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1. Introduction

1.1 Peptides and Proteins as Therapeutics
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1.2 Delivery Strategies for Peptide and Protein Therapeutics
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1.3 PEGylation

"2, -81*70IF)3+,CG!BO(+F0341)>>3,)6 70@RA4()*+,- K!,31*7016,F)(0-*16,-UC8)*+ -!
,@'>,(420%74(0-018(46,([1Z"$%][*,1*703)>0C*+61>0>*+B0G!)-B!>3,*0+-GK!)-B!?,3013060-*(4!
,(+8,-C6(0,*+B02)GOB!B3C8GK!7)G!*70!(,-80G*!7+G*,34!, @!GC660GG @C (| BAG\HTGO!
070 380-60!,@!"$%4()*+,-1B)*0G!9)6D!*,1*70!()*0!R jQGK!W70-1G0P+-)(1>)>03G!194!=) F+G!

)-B16,W,3D03A0G*)9(+G 70B!"$%!)GXG*0)(* 7%, (4?03K!)GBO@+-0B!94!+*G!)9+(#*41*,



>3,(,-81*70! I"#$1$96+36C()*+,-17) (@ @OB!30BC60*701+?7C - 80-+6+*4], @!9+,?,(06C(0G!
C>,-16,F)(0-*16,-UC8)*+,-! ZA5B#AB570G0!90-0@+*G!)30!)**3+9C*0BI*,I*70!@)6*1*7)*1+-!
)OCO,CGIG,(C*+,-KI*7016,-UC8)*0B!"$%! @,3?G!74B3,80-19,-BG!W-+*7IW)*03!* 1630)*0!)!
74B3)*+,-1()403! - 1+*GIGC3@)60KIW7+67!G+8-+@+6)-*(41+-630)GOGI*70174B3,B4-)?+6!3)B+CG!, (
*7016,-UC8)*0!*,12+-+2+:0130-)(16(0)3)-60K!)-BIG 7+0(BG!*701+?2C-,80-+610>+* >0G!,-1*70!
*)380%19+,?,(06C(0!@3,?!+??C-0!G4G*0?!306,8-+*+,Z8B#AL+-601*701)>>3,F) (1, @!*70!
@+3G*!"$%4()*0B!B3C8KDST-,G+-0'B0)?2+-)G0!Z"$%2='K'*3)B0!-)?0!'B)80-  °[!@,3!
*30)*+-81GOF030!6,79+-0B!+??C-, BO@-0664!B+G0)G0!ZL Jg=[K!941*70!BW| BN -B!=3C8!
'B2+-+G*3)*+ - IZM="l+-IR " QK!$%4()*+,-! 7)GIOC+6D(4!906,20!,-0!,@!*701?,G*!
6,2?,-(4!/CGOB!B3C8!BO(+F0341)>>3,)670GK!0F+B0-*|@37D!-C?03,CG!"$%4()*0B!B3C8G!
6C330-*(4!,-1¥7012)3D04 @3*30)*+-81)IF)3+0*4!, @'B30)GO0G!)-B!?)-41?,30!+-16(+-+6)(1)B!
>30B(+-+6)(IBOFO(,>?0-*Z8B#/BH
\,WOF03K!)@*03!6(,GO!*,!@,3*4140)3G!,@!30G0)367!)-B!, FO3!*W,!B06)BOG!, @!6(+-+6)(!
CGOKI*701(+2+%)*+,-G!, @Y%+, - 17)F01908C-1*,1070380K!\W7+6F-6(CBO!+'GA-*70*+6!
(+?2+%)*+ -GK!- 2B083)B)9+(+*4!)-Bl+?2C-,80-+6+*4! @!*70!>,(4?08>=@V
J -F0-*+,-)(170*7,BG!@,3!*70!G4-*70G+G!, @!"$%4()*0B!6,-UC8)*0G! AFOI@, ((, W+-8
(+2+*)+ -GHYI6,-UC8)*+,-1+-F,(FOG!*70!30)6*+,-190*W00-!>3, *0-80>C(G+F0!"$%!67)+-G!
)-B19+,2)63,?,(06C(0GK!G, *7)*I0F0-IW+*71)1()380!0160GG!,@'>,(4?703K!G*03+6!7+-B3)-60!
G*+((130GC(*G!+-1)I(,W!4+0(B!, @'6,-UC8)*0K!*4>+6)((4! POOFRG0! I W![1*70!>30G0-60!

,@")!()380!10160GG!,@!C-30)6*0B!>,(4?031?)DOG!>3,BC6*I1>C3+@+6)234F+)(w!)-BJ!
!

h



6,-UC8)*+,-1*4>+6§((4!+-F,(FOG!30)6*+-81*70167)£D-BG!,@!*70!>,(4?03!W+*7130)6*+F0!G+B0
83,C>G!,-1(4G+-0!)-B!64G*0+-0!30G+BCOGK!W7+671)30!,@*0-!>3,?+G6C,CG(4!B+G*3+9C*0B!,-!
*7019+,?,(06C(0K!*7CG!4+0(B+-8!670?+6)((4!70*03,80-0,CG!>3,BC6*G!*7)*16)-IG+8-+@+6)-*(4!
6,2>3,2+G0! *7019+,)6*+F+*41, @!*70!B3C8!!)-BI830)*(4!6,?>(+6)*01308C()*,34!)>>3, B)UB#
>>B#PE

g-1)>>(+6)*+,-GIW7030!*70!?,(06C()3!W0+87*1Z&d[!, @!*70!6,-UC8)*0B!"$%!+G!
67,G0-1*,190!830)*03!*7)-130-)(!6(0)3)-60!G,)G!*,16,-@03!)!(,-8!6+36C()*+,-17) (@ @0!, @'*70!
B3C8K!*70!()6D!,@!B083)B)*+,-1, @!"$%!+-1GAG*0?+6!6+36C()*+,-1?)416)CGO!*70!>,(4?703!,3!
*701"$%4()*0B!6,-UC8)*0!*,|(+-8031+-16+36C()*+,-1)-BIOF0-*C)((4!0+*703!6(0)3!*73,C87!*70!
(+FO3131BO>,G+*1+-1F)3+,CGI*+GEENIB) 3(4!G*CB+0G!7)F0!G7,W-IF)6C,(0!@,3%)4 +-!
,38)-G!+-6(CB+-8!(+F03K!D+B-04G!)-B!G>(00-)GG,6+)*0BIW+*7!"$%4()*0B!>3,*0+-G!
)B?2+-+G*030B!+-IGOF03)(1)-+7?)(1?,BO(G8@4K!*7,C87!?,30!+-B0>*71+-FOG*+8)*+,-1+G!
-00BOB!*,16,-@+37?1)16)CG)-B D@ @06*!130()*+,-G7+>190*W00-1"$%4()*+,-1)-BIF)6C,()*+,-V

MC3*703?,306I7+(0!"$%!7)B!900-B0-03)((4!)660>*0B!)G!)-I+-03*1)-B!
9+,6,7>)*+9(01?)*03+)(!@,3!?)-4!140)3GK!G*CB+0G!7)F0!-,W!6,- @+3?0B!*7)*1+*1+G!
+??C-,80-+6V!" -*+2'$%!)-*+9,B+0G!7)F0!900-!+-BC60B!+-1>)*+0-*G!*30)*0B!W+*7!
"$%4()*0B!B3C8G!)-B!7)F0!900-1G7,W-¥,16,330()*0!W+*713)>+B!6(0)3)-60!, @!*70G0!B3C8G!
ZD@AVI\+87!(0F0(G!, @!:B0+G*+-8!)-2%$%!)-*+9,B+0G!7)F0!)(G,!900-1@,C-B!+-!

+-B+F+BC)(G!-)"F0!*,I"$%4()*0B!)80-*GK!W7380) GG, 6+)*0BIW4GD3+,CG! @3S G C30!



)((038+6130)6*+,-@>\570G0!)BFO3CEH-GOOCO-60G!, @!"$%!+2?C-,80-+6+*41)30!

G03+,CG(4!C-B037+-+-81*701G)@0*4))-BI0@ @+6)64!, @'*3)B+*+,-)(1"$%4()*0B!B3C8GV

1.4 Motivation and Overview
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2. Development of Sortase -Catalyzed Polymer
Conjugation

2.1 Introduction

2.1.1 Recent Develop ments in Peptide/Protein -Polymer Conjugation
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2.1.2 Control of Site -Specificity and Stoichiometry
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)?+-01Z>y) BGVIi[!)-BI*7)*,@!)?+-0G!,-1*701(4G+-01G+B67)+-G!Z>y)! RQIRP[K!*,1)67+0F0!
G+EB>06+@+61)**)6720-*, @+*+)* 31G, (0(4!)*1*701/203?+-CG!, @>0>*+B0!,3!>3,*0+-K!
@,((, WOB!94183)@*+-8!,@!)!>,(42@BB, ?1*7012)63, +-+*+)* 3194I#/!'. I'* 2153)-G@03!
T)B+6)(I",(4203+;)*+,-1Z5T" [ BV

57016, 2>(0?20-)3410  2037?+-)(1G*3)*084101>(,+*G!*70!6(0)F)8012067)-+G?!,@!)!
2C*)*0BIl+-*0+-1¥7)*1+G1306,79+-)-*(4!@CGOB!*, *72HJ37+-CG!, @!*70!>0>*+B0!,3!>3,*0+-!, @!
+-*030G*K!*,180-03))(B0)6*+F0!*7+,0G*03!,-*7DR032+-CG!,@!*70!9+,?,(06C(BV+G .2
*032+-)(1¥7+,0G*08)-1¥70-! 30)6*IW+*71)-1/ 2032+-)(164G*0+-01,-1)-I'5T"1+-+*+ )* 31* |
G+E5>06+@+6X{BH) ((:70!+-+*+)* 31)*1*70 2:03?2+-CG!, @0!>0>*+B0!,31>3,*04!0-)9(+-8!
GC9G00CO-*183)@*+-8!,@!)!>,(4703!@3,?"FOBP+-CG!, @*70!>0>*+B0!,31>3,*0+-1F#)
/I VST IBAVIS701?)+-1)BF)-*)80G!, @*7+G!2037+-)(I+-*0+-1G*3)*®4!)30!+*G!G+?>(0K!
-0 2G*0>1+-+*4)* 31)**)6720-*1)-BI+*XG6)3(0GG!-)*C30YK!+-IW7+671*701+-*0+-16(0)-(4!
6(0)FOG!+*GO(@!,C*K!(0)F+-8!-,101*3)!3008B&00-1*701J2037+-)(10-B!, @!*70!*)380*!
>3,%0+-1)-BI*701)**)670B1+-+*+)* 3VI\ WOF03K/+G!G*3)*084!7)G!GRRB3)W9)6DGVIM+3G*K!
906)CGO!+-*0+-G1)30!30()*+F0(4!()380!>3,*0+-1B,?)+-GK!*70+31+-6,3>,3)*+,-1?)4130BC60!*70
01>30GG+,-|,@*70!@CG+,-1>3 EO6MBK)!>C3+@+6)*+,-1%) 814G +-+++) (4| @ CGOBR** 701
*03?2+-CG!,@!*70!>0>*+B0]>3,*B+*0+-1@CGH:B +G!BOG+8-0B!*,130P, FOB!
G+2C(*)-0,CG(41941*701+-*0+-16(0)F)80!) @*03!>C3+@+6)*+,-|, @'*70! @ CG+,-1>3,*0+-V!\, WOF03K!

*701/ ZLN64(IG7+@*D>@!*70!+-*0+-16(0)F)80067)-+G?1¥)DOG!>()60!>,G23)-G()*+,-)((4!
|



+-1::#-% K1)-B1*70!130G C(*)-*1*7+,0G*03! (+-D) @0MY004*70!>3,*0+-1)-Bl+-*0+-1+G!>3,-0!*!
+-*3)60((C()BOBC6*+,-M¥7+67!30GCi¢G>30?)*C30!6(0)F)80!, @ *19C3+@+6)*+,- 1) |
*7CG!B0630)G+-8!,F03)((14+H0@*70! @CG+,-1>3,*IBB+*+,-)((4K!*70!>30G0-60!, @!)!
64G*0+-0!)*1*70!(+8)*+,-1G+*0!(0)BGIO®,3?)*+,-|, @!G?)((|@3)6*+,-G!,@!GOF03)(!
C-B0G+3)9(0!G£BB,BC6*GK!+-6(CB+-8!,-0IW+*71*W I'5T"l+-+*+)* ZBAV
2.1.3 Atom Transfer Radical Polymerization (ATRP)

-1)BB+*+,-)(167)((0-80!, @!X83) @*+-8!@3,?Y!6,-UC8)*+,-1+G!*70!-00B!*,!183,W!)!
>,(4703!@3,?!) 1>0>*+B0!,3!>3,*0+-1+-1)OC0,CG!6,-B+*+,-G060GG)34!*,1>30G03F0!+*G!
G*3C6*C3)(I+-*083+*4!)-BI*7CQ18+6)()6*+F+*4IW7030+-*7@&d !, @!*70!>,(4203!6)-!90!
>306+G0(4!G>06+@+0B!)-Bl+*GIB+G>03G+*41?7+-+?+:0BVI57+G!67)((0-80!7)GK!*,1)1()380101*0-*K
900-!G,(FOBB4!*701?)*C3)*+,-|, @!6,-*3,((0B] (+F+-8!3)B+6)(!>,(4?03+;)*+,-1ZIT"[!
20*7,BGKIGC67!)G!)*,?21*3)-G@03!3)B+6)(I>,(4203+;)*+,-1Z'5T"[KI30F03G+9(0!) BB +*+,-
@3)870-*)*+,-167)+- 23)-G@03!>,(4203+;)*+,-1ZT'"M5[K!)-B!-+*3,1+EDOB+)*0BB) B+6)(!
> (4?203+;)%+,-1Z/&" [\ B>BH#E¥

'5T"l  W)G+-F0-*0B!94!&)*4U)G;0WGD+B!6,W,3D03G+-'R " alBH VIg*!+G!)! 7+87 (4!
FO3G)*+(01*067-+OCO*@)9(0G*70!G4-*70G+G!,@!6,?>,G+*+,-)((4!)-B!)367+*06*C3)((4!
B+F03G9,(4?03G!W+*7)1 7+87!B08300!,@!6,-*3,(!,F03!?,(06C()3!W0+87*!)-B!-)33,W/!
B+G>03G+*4VI'GIG7,W{}¥+,%! KI*70!?)+-16,7>,-0-*G!,@!)!6()GG+6!'5T"130)6*+,-1)30!)-!

)(DA(17)(+BOl+-+*+)* JIATKI*70IF+-4(1?,-, 203!, @!+-*030G*IZ&K!)-B!)!1*3)-G+*+,-1

R(



20%)( ](+8)-B!6,2>(011Z&*]f -[16)>)9(0!,@!00C-+(+93)*+-8190*WO0-1*W,1, 1+B)*+,-1G*) HHBV!
*3)-G+*+,-120%)(I*4>+6)((41*)DOGI*70!@,3?!, @!)!120%) (17) (+BOYOD-B+-81,-1¥701)>>(+6)*+,-K!
*70l+-+%+)* 316)-1)(G,190!6,-UC8)*0B!*,1)IGC3@)60!,3!*,1)1?)63,?,(06C(0!*,|@,371)!

2)63,+-+*+)* 31DCB#I4GHE

kp
Kact
Mt™/L, + RX ———— xMt™!L, + Re M
deact E
Mt™= transition metal ki
L, = complexing ligand
R- polymer chain A} _
X=BrorCl R-R/R"&R7I

'0%+,% | -%/012(34%56%/7133(/%89:;<%m-%+1>,%/523>12>%56%1/>(2A»BR@ %%
/523>12>%56%A, 1/>(?1>(G206=,%/523>12>%56%B+5B 1 MM EDGH523>12>%56%
> +4(21>(52@%.-%45254,+@R6>, +4(21>(52%DE%+ 1 AFIB2) @%6:-%>,+4(21>(52%DE%
/01(2 G2A%OEA+57E3(3@h%;, +4(21>(52%DE%/G2RA (3B+5B5+>(521>(5PR% %6+54%
H' 196

570!'5T"12067)-+G?19C+(BG!,-1*70!30F03 G+9(0!GW+*67+-8190*WO00-1*701*W !
,1+B)*+,-IG**0G!, @!*701*3)-G+*+,-120%) (1IZ&} V1 70-1&*1+ G +-1+*GIBNL+B)*+,-1G*)*0!
Z&* [K!)(G,!D-,W-1)G!*701)6*+F)3K!*7017)(,80-13)B+6)(!ZI[!0-BXB)>G*70!>3,>)8)*+-8!
67)+-1* ID00>!+*1+-1¥701B,37)-*1, 31B0)6*+F)*0B!G*)*0®1&*18,0G!*73,C87!0(06*3,-!
*3)-G@03!*,130F03G+9(4!GW+*671*,1+*GI7+8703!, 1+B)*+,- IGHKOBED-, W-)GI*70!
B0)6*+F)*,3KIM70-16,C>(0GIW-+*71¥701%3)-G+*+,-120%)(KI*C3-+-81*701>3,>)8) *+-8167)+-10-B!
+-* 1)-1)6*+F0!13)B+6)(1@,3!?,-,203!)**)6720-*  B5BH#HBCIL+?>(4!G>0)D+-8K!*701*3)-G+*+ -!
20%)(10GGO-*+)((4!GO3FOGNG*70!, G6+(()*+-BR@!GW+*6 ¥ ED"130)6*+,-V!  TO)6*+,-!

6,-B+*+,-G!)30!*C-0B!GC67!*7)*1*70!100C+(+93+C?!+G!G*3,-8(4!G7+@*0B!+-1*70!B+306*+,-!, @!
!

