B!%2\+GS2$f"K !)-B!*3)-G>0>*+B+;0B!%M"2J 2A3V!570!b!

C-30)6*0B!>3,BC6*!+G!*7CG!*70!9)-B!+-*0-G+*4!,@!C-30)6*0B!%M"2G3*2\+GS2$f"!B+F+B0B!94!

*70!GC?!,@!)((!>3,BC6*G!)-B!?C(*+>(+0B!94!RQQb K!)-B!b !*3)-G>0>*+B)*+,-!+G!*7CG!RQQb!2!

b!C-30)6*0BV!'!F034!@)+-*!9)-B!G(+87*(4!)9,F0!aQ!D=)!6,C(B!)(G,!90!,9G03F0B!C>,-!6(,G0!

+-G>06*+,-K!W7+67!6,330G>,-BG!*,!)-!+-*03?0B+)*0!G>06+0G!,@!*70!30)6*+,-K!W7030!G,3*)G0!

'!+G!(+-D0B!*,!*70!J2*03?+-CG!,@!%M"!F+)!)!*7+,)64(!9,-BV!570!>30G0-60!,@!G,3*)G0!'!+-!

*7+G!G>06+0G!?)D0G!+*G!G*)+-+-8!-,*!B+306*(4!6,?>)3)9(0!*,!*7)*!,@!*70!,*703!G>06+0GK!G,!

*7)*!*70!+-*0-G+*4!,@!*7+G!9)-B!W)G!-,*!+-6,3>,3)*0B!+-*,!*70!,F03)((!6)(6C()*+,-!,@!

30)6*+,-!4+0(BV!\,W0F03K!+-6(CB+-8!+*!+-!*70!GC?!,@!+-*0-G+*+0G!)-B!*)D+-8!+*G!>0360-*)80!

G7,W0B!*7)*!*7+G!+-*03?0B+)*0!,-(4!6,?>3+G0B!o!Rb!,@!*70!,F03)((!+-*0-G+*4!)*!?,G* K!G,!



!

!

Pj !

*7)*!,?+**+-8!+*!+-!*70!6)(6C()*+,-!,@!b!*3)-G>0>*+B)*+,-!4+0(B!B,0G!-,*!G+8-+@+6)-*(4!

67)-80!*70!30GC(*GV!

2.2.9 Liquid Chromatograp hy Electrospray -Ionization Mass 
Spectrometry ( LC/ESI-MS) 

L)?>(0G!)*!)!6,-60-*3)*+,-!,@!a!x&!W030!@+3G*!B0G)(*0B!94!B+)(4;+-8!)8)+-G*!

&+((+<!W)*03!,F03-+87*V!fJ]$Lg2& L!W)G!>03@,3?0B!,-!)-!'8+(0-*!RRQQ!fJ]&L=!

<C)B3C>,(0!&)GG!L>06*3,?0*03V!570!+-G*3C?0-*!W)G!6)(+93)*0B!W+*7!J4*,673,?0!J!)-B!

AL'V!570!$Lg!G,C360!W)G!G0*!*,!,>03)*0!)*!hQQVJ!W+*7!)!-09C(+;03!8)G!>30GGC30!,@!PQ!>G+!

)-B!)!B34!8)G!@(,W!3)*0!,@!j!f]?+- V!R!xf!,@!G)?>(0!W)G!G0>)3)*0B!94!30F03G0!>7)G0!

673,?)*,83)>74!,-!)!N,39)1!LA 2JRi!6,(C?-!Z'8+(0-*[!)*!PQb 2iQb!)60*,-+*3+(0]W)*03!

83)B+0-*!)-B!)!@(,W!3)*0!,@!SQ!xf]?+-V!L>06*3)!W030!)6OC+30B!+-!>,G+*+F0!+,-!?,B0!,F03!

*70!?)GG!*,!67)380!3)-80!Z?];[!,@!eQQ2RKSQQV!570,30*+6)(!&d!,@!%M"2J 2A3!W)G!6)(6C()*0B!

CG+-8!&,(06C()3!d0+87*!J)(6C()*,3!ZFV!SVe`K!")6+@+6!/,3*7W0G*!/)*+,-)(!f)9,3)*,34K!

-633V>-(V8,F]G,@*W)30[V!

2.2.10 Liquid Chromatography Elec trospray Ionization Tandem Mass 
Spectrometry ( LC/MS-MS) 

RQQ!xf!,@!_i!x&!G)?>(0!W)G!(,)B0B!,-!*,!)!QVa!?(!N09)L>+-!B0G)(*+-8!6,(C?-!

Z5703?,!L6+0-*+@+6[!@,3!G,(F0-*!0167)-80!+-*,!aQ!?&!)??,-+C?!9+6)39,-)*0 !Z>\!iVQ[!

GC>>(0?0-*0B!W+*7!QVRb!T)>+80G*!LM!GC3@)6*)-*!Zd)*03G!J,3>[K!94!W)G7+-8!*70!(,)B0B!

6,(C?-!W+*7!hQQ!xf !,@!*70!G,(F0-*!G,(C*+,-!@,C3!*+?0GV!570!G)?>(0!W)G!*70-!30BC60B!



!

!

Pi !

W+*7!a!?&!B+*7+,(*730+*,(!@,3!hQ!?+-!)*!jQ!sJ!)-B!@300!GC(@74B34(G!W030!)(D4()*0B!W+*7!

RQ!?&!+,B,)60*)?+B0!@,3!ea!?+-!)*!3,,?!*0?>03)*C30V!"3,*0,(4*+6!B+80G*+,-!W)G!

)66,?>(+G70B!94!*70!)BB+*+,-!,@!aQQ!-8!G0OC0-6+-8!83)B0!*34>G+-!Z"3,?08)[!B+306*(4!*,!

*70!30G+-!W+*7!+-6C9)*+,-!)*!hj!sJ!@,3!Ri!7V!570!B+80G*0B!G)?>(0!W)G!6,((06*0B!@,((,W+-8!

)!P!?+-!60-*3+@C8)*+,-!)*!RQQ!18K!)6+B+@+0B!*,!>\!PVa!W+*7!5M'!)-B!+-6C9)*0B!)*!SQ!sJ!@,3!

R!7!*,!74B3,(4;0!30?)+-+-8!T )>+80G*!GC3@)6*)-*V!g-G,(C9(0!74B3,(4;0B!GC3@)6*)-*!W)G!

6(0)30B!94!60-*3+@C8)*+,-!)*!PeKQQQ!3>?!@,3!a!?+-!)-B!*70!G)?>(0!W)G!*70-!B3+0B!94!

F)6CC?!60-*3+@C8)*+,-V!

570!B3+0B!G)?>(0!W)G!30GCG>0-B0B!+-!PQ!xf!,@!Pb!)60*,-+*3+(0!)-B!QVRb!@,3?+6!

)6+BK!)-B!W)G!GC9U06*0B!*,!673,?)*,83)>7+6!G0>)3)*+,-!,-!)!d)*03G!/)-,'OC+*4! C(*3)!

>03@,3?)-60!(+OC+B!673,?)*,83)>74!ZE"fJ [!0OC+>>0B!W+*7!)!RVj!x?!A$\RhQ!JRi!

30F03G02>7)G0!6,(C?- !Zja!x?!gV=V!r!PaQ!??[ V!570!?,9+(0!>7)G0!6,-G+G*0B!,@!Z'[!QVRb!

@,3?+6!)6+B!+-!W)*03!)-B!ZA[!QVRb!@,3?+6!)6+B!+-!)60*,-+*3+(0V!M,((,W+-8!)!R!xf !+-U06*+,-K!

*70!B+80G*0B!>0>*+B0G!W030!*3)>>0B!@,3!a!?+-!,-!)!a!x?! L4??0*34!JRi !ZPQ!x?!gV=V!r!

RiQ!?? [!6,(C?-!)*!PQ!xf] ?+- !+-!``V`b!'V!570!)-)(4*+6)(!6,(C?-!ZA$\RhQ[!W)G!*70-!

GW+*670B!+-2(+-0!)-B!)!(+-0)3!0(C*+,-!83)B+0-*!,@!ab!A!*,!eQb!A!W)G!>03@,3?0B!,F03!SQ!

?+-!)*!eQQ!-f] ?+-V!570!)-)(4*+6)(!6,(C?-!W)G!6,--06*0B!*,!)!@CG0B!G+(+6)!"+6,5+>!

0?+**03!Z/0W!#9U06*+F0K!J)?93+B80K!&'[!W+*7!)!RQ!x?!*+>!,3+@+60!)-B!6,C>(0B!*,!)!

d)*03G!L4-)>*!%P!\=&L!<5,M!?)GG!G>06*3,?0*0 3!*73,C87!)-!0(06*3,G>3)4!+-*03@)60V!

570!+-G*3C?0-*!W)G!,>03)*0B!+-!)!B)*)2B0>0-B0-*!?,B0!,@!)6OC+G+*+,-!+-!30G,(C*+,-!
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?,B0!W+*7!*70!*,>!*7300!?,G*!)9C-B)-*!+,-G!G0(06*0B!@,3!&L]&L!CG+-8!)!67)380!G*)*0!

B0>0-B0-*!Jg=!0-0384!G0**+-8!W+*7!)!SQ!G!B4-)?+6!016(CG+,-!(+G*!0?>(,40BV!

&)GG!G>06*3)!W030!>3,60GG0B!W+*7!&)G6,*!=+G*+((03!Z&)*3+1!L6+0-60[!)-B!W030!

*70-!GC9?+**0B!*,!&)G6,*!G0)3670G!Z&)*3+1!L6+0-60[!)8)+-G*!)!LW+GG"3,*I$6,(+!B)*)9)G0!

)>>0-B0B!W+*7!*70!6CG*,?!'0OC,30)!F+6*,3+)!%M"!G0OC0-60!W+*7!RQ!>>?!>306C3G,3!)-B!

QVQe!=)!>3,BC6*!+,-!?)GG!*,(03)-60GV!L*)*+6!?)GG!?,B+@+6)*+,-G!6,330G>,-B+-8!*,!

6)39)?+B,?0*74()*+,-!,-!J4G!30G+BC0GK!B4-)?+6!?)GG!?,B+@+6)*+,-G!6,330G>,-B+-8!*,!

*70!'5T"!+-+*+)*,3! '$A&" K!)-B!,1+B)*+,-!,@!&0*!30G+BC0G!W030!+-6(CB0BV!L0)3670B!

G>06*3)!W030!+?>,3*0B!+-*,!L6)@@,(B!FeVQ!Z"3,*0,?0!L,@*W)30[!)-B!G6,3+-8!*730G7,(BG!

W030!G0*!*,!4+0(B!)!?+-+?C?!,@!``b!>3,*0+-!6,-@+B0-60!Z+?>(0?0-*0B!94!*70!

"0>*+B0"3,>70*!)(8,3+*7?[!9)G0B!,-!B06,4!B)*)9)G0!G0)3670G!Z48[V!'!?+-+?C?!,@!*W,!

C-+OC0!>0>*+B0G!@3,?!0)67!>3,*0+-!W030!30OC+30B!@,3!+B0-*+@+6)*+,-V!$1*3)6*0B!+,-!

673,?)*,83)?G!,@!*70!01>06*0B!J2*03?+-)(!*34>*+6!>0>*+B0!?,B+@+0B!94!'$A&"!W030!

>03@,3?0B!+-!&)GGf4-1!ZFeVR[!)*!)!PQ!>>?!?)GG!)66C3)64!W+-B,W!)-B!01>03+?0-*)(!

+G,*,>0!B+G*3+9C*+,-G!,@!*70!*3+>(4!67)380B!>306C3G,3!+,-!W)G!6,?>)30B!*,!)!*70,30*+6)(!

+G,*,>0!B+G*3+9C*+,-!?,B0(0B!+-!&,(06C()3!d0+87*!J)(6C()*,3V!

2.2.11 Size Exclusion Chromatography ( SEC) and Calculation of 
Conjugation Efficiency  

'-)(4*+6)(!L$J!W)G!>03@,3?0B!,-!)!L7+?)B;C!\"fJ!G4G*0?! 0OC+>>0B!W+*7!)!

Ek 2F+G!B0*06*,3!ZL"=2RQ'!k"[!,>03)*+-8!)*!PiQ!-?!)-B!)!@(C,30G60-60!B0*06*,3!ZTM2



!

!

hQ!

RQ'1([!G0*!)*!eSQ!-?!016+*)*+,-!)-B!aQj!-?!0?+GG+,-V!hQ!xf !,@!G)?>(0G!)*!_Pa!x&!

6,-60-*3)*+,-!W030!G0>)3)*0B!,-!)!"3,*0+-!yd 2iQh!6,(C?-!ZW+*7!)!8C)3B!6,(C?-[!C G+-8!

QVR&!53+G2\J(!9C@@03!Z>\!jVe[!)G!?,9+(0!>7)G0!)*!Pa!sJ!)-B!)!@(,W!3)*0!,@!QVa!?f]?+-V!

"30>)3)*+F0!L$J!*,!>C3+@4!*70!6,-UC8)*0G!W)G!>03@,3?0B!,-!)-!'y5'!G4G*0?!

Z%$!\0)(*76)30[!0OC+>>0B!W+*7!)!>7,*,B+,B0!B0*06*,3!G0*!)*!PiQ!-?!)-B!)!\+f,)B!

PS]SQQ!LC>03B01!PQQ!"%!6,(C?-!CG+-8!"AL!)G!?,9+(0!>7)G0!)*!e!sJ!)-B!)!@(,W!3)*0!,@!h!

?f] ?+-V!5,!B0*03?+-0!6,-UC8)*+,-!0@@+6+0-64!,@!!"#/!'. !'5T"!@3,?!*70! J 2*03?+-CG!,@!

%M"K!)30)!C-B03!*70!6C3F0!Z'EJ[!,@!*70!%M"2J 2"#$%&'! 6,-UC8)*0!>0)D!)-B!*70!

30G+BC)(!C-30)6*0B!%M"2J 2A3!?)63,+-+*+)*,3!>0)D!+-!*70!673,?)*,83)?!,@!0)67!

>,(4?03+;)*+,-!30)6*+,-!?+1*C30!W030!6,?>C*0B!94!)!9C+(*2+-!@C-6*+,-!+-!$NL*)3*!

G,@*W)30!ZFV!jVeK!L7+?)B;C[V!LC?!,@!*70!)30)G!,@!*70!*W,!>0)DG!6,330G>,-B+-8!*,!*70!

?)63,+-+*+)*,3!)-B!*70!6,-UC8)*0!+-!0)67!673,?)*,83)?!W)G!308)3B0B!)G!RQQb!)-B!b!

@3)6*+,-!,@!*70!6,-UC8)*0!>0)D!W)G!306,3B0B!)G!*70!6,-UC8)*+,-!0@@+6+0-64!,@!*7)*!

>)3*+6C()3!>,(4?03+;)*+,-!30)6*+,-V!570!6)(6C()*+,-!W)G!B,-0!@,3!673,?)*,83)?G!

B0*06*0B!94!9,*7!Ek2F+G!)9G,39)-60!)-B!@(C,30G60-60V!k)( C0G!@3,?!*70!*7300!30)6*+,-G!

W030!)F03)80B!*, !8+F0!)F03)80!b! 6,-UC8)*+,-!0@@+6+0-64V!

2.2.12 Size Exclusion Chromatography Multi -Angle Light Scattering 
(SEC-MALS) 

570!@(C+B!(+-0!,@!*70!)-)(4*+6)(!\"fJ!G4G*0?!W)G!6,--06*0B!B,W-G*30)?!+-!

G03+0G!*,!)!='d/!\$f$ #L!gg!&'fL!B0*06*,3!@,((,W0B!94!)-!#>*+()9!5 23$r!
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!
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30@3)6*,?0*03!Z9,*7!@3,?!d4)**!5067-,(,84[V!570!G4G*0?!W)G!6)(+93)*0B!W+*7!*,(C0-0!

)-B!-,3?)(+;0B!W+*7!PVQ!?8]? f !A,F+-0!L03C?!'(9C?+-!ZAL'[V!L)?>(0G!W030!@+(*030B!

W+*7!QVR!x ?!@+(*03G!90@,30!+-U06*+,-V!570!#-02B0*06*,3!?0*7,B!+-F,(F+-8!,-(4!*70!

30@3)6*,?0*03!W)G!CG0B!BC0!*,!(,W!B08300!,@!Ek!)9G,39)-60!B0*06*0B!W70-!3C--+-8!

"#$%&' !>,(4?03V!#-(+-0!B0*03?+-)*+,-!,@!B-]B6!W)G!>03@,3?0B!CG+-8!9C+(*2+-!

?0*7,B!XB-]B6!@3,?!>0)DY!C-B03!*70!)GGC?>*+,-!,@!RQQb!?)GG!306,F034V!570!

)GGC?>*+,-!W)G!F03+@+0B!94!6,-@+3?+-8!*7)*!?)GG!306,F030B!)G!?0)GC30B!94!,-(+-0!Ek!

B0*06*+,-!)*!PiQ!-?!)-B!?)GG!+-U06*0B!)G!?0)GC30B!94!,@@(+-0!Ek!)9G,39)-60!)*!PiQ!-?!

CG+-8!/)-,B3,>!L>06*3,>7,*,?0*03!W030!+-!6(,G0!)8300?0-*V!570!@C((!306,F034!,@!

G)?>(0!*73,C87!*70!6,(C?-!W)G!(+D0(4!BC0!*,!>30G0-60!,@!*70!G*0)(*7!"#$%&' !>,(4?03!

,-!*70!6,-UC8)*0G!*7)*!?+-+?+;0B!9+-B+-8!*,!*70!6,(C?-V!'!B-]B6!F)(C0!,@!QVRia!?f]8!

W)G!CG0B!@,3!%M"2J 2A3V!B-]B6!F)(C0G!,@!6,-UC8)*0G!@3,?!T1-!RK!T1-!PK!)-B!T1-!h!W030!

B0*03?+-0B!*,! 90!QVRSQ!?f]8K!QVRaa!?f]8K!)-B!QVRe`!?f]8K!30G>06*+F0(4V!570!)6*C)(!?)GG!

+-U06*0B!W)G!B0*03?+-0B!94!(4,>7+(+;)*+,-!@,((,W0B!94!W0+87+-8K!)-B!*70!-C?903!W)G!

0-*030B!+-*,!'L5T'!ZFV!SVQK!d4)**!5067-,(,84[!*,!6,?>C*0!B-]B6!F)(C0G!,@!*70!

6,-UC8)*0GV!'((!30GC(*G!W030!)-)(4;0B!CG+-8!'L5T'!SVQV!

2.2.13 Dynamic Light Scattering (DLS)  

=fL!W)G!>03@,3?0B!,-!)!=4-)"3,!"()*0!T0)B03!Zd4)**!5067-,(,84[V!L)?>(0G!

W030!>30>)30B!)*!Pa!x &!)-B!@+(*030B!W+*7!QVR!x ?!@+(*03G!90@,30!)-)(4G+GV!570!+-G*3C?0-*!
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W)G!,>03)*+-8!)*!)!()G03!W)F0(0-8*7!,@!ihRV`a!-?K!)!G6)**03+-8!)-8(0!,@!`Qs!)-B!)*!Pa!sJV!

=)*)!W030!)-)(4;0B!+-!=4-)(G!?,B0!CG+-8!=4-)?+6G!SVRPVQVhV!

2.2.14 Fluorescence Spectroscopy  

M(C,30G60-60!G>06*3)!W030!306,3B0B!,-!)!J'T:!$6(+>G0!@(C,30G60-60!

G>06*3,>7,*,?0*03!Zk)3+)-[!+-!G6)-!?,B0!)*!Pa!sJV!570!@(C,30G60-60!,@!G)?>(0G!)*!)!

6,-60-*3)*+,-!,@!PQ!x&!W030!?0)GC30B!W+*7!)-!016+*)*+,-!W)F0(0-8*7!,@!eSQ!-?!)-B!*70!

0?+GG+,-!+-*0-G+*4!W)G!306,3B0B!@3,?!eia2ahQ!-?V!

2.3 Results and Discussion  

2.3.1 Sortase -Catalyzed C-Terminal In itiator Attachment on GFP  

!

'()*+,% $-%KE2>0,>(/%+5*>,%56%Q';CJ C;\]Q.8<%8I%:,/54D(212>%,YB+,33(52%56%
M*1>,+21+E%6*3(52%B+5>,(2%Q';C3+>CF(3 ZC]O;%12A%B*+(6(/1>(52%DE%(2?,+3,%>+123(>(52%

A 

B 

C

A 



!

!
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/E/7(2)%H^9JI<%TI%K5+>13,C/1>17EL,A%3(>,C3B,/(6(/%1>>1/04,2>%56%>0,%89:;%(2(>(1>5+%
8]T.;%>5%>0,%JC>,+4(2*3%56%Q';<%JI%%&'()*+%89:;%56%\]Q.8%E(,7A(2)%Q'; CJ C

;\]Q.8 %H#$I<%

'! OC)*03-)34!@CG+,-!>3,*0+-K!)9930F+)*0B!)G!X%M"2G3*2\+GS2$f"YK!W)G!

306,?9+-)-*(4!01>30GG0B!*,!G03F0!)G!*70!G,3*)G0!GC9G*3)*0!Z'()*+,%$8 [V!\030K!XG3*Y!G*)-BG!

@,3!*70!-)*+F0!G,3*)G0!'!306,8-+*+,-!G0OC0-60!Xf"$5%Y!Z4C[!ZX$YH!8(C*)?+-0[K!\+GS!+G!)!

701)7+G*+B+-0!*)8!+-6,3>,3)*0B!*,!@)6+(+*)*0!B,W-G*30)?!>C3+@+6)*+,-!,@!*70!80-03)*0B!

?)63,+-+*+)*, 3!Z01>()+-0B!+-!?,30!B0*)+(0B!90(,W[K!)-B!$f"!30@03G!*,!)-!0-F+3,-?0-*)((4!

30G>,-G+F0!0()G*+-2(+D0!>,(4>0>*+B0!*7)*!W)G!+-6(CB0B!+-!*70!@CG+,-!*,!0-)9(0!0)G4!

>C3+@+6)*+,-!,@!*70!OC)*03-)34!@CG+,-!94!+-F03G0!*3)-G+*+,-!646(+-8!Zg5J[K!)!

-,-673,?)*,83)>7+6! >3,*0+-!>C3+@+6)*+,-!?0*7,B! *7)*!,C3!83,C>!>30F+,CG(4!B0F0(,>0B!

Z49[V!570!306,8-+*+,-!G0OC0-60!W)G!B0(+903)*0(4!(,6)*0B!90*W00-!*70!>3,*0+-!)-B!*70!

\+GS2*)8!)-B! $f"K! G,!*7)*!*3)-G>0>*+B)*+,-!94!G,3*)G0!'!-,*!,-(4!)**)670G!*70!+-+*+)*,3!*,!

%M"!9C*!)(G,!6,-F0-+0-*(4!(+903)*0G!*70!>C3+@+6)*+,-!*)8 GV!'G!*3)-G>0>*+B)*+,-!30(+0G!,-!

*70!>30G0-60!,@!*70!0-;4?0K!6(0)F)80!B,0G!-,*!908+-!C-*+(!G,3*)G0!'!+G!)BB0B!!"#$!'0%V!

k034!(+**(0K!+@!)-4K!,@!*70!>3,*0+-!+G!*7CG!01>06*0B!*,!90!(,G*!!"#$!$%!90@,30!>C3+@+6)*+,-K!

70-60!?)1+?+;+-8 !>3,BC6*!4+0(BV!57+G!74>,*70G+G!W)G!6,-@+3?0B!94!G,B+C?!B,B064(!

GC(@)*0!>,(4)634()?+B0!80(!0(06*3,>7,30G+G!ZL=L2"'%$ [!)-)(4G+G!,@!g5J!>C3+@+6)*+,-!,@!

%M"2G3*2\+GS2$f"V!'G!G7,W-!+-! '()*+,%W8K!*70!,-(4!G>06+0G!*7)*!017+9+*0B!+-F03G0!

*3)-G+*+,-! 907)F+,3!)-B!*7CG!W)G!>C3+@+0B!94!g5J!W)G!%M"2G3*2\+GS2$f"V!570!()6D!,@!)!

@300!$f"!9)-B!6(0)3(4!B0?,-G*3)*0G!*7)*!-,!>30?)*C30!!"#$!$%!6(0)F)80!,66C330BV!570!



!

!

he!

@CG+,-!>3,*0+-!W)G!,9*)+-0B!)*!7+87!>C3+*4!W+*7!)-!0160((0-*!4+0(B!,@!_!hQQ!?8]f !@3,?!:;#

-%,!!G7)D03!@()GD!6C(*C30V!L,3*)G0!'!6)334+-8!)-!/2*03?+-)(!\+GS2*)8!W)G!)(G,!

306,?9+-)-*(4!01>30GG0B!+-!:;#-%,!!W+*7!7+87!4+0(B!Z_!eQQ!?8]f [!)-B! W)G!,9*)+-0B!+-!7+87!

>C3+*4!94!\+G2*)8!>C3+@+6)*+,-K!)-!+??,9+(+;0B!?0*)(!)@@+-+*4!673,?)*,83)>74!Zg&'J[!

*067-+OC0!Z'() *+,%WT[V!570!'5T"!+-+*+)*,3!'$A&"!Z '()*+,%$ [!W)G!670?+6)((4!

G4-*70G+;0B!W+*7!)-!/2*03?+-)(!%(4h!?,*+@!G03F+-8!)G!*70!-C6(0,>7+(0K!)G!?)1+?C?!

30)6*+,-!3)*0G!@,3!G,3*)G026)*)(4;0B!(+8)*+,- !7)F0!900-!30>,3*0B!W+*7!*W,!,3!?,30!

8(46+-0G!Z4A[V!

!!!!!!!!!!!! !

!! !!!!!!!! !

'()*+,% W-%J* ^ Ĵ7"C3>1(2,A%K_K C;8Q]% 1217E3(3%56%8I%^9J%B*+(6(/1>(52%56%Q';C3+>CF(3 ZC
]O;<%O12,%!-%41+=,+@%712,%"-%,-'./0) %7E31>,@%12A%712,3%#CZ-%357*D7,%B+5>,(2%16>,+%52,%>5%
65*+%^9J%/E/7,3<%TI%F(3C>1)%B*+(6(/1>(52%56%F(3ZC35+>13,%8<%O12,%!-%41+=,+@%712,%"-%,-'

A B 

C D 
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./0) %7E31>,@%712,3%#%12A%$-%6(+3>%12A%3,/52A%,7*>(52%S130,3%S(>0%(4(A1L57,<%JI%35+>13,C
/1>17EL,A%1>>1/04,2>%56%>0,%89:;%(2(>(1>5+%8]T.;%1>%>0,%JC>,+4(2*3%56%Q';%12A%

B*+(6(/1>(52%56%Q';CJ CT+%41/+5(2(>(1>5+<%O12,%!-%.`%41+=,+@%712,%"-%B*+(6(,A%Q';C3+>C
F(3 ZC]O;@%712,%#-%B*+(6(,A%F(3 ZC35+>13,8 @%12A%712,%$-%35+>13,%+,1/>(52%4(Y>*+,%16>,+%W%0%
56%+,1/>(52%1>%#a%VJ<%_I%;*+(6(/1>(52%56%Q';CJ CT+%DE%+,?,+3,%F(3C>1)%B*+(6(/1>(52<%O12,%
!-%41+=,+@%712,%"-%35+>13,%+,1/>(52%4(Y>*+,@%712,3%#%12A%$-%Q';CJ CT+%H013%25%F(3ZC>1)I%(2%

>0,%6(+3>%12A%3,/52A%,7*>(523%S(>05*>%(4(A1L57,@%712,3%W%12A%Z-%177%5>0,+%*2S12>,A%
F(3 ZC>1)),A%/54B52,2>3%(2%>0,%6(+3>%12A%3,/52A%,7*>(523%S(>0%(4(A1L57,%H#$I<%

L,3*)G026)*)(4;0B!+-+*+)*,3!)**)67?0-*!W)G!*70-!6)33+0B!,C*!)*!)!%M"2G3*2\+GS2

$f"H!\+GS2G,3*)G0!'H!'$A&"!3)*+,!,@!PHRHSQ!Z'()*+,%$T [V!LC660GG@C(!30)6*+,-!30GC(*G!+-!

6(0)F)80!,@!%M"2f"$5% 2\+GS2$f"!+-*,!%M" 2f"$5!)-B!% 2\+GS2$f"!@,((,W0B!94!

)**)67?0-*!,@!'$A&"!*,! %M"2f"$5!*,!80-03)*0!*70!?)63,+-+*+)*,3!>3,BC6*!Z%M"2J 2A3[V!

L=L2"'%$!)-)(4G+G!,@!*70!30)6*+,-!?+1*C30!G7,W0B!-0)3!6,?>(0*0!B+G)>>0)3)-60!,@!*70!

%M"2G3*2\+GS2$f"!9)-B!6(,G0!*,!Sj!D=)K!)-B!*70!)>>0)3)-6 0!,@!*W,!9)-BG!)3,C-B!h`!)-B!

Pi!D=)K!6,330G>,-B+-8!*,!*70!6(0)F0B!%2\+GS2$f" !)-B!*70! 80-03)*0B!%M"2J 2A3K!

30G>06*+F0(4!Z'()*+,%WJ[V!'!6,-*3,(! 30)6*+,-!W)G!B,-0!CG+-8!%(4h!)G!*70!-C6(0,>7+(0K!*,!

4+0(B!%M"2J 2%(4h!)G!)!-08)*+F0!6,-*3,(!@,3!GC9G0OC0-*!'5T"!30)6*+,-V!<C)-*+@+6)*+,-!,@!

9)-B!+-*0-G+*4!+-!L=L2"'%$!G7,W0B!*7)*!+-+*+)*,3!)**)67?0-*!0@@+6+0-64!W)G!-0)3!

OC)-*+*)*+F0!Z_!`ab!)F03)80B!)63,GG!@+F0!30)6*+,-G[V!
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'()*+,% Z-%.133%3B,/>+54,>+E%H.KI%1217E3(3%56%Q';CJ CT+%41/+5(2(>(1>5+<%8I%
_,/52?57*>,A%7(M*(A%/0+541>5)+1B0Eb%,7,/>+53B+1E%(52(L1>(52C.K%HOJb]KĈ.KI%

3B,/>+1%56%Q';CJ CT+<%.1c5+%B,1=%1>%"X@!"d<$%_1%1)+,,3%S,77%S(>0%>0,5+,>(/17%4133%56%
"X@!"#<X%_1%/5++,3B52A(2)%>5%1%3(2)7,%8]T.;%(2(>(1>5+%1>>1/0,A%>5%Q';<%TI%^35>5B(/%
A(3>+(D*>(52%56%Q';CJ CT+%JC>,+4(217%B,B>(A,%e_F.fOO]'f988Q^9FQ._]Og %
Uf_QQQKO;]9 hN8]T.;Ri #j %A,>,/>,A%DE%OJb.KC.K%16>,+%>+EB3(2%A(),3>(52<%JI%

90,5+,>(/17%(35>5B(/%A(3>+(D*>(52%56%>0,%JC>,+4(217%B,B>(A,%),2,+1>,A%DE%.57,/*71+%
.133%J17/*71>5+%356>S1+,%H;1/(6(/%U5+>0S,3>%U1>(5217%O1D5+1>5+EI%H#$I<%

5,!>C3+@4!%M"2J 2A3K!)!\+GS2*)8!W)G!+-*0-*+,-)((4!+-G03*0B!90*W00-!XG3*Y!)-B!*70!

$f"K!GC67!*7)*!C>,-!*3)-G>0>*+B)*+,-!94!G,3*)G0!'K!)((!G>06+0G!0160>*!%M"2J 2A3!6)33+0B!)!

\+GS2*)8V!J,-G0OC0-*(4K!0(C*+,-!*73,C87!)-!g&'J !6,(C?-!4+0(B0B!>C30!?)63,+-+*+)*,3!+-!

*70!0(C0-*!W7+(0!(0)F+-8!)((!,*703!C-W)-*0B!G>06+0G!9,C-B!*,!*70!30G+-V!L=L2"'%$!

A 

B C 
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)-)(4G+G!+-B+6)*0B!*7)*!)((!,@!*70!%M"2J 2A3!W)G!306,F030B!94!*7+G!?0*7,B!Z'()*+,%WP_[V!

570!>C3+@+0B!%M"2J 2A3!W)G!*70-!67)3)6*03+;0B!94!(+OC+B!673,?)*,83)>74]0(06*3,G>3)42

+,-+;)*+,-!?)GG!G>06*3,?0*34!ZfJ]$Lg2&L[!*,!6,-@+3?!+-+*+)*,3!)**)67?0-*!Z'()*+,%Z8 [V!

'!?)U,3!>0)D!W)G!B0*06*0B!)*!PiKRPQVe!=)K!W7+67!6(,G0(4!)8300G!W+*7!*70!*70,30*+6)(!?)GG!

,@!PiKRPhVi!=)!@,3!%M"2J 2A3V!5,!>3,F0!G+*02G>06+@+6+*4!,@!+-+*+)*,3!)**)67?0-*K!%M"2J 2A3!

W)G!GC9U06*0B!*,!*34>G+-!B+80G*+,-!)-B!*70!>0>*+B0!@3)8?0-*G!W030!)-)(4;0B!94!(+OC+B!

673,?)*,83)>74]*)-B0?!?)GG!G>06*3,?0*34!ZfJ 2&L]&L[V!#-(4!*70!J 2*03?+-)(!>0>*+B0!

@3)8?0-*!W)G!B0*06*0B!)G!)!93,?+-)*0B!6)*+,-!)-B!+*G!01>03+?0-*)(!+G,*,>0!B+G*3+9C*+,-!

Z'()*+,%ZT [!G7,W0B!-0)3(4!>03@06*!,F03()>!W+*7!+*G!*70,30*+6)(!B+G*3+9C*+,-!Z'()*+,%ZJ [V!

570G0!30GC(*G!>3,F+B0B!G*3,-8!0F+B0-60!*7)*!*70!93,?+-)*0B!'5T"!+-+*+)*,3!W)G!G,(0(4!

)**)670B!*,!*70!J 2*03?+-CG!,@!%M"!94!G,3*)G0!' V!'G+B0!@3,?!*70!G+-8(4!93,?+-)*0B!J2

*03?+-)(!>0>*+B0K!-,!,*703!B03+F)*+F0G!W030!B0*06*0BV!



!

!

hi !

2.3.2 In situ  ATRP of POEGMA from the C-Terminus of GFP  

!

'()*+,% a-%OJb]K^C.K %/01+1/>,+(L1>(52%56%\]Q.8%45254,+%S(>0%. 2%&%Wdd%_1%5+%52%
1?,+1), %&%[%3(A,C/01(2%,>0E7,2,%)7E/57%+,B,1>3%H]Q[I<%;,1=3%S,+,%A,>,/>,A%13%e.jU1ij %

H##I<%

LC9G0OC0-*(4K!!"#/!'. !6()GG+6!'5T"!W)G!>03@,3?0B!*,!83)@*!"#$%&' !@3,?!%M"2

J 2A3!Z'()*+,%$J [V!'-!#$%&'!?,-,?03!W+*7!)-! & - !_aQQ!=)!,3!,-!)F03)80 !_`!G+B0267)+-!

0*74(0-0!8(46,( !30>0)*G!Z$%`[!W)G!CG0BK!)G!G7,W-!94!fJ]$Lg 2&L !67)3)6*03+;)*+,-!

Z'()*+,%a [V!57300!G0*G!,@!>,(4?03+;)*+,-!6,-B+*+,-G!Z91D7,%![!W030!+-F0G*+8)*0B!*,!

G4-*70G+;0!6,-UC8)*0G!,@!+-630)G+-8!&dGK!B0-,*0B!7030+-!)G!T1-!RK!T1-!PK!)-B!T1-!hV!

L+;0!016(CG+,-!673,?)*,83)>74!ZL$J[ !W)G!>03@,3?0B!)@*03!'5T"!*,!67)3)6*03+;0!*70!

>,(4?03+;)*+,-!>3,BC6* GV!L$J!,@!%M"2J 2A3!>3+,3!*,!>,(4?03+;)*+,-!W+*7!Ek]F+G!

)9G,39)-60!B0*06*+,-!)*!PiQ!-?!G7,W0B!)!G+-8(0!>0)D!)*!)-!0(C*+,-!*+?0!,@!PQVS!?+-!

Z'()*+,%X8 [V!57+G!>0)D!830)*(4!B+?+-+G70B!)@*03!>,(4?03+;)*+,-K!)-B!W)G!)66,?>)-+0B!

94!*70!0?0380-60!,@!>0)DG!)*!RjV`K!RaV`K!)-B!RhVh!?+-K!6,330G>,-B+-8!*,!%M"2J 2

"#$%&' !6,-UC8)*0G!+-!0)67!,@!*70!*7300!30)6*+,-GV!570!30GC(*G!@3,?!Ek]F+G!B0*06*+,-!



!

!

h` !

W030!6,-G+G*0-*!W+*7!*7,G0!@3,?!@(C,30G60-60!B0*06*+,-!Z'()*+,%XT[V!570!G?)((!@3)6*+,-!,@!

C-30)6*0B!%M"2J 2A3!+-!0)67!30)6*+,-!+G!(+D0(4!BC0!*,!74B3,(4G+G!,3!B+G>3,>,3*+,-)*+,-!)*!

*70!J2*03?+-CG!,@!*70!?)63,+-+*+)*,3K!W7+67!)30!6,??,-!G+B0230)6*+,-G!,@!'5T"!+-!

)OC0,CG!6,-B+*+,-G!*7)*!(0)B!*,!(,GG!,@!*70!A3!@C-6*+,-)(+*4!)-B!*7CG!+-)6*+F)*+,-!,@!*70!

?)63,+-+*+)*,3!Z4D[V!g-*083)*+,-!,@!>0)D!)30)G!G7,W0B!*7)*!*70!6,-UC8)*0G!6,-G*+*C*0B!c!

`Qb!,@!*70!>,(4?03+;)*+,-!>3,BC6*!,-!)F03)80K!+-B+6)*+-8!*7)*!!"#/!'. !'5T"!@3,?!%M" 2J 2

A3!>3,600BG!W+*7!01*30?0(4!7+87!0@@+6+0-64V!

L=L2"'%$!)-)(4G+G!>3,F+B0B!)BB+*+,-)(!0F+B0-60!@,3!*70!GC660GG@C(!83,W*7!,@!

"#$%&' !@3,?!%M"2J 2A3!Z'()*+,%XJ [V!'@*03!0)67!30)6*+,-K!*70!9)-B!6,330G>,-B+-8!*,!

%M"2J 2A3!Z_!Pi!D=)[!B0630)G0B!*,!)!?C67!(,W03!+-*0-G+*4K!)66,?>)-+0B!94!)!-0W!7+8703!

?,(06C()3!W0+87*!9)-B!6,330G>,-B+-8!*,!*70!6,-UC8)*0V!=C0!*,!*70+3!>,(4B+G>03G0!-)*C30!

)-B!*70!()380!)-B!,@*0-!C-67)380B!>,(4?03!6,?>,-0-*!*7)*!(+?+*G!?,9+(+*4K!>3,*0+-2

>,(4?03!6,-UC8)*0G!*4>+6)((4!)>>0)3!)G!)!XG?0)3Y!+-!L=L2"'%$V!g-!6,-*3)G*K!W70-!*70!

%M"2J 2%(4h!6,-*3,(!W)G!CG0B!+-!*70!>,(4?03+;)*+,-K!,3!W70-!%M"2J 2A3!W)G!>74G+6)((4!

?+10B!W+*7!>302G4-*70G+;0B!"#$%&' K!,-(4!)!G+-8(0!9)-B!W)G!,9G03F0B!)3,C-B!Pi!D=)K!

>3,F+-8!*7)*!"#$%&' !W)G!,-(4!83,W-! !"#/!'. !@3,?!*70!J2*03?+-)(!+-+*+)*,3!)**)670B!94!

G,3*)G0!'V!
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'()*+,% X-%J01+1/>,+(L1>(523%56%)&'()*+%89:;%+,1/>(523%56%)+16>(2)%;\]Q.8%6+54%Q'; C
J CT+<%8%12A%TI%K(L,%,Y/7*3(52%/0+541>5)+1B0E%HK]JI%>+1/,3%56%Q';CT+%HT7*,I@%:Y2%!%

H)+,,2I@%:Y2%"%H41+552I@%12A%:Y2%#%H+,AI%A,>,/>,A%DE%kfC?(3%1D35+D12/,%1>%"Xd24%12A%
67*5+,3/,2/,%1>%$Zd%24%,Y/(>1>(52%12A%Wda%24%,4(33(52<%JI%J*^ Ĵ7"C3>1(2,A%K_KC;8Q]%
1217E3(3%56%89:;%+,1/>(52%4(Y>*+,3<%O12,%!-%41+=,+@%712,%"-%Q';CJ CT+%41/+5(2(>(1>5+%

D,65+,%89:;@%712,3%#CW-%Q';CJ C;\]Q.8%/52c*)1>,%12A%+,3(A*17%*2+,1/>,A%
41/+5(2(>(1>5+%6+54%:Y23%!@%"%12A%#@%712,%Z-%Q';CJ CQ7E#%/52>+57%16>,+%89:;%*3(2)%:Y2%
#%/52A(>(52@%12A%712,%a-%Q';CJ CT+%B0E3(/177E%4(Y,A%S(>0%6+,,%;\]Q.8%3E2>0,3(L,A%
*3(2)%:Y2%#%/52A(>(523<%'+,,%;\]Q.8%A5,3%25>%1BB,1+%(2%),7%A*,%>5%71/=%56%/01+),<%

_I%'7*5+,3/,2/,%3B,/>+1%56%Q';%D,65+,%(2(>(1>5+%1>>1/04,2>%H+,AI@%16>,+%(2(>(1>5+%
1>>1/04,2>%HE,775SI@%12A%16>,+%)&'()*+%89:;%H21?E@%:Y2%#%/52A(>(52@%/52c*)1>,%. S%

G"Z#<!%=_1%13%4,13*+,A%DE%K]JC.8OKIl%177%314B7,3%1>%"d%m.%H#$I<%

A B 

C D 
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2.3.3 Characterization of GFP -C-POEGMA Conjugates  

570!6,-UC8)*0G!W030!@C3*703!67)3)6*03+;0B!94!(+87*!G6)**03+-8!Z91D7,%"[V!M+3G*K!G+;0!

016(CG+,-!673,?)*,83)>74!?C(*+2)-8(0!(+87*!G6)**03+-8!ZL$J 2&'fL [!W)G!>03@,3?0B!*,!

B0*03?+-0!*70!W0+87*2)F03)80!?,(06C()3!W0+87*!Z& W[K!-C?9032)F03)80!?,(06C()3!

W0+87*!Z&- K!B03+F0B!@3,?!673,?)*,83)?!>0)D!B+G*3+9C*+,-[K!B+G>03G+*4!Z6 #m!&W]& - [!)-B!

3)B+CG!,@!843)*+,-!ZT8[!,@!*70!6,-UC8)*0GV!570!&W!,@!%M"2J 2A3!?0)GC30B!W)G!PiVQ!D=)!

)-B! 6 !W)G!RVQRK!6,-G+G*0-*!W+*7!*70!*70,30*+6)(!F)(C0!,@!PiKRPhVi!=)!)-B!*70!01>06*0B!

?,-,B+G>03G+*4!,@!*70!?)63,+-+*+)*,3V!570!&WG!,@!*70!*7300!6,-UC8)*0G!?0)GC30B!94!L$J2

&'fL!W030!SRVPK!i`V`K!)-B!PShVR!D=)K!30G>06*+F0(4K!W+*7!6,330G>,-B+-8!"=gG!,@!RVPhK!

RVPSK!)-B!RVPaV!570G0!30GC(*G!G7,W!*7)*!94!*C-+-8!*70!'5T"!6,-B+*+,-GK!6,-UC8)*0G!6)-!90!

G4-*70G+;0B!@3,?!?)63,+-+*+)*,3G!80-03)*0B!94!G,3*)G026)*)(4;0B!+-+*+)*,3!)**)67?0-* !

W+*7!B+@@030-*!?,(06C()3!W0+87*G!)-B!@)+3(4!(,W!>,(4B+G>03G+*4V!570!T8G!,@!%M"2J 2A3!)-B!

*70!T1-!R!6,-UC8)*0!6,C(B!-,*!90!)66C3)*0(4!B0*03?+-0B!94!L$J2&'fL!)G!*704!@0((!90(,W!

*70!RQ!-?!(,W03!(+?+*!,@!B0*06*+,-!)*!)!()G03!W)F0(0-8*7!,@!Shi!-?V!T 8G!,@!*70!>3,BC6*G!,@!

T1-!P!)-B!h !W030!RQVS!)-B!R`VP!-?K!30G>06*+F0(4V!

!

!

!

!

!
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91D7,%" -%O()0>%3/1>>,+(2)%HOKI%/01+1/>,+(L1>(523%56%Q';CJ CT+%41/+5(2(>(1>5+%12A%Q';C
J C;\]Q.8%/52c*)1>,3<% .`3 @%1 3%12A%:) 3%S,+,%A,>,+4(2,A%DE%3(L,%,Y/7*3(52%

/0+541>5)+1B0E%4*7>(C12)7,%7()0>%3/1>>,+(2)%HK]JC.8OKI< %: 03%S,+,%4,13*+,A%DE%
AE214(/%7()0>%3/1>>,+(2)%H_OKI<%. S-%S,()0>C1?,+1),%.`@%. 2-%2*4D,+C1?,+1),%.`@%
1 -%A(3B,+3(>E%H. Sb. 2I@%:) -%+1A(*3%56%)E+1>(52@%:0-%0EA+5AE214(/%+1A(*3<%Ub8-%D,75S%

(23>+*4,2>%75S,+%7(4(>%56%A,>,/>(52%H#$I<%

!

!

!

!

!

/01*K!*70!74B3,B4-)?+6!3)B+CG!ZT7[!,@!0)67!G>06+0G!W)G!?0)GC30B!94!B4-)?+6!

(+87*!G6)**03+-8!Z=fL [V!570!T7!,@!%M"2J 2A3!W)G!B0*03?+-0B!*,!90!hVS!-?V!2"#/!'. !83,W*7!

,@!"#$%&' !@3,?!*70!?)63,+-+*+)*,3!30GC(*0B!+-!)-!+-630)G0!,@!*70!T7!*,!SVeK!RQVQK!)-B!

RiVh!-?K!@,3!*70!*7300!>,(4?03+;)*+,-!30)6*+,-GK!30G>06*+F0(4V!d+*7!9,*7!T8!)-B!T 7!

)F)+()9(0!@,3!T1-!P!)-B!h K!*70+3!6,330G>,-B+-8!T8]T 7!3)*+,G!Z• !m!@,3?!@)6*,3[!W030!

6)(6C()*0BK!4+0(B+-8!F)(C0G!,@!RVQS!)-B!RVQaK!30G>06*+F0(4V!5,!>C*!*70G0!F)(C0G!+-!

>03G>06*+F0K!•!@,3!8(,9C()3!>3,*0+-G!+G!_!QVjja!ZDE[K!W7+(0!*7)*!,@!)!?,-,B+G>03G0!3)-B,?!

6,+(!>,(4?03!+-!*70*)!G,(F0-*!+G!RVaQV!'-!+-630)G0!+-!>,(4?03!>,(4B+G>03G+*4!)-B!*70!

>30G0-60!+-!)!8,,B!G,(F0-*!6)-!+-630)G0!•! ZD=[V!57CGK!*70+3!•!F)(C0G!GC880G*!*7)*!*70!

,F03)((!6,-@,3?)*+,-!,@!*70!%M"2J 2"#$%&' !6,-UC8)*0G!(+0G!G,?0W7030!90*W00-!*7)*!,@!

*70+3!6,?>,-0-*GV!570!6,-UC8)*0G!6,C(B!90!0)G+(4!)-B!6,?>(0*0(4!>C3+@+0B!94!)!G+-8(0!

! . S !ZD=)[% . 2!ZD=)[% 1 %H. Sb%.2I% : ) !Z-?[ ! : 0!Z-?[ !

Q'; CJ CT+% PiVQ! PjVj! RVQR! /]' ! hVS!

:Y2%!% SRVP! e`Vi! RVPh! /]' ! SVe!

:Y2%"% i`V` ! jRVh! RVPS! RQVS! RQVQ!

:Y2%#% PShVR! PQiV!̀ RVPa! R`VP! RiVh!
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3,C-B!,@!>30>)3)*+F0!L$JV!M(C,30G60-60!G>06*3,G6,>4!,@!C-?,B+@+0B!%M"K!%M"2J 2A3K!

)-B!>C3+@+0B!%M"2J 2"#$%&'!ZT1-!h!>3,BC6* K!&W!PShVR!D=)!)G!?0)GC30B!94!L$J2

&'fL[!6(0)3(4!G7,WG!*7)*!0)67!G*0>!+-!*70!G4-*70G+G!,@!*70!6,-UC8)*0!7)G!?+-+?)(!0@@06*!

,-!*70!)6*+F+*4!,@!*70!>3,*0+-!Z'()*+,%X_ [V!

2.3.4 Conclusion and Significance  

L,3*)G026)*)(4;0B!+-G*)(()*+,- !,@!*70!'5T"!+-+*+)*,3!,-!*70!J 2*03?+-CG!,@!%M"!

>3,600B0B!*,!c!`ab!6,-F03G+,-!W+*7!-,!G+B0!>3,BC6*GV!LC9G0OC0-*!!"#/!'. !'5T"!,@!

"#$%&' !@3,?!*70!?)63,+-+*+)*,3!4+0(B0B!G+*02G>06+@+6!)-B!G*,+67+,?0*3+6!

ZRHR[!%M"2J 2"#$%&' !6,-UC8)*0G!W+*7!c!`Qb!6,-UC8)*+,-!0@@+6+0-64V!570!

6,-UC8)*0G!6,C(B!90!0)G+(4!)-B!6,?>(0*0(4!>C3+@+0B!)-B!*70!,F03)((!4+0(B!,@!*70!6,-UC8)*0!

-,3?)(+;0B!*,!>C3+@+0B!>3,*0+-!W)G!c!iabV!LC67!)!7+87!4+0(B!G7,WG!?+-+?)(!(,GG!BC3+-8!

+-G*)(()*+,-!,@!*70!'5T"!+-+*+)*,3K!!"#/!'. !'5T"!)-B !>C3+@+6)*+,-!,@!6,-UC8)*0GK!)-B!+G!

-,*)9(0! 8+F0-!*7)*!,3B03!,@!?)8-+*CB0!(,GG0G!)30!6,-G+B030B!3,C*+-0!+-!*70!G4-*70G+G!,@!

>3,*0+-2>,(4?03!6,-UC8)*0G!Z>9[V!57+G!01*3),3B+-)3+(4!7+87!4+0(B!+G!+?>,3*)-*!@,3!

9+,?,(06C(02>,(4?03!6,-UC8)*0!G4-*70G+GK!0G>06+)((4!W70-!*70!9+,?,(06C(0!,@!+-*030G*!+G!

)!7+87!F)(C0!X9+,(,8+6Y!>0>*+B0!,3!>3,*0+-!B3C8V!g-!)BB+*+,-K!)G!)!6,-*3,((0B!3)B+6)(!

>,(4?03+;)*+,-!*067-+OC0K!'5T"!0-)9(0B!G4-*70G+G!,@!6,-UC8)*0G!W+*7!)!W+B0!)-B!

*C-)9(0!3)-80!,@!&dG!)-B! -)33,W!&d !B+G*3+9C*+,-GV!5,80*703K!*7+G!G4-*70G+G!)>>3,)67!

8+F0G!3+G0!*,!>,(4?03!6,-UC8)*0G!,@!*703)>0C*+6!9+,?,(06C(0G!*7)*!)30!@)3!?,30!
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7,?,80-0,CG!*7)-!"$%4()*0B!B3C8G!6C330-*(4!+-!6(+-+6)(!CG0V!570!@C((!6,-*3,(!,F03!G+*0!

)-B!G*,+67+,?0*34!,@!6,-UC8)*+,-K!7+87!B08300!,@!&d!*C-)9+(+*4K!)-B!(,W!B+G>03G+*4!)30!

7+87(4!B0G+3)9(0!@0)*C30G!@,3!>,(4?03!6,-UC8)*0G!,@!*703)>0C*+6!9+,?,(06C(0GK!)G!*704!

*3)-G()*0!*,!)!?,30!>30B+6*)9(0!*703)>0C*+6!>03@,3?)-60V!g-!6,-6(CG+,-K!*7+G!G,3*)G02

6)*)(4;0B!>,(4?03!6,-UC8)*+,-!?0*7,B!>3,F+B0G!)! -0W!)-B! CG0@C(!*,,(!@,3!*70!G4-*70G+G!

,@!>0>*+B0]>3,*0+-2>,(4?03!6,-UC8)*0G!@,3!>7)3?)60C*+6)(!)>>(+6)*+,-GV!

J,?>)3+ G,-!,@!G,3*)G026)*)(4;0B!+-+*+)*,3!)**)67?0-*!ZLJg'[!W+*7!*70!>30F+,CG!

+-*0+-2?0B+)*0B!+-+*+)*,3!)**)67?0-*!Zg&g'[!)>>3,)67 !+G!+-G*3C6*+F0V!LJg'!+?>3,F0G!

C>,-!g&g'!+-!G0F03)(!W)4GV!M+3G*K!*70!>3,BC6*!4+0(B!,@!g&g'!+G!)BF03G0(4!)@@06*0B!94!

>30?)*C30!!"#$!$%!6(0)F)80!,@!*70!+-*0+-!Z_!hQb[!BC3+-8!01>30GG+,-K!W7+67!30GC(*G!+-!(,GG!

,@!*70!)>>0-B0B!>C3+@+6)*+,-!*)8!@3,?!*70!>3,*0+-K!(0)B+-8!*,!)>>306+)9(0!>3,BC6*!(,GG!

Z8A[V!g-!6,-*3)G*K!LJg' !,66C3G!G,(0(4!!"#$!'0%K!70-60!,@@03+-8!830)*03!6,-*3,(!,F03!*70!

30)6*+,-!)-B!>3,BC6*!4+0(BV!L06,-BK!+-!*70!g&g'!)>>3,)67 K!*70!>3,*0+-!,@!+-*030G*!-00BG!

*,!90!@CG0B!*,!)!30()*+F0(4!()380!+-*0+-!B,?)+-!*7)*!6)- !30BC60!*70!01>30GG+,-!,@!*70!

@CG+,-!>3,*0+-!+-!G,?0!+-G*)-60G!ZDA[K!W7030)G!LJg'!,-(4!30OC+30G!+-6,3>,3)*+,-!,@!)!

G7,3*!>0-*)>0>*+B0!306,8-+*+,-!G0OC0-60!*7)*!7)G!?+-+?)(!+?>)6*!,-!>3,*0+-!01>30GG+,-V!

g-!)BB+*+,-K!*70!>30G0-60!,@!)!*7+,(!83,C>!)*!*70!(+8)*+,-!G+*0!+-!g&g'!?)D0G!*70!?0*7,B!

>3,-0!*,!80-03)*+-8!G?)((!)?,C-*G!,@!G+B02>3,BC6*G!*73,C87!B+GC(@+B0!9,-B+-8K!)!

>3,9(0?!*7)*!B,0G!-,*!,66C3!+-!LJg'V! #-0!B+G)BF)-*)80!,@!LJg' K!7,W0F03K!+G!*7)*!+*!
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(0)F0G!*70!01*3)-0,CG!f"$5Z%[ - !?,*+@!+-!*70!@+-)(!>3,BC6*K!W7+67!?)4!7)F0!G,?0!

>,*0-*+)(!+??C-,80-+6!6,-G0OC0-60GK!)(*7,C87!*7+G!30?)+-G!*,!90!6()3+@+0BV!

'G!*70!J 2*03?+-CG!+G!6,-G03F0B!+-!)((!>3,*0+-G!)-B!>0>*+B0G!)-B!+G!,@*0-!G,(F0-*2

)660GG+9(0K!*70!G,3*)G026)*)(4;0B!>,(4?03!6,-UC8)*+,-!)>>3,)67 !+G!*7CG!)!80-03)((4!

)>>(+6)9(0!>()*@,3?!@,3!+?>3,F+-8!*70!>7)3?)6,(,8+6)(!>03@,3?)-60!,@!*703)>0C*+6!

>3,*0+-G!)-B!>0>*+B0G!W7030!*70!J2*03?+-CG!+G!-,*!0GG0-*+)(!@,3!*70!)6*+F+*4!,@!*70!

9+,?,(06C(0V!M,3!,*703!9+,(,8+6G!W7030!*70!J2*03?+-)(!0-B!?)4!90!63+*+6)(!*,!+*G!)6*+F+*4K!

,C3!83,C>!7)G!B0F0(,>0B!)!6,?>(0?0-*)34!/ 2*03?+-)(!)>>3,)67!Z AE[V!g-!*70!0F0-*!*7)*!

9,*7!/ 2!)-B!J 2*03?+-+!,@!*70!>0>*+B0]>3,*0+-!)30!63+*+6)(!*,!+*G!)6*+F+*4K!?0*7,BG!

B0F0(,>0B!94!CG!)-B!,*703!+-F0G*+8)*,3G!6)-!90!CG0B!@,3!G+*02G>06+@+6!+-6,3>,3)*+,-!,@!)-!

'5T"!+-+*+)*,3!)*!G,(F0-* 2)660GG+9(0!G+*0G!W+*7+-!*70!>3+?)34!)?+-,!)6+B!G0OC0-60!,@!*70!

>0>*+B0!,3!>3,*0+-!B3C8!Z54B#D>[V!570G0!?0*7,BG!6,((06*+F0(4!,@@03!)!80-03)(!*,,(9,1!*7)*!