RF



B0)6*+F)*+,-KI*7CGI*70!>3,>)8)*+-8167)+-G1)301>3+7)3+(4!+-1*701B0)6*+F)*0B!G*)*0!)-B! - (4!
*3)-G+0-*(4!)6*+F)*0BK!6) CG+-8!*70130)6*+,-I*, IXR)B+-1)1 7+87(416,-*3,((0B!?)--03VI'G !
*7013)*01, @ !+-+*+)*+ - 1+GIG+8-+@+6)-*(4!7+8703!6,2>)30B!*,1*7013)*0!, @!>3,>)8)*+,-K1)((!
67)+-Gl+-1*70130)6*+,-1) 307 CBGGO-*+)((4!83,W+-816,-6C330-*(BY0!B+306*+,-|, @!*7+G!
00C+(+93+B%-@(C0-60B1941?)-41@)6*,3GK!+-6(CB+-81*70!G*3C6*C30!,@!*70!30)6*+,-!
6,2>,-0-*G1)-B!6,-B+*+,-GIGC67!)G!67,+60!, @!G, (FO-*!)-B1*0?>03)*C3BA@HK*7CG!
G,201+-+%4)(1,>*+2+;)*+,-1+GI300C+30BV!570!G(,W!)-B!6,-*3,((0B!>3,>)8)*+,-10-GC30GI*7)*!
*7016,-60-*3)*+,- |, @1)6*+F0!3)B+6)(1+-1¥70130)6*+,-1?2+1*C301)*1)-418+F0-1*+?20!+G!F034!(,WK!
6,-GOOCO-*(41¥70!1>3,9)9+(+*4!, @!*037+-)*+,-1+G12+-+2+;0BVI57016,-*3,((0B!>3,>)8)*+,-|, @!
)(167)+-G1)-B12+-+2+;0B1*032+-)*+ -18+F0I3+GO!* 1*7B¥ G*+-6*! @0)*C30G!, @!'5T"1*7)*!
BO@+61G!)!6,-*3,((0B](+F+-8!13)B+6)(!>,(4703+;)*+,-HIR[! @ 23B03!30)6*+,-| D+-0*+6GK!P][!
>3@B0*037+-)9(0!B08300!, @!>,(4?703+)*+,-1Z="[1)G!+*!(+-0)3(4!6,330()*0G!W+*71?,-, 203!
6,-F03G+,-K!h[!-)33,W!>,(4?03!B+G>03G+*4IBCO!*,1-08(+8+9(01*037+-)*+ -I0F0-*GKJ)-Ble
(,-8 A+FOB!>,(4?03!67)+-GIW+*71>30G03FO0B!@C-6*+,-)(+*+0GV!570!()G* @0)*C30!0-)9(0G!*70!
@)6+(0!G4-*70G+G!,@!6,?7>,G+*+,-)((4!)-BIG*3C6*C3)((416,7>(01!>,(4?03G!GC67!)G!9(,6D!
6,>,(4203)-B!IG*)3 Z+D0!>,(4?203GCHV

'5T"l  6,-BC6*0BI+-1>,()3!G,(FO-*GIGC67!)GOCG!IC@ @OB!>3,-0!*,17)F+-8!
GOF03)(16,?>0%+-8!G+E80)6*+,-GK!+-6(CB+B0630)GOBIG*)9+(+*4!, @'*70!) 6*)8)3B!
6,2>(01KIB+GG,6+)*+,-|, @!*7017)(+B0!@3,?1*70!B0)6*+F)*,3KIB+G>3,>,3%+,-)*+ -1, @!*70!

)6*+F)*,3K!)-BIB+G>3,>,3*+,-)*+,-1 3174B3,(4G+G!,@"6)39,- 27)(,80-19,-B IZABHB:
|

RF



W7+6716)-1)BF03G0(4!) @ @06*1*70!30)6*+,-ID+-0*+6G!)-B!,C*6,20V!\,WOF03K!6)30@C(IGO(06*+,-!
,@!30)6*+,-16,2>,-0-*G!)-B!, >*+2+)*+ -|, @!6,-B+*+,-G1)30!, @*0-1GC@@+6+0-*I*,10-GC30!)!
WO(EB,-*3,((0B!30)6*+,-1¥7)*I8+F0G!3+GO0!* S 6*IW+*71>306+G0(4!/BO@+-0B!&d!)-B!

-)33,WIB+G>03G-+X29B#[b

2.1.4 Sortase -Catalyzed C -Terminal Ligation

'+2+-81* ) BB30GG!*701+GGCOG!)GG,6+)*0B!W+*3078ICG!6,-UC8)*+,-1G*3)*08+0G!
)-BI* 16,-*+-C0!01>)-B+-81*701%, ,(9,1!, @!G+*02G>06+@-EG*, +67+,? 0*3+H83) @*+-8!
@3,?Y%,(4?20316,-UC8)*+,- K *7016)-,-+6)(1J 203?+-)(!(+8)*+,-12067)-+G?!, @!*70!G,3*)GO!

' 1¥3)-G>0>*+B)G@3, ?&()*+,%-%--./#(.01./ W)G!67,G0-@,31+-+*+)* 31)**)6720-*1906)CGO!
++G17+83>064G@%4!)-B!2+(B!30)6*+,-16,-B+*+,-G1)30!+B0)(!@,3,*0+-1)-B!>0>*+B0!
2,B+@+6)*+,Z8B#[I670!-)*C3)(I@C-6*+,-1, @*7+G!?067)-+G?1+G!*,1)-67,3|GC3@)60!
>3,*0+-G!*,1¥7019)6*03+) (6 0((IWRTY VB 70! FO3G ) *+(+*4IGG8*) GE)*)(4;0B1J 2:032+-)(!
(+8)*+,-17)B1900-1B0?,-G*3) *0B!>30F+,CG@IAAK!9CH+*7)B,* 1900-101>(,+*0B!*,!
+-G*)((1)!>,(4203+;)*+,-1+-+*+)* 3)*)IBO@BBIG+*0!,4)1>3,*0+-1,31>0>*+BOK!*,10-)9(Q!'#

/. 183)@*+-81,@!)!>,(4?03!@3,?1*7019+,?,(06C{OV

Rt



A Biomolecule 1 '—LPXTG—XX. .

HS

|~ o

/

HgN—G—Xy

(e}
B Biomolecule 1 LPXT)J\S

HS
.
' o)
|

"0%+,% " %@, +4(217%7()1>(52%4,/012(34%56%35+> 18 %8 E¥>13,%8%-+,/5)2(L,3%>0,%
B,2>1B,B>(A,%3,M*,2/,%N0: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(/
1>>1/=3%>0,%14(A,%D52A%D,>S,,2%N9R%12A%NQR%S (>0(2%>034*/3) 2845 2%
+,3%7>(2)%(2%12%(2>,+4,A(1>,%/523(3>, A%56%35+>13,%8%:> 4B5+1+(7E%/522@>, A%>5%>0
> +4(2*3%56%>0,%>1+),>%D(5457,/*7,%7?(1%1%>0(51/E7%D52A<%TI1%8%3,/52 A%HD(51457,/
J1++E(2)%1296)+4(217%57()5)7E/(2,%45>(6%2*/,5B0(7(/177E%1>>1/=3%>0,%>RBUSBWDS
A(3B71/,%35+>13,%8%12A%>0,%>S5%HD(51457,/*7,3%1+,%7()1>,A%?(1%1%21>(?,%B,B>(A ¢
0:;P9Q-9FE3(2B+57(2@C0+,52(2, G7E/(2, @80, +,%NPRY%(3%12E%3>12A1+A%14(25%1/(A%
+3(A%, 9%

'GIG7,W-1+-1'()*+,%" KIG,3*)G0!306,8-+;0G!*70!>0-*)>0>*+BGOOCO-60!Xf"r5%Y
Z(4G+B3,(+-02 2730,-+-0 B(46+-0RV7030!XrY!+G!)-41G*)-B)3B!)?+-,1)6+BI30G+BLCO|
0?790BBOB!+-1,31¥037+-)((4!)**)670B!*,1)1>3,*0+-1,31>0>*+ BOK-BI+*G!64G*0+-01ZJ][!
-C6(0,>7+(+6)((4!)**)6DGI*TP+B0!9,-BI90*W00-1¥730,-+-01)-BI8(46+-0IW+*7+-1¥70
306,8-+*+:1GOOCO-60K!80-03)*+-81)130()*+FO(4!(A8-FOB- ;4?20 27+,)64(1+-*03?20B+)*0!

ZG\5,16,2>(0%01*3)-G>0>*+B)*+,-K)IG06,-BIZ9+,[?,(06 C(OIW+*71)-1/ 2032+-)(!
!

Re



-C6(0,>7+(+83,C>KI*4>+6)((4))-1,(+8,8(46+-012 *+@K!)**)6DGHFD3?0B +)*0K!B+G>()6+-8!

G,3%)GO!')- BIU,+-+-8I*701*W, 1?2, (06C(0G+)!)1-)*+F0!>0>*+B0!9,-BIC§ VY

2.1.5 Overview and Choice of Components

L,3%)GO!" IW)GCGOB!* IG-ZB06+@+6)((41)**)671)-1+-+*+)E0@!)*1*701] 203?+-CG!
,@!8300-1@B0G60-*I>3,*0+4Z%M"[K!@,((, WOB!94183,W*7!,@!*70!G*6) (4703 I"#$%8&" !
@3,?!%701>3,*0+-1941'#/!'. I'5T"  1+-)OCO0,CG!9C@ @08K1(BG+TE>06+@+BE3?+-)([!
)-BIG* +67+,20*3+6IZRIIRI'D 2'#$%&'16,-UC8)*0G \Wo6M"IW)G!67,G0-)G!)!?,B0(!
>3, %0+-1+-1¥7+GI>3, 20006, -60>*1G*CB4!) G +*@ @YG60-60)((, WG!0)G4!*3)6D+-8!, @*70!
>3,*0+-1¥73,C87I*70l+-+*+)* 314-G*)(()*+,-)-BI#/I". 1> (4203+;)*+,-K!)-Bl+*)(G,!GO3FOG!)G!
)-1+-B+6)*,31, @*70!@, (B+-8!)-B1)6*+F+*4!, @!*70!>3,¥0+-V

5701"$% D)GOB!93CG7!>,(4?20B#$%&'  IW)G!67,G0-1@ B#/!". 1>,(4?703!8 3,W*7!
906)CG0!,C3!83,C>!7)BI>30F+,CG(4!G7,W-1*7)*"#$%&'16,-UC8)*0G!, @!?,B0(!>3,*0+-G!
G+8-+@+6)-*(41+-630)GOB!6+36C()*+AFH@B=B#8A-B!*C?,3130*0-*+,-|, @!*701>3,*0+-G
BAVIMC3*703?,30K!"#$%&'16)-190!1G4-*70G+:0B!94!'5T"1+-1)OCO,CG1?0B+C?IW+*7!

8, ,B16,-*3,(1,@!*70!>,(4?03! ?,(06C()3!W0+87*1Z&d[!)-BIB+G>03G-+F9B#55BHI>
)**3+9C*0G!*7)*1)3010GGO-*+)(!@,3!>3,BC6+-8!@C-6*+,-)((4!C>08)880]>3,*042>,(4203!
6,-UC8)*0G/!'BB+*+,-)((4KI"#$%& 1+ G!> *0-*+)((419+,B083)B)9(0!)G!4*38,20*74(0-0!
8(46,([1t#$%v!G+B0!67)+-G!)30!(+-DOB!*,1*7019)6D9,-0!94!0-;4?8083)B)9(0!)-B!

74B3,(4:)9(0'0G*03!9,-BGK!)-B!*70!B083)B)*+,-1>3,BC6*G!)30!G?)((!0-,C87!*,190!6(0)30B!



@3,?!%7019,B4194130-)(1@+(*3)*+,-VI57CGKI*70!>,*0-*+)(1B083) B)9+(+*4!, @!"#$%&'1?) 4!
JF036,20!*70!-, - D+,B083)B)9(0!>3,9(0?!,@!"$%!@,3!*70!BOG+8-!,@!*70!-01*180-03)*+,-!

>3,*0+-1B3C8Z>{ VY

2.2 Materials and Methods

2.2.1 Materials

'((1?,(06C()319+,(,84130)80-*G!W030!>C367)GOB! @3, ?!/0W!$-8()-BIA+,()9GK!
C-(0GG!,*703W+G0!G>06+@+0BV!'((1670?+6)(!30)80-*G!W030!>C367)GOB!@3,?!L+87)!'(B3+67!
)-BICGOB!)G!3060+FOBK!C-(0GG!,*703W+G0!G¥066@#8BUG!)30!B0-,*0B1941*70+31G+-8(0!

(0**03!6,BV

2.2.2 Cloning of GFP-srt-Hise-ELP

'1>30F+,CG(4!6,-G*3C6*0B!>$5Pa9Zu[!F06*,310-6,B+-81)1>3, *BE3A+G2bf"!
@CG+,-180-0!W)GICGOB!)G!*70!%)380* @38 (,-+-81*701% VBG4 +Gs25{"16,-G*3C6* V!g-!
*7+GIF06*,3K1*701>3,*833*!+-G03*IW) G! @ ()-DOB!941)9BdH+-Bggg!30G*3+6*+,-|G+*0G!
@,((,WOB!9416,B,-G!*7)*10-6,B0!)! 701) 7+G*+B+208 A+Gs2>)8[K!)1*73,29+-16(0)F)80!G+*0!
)-B1)-I$F"IW+*71)IGOOCO-60!, @!ZK"%r%[-oK!W7030!r130>30G0-*G!)()-+-0!1Z'[K!8(46+-01Z%]!
)-BIF)(+-0!ZK[!)*IPHhHa!?,()3!3)*+,VIRVa!x8!, @ *BEBHF06*, 3IW)G!B+80G*0B!W+*TIPIx
0)67!,@!r9)g!)-B\+-Bggg!+-!Rr!//$AI9C@ @OBNP+*7IR1®,F+-0!G0O3C?!)(9C?+-IZAL@,3!
RVa!7!)*IhjlsJVI5701B+80G*+,-12+1*C30MAE?)*+6)((4!B0>7,G>7,34()*0BIW+*7IR!IX 16)(@!
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30)6*+,-1ZJT [I>C3+@+6)*+,-ID+*1Z<g'OC+6DK!<g'%$/[V
570!80-0'@,3!%M"IW)G!"JB?>(+@+0B@)-)F)+()9(0!1%M" 2B,-*)+-+-8!
>$5hP9aI['F06*,3!@3,?")!>30F+,CG!G*@BA!CG+-8!*70!@,3W)3B!)-B!30F03G0!>3+?03GH
%M"2MH!al!553JJJ5J5'%"'5"5555%)5!hl 1l
%M"2TH!HD5'355%'1'5%55%J'%J5%JJ%JJ'JJJJIJ%5I%" I%%JJ555 !
%%JJ%JJ '55J%"'J%"J!al !
! 5701%M"M!>3+?03!W)G!BOG+8-0B!*,1)--0) (1)*1*78%9,G, ?)(! 9+-B+-8!G+*MAL[!
+?70B+)*0(4!C>G*30)?,@'*70'%)380*1%M"1GOOCO-60!)-B!+-6(CBOG!)-!r9)g!G+*6{ (@ A!
+-*,1¥701%)380*!F06*,3/!570!%M2T!>3+?03!W)G!BOG+8-0B!*,!)--0)(1*,!*70Q) 203?+-CG@!
%M"1)-B 1+-6(CBOG!)-!,F037)-8!*7)*16, BOG! @, 3!)!%4403!(+-D03!)-BIF0!|f"$5%I!G,3*)GO!" !
306,8-+*+,-1G0OCO-60")GIWO(())G!)\+-Bggg!G+*0!@,316(,-+-8!+-* 1*701%)380*!FO6*,3V
5701%M'253* @0-*IW)G!)?>(+@+0B!+-1*W,1aQ!REITI30)6*+,-GK!0)67!6,-*)+-+-8!
Palxf 19%,5)0!8300-1?)G*03!?+1KIRQ!>?,(10)67!, @' @ )3®!)-B!30F03G0!>3+?0R®VPa!xf!
*02>()*0!)-B!-C6(0)GO0 2@ 30M)*03!+-1)!1* *)(!F,(C?0!, @'aQ!xfV!570!"IT!30)6%+,-!
6,-B+*+,-GIWO030H!"a!sJ!@,3!P!?+-1@,3!+-+*+)(1BO-)*C3)*+,-K!@, ((, WOB!94!eQ!646(0G!)*"alsJ!
@,3'hQ!aksJ!@,3'hQIGK!)-B!jP!sJ!@,3IR!?+-VI570!30GC(*+BBANIT!>3,BC6*IW)G!
>C3+@40B+-8))!"JTI>C3+@+6)*+,-ID+*!)-BIF+GC)(+;0B!,-)!Rb!)8)3,G0!80(!G*)+-0BIW+*7!
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r9)gh-B N+-Bggg!+-IRr/$AI9C@@03!P!)-BIRL!" |@,3!RVa!7!)*IhjlsJ!)-BV)3>C3+@+0B!
CG+-8NI"JTI>C3+@+6)*+,-ID+*1Z<g'OC+6DK!<g'%$/[V

570!|%M"2531IT!+-GO3* Zadf [!W)G!(+8)0B!+-*,1¥701*)380*IF06*,3!ZhIXf[!CG+-8le!
xf 1,@!5e!(+8)G0!+-IRr!5e!(+8)G0!9C @ @03!)-B!- CEIGIMY *03!+-1)!* *)(IF,(C?0!, @!PQ!xfV!
570!(+8)*+,-12+1*C30!W)G!+a®)*0B!)*!3,,?1*0?>03)*C30!@, 3!R! IMPRIZ=$[!;:#-% 160 (G
WO030!*70-1*3)-G@,3?0B!W+7!jI4f@!*70!(+8)*+,-1?+1*C30!@,3!Ral ?+-1+-1)- A@P0319)*7K!
70)*257,6D0B!)*leP!sJ!@,3!hQ!GK!)-B!30*C3-0B!*,* 20IyEB! 2+1*C30!@,3!)-,*703!P!?4-V
570!60((G!W030!38630B!+-IL#J!1?70B+)!W7+(0!7,3+;,-*)((4!G7)D+-8!)*IPQQ!3>?!)*Ihj!s]
@,3!e@+-K!)-BIW030!*70-!>()*0B!,-I5A!) 8)3,G0!>()*0G!6,-*)+-+-8IRQQ!XE] 1)?>+6+((+-!
ZJ3)(9+,670?[VILOF03)('6(,-0G!W030!83,W-!,F03-+87*H1?f 15A120B+)!GC>>(0?0-*0B!
WH+7IRQQIX8]DR>+6+((+-K!)-BI*70!>()G?+BG!IW030!+G, ()*0B!94!)! 2+-+53)& ?+B!
>C3+@+6)*+,-ID+*1Z<+)80-[!@,3!=/"G0OC0-60!FO3+@¥#6)*+,-V
2.2.3 Expression and Purification  of GFP-srt-Hisg-ELP

53)-G@,3?0B!60((G!FO3+@+0B!*,!6,-*)+-1*70!B0G+3ABBINB2B" 16,-G*3C6*!
WGB0!6C(*C30B!+-15033+@+6!A3,*71Z5AK!&, !A+,f)9,3)*,3+0GKIg-6{0 ?0-*0B!W+*7!RQQ!
x8] 2( |, @) ?>+6+((+-)*IHMV!#-60!*701,>*+6)(1BO-G+*4!)*ISQQ!-?1 Z#sfl, @'*70!6 C(*C30!
30)670B!QVSK!gG,>3,>ZJR2*7+,8)()6*,>43)-,G+B0!Zg"5%K!'& TSLI#[!W)G!)BBOB!*,!)!
@-)(16,-60-*3)*+,-|, @!QVal?&!*,1+-BC60!,F03-+87*101>30GG+,-V!JO((G!W030!7)3FOG*0B!Ra! 7!