G7,C(B!0-)9(0!G+*02G>06+@+6!>,(4?03 !6,-UC8)*+,-!)*!)-4!B0G+30B!G,(F0-*2)660GG+9(0!G+*0!,-!

)!>0>*+B0!,3!>3,*0+-V!
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3. Site -Specific Conjugation of POEGMA to the C-
Terminus of  Exendin -4 

3.1 Introduction  

3.1.1 Type 2 Diabetes  

=+)90*0G!+G!)!6()GG!,@!?0*)9,(+6!B+G0)G0G!67)3)6*03+;0B!94!0(0F)*0B!9(,,B!8(C6,G0!

(0F0(G!)G!)!30GC(*!,@!B0@06*G!+-!+-GC(+-!>3,BC6*+,-!)-B],3!)6*+,-V!g*!+G!3)>+B(4!83,W+-8!+-!

>30F)(0-60!)3,C-B!*70!W,3(B!,W+-8!*,!)!8(,9)(!+-630)G0!+-!B+0*)34!+-*)D0!)-B!B0630)G0!+-!

0-0384!01>0-B+*C30!ZD9[V!570!+-6+B0-60!,@!54>0!P!=+)90*0G!Z5P=[K!W7+67!)66,C-*G!@,3!`Q2

`ab!,@!)((!B+)90*0G!6)G0G!+-!)BC(*GK!+G!0G*+?)*0B!*,!90!,F03!hQQ!?+((+,-!W,3(BW+B0!94!PQPa!

ZD5[V!M,3!?)-4!40)3GK!+-GC(+-!30G+G*)-60K!)!6,-B+*+,-!+-!W7+67!60((G!+-!*70!9,B4!B,!-,*!

>3,>03(4!30G>,-B!*,!6+36C()*+-8!(0F0(G!,@!+-GC(+-K!W)G!90(+0F0B!*,!90!*70!+-+*+)(!6)CG0!,@!

5P=K!)-B!*70!+-)9+(+*4!,@!>)-630)*+6!} 260((G!*,!G0630*!GC@@+6+0-*!+-GC(+-!W)G!*7,C87*!)G!)!

()*03!B0F0(,>?0-*! ZD8[V!57+G!-,*+,-!7)G!67)-80B!W+*7!?,30!3060-*!@+-B+-8G!*7)*K!)G!W+*7!

?,G*!0-B,63+-0!G4G*0?G!+-!*70!7C?)-!9,B4K!8(C6,G0!7,?0,G*)G+G!30(+0G!,-!)!@00B9)6D!

(,,>!*7)*!?0B+)*0G!63,GG*)(D!90*W00-!>)-630)*+6!} 260((G!)-B!+-GC(+-2G0-G+*+F0!*+GGC0G!ZDC[V!

g?>)+30B!} 260((!@C-6*+,-!+-!*70!>30G0-60!,@!+-GC(+-!30G+G*)-60!(0)BG!*,!+-+*+)(!8(C6,G0!

+-*,(03)-60!)-B!0(0F)*0B!9(,,B!8(C6,G0V!"3,830GG+F0!B0*03+,3)*+,-!,@!} 260((!@C-6*+,-!

6)CG0G!@C3*703!0(0F)*+,-!+-!9(,,B!8(C6,G0K!W7+67!0F0-*C)((4!(0)BG!*,!*70!B0F0(,>?0-*!,@!

5P=!)-B!)66,C-*G!@,3!*70!0F,(F+-8!>)*7,>74G+,(,84!,@!*70!B+G0)G0!ZD4B#DD[V!"3,(,-80B!

*+GGC0!01>,GC30!*,!7+87!8(C6,G0!6,-60-*3)*+,-G!6)CG0G!?+63,F)G6C()3!)-B!?)63,F)G6C()3!

6,?>(+6)*+,-G!*7)*!6)-!(0)B!*,!G03+,CG!6,-G0OC0-60G!GC67!)G!9(+-B-0GGK!)?>C*)*+,-!)-B!



!

!

ej !

G*3,D0!Z=EEB#=E=[V!57030@,30K!*70!8,)(!,@!5P=!*703)>4!+G!*,!6,-*3,(!7+87!9(,,B!8(C6,G0!

(0F0(G!+-!>)*+0-*G!)-B!*703094!?+-+?+;+-8!(,-8 2*03?!5P=2+-BC60B!B)?)80GV!

$)3(4!5P=!?)-)80?0-*! *4>+6)((4!+-F,(F0G!(+@0G*4(0!67)-80G!)-B!>30G63+>*+,-!,@!

?0*@,3?+-!)G!)!@+3G*2(+-0!*30)*?0-*K!W7+67!+G!*)D0-!,3)((4!*,!70(>!+-630)G0!+-GC(+-!

G0-G+*+F+*4!+-!*70!(+F03!)-B!30BC60!70>)*+6!8(C6,G0!,C*>C*V!570!?)+-!)BF)-*)80!,@!

?0*@,3?+-!+G!*7)*!+*!80-03)((4!B,0G!-,*!6)CG0!74>,8(460?+)!6,??,-(4!)GG,6+)*0B!W+*7!

?)-4!,*703!,3)(!)80-*GK!*7,C87!+*!7)G!-,*!900-!G7,W-!*,!7)F0!(,-8 2*03?!*703)>0C*+6!

90-0@+*!GC67!)G!>30G03F+-8!}260((!@C-6*+,-!Z=EA[V!g-!*70!6)G0!,@!@C3*703!+-*0-G+@+6)*+,-!,@!

*70!B+G0)G0K!)BB+*+,-)(!,3)(!?0B+6)*+,-G!)30!)F)+()9(0!*,!90!)BB0B!)G!G06,-B2(+-0!)80-*GK!

GC67!)G!GC(@,-4(C30)GK!?08(+*+-+B0GK!)-B! B+>0>*+B4(!>0>*+B)G02e!Z="" 2e[!+-7+9+*,3GK!

)?,-8!,*703G V!%+F0-!*70+3!B+@@030-*!)-B!,@*0-!6,?>(0?0-*)34!?067)-+G?G!,@!)6*+,-K!

*70G0!B3C8G!6)-!90!CG0B!+-!6,?9+-)*+,-!*,!,@@03!)!?,30!6,?>3070-G+F0!*30)*?0-*!Z=E>[V!

LC(@,-4(C30)G!)-B!?08(+*+-+B0G!)30!+-GC(+-!G0630*,8,8C0G!*7)*!W,3D!94!*3+8803+-8!

0-B,80-,CG!>)-630)*+6!+-GC(+-!G0630*+,-K!*7,C87!+-B0>0-B0-*!,@!8(C6,G0!6,-60-*3)*+,-K!

*7CG!7)F0!*70!3+GD!,@!74>,8(460?+)V!&,30,F03K!*70G0!B3C8G!7)F0!900-!)GG,6+)*0B!W+*7!

W0+87*!8)+-!Z=E9[!)-B! )30!-,*!GC+*)9(0!@,3!(,-82*03?!5P=!?)-)80?0-*!)G! *704!>3,F+B0!

-,!>3,*06*+F0!0@@06*!,-!} 260((G!Z=E5[V!="" 2e!+-7+9+*,3G!)30!)!-0W03!6()GG!,@!5P=!,3)(!

?0B+6)*+,-GV!=""2eK!)-!01,>0>*+B)G0!*7)*!6(0)F0G!B+>0>*+B0G!6,-*)+-+-8!>3,(+-0!,3!

)()-+-0!)G!*70!G06,-B!30G+BC0K!+G!30G>,-G+9(0!@,3!+-)6*+F)*+-8!8(C6)8,-2(+D0!>,(4>0>*+B0!R!

Z%f" 2R[K!)!>0>*+B0!7,3?,-0!G0630*0B!94!8)G*3,+-*0-G*+-)(!60((G!*,!G*+?C()*0!+-GC(+-!



!

!

ei !

G0630*+,-!)-B!*703094!30BC60!9(,,B!8(C6,G0!+-!30G>,-G0!*,!@,,B!+-*)D0V!=""2e!+-7+9+*,3G!

>30F0-*!*70!+-)6*+F)*+,-!,@!%f"2R!94!="" 2e!*,!6,-*3,(!9(,,B!8(C6,G0!W+*7,C*!6)CG+-8!

74>,8(460?+)V!570G0!B3C8G!)30!W0+87*!-0C*3)(K!9C*!7)F0!900-!30>,3*0B!*,!(,G0!

0@@06*+F0-0GG!)G!*70!B+G0)G0!>3,830GG0G!Z=E8[V!d7+(0!?)-4! 5P=!>)*+0-*G!B,!-,*!-00B!

+-GC(+-!*703)>4!+-+*+)((4K!*70!*4>+6)(!>3,830GG+F0!B06(+-0!+-!} 260((!@C-6*+,-!+-!5P=!?)4!

0F0-*C)((4!30-B03!+-GC(+-!*703)>4!-060GG)34V!g-GC(+-!+G!)B?+-+G*030B!GC96C*)-0,CG(4!94!

+-U06*+,-!,3!94!)-!+-GC(+-!>C?>V!k)3+,CG!*4>0G!,@!@,3?C()*+,-G!3)-8+-8!@3,?!3)>+B2K!

+-*03?0B+)*02!*, !(,-8 2)6*+-8!)30!-,W!)F)+()9(0!*,!?00*!B+@@030-*!*703)>0C*+6!-00BGV!

\,W0F03K!B3)W9)6DG!,@!+-GC(+-!*703)>4!+-6(CB0!W0+87*!8)+-!)-B!(+@02*730)*0-+-8!

74>,8(460?+)! +-!*70!0F0-*!,@!+-)66C3)*0!+-GC(+-!B,G+-8!Z=EC[V!=C0!*,!*70!6,?>(01+*4!,@!

*70!B+G0)G0!)-B!>3,830GG+F0!B0*03+,3)*+,-!+-!} 260((!@C-6*+,-K!(,-8 2*03?!5P=!?)-)80?0-*!

W+*7!6C330-*(4!)F)+()9(0!?0B+6)*+,-GK!?,G*!,@!W7+67!B,!-,*!,@@03!90-0@+*G!,-!} 260((!

@C-6*+,-K!G*+((!30?)+-G!)!67)((0-80!Z=E=[V!

3.1.2 Incretins for Type 2 D iabetes Therapy  

g-630*+-GK!)!83,C>!,@!?0*)9,(+6!7,3?,-0G!*7)*!30BC60!9(,,B!8(C6,G0!94!

G*+?C()*+-8!+-GC(+-!30(0)G0!+-!30G>,-G0!*,!@,,B!+-*)D0K!7)F0!3060-*(4!)**3)6*0B!?C67!

+-*030G*!)G!B3C8G!@,3!(,-8 2*03?!5P=!*30)*?0-* !Z=E4[V!%f"2R!+G!)-!+-630*+-!7,3?,-0!

30(0)G0B!94!8)G*3,+-*0G*+-)(!60((GV!g*!9+-BG!*,!*70!%f" 2R!3060>*,3!Z%f"2RT[K!W7+67!

)6*+F)*0G!)!%!>3,*0+-26,C>(0B!646(+6!)B0-,G+-0!?,-,>7,G>7)*0!Z6'&"[! G+8-)(+-8!

6)G6)B0!*7)*!C(*+?)*0(4!(0)BG!*,!+-GC(+-!G0630*+,-V!'G!>)3*!,@!*70!?067)-+G?!C*+(+;0G!



!

!

e` !

)B0-,G+-0!*3+>7,G>7)*0!Z'5" [!@,3?0B!94!8(C6,G0!*3)-G>,3*!)-B!8(46,(4G+GK!*70!

+-GC(+-,*3,>7+6!0@@06*!,@!%f"2R!+G!*7CG!8(C6,G02B0>0-B0-* !)-B !F)-+G70G!C>,-!)67+0F+-8!

0C8(460?+)K!*703094!>30F0-*+-8!(+@02*730)*0-+-8!74>,8(460?+) !Z=ED[V!'BB+*+,-)((4K!%f" 2

R!7)G!)(G,!900-!G7,W-!*,!GC>>30GG!8(C6)8,-!G0630*+,-K!30BC60!)>>0*+*0K!G(,W!8)G*3+6!

0?>*4+-8K!30BC60!70>)*+6!8(C6,G0!>3,BC6*+,-!Z=E5B#==E[K!)-B!7)F0!)!-C?903!,@!90-0@+6+)(!

0@@06*G!,-!} 260((GK!+-6(CB+-8!30BC6*+,-!+-!)>,>*,G+G!)-B!0-7)-60?0-*!,@!}260((!

>3,(+@03)*+,-!)-B!-0,80-0G+G!Z===B#==A[V!570G0!6,?>3070-G+F0!90-0@+*G!?)D0 !%f" 2R!)-!

0160((0-*!B3C8!6)-B+B)*0!@,3!(,-82*03?!5P=!?)-)80?0-*V!\,W0F03K!- )*+F0!%f"2R!7)G!

*W,!?)+-!(+?+*)*+,-G!)G!)!B3C8H!! [!*70!@+3G*!*W,!)?+-,!)6+BG!,-!*70!/ 2*03?+-CG!,@!%f" 2R!

+G!3)>+B(4!6(0)F0B!94!="" 2eK!30GC(*+-8!+-!*70!(,GG!,@!+*G!9+,)6*+F+*4!Z==>[w!)-B!" [!%f" 2R!7)G!

)!F034!G7,3*!!"#$!$%!7)(@2(+@0!,@!(0GG!*7)-!P!?+-C*0G!Z==9[V!

g-!,3B03!*,!,F036,?0!*70G0!(+?+*)*+,-GK!%f"2R!)-)(,8G!W+*7!(,-803!7)(@2(+F0G!7)F0!

900-!01>(,30BV!$10-B+-2e!Z010-B+-[!+G!)!h2̀)?+-,!)6+B!>0>*+B0!,3+8+-)((4!+G,()*0B!@3,?!

*70!G)(+F)!,@!*70!(+;)3B!F1,%G10H(#&./)1-'.HV!g*!G7)30G!ahb!G0OC0-60!7,?,(,84!W+*7!

%f" 2R!W7+(0!?)+-*)+-+-8!)!G*3,-8!9+-B+-8!)@@+-+*4!*,!%f"2RT!)-B!)((!*70!B0G+3)9(0!

*703)>0C*+6!90-0@+*G!,@!%f"2R!Z==5[V!$10-B+-!+G!="" 2e230G+G*)-*!)-B!*7CG!7)G!7+8703!!"#

$!$%!)6*+F+*4!6,?>)30B!*,!%f" 2RV!\,W0F03K!+*G!G?)((!G+;0!G*+((!(+?+*G!+*G!!"#$!$%!7)(@2(+@0!*,!

)9,C*!P!7,C3G!Z==8[V!$10-)*+B0K!*70!G4-*70*+6!F03G+,-!,@!010-B+-K!W)G!)>>3,F0B!+-!PQQa!

@,3!*W+602B)+(4!GC96C*)-0,CG!ZGV6V[!+-U06*+,-V!g-!PQRPK!010-)*+B0!@,3?C()*0B!+-!>,(4Z()6*+62

6, 28(46,(+6!)6+B[!t"f%'v!?+63,G>7030G!@,3!GCG*)+-0B!B0(+F034!W)G!)>>3,F0B!@,3!,-602



!

!

aQ!

W00D(4!GV6V!)B?+-+G*3)*+,-!Z=4[V!57+G!(,-8032)6*+-8!@,3?C()*+,-!G+8-+@+6)-*(4!30BC60G!

)B?+-+G*3)*+,-!@30OC0-64K!*7CG!0-7)-60G!>)*+0-*!6,?>(+)-60!)-B!*703)>0C*+6!,C*6,?0K!

9C*!*70!"f%'!?+63,G>7030!B0G+8-!7)G!G0F03)(!>,*0-*+)(!B3)W9)6DGH!! [!*70!>3,BC6*+,-!,@!

>,(4?03+6!?+63,G>7030G!,@*0-!+-F,(F0G!6,?>(01!)-B!6,G*(4!?C(*+2G*0>!@,3?C()*+,-!

>3,60GG0Gw!" [!B3C8!(,)B+-8!6)-!90!F)3+)9(0!)-B!30OC+30G!*+87*!6,-*3,(w!#[!B3C8!30(0)G0!

>3,@+(0!7)G!)-!C-B0G+30B!+-+*+)(!9C3G*230(0)G0!>7)G0!@,((,W0B!94!)!(,-8!X()8!>03+,BYK!$[!

*70!B083)B)*+,-!>3,BC6*G!,@!*70!@,3?C()*+,-!)30!G?)((!&d!)6+BG!*7)*!?)4!+-BC60!

+-@()??)*+,-K!)-B! W[!)!6,-G+B03)9(4!()3803!-00B(0!+G!30OC+30B!@,3!)B?+-+G*3)*+,-!)G!*70!

@,3?C()*+,-!+G!F+G6,CG!Z=4[V!57CGK!G+?>(03!40*!0@@06*+F0!?0*7,BG!W+*7,C*!*70!)9,F0!

?0-*+,-0B!B3)W9)6DG!)30!+-!B0?)-B!*,!@C3*703!+?>3,F0!*70!>3,(,-80B!B0(+F034!,@!

010-B+-V!

3.1.3 ARGET ATRP 

J()GG+6!'5T"!CG0G!)!(,W03!,1+B)*+,-!G*)*0!?0*)(!7)(+B0!)6*+F)*,3!Z08V!JCgA3[!

B+306*(4K!W7+67!+G!>3,-0!*,!,1+B)*+,-K!)-B!*70!30)6*+,-! *7CG!30OC+30G!G*3+-80-*!

B0,1480-)*+,-! )-B! 7)-B(+-8V!57+G!7+-B03G!G6)()9+(+*4!)-B!30>3,BC6+9+(+*4!)G!*3)60!

)?,C-*G!,@!,1480-!6)-!+330F03G+9(4!,1+B+;0!*70!)6*+F)*,3!)-B!B+G*,3*!30)6*+,-!D+-0*+6G!

Z==C[V!'BB+*+,-)((4K!+-630)G+-8!-C?903!,@!9+,(,8+6)(!)>>(+6)*+,-G!B0?)-B!*70!CG0!,@!

(,W03!*3)-G+*+,-!?0*)(!6,-*0-* !ZC5[V!g-!)!6,-*+-C,CG!0@@,3*!*,!B0F0(,> !30)6*+,-!G670?0G!

*7)*!)30!0)G+03!*,!+?>(0?0-*!)-B!?,30!9+,(,8+6)((4!@3+0-B(4K!'6*+F)*,3!T080-03)*0B!94!

$(06*3,-!53)-G@03!Z'T%$5[!'5T"!W)G!+-*3,BC60B!+-!3060-*!40)3G!Z==4B#==D[V!'G!)-!



!

!

aR!

01)?>(0K!+-!)!30)6*+,-!W7030!JCgA3!G03F0G!)G!*70!)6*+F)*,3K!'T%$5!'5T"! 9C+(BG!,-!*70!

6,-60>*!*7)*!*70!,1+B)*+F0(4!C-G*)9(0!JCgA3!6)-!90!80-03)*0B!)-B!6,-*+-C,CG(4!

3080-03)*0B!!"#/!'. !@3,?!*70!,1+B)*+F0(4!G*)9(0!JCggA3P!F+)!GCG*)+-0B!@00B+-8!,@!)!G?)((!

)?,C-*!,@! )! 30BC6+-8!)80-*!Z08V!)G6,39+6!)6+B[!*73,C87,C*!*70!30)6*+,-V!57+G!6,?>(0*0(4!

0(+?+-)*0G!*70!-00B!*,!CG0!*70!,1+B)*+F0(4!C-G*)9(0!JCgA3K!?)D+-8!30)6*+,-!7)-B(+-8!

G+8-+@+6)-*(4!?,30!6,-F0-+0-* V!570!6,-*+-C,CG!3080-03)*+,-!>3,60GG!0-GC30G!*7)*!)!

GC@@+6+0-*!)?,C-*!,@!)6*+F)*,3!+G!)(W)4G!>30G0-*!*,!GCG*)+-!>3,>)8)*+,-K!W7+(0!)-!

)>>3,>3+)*0!6,-60-*3)*+,-!,@!B0)6*+F)*,3!+G!G+?C(*)-0,CG(4!?)+-*)+-0B!@,3!>3,>03!

30)6*+,-!6,-*3,(K!W7+67!6,C>(0B!W+*7!*70!30F0()*+,-!*7)*!*70!3)*0!,@!30)6*+,-!+G!B+306*(4!

>3,>,3*+,-)(!*,!*70!)9G,(C*0!3)*+,!,@!*70!)6*+F)*,3!)-B!B0)6*+F)*,3!6,-60-*3)*+,-GK!0-)9(0G!

W0((26,-*3,((0B!>,(4?03+;)*+,-G!*,!90!6,-BC6*0B!)*!F034!(,W! *3)-G+*+,-!?0*)(!6,-*0-*!

Z>>?!(0F0(!W+*7!30G>06*!*,!?,-,?03[!Z89[V!

3.1.4 Motivation and Overview  

&,*+F)*0B!94!*70!B0(+F034!67)((0-80G!,@!010-B+-!)-B!*70!6,-*+-C,CG!6(+-+6)(!-00B!

@,3!90**03!*4>0!P!B+)90*0G!*30)*?0-*K!G,3*)G026)*)(4;0B!>,(4?03!6,-UC8)*+,-!W)G!

+?>(0?0-*0B!W+*7!010-B+-K!*,!G4-*70G+;0!G+*02G>06+@+6!)-B!RHR!G*,+67+,?0*3+6!010-B+-2J 2

"#$%&'!6,-UC8)*0GV! 'T%$5!'5T"!W)G!CG0B!*,!83)@*!"#$%&'!@3,?!*70!J 2*03?+-CG!

,@!010-B+-!8+F0-!+*G!0)G0!,@!+?>(0?0-*)*+,-K!>>?!(0F0(!?0*)(!6,-*0-*!)-B!+?>3,F0B!

30)6*+,-!6,-*3,(!6,?>)30B!*,!6()GG+6!'5T"V! 570!G4-*70G+;0B!6,-UC8)*0G!W030!

67)3)6*03+;0B!!"#$!'0%!)-B! !"#$!$%!+-!)!B+)90*+6!?,CG0!?,B0(K!*,!30F0)(!*70!*703)>0C*+6!
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>,*0-*+)(!,@!"#$%&'()*+,-K!,3!6,F)(0-*!6,-UC8)*+,-!,@!"#$%&'!*,!)!*703)>0C*+6!

9+,?,(06C(0V!

3.2 Materials and Methods  

3.2.1 Cloning of Exendin -srt -His6-ELP 

'((!?,(06C()3!9+,(,84! 30)80-*G!W030!>C367)G0B!@3,?!/0W!$-8()-B!A+,()9G!

C-(0GG!,*703W+G0!G>06+@+0BV!570!80-0!0-6,B+-8!010-B+-!+-!)!>&' 25!F06*,3!W)G!6,B,-!

,>*+?+;0B!)-B!G4-*70G+;0B!94!f+@0!5067-,(,8+0GV!570!@+3G*!?0*7+,-+-0!30G+BC0!0-6,B+-8!

*70!*3)-G()*+,-)(!G*)3*!6,B,-!+-!>3,*0+-G!306,?9+-)-*(4!01>30GG0B!+-!:;#-%,!!-00BG!*,!90!

6(0)F0B!>,G*2*3)-G()*+,-)((4!@,3!>3,>03!@C-6*+,-!)-B!G*)9+(+*4!,@!*70!>3,*0+-!Z=AE[V!

\,W0F03K!*70!@+3G*!)?+-,!)6+B!,@!010-B+-!+G!)!7+G*+B+-0K!)-B!,C3!>)G*!01>03+0-60!)-B!

30>,3*G!+-!*70!(+*03)*C30!Z=AE[!9,*7 !GC880G*!*7)*!7)F+-8!7+G*+B+-0!)G!*70!30G+BC0!

+??0B+)*0(4!@,((,W+-8!?0*7+,-+-0!>30F0-*G!>3,>03!?0*7+,-+-0!6(0)F)80V!57CGK!)!B+2

)()-+-0!(0)B03!W)G!+-6,3>,3)*0B!)*!*70!/ 2*03?+-CG!,@!*70!>0>*+B0!*,!@)6+(+*)*0!?0*7+,-+-0!

6(0)F)80V!#-60!!"#$!$%K!*70!B+2)()-+-0! (0)B03!6)-!90!6(0)F0B!94!="" 2eV!570!010-B+-!80-0!

W)G!)?>(+@+0B!94!"JT K!CG+-8!@,3W)3B!)-B!30F03G0!>3+?03G!6,-*)+-+-8!/B0g!,F037)-8G!

)-B!W+*7!*70!G0OC0-60!@,3!*70!G,3*)G0!'!306,8-+*+,-!?,*+@!Xf"$5%Y!Z-)?0B!XG3*Y!@,3!

930F+*4[!@,((,W0B!94!)!\+GS2*)8!+-6,3>,3)* 0B!+-!*70!30F03G0!>3+?03V!570!)?>(+@+0B!

X010-B+-2G3*2\+GSY!@3)8?0-*!W)G!+-G03*0B!+-*,!)!?,B+@+0B!>$52Pe)u!F06*,3!Z=A=[!)*!)-!

/B0g!30G*3+6*+,-!G+*0!+??0B+)*0(4!C>G*30)?!,@!)-!$f"!W+*7!*70!G0OC0-60!Zk"%k%[SQK!*,!

4+0(B!X010-B+-2G3*2\+GS2$f"YV!
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3.2.2 Expression  and Purification of Fusion Proteins  

$1>30GG+,-!)-B!>C3+@+6)*+,-!,@!010-B+-2G3*2\+GS2$f" !W030!6)33+0B!,C*!@,((,W+-8!

>3,60BC30G!G+?+()3!*,!*7,G0!B0G63+90B!+-!L06*+,-!PVPVh!W+*7!*70!@,((,W+-8!67)-80GH!J0((G!

6,-*)+-+-8!*70! 010-B+-2G3*2\+GS2$f" !6,-G*3C6*!W030!6C(*C30B!+-!5A!GC>>(0?0-*0B!W+*7!

ea!x8]?f !,@!D)-)?46+-!)*!Pa!VJV!#-60!#= SQQ!,@!*70!6C(*C30!30)670B!QVSK!*0?>03)*C30!W)G!

(,W030B!*,!RS!VJ!)-B!g"5% !W)G!)BB0B!*,!)!@+-)(!6,-60-*3)*+,-!,@!QVR!?&!*,!+-BC60!

>3,*0+-!01>30GG+,-V!g-F03G0!>7)G0!*3)-G+*+,-!,@!*70!@CG+,-!W)G!+-BC60B!94!)BB+*+,-!,@!QVR!

&!)??,-+C?!GC(@)*0 V!5W,!646(0G!,@!g5J!W030!*4>+6)((4!GC@@+6+0-*!*,!,9*)+-!

7,?,80-0,CG!>3,*0+-K!)G!F03+@+0B!94!L=L2"'%$V !\+GS2G,3*)G0!W)G!01>30GG0B!)-B!

>C3+@+0B!)G!B0G63+90B!+-!L06*+,-!PVPVeV!

3.2.3 Sortase -Catalyzed I nitiator Attachment to the C -Terminus of 
Exendin and Macroinitiator Purification  

L,3*)G026)*)(4;0B!)**)67?0-*!,@!*70!'5T"!+-+*+)*,3!'$A&"!*,!*70!J 2*03?+-CG!,@!

010-B+-!W)G!6)33+0B!,C*!94!+-6C9)*+-8!)!30)6*+,-!?+1*C30!6,-G+G*0B!,@!010-B+-2G3*2\+GS2

$f"K!\+GS2G,3*)G0!'K!)-B!'$A&"!t()**03!*W,!)F)+()9(0!@3,?!*70 !G*CB4!B0G63+90B!+-!*70!

>30F+,CG!67)>*03!Z45[v!)*!)!PHRHSQ!3)*+,!+-!G,3*)G0!9C@@03!)*!PQ!sJ!@,3!Ri!7V!'!30)6*+,-!

*0?>03)*C30!90(,W!*70!+-F03G0!*3)-G+*+,-!*0?>03)*C30!Z5*[!,@!010-B+-2G3*2\+GS2$f"! W)G!

67,G0-!*,!>30F0-*!*70!@CG+,-!>3,*0+-!@3,?!8,+-8!*73,C87!+-F03G0!>7)G0!*3)-G+*+,-!BC3+-8!

*70!30)6*+,-V!5,!6,?>0-G)*0!@,3!)!B3,>!+-!G,3*)G0!'!)6*+F+*4!)G!)!30GC(*!,@!*70!B0630)G0B!

30)6*+,-!*0?>03)*C30K!)!(,-803!30)6*+,-!*+?0!W)G!CG0BV!'@*03!30)6*+,-K!*70!010-B+-2J 2A3!

?)63,+-+*+)*,3!W)G!>C3+@+0B!)G!B0G63+90B!+-!L06*+,-!PVPVSV!
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3.2.4 Mass Spectrometry  

&'f=g 2&L!W)G!>03@,3?0B!,-!)!k,4)803 2=$!"3,!?)GG!G>06*3,?0*03!Zf+@0!

5067-,(,8+0G[!*,!6,-@+3?!*70!GC660GG@C(!)**)67?0-*!,@!'$A&"!*,!010-B+-V!L)?>(0G!)*!

_Pa!x&!+-!"AL!W030!B+(C*0B!RHRQ!W+*7!RQ!?8]?f!G+-)>+-+6!)6+B!+-!`QHRQ!

W)*03])60*,-+*3+(0!W+*7!QVR!Fb!*3+@(C,3,)60*+6!)6+B!Z5M'[!)G!*70!+,-+;)*+,-!?)*3+1V!570!

+-G*3C?0-*!W)G!,>03)*0B!+-!(+-0)3!?,B0!W+*7!>,G+*+F0!+,-G!80-03)*0B!CG+-8!)!/P!()G03V!

E9+OC+*+-!W)G!CG0B!)G!)!?,(06C()3!W0+87*!G*)-B)3B!*,!6)(+93)*0!*70!+-G*3C?0-*V!

fJ]&L 2&L! W)G!>03@,3?0B!@,((,W+-8!>3,60BC30G!B0G63+90B!+-!L06*+,-!PVPVRQ!*,!

6,-@+3?!*70!G+*02G>06+@+6+*4!,@!+-+*+)*,3!)**)67?0-*V!

fJ]$Lg 2&L!W)G!>03@,3?0B!*,!67)3)6*03+;0!*70!#$%&'!?,-,?03G!CG0B!+-!G*CB4V!

&,-,?03G!B+(C*0B!RHPQKQQQ!+-!?0*7)-,(!W030!G0>)3)*0B!,-!)-!'8+(0-*!RRQQ!fJ!G4G*0?!

0OC+>>0B!W+*7!)!N,39)1!$6(+>G0!"(CG!JRi!6,(C?-!Z'8+(0-*[!CG+-8!)!?,9+(0!>7)G0!

6,-G+G*+-8!,@!Z'[!QVhb!@,3?+6!)6+B!+-!W)*03!)-B!ZA[!QVhb!@,3?+6!)6+B!+-!)60*,-+*3+(0V!'!

(+-0)3!83)B+0-*!,@!aQb!A!*,!`ab!A!W)G!>03@,3?0B!,F03!RQ!?+-!)*!aQsJV!L0>)3)*0B!

G)?>(0G!W030!+,-+;0B!94!$Lg!@,((,W0B!94!&L!)-)(4G+G!,-!)-!'8+(0-*!&L=!+,-!*3)>!?)GG!

G>06*3,?0*03V!

3.2.5 In situ  ARGET ATRP 

'((!670?+6)(!30)80-*G!W030!>C367)G0B!@3,?!L+8?)!'(B3+67!)-B!CG0B!)G!3060+F0BK!

C-(0GG!,*703W+G0!G>06+@+0BV!$%`!#$%&'!?,-,?03!Z& - !_aQQ!=)!,3!_`!G+B0267)+-!$%!

30>0)*G!,-!)F03)80K!L+8?)!'(B3+67K!€eej`eh[!)-B!$%h!#$%&'!?,-,?03!Z*3+0*74(0-0!
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8(46,(!?0*74(!0*703!?0*7)634()*0K!&- !PhP!=)K!L+8?)!'(B3+67K!€jP`ieR[!W030!>)GG0B!

*73,C87!)!6,(C?-!,@! )6*+F)*0B!9)G+6!)(C?+-)!*,!30?,F0!*70!+-7+9+*,3GV!

g-!)!*4>+6)(!30)6*+,-K!PRS!x ?,(!,@!#$%&'!)-B!PRVS! x f!,@!)!G*,6D!G,(C*+,-!,@!PQQ!

?&!JC ggA3P!)-B!RVS!&!*3+GZP2>43+B4(?0*74([)?+-0!Z5"&'[!>30 26,?>(010B!+-!&+((+<!

W)*03!W+*7!ab!B+?0*74(@,3?)?+B0!Z=&M[!W030!?+10B!W+*7!R!?f!,@!aQQ!x&! 010-B+-2J 2

A3!+-!"AL!+-!)!L67(0-D!@()GDV!'!hVP!?&!G,(C*+,-!,@!)G6,39+6!)6+B!+-!&+((+<!W)*03!W)G!

>30>)30B!+-!)!G0>)3)*0!@()GDV!570!*W,!G,(C*+,-G!W030!B08)GG0B!94!9C99(+-8!W+*7!)38,-!

@,3!hQ!?+-K!)@*03!W7+67!'T%$5! '5T"!W)G!+-+*+)*0B!)-B!?)+-*)+-0B!94!6,-*+-C,CG(4!

+-U06*+-8!*70!)G6,39+6!)6+B!G,(C*+,-!+-*,!*70!30)6*+,-!?0B+C?!CG+-8!)!G43+-80!>C?>!)*!)!

3)*0!,@!RVS!-?,(]?+-V!",(4?03+;)*+,-!W)G!)((,W0B!*,!>3,600B!@,3!)!G>06+@+0B!*+?0!)*!PQ!

sJ!C-B03!)38,-!)-B!W)G!OC0-670B!94!9C99(+-8!W+*7!)+3V!T0)6*+,-G!,@!*70!$%h!#$%&'!

W030!B,-0!W+*7!eeh!x ?,(!,@!*70!?,-,?03!+-!PQ!F]Fb!?0*7)-,(!+-!"AL!W7+(0!)((!,*703!

6,-B+*+,-G!30?)+-0B!*70!G)?0V!'*!*70!0-B!,@!*70!30)6*+,-K!*70!30)6*+,-!?+1*C30!W)G!

B+)(4;0B!)8)+-G*!"AL!,F03-+87*!*,!30?,F0!30G+BC)(!G?)((!?,(06C(0!30)80-*G!+-!

>30>)3)*+,-!@,3!B,W-G*30)?!>C3+@+6)*+,-!)-B!67)3)6*03+;)*+,- V!

3.2.6 Physico -Chemical Characterizations  

'-)(4*+6)(!L$J! )-B!L$J 2&'fL!W030!>03@,3?0B!)G!B0G63+90B!+-!L06*+,-G!PVPVRR!

)-B!PVPVRPV!J,-UC8)*+,-!0@@+6+0-64!,@!!"#/!'. !'5T"!@3,?!010-B+-!W)G!6)(6C()*0B!94!

OC)-*+@4+-8!'EJ!,@!>0)DG!+-!L$J!673,?)*,83)?G!B0*06*0B!94!Ek2F+G!)9G,39)-60!)*!PiQ!

-?V!B-]B6!F)(C0G!,@!010-B+-2J 2"#$%&'! 6,-UC8)*0G!@,3!L$J2&'fL!B03+F)*+,-G! W030!
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B0*03?+-0B!,-!)-!'-*,-!"))3!'990?)*!aQQ!30@3)6*,?0*03!Z'-*,-!"))3[V! L4-*70G+;0B!

6,-UC8)*0G!W030!>C3+@+0B!94!)!G+-8(0!3,C-B!,@!>30>)3)*+F0!L$J!,-!)-!'y5'!"C3+@+03!)G!

B0G63+90B!+-!L06*+,-!PVPVRRV!=fL!W)G!6)33+0B!,C*!)G!B0G63+90B!+-!L06*+,-!PVPVRhV!

J,-60-*3)*+ ,-G!,@!@CG+,-!>3,*0+-G!W030!?0)GC30B!,-!)!/=2RQQQ!/)-,B3,>!

G>06*3,>7,*,?0*03!Z5703?,!L6+0-*+@+6[!94!Ek2F+G!)9G,3>*+,-!G>06*3,G6,>4V!

J,-60-*3)*+,-!,@!010-B+-!)-B!6,-UC8)*0G!@,3!!"#$!'0%!)GG)4G!)-B!!"#$!$%!G*CB+0G!W)G!

)GG0GG0B!CG+-8!)!A+6+-67,-+-+6!'6+B!ZAJ'K!"+0360[!)GG)4!@,((,W+-8!*70!?)-C@)6*C303lG!

>3,*,6,( V!L=L2"'%$!)-)(4G0G!,@!)((!010-B+-!B03+F)*+F0G!W030!>03@,3?0B!CG+-8!>306)G*!

53+G]53+6+-0!80(G!ZA+,2T)B[V!<C)-*+@+6)*+,-!,@!G,3*)G0!30)6*+,-!6,-F03G+,-!W)G!B,-0!94!

80(!B0-G+*,?0*34!)-)(4G+G!CG+-8!)!9C+(*2+-!@C-6*+,-!+-!g?)80!f)9!ZFV!eVQVRK!A+,2T)B[V!

3.2.7 In Vitro  cAMP ELISA 

'6*+F+*4!,@!-)*+F0!010-B+-!)-B!6,-UC8)*0G!W)G!)GG0GG0B!!"#$!'0%!94!OC)-*+@4+-8!

+-*3)60((C()3!646(+6!)B0-,G+-0!?,-,>7,G>7)*0!Z 6'&" [!30(0)G0!)G!)!30GC(*!,@!%f"2RT!

)6*+F)*+,-!+-!A\y!60((G!G*)9(4!*3)-G@06*0B!W+*7!3)*!%f"2RT!Z)!80-03,CG!8+@*!,@!=3C6D03!

83,C>K!E-+F03G+*4!,@!5,3,-*,K!5,3,-*,K!J)-)B)[!Z=AA[V!J0((G!W030!)((,W0B!*,!30)67!jQ.

iQb!6,-@(C0-60!+-!Pe2W0((!>()*0GV!"3+,3!*,!*70!)GG)4K!_PQ!x8!,@!>0>*+B0!,3!0OC+F)(0-*!,@!

6,-UC8)*0G!W030!*30)*0B!W+*7!QVa!x8!=""e!Z"3,L>06*[!,F03-+87*!*,!30?,F0!*70!B+2)()-+-0!

(0)B03V!#-!*70!B)4!,@!*70!)GG)4K!60((G!W030!+-6C9)*0B!W+*7!h2+G,9C*4(2R2?0*74(1)-*7+-0*,!

ZgA&rK!$&=!&+((+>,30[!@,3!R!7!*,!>30F0-*!6'&"!B083)B)*+,-! Z=A>[K!@,((,W0B!94!

+-6C9)*+,-!W+*7!F)34+-8!6,-60-*3)*+,-G!ZQVQQR2RQQQ!-&!+-!(,82G6)(0!+-630?0-*G[!,@!
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010-B+-!Z%0-G63+>*[!,3!6,-UC8)*0G!@,3!RQ!?+-!*,!*3+8803!%f"2RT!)6*+F)*+,-V!QVR&!\J(!W)G!

*70-!)BB0B!*,!B+G3C>*!*70!60((G!)-B!30(0)G0!+-*3)60((C()3!6'&"V!6'&"!6,-60-*3)*+,-!W)G!

?0)GC30B!94!)!6,?>0*+*+F0!6'&"! 0-;4?0 2(+-D0B!+??C-,G,39)-*!)GG)4!Z$fgL' [!

)66,3B+-8!*,!*70!?)-C@)6*C303lG!>3,*,6,(!Z$-;,!f+@0!L6+0-60G[V!$)67!G)?>(0!W)G!)GG)40B!

+-!*3+>(+6)*0!)-B!B)*)!W030!)-)(4;0B!+-!g8,3!"3,!ZFV!SVPK!d)F0?0*3+6G[!CG+-8!)!\+((!

0OC)*+,-!@+*!*,!B0*03?+-0!*70!$JaQ!,@!0)67!6,-G*3C6*!Z=A9[V!

3.2.8 Animal S tudies  

2"#$!$%!01>03+?0-*G!W030!>03@,3?0B!W+*7!S2W00D2,(B!?)(0!JajAf]Sz!?+60!ZG*,6D!

-,V!QQQSSe[!>C367)G0B!@3,?!z)6DG,-!f)9,3)*,3+0GV!E>,-!)33+F)(K!?+60!W030!+-+*+)*0B!,-!)!

SQ!DJ)(b!@)*!B+0*!Z€=RPe`PK!T0G0)367!=+0*G!g-6V[!*,!+-BC60!)!B+)90*+6!>70-,*4>0V!

"30F+,CG!G*CB+0G!7)F0!0G*)9(+G70B!7+87!@)*2@0B!JajAf]Sz!?+60!)G!)-!)B0OC)*0!?,B0(!@,3!

*4>0!P!B+)90*0GK!)G!)@*03!,-0!W00D!,-!)!7+872@)*!B+0*K!?+60!017+9+*!0(0F)*0B!9(,,B!8(C6,G0K!

>3,830GG+F0(4!+-630)G+-8!+-GC(+-!(0F0(K!)-B!G0F030(4!6,?>3,?+G0B!+-GC(+-!30G>,-G0!)-B!

8(C6,G0!*,(03)-60! Z=A5B#=A8[V!&+60!W030!7,CG0B!C-B03!6,-*3,((0B!(+87*!,-!)!RP!7!(+87*]RP!

7!B)3D!646(0!W+*7!@300!)660GG!*,!@,,B!)-B!W)*03V!'((!?+60!W030!)((,W0B!*,!)66(+?)*0!*,!

*70!7+872@)*!B+0*!)-B!*70!@)6+(+*4!@,3!RQ!B!90@,30!+-+*+)*+,-!,@!01>03+?0-*GV!&+60!CG0B!@,3!

@0B!8(C6,G0!?0)GC30?0-*!G*CB4!,@!*70!$%h!6,-UC8)*0!W030!?)+-*)+-0B!,-!*70!7+872@)*!

B+0*!@,3!h!W00DG!)-B!CG0B!)*!*70!)80!,@!i!W00DGV!'((!)-+?)(!6)30!)-B!01>03+?0-*)(!

>3,60BC30G!W030!)>>3,F0B!94!*70!=CD0!g-G*+*C*+,-)(!'-+?)(!J)30!)-B!EG0!J,??+ **00V!
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3.2.9 In Vivo  Fed Glucose M easurements  

570!0@@06*!,@!-)*+F0!010-B+-!)-B!*70!6,-UC8)*0G!,-!@0B!9(,,B!8(C6,G0!(0F0(G!W)G!

?0)GC30B!@,((,W+-8!)!G+-8(0!GV6V!+-U06*+,-!,@!0)67!G)?>(0V!A0@,30!9(,,B!8(C6,G0!

?0)GC30?0-*K!*70!*)+(!W)G!W+>0B!W+*7!)!G*03+(+;+-8!)(6,7,(!G,(C*+,-!)-B!W+>0B!B34V!'!

*+-4!+-6+G+,-!W)G!?)B0!,-!*70!?,CG0!*)+(!F0+-!CG+-8!)!B+G>,G)9(0!()-60*K!)-B!*70!@+3G*!R!

xf!B3,>!,@!9(,,B!W)G!W+>0B!,@@V!570!G06,-B!R2P!xf!9(,,B!B3,>!W)G!CG0B!@,3!8(C6,G0!

?0)GC30?0-*!CG+-8!)!7)-B270(B!8(C6,?0*03!Z'(>7)53)6DK!'99,**[V!A(,,B!8(C6,G0!(0F0(G!

W030!?0)GC30B!R!B!90@,30!*70!01>03+?0-*V!#-!*70!B)4!,@!+-U06*+,-K!W0+87*G!)-B!9(,,B!

8(C6,G0!W030!?0)GC30BK!)-B!)!G)?>(0!G,(C*+,-!,3!"AL!6,-*3,(!,@!0OC+F)(0-*!F,(C?0!W)G!

+-U06*0B!GV6V!g??0B+)*0(4!@,((,W+-8!+-U06*+,-K!?+60!W030!>()60B!9)6D!+-!*70!6)80!W+*7!@300!

)660GG!*,!@,,B!)-B!W)*03K!)-B!9(,,B!8(C6,G0!W)G!?0)GC30B!)*!RK!eK!S!Z010-B+-!,-(4[K!iK!

PeK!eiK!jPK!`SK!RPQ!)-B!Ree!7!>,G*2+-U06*+,-V!d0+87*G!W030!?,-+*,30B!B)+(4V!g-!*70!$%`!

B,G02B0>0-B0-*!G*CB4K!)!SSVP!D=)!$%`!010-B+-2J 2"#$%&'!6,- UC8)*0!W)G!+-U06*0B!+-*,!

?+60!Z-mh[!)*!PaK!aQK!)-B!ia!-?,(]D8!?,CG0!9,B4!W0+87*V!g-!*70!$%`!&d2B0>0-B0-*!

G*CB4K!$%`!6,-UC8)*0G!,@!PaVeK!aeVSK!`jVP!)-B!RaaVQ!D=)!&- G!W030!+-U06*0B!+-*,!?+60!Z-mS[!

)*!Pa!-?,(]D8V!A(,,B!8(C6,G0!(0F0(G!W030!-,3?)(+;0B!94!*70!)F03)80!8(C6,G0!(0F0(G!

?0)GC30B!Pe!7!)-B!+??0B+)*0(4!90@,30!+-U06*+,-!*,!30@(06*!*70!>0360-*!67)-80!+-!9(,,B!

8(C6,G0!)-B!*,!6,3306*!@,3!*3)-G+0-*!F)3+)*+,-G!+-!8(C6,G0V!
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3.2.10 In Vivo  IPGTT 

&+60!W030!3)-B,?(4!B+F+B0B!+-*,!83,C>G!Z-ma!+-!'()*+,3%!$8%12A%TK!-mh!+-!

'()*+,3%!$J%12A%_[V!#-!B)4!,-0K!0F034!*W,!83,C>G!,@!?+60!3060+F0B!)!GV6V!+-U06*+,-!,@!

0+*703!aeVS!D=)!$%`!010-B+-2J 2"#$%&'!6,-UC8)*0K!010-B+-!)G!>,G+*+F0!6,-*3,(K!,3!"AL!

)*!0OC+F)(0-*!F,(C?0!)G!-08)*+F0!6,-*3,(V!$10-B+-!)-B!*70!6,-UC8)*0!W030!+-U06*0B!)*!Pa!

-?,(]D8V!Ri!7!)@*03!+-U06*+,-K!,-0!83,C>!,@!?+60!+-!0)67!6)*08,34!W030!@)G*0B!94!30?,F)(!

,@!@,,B!@,3!S!7V!'*!*70!0-B!,@!*70!@)G*!>03+,B!ZPe!7!@,((,W+-8!+-U06*+,-[K!?+60!W030!8+F0-!

RVa!8!]D8!8(C6,G0!ZRQ!W]F!b!G*03+(0!8(C6,G0!G,(C*+,-K!L+8?)[!F+)!+V>V!+-U06*+,-V!A(,,B!

8(C6,G0!(0F0(G!W030!?,-+*,30B!94!-+6D+-8!*70!*)+(!F0+-!)-B!?0)GC3+-8!*70!8(C6,G0!(0F0(!

+-!*70!9(,,B!CG+-8!)!8(C6,?0*03!)*!QK!PQK!eQK!SQK!`QK!)-B!RPQ!?+-!)@*03!8(C6,G0!

)B?+-+G*3)*+,-V!SS!7!)@*03!+-U06*+,-K!*70!30?)+-+-8!83,C>G!,@!?+60!W030!GC9U06*0B!*,!*70!

G)?0!>3,*,6,(!)-B!)-!g"%55!W)G!G+?+()3(4!>03@,3?0B!jP!7!@,((,W+-8!+-U06*+,-V!

3.2.11 Statistical A nalysis  

=)*)!)30!>30G0-*0B!)G!?0)-!‚!G*)-B)3B!033,3!,@!*70!?0)-!ZL$&[V!A(,,B!8(C6,G0!

(0F0(G!+-!@0B!8(C6,G0!?0)GC30?0-*!G*CB+0G!Z-mS[!W030!-,3?)(+;0B!94!*70!)F03)80!8(C6,G0!

(0F0(G!?0)GC30B!Pe!7!)-B!+??0B+)*0(4!90@,30!+-U06*+,-V!530)*?0-*!0@@06*G!,-!@0B!8(C6,G0!

(0F0(G!W030!)-)(4;0B!CG+-8!30>0)*0B!?0)GC30G!*W,2W)4!'/#k'K!@,((,W0B!94! )%/'#*%-!

=C--0**lG!?C(*+>(0!6,?>)3+G,-!*0G*!*,!0F)(C)*0!+-B+F+BC)(!B+@@030-60G!90*W00-!)!

*30)*?0-*!)-B!"AL!6,-*3,(!)*!0)67!*+?0!>,+-* V!'EJG!,@!@0B!8(C6,G0!>3,@+(0G!W030!

6,?>)30B!CG+-8!,-0 2W)4!'/#k'!@,((,W0B!94! )%/'#*%-!5CD04lG!?C(*+>(0!6,?>)3+G,-!



!

!

SQ!

*0G*!Z-mS[V!M,3!0F)(C)*+-8!'EJ!,@!g"%55!Z-ma[K!*30)*?0-*!)-B!"AL!W030!6,?>)30B!CG+-8!

)-!C->)+30B!>)3)?0*3+6!*W,2*)+(0B!*!*0G*V!'!*0G*!W)G!6,-G+B030B!G+8-+@+6)-*!+@!*70!7!F)(C0!

W)G!(0GG!*7)-!QVQaV!L*)*+G*+6)(!)-)(4G0G!W030!>03@,3?0B!CG+-8!"3+G?!S!Z%3)>7")B!

G,@*W)30!g-6V[V!

3.3 Results and Discussion  

3.3.1 Sortase -Catalyzed C -Terminal Initiator  Attachment  to Exendin  

570!>30F+,CG(4!B0F0(,>0B!G,3*)G026)*)(4;0B!>,(4?03!6,-UC8)*+,-! ?0*7,B! Z45[!

W)G!-01*!+?>(0?0-*0B!W+*7!010-B+-V!570!G4-*70*+6!3,C*0!+-!'()*+,% $!W)G!@,((,W0B!W+*7!

010-B+-!)G!>0>*+B0!,@!+-*030G*V!'! OC)*03-)34!@CG+,-!>3,*0+-K!)9930F+)*0B!)G!X010-B+-2G3*2

\+GS2$f"YK!W)G!306,?9+-)-*(4!01>30GG0B!*,!G03F0!)G!*70!G,3*)G0!'!GC9G*3)*0V!$1>30GG+,-!

+-!:;#-%,!!G7)D03!@()GD!6C(*C30!@,((,W0B!94!g5J!>C3+@+6)*+,-!4+0(B0B!*70!@CG+,-!>3,*0+-!+-!

7+87!>C3+*4!Z'()*+,%[8 [!)*!_SQ!?8]f!,@!6C(*C30V!

L,3*)G026)*)(4;0B!+-+*+)*,3!)**)67?0-*!W)G!6)33+0B!,C*!)*!)-!010-B+-2G3*2\+GS2

$f"H!\+GS2G,3*)G0!'H!'$A&"!3) *+,!,@!PHRHSQ!)*!PQ!sJ!@,3!Ri!7V!'!(,W03!30)6*+,-!

*0?>03)*C30!W)G!CG0B!*,!>30F0-*!*70!010-B+-2G3*2\+GS2$f"!@CG+,-!@3,?!8,+-8!*73,C87!

+-F03G0!*3)-G+*+,-V!5,!6,?>0-G)*0!@,3!*70!B3,>!+-!0-;4?0!)6*+F+*4!)G!)!30GC(*!*70!30BC60B!

*0?>03)*C30K!*70!30)6*+,-!W)G!6)33+0B!,C*!@,3!)!(,-803!>03+,B!,@!*+?0V!LC660GG@C(!30)6*+,-!

30GC(*G!+-!6(0)F)80!,@!010-B+-2f"$5% 2\+GS2$f "!+-*,!010-B+- 2f"$5!)-B!% 2\+GS2$f"!

@,((,W0B!94!)**)67?0-*!,@!'$A&"!*,!010-B+- 2f"$5!*,!80-03)*0!*70!?)63,+-+*+)*,3!

>3,BC6*!Z010-B+-2J 2A3[V!L=L2"'%$ !)-)(4G+G!,@!*70!30)6*+,-!?+1*C30!Z'()*+,%[T [!G7,W0B!



!

!

SR!

c!`Qb!6,-F03G+,-!*,!010-B+- 2J 2A3K!)G!)GG0GG0B!94!80(!B0-G+*,?0*34V!'G!*70!B0G+30B!

010-B+-2J 2A3!W)G!*70!,-(4!G>06+0G!+-!*70!30)6*+,-!?+1*C30!-,*!6)334+-8!)!\+GS2*)8K!)!

OC+6D!0(C*+,-!*73,C87!)-!g&'J!6,(C?-!4+0(B0B!>C30!010-B+- 2J 2A3!Z'()*+,%[T [!+-!*70!

0(C0-*!W7+(0!(0)F+-8!)((!,*703!C-W)-*0B!\+GS2*)880B!G>06+0G!9,C-B!*,!*70!30G+-V!

!

!!!!!!!!!!!!!!! !

'()*+,% [ -%K_K C;8Q]%1217E3(3%56%8I%^9J%B*+(6(/1>(52%56%,Y,2A(2C3+>CF(3 ZC]O;<%O12,%!-%
41+=,+@%712,%"-%,-'./0) %7E31>,@%712,3%#%12A%$-%357*D7,%B+5>,(2%16>,+%52,%12A%>S5%^9J%

/E/7,3<%Q,7%3>1(2,A%DE%J*^ Ĵ7"<%TI%K5+>13,C/1>17EL,A%1>>1/04,2>%56%>0,%89:;%(2(>(1>5+%
8]T.;%1>%>0,%JC>,+4(2*3%56%,Y,2A(2%12A%B*+(6(/1>(52%56%,Y,2A(2CJ CT+%41/+5(2(>(1>5+<%
O12,%!-%.`%41+=,+@%712,%"-%35+>13,%+,1/>(52%4(Y>*+,%16>,+%!X%0%56%+,1/>(52%1>%"d%VJ@%12A%

712,%#-%,Y,2A(2CJ CT+%41/+5(2(>(1>5+%B*+(6(,A%DE%+,?,+3,%F(3C>1)%B*+(6(/1>(52<%Q,7%
3>1(2,A%DE%J554133(,%H##I<%

!

!

!

A B 



!

!

SP!

!

!

'()*+,% !d -%.K%1217E3(3%56%,Y,2A(2 CJ CT+%41/+5(2(>(1>5+<%8I%.1>+(YC133(3>,A%713,+%
A,35+B>(52%(52(L1>(52C.K%H.8O_^ C.KI%3B,/>+*4%56%,Y,2A(2CJ CT+<%.1c5+%B,1=%1>%

W@!#"<WW%_1%1)+,,3%S,77%S(>0%>0,5+,>(/17%4133%56%W@!#!<$$%_1%/5++,3B52A(2)%>5%1%3(2)7,%
8]T.;%(2(>(1>5+%1>>1/0,A%>5%,Y,2A(2<%TI%̂35>5B(/%A(3>+(D*>(52%56%,Y,2A(2CJ CT+%JC

>,+4(217%B,B>(A,%eUQQ;KKQ8;;;KO;]9 hN8]T.;Ri "j %A,>,/>,A%DE%OJb.KC.K%16>,+%
>+EB3(2%A(),3>(52<%JI%90,5+,>(/17%(35>5B(/%A(3>+(D*>(52%56%>0,%JC>,+4(217%B,B>(A,%
),2,+1>,A%DE%.57,/*71+%.133%J17/*71>5+%356>S1+,%H;1/(6(/%U5+>0S,3>%U1>(5217%

O1D5+1>5+EI%H##I<%

570!>C3+@+0B!010-B+-2J 2A3!W)G!67)3)6*03+;0B!94!?)*3+1!)GG+G*0B!()G03!B0G,3>*+,-!

+,-+;)*+,- 2?)GG!G>06*3,?0*34!Z&'f=g 2&L[!*,!6,-@+3?!+-+*+)*,3!)**)67?0-*!Z'()*+,%!d8 [V!

'!?)U,3!>0)D!W)G!B0*06*0B!)*!aKRhPVaa!=)K!W7+67!6(,G0(4!)8300G!W+*7!*70!*70,30*+6)(!?)GG!

,@!aKRhRVee!=)!6,330G>,-B+-8!*,!)!G+-8(0!'$A&"!)**)670B!*,!010-B+-V!5,!F03+@4!G+*02

G>06+@+6+*4!,@!+-+*+)*,3!)**)67?0-*K!010-B+-2J 2A3!W)G!GC9U06*0B!*,!*34>G+-!B+80G*+,-!)-B!

A 

B C 
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Sh!

*70!>0>*+B0!@3)8?0-*G!W030!)-)(4;0B!94!fJ2&L]&LV!#- (4!*70!J2*03?+-)(!>0>*+B0!

@3)8?0-*!W)G!B0*06*0B!)G!)!G+-8(4!93,?+-)*0B!6)*+,-!)-B!+*G!01>03+?0-*)(!+G,*,>0!