> G*+-BG*+,-194160-*3+@C8)*+,-)*jQBI@,3IRQ!?+-1)-BIW030! (4GOBI94!G -+6)*+,-1 -1)!
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&+G,-01!E(*3)G,-+6!f+OC+B!"3,60GG03!Z<G,-+6)K!fFIV[1)*!)?>(+*CBO0!ia! @,3!h! ?+-\(06&
)6+BGIW030!30?,FOB!@3,?!*7Q0ED!01*3)6*194!)BB+*+,-1, @!BIF, (40*74(0-0+7+-01Z"$gK!
'63,G[1@, ((, WOB!94!60-*3+@C8)*+,-)*le!sJ) RRQQR®@,3!RQ!?+-VI570!$f"1¥)810-)9(0!, @!
*70!@CG+,-1941g-FO3G0!53)-G+*+,-1J46(+-81Zg5J[K!)!-,-673,?)*,83)>7+6120*7, B)*1,C3!
83,C>17)FO!IBOFO(,>0B!@,3*70!>C3+@+6)*+,-|, @!$f"1@CG+,-1>BM#)I5+-8) BF)-*)80!, @!
*70+31+-F03G0!>7)GO0*344G1907)F+, 3149 V!' @*031*3+8803+-8!*70!+-F03G0!>7)GO!*3)-G+*+,-!
,@*70/@CG+,-1941)BB+*+,-|, @!R&!/)J(K!*701)88308)*0B!>3,*0+-G!W({B616B!94!
60-*3+@C8)*+,-)*IPRKIBOM,3'RQ!?+-1)*!_IhalsJVI570!>0((0*W)G!I1FWS, (C9+(+;0B!+-16,(B!
>7,G>7)*019C@ @030B!G)(+-0!1 Z2WMEK!I$&=1&+((+>,30[!)-BI*70!30G C (*+-8!G, (C*+,-IW)G!
60-*3+@C80B)WH* PRKQQE®,3!RQ!?+-1*130?,F0!)-4130?)+-+-81+-G,(C9I(01?)*03+) (V!
570!()G**W,!G*0>G!W030!30>0)*0BK!*4>+6)((4!*7300!,3!@,C3*+?20GKIC-*+(1G)*+G @)6*,34!>C3+
W)G!)67+0F0B)G!F03+@+@RMB4C?!B,B064(!GC(@14)634()?+B0!80(10(06*3,>7,30G+G!
A=L2"%$ [VIg-*70!@@G+0>KI*701>3,*0+-IW)GI30G,(C9+(+;0B!+-1G,3*)G09C@@03!ZaQ!?&!
53+@( KIRaQ!?&!/)J(KIRQI?&INI(PKIS\! jVa[l+-1>30>)3)*+,-1@,3!G,3*)@)*)(4;0B!

+-+*4)* 31)**)6720-*VI"3 *0+-16,-60-*3)*+,-1)-B!4+0(BIW030!)GGOGGOB!,-)-1/=RQQQ!

)-,B3,>IL>06*3,>7,*,70*03!Z57 037?,L6+0-*+@+6[!94!Bk+G!)9G,3>*+,-1G>06*3,G6,+4V

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

570!80-0'@,3!G,3*)GOMN+*71)1a’l/ 2037+-)(1)?+-,1)6+BI*3C-6)*+,-1Z>30F+,CG (4!

G7,W-1* |- *N @ @06*!+*G!*3)-G>0>*+B)GO0!) 61 AU B!)-! / 203?+-)(I\+Gs2)8!+-1)!



>$5Ra9!F06*,3IW)GI*3)-G@,3?0B!+-*,|ATPREY 160((GV!$1>30GG+,-1, @!>3,*0+-1)-B160((!
(4G+GIW)G!6)33+0B!,C*1+B0-*+6)((4!)G! @, 3"FEBEHB" | @ CG+,-1>3,*0+-VI570N\+3
G,3*)GO!I'@CG+,-1>3,*0+-IW)G!>C3+@+0B!941+2?,9+(+:0B120%) (1) @ @+-+*41673,?)*,83)>74!
Zg&'J[!,-\+G"C3~16,9)(*IG>+-!  6,(C?-G1Z5703?,IL6+0-*+@+@[!((,W+-8!*70!
2)-C@)6*C30[3>3,*,6,(VIA3+0@ (4K!*70160((!(4G)*0IW)G1?2+10BIW+*7100C)(IF,(C?0!, @!
00C+(+93)*+,-19C@ @03!ZaQBA&@>7,G>7)*0K!hQQ!?&!G,B+C?!67(,3+BOKIRQ!?&!
+2+B);,(0W!>\[jVe[))-BIW)G!(,)BOB!,-*1)1>30 2DOC+(+93)*0BN\+G"C3~!6,(C?-V!I'@*03!
3,%)*+-81*701(,)BOB!6,(C?-G!)*le \0!@,3'hQ!?+-1* 1) 1+2+:019+-B+-8KIC-9,C-B!>3,*0+-G!
WO030!(C*0B!94160-*3+@C8)*+,-1)*jBI®, 3!P#-VI'BB+*+,-)(100C+(+93)*+,-\W) G 70G!W030!
>03@,3?0B!C-*+(1)9G,39)-60120)GC30?0-*)*IPiQ!-?!, @!*70!0(C0-*130)670B!9)GO(+-0))G!
2,-+%30B!-)l/=  RQQQ!)-,B3,>IL>06*3,>7,*20*03V1J,-60-*3)*+,-1)-B14+0(B)*10)67!
G*0>1W030!6)(6C()*0B!@3,?!*70!)8@)-60!20)GC30P0-*GV!570!9,C-BN\+GsA3,3*)GO!'!
@CG+,-1>3,*0+-IW)@B0B!94!60-*3+@C8)*+,-)*ljBI® , 3!P!?+-1+-10(C*+,-19C@ @03!ZaQ! ?&/!
G,B+C?!1>7,G>7)*0KIhQQ!?&!G,B+C?!67(,3+BOKIRaQ!?&!+?2+B);, (OW!>\ljVe[VI54>+6)((41*70!
@+3G9000(C*+,-IW)G70G!WOB(P9+-0B 1)-BIG,(FO-*! 0167)-80B!94!,F03-+87*IB+)(4G+G!

)8)+-G*1G,3*)G0!9C@ @03!+-1>30>)3)*+,- 1@, 31CGOV
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2.2.5 Synthesis of ATRP Initiator AEBMP

2-bromoisobutyrylchloride O
NHBoc DIEA, DCM NHBoc HCL/dioxane
HN N > NV
Br H 1
(0]
NH.-HCI Boc-GI;&-GIy-GIy-OH H \)OL H 0
2" EDC, DIEA
%Lﬁ/\/ > BochN ) VN Y VN

EE— N

e 9y 0
. N \)L N
HCl/dioxane HCI-HZNW Hw \/\H
o) fo) 4 Br

'0*+,% #-%Bynthetic scheme of ATRP initiator N(2-(2-(2-(2-
aminoacetamido)acetamido)acetamido)ethyd®-bromo-2-methylpropanamide (AEBMP,
compound 4)(85).%

> +D*>E7%UHWD+545C @,>0E7B+5B1214(A51,>0E71/1+D141> Y%H+ %#@%
/S4B5*2A%!1 HI#F031)1>03+,B!, @'Ral?+&E?,+G,0C*434(193,2+B0!ZhV 12fKIhRVP!?2?,([!
W)G!)BBOB!*,1)1/)J(]+60!6,,(0BI9)*7!G,(C*+,-1,@!/ 2A,6 D*74(0-0B+)?+-0!ZaVQR!8KIhRVP!

22, )-BIB++G,>3,>4(0*74()?+-01ZS!?fK!he!??,(KIRVRIOOV]:?4B3,CG!

B+67(,3,20*7)-0!1Zhal?f [VI'@*03!R!7K!*701+6019)*7!W)G!30?,FOB!)-B!*70!30)6*+,-W)G!
)((LWOB!*,IW)3?1* 13, 21%0?>03)*C30!)-B!G*+33+-81W)GI6,-*+-COB! @, 3R VIL+(+6)180(!
Z_RQ!8[!W)G!)BBOB!)-B!*70!?7+1*C30!W)G!6,-60-*3)*0B!* 1B34-0GG!C-B03!30BC60B!>30GGC30!
-1)13,%)3410F)>,3)*,3VIM()G7!6,(C?-1673,2)*,83)> 741t TOB+L0O>T@!L+ZiQ!8[K'RQQb!

I\ RI(F 1aQblo*74(1)60%)*01Z$*#'6[1+-1J\  rRI(M8)FO! NG!)-1, @ @V7+*0!G,(+BVhS!8Kljab[V!
RI&TIZI=J( wKIhQQI&\;[H!*|jVPIZIGKIR\[K!eV RRXBEH/hh!Z?K!e\[KIRV hIZGKIS\[KIRVeh!ZGK!
V! RIVETIZI=J( nKINQQI&\;[H!IRjPVIRajVRKIIQVRKISRV KlePVQK!eQVQK!hPVaK!PiVSVI$gs

21;HIhhR1Zt&u/)v Y[KIhhh! Zt&u/ W[\
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U G'TL4(25,>0E71C M+545C @&,>0E7B+5B1214(A,%0EA+5/075+(A'08H, %#@%
/54B5*2A%" HI'IG,(C*+,-1, @!1ZjVhSI8KIPhVil??, (jt-le!l&N\J(1+-IRKe B+,1)-01ZSe! ?f KIPaS!
22,([IW)G!G*+330B1)*13,,21*0?>03)*C30!@,3!R!7VI570!30)6*+,-12+1*C30!W)G!6,-60-*3)*0B!
* IB34-0GG!,-1)13,%)3410F)>,3)*,3!)-B!@ C3*703!B3+0B!C-B03!7+87!F)6 CC?!CG+-8!)!F)6CC?!
?2)-+@,(B'6,--06*0B!*,)IF)6CC?!>C?>K!I8+F+-81)-1, @ @V7+*0!G,(+BV!570!G, (+B!W)G!
*3+*C3)*0BIC-B03!B+0*74(10*703EM! 1IRQQ! f)-B1*70!1GC>03-)*)-*IW)G!30?,FOB!94!
6)30@C(IBOB)-*)*+,-VI5701+-G,(C9(0!?)*03+)(I\B&0B!C-B03!30BC60B!>30GGC30!,-1)!
3,%)3410F)>,3)* 3!18+F+-8I")G!)1>)(0!G,(+B!ZaVi!8K! "bAM&T!IZI=  w#=K!IhQQI&\;[H!!
iVhSIZ9GKIR\[K!hVSalZ9GKBRKZGK!P\[KIhVQ IZGK!IP\[KIRV &ZGEKISANE  r#=K!hQQ!
&\;[H!*IRjeVhK!aiV Ki' VhK!hjViKIhQVjVI$ERHIPQ 1 Zt&2) (v/[K!PRR!Z&(v[\Y

> +D*>E7%HH5450$ @, >0E7COWAQE@W¥LSY&@ZQ[@!"
> >+11L1B,2>1A /E7I/1+D141>9H %#@%/54B5*2 Al !=++G,>3,>4(0*74()?+-01ZRQVe!
2f KISQ!I??2,(KIPValoOV[\W)G!)BBOB!+-1,-0!>,3%+ -I*1)-1 283716, (0BIGCG>0-G+,- @!P!
ZaVil8KIPhVil?27?, ([K!A B (426 (426(42A1ZSV 18KIPhVil??2, ([K!)-BI$=JI1ZSVie!8K!hS!1?7,(K!
RVal0OV[!+-1)-74B3,CG!AI(FZiQ!?f [VI570!2+1*C30!\W)G!G*+330B!,F03-+87*ZRS!7[*70-!
B+(C*OBIW+*7IRJ( HZIQ!?f [VIg-G,(CI(0!?)*03+)('W)G!+G, ()*0B!94IF)6CC?!@-+(*3J)B,-!
*701@+(*03!6)DO!W)GIWBBZ00CO-*+)((4IW+*7\P#IZRQQ! ?f[K!6,(BI&0#\IZh! 1!PQIRf!
$*#1ZP11IRQQ!)-BIB3+0B!+-IF)6C, I8+F+-81)G!)IW7+*0!> WB03!Z VRe!8K i @M[&T!

ZJ=J( KIhQQ!&\;[Hl*leVRaVRQ!Z?K!e\[K!hVi IZGK!P\[K!hVjP!Z?K!e\[KIRV RI X@KIBBKIR
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V! RIVETIZI=J( nKNQQI&\[HIIRjPVeKIRSIV KIRS&RKKR VaK!aPViKleeV KleeVeK!eeVRK!
hiVPK!P VhKIPaVPV!$g&L!?]:HlaQh!ZtRUAQal Zt&u/ )W\

U GI'GH'GH'G"%14(251/,>14(A511/,>14(A511/,>14(A51,>0E7| C D+545C Cb
4,>0E7B+5B1214(A, %0EA+5/075+(AR6+ %#@%/54B5*2 81" G, (C*+,-1, @HZ VQISKIRIVi!
22,1 +lel&N\J(1+-IRKeB+,1)-01ZiQ1?f KIhPQ!??,(['W)G!G*+330B!)*13,?1*0?7>03)*C30!@, 3!
RI7VI570130)6*+,-12+1*C30!W)G!B+(C*OB!W#ZBOQ!?fV!g-G,(C9(01?)*03+)(IW)G!
6,((06*0B!)-BIB3+0BI94!F)6CC?!@+(*3)*+,-KI8+F+-81*701>3, BC6*)G!)W7+*0!>, WB03!ZjVj!8K!
ib[VI AV&TIZI=  w#=K1aQQ!&\;[H!*l eVPQ!Z?K!e\[K!hVialZGK!IP\[KIhVjQ!Z?K!e\[KIRV PIZGKIS\[V!
ZJ=J( KIhQQ!&\;[HI*RjRVQKIRS ViKIRSSVaK!RSeYMIKRSKK hiViKInQVhVI$Sg&L!?];H!hiQ!

Zt&\ 2(W[KIhiP!Zt&\ 2J(v[\

2.2.6 Sortase -Catalyzed Initiator Attachment and  Macroinitiator
Purification

'l 30)6*+,-17+1*C306,-G+G*+-8!, @ %M +Gs2Bf"KN\+G s25,3*)GO!'K!)-BIF70!'5T"!
++54)% 3I'SA&" )*)IPHRHSQ!3}4G,3%)G09C@@03!W)G!+-6C9)*0B @j3'al 7V!", G+
30)6*+,-K!)!30F03G0G2)8!>C3+@)#+,-'W)G>03@,3?0BKIW7030!*70192MA3!
2)63,+-+*+)* 3IW)GI>C3+@+0B!9410(C*+-8!*73,G8W)C3~!16,9)(*|G>+-16,(C?- 12570372,
L6+0-*+@+6[!W7+(0!(0)F+-8!)((!,*703!CABBG>06+0G!9,C-BI*,1*70130K94101>(,+*+-81*70!
@)B*I*T)*701?)63, +-+*+)* 31+GI*701,-(41G>06+0G!+-BOB*+,-12+1*C30IW+*7, C*)+Gs2>)8 V!
$OC+(+93)*+,-1)-BIO(C*+,-\W)G706030!B,-01)G!BOG63+90B!+-IL 06*PVPER0! @S *I*W, !

00C+(+93)*4W)G70G,-*)+-+-81*7010(C*0B!%M?2] 2A3!W030!6,((06*0B!)-B!G, (FOL*
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0167)-80B!94!, FO3-+87*1B+)(4G+G!)8)+-G*1+-1>30>)3)*+,-| @, 3MB30Y,(130)6*+,-W)G!
B,-0194!30>()6+-8!'$A&"IW+*71+3+8(46+-0Z%(4K!W7+(0!D00>+-8!)((!,*703!6,-B+*+,-GI*70!
G)?0V!570!30GC(*498M'2) 26(4IW)GICGOB!)G!)!-08)*+F0!6,-*3,(1+-1*701GCIGOOCEHH! |

'5T"130)6*+,-V !

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

Wl#$%& ?,-,203IW+*71 & 1 aQQ!=)!,3! “IG+EB7)+-10*74(0-0!8(46,(130>0)*G!
Z$%[!,-1)F03)80!ZL+8?)!'(B3+67K!E€eej eh]W)G!0(C*0B73,C87!)!6,(C?-!>)6DOBIW+*7!
)6*+F)*0B!9)G+6!)(C?+4¥,1302,FO0!*70 1>,(4?203+;)*+,-1+-7+9+* 3GV!57300!G0*G!, @!30)6*+,-!
6,-B+*+,-GIW03D**0?>*0B!)-B!*70!>)3)?0*03G!)30!GC?7?)3+;0B!+-91D7,%¥

91D7,%%0+,,%3,>3%56%/7 188+, 1/>(52%/52A(> (523 Y 2968%*3, A%>5%)+16>%
\]Q.8%6+54%Q"; O T+M$H <6

Q; AT+  J* JT! J**J7% F.9]98 % \|Q.8 % o,

Zx?,( JOOFN Zx?,( JOOFN Zx?,( JOOFN Zx?,( JOOFN Zx?,( JOOFN r
'Y2%%  QVPIR aVvR]Pa RaVQJia PaVQJRPa  RRQJadQ hQ!?+-!
Y2%'%  QVPIR aVvR]Pa RRVRjaa  PQVQIJRQC PPQJRRRC hQ!?+-
Y2%#®  QVPIR aVvR]Pa RRVRjaa  PQVQIJRQC eeQ]PPQQ P!7

|

" (4203+)*+,-1 W)G!*4>+6)((4!6)33+0B!,C*194!@+3G*1?+1+-SURYIGEAG!, @!
JCU(KIICI( K!)-BIRKRKPKjKRIDKRQ* 74 (*3+0*74(0-0*0*3) 2+-02\&5$5 '+-IRQQ!x f!,@!
&+((+<IW)*03!C-*+(1)((!30)80-*8V030!6,?>(0*0(4!B+GG, (BO-B!*70-1* >>0BIC>IW+*71eQQ!
xf |,@!"ALV!G06,-BIG,(C*+,-W)G!>30>)30B!94!)BB+-81#$%&'1*,IP1?2f |, @'RQQIX&M'2

J 2A31+-1"ALVI5701*W,1G, (C*+,-GIW030!B08) G GUBERIO(+-8!G0>)3)*0(4!W+*71)38,-!@,3!hQ!
!

Pe



2+-1CG+-8)IL67(0-D!(+-OR@*03!W7+67!1*78@HS, (C*+,-IW)GIOC+6D(41*3)-G @0330B!#-*,1*70
GO06,-BIG,(C*+,-1941)16)--C()VI",(4203+;)*+,-W)G!)((, WOB!*,1>3,600B '@,3!)!G>0688)+
*£201)*13, ?1*0?>03)*C30!C-B03!)38,-))-B  IW)G!OCO-670B19419CI9(+-8IW+*71)+3V!']
++%4)(IGO>)3,-1, @1*706,-UC8)*0!@3,?!*70!(,W!?,(06C()3!W0+87*1Z&d[130)80-*GIW)G
6)33+0B!,C*194I180({@Y¥*+,-!,-! )! B+G>,G)9(0!"=2RQ!6,(C?-12%$!f+@0'L6+0-60[!90@,30!