B+G*3+9C*+,-!ZM+8C30!RQA[!G7,W0B!-0)3(4!>03@06*!,F03()>!W+*7!+*G!*70,30*+6)(!B+G*3+9C*+,-!

Z'()*+,%!dJ [K!>3,F+-8!*7)*!)!G+-8(0!+-+*+)*,3!W)G!)**)670B!016(CG+F0(4!*,!*70!J2*03?+-CG!

,@!010-B+-V!

3.3.2 Synthesis and Characterization of Exendin -C-POEGMA 
Conjugates  

/01*K!!"#/!'. !'T%$5 !'5T"! Z==4[!W)G!6)33+0B!,C*!+-!"AL! *,!83)@*!"#$%&'!@3,?!

010-B+-2J 2A3V!570!$%!̀#$%&'!?,-,?03!W+*7! & - !_aQQ!=)!,3!,-!)F03)80! _`!G+B0267)+-!

$%!30>0)*G!W)G!CG0BV!570!30)6*+,-!*+?0!W)G!F)3+0B!*,!>3,BC60!$%`!010-B+-2J 2

"#$%&'!6,-UC8)*0G!W+*7!)!3)-80!,@!&dGV!L$J !,@!010-B+-2J 2A3!>3+,3!*,!>,(4?03+;)*+,-!

W+*7!Ek2F+G!)9G,39)-60!B0*06*+,-!)*!PiQ!-?!Z'()*+,%!!8 [!G7,W0B!)!G+-8(0!>0)D!)*!)-!

0(C*+,-!*+?0!,@!PhVj!?+-K!6,330G>,-B+-8!*,!*70!>0>*+B0!?)63,+-+*+)*,3V!570!+-*0-G+*4!,@!

*7+G!>0)D!830)*(4!B+?+-+G70B!)@*03!>,(4?03+;)*+,-K!)-B!W)G!)66,?>)-+0B!94!*70!

0?0380-60!,@!>0)DG!)*!PRVhK!R`VaK!RjViK!RSVa!)-B!RaVQ!?+-K!6,330G>,-B+-8!*,!$%`!010-B+-2

J 2" #$%&'!6,-UC8)*0G!W+*7!+-630)G+-8!&dG!)G!*70!30)6*+,-!*+?0!W)G!+-630)G0BV!570!

30GC(*G!@3,?!Ek2F+G!B0*06*+,-!W030!6,-G+G*0-*!W+*7!*7,G0!@3,?!30@3)6*+F0!+-B01!ZTg[!

B0*06*+,-!Z'()*+,%!!T [V!g-*083)*+,-!,@!>0)D!)30)G!G7,W0B!*7)*K!,-!)F03)80K!*70!6,-UC8)*0G!

6,-G*+*C*0B!_iQb!,@!*70!>,(4?03+;)*+,-!>3,BC6*V!5)D0-!*,80*703K!G,3*)G026)*)(4;0B!

>,(4?03!6,-UC8)*+,-!W)G!CG0B!*,!G4-*70G+;0!G+*02G>06+@+6!ZJ2*03?+-)([!)-B!G*,+67+,?0*3+6!

ZRHR[!010-B+-2J 2"#$%&'!6,-UC8)*0G!W+*7!)-!)F03)80!,F03)((!4+0(B!,@!c!jQbK!W7+67!
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!

Se!

6,?>)30G!@)F,3)9(4!*,!RQ2PQ!b!,F03)((!4+0(B!,@*0-!G00-!+-!6,-F0-*+,-)(!"$%4()*+,-!

>3,60GG0G!Z>9[V!
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'()*+,% !! -%J01+1/>,+(L1>(523%56%]Q[%,Y,2A(2CJ C;\]Q.8%/52c*)1>,3<%8%12A%TI%K]J%
>+1/,3%56%89:;%+,1/>(52%4(Y>*+,3%56%)+16>(2)%]Q[%;\]Q.8%6+54%,Y,2A(2CJ CT+%

/1++(,A%5*>%65+%d<W%0@%!%0@%!<"W%0@%"%0%12A%#%0@%A,>,/>,A%DE%kfC?(3%1D35+D12/,%1>%"Xd%24%
12A%+,6+1/>(?,%(2A,Y%H:^I<%90,%3()217%6+54%>0,%+,3(A*17%,Y,2A(2CJ CT+%S13%>55%75S%>5%D,%

A,>,/>,A%A*,%>5%(>3%34177%3(L,%12A%75S%/52/,2>+1>(52<%JI J554133(, C3>1(2,A%K_KC
;8Q]%1217E3(3%56%]Q[%,Y,2A(2CJ C;\]Q.8%/52c*)1>,3%B*+(6(,A%DE%1%3(2)7,%+5*2A%56%
B+,B1+1>(?,%K]J<%O12,%!-%41+=,+@%712,3%"CZ-%B*+(6(,A%"W<$%=_1@%W$<Z%=_1@%ZZ<"%=_1@%[a<"%

=_1%12A%!WW<d%=_1%]Q[%/52c*)1>,3<%_I%JE/7(/%1A,253(2,%4525B053B01>,%H/8.;I%
+,3B523,3%56%21>(?,%,Y,2A(2%12A%]Q[%,Y,2A(2CJ C;\]Q.8%/52c*)1>,3%(2%D1DE%

0143>,+%=(A2,E%HTFnI%/,773%,YB+,33(2)%>0,%QO;C!%+,/,B>5+<%F176C41Y(417%,66,/>(?,%
/52/,2>+1>(52%H]JWdI%?17*,3%1+,%3*441+(L,A%(2%91D7,%#%H##I<%

A B

A 

C D 



!

!

Sa!

L$J 2&'f L!W)G!CG0B!*,!B0*03?+-0!*70!& WK!&- !)-B! 6 !,@!*70!$%`!010-B+-2J 2

"#$%&'! 6,-UC8)*0GV!'G!G7,W-!+-!91D7,%#K!'T%$5! '5T"!0-)9(0B!G4-*70G+G!,@!

6,-UC8)*0G!W+*7!)!W+B0!)-B!*C-)9(0!3)-80!,@!&dG!Z& - !m!PaVe!2!RaaVQ!D=)[!)-B!

B+G>03G+*+0G!Z6 !ƒ!RVRa[!0F0-!-)33,W03!*7)-!W7)*!W)G!)67+0F0B!94!6()GG+6!'5T"V!57+G!7+87!

B08300!,@!&d!*C-)9+(+*4!)-B!(,W!B+G>03G+*4!)30!9,*7!7+87(4!B0G+3)9(0!@0)*C30G!@,3!

>,(4?03!6,-UC8)*0G!,@!*703)>0C*+6!9+,(,8+6GK!)G!*704!*3)-G()*0!*,!)!?,30!>30B+6*)9(0!

*703)>0C*+6!>03@,3?)-60V!570!6,-UC8)*0G!6,C(B!90!0)G+(4!)-B!6,?>(0*0(4!>C3+@+0B!94!)!

G+-8(0!3,C-B!,@!>30>)3)*+F0!L$J!Z'()*+,%!!J [V!

91D7,%#-%;0E3(/17%B+5B,+>(,3%12A%D(575)(/17%1/>(?(>E%56%]Q[%,Y,2A(2CJ C;\]Q.8<%
.`3%12A%1 3%S,+,%A,>,+4(2,A%DE%K]JC.8OK<%: 03%S,+,%4,13*+,A%DE%_OK<%]JWd%

?17*,3%S,+,%A,+(?,A%6+54%/8.;%+,3B523,%/*+?,3%(2%'()*+,%!!_<%1J17/*71>,A%6+54%
14(25%1/(A%3,M*,2/,<%D_,61*7>%?17*,%A*,%>5%*2(457,/*71+%21>*+,%56%>0,%B,B>(A,%H##I<%

KB,/(,3b%:,1/>(52%
9(4,%H0I%

. S%Z=)[ % . 2%Z=)[ % 1 %Z&W]!& - [% : 0%Z-?[ % ]J Wd%Z-&[ %

010-B+-# 22# eKRiSVS)# RVQQ9# PVP!‚!QVR! QVQi!‚!QVQR#

QVa# PSKeQQ# PaKeQQ# RVQe# eVa!‚!QVe! QVie!‚!QVQ`#

R# aSKiQQ# aeKSQQ# RVQe# aVS!‚!QVa! RV`R!‚!QVha#

RVPa# jPKPQQ# SSKPQQ# RVQ#̀ aV`!‚!QVa! PVRQ!‚!QVQi#

P# RQQKQQQ# `jKPQQ# RVQh# SVi!‚!QVj! SVSj!‚!QVPR#

h# RjiKQQQ! RaaKQQQ# RVRa# jVS!‚!QVa! jVS`!‚!QVQe#

!

3.3.3 In Vitro  Activity  of EG9 Exendin -C-POEGMA 

$10-B+-!)6*G!94!9+-B+-8!)-B!)6*+F)*+-8!*70!%!>3,*0+-26,C>(0B!%f" 2R!3060>*,3!

Z%f" 2RT[K!W7+67!30GC(*G!+-!*70!30(0)G0!,@!646(+6!)B0-,G+-0!?,-,>7,G>7)*0!Z6'&"[!)G!)!



!

!

SS!

G06,-B!?0GG0-803!+-!)!B,W-G*30)?!G+8-)(+-8!6)G6)B0K!C(*+?)*0(4!(0)B+-8!*,!G0630*+,-!,@!

+-GC(+-!*,!308C()*0!9(,,B!8(C6,G0!Z=AC[V!570!>,*0-64!,@!-)*+F0!010-B+-!)-B!*70!$%`!

010-B+-2J 2"#$%&'!6,-UC8)*0G!W030!-01*!)GG0GG0B!94!OC)-*+@4+-8!+-*3)60((C()3!6'&"!

30(0)G0!)G!)!30GC(*!,@!%f"2RT!)6*+F)*+,-!+-!9)94!7)?G*03!D+B-04!ZA\y[!60((G!*7)*!W030!

G*)9(4!*3)-G@06*0B!W+*7!3)*!%f"2RT!Z)!80-03,CG!8+@*!,@!=3C6D03!83,C>K!E-+F03G+*4!,@!

5,3,-*,K!5,3,-*,K!J)-)B)[V!'G!G7,W-!+-! '()*+,%!!_ K!-)*+F0!010-B+-!)6*+F)*0G!%f"2RT!

W+*7!)!7)(@2?)1+?)(!0@@06*+F0!6,-60-*3)*+,-!Z$JaQ[!,@!QVQi!‚!QVQR!-&!Z91D7,%#[V!%3)@*+-8!

$%`!"#$%&'!@3,?!010-B+-!+-630)G0G!*70!$JaQ!,@!*70!>0>*+B0!+-!)-!,F03)((!&d2

B0>0-B0-*!?)--03K!3)-8+-8!@3,?!QVie!‚!QVQ`!-&!@,3!*70!PaVe!D=)!6,-UC8)*0!*,!jVS`!‚!QVQe!

@,3!*70!RaaVQ!D=)!6,-UC8)*0K!W7+67!+-B+6)*0G!B0630)G0B!3060>*,3!9+-B+-8!W+*7!+-630)G+-8!

>,(4?03!&d!)G!)!30GC(*!,@!G*03+6!7+-B3)-60V!
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25+417(L,A%>5%>0,%1?,+1),%)7*/53,%7,?,73%4,13*+,A%"$%0%B+(5+%>5%12A%(44,A(1>,7E%
D,65+,%(2c,/>(52<%TI%\?,+71(A%S,()0>%B+56(7,3%65+%177%>+,1>4,2>%12A%/52>+57%)+5*B3<%

`,()0>3%1+,%+,B5+>,A%13%p%/012),%6+54%d%0%>(4,%B5(2>%H##I<%
!

91D7,%$-%K*441+E%56%3>1>(3>(/17%3()2(6(/12/,%7,?,73%56%A53,CA,B,2A,2>%6,A%
D755A%)7*/53,%4,13*+,4,2>3%56%]Q[%,Y,2A(2 CJ C;\]Q.8%305S2%(2% '()*+,%!"8 <%_1>1%

S,+,%1217EL,A%DE%+,B,1>,A%4,13*+,3%>S5CS1E%1217E3(3%56%?1+(12/,%H8U\f8I@%
65775S,A%DE%3/(*'4/. %_*22,>>q3%>,3>%>5%,?17*1>,%(2A(?(A*17%A(66,+,2/,3%D,>S,,2%1%

>+,1>4,2>%12A%;TK%/52>+57%1>%,1/0%>(4,%B5(2>%H2G#@%r5%s%d<dW@%rr5%s%d<d!@%rrr5%s%d<dd!%
12A%rrrr5%sd<ddd!I%H##I<%

9(4,%Z7[%
_531), !Z-?,(]D8[ !

Pa! aQ! ia !

R! % % %

e! rrrr % rrrr % rrrr %

i ! rr % rr % rrr %

Pe! rrrr % rrrr % rrrr %

ei ! rrr % rrr % rrr %

jP! % rr % rrrr %

`S! % % r%

!

570!!"#$!$%!0@@+6)64!,@!$%`!010-B+-2J 2"#$%&'!6,-UC8)*0G!W)G!)GG0GG0B!+-!S2

WD2,(B!?)(0!JajAf]Sz!?+60!*7)*!W030!?)+-*)+-0B!,-!)!SQ!DJ)(b!@)*!B+0*K!G,!)G!*,!

B0F0(,>!)!B+)90*+6!>70-,*4>0!Z=A5B#=A8[V!'!B,G02B0>0-B0-*!G*CB4!W)G!@+3G*!>03@,3?0B!*,!

B0*03?+-0!)-!)B0OC)*0!B,G0V!'!SSVP!D=)!$%`!010-B+- 2J 2"#$%&'!6,-UC8)*0!W)G!

)B?+-+G*030B!+-*,!?+60!Z-mh[!F+)!)!G+-8(0!GV6V!+-U06*+,-!)*!PaK!aQ!)-B!ia!-?,(]D8!?,CG0!

9,B4!W0+87*!,@!*70!6,-UC8)*0K!)-B!)-!0OC+F)(0-*!F,(C?0!,@!"AL!W)G!+-U06*0B!)G!)!



!

!

Si !

-08)*+F0!6,-*3,(V!M0B!8(C6,G0!(0F0(G!?0)GC30B!)*!F)3+,CG!*+?0!>,+-*G!>,G*2+-U06*+,-!

30F0)(0B!)-!,F03)((!G(+87*!+-630)G0!+-!*70!BC3)*+,-!,@!8(C6,G0!30BC6*+,-!W+*7!+-630)G+-8!

B,G0!,@!*70!6,-UC8)*0!Z'()*+,%!"8@%91D7,%$@!@C((!8(C6,G0!>3,@+(0G!+-!'>>0-B+1!'()*+,%"" [V!

'!G+?+()3!*30-B!W)G!,9G03F0B!+-!*70!?,CG0!9,B4!W0+87*G!Z'()*+,%!"T [V!'!B3,>!+-!9,B4!

W0+87*!)*!*70!908+--+-8!,@!*70!G*CB4!+G!01>06*0B!@,3!)((!?+60!+-6(CB+-8!*70!"AL!6,-*3,(!

83,C>K!)G!*70!?+60!)30!GC9U06*0B!*,!G*30GG!@)6*,3G!+-6(CB+-8!+-U06*+,-!)-B!30>0*+*+F0!*)+(!

F0+-!8(C6,G0!?0)GC30?0-*GV!57+G!G*30GG2+-BC60B!30G>,-G0!+G!)(G,!0F+B0-*!+-!*70!G7)3>!

G>+D0!+-!*70+3!8(C6,G0!(0F0(G!)*!*70!+-+*+)(!*+?0!>,+-*GV!'G+B0!@3,?!*70!01>06*0B!W0+87*!

(,GG!BC0!*,!>3,60BC3)(!G*30GGK!*70!W0+87*2(,W03+-8!90-0@+*!,@!010-B+-!7)G!900-!W0((!

0G*)9(+G70B!Z=A4[K!7,W0F03K!,F03B,G+-8!6)-!6)CG0!-)CG0)K!W7+67!+G!?)-+@0G*0B!)G!)6C*0!

W0+87*!(,GG!+-!3,B0-*G!Z=AD[V!570!0160GG+F0!W0+87*!(,GG!G00-!+-!?+60!*7)*!3060+F0B!*70!

7+870G*!B,G0!GC880G*G!*70!>,GG+9+(+*4!,@!-)CG0)K!)-B!)((!GC9G0OC0-*!G*CB+0G!W030!70-60!

6)33+0B!,C*!W+*7!)!B,G0!,@!Pa!-?,(]D8V!!

5,!+-F0G*+8)*0!*70!0@@06*!,@!&d!,-!*70!8(C6,G0!308C()*,34!0@@06*!,@!$%`!010-B+-2

J 2"#$%&'!6,-UC8)*0GK!-)*+F0!010-B+-!)-B!6,-UC8)*0G!,@!@,C3!B+@@030-*!&dG!Z&- m!PaVeK!

aeVSK!`jVP!)-B!RaaVQ!D=)[!W030!)B?+-+G*030B!+-*,!?+60!Z-mS[!F+)!)!G+-8(0!GV6V!+-U06*+,-!)*!

Pa!-?,(]D8!?,CG0!9,B4!W0+87*K!)-B!@0B!8(C6,G0!(0F0(G!W030!?,-+*,30B!)*!F)3+,CG!*+?0!

>,+-*G!>,G*2+-U06*+,-V!d7+(0!C-?,B+@+0B!010-B+-!W)G!,-(4!)9(0!*,!(,W03!9(,,B!8(C6,G0!

@,3!S!7!30()*+F0!*,!"AL!6,-*3,(!Z'()*+,%!#8 K!@C((!8(C6,G0!>3,@+(0G!+-!'>>0-B+1! '()*+,%"# [K!

?,B+@+6)*+,-!W+*7!$%`!"#$%&'!G+8-+@+6)-*(4!01*0-B0B!*70!8(C6,G02(,W03+-8!0@@06*!,@!!



!

!

S`!

0 2 4 6 8
0

25

50

75

100

125

150

Time (h)

P
la

sm
a 

gl
uc

os
e 

(%
 b

as
el

in
e)

* **
**

*
**

***

PBS
exendin

% %

-24 0 24 48 72 96 120 144
0

25

50

75

100

125

150

Time (h)

P
la

sm
a 

gl
uc

os
e 

(%
 b

as
el

in
e)

*
* *

** *

***
***

*** ****

PBS
25.4 kDa EG9

!

-24 0 24 48 72 96 120 144
0

25

50

75

100

125

150

Time (h)

P
la

sm
a 

gl
uc

os
e 

(%
 b

as
el

in
e)

*

* *

**

***

***
***

******

**

PBS
54.6 kDa EG9

!!

-24 0 24 48 72 96 120 144
0

25

50

75

100

125

150

Time (h)
P

la
sm

a 
gl

uc
os

e 
(%

 b
as

el
in

e)

*
*

* *
*

* ***
******

***

*

PBS
97.2 kDa EG9

*

!

-24 0 24 48 72 96 120 144
0

25

50

75

100

125

150

Time (h)

P
la

sm
a 

G
lu

co
se

 (%
 b

as
el

in
e)

*

*
*

* *
*******

*** ***

PBS
155.0 kDa EG9

!!!!!!!!!!!!

-24 0 24 48 72 96 120 144
25

50

75

100

125

150

175

Time (h)

P
la

sm
a 

gl
uc

os
e 

(%
 b

as
el

in
e)

PBS 25.4 kDa EG9
54.6 kDa EG9 97.2 kDa EG9

155.0 kDa EG9

!

-24 0 24 48 72 96 120 144
-15

-10

-5

0

5

10

Time (h)

W
ei

gh
t  

(%
 c

ha
ng

e)

PBS
25.4 kDa EG9
54.6 kDa EG9

97.2 kDa EG9
155.0 kDa EG9

exendin

!!!!!!!!!!!!!!!! !
'()*+,% !# -%833,334,2>%56%.` CA,B,2A,2>%)&'2)2/ %,66(/1/E%56%]Q[%,Y,2A(2CJ C

;\]Q.8%/52c*)1>,3<%T755A%)7*/53,%7,?,73%(2%6,A%4(/,%S,+,%4,13*+,A%D,65+,%12A%
16>,+%1%3(2)7,%3</<%(2c,/>(52%56%8I%*245A(6(,A%,Y,2A(2@%5+%TC]I%"W<$%=_1@%W$<Z%=_1@%[a<"%

A B 

C D 

E F 

G H 



!

!

jQ!

=_1@%12A%!WW<d%=_1%]Q[%,Y,2A(2CJ C;\]Q.8%/52c*)1>,3@%/54B1+ ,A%>5%;TK%/52>+57<%
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;\]Q.8%/52c*)1>,% 5+%J%12A%_I%*245A(6(,A%,Y,2A(2%1>%"W%2457b=)@%/54B1+,A%>5%;TK%
56%,M*(?17,2>%?57*4,<%8kJ3%56%>+,1>4,2>%12A%;TK%S,+,%/54B1+,A%*3(2)%12%*2B1(+,A%

B1+14,>+(/%>S5C>1(7,A%>%>,3>%H2GW%65+%8%12A%J@%2G#%65+%T%12A%_@%rr5%s%d<d!@%12A%rrrr5%
sd<ddd!I<%]Y,2A(2%S13%25>%3()2(6(/12>%1>%,(>0,+%>(4,%B5(2>%H##I<%

5,!F)(+B)*0!*70!30GC(*G!@3,?!*70!@0B!8(C6,G0!?0)GC30?0-*G!)-B!*,!,9*)+-!@C3*703!

0F+B0-60!,@!*70!0@@+6)64!,@!$%`!010-B+-2J 2"#$%&'!6,-UC8)*0GK!)-!+-*3)>03+*,-0)(!

8(C6,G0!*,(03)-60!*0G*!Zg"%55[!W)G!>03@,3?0B!Pe!7!)-B!jP!7!)@*03!)!G+-8(0!GV6V!+-U06*+,-!,@!

*70!aeVS!D=)!$%`!6,-UC8)*0!)*!Pa!-?,(]D8V!&+60!W030!@)G*0B!@,3!S!7!>3+,3!*,!8(C6,G0!

67)((0-80!94!)-!+-*3)>03,*,-0)(!Z+V>V[!+-U06*+,-!,@!RVa!8]D8!,@!8(C6,G0K!)@*03!W7+67!9(,,B!

8(C6,G0!(0F0(G!W030!?,-+*,30B!)*!F)3+,CG!*+?0!>,+-*GV!g"%55!6,-@+3?0B!*70!>3,(,-80B!

>30G0-60!,@!*70!6,-UC8)*0!+-!6+36C()*+,-!)-B!+*G!G+8-+@+6)-*!0@@06*!,-!8(460?+6!6,-*3,(H!)*!

Pe!7!>,G*2+-U06*+,-K!*70!'EJ!,@!9(,,B!8(C6,G0!(0F0(!,F03!P!7!)@*03!8(C6,G0!67)((0-80!+G!

30BC60B!94!Sib!Z7!o!QVQQQRK!'()*+,%!$8 [K!)-B!)*!jP!7!>,G*2+-U06*+,-K!*70!'EJ!+G!30BC60B!

94!eib!@,3!6,-UC8)*02*30)*0B!?+60!6,?>)30B!W+*7!"AL!6,-*3,(G!Z7!o!QVQRK!'()*+,%!$T [V!g-!

6,-*3)G*K!C-?,B+@+0B!010-B+-!W)G!+-G+8-+@+6)-*!)*!9,*7!*+?0!>,+-*G!Z'()*+,%!$J%12A%_ [V!

3.3.5 Conclusion and Significance  

570!>30F+,CG(4!B0F0(,>0B!G,3*)G026)*)(4;0B!>,(4?03!6,-UC8)*+,-!G*3)*084!Z45[!

W)G!+?>(0?0-*0B!W+*7!010-B+-!*,!G4-*70G+;0!G+*02G>06+@+6!ZJ2*03?+-)([!)-B!

G*,+67+,?0*3+6!ZRHR[!010-B+-2J 2"#$%&'!6,-UC8)*0G! W+*7!>306+G0(4!6,-*3,((0B!?,(06C()3!

W0+87*GK!(,W!B+G>03G+*4!)-B !)-!)F03)80!,F03)((!4+0(B!,@!c!jQbK!W7+67!6,?>)30G!

@)F,3)9(4!*,!RQ2PQ!b!,F03)((!4+0(B!,@*0-!G00-!+-!6,-F0-*+,-)(!"$%4()*+,-!>3,60GG0G!Z>9[V!
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5W,!63+*+6)(!„ )-B!,>>,G+-8 „ !@0)*C30G!,@!>3,*0+-2>,(4 ? 03!6,-UC8)*0G!*7)*!)30!6(0)3(4!

+((CG*3)*0B!94!*7+G!G*CB4!)30!*70!+-F03G0!30()*+,-G7+>!90*W00-!6,-UC8)*0!&d!)-B!>,*0-64!

F03GCG!6+36C()*+,-!BC3)*+,-V!E>!*,!)!*730G7,(BK!*70!&d!,@!*70!6,-UC8)*0!+G!B+306*(4!

>3,>,3*+,-)(!*,!*70!6+36C()*+,-!BC3)*+,-!9C*!+-F03G0(4!>3,>,3*+,-)(!*,!*70!3060>*,3 2

9+-B+-8!)6*+F+*4!,@!*70!9+,?,(06C(0!,@!+-*030G*V!'?,-8!*70!*0G*0B!&dG!,@!$%`!

6,-UC8)*0GK!aeVS!D=)!W)G!+B0-*+@+0B!)G!*70!,>*+?)(!&d!*7)*!90G*!9)()-60G!6+36C()*+,-!

01*0-G+,-!)-B!>,*0-64!30BC6*+,-V!$10-B+-2J 2"#$%&'!6,-UC8)*0G!)3 0!30?)3D)9(4!

0@@06*+F0!!"#$!$%K!)G!*704!G7,W!C>!*,!RPQ!7!,@!8(C6,G0!6,-*3,(!@3,?!)!G+-8(0!(,W!B,G0!

GC96C*)-0,CG!+-U06*+,-!+-!)!B+)90*+6!?,CG0!?,B0(K!W7+67!+G!PQ!*+?0G!(,-803!*7)-!

+-U06*+,-!,@!*70!C-?,B+@+0B!>0>*+B0V 57+G!>3,(,-80B!BC3)*+,-!,@!*703)>0C*+6!0@@06*!

G+8-+@+6)-*(4!30BC60G!*70!30OC+30B!)B?+-+G*3)*+,-!@30OC0-64K!)!90-0@+*!63+*+6)(!*,!)!B+G0)G0!

W7,G0!*30)*?0-*!,C*6,?0G!30(4!70)F+(4!,-!>)*+0-*!6,?>(+)-60V
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4. Eliminating PEG Antigenicity o f POEGMA Conjugates  

4.1 Introduction  

4.1.1 Immunogenicity and Antigenicity of PEG  

T0>,3*G!,-!*70!+-BC6*+,-!,@!)-*+2"$%!)-*+9,B+0G!+-!)-+?)(G!)>>0)30B!)G!0)3(4!)G!

(0GG!*7)-!)!B06)B0!)@*03!*70!+-*3,BC6*+,-!,@!>3,*0+-!"$%4()*+,-!Z=>E[V!L+-60!*70-K!

-C?03,CG!G*CB+0G!7)F0!900-!6,-BC6*0B!+-!)!F)3+0*4!,@!)-+?)(!G>06+0G!*,!+-F0G*+8)*0!*70!

6,-G0OC0-60G!)-B!?067)-+G?G!,@!"$%!+??C-,80-+6+*4!+-!)-+?)(!?,B0(G!Z=>=[V!

\,W0F03K!*70!6(+-+6)(!+?>)6*!,@!"$%!+??C-,80-+6+*4!30?)+-0B!C-6(0)3!C-*+(!?,30!

3060-*!30>,3*G!,@!)-*+2"$%!)-*+9,B4 !+-BC6*+,-!+-!>)*+0-*G!*30)*0B!W+*7!"$%4()*0B!)80-*GV!

g-!6(+-+6)(!*3+)(G!,@!"$% 2C3+6)G0!@,3!*30)*+-8!673,-+6!30@3)6*,34!8,C*!Z>D@9=[!)-B!"$% 2

)G>)3)8+-)G0!@,3!*30)*+-8!)6C*0!(4?>7,9()G*+6!(0CD0?+)!Z9A[K!)-*+2"$%!)-*+9,B+0G!7)F0!

?)3D0B(4!)660(03)*0B!9(,,B!6(0)3)-60!)-B !)93,8)*0B!6(+-+6)(!0@@+6)64!,@!*70!B3C8GK!)-B!

+-630)G0B!*70!3+GD!)-B!G0F03+*4!,@!+-@CG+,-!30)6*+,-GV!J+36C()*+-8!)-*+2"$%!)-*+9,B+0G!

7)F0!)(G,!900-!@,C-B!+-!+-B+F+BC)(G!-)^F0!*,!"$%4()*0B!?)*03+)(GK!>,GG+9(4!+-BC60B!94!

673,-+6!01>,GC30!*,!"$% !>30G0-*!+-!6,??,- !6,-GC?03!)-B!@,,B!>3,BC6*G!Z=>AB#=>>[V!

g-6+B0-60!3)*0G!,@!>30201+G*+-8!)-*+2"$%!)-*+9,B+0G!+-!*30)*?0-*2-)^F0!>)*+0-*G!30>,3*0B!

94!G0F03)(!G*CB+0G!GC880G*!)!GC9G*)-*+)(!+-630)G0!+-!*70!>30F)(0-60!,@!>30201+G*+-8!)-*+2

"$%!)-*+9,B+0G!+-!*70!80-03)(!>,>C()*+,-!,F03!*70!>)G*!*7300!B06)B0G!Z=>=[K!)(*7,C87!

B+@@030-60G!+-!B0*06*+,-!?0*7,BG!CG0B!)?,-8!*70!G*CB+0G!)-B!(+D0(4!+?>3,F0?0-*!+-!*70!

G0-G+*+F+*4!,@!B0*06*+,-!,F03!*70!40)3G!G7,C(B!90!D0>*!+-!?+-BV!\+87!(0F0(G!,@!>30201+G*+-8!
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)-*+2"$%!)-*+9,B+0G!+-!>)*+0-*G!7)F0!3060-*(4!30GC(*0B!+-!*W,!G03+,CG!)-B!,-0!(+@02

*730)*0-+-8!@+3G*201>,GC30!)((038+6!30)6*+,-G!*,!)!"$%4()*0B!T/'!)>*)?03 !)-*+6,)8C()-*K!

W7+67!(0B!*,!0)3(4!*03?+-)*+,-!,@!)!6(+-+6)(!*3+)(!Z9>[V!g*!+G!*7CG!,@!7+87!6(+-+6)(!30(0F)-60!

*,!>30G6300-!>,(4?03!6,-UC8)*0G!,@!*703)>0C*+6!>0>*+B0G!)-B!>3,*0+-G!@,3!)-*+80-+6+*4!

*,W)3B!)-*+2"$%!)-*+9,B+0GV!/,*0! *7)*!*70!*03?G!X)-*+80-+6+*4Y!)-B!X+??C-,80-+6+*4Y!

7030!)30!-,*!+-*0367)-80)9(0V!X'-*+80-+6+*4Y!+G!B0@+-0B!7030+-!)G!*70!30)6*+F+*4!,@!)-!

)-*+80-!*,W)3B!>30201+G*+-8!)-*+9,B+0G!+-!>)*+0-*GK!W7030)G!X+??C-,80-+6+*4Y!30@03G!*,!

*70!+-*3+-G+6!)9+(+*4!,@!)-!)-*+80-!*,!80-03)*0!)-*+9,B+0G!+-!*70!9,B4V!

4.1.2 Motivati on and Overview  

&,*+F)*0B!94!*70!+-630)G+-8!(0F0(G!,@!>30201+G*+-8!)-*+2"$%!)-*+9,B+0G!+-!*70!

80-03)(!>,>C()*+,-!*7)*!6)-!6,?>3,?+G0!*70!G)@0*4!,@!"$%4()*0B!B3C8GK!*70!30)6*+F+*4!,@!

010-B+-2J 2"#$%&'!6,-UC8)*0G!*,W)3B!>30 201+G*+-8!)-*+2"$%!)-*+9,B+0G!+-!>)*+0-*!

>()G?)G!W)G!*0G*0BV!d0!@C3*703!B0?,-G*3)*0B!?,BC()*+,-!)-B!6,?>(0*0!0(+?+-)*+,-!,@!

*70!)-*+2"$%!)-*+80-+6+*4!,@!010-B+-2J 2"#$%&'!94!30BC6+-8!+*G!G+B0267)+-!(0-8*7V!

4.2 Materials and Methods  

4.2.1 Anti -PEG ELISA 

g-!*70!B+306*!$fgL'K!0)67!6,(C?-!,@!i!W0((G!,@!)!`S2W0((!?+63,*+*03!>()*0!ZJ,L*)3[!

W030!6,)*0B!W+*7!y34G*011)p !Z"$% 2C3+6)G0K!J30)(*)!"7)3?)60C*+6)(G[K!'='!ZL+8?) 25)C!

"7)3?)60C*+6)(G[K!'B)80- p!Z"$% 2'='K! L+8?) 25)C!"7)3?)60C*+6)(G[K!010-B+-!

Z%0-G63+>*[K!)!aeVS!D=)!$%`!010-B+-2J 2"#$%&'!6,-UC8)*0K!)! aaVS!D=)!$%h!010-B+-2J 2
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"#$%&'!6,-UC8)*0!,3!AL'!ZL+8?)!'(B3+67[V!570!)-*+80-!G,(C*+,-G!@,3!>()*0!6,)*+-8!

W030!>30>)30B!+-!"AL!*,!4+0(B!_P!x8!,@!C-?,B+@+0B!>0>*+B0]>3,*0+-!,3!_a!x8!,@!

"$%]#$%!+-!*70!6)G0!,@!>,(4?032?,B+@+0B!)-*+80-G!>03!W0((!C>,-!)BB+-8!aQ!xf!*,!0)67!

W0((V!570!"$%]#$%!6,-*0-*G!,@!*70!>,(4?032?,B+@+0B!)-*+80-G!W030!6)(6C()*0B!)G!

@,((,WGH!y34G*011)p !6,-G+G*G!,@!*70!*0*3)?03+6!C3+6)G0!0-;4?0!ZRPa!D=)!*,*)([!W+*7!RQ2RR!

(4G+-0!G+B0267)+-!)?+-,!83,C>G!,-!0)67!,@!+*G!@,C3!GC9C-+*G!30)6*0B!W+*7!RQ!D=)!"$%! ) 2

-+*3,>70-4(!6)39,-)*0!0G*03!ZA4[K!8+F+-8!)!"$%!6,-*0-*!,@!_jSbV!'B)80- p!6,-G+G*G!,@!

'='!ZeQVi!D=)[!W+*7!RR2Rj!,@!+*G!G+B0267)+-!)?+-,!83,C>G!,-!G,(F0-* 2)660GG+9(0!(4G+-0G!

@C-6*+,-)(+;0B!W+*7!a!D=)!?,-,?0*7,14!GC66+-4(!"$%!)66,3B+-8!*,!*70!?)-C@)6*C303lG!

G>06+@+6)*+,-G!ZL+8?)25)C!"7)3?)60C*+6)(G[V!M,3!,C3!6)(6C()*+,-K!W0!)GGC?0B!Re!"$%!

67)+-G!>03!'B)80- p !6,-UC8)*0!,-!)F03)80K!8+F+-8!_SQb!"$%!6,-*0-*V!g-!*70!6)G0!,@!*70!

010-B+-2J 2"#$%&'!6,-UC8)*0GK!GC9*3)6*+-8!*70!>,(4Z?0*74(!?0*7)634()*0[!9)6D9,-0!

Z_Rjb!@,3!$%`!"#$%&'!)-B!_hjb!@,3!$%h!"#$%&'[!8+F0G!)-!#$%!6,-*0-*!,@!_jab!

@,3!*70!aeVS!D=)!$%`!6,-UC8)*0!)-B!_aib!@,3!*70!aaVS!D=)!$%h!6,-UC8)*0V!'@*03!

,F03-+87*!+-6C9)*+,-!,@!*70!6,)*0B!>()*0!)*!e!sJK!+*!W)G!W)G70B!W+*7!"AL!)-B!)((!W0((G!

W030!9(,6D0B!W+*7!Rb!AL'!+-!"ALV!#-0!>)*+0-*!>()G?)!G)?>(0!>30F+,CG(4!*0G*0B!

-08)*+F0!@,3!"$%!)-*+9,B4!)-B!*W,!*7)*!W030!*0G*0B!>,G+*+F0!W030!B+(C*0B!RHeQQ!F]F!+-!

Rb!AL'!+-!"ALV!570!*W,!>,G+*+F0!>)*+0-*!>()G?)!G)?>(0G!W030!@3,?!*W,!B+@@030-*!

+-B+F+BC)(G!*7)*!B0F0(,>0B!)-*+2"$%!)-*+9,B+0G!BC3+-8!)!"7)G0!gg!6(+-+6)(!*3+)(!,@!

y34G*011)p V!M,((,W+-8!)-,*703!3,C-B!,@!"AL!W)G7+-8K!RQQ!xf!,@!0)67!B+(C*0B!>()G?)!
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G)?>(0!)-B!Rb!AL'!+-!"AL!W030!)BB0B!*,!30>(+6)*0!W0((G!,@!0)67!)-*+80-V!570!>()*0!W)G!

*70-!+-6C9)*0B!)*!3,,?!*0?>03)*C30!@,3!P!7V!d0((G!W030!)8)+-!W)G70B!W+*7!"AL!)-B!RQQ!

xf!,@%)(D)(+-0!>7,G>7)*)G026,-UC8)*0B!8,)*!)-*+ 27C?)-!g8%!ZL+8?)[!B+(C*0B!RHaPaQ!W+*7!

Rb!AL'!+-!"AL!W)G!)BB0B!*,!0)67!W0((V!'@*03!R!7!+-6C9)*+,-!)*!3,,?!*0?>03)*C30K!W0((G!

W030!W)G70B!W+*7!"AL!@,((,W0B!94!53+G29C@@030B!G)(+-0V!A,C-B!)(D)(+-0!>7,G>7)*)G0!

W)G!B0*06*0B!94!+-6C9)*+-8!W+*7!>2-+*3,>70-4(!>7,G>7)*0!ZL+8?)[!+-!)66,3B)-60!W+*7!

*70!B+306*+,-G!,@!*70!GC>>(+03V!570!>7,G>7)*)G0!30)6*+,-!W)G!G*,>>0B!94!)BB+-8!aQ!

xf]W0((!,@!RQb!/)#\K!)-B!*70!)9G,39)-60!)*!eQ a!-?!W)G!?0)GC30B!,-!)!>()*0!30)B03!

Z506)-!g-@+-+*0!&PQQ!"3,K!506)-!'CG*3+)[V!

g-!*70!6,?>0*+*+F0!$fgL'K!)!?+63,*+*03!>()*0!W)G!6,)*0B!W+*7!aQ!xf!,@!RQQ!x8]?f!

y34G*011)p !>03!W0((!94!,F03-+87*!+-6C9)*+,-!)*!e!sJV!k)3+,CG!)?,C-*G!,@!'='K!

'B)80- p K!010-B+-K!)!aeVS!D=)!$%`!010-B+-2J 2"#$%&'!6,-UC8)*0K!)-B!)!aaVS!D=)!$%h!

010-B+-2J 2"#$%&'!6,-UC8)*0!W030!B+(C*0B!W+*7!"AL!*,!4+0(B!QK!QVaK!PK!aK!RQ!)-B!PQ!x8!

,@!6,?>0*+-8!)-*+80-!>03!W0((!C>,-!)BB+-8!aQ!xf!*,!0)67!W0((V!=+(C*+,-G!,@!'B)80-p !

)-B!*70!010-B+- 2J 2"#$%&'!6,- UC8)*0G!W030!>30>)30B!GC67!*7)*!)*!0)67!6,?>0*+-8!

)-*+80-!6,-60-*3)*+,-K!G+?+()3!"$%]#$%!6,-*0-*G!W030!6,?>)30B!)G!G7,W-!+-!91D7,%ZV!

570!B+(C*0B!6,?>0*+-8!)-*+80-G!W030!?+10B!W+*7!0OC)(!F,(C?0!,@!)!>)*+0-*!>()G?)!

G)?>(0!*7)*!*0G*0B!>,G+*+F0!@,3!"$%!)-*+9,B4!ZB+(C*0B!RHPQQ!F]F!+-!Rb!AL'!+-!"AL[!)-B!

+-6C9)*0B!)*!e!sJ!,F03-+87*V!570!@,((,W+-8!?,3-+-8K!)@*03!W)G7+-8!W+*7!"ALK!)((!W0((G!

W030!9(,6D0B!W+*7!Rb!AL'!+-!"ALV!d0((G!W030!W)G70B!W+*7!"AL!)@*03!9(,6D+-8K!)-B!RQQ!
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xf!,@!0)67!6,-60-*3)*+,-!,@!*70!6,?>0*+-8!) -*+80-2>()G?)!?+1*C30G!W)G!)BB0B!+-!

30>(+6)*0!W0((GV!'@*03!+-6C9)*+,-!)*!3,,?!*0?>03)*C30!@,3!P!7K!)(D)(+-0!>7,G>7)*)G02

6,-UC8)*0B!g8%!W)G!)BB0B!@,3!6,(,3+?0*3+6!30)B,C*!)*!eQa!-?!)G!B0G63+90B!)9,F0V!

'GG)4G!+-!'()*+,3%!W8%12A%T%W030!>03@,3?0B!W+*7!-mhK!W7+(0!*7,G0!+-!'()*+,3%!X8%12A%

T!W030!>03@,3?0B!W+*7!-maV!

91D7,%Z-%f1+(1D7,%145*2>3%56%8A1),2t %12A%,Y,2A(2CJ C;\]Q.8%/52c*)1>,3%
12A%>0,(+%/5++,3B52A(2)%;]Qb\]Q%/52>,2>3%751A,A%13%/54B,>(2)%12>(),23%B,+%S,77%(2%

>0,%/54B,>(>(?,%]O^K8<%;]Q%/52>,2>%56%8A1),2t%S13%1BB+5Y(41>,A%DE%133*4(2)%!$%
;]Q%/01(23%B,+%8A1),2t%/52c*)1>,@%S0(7,%\]Q%/52>,2>%56%>0,%,Y,2A(2CJ C;\]Q.8%

/52c*)1>,3%S13%A(+,/>7E%/17/*71>,A%DE%3*D>+1/>(2)%>0,%B57EH4,>0E7%4,>01/+E71>,I%
D1/=D52, %H##I<%

! 'B)80- p !
aeVS!D=)!$%`!

010-B+-2J 2"#$%&' !
aaVS!D=)!$%h!

010-B+-2J 2"#$%&' !

/,?+-)(!
Zx8]W0(([!

J,-UC8)*0!
Zx8]W0(([!

"$%!
Zx8]W0(([!

J,-UC8)*0!
Zx8]W0(([!

#$%!
Zx8]W0(([!

J,-UC8)*0!
Zx8]W0(([!

#$%!
Zx8]W0(([!

QVa! QVS! QVe! QVa! QVe! QVj! QVe!

P! PVS! RVS! PVQ! RVa! PVi! RVS!

a! SVe! hVi! aVQ! hVi! SV!̀ eVQ!

RQ! RPVi! jVj ! RQVQ! jVa! RhVi! iVQ!

PQ! PaVS! RaVe! PQVQ! RaVQ! PjVS! RSVQ!

!

4.2.2 Circular Dichroism Spectroscopy  

J=!G>06*3,G6,>4!W)G!>03@,3?0B!,-!)-!'F+F!&,B0(!PQP!+-G*3C?0-*!W+*7!R!??!

OC)3*;!60((G!Z\0((?)[!94!G6)--+-8!@3,?!R`Q!-?!*,!PSQ!-?!)* !PasJ!W+*7!R!-?!G*0>G!)-B!)!

R!G!)F03)8+-8!*+?0V!L)?>(0G!W030!>30>)30B!+-!&+((+<!W)*03!)*!RQ!x&V!570!3)W!B)*)!W)G!

*3)-G@,3?0B!+-*,!?,()3!0((+>*+6+*4!>03!)?+-,!)6+B!30G+BC0V!
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4.2.3 Synthesis of Exendin -C-PEG Conjugates  

$10-B+-2J 2"$%!6,-UC8)*0G!W030!G4-*70G+;0B!CG+-8!)!?,BC()3!>,(4?03!

6,-UC8)*+,-!)>>3,)67!*7)*!,C3!83,C>!3060-*(4!B0F0(,>0B!Z=>9[V!M+3G*K!)!670?+6)((4!

G4-*70G+;0B!%(4h2/ h!Z)F)+()9(0!@3,?!*70!>30F+,CG!G*CB4!Z=>9[[!?,+0*4!W)G!+-G*)((0B!

016(CG+F0(4!)*!*70!J2*03?+-CG!,@!010-B+-!94!G,3*)G026)*)(4;0B! (+8)*+,-!*,!4+0(B!010-B+-2

J 2/ hV!570!30)6*+,-!)-B!>C3+@+6)*+,-!,@!010-B+-2J 2/ h!W030!6)33+0B!,C*!@,((,W+-8!

>3,60BC30G!B0G63+90B!+-!L06*+,-!PVPVSV!570!+-G*)((0B!/h!83,C>!W)G!*70-!C*+(+;0B!*,!0-)9(0!

-0)3 2OC)-*+*)*+F0!6,-UC8)*+,-!,@!6,??036+)((4!)F)+()9(0!(+-0)3!"$%!0-B2@C-6*+,-)(+;0B!

W+*7!)!B+90-;,646(,,6*4( !Z=AJ#[!83,C>!F+)!6)*)(4G*2@300!6(+6D!670?+G*34V!=AJ#2"$%!

W+*7!-,?+-)(!"$%!&dG!,@!RQK!PQ!)-B!hQ!D=)!ZJ(+6D!J70?+G*34!5,,(G[!W030!67,G0-!@,3!

6,-UC8)*+,-!*,!010-B+- 2J 2/ hK!W7+67!W)G!6)33+0B!,C*!94!+-6C9)*+-8!010-B+-2J 2/ h!W+*7!

=AJ# 2"$% !)*!) - !/ h]=AJ# !?,()3! 3)*+,!,@!RHa!+-!"AL!)*!3,,?!*0?>03)*C30!@,3!P!7!

W+*7,C*!)-4!6)*)(4G*!,3!,38)-+6!G,(F0-* V!5,!30?,F0! )-4 !C-30)6*0B!010-B+-2J 2/ hK!*70!

30)6*+,-!?+1*C30!W)G!+-6C9)*0B!W+*7!=AJ# 2)6*+F)*0B!)8)3,G0!90)BG!ZJ(+6D!J70?+G*34!

5,,(G[ !)*!) - !/ h]=AJ# !?,()3! 3)*+,!,@!RHRQQ!)*!3,,?!*0?>03)*C30!@,3!P7V!570!0160GG!

=AJ# 2>,(4?03!W)G!30?,F0B !94!+-6C9)*+-8!W+*7!);+B02)6*+F)*0B!)8)3,G0!90)BG!ZJ(+6D!

J70?+G*34!5,,(G[!)*!) !?,()3!=AJ#] / h!3)*+,!,@!RHhQQ!)*!3,,?!*0?>03)*C30!@,3!e7V!'*!0)67!

+-6C9)*+,-!G*0>K!*70!30)6*+,-!?+1*C30!W)G!6,-*+-C,CG(4!3,*)*0B!*,!?+1V!570!)8)3,G0!

90)BG!W030!30?,F0B!)@*03!0)67!>C3+@+6)*+,-!G*0>!94!60-*3+@C8)*+,-!)*!PRKQQQ!…8!@,3!RQ!

?+- V!
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4.2.4 In Vivo  Fed Glucose Measurements  

M0B!9(,,B!8(C6,G0!?0)GC30?0-*!G*CB+0G!,@!$%h!010-B+-2J 2"#$%&'!6,-UC8*0G!

)-B!*70+3!&d 2!)-B!T 72?)*67+-8!010-B+- 2J 2"$%!6,-UC8)*0G!W030!6)33+0B!,C*!@,((,W+-8!

>3,60BC30G!B0G63+90B!+-!L06*+,-!hVPV`V!'((!6,-UC8)*0G!W030!GV6V!+-U06*0B!+-*,!?+60!)*!Pa!

-?,(]D8 V!/mh!+-!'()*+,%![ !)-B!-ma!+-! '()*+,%"d V!

4.2.5 In Vivo  Pharmacokinetics   

$10-B+-K!aeVS!D=)!$%`K!aaVS!D=)!$%h!)-B!jRVS!D=)!$%h!010-B+-2J 2"#$%&'!

6,-UC8)*0G!W030!@(C,30G60-*(4!()90(0B!W+*7!'(01)!M(C,3p !eii!/\L!0G*03!Z5703?,!M+G703!

L6+0-*+@+6[!F+)!*70+3!G,(F0-*!)660GG+9(0!>3+?)34!)?+-0G!,-!(4G+-0!30G+BC0G!)-B!*70!/ 2

*03?+-CGK!)66,3B+-8!*,!?)-C@)6*C303lG!>3,*,6,(V!E-30)6*0B!@300!@(C,3,>7,30!W)G!

30?,F0B!CG+-8!)!N09)L>+-!B0G)(*+-8!6,(C?-!Z5703?,!M+G703!L6+0-*+@+6[V!&+60!W030!

3)-B,?(4!B+F+B0B!+-*,!@,C3!83,C>G!Z-mh[V!'-+?)(G!W030!W0+870B!90@,30!+-U06*+,-V!$)67!

83,C>!,@!?+60!3060+F0B!)!G+-8(0!GV6V!+-U06*+,-!,@!,-0!,@!*70!()90(0B!G)?>(0G!)*!ja!-?,(]D8!

Zea!-?,(]D8!@(C,3,>7,30[V!RQ!x f!,@!9(,,B!G)?>(0G!W030!6,((06*0B!@3,?!*70!*)+(!F0+-!+-*,!

RQQ!x f!,@!)!70>)3+-!G,(C*+,-!ZRDE]?(!+-!"ALK!L+8?)!'(B3+67[!)*!eQ!GK!eQ!?+-K!PVa!7K!eVa!7K!

i!7K!Pe!7K!ei!7K!jP!7K!`S!7!)-B!RPQ!7!)@*03!+-U06*+,-V!A(,,B!G)?>(0G!W030!60-*3+@C80B!)*!e!

sJ!)-B!PQKQQQ!…8!@,3!RQ!?+-!*,!01*3)6*!*70!>()G?)!@,3!@(C,30G60-60!30)B+-8!)*!016+*)*+,-!

eia!-?!)-B!0?+GG+,-!aha!-?!,-!)!k+6*,3!?C(*+()90(!>()*0!30)B03!Z"0 3D+-!$(?03[V!"()G?)!

6,-60-*3)*+,-G!,@!6,-G*3C6*G!)G!)!@C-6*+,-!,@!*+?0!W030!@+**0B!CG+-8!)!-,-26,?>)3*?0-*)(!



!

!

iP !

)-)(4G+G!Z"y!L,(C*+,-G!PVQK!LC??+*!T0G0)367!L03F+60G[!*7)*!67)3)6*03+;0G!*70!)9G,3>*+,-!

)-B!0(+?+-)*+,-!>7)G0G!,@!*70!>3,@+(0G!*,!B03+F0!*70!>7)3?)6,D+-0*+6!>)3)?0*03GV!

4.2.6 Statistical analysis  

=)*)!)30!>30G0-*0B!)G!?0)- !‚! L$& V!A,*7!B+306*!)-B!6,?>0*+*+F0!)-*+2"$%!$fgL'G!

Z-mh[!W030!)-)(4;0B!CG+-8!*W,2W)4!'/#k'K!@,((,W0B!94! )%/'#*%-!=C--0**lG!?C(*+>(0!

6,?>)3+G,-!*0G*!*,!0F)(C)*0!+-B+F+BC)(!B+@@030-60G!90*W00-!010-B+-2J 2"#$%&'!)-B!

*70!,*703!83,C>G!@,3!0)67!>()G?)!G)?>(0!ZB+306*[!,3!)-*+80-!6,-60-*3)*+,-!Z6,?>0*+*+F0[V!

M0B!9(,,B!8(C6,G0!?0)GC30?0-*G!W030!)-)(4;0B!)G!B0G63+90B!+-!L06*+,-!PVPVRRV!'!*0G*!

W)G!6,-G+B030B!G+8-+@+6)-*!+@!*70!7!F)(C0!W)G!(0GG!*7)-!QVQaV!L*)*+G*+6)(!)-)(4G0G!W030!

>03@,3?0B!CG+-8!"3+G?!S!Z%3)>7")B!G,@*W)30!g-6V[V!

4.3 Results and Discussion  

4.3.1 Antigenicity of EG9 Exendin -C-POEGMA Conjugates  

570!30)6*+F+*4!,@!*70!aeVS!D=)!$%`!010-B+-2J 2"#$%&'!6,-UC8)*0!*,!)-*+ 2"$%!

)-*+9,B+0G!+-!>()G?)!G)?>(0G!,@!>)*+0-*G!>30F+,CG(4!*30)*0B!W+*7!"$%4()*0B!>3,*0+-G!

W)G!*0G*0B!CG+-8!0-;4?02(+-D0B!+??C-,G,39)-*!)GG)4!Z$fgL'[V!g-!)!B+306*!$fgL'K!

-)*+F0!010-B+-!)-B!*70!aeVS!D=)!$%`!010-B+-2J 2"#$ %&'!6,-UC8)*0!W030!G0>)3)*0(4!

6,)*0B!,-!)!>()*0K!)(,-8! W+*7!)B0-,G+-0!B0)?+-)G0!Z'='[!)-B!9,F+-0!G03C?!)(9C?+-!

ZAL'[!)G!-08)*+F0!6,-*3,(GK!)-B!y34G*011)p !Z"$%2C3+6)G0[!)-B!'B)80- p !Z"$%2'='[!)G !

>,G+*+F0!6,-*3,(GV!=+(C*+,-G!,@!)-*+80-G!@,3!>()*0!6,)*+-8!W030!>30>)30B!*,!0-GC30!G+?+()3!

)?,C-*G!,@!C-?,B+@+0B!>0>*+B0]>3,*0+-!,3!"$%]#$%!6,-*0-*G!+-!*70!6)G0!,@!>,(4?032
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?,B+@+0B!)-*+80-GV!J,)*0B!W0((G!W030!>3,90B!W+*7!B+(C0-*!ZRb!AL'!+-!"AL[K!)-!)-*+2"$%!

-08)*+F0!>)*+0-*!>()G?)!G)?>(0K!,3!,-0!,@!*W,!)-*+2"$%!>,G+*+F0!>)*+0-*!>()G?)!

G)?>(0GK!@,((,W0B!94!9+-B+-8!W+*7!)!G06,-B)34!)-*+9,B4!6,-UC8)*0B!*,!)(D)(+-0!

>7,G>7)*)G0!@,3!6,(,3+?0*3+6!30)B,C*!94!,>*+6)(!B0-G+*4!Z#=[!)*!eQa!-?V!'G!G7,W-!+-!

'()*+,%!W8 K!W7+(0!*70!$%`!010-B+-2J 2"#%$&'!6,-UC8)*0!B+B!G7,W!)!G?)((!)?,C-* !,@!

9+-B+-8!*,!)-*+2"$%!)-*+9,B+0G!+-!*70!>,G+*+F0!>()G?)!G)?>(0GK!*70!01*0-*!,@!9+-B+-8!+G!

G+8-+@+6)-*(4!(0GG!*7)-!*7,G0!,@!*70!*W,!"$%4()*0B!>,G+*+F0!6,-*3,(GV!!
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'()*+,% !W-%833,334,2>%56%+,1/>(?(>E%56%12%]Q[%,Y,2A(2 CJ C;\]Q.8%/52c*)1>,%>5S1+A%
12>(C;]Q%12>(D5A(,3%(2%B1>(,2>%B71341%314B7,3<%8I%_(+,/>%]O^K8%B+5D(2)%21>(?,%

,Y,2A(2@%W$<Z%=_1%]Q[%,Y,2A(2CJ C;\]Q.8%/52c*)1>,@%8_8@%TK8@%n+E3>,YY1t%H;]Q C
*+(/13,I %12A%8A1),2t %H;]Q C8_8I%S(>0%A(7*,2>@%12%12>(C;]Q%2,)1>(?,%B1>(,2>%B71341%

314B7,@%5+%52,%56%>S5%12>(C;]Q%B53(>(?,%B71341%314B7,3<%TI%J54B,>(>(?,%]O^K8@%
S0,+,%?1+(5*3%145*2>3 %56%,Y,2A(2@%W$<Z%=_1%]Q[%,Y,2A(2CJ C;\].Q8@%8_8%12A%

8A1),2 t %S,+,%1775S,A%>5%/54B,>,%S(>0%n+E3>,YY1t %65+%D(2A(2)%S(>0%12>(C;]Q%
12>(D5A(,3%(2%1%B53(>(?,%B71341%314B7,<%̂2%D5>0%1331E3@%>0,%314,%*245A(6(,A%

B,B>(A,bB+5>,(2%/52>,2>%5+%3(4(71+%;]Qb\]Q%/52>,2>%(2%>0,%/13,%56%B57E4,+C45A(6(,A%
314B7,3%B,+%S,77%S,+,%/54B1+,A<%K,,%.,>05A3%3,/>(52%65+%A,>1(73<%_1>1%S,+,%1217EL,A%
DE%>S5CS1E%8U\f8@%65775S,A%DE%3/(*'4/. %_*22,>>q3%4*7>(B7,%/54B1+(352%>,3>%H2G#@%

rrrr;%sd<ddd!I%H##I<%

A B 
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570!30GC(*!@3,?!B+306*!$fgL'!W)G!6,-@+3?0B!94!)!6,?>0*+*+F0!$fgL'K!W7030!

y34G*011)p !W)G!6,)*0B!,-!W0((G!*,!9+-B!*,!)-*+2"$%!)-*+9,B+0G!+-!)!>,G+*+F0!>()G?)!