GC9GO0OOCO-*I1>C3+@+6)*+,-1)-B!67)3)6*03+;)*+,-V

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

L)?>(0G!'W030!>30>)30B!+-If)072(+!(,)B+-8!B40! ZA+ZT)B[ 16,-*)+-+-8lalF b! } 2
2036)>*,0*7)-,(V '@*03193+0@!70)*+-8!)IKI*70!G)?>(0G!W030!(,)BOB!,-* 1>306)G*2e
PQb!53+2)(180(G 1ZA+2T)B[V!%0(G!W030!3C-)*IRhQ!K!)-BleQQ!?'|@,3aal 7+ Re!
3C--+-819C@@03!ZPa!38+&IR P12&!%(46+-0K!)-BIQVRb!L=L[!,-1)| A€T)BI&+-+2
"T#5$/180(1)>>)3)*CGV  1960(G!W030!G*)+-0BIW+*716,>>03!67(,3+BOV

5,1B0*037+-01*7010@ @+6+0-641@H)*, 31)**)6720-*KIOC)-*+@+6)*+,-1, @!80(19)-B!
+-%0-G+*4I)G!>03@,370BIG +-81g?)DzVI57+GI?0*7,B!@,3!0C)-*+@+6)*+,-|, @!*70!4+0(B!, @!
+4*4)* 31)¥)B720-*1* 106M"1+GIF)(+B1906) CEW)**)67 20-*, @1*701+-+*+)* 31* 16MHUG!- *!
01>06*0B!*))(*03K701G*)+-+-81@!*70!>3,*0-¢!M,3!0)67!L=2"%$!80(K!9)-BG!+-10)67!()-0!
WO030!BO@+-0B!+-1g?)807816,-FO3*0B!+-*,1+-*0-G+*41>3,@+(0!>(, *GICG+-8!) BA+(*

@C-6*+,-KIW7030!0)67!9)-BIW)GG+8-0B!)!6,330G>,-B+-8!>0)DV!'@*03!BO@+7H! 8!*



9)GO0(+-0'@,3!0)67!>0)DK!9)4B*0-G+*+Mg030!6,?>C*0B!9416)(6C()*+-8!*70!)30)!C-B03!
0)67!>0)DV!k)(COG!WO30!*70-1+25*8B!+-* 1$160(!@,3!)-)(4GHGV
A0B)CGO0!*701033,3G!+-F,(FOB!+-1G)?>(0!(}BB!6)-190!G+8-+@+6)-*IW70-1*70!
>3,BC6*,@'G,3%)G0!6(0)F)80!30)6*+,-1+G!-,3?)(+;0B!* 1)IG*)-B)3B!)?,C-*!, @!%M'3G 32
\+Gs25"1(,)BOBI+- 1)IG0>)3)*0!()-0K!*7014+0(B!, @!0)673*)GIBO)6*+!W)G!6)(6C()*0B!94!
+-%03-)(I-,3?2)(+;)*+,-K W7030+-+*1W)GGGC2BI*7)**701+-*0-G+*41, @!*701>3,BC6*G!,@!)!
G,3*)G0!6(0)F)80!30)6*+,-IGCPA*7)*, @!*70!>)30-*!@CG+,-!6,-G*3C6*1+*\W)G!B03+FOB!@3,?V!
\0-60K!*7019)-Bl+-*0-G+*4], @70!+-+*+)(1)?,C-*, @!1%MIGZA+GsZf" ICGOB!+-10)67!30)6*+,-!
W)G!B0*037+-0B!941GC?72+-8ICH((!, @!+*G!>3,BC6*G!) @*03!30)6*+,-K!-)20(4!30G+BC)(!
C-30)6*0B!%M2G 32 +Gs25{"K!6(0) FOBI%6A+G2Bf"K !)-BI*3)-G>0>*+B+;0B1%MJ 2A3V!I570!b!
C-30)6*0B!>3,BC6*1+GI*7CG!*7019)-B!+-*0-G+@!30)6*0B%M 25 34+ G2bf"IB+F+B0B!94!
*701GC?!,@!)(('>3,BC6*G!)-BI?C(*+>(+0BI94RRMPBID *3)-G>0>*+B)*+,-1+GI*7CGIR@Qb!
b!C-30)6*0BV!'F034!@)+-*19)-B!G(+87*(41)9,F0'aQ!D6)C(B!)(G,!90!,9G03FOB!C>,-16(,GO!
+-G>06*+,-KIW7+6716,330G>,-BG!*,1)-1+-*03?0B4E96+G!, @!*70!30)6*+,-KIW7030!G,3*)GO!
"1+GI(+-DOB*, *701.2032+-CG!, @!%M"IF+)1)1*7+,)64(!9,-B70!>30G0-60!, @!G,3*) GB!
*7+GIG>06+0G!?)DOG!+*GIG*)+-+-8!- *IB+306*(4!6,2>)3)9(0*, 14701, @03!G>06+0GK!G,!
KT)HFTO14+-*0-G+*4!, @1*7+G19)-BIW)G!-, *I1+-6, BY*0B!+-* 1701, FO3)(06) (6 C()*+,-|, @!
30)6*+,-14+0(BV\,WOF03K!+-6(CB+-8!+*+-1¥701GC?!, @!+-*0-G+*+0G!)-BI*}EB360- 50!

G7,W0B!*7)*I*7+G!+-*03?0B+)*0!,-(4!6,?>3+G0B!0o!Rb!,@!*70!,FO3)((!+-*0-GH*@¥yK!G,!



*7)¥1, 24%%54-814¥14-1¥7016) (6C()*+,-!, @!B)-G>0>*+B)*+,-14+0(B!B,0G!- /G +8-+@+6)-*(4!

67)-80!*70!130GC (NG

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

L)?>(0G)*1)!6,-60-*3)*+ -, @!alx&!W030!@+3G*|BOG)(*0B!94IB+)(4:+-81)8)+-G*!
&+((+<!W)*03!,FO3-+87*V!fJ]$LB LIW)G!>03@,3?0B!,-1)-I'8+(0-*RRQQ!fJ]&L=!
<C)B3C>,(01&)GG!L>06*3,20*03VI570!+-G*3C?0-*IW)G!6)(+93)*0BIW+*7134* 673,201J1)-B!
AL'VI570!$Lg!G,C360!W)GIGO*!*, !, >03)*0!)*INQQ/+*7!)1-09C(+;03!8)G!>30GGC30!, @'PQ!>G+!
)-B1)IB3418)G!@(,W!3)*0!, @![]P+- VIRIXI, @G)?>(0!W)G!G0>)3)*0B!94!30F03G0!>7)GO!
673,7)%,83)>741-)IN,39)1ILA  2JRil6,(C?-1Z'8+(0-*[)*!PQb AQb!)60*,-+*3+(0]W)*03!
83B+0-*1)-B)I@(,W!3)*0!, @!SQT}-VIL>06*3)IW030!)60C+30B!+-!>,G+*+F0!+ -1?, B0, FO3!
*7012)GG!*,167)38013)-80!Z7];[!, @'e QRKSQQV!5TW;86)(1&d!, @!%M2J 243!W)G!6)(6C()*0B!
CG+-81&,(06C()3!d0+87*1J)(6C()*, 31ZFVISVe KI")6+@+6!/,3*7TWOG*!/)*+,-)(1)9,3)*,34K!

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

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

RQQIx,@!_Ix&!G)?>(0!W)G!(,)BOB!,-I*,))IQVal?(IN09)L>+-1BOG)(*+-8!6,(C?-!
Z57037,IL6+0-*+@+6[!@,3!G,(FO-*10167380R8Q!?&!1)??,-+C?!19+6)39,-)*0  1Z>\lIVQ]
GC>>(0?0-*0BIW+*7IQVRDbIT)>+80G*ILMIGC3@)6*)-*1Zd)*03G!J,3>[K!94IW) G 7+-8!*70!(,)BOB!

6,(C?-W+*71hQQ4f !, @!*70!GHO-*IG,(C*+,-1@,C31*+?0GV!570!G)?>(0'W)G!*70-130BC60B!

Pj



W+*71a12&IB+*7+,(*730+*,(1@,31hQ1?+-1)4§@)-B!@300!GC(@74B34(G!W030!)(D4()*OBI\W+*7!
RQ!?&!+,B,)60%)?+B0!@,3leal?+-1)*13,,21*0?>03)*C30V!"3,*0, (4*+61B+80G*+,-W)G!
)66,2>(+G70B!941*701)BB+*+,-1, @'aQ@IS00CO-6+-8183)B0!*34>G +-1Z"3,208)[|B+306*(4!*,!
*70130G+-IW+*714-6C9)*+ -)*I5])| @,3!Ri! 797 0!B+80G*0B!G)?>{)G!6,((06*0B!@, ((, W+-8!
)IP12+-160-*3+@C8)*+,-)RQQ!18)6+B+@+0B!*,I>\IPValW+*7I5M')-Bl+-6C9)*0B1)*ISQ!sJ @, 3!
RI71%174B3,(4;0!130?)+-+-8!T )>+80G*IGC3@)6*)-*V!g-G,(C9(0!74B3,(4;0BIGC3@)6%)-*IW)G
6(0)30B!94!60-*3+@C8)*+,-)*KRQQ!3>?!@,3!al?+-1)-BI*70!G)?>(0!W)G!*70-1B3+0B!94!
F)6CC?!160-*3+@C8)*+!-V

570!B3+0B!G)?>(W)G!30GCG>0-BOB!+-IPQIxfl, @!Pb!)60*,-+*3+(0Q\Rb!@,3?+6!
)6+BK!)-BW)GGCY06*0B!*,1673,?)*,83)>7+6!G0>)3)*+,-1,-NId)*03G!/)-, OC+*4!  C(*3)!
>03@,37?)-60!(+OC+B!673,?)*,83)>74K'f] [I00C+>>0B!W-+*RVjIx?!A$\RhQIJRI!
30F03@B7)G0!6,(C?- 'Zalx?!gV=VIrPaQ!??[ VI570!?,9+(0!>7)G0!6,-G+G*0B!, @!Z['QVRb!
@,37+6!)6+B1+-1W)*03!)-BIZA[ @RI ?+6!)6+BI+-1)60*,-+*3+(@V(, W-+-8!)IRIXf 1+-U06*+,-K!
*701B+80G*0B!>0>*+B0GIWBBG-0B!@,3!a!2+-!,-)lalx?! L4??0*341JRi 1ZRk?!gV=V!r!
RiQ!?2? [16,(C?-)*IPQIXf] ?+- 1+-1"\/'bI'VI5701)-)(4*+6)(16,(C?-1ZA$\RhQ[IW)G!*70-!
GW-+*670BE+-01)-B!)!(+-0)310(C*+!83)B+0-*!, @!ab!Al*,leQb!AIW)G+03@,370B!,FO3!SQ!
2+-1)*1eQQ!-f] 2+-VI5701)-)(4*+6)(16,(C?-\W)G!6,--06*0B!*,))| @ CGOBB+(+6)!"+6,5+>!
0?+*+031Z/0W!#9U06*+F0K!J)?93+B8OKI& ['W+*71)IRQIX?1*+>], 3+ @+6QT>R0B!* 1)!
d)*03GIL4-)>*1%PN\=&L!<5,MI?)GG!G>06*3,70*0 31*73,C87!)-10(06*3,G>3)4!+-*03@)60V!

570!+-G*3C?0-*IW)G!,>03)*0B!+-1)!B)*B0>0-B0-*!?,B0!, @!)6OC+G+*+,-1+-130G, (C*+,-!
!

Pi



2,BOIW+*71*701* >1¥7300!?,G*)9C-B)-*I+,-G!GO(06*0B! @, 3!&L]&LICG+-81)167)380!G*)*0!
B0>0-B0-*1Jg=!0-0384!G0**+-81W+*71)ISQIG!B4-)?+6!016¢C-|(+G*10?7>(,40BV
&)GG!G>06*3)IW030!>3,60GGOB!W+*71&)G6,*1=+G*+((03!Z&)*3+1!L6+0-60[!)-B!W030!
*70-1GCO?+**0B!*,1&)G6,*1G0)3670G!Z&)*3+1!L6+0-60[!)8)+-G*)ILW+GG"3,*I$6,(+!B)*)9)GO!
)>>0-BOB!W-+*71*7016CG*,?!'00C,30)!F+6*,3+)!1%M"IGOOCO-60!W+*7IRQ!>>?!>G08 G B!
QVQe!=)!1>3,BCE*1+,-12)GGI*,(03)-60GVIL*)*+6!?)GG!?,B+@+6)*+,-G!6,330G>,-B+-8!*,!
6)39)?+B,20*74()*+,-!,-1J4G!30G+BCOGK!B4-)?+61?)GG!?,B+@+6)*+,-G!6,330G>,-B+-8!*,!
*70I5T"1+-+*+)* 31 '$A&"  K!)-B!,1+B)*+ -1, @!&0*130G+BCOG!W030!+-6(CBOBV!L0)3670B!
G>06%BW030!+?>,3*0Bl+-* IL6)@@,(B!FeVQ!Z"3,*0,20'L, @*W)30[!)-B!G6,3+-81*730G7,(BG!
WO030!GO*!*,14+0(B!)!1?2+-+2C?!, @ "b!>3,*0+-16,-@+B0-60!Z+?>(0?0-*0B!94!*70!
"0>*+B0"3,>70*!)(8,3+*7?[19)GOB!,-!B06,4!B)*)9)G0!G0)36 7T0@G V!'1?+-+2C?!, @!*W,!
C-+0OCO0!>0>*+B0G! @3)6T0>3,*0+-IW030!300C+30B!@,3!+B0-*+@+6)*+,-VI$1*3)6*0B!+ -!
673,7)*,83)?G!,@!*70101>06*0B!2*037+-)(1*34>*+61>0>*+B0!?,B+@+0B!94I'$A&"IW030!
>03@,3?0B!+-1&)GGf4-11ZFeVR[!)*)IPQ!>>?12)GG!)66C3)64!W+-B,W!)-BI01>03+20-*)(!
+G,*,>0B+G*3+9C*+,-G!,@!*701*3M3@0B!>306C3G, 3!+,-IW)G16,2>)30B!*,1)1*70,30*+6)(!

+G,* >01B+G*3+9C*+,-17,B0(0B!+-1&,(06C()3!d0+87*13)(6C()* BV

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

)(4*+6)(IL$IIW)G!>03@,370B!,-1)IL7+?)B;C\"fJIGAG*0?!  0OC+>>0BIW+*71)!

Ek F+G!B0*06*,31ZLRQ'K"[!,>03)*+-81)*IPiQ!-?1)-B!)!@(C,30G60-60!B0*06*,3!1Z T



RQ'1([!GO*)*1eSQ!-?1016)* -)-BlaQj!-?2!0?2+GG+,-VIhQ!xf |, @!G)?>(0G!)*_Palx&!
6,-60-*3)*+,-IW030!G0>)3)*0B!,-)!I"3,*0+-lyd  AQh!6,(C?-1ZW+*71)I8C)3B!6,(C?-[IC G+-8!
QVR&!532H!9C@@03!Z>\jVe[!)G!?,9+(0!>7)GOR4IsI!)-B!)@(,W!3)*0!, @'QVal 2/ -/
"30>)3)*+FOIL$JII*,I>C3+@4!*70!6,-UC8)*0GIW)G!>03@,3?0B!,-1)-I'y5'1G4G*0?!
Z%$N0)(*76)30[!00C+>>0BIW+*71)1>7 * B+ BO!BO*06*,3!GO*)*IPiQ!-?!)-BI)\+f,)B!
PSISQQILC>UBBPQQ!"%!6,(C?-ICG+-8I"AL!)G!?,9+(0!>7)Gple!s!)-BN)!@(,W!3)*0!, @!h!
2f] 2+-V15,1B0*037+-016,-UC8)*+,-10@ @+6+0-64#(@! '5T"1@3,?1*70! J 203?+-CG@!
%M"K!)30)!C-B03!*70!6C3FO0IZ'EJ[!, @!*POM'2) 2#$%&'|  6,-UC8)*0!>0)D!)-BI*70!
30G+BC)(IC-30)6*0BIYGIA3I?)63, +-+*+)*,31>0)D1+-1*701673,?)*,83)?!, @!0)67!
> (4?203+:)*+,-130)6*+,-12+1*C30!W030!6,2>C*0B!94)!19C+(2+-1@C-6*+,- H$NL*)3*!
G,@*W)30!ZFV!jVeKIL7+?)B;C[VILC?!,@!*701)30)G!,@!*701*W,!>0)DG!6,330G>,-B+-8!*,1*70!
2)63,+-+*+)* 31)-BI*7016,-UC8)*0!+-10)67!673,?)*,83)?'W)G!308)3BOB!)G!RQQb!)-B!b!
@3)6*+,-|, @!*7016,-UC8)*0!>0)D!\W)G!306,3BOB!)G!*70!6,-UC8)*+,-10@ @+6+0-64!, @!*7)*!
>)3*+6C()31>,(4?203+;)*+,-130)6*+,-VI57016)(6C()*+,-\W)G!B,-0!@,3673,?)*,83)?G!
B0*06*0B!94!9,*71EKF+G!)9G,39)-60!)-B!@(C,30G604&MVCOG! @3,?!*70!*7300!30)6*+,-G!

WO030)F03)80B!*, I8+FO)F03)80!b! 6,-UC8)*+,-10@ @+6+0-64V

2.2.12 Size Exclusion Chromatography Multi  -Angle Light Scattering
(SEC-MALYS)
570!@(C+B!(+-0!,@!*70')-)(4*+6)(\"f)IG4G*0?!W)G!6,--06*0B!B,W-G*30) ?!+-!

GO03+0G!*)I="d/\$f$  #L!gg'&'fLIBO*06*,3!@,((,WOB!94!)-1#>*+()9!5 2B$r!

h¢



30@3)6*,20*03!Z9,*7!@3,?!d4)**15067-,(,84[V!570!G4G*0?!W)G!6)(+93)*0BI\W+C0H(!
)-Bl-,3?)(+;0BIW+*7IPVQI?8]? f IA, F+-0ILO3C?!'(9C?+-1ZAL'[VIL)?>(0G!W030!@-+(*030B!
WH7IQWRI@+(*03G!90@,30!+-U06*+,-VITZBBEO6*,3120*7,Bl+-F, (F+-8!,-(41*70!
30@3)6*,20*03!W)G!CGOBIBCO!*,!(,W!B08300!, @!Ek!)9G,39)-60!B0*06*0BIW70-!3C--+-8!
"HEU&'  1>,(4203VI#-(+-01B0*037+-)*+ -, @'B-]B6!W)G!>03@,3?0B!CG+-819B-+{*
20*7,BIXB-]B6!@3,?!>0)DY!C-B031*701)GGC?>*+,-|, @'RQQb!?)GG!3084¥!570!

)GGC?>*+ -IW)GIF03+@+0B!9416,-@+37+-81*7)*12)GG!306,F030B!)G!?0)GC30B!94!,-(+-0'Ek!
B0*06*+,-1)*IPiQ!-?!)-BI?)GG!+-U06*0B!)G!?0)GC30B!94!, @ @(+-0'EK!)9G,39)-60!)*IPiQ!-?!
CG+-81/)-,B3,>IL>06*3,>7,* 20*03!W030!+-16(,G0!)8300?0-*V!570!@C((!306,F034!, @!
G)?>(0!¥73,C871*7016,(C?-!W)G!(+D0O(4!BCO!*,|>30G0-60!, @!*70!G*OHSTB&' 1> (4?03!
-1¥7016,-UC8)*0GI*7)*1?+-+2+:0B19+-B+-8*,1¥7016,(C?-V!''B-]B6!F)(CO!, @'QVRia!?f]8!
W)GICGOB!@,3!92MA3V!B-]B6!F)(COG!,@!6,-UC8)*0G!@3,?! T1-IRK!IT1-IPK!)-BIT1-!h!W030!
B0*03+-0B!*,! 90!QVRSQ!?f]8KIQVRaa!?f]8K!)-BIQVRe 1?f]8K!30G>08A5F0E*C)(1?)GG!
+-U06*0BIW)G!B0*03?2+-0B1941(4,>7+(+;)*+,-1@,((, WOB!94IW0+87+-8K!)-B!*701-C?903!W)G!
0-*030B!+-* I'L5T'IZFVISVQK!d4)**15067-,(,84[*,16,?>C*0!B-]B6!F)(COG!, @'*70!