G)?>(0!+-!6,?>0*+*+,-!W+*7!F)3+,CG!)?,C-*G!,@!-)*+F0!010-B+-K!aeVS!D=)!$%`!010-B+-2

J 2"#$%&'K!'='!)G!-08)*+F0!6,-*3,(K!)-B!'B)80- p !)G!>,G+*+F0!6,-*3,(V!L+?+()3!

"$%]#$%!6,-*0-*G!,@!'B)80- p !)-B!aeVS!D=)!$%`!010-B+-2J 2"#$%&'!W030!6,?>)30B!

)*!)(( !6,?>0*+-8!)-*+80-!6,-60-*3)*+,-GV!'G!6)-!90!G00-!+-! '()*+,%!WTK!)*!)((!*0G*0B!

6,-60-*3)*+,-GK!aeVS!D=)!$%`!010-B+-2J 2"#$%&'!G7,W0B!G+8-+@+6)-*(4!30BC60B!

)-*+9,B4!9+-B+-8!6,?>)30B!*,!'B)80- p V!570G0!30GC(*G!(0B!*,!*70!74>,*70G+G!*7)*!*70!

30BC60B!"$%!)-*+80-+6+*4!,@!*70!$%`!010-B+-2J 2"#$%&'!6,-UC8)*0!+G! BC0!*,!9,*7!*70!

93)-670B!)367+*06*C30!)-B!*70!G7,3*!G+B0267)+-!(0-8*7!,@!*70!6,-UC8)*0B!"#$%&'V!'G!)!

?+-+?C?!(0-8*7!,@!"$%!+G!>30GC?)9(4!-00B0B!@,3!)-*+9,B4!306,8-+*+,-!)-B!9+-B+-8!

Z=>E[K!W0!74>,*70G+;0B!*7)*!,>*+?+;+-8!*70!G+B0267)+-!#$%!(0-8*7!?)4!@C3*703!30BC60!,3!

>,GG+9(4!0(+?+-)*0!*70!)-*+80-+6+*4!,@!"#$%&'!6,-UC8)*0G!*,!)-*+2"$%!)-*+9,B+0GV!

4.3.2 Synthesis and Characterization of EG3 E xendin -C-POEGMA 
Conjugates  

5,!*0G*!,C3!74>,*70G+GK!W0!-01*!G4-*70G+;0B!010-B+-2J 2"#$%&'!6,-UC8)*0G!

CG+-8!#$%&'!?,-,?03!W+*7!>306+G0(4!h!$%!G+B0267)+-!30>0)*G!)G!G00-!94!fJ]$Lg2&L!

Z'()*+,%!Z8 [K!)G!0F+B0-60!+-!*70!(+*03)*C30!GC880G*G!*7)*!*70!)-*+80-+6!B0*03?+-)-*!,@!

"$%!?)4!90!_S 2j!$%!30>0)*G!Z=>E[V!=C0!*,!*70!6,-G+B03)9(4!(,W03!W)*03!G,(C9+(+*4!,@!*70!

$%h!#$%&'!?,-,?03K!>,(4?03+;)*+,-G!W030!6)33+0B!,C*!+-!PQ!F]Fb!?0*7)-,(!+-!"ALV! !

!
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71.6 kDa EG3 conjugate

!! !

'()*+,% !Z-%J01+1/>,+(L1>(523%56%]Q#%\]Q.8%45254,+%12A%,Y,2A(2CJ C;\]Q.8%
/52c*)1>,3<%8I%OJb]K^C.K%/01+1/>,+(L1>(52%56%\]Q.8%45254,+%S(>0%. 2%"#"%_1%5+%
B+,/(3,7E%#%3(A,C/01(2%]Q%+,B,1>3<%;,1=%A,>,/>,A%13%e.jU1ij <%T%12A%JI%K]J%>+1/,3%56%

A B 

C D 

E F 
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89:;%+,1/>(52%4(Y>*+,3%56%)+16>(2)%]Q[%;\]Q.8%6+54%,Y,2A(2 CJ CT+%/1++(,A%5*>%65+%
"<W%0@%#%0@%$<W%0@%W<W%0%12A%X%0@%A,>,/>,A%DE%kfC?(3%1D35+D12/,%1>%"Xd%24%12A%:^<%K()217%
6+54%+,3(A*17%,Y,2A(2CJ CT+%S13%>55%75S%>5%D,%A,>,/>,A%A*,%>5%(>3%34177%3(L,%12A%75S%

/52/,2>+1>(52<%_I J554133(, C3>1(2,A%K_KC;8Q]%1217E3(3%56%]Q#%,Y,2A(2CJ C
;\]Q.8%/52c*)1>,3%B*+(6(,A%DE%1%3(2)7,%+5*2A%56%B+,B1+1>(?,%K]J<%O12,%!-%41+=,+@%

712,3%"CZ-%B*+(6(,A%"d<!%=_1@%"Z<#%=_1@%$"<a%=_1@%WW<Z%=_1%12A%a!<W%=_1%]Q#%
/52c*)1>,3<%]I%J(+/*71+%A(/0+5(34%HJ_I%3B,/>+1%56%,Y,2A(2%12A%>0,%a!<Z%=_1%]Q#%

,Y,2A(2 CJ C;\]Q.8%3/122,A%1>%!d%m.<%'I%/8.; %+,3B523,%56%21>(?,%,Y,2A(2%12A%]Q#%
,Y,2A(2 CJ C;\]Q.8%/52c*)1>,3%(2% TFn%/,773%,YB+,33(2)%>0,%QO;C!:<%]J Wd%?17*,3%1+,%

3*441+(L,A%(2%91D7,%a%H##I<%
!

91D7,%a-%;0E3(/17%B+5B,+>(,3%12A%D(575)(/17%1/>(?(>E%56%]Q#%,Y,2A(2CJ C
;\]Q.8%/52c*)1>,3<%.`3%12A% 1 3%S,+,%A,>,+4(2,A%DE%K]JC.8OK<%: 03%S,+,%

4,13*+,A%DE%_OK<%]JWd%?17*,3%S,+,%A,+(?,A%6+54%/8.;%+,3B523,%/*+?,3%(2%'()*+,%
!Z'<%1J17/*71>,A%6+54%14(25%1/(A%3,M*,2/,<%D_,61* 7>%?17*,%A*,%>5%*2(457,/*71+%21>*+,%

56%>0,%B,B>(A,%H##I<%

KB,/(,3b%:,1/>(52%
9(4,%Z7[%

. S%Z=)[ % . 2%Z=)[ % 1 %Z&W]!& - [% : 0%Z-?[ % ]J Wd%Z-&[ %

010-B+-# 22# eKRiSVS)# RVQQ9# PVP!‚!QVR! QVQi!‚!QVQR#

PVa# PRKjQQ# PQKRQQ# RVQi# PV`!‚!QVP! hVPh!‚!QVRe#

h# PjKeQQ# PSKhQQ# RVQe# hVh!‚!QVh! hVP`!‚!QVPj#

eVa# eSKRQQ# ePKjQQ# RVQi# eVh!‚!QVa! eVQa!‚!QVQa#

aVa# SQKSQQ# aaKSQQ# RVQ#̀ eVi!‚!QVS! eVRj!‚!QVhR#

i # iPKjQQ! jRKSQQ# RVRS# aVe!‚!QVS! aVRR!‚!QVPe#

!

$%h!6,-UC8)*0G!,@!@+F0!B+@@030-*!&dG!W030!G4-*70G+;0B!94!F)34+-8!'5T"!

30)6*+,-!*+?0GK!0F+B0-*!@3,?!*70!0?0380-60!,@!L$J!>0)DG!0(C*+-8!)*!RjVPK!RiVPK!R`VQK!PQVh!

)-B!PRVRR!?+-!B0*06*0B!94!9,*7!Ek2F+G!)9G,39)-60!)*!PiQ!-?!Z'()*+,%!ZT [!)-B!Tg!



!

!

ij !

Z'()*+,%!Z J [V!g-*083)*+,-!,@!>0)D!)30)G!+-!*70!Ek!673,?)*,83)?G!G7,W0B!*7)*!*70!

6,-UC8)*0G!6,-G*+*C*0B!_SQb!,@!*70!>,(4?03+;)*+,-!>3,BC6*!,-!)F03)80V!570!30()*+F0(4!

(,W03!6,-UC8)*+,-!0@@+6+0-64!,@!*70!$%h!6,-UC8)*0G!6,?>)30B!*,!*70+3!$%`!6,C-*03>)3*G!

+G!G>06C()*0B!*,!90!BC0!*,!*70!(,W03!W)*03!G,(C9+(+*4!,@!*70!$%h!#$%&'!?,-,?03K!

*7,C87!GC67!)!4+0(B!+G!G*+((!W0((!)9,F0!W7)*!+G!*4>+6)((4!)67+0F0B!W+*7!6,-F0-*+,-)(!

"$%4()*+,-V!L$J 2&'fL!?0)GC30?0-*G! G7,W0B!*7)*!*70!G4-*70G+;0B!$%h!010-B+-2J 2

"#$%&'!6,-UC8)*0G!7)B!& - G!3)-8+-8!@3,?!PQVR!*,!jRVS!D=)!W+*7!-)33,W!B+G>03G+*+0G!

Z91D7,%a[V!570!6,-UC8)*0G!W030!0)G+(4!>C3+@+0B!94!)!G+-8(0!3,C-B!,@!>30>)3)*+F0!L$J!

Z'()*+,%!Z_ [!@,3!@C3*703!67)3)6*03+;)*+,-GV!J+36C()3!B+673,+G?!ZJ=[!G>06*3,G6,>4!

>03@,3?0B!,-!010-B+-!)-B!*70!jRVS!D=)!$%h!6,-UC8)*0!+-B+6)*0B!*7)*!83)@*+-8!$%h!

"#$%&'!@3,?!010-B+-!B+B!-,*!>03*C39!*70!,F03)((! †270(+6)(!G06,-B)34!G*3C6*C30!,@!*70!

>0>*+B0!Z'()*+,%!Z] [V!'GG0GG?0-*!,@!6,-UC8)*0!>,*0-64!94!+-*3)60((C()3!6'&"!$fgL'!

Z'()*+,%!Z' [!30F0)(0B!*7)*!G+?+()3!*,!*70!$%`!6,-UC8)*0GK!6,-UC8)*+,-!,@!$%h!"#$%&'!

*,!*70!J 2*03?+-CG!,@!010-B+-!6)CG0B!)-!+-630)G0!+-!*70!$JaQ%Z91D7,%a[K!,3!)!B0630)G0!+-!

*70!3060>*,3!)6*+F)*+,-!,@!*70!6,-UC8)*0GK!*7,C87!W+*7!)!(0GG!>3,-,C-60B!&d2

B0>0-B0-60V!
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!!!!!!!!!! !

'()*+,% !a -%J01+1/>,+(L1>(523%56%,Y,2A(2CJ C;]Q%/52c*)1>,3<%8%12A%TI%K]J%>+1/,3%56%
B*+(6(,A%,Y,2A(2 CJ C;]Q%/52c*)1>,3%S(>0%254(217%;]Q%.`3%56%!d@%"d@%12A%#d%=_1@%
A,>,/>,A%DE%kfC?(3%1D35+D12/,%1>%"Xd%24%12A%:^<%JI J554133(, C3>1(2,A%K_KC;8Q]%

1217E3(3%56%,Y,2A(2CJ C;]Q%/52c*)1>,3<%O12,%!-%41+=,+@%712,3%"C$-%B*+(6(,A%,Y,2A(2CJ C
;]Q%/52c*)1>,3%S(>0%254(217%;]Q%.`3%56%!d@%"d@%12A%#d%=_1<%_I%/8.;%+,3B523,3%56%
21>(?,%,Y,2A(2%12A%,Y,2A(2CJ C;]Q%/52c*)1>,3%(2%TFn%/,773%,YB+,33(2)%>0,%QO;C!:<%

]J Wd%?17*,3%1+,%3*441+(L,A%(2%91D7,%X<%
!

A B 

C D 



!

!

i` !

91D7,%X-%;0E3(/17%B+5B,+>(,3%12A%D(575)(/17%1/>(?(>E%56%,Y,2A(2CJ C;]Q %/52c*)1>,3<%
.`3%12A%1 3%S,+,%A,>,+4(2,A%DE%K]JC.8OK<%: 03%S,+,%4,13*+,A%DE%_OK<%]JWd%

?17*,3%S,+,%A,+(?,A%6+54%/8.;%+,3B523,%/*+?,3%(2%'()*+,%!a_< %

KB,/(,3 % . S!Z=)[ ! . 2%Z=)[ ! 1 #Z&W]!& - [! : 0!Z-?[ ! ]J Wd!Z-&[ !

010-B+-2J 2"$% RQD# RaK`QQ# RaKSQQ# RVQP# hVR!‚!QVP! QVij!‚!QVPe#

010-B+-2J 2"$% PQD# PaK`QQ# PaKRQQ# RVQh# eVj!‚!QVe! RVhj!‚!QVRS#

010-B+-2J 2"$% hQD# hhKeQQ# hPKeQQ# RVQh# aVe!‚!QVe! eVPa!‚!QVea#

!

5,!6,?>)30!*70!"#$%&'!G4G*0?!W+*7!*70!6C330-*!X8,(B!G*)-B)3BY!"$%K!

010-B+-2J 2"$%!6,-UC8)*0G!W030!G4-*70G+;0B!CG+-8!)!?,BC()3!>,(4?03!6,-UC8)*+,-!

)>>3,)67!*7)*!,C3!83,C>!3060-*(4!B0F0(,>0B!Z=>9[K!W7030!)-!);+B0!@C-6*+,-)(+*4!+G!

+-G*)((0B!016(CG+F0(4!)*!*70!J 2*03?+-CG!,@!010-B+-!94!G,3*)G026)*)(4;0B!(+8)*+,-K!*,!

0-)9(0!-0)3 2OC)-*+*)*+F0!6,-UC8)*+,-!,@!6,??036+)((4!)F)+()9(0!(+-0)3!"$%!0-B2

@C-6*+,-)(+;0B!W+*7!)!B+90-;,646(,,6*4( !Z=AJ#[!83,C>!F+)!6)*)(4G*2@300!6(+6D!670?+G*34V!

$10-B+-2J 2"$%!6,-UC8)*0G!W+*7!-,?+-)(!"$%!&dG!,@!RQK!PQ!)-B!hQ!D=)!W030!

G4-*70G+;0BK!0F+B0-*!@3,?!L$J!>0)DG!0(C*+-8!_!RjVQK!RiVQ!)-B!R`Vj!?+-!Z'()*+,3%!a8%12A%

T[V!570!010-B+-2J 2"$%!6,-UC8)*0G!3)-!G(+87*(4!7+8703!*7)-!01>06*0B!+-!L=L2"'%$V!!57+G!

30*)3B0B!?,9+(+*4!>70-,?0-,-!7)G!900-!B,6C?0- *0B!>30F+,CG(4!ZA8[!)-B!+G!>30GC?)9(4!

BC0!*,!*70!?,30!@(01+9(0!)-B!01*0-B0B!G*3C6*C30!,@!(+-0)3!"$%!Z'()*+,%!aJ [V!L$J2&'fL!

?0)GC30?0-*G!Z91D7,%X[!G7,W0B!*7)*!*70!?0)GC30B!&dG!,@!*70!010-B+-2J 2"$%!

6,-UC8)*0G!W030!+-!6(,G0!)8300?0-*!W+*7!*70+3!-,?+-)(!&dGK!)-B!W7+(0!*70!*W,!7+8703!



!

!

` Q!

&d!6,-UC8)*0G!7)B!G,?0W7)*!9+?,B)(!&d!B+G*3+9C*+,-G!Z'()*+,3%!a8%12A%T[K!)((!*7300!

6,-UC8)*0G!7)B!F034!-)33,W!B+G>03G+*+0GV!2"#$!'0%!6'&"!30G>,-G0G!,@!*70!010-B+-2J 2"$%!

6,-UC8)*0G!Z'()*+,%!a_ [!G7,W0B!)!G*3,-8!&d 2B0>0-B0-*!+-630)G0!+-!$J aQ!F)(C0G!Z91D7,%

X[K!,3!B0630)G0!+-!3060>*,32)6*+F)*+,-!)6*+F+*4K!G+?+()3!*,!*70!$%`!010-B+-2J 2"#$%&'!

6,-UC8)*0GV!

4.4.3 Antigenicity of EG3 Exendin -C-POEGMA Conjugates  
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!

'()*+,% !X-%833,334,2>%56%+,1/>(?(>E%56%]Q#%12A%]Q[%,Y,2A(2 CJ C;\]Q.8%/52c*)1>, 3%
>5S1+A%12>(C;]Q%12>(D5A(,3%(2%B1>(,2>%B71341%314B7,3<%8I%_(+,/>%]O^K8%B+5D(2)%
21>(?,%,Y,2A(2@%WW<Z%=_1%]Q#%12A%W$<Z%=_1%]Q[%,Y,2A(2CJ C;\]Q.8%/52c*)1>,3@%

8_8@%TK8@%n+E3>,YY1t%H;]Q C*+(/13,I %12A%8A1),2t %H;]Q C8_8I%S(>0%A(7*,2>@%12%12>(C
;]Q%2,)1>(?,%B1>(,2>%B71341%314B7,@%5+%52,%56%>S5%12>(C;]Q%B53(>(?,%B71341%

314B7,3<%TI%J54B,>(>(?,%]O^K8@%S0,+,%?1+(5*3%145*2>3 %56%,Y,2A(2@%WW<Z%=_1%]Q#%12A%
W$<Z%=_1%]Q[%,Y,2A(2CJ C;\].Q8%/5 2c*)1>,3 @%8_8%12A%8A1),2 t %S,+,%1775S,A%>5%
/54B,>,%S(>0%n+E3>,YY1t %65+%D(2A(2)%S(>0%12>(C;]Q%12>(D5A(,3%(2%1%B53(>(?,%B71341%

314B7,<%̂2%D5>0%1331E3@%>0,%314,%*245A(6(,A%B,B>(A,bB+5>,(2%/52>,2>%5+%3(4(71+%
;]Qb\]Q%/52>,2>%(2%>0,%/13,%56%B57E4,+C45A(6(,A%314B7,3%B,+%S,77%S,+,%/54B1+,A<%
_1>1%S,+,%1217EL,A%DE%>S5CS1E%8U\f8@%65775S,A%DE%3/(*'4/. %_*22,>> q3%4*7>(B7,%

/54B1+(352%>,3>%H2GW@%rrsd<d!@%rrrr;%sd<ddd!I%H##I<%

A B

A 
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570!30)6*+F+*4!,@!*70!aaVS!D=)!$%h!010-B+-2J 2"#$%&'!6,-UC8)*0!*,!)-*+ 2"$%!

)-*+9,B+0G!+-!>)*+0-*!>()G?)!G)?>(0G!W)G!*0G*0BV!570!aeVS!D=)!$%`!6,-UC8)*0!W)G!

+-6(CB0B!)G!)!6,-*3,(!*,!6,-@+3?!*70!30>0)*)9+(+*4!,@!*70!)GG)4GV!T0?)3D)9(4K!9,*7!B+306*!

)-B!6,?>0*+*+F0!)-*+2"$%!$fgL'G!Z '()*+,%!X [!G7,W0B!*7)*!30BC6+-8!*70!G+B0267)+-!

(0-8*7!,@!*70!6,-UC8)*0B!"#$%&'!B,W-!*,!h!$%!30>0) *G!6,?>(0*0(4!0(+?+-)*0B!*70!

30)6*+F+*4!,@!*70!6,-UC8)*0!*,W)3B!)-*+2"$%!)-*+9,B+0G!>30G0-*!+-!*70!>)*+0-*!>()G?)!

G)?>(0GV!g*!+G!G>06C()*0B!*7)*!*70!6,?>(0*0!0(+?+-)*+,-!,@!)-*+2"$%!)-*+80-+6+*4!,@!$%h!

"#$%&'!7)G!*W,!>,*0-*+)(!?,(06C()3!01>()-)*+,-GV!M+3G*K!*7300!0*74(0-0!8(46,(!30>0)*G!

?)4!90!G7,3*03!*7)-! *70!0>+*,>0!306,8-+;0B!94!)-*+2"$%!)-*+9,B+0GK!W7+67!+G!6,-G+G*0-*!

W+*7!)!>03F+,CG!30>,3*!*7)*!*70!)-*+80-+6!B0*03?+-)-*!,@!"$%!?)4!90!S2j!30>0)*!C-+*G!

Z=>E[V!L06,-BK!B+G*3+9C*+-8!"$%!)G!,(+8,?03+6!G+B0267)+-G!?)4!630)*0!)!XG*)6D+-8!0@@06*Y!

*7)*!7+-B03G!)-*+9,B4!)660GGV!%+F0-!*7)*!"#$%&'!+G!-,*!6C330-*(4!>30G0-*!+-!)-4!

>7)3?)60C*+6)(!,3!6,-GC?03!>3,BC6*K!+*!+G!30)G,-)9(0!*,!G>06C()*0!*7)*!7C?)-G!W,C(B!

-,*!7)F0 !)-4!>30 201+G*+-8!)-*+9,B+0G!*,!*70!>,(4?03V!57CG!6(+-+6)((4K!*70!()6D!,@!)-*+2"$%!

)-*+80-+6+*4!,@!"#$%&'!6,-UC8)*0G!+G!01>06*0B!*,!*3)-G()*0G!*,!6,?>(0*0!0(+?+-)*+,-!,@!

G03+,CG!)-B!G,?0*+?0G!(+@02*730)*0-+-8!@+3G*201>,GC30!)((038+6!30)6*+,-G!+-!>)*+0-*G!

*,W)3B!$%h!"#$%&'!6,-UC8)*0G!,@!*703)>0C*+6G!)-B!)93,8)*+,-!,@!)660(03)*0B!9(,,B!

6(0)3)-60!,@!*70!B3C8!6,-UC8)*0G!BC0!*,!>30201+G*+-8!)-*+2"$%!)-*+9,B+0G!+-!>)*+0-*GV!

/,*0!*7)*! *70G0!G*CB+0G!,-(4!)BB30GG!*70!)-*+2"$%!)-*+80-+6+*4!,@!"#$%&'!6,-UC8)*0G!
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`P!

,@!9+,(,8+6!B3C8GK!W7+(0!+-*3+-G+6!+??C-,80-+6+*4K!W7+67!+G!)(G,!)!63C6+)(!)G>06*!

308)3B+-8!*70!G)@0*4!,@!*7+G!6()GG!,@!6,-UC8)*0GK!W+((!0-*)+(!?,30!01*0-G+F0!@C*C30!G*CB+0GV!

4.4.4 In Vivo  Efficacy of EG3 E xendin -C-POEGMA Conjugates  

'G!*70!#$%!G+B0267)+-G!,-!"#$ %&'!)30!()380(4!30G>,-G+9(0!@,3!*70!XG*0)(*7Y!

907)F+,3!,@!*70!>,(4?03!)-B!+*G!6,-UC8)*0GK!)(*03)*+,-!,-!*70!G+B0267)+-!(0-8*7!?)4 !*7CG!

7)F0!)-!+?>)6*!,-!*70! !"#$!$%!907)F+,3!,@!"#$%&'!6,-UC8)*0GV!57030@,30K!W0!-01*!

+-F0G*+8)*0B!*70!!"#$!$%!0@@+6)64!,@!$%h!010-B+-2J 2"#$%&'V! 5,!G00!+@!)-4!)BUCG*?0-*!*,!

*70!B,G0!+G!-00B0BK!)!B,G02B0>0-B0-*!G*CB4!W)G!@+3G*!>03@,3?0BV!570!jRVS!D=)!$%`!

010-B+-2J 2"#$%&'!6,-UC8)*0!W)G!)B?+-+G*030B!+-*,!?+60!Z-mh[!F+)!)!G+-8(0!GV6V!

+-U06*+,-!)*!PaK!aQ!)-B!j aK!RaQ!)-B!PaQ!-?,(]D8!?,C G0!9,B4!W0+87*K!)-B!)-!0OC+F)(0-*!

F,(C?0!,@!"AL!W)G!+-U06*0B!)G!-08)*+F0!6,-*3,(V!g-*030G*+-8(4K!-,!)>>)30-*!0@@+6)64!8)+-!

W)G!,9G03F0B!W+*7!)-!+-630)G0!+-!B,G0!Z'()*+,%![8@%91D7,%[@%C--,3?)(+;0B!8(C6,G0!

>3,@+(0G!+-!'>>0-B+1 %'()*+,%"W[K!+-!6,-*3)G*!*,!)!F034!6(0)3!B,G02B0>0-B0-60!G00-!+-!*70!

9,B4!W0+87*!>3,@+(0G!Z'()*+,%![T [V!'G!*70!(,W0G*!*0G*0B!B,G0!,@!Pa-?,(]D8!>3,F+B0B!

G+?+()3!8(C6,G02308C()*,34!0@@+6)64!)G!*70!7+8703!B,G0G!W7+(0!30GC(*+-8!+-!G+8-+@+6)-*(4!

(0GG!)6C*0!9,B4!W0+87*!(,GGK!*70!Pa-?,(]D8!B,G0!W)G!?)+-*)+-0B!@,3!GC9G0OC0-*!!"#$!$%!

0@@+6)64!G*CB+0G!,@!$%h!010-B+-2J 2"#$%&'!6,-UC8)*0GV !



!

!

`h !

-24 0 24 48 72 96 120
25

50

75

100

125

150

175

Time (h)

P
la

sm
a 

gl
uc

os
e 

(%
 b

as
el

in
e)

25nmol/kg

50nmol/kg

75nmol/kg

150 nmol/kg

250nmol/kg

PBS

!!! !

-24 0 24 48 72 96 120
-15

-10

-5

0

5

10

Time (h)

W
ei

gh
t  

(%
 c

ha
ng

e)

PBS

50nmol/kg

75nmol/kg

150 nmol/kg
250nmol/kg

25nmol/kg

!

'()*+,% ![ -%833,334,2>%56%)&'2)2/ %A53,CA,B,2A,2>%,66(/1/E%56%]Q#%,Y,2A(2 CJ C
;\]Q.8<% 8I%\?,+71(A%25+417(L,A%D755A%)7*/53,%7,?,73%56%6,A%4(/,%H2G#I%4,13*+,A%

D,65+,%12A%16>,+%1%3(2)7,%3</<%(2c,/>(52%56%1%a!<Z%=_1%]Q#%,Y,2A(2 CJ C;\]Q.8%
/52c*)1>,%1>%"W@%Wd@%aW@%!Wd@%"Wd%2457b=)%5+%;TK%/52>+57%56%,M*(?17,2>%?57*4,%

1A4(2(3>,+,A%1>%>G%d%0<%T755A%)7*/53,%7,?,73%S,+,%25+417(L,A%>5%>0,%1?,+1),%)7*/53,%
7,?,73%4,13*+,A%"$%0%B+(5+%>5%12A%(44,A(1>,7E%D,65+,%(2c,/>(52<%TI%\?,+71(A%S,()0>%

B+56(7,3%65+%177%>+,1>4,2>%12A%/52>+57%)+5*B3<%`,()0>3%1+,%+,B5+>,A%13%p%/012),%6+54%d%
0%>(4,%B5(2><%

!

91D7,%[ -%K*441+E%56%3>1>(3>(/17%3()2(6(/12/,%7,?,73%56%A53,CA,B,2A,2>%6,A%D755A%
)7*/ 53,%4,13*+,4,2>3%56%]Q#%,Y,2A(2CJ C;\]Q.8%/54B1+,A%>5%;TK%/52>+57%305S2%
(2%'()*+,%![8<%_1>1%S,+,%1217EL,A%DE%+,B,1>,A%4,13*+,3%>S5CS1E%8U\f8@%65775S,A%

DE%3/(*'4/. %_*22,>>q3%4*7>(B7,%/54B1+(352%>,3>%>5%,?17*1>,%(2A(?(A*17%A(66,+,2/,3%
D,>S,,2%1%>+,1>4,2>%12A%;TK%/52>+57%1>%,1/0%>(4,%B5(2>%H2G#@%r5%s%d<dW@%rr5%s%d<d!@%rrr5%

s%d<dd!%12A%rrrr5%sd<ddd!I<%

9(4, !Z7[#
# _531), !Z-?,(]D8[ !

Pa! aQ# ja # RaQ# PaQ#
R# # nnn# nnnn! nnn! nnnn!
h# nnnn# nnnn# nnnn# nnnn# nnnn!
S# # # # n# #
Pe# nnnn! nnn# nnnn# nnnn# nnnn#
ei # nn! nn# nn# nnnn# nn#
jP# nn! # n# # #
`S# n! ! # # #
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'()*+,% "d-%833,334,2>%56%)&'2)2/ %,66(/1/E%56%]Q[%,Y,2A(2CJ C;\]Q.8% 12A%,Y,2A(2CJ C
;]Q%/52c*)1>,3%56%?1+(5*3%.`3<%T755A%)7*/53,%7,?,73%(2%6,A%4(/,%H2GWI%S,+,%

A B 

C D 

E F 

G H
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4,13*+,A%D,65+,%12A%16>,+%1%3(2)7,%3</<%(2c,/>(52%56%8@%J@%]I%"Z<#%=_1@%WW<Z%=_1%12A%a!<Z%
=_1%]Q[%,Y,2A(2CJ C;\]Q.8%/52c*)1>,3%12A%T@%_@%'I%,Y,2A(2CJ C;]Q%/52c*)1>,3%

S(>0%254(217%;]Q%.`3%56%!d@%"d%12A%#d%=_1@%/54B1+,A%>5%;TK%/52>+57<%877%
/52c*)1>,3%S,+,%(2c,/>,A%1>%"W%2457b=)%12A%;TK%S13%(2c,/>,A%1>%,M*(?17,2>%?57*4,%1>%
>G%d%0<%T755A%)7*/53,%7,?,73%S,+,%25+417(L,A%>5%>0,%1?,+1),%)7*/53,%7,?,73%4,13*+,A%

"$%0%12A%(44,A(1>,7E%D,65+,%(2c,/>(52<%_1>1%S,+,%1217EL,A%DE%+,B,1>,A%4,13*+,3%
>S5CS1E%1217E3(3%56%?1+(12/,%H8U\f8I@%65775S,A%DE%3/(*'4/. %_*22,>>q3%4*7>(B7,%
/54B1+(352%>,3><%'I%Q7*/53,%B+56(7,3%(2%8C'%5?,+71(A%65+%/54B1+(352<%QI%\?,+71(A%
S,()0>%B+56(7,3%65+%177%>+,1>4,2>%12A%/52>+57%)+5*B3<%`,()0>3%1+,%+,B5+>,A%13%p%

/012),%6+54%d%0%>(4,%B5(2><%Q7*/53,%12A%S,()0>3%1>%!"d%0%S,+,%527E%4,13*+,A%65+%>0,%
;TK@%WW<Z%=_1%]Q#%,Y,2A(2CJ C;\]Q.8@%12A%,Y,2A(2 CJ C;]Q "d=%)+5*B3<%

!

91D7,%!d -%K*441+E%56%3>1>(3>(/17%3()2(6(/12/,%7,?,73%56%6,A%D755A%)7*/53,%
4,13*+,4,2>3%56%]Q#%,Y,2A(2CJ C;\]Q.8%12A%,Y,2A(2 CJ C;]Q%/52c*)1>,3%/54B1+,A%
>5%;TK%/52>+57%305S2%(2%'()*+,%"!<%_1>1%S,+,%1217EL,A%DE%+,B,1>,A%4,13*+,3%>S5CS1E%

8U\f8@%65775S,A%DE%3/(*'4 /. %_*22,>>q3%4*7>(B7,%/54B1+(352%>,3>%>5%,?17*1>,%
(2A(?(A*17%A(66,+,2/,3%D,>S,,2%1%>+,1>4,2>%12A%;TK%/52>+57%1>%,1/0%>(4,%B5(2>%H2G#@%
r5%s%d<dW@%rr5%s%d<d!@%rrr5%s%d<dd!%12A%rrrr5%sd<ddd!I<%1_,3()21>,A%DE%254(217%.`%56%

>0,%;]Q%/54B52,2><%

5+?0!Z7[#
$%h!010-B+-2J 2"#$%&' ! 010-B+-2J 2"$% )!

PSVh!D=) ! aaVS!D=)! jRVS!D=)! RQ!D=)! PQ!D=)! hQ!D=)!

R# nnnn! nnnn! nnnn! nnnn! nnnn! nnnn!

e# n! nn! ! nnnn! nnnn! nnnn!

i # nn! n! ! nnnn! nnnn! nnnn!

Pe# nnn! nnnn! nn! nnnn! nnnn! nnnn!

ei # ! nn! n! ! nnnn! nnnn!

jP# n! nn! nn! ! nn! nn!

`S# ! nn! ! ! ! !

!
!

/01*K!*70!!" #$!$%!0@@+6)64!,@!$%h!010-B+-2J 2"#$%&'!6,-UC8)*0G! W)G!)GG0GG0B!

)-B!6,?>)30B!*,!*7)*!,@!010-B+- 2J 2"#$%&'!6,-UC8)*0GV! 'G!(+-0)3!"$%!)-B!$%h!

"#$%&'!7)F0!6,-G+B03)9(4!B+@@030-*!T7G!)*!*70!G)?0!&dK!*70!"$%!&dG!W030!G0(06*0B!



!

!

`S!

*,!7)F0!*7300!T72?)*67+-8!6,-UC8)*0!>)+3GH!PSVh!D=)!$%h!010-B+-2J 2"#$%&'!ZhVh!-?[ !

FGV!010-B+-2J 2"$% RQD!ZhVR!-?[K!aaVS!D=)!$%h!010-B+-2J 2"#$%&'!ZeVi!-?[!FGV!010-B+- 2

J 2"$% PQD!ZeVj!-?[K!)-B!jRVS!D=)!$%h!010-B+-2J 2"#$%&'!ZaVe!-?[!FGV!010-B+-2J 2

"$% hQD!ZaVe!-?[w!)-B!,-0!&d 2?)*67+-8!6,-UC8)*0!>)+3H!PSVh!D=)!$%h!010-B+-2J 2

"#$%&'!FGV!010-B+- 2J 2"$% PQD!ZPaVR!D=)[V!'((!6,-UC8)*0G!W030!)B?+-+G*030B!+-*,!@0B!

?+60!Z-mh[!F+)!)!G+-8(0!GV6V!+-U06*+,-!)*!Pa!-?,(]D8!?,CG0!9,B4!W0+87*K!W+*7!"AL!,@!

0OC+F)(0-*!F,(C?0!G03F+-8!)G!6,-*3,(!)-B!@0B!8(C6,G0!(0F0(G!W030!?,-+*,30B!)*!F)3+,CG!

*+?0!>,+-*G!>,G*2+-U06*+,-V!'G!6)-!90!G00-!@3,?!*70!8(C6,G0!>3,@+(0G!+-!'()*+,%"d 8 CQ%

HC--,3?)(+;0B!8(C6,G0!>3,@+(0G!+-!'>>0-B+1 %'()*+,%" ZIK!$%h!010-B+-2J 2"#$%&'!

6,-UC8)*0G!)-B!010-B+-2J 2"$%! 6,-UC8)*0G!7)F0!F034!B+@@030-*!8(C6,G0!>3,@+(0G!+-!?+60V!

570!010-B+-2J 2"$%!6,-UC8)*0G!017+9+*0B!B+G*+-6*!X>0)D!)-B!F)((04Y!0@@06*!*4>+6)(!,@!

>)30-*03)((4!)B?+-+G*030B!B3C8GV!'-!)>>)30-*!+-630)G0!+-!*703)>0C*+6!BC3)*+,-!@3,?!

010-B+-2J 2"$% RQD!*,!010-B+- 2J 2"$ %PQD!GC880G*G!*7)*!*70!30-)(!6(0)3)-60!,@!010-B+-2J 2

"$%!+G!G,?0W7030!90*W00-!&- !_!Ra!)-B!Pa!D=)V!g-!6,-*3)G*K!*70!$%h!010-B+-2J 2

"#$%&'! 6,-UC8)*0G!8)F0!?C67!?,30!@()*!)-B!XB0>,*2(+D0Y!>3,@+(0G!W+*7!(,W03!

?)8-+*CB0!,@!8(C6,G0!30BC6*+,-V!570!W0+87*!>3,@+(0G!Z'()*+,%"dF [!W030!+-!,F03)((!

)8300?0-*!W+*7!*70!9(,,B!8(C6,G0!>3,@+(0GV!570!aaVS!D=)!$%h!6,-UC8)*0!G(+87*(4!

,C*>03@,3?0B!*70!PSVh!)-B!jRVS!D=)!6,-UC8)*0GK!>3,F+B+-8!C>!*,!`S!7!,@!G+8-+@+6)-*!

8(C6,G0!30BC6*+,-!6,?>)30B!*,!"AL!6,-*3,(K!W7+(0!*70!*W,!7+8703!&d!010-B+-2J 2"$%!

6,-UC8)*0G!>3,F+B0B!C>!*,!jP!7!,@!8(C6,G0!30BC6*+,-!Z91D7,%!d[V!d7+(0!*70!(,W03!
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`j !

*703)>0C*+6!?)8-+*CB0!,@!*70!$%h!010-B+-2J 2"#$%&'!6,-UC8)*0G!(0)F0G!3,,?!@3,?!

@C3*703!+?>3,F0?0-*K!+*!?)4!)(30)B4!90!90-0@+6+)(!@,3!G,?0!B+G0)G0!*4>0G!GC67!)G!

0- ;4?0!B0@+6+0-6+0GV!'BB+*+,-)((4K!*70!()6D!,@!)!X>0)D!)-B!F)((04Y!@0)*C30!,@*0-!

)GG,6+)*0B!W+*7!>)30-*03)((4!)B?+-+G*030B!B3C8G!+G!B0G+3)9(0!)G!+*!6)-!0(+?+-)*0!

C-W)-*0B!G+B0!0@@06*GV!

4.4.5 Pharmacokinetics of Exendin -C-POEGMA Conjugates  

5,!@C3*703!6,-@+3?!*70!>3,(,-80B!6+36C()*+,-!,@!010-B+-2J 2"#$%&'!6,-UC8)*0G!

)-B!*,!G00D!)-GW03G!*,!*70!B+G*+-6*(4!B+@@030-*!*703)>0C*+6!>3,@+(0G!,@!*70!$%h!6,-UC8)*0GK!

)!>7)3?)6,D+-0*+6G!G*CB4!W)G!>03@,3?0BV!$10-B+-K!*70!aeVS!D=)!$%`K!aaVS!D=)!$%h!)-B!

jRVS!D=)!$%h!6,-UC8)*0G!W030!@(C,30G60-*(4!()90(0B!W+*7!'(01)!M(C,3p !eii!/\L!0G*03!F+)!

*70+3!G,(F0-*2)660GG+9(0!)?+-0G!,-!(4G+-0!30G+BC0G!)-B!*70!/ 2*03?+-CGV!5W,!&dG!,@!*70!

$%h!6,-UC8)*0!W030!*0G*0B!)G!*70!$%h!)-B!$%`!6,-UC8)*0G!7)F0!B+@@030-*!T7G!)*!*70!G)?0!

&dV!570!&dG!W030!67,G0-!GC67!*7)*!*70!aeVS!D=)!$%`!6,-UC8)*0!7)G!G+?+()3!&d!)G!*70!

aaVSD=)!$%h!6,-UC8)*0!)-B!G+?+()3!T7!)G!*70!jRVS!D=)!$%h!6,-UC8)*0!Z91D7,3%#%12A%a[V!

570!()90(0B!G)?>(0G!W030!+-U06*0B!GV6V!+-*,!?+60!Z-mh[!)*!ja!-?,(]D8!Zea!-?,(]D8!

@(C,3,>7,30[!)-B!9(,,B!G)?>(0G!W030!6,((06*0B!)*!F)3+,CG!*+?0!>,+-*G!@,3!C>!*,!RPQ!7!@,3!

@(C,30G60-60!OC)-*+@+6)*+,-!*,!B0*03?+-0!*70!>()G?)!6,-60-*3)*+,-!,@!*70!G)?>(0GV!570!

>()G?)!6,-60-*3)*+,- 2*+?0!6,C3G0G!Z'()*+,%"! [!W030!)-)(4;0B!CG+-8!)!-,- 2

6,?>)3*?0-*)(!@+*!67)3)6*03+;+-8!*70!)9G,3>*+,-!)-B!0(+?+-)*+,-!>7)G0G!,@!*70!

>7)3?)6,D+-0*+6!>3,@+(0G!*,!)>>3,1+?)*0!>)3)?0*03G%+-6(CB+-8!)9G,3>*+,-!7)(@2(+@0%Z*R]P)[K!
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0(+?+-)*+,-!7)(@2(+@0!Z*R]P0[K!?)1+?C?!>()G?)!6,-60-*3)*+,-!ZJ ?)1 [K!*+?0!*,!)**)+-!J?)1K!

)-B!'EJK!)G!G7 ,W-!+- %91D7,%!!V!
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!

'()*+,% "! -%;71341%/52/,2>+1>(52%13%1%6*2/>(52%56%>(4,%B53>%3</<%(2c,/>(52%56%,Y,2A(2%12A%
,Y,2A(2 CJ C;\]Q.8%/52c*)1>,3<%8I%]Y,2A(2%12A%TI%,Y,2A(2CJ C;\]Q.8%/52c*)1>,3%

HW$<Z%=_1%]Q[@%WW<Z%=_1%]Q#%12A%a!<Z%=_1%]Q#I%S,+,%67*5+,3/,2>7E%71D,7,A%S(>0%
87,Y1%'7*5+t %$XX%12A%(2c,/>,A%(2>5%4(/,%H2G#I%3</<%1>%aW%2457b=)%H$W%2457b=)%

67*5+5B05+,I<%T755A%314B7,3%S,+,%/577,/>,A%?(1%>1(7%?,(2%1>%?1+(5*3%>(4,%B5(2>3%65+%
67*5+,3/,2/,%M*12>(6(/1>(52<%_1>1%S,+,%1217EL,A%*3(2)%1%252C/54B1+>4,2>17%6(>%H357(A%

7(2,3I%>5%A,+(?,%>0,%B01+41/5=(2,>(/%B1+14,>,+3%305S2%(2%91D7,%!!%H##I<%
!

91D7,%!! -%;01+41/5=(2,>(/%B1+14,>,+3%56%,Y,2A(2%12A%,Y,2A(2CJ C;\]Q.8%
/52c*)1>,3%(2c,/>,A%3</<%A,+(?,A%6+54%A1>1%1217EL,A%S(>0%1%252C/54B1+>4,2>17%6(>%(2%
'()*+,"!< %>!b"%1%-%1D35+B>(52%0176C7(6,@%>!b"%,7-%,7(4(21>(52%0176C7(6,@%J41Y-%41Y(4*4%B71341%

/52/,2>+1>(52@%>41Y-%>(4,%>5%1>>1(2%J41Y<%1_,+(?,A%6+54%/*+?,%6(>>(2)<%DJ17/*71>,A%6+54%>%G%
d%>5%u%6+54%/*+?,%6(>>(2)%H##I<%%

KB,/(,3 % >!b"1%Z7[! >!b",7!Z7[! J 41Y) !Z-&[ ! >41Y) !Z-&[ ! 8kJ 9!Z7n-&[ !

010-B+-! QVj‚QVR! RVj‚QVP! hjVR‚hVi! RVji‚QVR! PRjVa‚hSVa!

aeVS!D=)!$%!̀ SVP‚QVa! ePVe‚PV`! aSVe‚hV`! PQVR‚QVe! ej`aVa‚eeQVj!

aaVS!D=)!$%h! jVS‚QVj! SRVP‚aVQ! eeVQ‚PVj! PiVa‚PVh! ejjaVQ‚eiPV !̀

jRVS!D=)!$%h! `VQ‚RVj! SRVa‚hVP! hjVj‚aVQ! hPVe‚hV`! eeRRVP‚e``VS!

!
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'@*03!GV6V!+-U06*+,-K!C-?,B+@+0B!010-B+-!7)B!)!F034!G7,3*!30G+B0-60!*+?0!+-!

6+36C()*+,-K!W+*7!)!3)>+B!)9G,3>*+,-!>7)G0!Z*R]P)!m!QVj‚QVR!7[!)-B!)!G7,3*!*03?+-)(!

0(+?+-)*+,-!>7)G0!Z*R]P0(!m!RVj‚QVP!7[V!g-!6,-*3)G*K!*70!010-B+-2J 2"#$%&'!6,-UC8)*0G!

*0G*0B!+-630)G0B!*70!)9G,3>*+,-!*+?0!94!_!`!*,!Rh2@,(BK!W+*7!*70!*W,!$%h!6,-UC8)*0G!

*)D+-8!(,-803!*7)-!*70!$%`!6,-UC8)*0!*,!)9G,39!+-*,!6+36C()*+,-V!L+?+()3(4K!*70!aeVS!D=)!

$%`!6,-UC8)*0!>3,(,-80B!*70!0(+?+-)*+,-!>7)G0!,@!010-B+-!94!_!Pa2@,(BK!W7+(0!*70!*W,!

$%h!6,-UC8)*0G!)@@,3B0B!)!9+8803!+-630)G0!,@!_hS2@,(BV!570G0!B+@@030-60G!+-!*70!

>7)3?)6,D+-0*+6G!30GC(*0B!+-!_!PQ2@,(B!+-630)G0!+-!'EJ!@,3!*70!6,-UC8)*0G!6,?>)30B!*,!

C-?,B+@+0B!010-B+-K!+-B+6)*+-8!*7)*!6,-UC8)*+,-!,@!"#$%&'!*,!*70!J 2*03?+-CG!,@!

010-B+-!G+8-+@+6)-*(4!0-7)-60B!*70!6C?C()*+F0!01>,GC30!,@!*70!>0>*+B0!+-!6+36C()*+,-V!

d7+(0!*70!J ?)1 G!,@!*70!*W,!$%h!6,-UC8)*0G!W030!G?)((03!*7)-!*7)*!,@!*70!$%`!6,-UC8)*0K!

6,-G+G*0-*!W+*7!*70!(,W03!?)8-+*CB0!,@!8(C6,G0!30BC6*+,-!G00-!@,3!*70!$%h!6,-UC8)*0G!+-!

*70!@0B!9(,,B!8(C6,G0!G*CB+0G!Z'()*+,%"d [K!*70!'EJG!,@!*70!*7300!*0G*0B!6,-UC8)*0G!W030!

6,?>)3)9(0!8+F0-!*70! (,-803 !)9G,3>*+,-!)-B!0(+?+-)*+,-!7)(@2(+F0G!,@!*70!$%h!

6,-UC8)*0GV!57+G!@+-B+-8!+G!6,-G+G*0-*!W+*7!*70!?,30!@()*!)-B!G*0)B4!8(C6,G0!>3,@+(0G!,@!

*70!$%h!6,-UC8)*0GV!g*!+G!G>06C()*0B!*7)*!*70!30()*+F0(4!7+8703!74B3,>7,9+6+*4!,@!$%h!

"#$%&'!?)4!6)CG0!+*G!6,-UC8)*0G!*,!30?)+-!+-!*70!GV6V!G>)60!,3!(,B80!+-!,*703!*+GGC0G!

BC3+-8!*70+3!6,C3G0!+-!6+36C()*+,-!@,3!?,30!01*0-B0B!>03+,BG!,@!*+?0K!*7CG!630)*+-8!)!

B0>,*2(+D0!0@@06*V!
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4.4.5 Conclusion  

$10-B+-2J 2"#$%&'!6,-UC8)*0!W+*7!_`!G+B0267)+-!$%!30>0)*G!017+9+*G!

G+8-+@+6)-*(4!(,W03!30)6*+F+*4!*,W)3B!>)*+0-*2B03+F0B!)-*+2"$%!)-*+9,B+0G!*7)-!*W,!M=' 2

)>>3,F0B!"$%4()*0B!B3C8GK!)-B!30BC6+-8!*70!G+B0267)+-!(0-8*7!*,!h!$%!30>0)*G!

6,?>(0*0(4!0(+?+-)*0G!"$%!)-*+80-+6+*4V!570G0!30GC(*G!B0?,-G*3)*0!*7)*!*70!)367+*06*C30!

,@!"$%!)>>0-B0B!*,!)!9+,(,8+6!B3C8!>()4G!)-!+?>,3*)-*!3,(0!+-!?,BC()*+-8!+*G!

)-*+80-+6+*4V!%+F0-!*7)*!"$%4()*+,-!30?)+-G!*70!?,G*!W+B0(4!CG0B!*067-,(,84!6(+-+6)((4!

*,!01*0-B!*70!7)(@2(+@0!)-B!+?>3,F0!*70!9+,)F)+()9+(+*4!,@!9+,(,8+6!B3C8GK!)!?0*7,B!*,!

*)6D(0!*70!0?038+-8!>3,9(0?!,@!)-*+80-+6+*4!,@!"$%!94!?,BC()*+,-!,@!+*G!)367+*06*C30!„

@3,?!(+-0)3!*,!93)-670B„ >3,F+B0G!)!-0W!)>>3,)67!*,!G,(F0!*7+G!>3,9(0?V!

g"#$!$%!0@@+6)64!G*CB4!G7,WG!*7)*!*70!B0630)G0!+-!>,(4?03!G+B0267)+-!(0-8*7!B,0G!

-,*!G+8-+@+6)-*(4!6,?>3,?+G0!*70!*703)>0C*+6!0@@+6)64!,@!*70!6,-UC8)*0GK!)G!$%h!010-B+-2

J 2"#$%&'!6,-UC8)*0G!>3,F+B0!C>!*,!`S!7!,@!G+8-+@+6)-*!8(C6,G0!30BC6*+,-!+-!@0B!?+60!

)-B!*70!8(C6,G0!>3,@+(0G!()6D!*70!C-B0G+3)9(0!X>0)D!)-B!F)((04Y!0@@06*!*4>+6)((4!G00-!W+*7!

>)30-*03)(!)B?+-+G*3)*+,-V!\,W0F03K!*70!30()*+F0(4!(,W03!*703)>0C*+6!?)8-+*CB0!

)GG,6+)*0B!W+*7!*70!$%h!"#$%&'!6,-UC8)*0G!6)-!90-0@+*!@3,?!@C3*703!,>*+?+;)*+,-K!

W7+67!+G!B+G6CGG0B!+-!?,30!B0*)+(!+-!*70!MC*C30!=+306*+,-G!G06*+,-V!

J,((06*+F0(4K!*70G0!30GC(*G!0G*)9(+G7!"#$%&'()*+,- !)G!)!-01*280-03)*+,-!

"$%4()*+,-!*067-,(,84!*7)*!+G!7+87(4!CG0@C(!@,3!+?>3,F+-8!*70!>7)3?)6,(,8+6)(!

>03@,3?)-60!,@!*703)>0C*+6!9+,?,(06C(0GK!W7+(0!>3,F+B+-8!)!*+?0(4!G,(C*+,-!*,!*70!
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+-630)G+-8!(0F0(G!,@!>30201+G*+-8!)-*+2"$%!)-*+9,B+0G!+-!*70!80-03)(!>,>C()*+,-!*7)*!+G!

6,?>3,?+G+-8 !*70!G)@0*4!)-B!0@@+6)64!,@!M='2)>>3,F0B!"$%4()*0B!B3C8G!)-B!7+-B03+-8!

*70!>3,830GG!,@!*7,G0!+-!6(+-+6)(!)-B!>3026(+-+6)(!B0F0(,>?0-*V!
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5. Future Directions  

d7+(0!*70G0!30GC(*G!)30!>3,?+G+-8K!)!B00>03!C-B03G*)-B+-8!,@!*70!?067)-+G?!,@!

)6*+,-K!0@@+6)64!)-B!G)@0*4!,@!010-B+-2J 2"#$%&'!6,-UC8)*0GK!>)3*+6C()3(4!*70!$%h!

F)3+)-*GK!+G!-060GG)34!@,3!6(+-+6)(!*3)-G()*+,-V!MC*C30!G*CB+0G!W+((!?0)GC30!+-GC(+-!30(0)G0K!

+-F0G*+8)*0!*70!!"#$!$%!9+,B+G*3+9C*+,-!,@!*70!6,-UC8)*0GK!)-B!)GG0GG!(,-8 2*03?!*703)>0C*+6!

+-B+6)*,3G!GC67!)G!8(46)*0B!)(9C?+-K!70?,8(,9+-!'R6!Z\9'R6[K!)-B!>)-630)*+6!} 260((!

>3,(+@03)*+,-!*,!30F0)(!*70!(,-8 2*03?!*703)>0C*+6!>,*0-*+)(!,@!010-B+-2J 2"#$%&'!

6,-UC8)*0GV!

&,30!W,3D!)(G,!30?)+-G!*,!90!B,-0!*,!@C3*703!,>*+?+;0!*70!"#$%&'()*+,-!

*067-,(,84V!%+F0-!*70!01>06*0B!+-F03G0!30()*+,-G7+>!90*W00-!"#$%&'!G+B0267)+-!

(0-8*7!)-B!)-*+ 2"$%!)-*+80-+6+*4!FGV!*703)>0C*+6!0@@+6)64K!)!G4G*0?)*+6!,>*+?+;)*+,-!,@!

*70!G+B0267)+-!(0-8*7!6,C(B!90!CG0@C(!*,!+B0-*+@4!*70!,>*+?)(!G+B0267)+-!(0-8*7!*7)*!

)9,(+G70G!)-*+2"$%!)-*+80-+6+*4!W7+(0!?)1+?+;+-8!*703)>0C*+6!0@@+6)64V!'G+B0!@3,?!*70!

G+B0267)+-!(0-8*7K!*70!670?+G*34!,@!*70!>,(4?03!6)-!)(G,!90!F)3+0B!+-!)-!0@@,3*!*,!@C3*703!

0-7)-60!*70!*703)>0C*+6!0@@+6)64!,@!"#$%&'!6,-UC8)*0GV!M,3!01)?>(0K!*70!?,-,?03G!

CG0B!+-!*7+G!G*CB4!)30!?0*7,142*03?+-)*0B!,-!*70! G+B0267)+-!)-B!7)F0!)!?0*7)634(+6!

9)6D9,-0V!g*!+G!G>06C()*0B!*7)*!CG+-8!74B3,14(2*03?+-)*0B!)-B],3!)634(+6!?,-,?03G!?)4!

+-630)G0!*70!,F03)((!74B3,>7+(+6+*4!,@!"#$%&'!6,-UC8)*0G!)-B!*7CG!@C3*703!+?>3,F0!*70!

?)8-+*CB0!)-B!BC3)*+,-!,@!*70+3!*703)>0C*+6!0@@06*V!J03*)+-(4!*70!01*0-*!*,!W7+67!*70G0!

F)3+)*+,-G!6)-!90!?)B0!B0>0-BG!,-!*70!)F)+()9+(+*4!,@!>306+G0(4!B0@+-0B!?,-,?03GV!
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570!!"#$!'0%!)-*+2"$%!$fgL'G!>03@,3?0B!+-!*7+G!G*CB4!,-(4!)BB30GG!*70!)-*+2"$%!

)-*+80-+6+*4!+GGC0!,@!"#$%&'!6,-UC8)*0G V!MC*C30!)GG0GG?0-*!,@!*70!+-*3+-G+6!

+??C-,80-+6+*4!,@!"#$%&'!6,-UC8)*0G K!94!!"#$!$%!G*CB+0G!GC67!)G!?0)GC3+-8!

>7)3?)6,D+-0*+6G!)-B!)-*+9,B4!*+*03G!)@*03!30>0)*0B!+-U06*+,-GK!+G!0GG0-*+)(!*,!C-B03G*)-B!

*70!(,-8 2*03?!G)@0*4!,@!*7+G!6()GG!,@!6,-UC8)*0GV!570G0!G*CB+0G!G7,C(B!+-6(CB0!>3,>03!

6,-*3,(G!@,3!*70!Xf"$5Z%[- Y!?,*+@!+-!6,-UC8)*0G!G4-*70G+;0B!CG+-8!*70!G,3*)G026)*)(4;0B!

>,(4?03!6,-UC8)*+,-!)>>3,)67K!*,!0(C6+B)*0!*70!+??C-,80-+6!+?>(+6)*+,-!,@!*7+G!?,*+@V!

'BB+*+,-)((4K!3060-*!G*CB+0G!GC880G*!*7)*!74B3,142*03?+-)*0B!"$%!?)4!80-03)*0!(0GG!

+-*0-G0!+??C-0!30G>,-G0G!*7)-!?0*7,142*03?+-)*0B!"$%K!W7+67!+G!CG0B!+-!)((!6C330-*(4!

M=' 2)>>3,F0B!"$%4)*0B!B3C8G!Z=>5B#=>8[V!'!G+B02942G+B0!6,?>)3+G,-!,@!*70!

+??C-,80-+6+*4!,@!"#$%&'!6,-UC8)*0G!6,-*)+-+-8!?0*7,14 2!FGV!74B3,142*03?+-)*0B!

G+B0267)+-G!?)4!*7CG!90!CG0@C(V!%+F0-!*70!6,?>(01+*4!,@!*70!+GGC0!,@!+??C-,80-+6+*4!

)-B!*70!>,GG+9(0!F)3+)9+(+*4!+-!+??C-0!30G>,-G0G!)63,GG!G>06+0GK!*70G0!G*CB+0G!W+((!(+D0(4!

-00B!*,!90!6)33+0B!,C*!+-!?C(*+>(0!)-+?)(!?,B0(GV
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