6,-UC8)*0GV!I'(I30GC(*G!W030!)-)(4;0BICG+-8!'L5T'ISMQV

2.2.13 Dynamic Light Scattering (DLS)
=fLIW)G!>03@,3?0B!,-1)!=4-)"3,!I"()*0!T0)B03!Zd4)**1506 7-,(,84[V!L)?>(0G!

W030!>30>)30B!)*IPa&!)-B!@+(*030BIW+*7IQVRD +(*03G!90@,30!)-) (4G +GV!570!+-G*3C20-*!

hF



W)G!,>03)*+-81)*)!()GO3!W)F0(0-8*7!,@'ihRV al-?K!)!G6)**03+-8!)-8(0!, @!"Qs!)-B!)*IPalsJV!

=)*)IW030!)-)(4;0B!+-1=4-)(G!?,B0!CG+-8!=4-)?+6G!SVRPVQVhV

2.2.14 Fluorescence Spectroscopy
M(C,30G60-60!G>06*3)!'W030!306,3B0B!,-1)!J'T:!$6(+>G0!@(C,30G60-60!

G>06*3,>7,*,20*031Zk)3+)-[!+-1G6)-1?,B0!)*IPalsJV!570!@(C,30G60-60!, @!G)?>(0G!)*)!

6,-60-*3)*+,-1, @!PQ!x&!W030!?0)GC30B!W+*7!)-1016+*)*+,-IW)F0(0-8*7!,@!eSQ!-?!)-B!*70!

0?+GG+,-1+-*0-G+*4!W)G!306,3BOB! @3, 241Q!- 7\

2.3 Results and Discussion

2.3.1 Sortase -Catalyzed C-Terminal In itiator Attachment on GFP
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2.3.2 In situ ATRP of POEGMA from the C-Terminus of GFP
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2.3.3 Characterization of GFP -C-POEGMA Conjugates
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>3,*0+-G1)-B!>0>*+B0G!W70301*7@03?+-CG+G!-, *I0GGO-*+)(1@,31*701)6*+F+*41, @!*70!
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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!)I6()GG!,@!20%)9,(+6!B+G0)G0G!67)3)6*03+:0B!9410(0F)*0B!9(,,B!8(C6,G0!
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>30F)(0-60!)3,C-BI*701W, 3(B!, W+-8!*,1)18(,9)(1+-630)GO0!+-1B+0*)341+-*)D0!)-B!B0630) GO!+-!
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>3,>03(4130G>,-B!*,16+36C()*+-8!(OFO(G!, @'+-GWI60(+0FOB!*,1901*701+-+*+)(16)CGO!, @'
5P=K!)-BI*701+-)9+(+*4!, @!>)-630)*+B0((G1!G0630*GC@ @+6+0-*1+-GC(+- VBB G))!
()*03!BOFO(,>?0-*! DFVI57+G!-,*+,-17)G!67)-80BIW+*712,30!3060-*@+-B+-8G1*7)*K!) GIW+*7!
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6)CGOG!@C3*70310(0F)*+,-1+-19(,,BI8(C6,GOKIW7+67I0F0-*C)((4!(0)BG!*,1*70!BOFO(,>?0-*!, @!
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*7CGI7)F0-7013+GD!,@!74>,8(460?2+)V!&,30,FRZBGO!B3C8G!7)P00-)GG,6+)*0BIW+*7!
WO0+87*18)+HZE]!)-B! )30!-, *IGC+*)9(0!@,3!(,-803?!5P=1?)-)80?20-*G! *704!>3,F+B0O
-1>3*06*+F010@ @06% BO(GEEF™ Z!+-7+9+* 3G1)30!)1-0W03!6()GG!,@!5P=!,3)(!
20B+6)*+,-GVI=""2KLI01,>0>*+B)G0!*7)*I6(0)FOG!B+>0>*+B0G!6,-*)+-+-81>3,(+-0!,3!
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\,WOF03K!B3)W9)6DG!,@!+-FE703)>4!+-6(CBOIW0+87*!8)-4-B!(+@®730)*0-+-8!
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3.1.2 Incretins for Type 2 D iabetes Therapy
g-630*+-&!)!83,C>!,@!?0%)9,(+6!7,3?,-0G!*7)*130BC60!9(,,B!8(C6,G0!94!
G*+?C()*+-8!+-GC(+-!30(0)G0!+-130G>*; (@D}, B!+-*)DOKNFO!3060-*(4!)**3)6*0B! ?C6 7!
+-*030G*!)G!B3C8G(@83203?!5P=1*30)*?0-* |ZE4V!%f"R!+G!)-1+-630*+-17,3?,-0
30(0)GOB!94!8)G*3,+-*0G*+-)(160((319+-BGH*70!%f" 2RI3060>* 31Z%IRT[KIW7+67!
)6*+F)*0G!)1%!>3,*086,C>(0B!646(+6!)B0-,G+40,-,>7,G>7)*0!1Z6'&"[!  G+8-)(+-8!
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0C8(4607+)4703094530F0-*+-8!(+@030)*0-+-8174> 8(460?+) I ZEDVBB+*+,-)((4KI%f" 2
RI7)G!)(G,!900-1G7,W-1*,|GC>>30GG!8(C6)8,-|G0630*+,-KI30BCE0!)>>0*+*0K!IG (,W!8)G*3+6!
0?>*4+-8K130BC60!70>)*+6!8(C6,G0!>3, BCHEES5B#=EE)-B!7)F0!)!-C?903!, @!90-0@+6+)(!
0@ @06*G!BO(GHKL6(CB+-8130BCE*+,-1+-1)>,>* G+G!)-BI0-7)-6020-*, @'B0((!
>3,(+@03)*+,-1)-BI-0,80-0G #&==B#=p&70G06,?>3070-G+F0!90-0@+?EI0 1%f" R!)-!
0160((0-*!B3C8!6)-B+B)*0!@,3!(,2803?!5P=1?)-)80?0-*VI\, WOF03K!- )*+F0!%f" 2R!7)G!
AN, 12)+-1(+2+%)*+ -GI)G!)IB3CSH[I*70!@+3G**W, ) ?+-,1)6+BG!,-*70203?2+-CG!, @f" R!
+G13)>+B@(0)FOBI94!="" BK30GC(*+-8!*70!(,GG!,@!+*G!9+,)6*+E==4w!)-BI' [[%f" R!7)G!
)IF0341G7,34'4$!$97)(@+@0!, @' (0GG!*7)-1P1?+-Z+6GY

g-1,3B03!*,1,F036,201*70G0! (+?+*)*+,-GKI%ER!)-) (,8GIW+*71(,-80317) (@+F0G!7)FO!
900-101>(,30BV!$10-B+2!Z010-B+-[1+G!)!B?+-,))6+B!>0>*+B0!,3+8+-)((4!+G, ()*0B! @3, ?!
*701G)(+F)!, @1*70!(+)) 3R, %G 10H (#&./)1-'.W!g*IG7)30G!ahb!GOOCO-60!7,?,(,841W+*7!
%" ZRIWT7+(01?)+-*)+-+-81)1E3,-819+-B+-81) @ @-+-+*41* 196RT)-B!)((1*70!BOG+3)9(O!
*703)>0C*+6190-0@+*G!, GRIE=TV!$10-B+-1+6"" BB0G+G*)-*)-BI*7CG!7)G!7+8783!
$ISUWE*+F+*416,2>)30B!*,106f" RV, WOFO3K!+*GIG?)((1G+;0!G*+((|(+ M#EBID(@+@0'*,!
)9,C*IP17,C3GZ=qV!$10-)*+BOK!*70!G4-*70*+6!F03G+,-!, @!010-B+-K!W)G!)>>3,FOB!+-IPQQa!
@,3*W+ER)+(4!GCI6C*)-0,CGIZGVEV[!+-U06*+,-VIg-IPQRPK!I010-)*+B0!@,3?C()*0B!42!>,(4Z()6*+

6, B(46,(+6!)6+B[!t"%'v1?+63,G>7030G!@,3!GCG*)+-0B!BO(+FOBY 43, FOB!@,3!,-6@



WOOD(4!GVBV!)B2+-+G*3NE+VI57+G!(,-81B6*+-8!@,3?7C()*+,-1G+8-+@+6)-*(4130BC60G!
)B2+-+G*3)*+ -1@300C0-64KI*7CG!0-7)-60G!>)*+0-*16,2>(+)-60!)-B1*703)>0C*+6!,C*6,20K!
9C*1*70!"f%'17+63,G>7030!B0G+8-17)G!GOF03)(10-*+)(\B3)W9)6DGH![1*70!>3,BC6*+,-1, @!

> (4?203+612+63,G>7030G!, @*0-1+-F,(FOG@H(01!)-B!6,G*(4!2C(*+ 25*0>1@,32C()*+,-!
>3,60GGOGB3CS!(,)B+-8!6)-190!F)3+)9(0!)-BI300C+30G!*+87*16,-*H[UBBC8!30(0)GO!
>3,@+(0!7)G!)-1C-BOG+30B!+-+*+) (IBIEHE0!>7)G0!@, ((, WOB!941118!X()8!>03+,BY I§]!
*701B083)B)*+,-1>3,BC6*G!,@!*70!@,37C()*+,-1)30!G?)((!&d!)6+BG!*7)*1?)4!+-BCE0!
+@()??)*+,-K!)-B! W1)!16,-G+B03)9(4!()3803!-00B(0!+G!300C+30B!@,3!)B?+-+G*3)*+,-)GI*70!
@,3?C()*+,-1+GIF+GBIBG\VE7CGKIG+?>(03!40*10@ @06*+F0120*7, BBGNVEHD, FO!
20-*+,-0B!B3)W9)6DG!)30!+-1B0?)-BI*,|@C3*703!+?>3,FOI*70!>3,(,-80B!BO(+F034!, @!

010-B+-V

3.1.3 ARGET ATRP

JOGG+6I'5T"ICGOG!)!(,WO03!,1+B)*+,-1G*)*0!1?20%)(17)(+B0!)6*+F)*,31Z08AZC
B+306*(4KIW7+67!+GI>3,-01*,1 1+B)*BK170!30)6*+,- *7CGI300C+30G!G*3+-80-*!
B0,1480-)*+,-1 )-B! 7)-B(+-8VI57+G!7+-B03G!G6)()9+(+*4!)-B130>3,BC6+9+(+*41)G!*3)60!
)?,C-*G!,@!,1480-16)-1+330F03G+9(4!,1+B+:01*701)6*+F)*,3!)-BIB+G*,3*130)6*+,-ID+!0*+6G
Z=QVI'BB+*+,-)((4K!+-630)G+-81-C?903!, @!9+,(,8+6)(1)>>(+6)&B0?)-BI*70!CGO!, @!
(,WO03#3)-G+*+,-120%)(16,-*0-* IZCFVY-1)16,-*+-C,CG!0@ @ 3HBOFO(,> 130)6*+,-1G670205!
*7)*1)3010)G+03!*,1+2>(020-*1)-B!?,3019+,(,8+6)((4!@3+0-B(4&*+F)*, 3! T080-03)*0B!94!

$(06*3,-153)-G@03!Z'T%3$5[6T"W)G!+-*3,BC60B!+-13060-*'40) 3GE==4B#=p0O'G!)-!

aq



01)?>(0K!+-1)130)6*+,-IW703QIC AIGO3FOGIE0!)6*+F)* 3KI'T%$5!5T"l  9C+(BG!,-1*70!
6,-60>*1*7)*1*701 1+B)*+F0(4!C-G*)9(0!J@\36)-190!80-03)*0B!)-B!6,-*+-C,CG(4!
3080-03)*0BI'#/I". |@3,?!*70!,1+B)*+F0(4!G*)9(0!983/F+)|GCG*)+-0B!@00B+-8!,@!)!G?)((!
)?,C-*1,@! )! 30BC6+-8!)80-*1Z08V!)G6,39+6!)6+B[1*73,C87,C*1*70130)6*+,-VI57+G!6,?2>(0*0(4!
0(+?+-)*0G!*70!1-00B!* CGH70!,1+B)*+F0(4!C-G*)9(0!JBXK!?)D+-8130)6*+,-17)-B(+-8!
G+8-+@+6)-]40!6,-FO-+0-* V!1570!6,-*+-C,CG!30803)*+,-1>3,60GG!0-GC30G!*7)*!)!
GC@@+6+0-*1)?,C-*1,@!)6*+F)*,31+G!)(W)4G!>30G0-*I* |GCG*)+-1>3 BBFHOD!)-!
)>>3,>3+)*016,-60-*3)*+ -, @!B0)6*+F)*,31+G!G+?C(*)-0,CG(4!?)+-pB!@,3!>3,>03!
30)6*+,-16,-*3,(KIW7+678,C>(0B!W+*7!*70130F0()*+,-1*7)*1*78)*0!, @!30)6*+,-!+G!B+306*(4!
>3,>,3%+,-)(I*,1¥70)9G, (C*0!13)*+,!, @!*70!)6*+F)*,31)-BIB0)6*+F)*,316,-60-*3)*+,-GK!0-)9(0G!
WO(5,-*3,((0B!>,(4?203+;)*+,-G!*,190!6,-BC6*0B!)*IF034!(,W! *3)-G+*+,-120%*)(16,-*0-*!
Z>>?1(0FO(IW+*7130G>06*!*,12,- 203[ BV
3.1.4 Motivation and Overview
&,*+F)*0B!94!*70!B0(+F034!67)((0-80G!,@!010-B+-1)-B!*70!6,-*+-C,CG!6(+-+6)(!-00B!
@,3!90**03!*4>0!P!B+)90*0G!*30)*?0-*K!GB¥)|E8;0B!>,(4?203!6,-UC8)*+,-1W)G!
+?2>(0?20-*0BIW+*71010-B+-K!*,|G4-*70G+;0!@3*06+@+6!)-BIRHR!G*,+6 3+F010-B2) 2
"#$%8&'16,-UC8)*0GV! 'T%$5!'5T"IW)G!ICGOB!*,183) @*!"#$%&" 1 @3,?!*701]  203?2+-CG!
,@!1010-B+-18+F0-1+*G10)GO0!, @!+7?>(0?0-*)*+,-K!>>?1(0F0(1?0%)(16,-*0-*1)-B!+?>3,FOB!
30)6*+,-16,-*3,(16,72>)30B!*,16()GG+6!'5T"V! 570!G4-*70G+;0B!6,-UC8)*0G!W030!

67)3)6*03:0B!1"#$I'0%)-B! "#$1$%--1)1B+)90*+612,CGO0!?,BO(K!*,130F0)(1*701*703)>0C*+6!

aF



> *0-*+) (1, @"#$%&'()*+,-K!,316,F)(0-*16,-UC8)*+,-1, @!"#$%&'1*,1)1*703)>0C*+6!

9+,?,(06C(0V

3.2 Materials and Methods
3.2.1 Cloning of Exendin -srt-Hisgs-ELP

'((1?,(06C()319+,(,84! 30)80-*G!W030!>C367)GOB!@3,?!/0W!$-8()-BIA+,()9G!
C-(0GG!,*703W+G0!G>06578EB\V0!0-6,B+-81010-B+-1+-)1>&'  BIF06*,3IW)G!6,B,-!
>*+?2+:0B!)-BIG4-*70G+;0B194!f+@0!5067-,(,8+0GV!570!@+3G*1?0*7+,-+-0!30G+BC0!0-6,B8+-8!
*701%3)-G()*+,-)(1G*)3*16,B,-1+-1>3,*0+G1306,?9+-)-*(4101>30G GOB!+:#-% +-00BG!*,190!
6(0)FOB!>,G23)-G()*+,-)((4!@,3!>3,>03!@C-6*+,-1)-BIG*)9+(+*4!, @*70!>3 ZOAEV!
\,WOF03K!*70!@+3G*!)?+-,))6+B!,@!010-B+-1+G!)!17+G*+B+-0K!)-B!,C3!>)G*I01>03+0-60!)-B!
30>,3*G+-1¥701(+*03)*CBRE!9, *7 |GC880G**7)*17)F+-817+G*+B+-01)G!*70!130G+BCO!
+220B+)*0(4!@,((, W+-8!20*7+,-+-0!>30F0-*G!>3,>03!20*7+,-+-016(0)F)80V!57CGKD!B+
)()-+-01(0)BO3!W)G!+-6,3>,3)*0B!)*1*70! 2037+-CG@!*70!>0>*+BOM,|@)6+(+*)*0120*7+,-+-0!
6(0)F)80V!#-601"#$!$%!*701E¥)-+-0! (0)B03!6)-190!6(0)FOBI94E™ 2\5701010-B+-180-0!
W)G1)?>(+@+0B!9dT KICG+-8!@,3W)3B!)-BI30F03G0!>3+?03G!6,-*)+-+-81/B0g!,F037)-8G!
)-BIW+*71*701GOOCO-60!@,3!*70!G,3*)G0!'1306,8-+*+,-12, *+@!Xf'$5%Y!Z-)20BIXG3*Y!@,3!
930F+*4[!@, ((, WOB!94!)\4®)81+-6,3> 3)* OB!+-1*70!30F03G0!>3+?03V!570!)?>(+@+0B!
X010-B+2G34+GsY!@3)820-*IW)G1+-G03*0B!+-*,1)1?, B+@+0BBSIIF06*, 3E=AF!)*)-!
/BOg!30G*3+6*+,-1G+*01+2?20B+)*0(4!C>G*30)?!, @!)-1$f"IW+*71*701GOOCO-60ZK LK

4+0(B!X010-BE53A+Gs2Bf"Y V!
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3.2.2 Expression and Purification of Fusion Proteins

$1>30GG+,-)-BI>C3+@+6)F@010-B+-53A+Gs2Bf" IW030!6)33+0B!,C* @, ((,W+-8!
>3,60BC30G!G+?+()3!*,1*7, GO!BOG63+90B!+-|LO&PWH+*71*70!@, ((,W+-8!67)-80GHI(G!
6,-*)+-+-8!*70! 010-B+-53A+G2Bf" 16,-G*3C6AV030!6C(*C30BISAIGC>>(0?0-*0BIW+*7!
ealx8]?f |,@!D)-)?46+-1)*IPa\IVI#-60!#= soh@!*70!6C(*C30!30)670B!QVSK!*0?>03)*C30!W)G!
(,W030B!*,|RSW!)-B!g"5% !W)G!)BBOB!*,1)!@+-)(16,-60-*3)*+,-|, @!QVRI?&!*,1+-BC60!
>3,*0+-101>30GG+,gWF03G37)G0!*3)-G+*+ ;@ 1*D! @CG+,-!W)G!+-BCERB) BB+*+,-|, @!QVR!
&!1)??,-+C?!IGC(@)*0 5W,!646(0G!,@!g5J'W030++6)((4GC @ @+B+H09*)+-!
7,2,80-0,CG!>3,*0+-K!)GIF03+@+0B!94!2:%$V N\+GsAG,3*)G0!W)G!01>30GGOB!)-B!

>C3+@+0B!)G!BOG63+20BM~HPVPVeV

3.2.3 Sortase -Catalyzed I nitiator Attachment to the C -Terminus of
Exendin and Macroinitiator Purification

L,3*)GB)*)(4;0B1)**)6720-*, @1*70!'5T" 1+-+*+)* 3'$A&L"I* I*701]  203?+-CG!,@!
010-B+-1W)G!6)33+0B!,C*194-6C9)*+-81)130)6*+,-17+1*C30!6,-G+G*0BOED-B+-253A+Gs2
$FKN\+G sG,3%)GOI'K!)-BI'$A& It()**031*W,1)F)+()9(0! @3,?1*70 |G*CBIB0G63+90B!+-1*70!
>30F+,CG!67)>*M@5\)*)|PHRHSQ!3)#G,3*)G0!I9C@ @03!)*!PQ!sJ! @ BR) 5V -!
*0?>03)*C30!190(,WI*701+-FO3G0!*3)-G+*+,-1¥0?>03)*C3QZB010-B+-2G A+ Gl W)G!
67,G0-1* 1>30F0-*I*701@CG+,-1>3,*0+-1@3,?18,+-8!%73,C87!1+-FO3G0!>7)G0*3)-G+*+,-IBC3+-8!
*70130)6*+,-V15,16,2>0-G)*0!@,3!)!B3,>!+-1G,3¥)G0!')6*+F+*41)G!)!30GC(*!, @!*70!B0630) GOB!
30)6*+,-1*0?7>03)*C30K!)!(,-803!30)6*+,-1*+?0!W)G!CGOBN03130)6*+,-KI*TOLO-B+-2) 2A3!

?)63,+-+*+)* 3IW)G!>C3+@+0B!)G!B0G63+90B!+- PP SV
!

ah



3.2.4 Mass Spectrometry

&'f=g 2&LIW)G!>03@,3?0B!,-)k,4)803 2=$!"3,1?)GG!G>06*3,20*03!Zf+@0!
5067-,(,8+0G[1*,16,-@+3?1*70!GC660GG@C(1)**)6720-*, @"'$A&"I*,1010-B4E)?>(0G!)*!
_Palx&!+-I"ALIW030!B+(C*0B!RHRQ!W+*7IRQ!?8] ?f1G+-)>+-+6!)6+B!+-I"QHRQ
W)*03])60*,-+*3+(0!W+*7IQYREF @ (C,3,)60*+61)6+BIZEM [1)GI¥ 70!+, -+:)*+,-12)*3+1VI570!
+-G*3C20-*IW)G!,>03)*0B!+-1(+-0)312,BOIW+*71> G+*+F0!+,-G!80-03)*0B!CG++&)B03V!
E9+OC+*+-1W)G!CGOBITE06C()3!W0+87*1G*)-B)3B!*,16)(+93)*0!1*70!+-G*3C?0L+V

faj&L 2&L!W)G!>03@,370B!@,((,W+-8!>3,60BC30G!BOG63+90B!+-| PUFVRD
6,-@+321*70IGRI>06+@+6+*41, @ +-+*+)* 31)**)6T 20-*V

fJ]$Lg ZLIW)G!>03@,3?0B!*,167)3)6*03+;01*701#$%&'1?, -,703G!CGOB!+-IGEB4V!
&,-,203G!B+(C*0BIRHPQKQQQ!+-120*7)-,(IW030!G0>)3)*0B!,-1)-I'8+(0-*RRQQ!JIG4G*0?!
00C+>>0BIW+*71)IN,39)1!$6(+>G0!"(CGJRI!6,(C?-1Z'8+(0-*[ICG+-81)1?,9+(0!>7)GO!
6,-G+G*+-8!, @!Z['QVhb!@,3?7+6!)6+B!+-IW)*03!)-BIZA[|QVhb!@,37?+6!)6+B!+-1)60*,-+*3+(0OV!'
(+-0)3183)B+0-*,@'aQb!Al* I'abl AIW)G!>03@,3?0B!, FO3!RQ!?+-)*1aQsJVIL0>)3)*0B!
G)?>(0G!WO030!+,-+:0B!941$Lg! @, ((, WOBI941&L!)-)(4G+G!,-1)-I'8+(0-1&L=!+,-1*3)>12)GG!

G>06*3,70*03V

3.2.5In situ ARGET ATRP

'((16702+6)(130)80-*GIW030!>C367)GOB!@3,?!L+8?)!'(B3+67B)CGOB!)G!3060+FOBK!
C-(0GG!,*703W+G0!G>06-4BFOEHE1?,-,2031Z& -1 aQQ!=)!,3!_"IG+E67)+-1$%!

30>0)*G!,-1)F03)80KIL+87)!'(B3+67K!€eej eh[!)-BI$%h!#$%&'1?,-,2031Z*3+0*74(0-0!

ae



8(46,(1?70*74(10¥703120*7)634()*0K!& IPhP!=)KIL+87?)!"(B3+67KI€jP ieRV030!>) GUB!
*73,C871)16,(C?-1,@! )6*+F)*0B9)G+6!)(C?+-)!*,130?,F0!I*70!+-7+9+* 3GV

g-)1*4>+6)(130)6*+,-KIPRQ, (!, @'#$%&")-BIPRVS! xfl,@!)!G*6D!G,(C*+,-!,@'PQQ!
2&!JC 9A3)-BIRVS!&!*3+GBR3+B4(?0*74([)?+-0!Z5"&'[!>30 26,2>(010B!+-1&+((+<!
W)*03!W+*71ab!B+?0*74(@,3?)?+B0!Z=&M[!W030!?+10B!W+*7!R!?fl, @%&DQL0-B+-2J 2
A3!+-I"ALI+-1)IL67(0-D!@()GDV!I'hVP!?&!G,(C*+,-1, @!)G6,39+6!)6+B!+-1&+((+<!W)*03!W)G!
>30>)30B!+-1)!G0>)3)*0!@()GDV!570*W,!G, (C*+,-G!W030! B OSYHEED (+-8!W+*71)38,-!
@,3!hQ!?+-K) @*03IWT7R%BH5! '5T"IW)G!+-+*+)*0B!)-BI?)+-*)+-0B!9416 -*+-C,CG (4!
+-U06*+-8!*701)G6,39+6!)6+B!G,(C*+,-1+-*1*70130)6*+,-1?70B+C?!CG+-8!)|G43+-80!>C?>1)*)!
3)*0!, @'RVS!-?,(]2+-V!",(4?203+;)*+,-\W)G!)((,WOB!*,!>3,600B! @ ,8G>06+@+0B!*+?0!)*|PQ!
sJIC-B03!)38,-1)-BIW)G!OCO0-670B!9419C99(+-8!W+*71)+3VIT0)6*+,-G!, @!*70!$%h 1#$%&'!
WO030!B,-0!W+*7leelx ?,(!,@!*70!?,-,203!+-IPQ!F]Fb!20*7)-, (I+-I"ALIW7+(0!)((!,*703!
6,-B+*+,-G!30?)+-0B!*70!G)?0V!'*1*70!10-B!,@!*70!30)6*+,-K!*70130)64P+1*C30!W)G!
B+)(4;0B!)8)+-G*!"AL!,FO3-+87*1*130?,F0!30G+BC)(!G?)((!?,(06C(0!30)80-*G!+-!
>30>)3)*+,-1@,3!B,W-G*30)?!>C3+@+6)H+R!67)3)6*03+;)*+,- V¥
3.2.6 Physico -Chemical Characterizations

-)(4*+6)(IL$J! )-BIL$I &'fLIW030!>03@,3?0B!)G!B0G63+90B!+-1-066!PVPVRR!
)-BIPVPVREB],-UC8)*+,-10@ @+6+0-64#(@! '5T"!@3,?!010-B+-IW)G!6)(6C()*0B!94!
OC)-*+@4+-8'EJ!,@'>0)B!+-1L$J!673,?)*,83)?G!B0*06*0B!94!Ek F+G!)9G,39)-60!)PiQ!

-?VIB-]B6!F)(COG!,@!010-B2} 2#%$%&'!  6,-UC8)*0G®,3!L$2&'fLIBO3+F)*+,-G! W030!

aa



B0*03?+-0B!,-1)-I'-*,-1"))31'990?)*laQQ!30@3)6*,?0*03!Z'-*,-1")) 3[V! L4-*70G+;0B!
6,-UC8)*0G!W030!>C3+@4DR3+-8(0!3,C-B!,@!>30>)3)*+FOIL$J!,-1)-I'y5'"C3+@+03)G!
BOG63+90B!+-IL06*+,-PVRRR/)G!6)33+0B!,C*!)G!BOG63+90B!+-IL06*+,-IPVPVRhV

J,-60-*3)*+ -G!,@!@CG+,-!>3,*0+-G!W030!?0)GC30B!,-)lRQQQ!/)-,B3,>!
G>06*3,>7,*,20*031257037,!L6+0-*+@+6[!94!FkG!)9G,3>*+,-IG563,G6,>4V!
J,-60-*3)*+,-|, @!010-B+-!)-B!6,-UC8)*0G! @,'#$!'0NGG)4G!)-BI'#$!$¥*CB+0G!W)G!
)GGOGGOB!CG+-8!)!A+6+-67,-+-+6!'6+B!RA3}0360[)GG)4! @, ((, W+78!?)-C@)6*C303IG!
>3,%,6,( VIL=12"%$!)-)(4G0G!,@!)((!010-B+-!B03+F)*+F0G!W030!>03@,3?0B!CG+-8!>306)G*!
53+G]53+6+-0!80(G!ZAB[V!<C)-*+@+6)*+,-!, @!G,3*)G0!30)6*+,-16,-FO3G +,-'W)G!B,-0!94!
80(IBO-G+*,20*34!)-)(4G+G!CG+-8!)19CH({td C-6*+,-1+-1g?)80!f) 91 ZFVIeVQVRE)BV
3.2.7 In Vitro cAMP ELISA

'6*+F+*41, @!-)*+F0!010-B+-!)-B!6,-UC8)*0G!W)G!)GGOGERIBIO4!OC)-*+@4+-8!
+-*3)60((C()B46(+6!)B0-,G+-0!1?,-,>7,G>7)*0!Z 6'&"  [!30(0)G0!)G!)!30GC(*!,@!FRT!
)6*+F)*+,-1+-1A\y!60((G!G*)9(4!*3)-G @06*0B!W+*7!13)*BRTZ)!180-03,CG!8+@*!, @'=3C6D03!
83,C>KIE-+F03G+*4!,@!5,3,-* K!5,3,-* K1J)-)B)[1ZAAV!JO((G!W030!)((,WOB!*,!130)6 7jQ
iQb!6,-@(CO-60!+-!PANO((>()*0GV!"3+,3!*,*70!)GG) AQ!x8!, @!>0>*+B0!,3!00C+F)(0-*!, @!
6,-UC8)*0G!W030!*30)*0BIW+*7!QValx8!=""e!Z"3,L>06*[!, F03-+87*!*,130?,FO!*7B{B+-0!
(0)BO3V!#-1*70!B)4!,@!*70")GG)4K!60((G!W030!+-6CO)*0OBRAGITHAR?0*74(1)-*7+-0%,!
ZgA&IKI$&=!&+((+>,30[!@,3!R!7!*,1>30F0-*16'&!B083)B)*+,-! ZAIK!@,((,W0B!94!

+-6CO)*+,-IW+*71F)34+-816,-60-*3)*+,-GIZQVARITIQ!-&!+-1(,856) (0!1+-630?20-*G[!, @!



010-B+-12%0-G63+>*[1,316,-UC8)*0G!@,3!RQ!?+-!*,1*3+88RWAB*+F)*+,-VIQVR&N\I(IW)G!
*70-1)BBOB!*,|B+G3C>**70!60((G!)-B!30(0)GO!+-*3FYR(6'&"V!6'&"16,-60-*3)*+,-IW) G!
20)GC30B!94!)!6,2>0*+*+F0!6'&"! 0-:4?0 A+-DOB!+??C-,G,39)-*)GG)4!BfgL’ [!
)66,3B+-8!*,1*701?)-C@)6*C303IG!>3,*,6,(1Z$-;,'f+@0!L6+0-60G[V!$)67!G) ?>(0'W)G!)GG)40B!
+-1¥3+>(+6)*0!)-B!B)*)!W030!)-)(4;0B!+-1g8,3!"3,IZFVISVPKId)BEB+6 G[! CG+-8!)\+((!
00C)*+,-1@+**,1B0*03?+-0!*70!%] @!0)67!6,-G*3CEHAJV
3.2.8 Animal S tudies
2"#$1$%1>03+20-*G!W030!>03@,3?20B!W-2VEBH2,(B!?)(0!JajAf]Sz!?2+60!ZG*,6D!
-, VIQQQSSe[!1>C367)G0B!@3,?!2)6DG,-1f)9,3)*,3+0GVIE>,-1)33+F) (K!2+60!W030! +-+*+)*0B!,-1)!
SQ!DJ)(b!@)*!B+0*1Z€=RPe PKIT0G0)367!=+0*Glg-6V[!*,1+-BC60!)!B+)90*+6!>70- *4>0V!
"30F+,CG!G*CB+)E0!0G*)9(+G70B!7+87M@PB!JajAf]Sz!?+60!1)G!)-)BOOC)*0!?,B0(!@, 3!
*4>0!P1B+)90*0GK!)G!)@+*03!,-0!WO00D!,-1)! 2@ B+0*K!?+60!017+9+*10(0F)*0B!9(,,B!8(C6,GOK!
>3,830GG+F0(4!+-630)G+-8!+-GC(+-!(0FO(K!)-B!GOF030(4!6,?>3,2+G0B!+-GC(+-130G>,-G0!)-B!
8(C6,G0!(03)-60! ZA5B#=]A8&+60!W030!7,CGOB!C-B03!6,-*3,((0B!(+87*!,-)IRP!7!(+87*|RP!
71B)3D!646(0'W+*71@300!1)660GG!*,!@,,B!)-BIW)*03V!'((1?7+60!W030!)((, WOB!* )66 (+7?)*0!*!
*7017+82@)*1B+0*1)-BI*70!@)6+(+*4!@,3'RQ!B!90@,30!+-+*+)*+,-|, @!01>03+?0-*G\8R+60!CGOB!(
@OB!8(C6,G0!?0)GC30?70-*IG*CB4!,@!*70!$%h!6,-UC8)*0!W030!?)+-*)+-0B!,-1*7 QX@H87
B+0*1@,3!h!WO00DG!)-B!ICGOB!)*1*701)80!,@!i'WO00DGV!'((!)-+?)(16)30!)-B!01>03+20-*)(!

>3,60BC30G!W030!)>>3,FOB!94!*701=CDO0!g-GHA0*+?)(1J)30))-BIEGO!], 2?2+  **00V
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3.2.9 In Vivo Fed Glucose M easurements

570/0@ @06*!,@!-)*+F0!010-B+-1)-BI*70!6,-UC8)*0G!,-|@0B!9(,,B!8(C6,G0!(OFO(G!W)G!
20)GC30B!@, ((,W+-8!)!G+-8(0!GV6V!+-U06*+ -1, @!0)67!G)?>(0V!A0@,30!9(,,B!8(C6,GO!
20)GC30?20-*KI*701%)+(IW)GIW+>0BIW+*71)IG*03+(+;+-81)(6,7,{45-)EBIW+>0B!B34V!'!
*4-414-6+G+,-IW)G!?)BO!,-1*701?, CGO™)+(IFO+-ICG+-8!)IB+G>,G)9(0!()-60*K!)-BI*70! @+3G*IR!
xfIB3,>!,@!9(,,BIW)G!W+>0B!, @ @V!570!G06 FBKRI(,,B!B3,>W)G!CGOB!@,3!8(C6,GO0!
20)GC30?0-*ICG+-81)17)-B 70(B!8(C6,20*031Z'(>7)53)6DK!'99, **[VIA(,,B!8(C6,G0! (OFO(G!
W030!?0)GC30B!R!B!90@,30!*70101>03+20-*V!#-1¥70!1B)4!, @!+-U06*+,-KIW0+87*G!)-B!9(,,B!
8(C6,G0!W030!20)GC30BK!)-B1)!IG)?>(0!G,(C*+,-1,3I"AL!6,-*3, (!, @'00C+F)(0-*IF,(C?0'W)G!
+-U06*0BIGV6VIg??0B+)*0(4!@, ((,W+-81+-U06*+,-KI?+60!W030!6[) BOB)!6)80!W+*7!@300!
)660GG!*,!@,,B!)-B!W)*03K!)-B!9(,,B!8(C6,G0!W)G!?0)GCIPMK!eK!S!Z010-B+-!,-(4[K!iK!
PeK!leiK!jPK!"SKIRPQ!)-B!Ree! 72 0606*+V!d0+87*GIW030!?,-+* 30B!B)+(4V!g-1*70!$%!
B,GMB0>0-B0-*IG*CB4K!)ISSVPID=)!$% 1010-BH2'#$%&'16,-  UC8)*0!W)G!+-U06*0B!+-*,!
2+60!Z-mh[!)*!PaK!aQK!)-Blia!-?,(JD8!?,CG0!9,B4IW0+87*VIg-1*701$% 1&80>0-B0-*!
G*CB4K!$%'16,-UC8)*0G!,@!PaVeK!laeVSK!'jVP!)-BIRaaGOADSD&-U06*0B!+-*,12+60!Z-mS[!
)*IPal-?,(JD8V!A(,,B!8(C6,G0!(OFO(G!W030!-,3?)(+;0B!94!*7(F03)80!8(C6,G0!(OFO(G!
20)GC30B!Pe!7!)-B1+2?0B+)*0(4190@,30!+-U06*+,-1*130@(06*1*70!>0360-*167)-80!+-19(,, B!

8(C6,G0!)-B!*,16,3306* @,3!*3)-G+0-*IF)3+)*+,-G!+-18(C6,GOV
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3.2.10 In Vivo IPGTT

&+60!W030!3)-B,?(4!B+F+B0B!+-*,183,C>G!Z-mal}:¥+,3%!$8%12 A%Emh!+-!
'()*+,3%!$J%12A%][VI#-1B)4!,-0KIOF034!1*W,183,C>G!, @!?+60!3060+F0B!)IGV6EV!+-U06*+,-|, @!
0+*703!aeVS!D=)!$%"1010-B8-2'#$%&'16,-UC8)*0K!010-B+-1)G!>,G+*+F0!6,-*3,(K!,3!"AL!
)*I00C+F)(0-*IF,(C?0!)G!-08)*+F0!6,-*3,(V!$10-B+-1)-B!*70!6,-UC8)*0!W030!+-UIE)*Pa!
-?,(]D8VIRI!7))@*03!+-U06*+,-K!,-0!183,C>!, @!?+60!+-10)67!6)*08,34!W030! @) G*0B!94!30?,F)(!
,@'@,,B!@,3!S!7VI"*1*7010-B!, @!*70!@)G*!>03+,BIZPe!7!@, ((, W+-8!+-U06*+,-[KI2+60!W030!8+F0-
RVa!8!]D8!8(C6,G0!ZRQ!W]F!b!G*03+(0!8(C6,G0!G,(C*+,-KIL+8NHH)06Y+,-VIA(,,B!
8(C6,G0!(0F0(G!W030!?,-+* 30B!941-+6D+-81*70!*)+(IF0+-!)-B!?0) GC3+-8!¥70!8(C6,G0! (OFO(!
+-1¥7019(,,BICG+-8!)!8(C6,20*03!)*|QKIPQK!e QKIBHBIRPQ!?+-) @*03!8(C6,G0!
)B2+-+G*3)*+,-VISSI7!) @*03!+-UGErAQ+307?)+-+-8183,C>G!, @!?+60\80!GCIU06*0B!*, 1*70!
G)?0!>3,*,6,(1)-B!)-1g"%55!W)G!G+?2+()3(4!>03@,3?0B!jP!7!@, ((, W+-8!+-U06*+,-V
3.2.11 Statistical A nalysis

=)*)1)30!>30G0-*0B!)G!?0)-1,/G*)-B)3B!033,3!,@!*70!?0)-!ZL$&[V'A(,,B!8(C6,G0!
(OFO(G!+-1@0B!8(C6,G0!?0)GC3070-*!G*CB+0G!Z-mS[BR)}3WB!94!*701)F03)80!8(C6,G0!
(OFO(G!?0)GC30B!Pe!7!)-BI+??0B+)*0(4!190@,30!+-U06*+,-V!530)*?0-*10@ @06*G!,- @0B!8(C6,G0
(OFO(G!WO030!)-)(4;0B!CG+-8!30>0)*0B!?0)GC30GHWA!'/#k'K!@,((, WOB!94!  )%/'#*%-
=C--0**|G!1?C(*+>(0!6,?>)3+G,-1*0G*I* 10F)(C)*0!+-B+FE(B+@ @030-60G!90*W00-!)!
*30)*?0-*1)-BI"AL!6,-*3,(1)*10)67!1*+?0!>,+-* VI'EJG!,@!@0B!8(C6,G0!>3,@+(0G!W030!

6,7>)30BICG+-8!,-0 2V)4!'/#K'I@,((,WOB!94!  )%/#*%5CD04IGI?C(*+>(016,7>)3+G,-!



*0G*1Z-m8N/3!0F)(C)*+-8I'EJ!, @'g"%55!Z-ma[K!*30)*?0-*)-BI"ALIW030!62>)30B!CG+-8!
)-IC->)+30B!>)3)?20*3+6!*W,2)+(0BI**0G*VI"*0G*I\W)G!6,-G+B030B!G +8-+@+6-FH@070!
W)G!(0GG!*7)-IQVRA%G*+6)(1)-)(4GOGIW030!>03@,3?0B!CG+-8!"3+G?!S!Z%3)>7")B!

G,@*W)30!g-8V[V

3.3 Results and Discussion
3.3.1 Sortase -Catalyzed C -Terminal Initiator Attachment to Exendin

5701>30F+,CG(4!BOFO(,>08!3*)G@5)*)(4;0B!>,(4?20316,-UC8)*+,-1 20*7,B! Z5!
W)G!-01*1+2>(0?20-*0BIW+*010-B+-V570!1G4-*70%+613, C*014¥+,% $IW)G!@, ((, WOBIW+*7!
010-B+-1)G!>0>*+B0!,@!+-*030GAX)*03-)34! @CG+,-!>B*K!)9930F+)*0B!)GIX010-BB3?
\+GBf"YKIW)G!306,?79+-)-*(4101>30GGOB!*0GF0!)G!*70!G,3*)GO!' GCIG*¥BD>30G G+, -!
+-1:#-% G 7)D03!@()GD!6C(*C30'@, ((, WOB!94!g5J1>C3+@+6)*+,-14+0(BOBI*70! @CG+,-1>3,*0+-1+-
7+871>C3+*4(F+%[8 [)*_SQ!?8]f!,@!6C(*aBV

L,3*)G@B)*)(4;0B1+-+*+)* 31)*%)6720-*IW)G!6)33+0B!,C*!)*1)-1010-B+253A+ G2
$F'HN+GsG,3%)GO'HI'SA&"3) *+,| @!PHRHSQ!)*IPQ!sJ! @Y3{RT3130)6*+ -!
*0?>03)*C30!W)G!CGOB!*,!>30F0-**701010- B33+ G3"| @CG+,-|@3,?!8,+-8!¥73,C87!
+-FO3G0!*3)-G+*+,-V15,16,2>0-G)*0!@,31*70!B3,>1+-10-:4201)6*+F+*41)G!)!30G C(*1*70!30BCE0B!
*0?>03)*C30K!*70130)6*+,-IW)G!6)33+0B!,C*@,3!)!(,-803!>03+,B!, @I'GEEMEG @C(130)6*+,-!
30GC(*G!+-16(0)F)80!,@!010B$5% A+GsZf "l+-*1010-B+- ZF"$51)-BI% A+GsZf"!
@,((, WOB!941)**)6720-*|, @"'$A&"1*,1010-B+- F"$5!* 180-03)*01*7012)63,+-+*+)* 3!

>3,BC6*12010-B42) A3[WI=L 2'%$ 1)-)(4G+G!,@!*70!30)6*+,-12+1*CIAYZ, %[T [\G7,WOB!
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cI'Qb!6,-FO3G+,-1*,1010-B+- 2] 2A3K!)G!)GGOGGOB!94!80(BR®B34VG!*70!BOG+30B!
010-B+-2) 2A3IW)G!*70! - (41G>06+0G+-1¥70130)6*+ -12+1*C30!- *16) 33085 2)8 K1)!
OC+6D{C*+,-1¥73,C87!)-1g&'J!6,(C?-14+0(BOB!>C30!010-B+- 2 2A31Z)*+,%[T [1+-1*70!
0(CO-*IW7+(0!(0)F+-81)((!,*703!C-W)-*0BkG>*)880BIG>06+0G!9, B!* 1*70130G+V

kDa 1 2 3 4 kD
A ] o 100
150 - 75 |
100 | - 50
-
75 | N 37 . <«—exendin-srt-Hiss-ELP
i <—cleaved G-Hiss-ELP
50 25 <— Hise-sortase A
20
37 15
25 10
20
15 A s <— exendin-C-Br

Ny O e— I

'0*+,% [ -%_K C8Q]%1217E3(3%56%81%"9J%B*+(6(/1>(52%56 9G¥ EAZ2G0: <%0 12,%!-%
41+=,+@%712,%"10p BE31> @%712,3%#%12A%S$-%357*D7,%B+5>,(2%16>,+%52,%12A%>S!
IEI7,3<%Q,7%3>1(2, A%DE%3%TI1%K5+8131 7EL, A%1>>1/04,2>%56%>0,%89:;%(2(>(1>5+%
8]T.;%1>%>0,%5>,+4(2*3%56%, Y, 2A(2%12A%B*+(6(/1>(52%56%CY (FAIRA1/+5(2(>(1>5+<%
012,%!-%. %41+=,+@%7 12F85+>13, %+, 1/>(52%4(Y>*+,%16>,+%!X%0%56%-+, 1/>(52%1>%"d%\
712,%#-%,Y , 2AQRT +%41/+5(2(>(1>5+%B*+(6(,A%DE%+,?, €3198583+(6(/1>(52<%Q, 7%
3>1(2,A%DE%J55413%¢# <6

SF



1004 5132.55
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B
c
9
£ 404 |
X
20 h'
0 WMMNMMI“” li IJ TR T m i dbi, il
F T T T T T T T 1
2000 4000 6000 8000 10000
Mass (m/z) |
120 c 120+
100 100+
> 804 N 80+
& 601 % 60
= S
R 404 xR 404
20 204
0 04 l A
914 916 918 913 914 915 916 917 918
m/z |

'0*+,% !d -9%K%1217E3(3%56ZA(2 O T+%41/+5(2(>(1>5+<%81%. 1238(3>,A%713,+%
A,35+B>(529%(52(L1>GR%H.80_* CKI%3B,/>+*4%56%,Y,2A@ 0 +<%.1c5+%B,1=%1>%
W@H'<WW%_1%1)+,,3%S,77%S(>0%>0,5+,>(/17%4133%56%W@ #1<$$%_1%/5++ 3B52A(2)%
8]T..%(2(>(1>5+%1>>1/0,A%>5%, Y, 2A(ZRSEBEB (/%A (3>+(D*>(52%56%, CRAERYT
> +4(217%B,B>(A,%eUQQ;:KKQ8;;;KO;]9 hNS]T.;Ri 1%,> /> A%DE%0JbBK%16>,+%
>+EB3(2%A(),3>(52<%J1%90,5+,>(/17%(35>5B (/%A (3>+(D*>(52%B6247965,B>(A, %
),2,+1> A%DE%.57,/*71+%.133%J17/*71>5+%356>S1+,%H; 1/(60S6BHU1>(5217%
O1D5+1>5+HA 96

570!>C3+@-+0B!010-B-9A3IW)G!67)3)6*03+;0B!9417)*3+11)GG+G*0B!()G03!BOG,3>*+,-!
+,-+)5 - 2)GGIG>06*3,20*341Z&'f=g BL[I*,16,-@+3?!+-+*+)* 31)*)6720-*1Z()*+,%!d8 [V!
'1?)U,31>0)DIW)G!B0*06*0B!)*lak RhPVaal=)KIW7+67!6()BB0OGW+*71*701+70,30*+6)(1?) GG!
,@'aKRhRVee!=)!6,330G>,-B+-8!* 1)IG+-8(0'$A&"1)**)670B!*,1010-B+E\IF03+@4!G>*0

G>06+@+6+*4!,@!+-+*+)*,31)**)67?0-*K!020283W)G!GCOU06*0B!*,1*34>G+-1B+80G*+,-!)-B!
!

SF



*701>0>*+B0!@3)8?0-*GIW030!)-)(4;0BI94HRLI&LV #- (41¥701J2:032+-)(1>0>*+BO0!
@3)8720-*IW)G!B0*06*0B!)G!)!G+-8(4193,2+-)*0BI6)*+,-1)-BI+*G101>03+20-*)(1+G, *,>O0!
B+G*3+9C*+MZ8C30!R[IB7,WOB!-0)3(4!>03@06*!, FO3()>IW+*71+*G1*70,30%+6)(IB+G*3+9C*+,-|
ZO*+,%!dd [KI>3,F+-81%7)*1)IG+-8(0!+-+*+)*, 3IW)G1)**)6 7T0BB(CG+FO(4!*, 1*702D32+-CG!

,@!010-B+iV

3.3.2 Synthesis and Characterization of Exendin  -C-POEGMA
Conjugates

JOT*KI"#/1. IT%$5 5Tl Z=4IW)G!6)33+0B!,C*1*AL! * 183) @*!"#$%&'|@3,?!
010-B+-2) 203/1570!$%#$%&'1?2,-,203IW+*7! & -1 aQQ!=)!,31-)F03)80! _IG+BE7)+-!
$%!30>0)*G!W)G!CGOBV!570!30)6*+,-1*+201W)G!F)3+0B!*,1>3,BC60!$% 102028 +-
"#$%&'16,-UC8)*0G!IW+*71)13)-80!, @!&dGVIL$J |, @!010-B+2] 243!>3+,31* 1> (4203+;)*+,-!
W+*7IEKF+G1)9G,39)-60!B0*06%+,-))*IPiQ!-?1D)*+,%!18  [IG7,WOB!)!G+-8(0!>0)D!)*!)-!
0(C*+,-1*+20!, @!PhVjl?+-K16,330G>,-B+-81*,1*701>0>*+B01?)63, +-+*+)* 3VI570!+-*0-G+*4], @!
*7+G1>0)D!830)*(4!B+2+-+G70B)@*03!>,(4?203+:)*+,-K1)-BIW)G!)66,2>)-+0B1941*70!
0?0380-60!,@!>0)DG!)*|PRVhKIR VaK!RjViKIRSVa!)-BIRaVQ!?+-K!6,330G>,-B+-8!*,1$6°1010-B+-
J 2 #$%&'16,-UC8)*0G!W+*71+-630)G+-81&dG!)G!*70130)6*+,-1*+20IW) G!+-630)GOBV!570!
30GC(*G!@3,?'Bk+G!B0*06*+,-IW030!6,-G+G*0-*W+*71*7, GO!@3,?!30@3)6*+Fgj-B01!Z
BO*06*+,-1Q)*+,%!IT [Vig-*083)*+,-|, @!>0)D!)30)G!G7,WO0B!*7)*K!,-)F03)80K!*70!6,-UC8)*0G!
6,-G*+*C*0B!_iQb!,@!*70!>,(4203+:)*+,-1>3, BCEBDO-1* 80*703KG, 3*)GE5)*)(4;0B!
>,(420316,-UC8)*+,-IW)GICGOB!*,|G4-*70G+B+I5>06+@+BII7+-)([!)-B!G*,+67+,20*3+6!

ZRHR[1010-B3-2'#$%&'16,-UC8)*0G!W+*71)-1)F03)80!,F03)((14+0(B!,@!cljQbKINT7+67!
!
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6,?7>)30G!@F,3)9(4'*,'RQZPQ!b!,FO3)((14+0(B!,@*0-!GO0-!+-16,-FO-*+,-)(1"$%4 () *+,-!

>3,60GGABYV

— 3h — 125h — 05h — 3h — 125h — 05h
A 2h — 1h — exendin-C-Br B 2h  — 1h
100+ 1004
2 75 2 754
2 2
o [}
E £
E 50 E 50
= N
E £
o =
Z 254 § 254
0 0
12 14 16 18 20 22 24 26 10 12 14 16 18 20 22 24
Time (min) nin Time (min) |
C D ® exendin
18- ® 25.4kDaEG9
kDa 1 2 3 4 5 6 — 45 ® 546kDaEGY
250 2 187 e 66.2kDaEGY - e
100 S 444 © 97.2kDaEGY =
75 g ® 155.0 kDa EG9Y -
50 = 127
37 £ 104 [y
25 5 87 % /.y
o / /
20 | e /)
15 | o ’
y o - /
- e 4
10— 3 2j T/
0 —*“"f
0.001 0.01 0.1 1 10 100 1000
%%¢ Exendin concentration (nM) |

'0%+,% 11 -G01+1/>,+(L1>(523%56%]Q[%, Y,28(2\]|Q.8%/52c*)1>,3<%8%12A%TI%K]I%
>+1/,3%56%89::%-+,1/>@BLY >*+,3%56%)+16>(2)%]Q[%:\]Q.8%6+54%, Y, 2AQR 0 +%
J1++(,A%5*>%65+%d<W%0@%!%0@%!<"W%0 @ %"%0% 1 TABEAYDEB N /|6 ADRUKR2 4%
12A%+,6+1/>(?,%(2A,Y %H:M<%90,%3()217%6+54%>0,%+, 3(ACL 4% LLE260>55%75S%>5%D, %
A,> > A%A* %>5%(>3%34 LT8%aRW 75S%/52/,2>+1>(523960133(, BG>1(2,A%K_K
:8Q]%1217E3(3%56%]Q[%, Y, 2AZ\]Q.8%/52¢*)1>,3%B*+(6(,A%DE%1%3(2)7,%+5*2A%56%
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3.3.3 In Vitro Activity of EG9 Exendin -C-POEGMA
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30-)(16(0)3)-60\V'BB+*+,-)((4K!*70130G C(*IG 7, WG!*7)* I/ §1=)16,-UC8)*0l+GI* 70!, >*+?)(!
)?,-8I*701*0G*0BI$%16,-UC8)*0G!+-1*03?G!, @!9)()-6+-813060>* 31)6*+F)*+,-1> *0-641)-B!
GCG*)+-0B!BC3)*+,-|, @!)6*+,-VId0*7CG!+-FOG*+8)*0B!*70!aeVS!D=)!$%"16,-UC8)*0! @ C3*703!+-!

GC9G0OCO-*101>03+?204*GV
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7004 700
—~ 600 = 600
g 3
£ 5004 AUC =67,878+5,144 E 500+ AUC =63,307+5,110
4004 & 400+
S

Blood glucose (1
w
o
o

. 3 300
B
200 £ 200-
AUC =32,890+3,362 **
100 AUC =21,785+1,073 *+ 100
0 20 40 60 80 100 120 0 20 40 60 80 100 120
C Time (min) I Time (min) ]
800+, 24h —— PBS - exendin D 800y 72h —— PBS —=— exendin
7004 AUC =61,993+4,550 7001 AUC =57,105+5,084
g 600 o 600
=4 )
500 AUC =59,317+2,802 5004
E % AUC =54,905+8,951
2 400+ 8 400+
Q o
3 300 3 300
e} o
g S 200
= 2004 @
100 100
0 20 40 60 80 100 120 0 20 40 60 80 100 120
1 Time (min) 1 Time (min) 1

'0%+,% 1$ -92>+1B,+(>52,17%)7*/53,%>57,+12/,%>,3>%H"; Q991%56%12%] Q1% Y, 2A(2
\]Q.8%(2%4(/,<%T755A%) 7*/53,%7,?,73%4, 13*+, A%(2%4(/,%(2%12%";Q99%B,+65+4,A%1>%
!

iP



"$960%12A%a"%0%16>,+%1%3(2)7,%3</ < BUAC AYEBD IS Z %Y Q[%, Y . 2A(L
\]Q.8%/52c%)1>,%  5+38612A%IRA5A(6(,A%,Y,2A(2%1>%"W%2457b=) @%/54B 1+, A%>5%; TK%
56%,M*(?17,25%7?57*4,<%8kJ3%56%>+,1>4,2>%12A%: TK%S, +,%/54B1+,A%*3(2)%12%*2B1(+,,
B1+14,>+(/%>SB1(7,A%>%>, 3¥04b653 %8% 1 2A%J @ %2 GH% 65+ @AEN
sd<ddd!1<%]Y,2A(2%S13%25>%3()2(6(/12>%1>%, (>0, + 9844, 9%6B5(2>

5,!IF)(+B)*0!*70!30GC(*G!@3,?!*70! @0B!8(C6,G0!?0)GC30?0-*G!)-B!*,!|,9*)+-!@C3*703!
OF+B0-60!,@!*70!0@ @+6)64!,@!$% | RI®BFY6&16,-UC8)*0GK!)-1+-*3)>03+*,-0)(!
8(C6,G0!*,(03)-60!*08Zg"%55[!W)G!>03@,3?0B!Pe!7!)-BljP!7)@*03!)!G+-8(0!GV6V!+-U06*+,-|, @!
*70laeVSID=)!$%'16,-UC8)*0!)*IPal-?,(]D8V!&+60'W030!@)G*0B!@,3!S!7!>3+,3!*,18(C6,GO0!
67)((0-80!94!)-1+-*3)>03,*,-0) (1Z+V>V[!+-U06*+,-|, @'RVa!8]D8!,@!8(C6,GOK!) @*03!W7+67!9(,,B!
8(C6,G0!(BO(GIW030!?,-+*,30B!)*IF)3+,CGI*+20!>,+-*GV!g"%55!6,-@+3?0B!*70!>3,(,-80B!
>30G0-60!,@!*70!6,-UC8)*0!+-16+36C()*+,-1)-BI+*G!G+8-+@+6)-*|0@ @06*!,-'8(460?+6!6,-*3,(H!)*!
Pe!7!>,G&-U06*+,-KI*70I'EJ!,@'9(,,B!8(C6,G0!(0FO0(!,FO3!P!7!)@*03!8(C6,G0!67)((0-80!+G!
3(BC60B!94!Sib!Z'0!QVQQURK6!$8 [K!)-B)*IjPI71>,G*2+-U06*+,-K!*70I'EJ!+G!30BC60B!
94leib!@,3!6,-UC8)*@30)*0B!?+60!6,7>)30B!W+*71"AL!6,-*3,(GZ0!QVQRKL,%!$T [\Vg-!
6,-*3)G*KIC-?,B+@+0B!010-B+-1W)G!+-G+8-+@+6)-*1)*19 *71*+ 201> (F+OEFSI%1 2A% [\
3.3.5 Conclusion and Significance

570'>30F+,CG(BOF0(,>0B!G,3*)Glb)*)(4;0B!>,(4?03!6,-UC8)*+,-IG*3)*084! 45!
W)G!+?>(0?0-*0B!W+*71010-B+-1*,|G4-*70G B+ X5>06+@+B1EI?+-)([!)-B!
G*,+67+,20*3+6!ZRHR[!01@B>#$%&'16,-UC8)*0G! W+*7!>306+G0(4!6,-*3,((0B!?,(06C()3!
WO+87*§,W!B+G>03G#*B !)-1)F03)80!,F03)((!4+0(B!,@'c!|QbK!W7+67!6,2>)30G!

@)F,3)9(41* IRPQ!b!,FO3)((14+0(B!, @*0-1G00-1+-16,-FO-*+ -)(I"$%4()*+,-1>3,60G GEEY V
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5W,163+*+6)(! )-B!,>>,G+-8 , !@0)*C30G!,@'>3,9X4 ? 0316,-UC8)*0G!*7)*1)30!6(0)3(4!
+((CG*3)*0B1941*7+G!G*CB4!)30!1*70!+-F03G0!30()*+,-G 7+>190*W00-16,-UC8)*0!&d!)-B!> *0-64!
FO3GCG!6+36C()*+,-IBC3)*+,-VIE>!* )*730G7,(BK!*70!&d!, @!*70!6,-UC8)*0!+G!B+306*(4!
>3,>,3%+,-)(1*,1¥7016+36C()*+,-IBC3)*+,-19C*+-FO3GHE3,>,3*+,-) (1*,1¥7013060>*,3 2
9+-B+-81)6*+F+*4!, @!*70!9+,2,(06C(0!, @'+-*03AGBN70*0G*0BI&AG!, @!$% !
6,-UC8)*0GK!aeVS!DA)G!+B0-*+@YGB70!,>*+7)(1&d1*7)*190G*19)()-60G!6+36C()*+,-!
01*0-G+,-!)-BI> *0-64130BC6*+,-V$10-B+-2) 2#$%8&'16,-UC8)*0G!)3 0!30?)3D)9(4!

0@ @O06*HEPISH!)GI*7041G7,WIC>!+, IRPR®!8(C6,G0!6,-*3,(1@3,?!)!G+-8(0!(,W!B,GO!
GC96C*)-0,CGl+-U06*+,-1+-1)IB+)90*+6!?,CGO!?,BO(KIW7+671+G!PQI*+?0G!(,-8031*7)-!
+-U0B*+,-1,@!*70!C-?,B+@+0B!>0>*FBAW>3, (,-80B!BC3)*+,-!, @!*703)>0C*+@@ 06*!
G+8-+@+6)-*(4130BC60G!*70!300C+30B!)B?+-+G*3)*+ - @300C0-64K!)!190-0@+*163+*+6)(I*,1)IB+

W7,G01*30)*?20-*1,C*6,20G!I30(4! 70)F+(4!,-1>)*+0-*16,2>(+)-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!,-1*701+-BC6*+,-1, @!)-*2$%!)-*+9,B+0G!+-1)-+?)(G!)>>0)30B!)G!0)3(4)G!
(0GG!*7)-1)!B06)BO!)@*03!*701+-*3, BCE*+,-1, @'>3,*0+-1"$%4 () Z=>E VIL +-601*70-K!
-C?03,CG!G*CB+0G!7)F0!900-16,-BC6*0BI+-1)IF)3+0*4], @!)-+?)(IG>06+0G!* 1+-FOG*+8)*01*70!
6,-GOOCO0-60G!)-B!?2067)-+G?G!,@!"$%!+??2C-,80-+6+*41+-1)-+2)(1?, BO(GZ=>F V!
\,WOFO3KI*7016(+-+6)(1+?2>)6*!, @!"$%!+??C-,80-+6+*4130?)+-0B!C-6(0)3!C-*+(!?,30!
3060-*130>,3*G!,@!)-21$%!)-*+9,B4 1+-BCE*+,+-1>)*+0-*GI*30PBIW+*71"$%4()*0B!)80-*G V!
g-16(+-+6)(1*3+)(G'E9b 2C3+6)G@,3!*30)*+-81673,-+6!30@3)6*, 341 ZC@!)-B!"$% 2
)G>)3)8+-)GO@,3!*30)*+-8!)6C*0!(4?>7,9()G*+6!(0CDOTY K!)-*£'$%!)-*+9,B+0G! JFO!
2)3D0B(41)660(03)*0B!9(,,B!6(0)3)-60!)-B 1)93,8)*0B!6(+-+6)(10@ @+6)@70!B3C8H-B!
+-630)GOB!*70!3+GD!)-BIGOF03+*4!, @!+-@CG+,-130)6*+,-GV!1J+36ZEPa) 8)-5:8+0G!
7)F01)(G,!900-1@,C-Bl+-1+-B+F+B@3!1-) FOI*, I"$%4()*0B!?)*03+)(Gli¢, GG+9(4!+B60B!94!
673,-+6!01>,GC30!*'5% 1>30G0-*1+8,22,-  16,-GC?03!)-B!@,,B!>3,BC6*GE>ABH#=E
g-6+B0-60!3)*0G!, @ IBD+ G*+-8!)-A$%!)-*+9,B+0G!+-1¥30)*20-*2)AFO!>)*+0-*G130>,3*0B!
941GOF03)(IG*CB+0G!GC880G*)!GCIG*)-*+)(1+-630)GO!+-1*70!>30F) (MBDE@-880* 2
"$961)-*+9,B+0G!+-1*70180-03)(I>,>C()*+,-1, FO3!¥70!>)G*1*7300!B06)BES# 4 K!)(*7,C87!

B+@ @030-60G!+-!B0*06*+,-170*7, BGICGOB!)?,-81*70!G*CB+0G!)-B!(+D0(41+?>3,F0?0-*!+-1¥70!

GO-G+*+F+*4], @!B0*06*+,-!,FO3!*70MBJ 3G B!90!DO>*1+-17+-BW87!(OFO(G!,@!>AD1 +G*+-8!
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)-*+2'$%!)-*+9,B+0G+-1>)*+0-*G7)F0!3060-*(4BOGC(*0B!+-1*W,!G03+,CG!)-B!,-0!@ @0
*730)*0-+-8!@+3Hk>,GC30!)((038+6!30)6*+,-G!*,)1"$%4()*0BIT/'1)>*)203 1)-*+6,)8C()-*K!
W7+67!(0B!*,10)3(4!1*032+-)*+,-|, @!)!6(+-+6) (I*3DH r|+B7CE@! 7+87!6(+-+6)(130(0F)-60!
* 1>30G6300-!>,(4703!6,-UC8)*0G!,@!*703)>0C*+6!>0>*+B0G!)-B!>3,*0+-G!@,3!)-*+80-+6+*4!
* W)3B!)-*+2'$%!)-*+9,B+0GW,*0! *7)*1*701*03?2G!X)-*+80-+6+*4Y!)-BIX+??2C-,80-+6+*4Y
7030)30!-,*1+-*0367)-80)9(0V!X'-*+80-+6+*4Y1+G!BO@+-0B!7030+-1)G!*70!30)6*+F+*4!, @!)-!
)-*+80-1* W)3B!>30D1+G*+-8!)-*+9,B+0G!+-1>)*+0-*GKIW7030)G!X+??C-,80-+6+*4Y130 @03G!*,!
*7014-*3+-G+6!)9+(+*4!, @!)-1)-*+80-1*,180-03)*0!)-*+9,B+0G!+-1*7019,B4V
4.1.2 Motivati on and Overview
&,*+F)*0B!94!*70!+-630)G+-8!(0F0(G!, @B BOG*+-8!)-2$%!)-*+9,B+0G!+-1*70!
80-03)(I>,>C()*+,-1*7)*16)-16,2>3,2+G0!*70!G) @0*4!, @!"$%4()*0B!B3C8GK!*70!30)6*+F+*4!, @!
010-B+-2) 2#$%&'16,-UC8)*0G!* W)3B!>30 D1+G*+-8!)-2#$%!)-*+9,B+0G!+-1>)%0-*!
>()G?)G!W)G!*0G*0BM@C3*703!B0?,-G*3)*0B!IBC()*+,-1)-B!6,2>(0*0!0(+?+-)*+,-1, @!

*70)-*+2'$%!)-*+80-+6+*4!, @!010-B2} 2#$%&'194!30BC6+-8!+*GIG+BB7)+-1(0-8*7V

4.2 Materials and Methods
4.2.1 Anti -PEG ELISA

g-1*701B+306*I$fgL'K!0)67!6,(C?-!, @'iIWQYG!, @) SVO((1?+63,*+*03!>()*0!1ZJ,L*)3]!
W030!6,)*0BIW+*71y34G*0FLY $% 2°3+6)GORD)(*)!"7)3?)60C*+6)(G[K!'="1ZL+8?) 5)C!
"7)3?2)60C*+6)(G[K!'B)80- P'Z$% 2="K! L+8?) 5)C!"7)3?)60C*+6)(G[K!010-B+-!
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"#$968&'16,-UC8)*0!,3IAL'1IZL+8?)!'(B3+67[VI570!)-*+80-1G,(C*+,-G!@,3!>()*0!6,)*+-8!
W030!>30>)30B!+-I"AL!*,14+0(B!_P!x8!,@!C-?,B+@+0B!>0>*+B0]>3,*0+-1,3!_alx8!,@!
"$96J#$%!+-1*7016)GO!, @!>,(4?0Z?,B+@+0B!)-*+80-G!>03!WO((!C>,-)BB+-81a@*x0)67!
WO((V!I570!"$%]#$%!6,-*0-*G!, @!*70!>, (4?02, B+@+0B!)-*+80-G!W030!6)(6C()*0B!)G!
@,((, WGH!y34G*01IB)-G+G*G!,@!*701*0*3)?03+6!C3+6)G0!0-:4?0!ZRPa!D=)!* *)([VERRIRQ
(AG+-0!G+BBT)+-1)?+-,183,C>G!,-10)67!,@'+*G!@,C3!GCIC-+*G!30)6*0BIW-+* 7Y REWUDF2
-+*3,>70-4(16)39,-)*0!0G*03ZA4 K!8+F+-81)I"$%!6,-*0-*1,@!_jSbV!I'B)80-"'6,-G+G*G!,@!
'='1ZeQVilD=)[IW+*7'RRR]!, @!+*G!GEBY+-1)?+-,183,C>G!,-IG,(FO-* 2660GG+9(0!(4G+-0G!
@C-6*+,-)(+;0BIW+*71alD=)!?,-,20*7,141GC66+-4(1"$%!)66,3B+-8!*,1¥701?)-C@)6*GB03IG!
G>06+@+6)*+,-GIZLZRD)!"7)3?)60C*+6)(G[VIM,3!,C3!6)(6C()*+,-KIW0!)GGC?0B!Re!"$%!
67)+-G!>03!'B)80- 16,-UC8)*0!,-1)F03)80K!8+F+-81_SQDb!"$%!6,-*0-*V!Ig-1*7016)GO!,@!*70!
010-B+-2) 2#$%&'16,-UC8)*0GK!GCO*3)6*+-81*701>,(4Z20*74(120*7)634()*0[19)6D9,-0!
ZRjb!@,3!$% I"#$%&)-B!_hjb!@,3!$%h!"#$%& [18+F0G!)-1#$%!6,-*0-*|,@!_jab!
@,31*70'aeVS!D=)1$%"16,-UC8)*0!)-B!_aib!@,3!*70!aaVS!D=)!$%h!6,-UC8)*0V!I'@*03!
[F03-+87*1+-6C9)*+,-|, @!*7016,)*0B!>()*0!)*lelsIKI+*IW)GIW)G70BIW+*7!"AL!)-B1)('WO((G!
W03019(,6D0BIW+RIIAL 1+-I"ALVI#-01>)*+0-*1>()G ?)!G)?>(0!>30F +,C G (41*0G*0B!
-08)*+F0!@,3!"$%!)-*+9,B41)-BI*W, 1¥7)*IW030*0G*0B!>, G+*+F0!IW030!B+(C*0B!RHeQQ!F]F!+-!
RbIAL'1+-I"ALVIS701%W, 1>, G+*+F0!>)*+0-*1>()G?)!G)?>(0G!W030! @3,?*W,|B+@ @030-*!
+-B+F+BC)(G!*7)*|BOFO(,>0B!) 2$%!)-*+9,B+0G!BC3+-8!)!"7)G0!gg!6(+-+6)(1*3+)(!, @!

y34G*011)VIM, ((,W+-81)-,70313,C-B!, @!"ALIW)G7+-8KIRQQ!xf!, @!0)67!B+(C*0B!>()G?)!



G)?>(0!)-BIRbIAL'+-I"ALIW030!)BBOB!*,130>(+6)*0!WO((G!, @!0)67!)-*+80-VI570!>()*0I\W)G!
*70-1+-6C9)*0B!)*13, ?1*0?>03)*C30!@ 3!P!7V!dO((G!W030!)8)+-IW)G 70B!W+*71"AL!)-BIRQQ!
xfl, @YD) (+-0'>7,G>7)*)G@B,-UCB)*0B!I8,)*!)-*+ 27C?)-1g8%!ZL+87?)[!1B+(C*OBIRHaPaQ!W+*7!
RbIAL'I+-I"ALIW)G1)BBOB!*,10)67!WO((VI'@*03!R!71+-6C9)*+ -1)*I3, 21*0?2>03)*C30K!WO((G!
WO030!'W)G70B!W+*7I"AL!@, ((, WOB!94@B3@ @030B!G)(+-0V!A,C-B!)(D)(+-0!>7,G>7)*)GO!
W)G!BO*06*0B!941+-6C9)*+-8IW+F433,>70-4(1>7,G>7)*01ZL+8?)[!1+-1)66,3B)-60!W+*7!
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xfWO((!, @'RQDb!/)#\K!)-BI*701)9G,39)-601)*1eQ al-?!W)G!?0)GC30B!,-1)!>()*0!30)B03!
Z506)-1g-@+-+*0!&PQQ!"3,K!506)-'CG*3+)[V
g-1¥7016,2>0*+*+FOI$fgL'K!)12+63,*+*03!>()*0!W)G!6,)*0BIW+*71aQ!xf, @ 'RQQ!X8] ?f!
y34G*011)1>03!WO0((194! FO3-+87*+-6C9)*+ -1)*lelsIVIK)3+,CG!)?,C-*G!, @"'='K!
'B)80- PKI010-B+-KBEVSID=)!$%"1010-B+2) 2'#$%&'16,-UC8)*0K!)-B!)!laaVS!D=)!$%h!
010-B+-2) 2#$%&'16,-UC8)*0'W030!B+(C*OBIW+*7I"ALI* 14+0(BIQK!QVaK!PK!aK!RQ!)-BIPQ!x8!
,@16,2>0%+-81)-*+80-1>03IWO(C>,-)BB+-81aQ!xf!*,10)6 7'WO((V!=+(C*+,-G!,@!'B)80-~!
)-BI*701010-B+- 2) 2#$%&16,-  UC8)*0G!W030!>30>)30BIGC67!*7)*1)*10)67!6,2>0*+-8!
)-*+80-16,-60-*3)*+,-KIG+?2+()31"$%]#$%!6,-*0-*GIW030!6,?>)30B!)G!G7,W-1+-1D7,%7!
5701B+(C*0B!6,?2>0*+-81)-*+80-G!W030!?+10B!W+*7100C)(IF,(C?0!, @!)!>)*+0-*I>()G?)!
G)?>(01*7)**0G*0B!>,G+*+F0!@,3!"$%!)-*+@ B +(C*0B!RHPQQ!F]F!+-IRbIAL I+-I"AL[!)-B!
+-6C9)*0B!)*le!sJ!,F03-+87*VI570!@, ((,W+-81?,3-+-8K!) @*03!W)G 7+-8IW+*7I"ALK!) (('WO((G!
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Xl @10)6716,-60-*3)*+,-1, @!1*7016,2>0*+-8!) -*+80-2>()G?)!1?+1*C30G!W)G!)BBOB!+-!
30>(+6)*0IWO((GV!' @*03!+-6C9)*+,-1)*13,,21*0?>03)*C30!@,3!P!7K!)(D)(+-0!>7,G>Z)*)GO
6,-UC8)*0B!g8%!W)G!)BBOB!@,3!6,(,3+?0*3+6!30)B,C*!)*leQal-?!)G!BOG63+908!)9,FOV
'GG)4AG!+-()*+,3%!W8%12A%W030!>03@,320BIW+*71-mhKIOVTAGO!+-[)*+,3%!X8%12A%
TIW030!>03@,3?0B!W+*71-maVv
91D7,%-94+(1D7, B45*2>3%56%8A1) 2b2A%, Y, 2A(Z3 C\]Q.8%/52¢*)1>,3%
12A%>0,(+%/5++,3B52A(2)%:;]Qb\JQ%/52>,2>3%751A,A%13%/54B,>(2)%12>(),23%B,+%S, 77%(Z
>0,%/54B,>(>(?,%] O K8<%; ¥ 2>,2>%56%8A1)2S513%1BB+5Y (41>, A%DE%133*4(2)%!$%
1Q%/01(23%B,+%8A1),2/52¢*)1>, @%S0(7,%\]Q%/52>,2>%56%>0, %, CRAD. 8%

/52¢*)1>,3%S13%A(+,/>7TE%/17/*71> A%DE%3*D>+1/>(2)%>0,%B57EH4,>0E7%4,>01/+E71>,
D1/=D52, ¥ <o

! 'B)80- ! aeVS!D=)!$%"! aaVS!D=)!$%h!
010-B+-21 2'#$%&' ! | 010-B+-2] 2#3%&' !
[,2+)( | J,-UC8)*0!  "$%! | J,-UC8)*0!  #$%! | J,-UC8)*0!  #$%!
Zx8IWO(([| Zx8IWO(([ Zx8]WO(([| Zx8IWO(([ Zx8]WO(([| Zx8WO(([ Zx8]WO(([
QVa QVS QVe QVa QVe QVj QVe
P PVIS RVIS PVQ RVa PVi RVIS
al SVe hvi avQ hVi sv! evR
RO RPVi jVj! RQVQ jva RhVi iVQ
PQ PaVis RaVle PQVQ RaViQ PjVS RSVQ

4.2.2 Circular Dichroism Spectroscopy

J=1G>06*3,G6,>4W)G!>03@,3?0B!)-I'F+F1&, BO('PQP!+-G*3C20-*W+*TRI?7!
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4.2.3 Synthesis of Exendin -C-PEG Conjugates
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4.2.4 In Vivo Fed Glucose Measurements
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4.2.5 In Vivo Pharmacokinetics

$10-B+-K!laeVS!D=)!$% KlaaVS!D=)!$%h!)-B!jRVS!D=)!$%h!0 1 RBX#$%&."!
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4.2.6 Statistical analysis
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4.3 Results and Discussion

4.3.1 Antigenicity of EG9 Exendin -C-POEGMA Conjugates
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4.3.2 Synthesis and Characterization of EG3 E xendin -C-POEGMA
Conjugates
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4.4.5 Pharmacokinetics of Exendin -C-POEGMA Conjugates
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4.4.5 Conclusion
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5. Future Directions
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Appendix
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