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55579 e
A7E 1

(1) =97 delolgHolu] = (Dopamine methacrylamide; DMA) 2 mPEGys, o} E @ o] E(mPEGy acrylate)S &
o] ol Z3tatE WAl

(2) 27 (1) @A &3E] 0.025 mmol RAFT Al <[ Ez]E] 2 7lvlu|o] E(Trithiocarbamate)] 2 0.025 mmol

2,2-0FZ&H| 2ol AR E|ZUEH(2,2-Azobisisobutyronitrile; AIBN)S 1 : 0.01-10 HIH|= FH7lete] 7194
784 Asjo]E(reversible addition-fragmentation chain transfer; RAFT) S8l @A, &

(3) A7) (2) BAY FFES 25 WA 300TAA] 18 WA 1004]

b Fok WA= dAE X £ A
Z A (mussel foot protein; Mefp) A} 8] (MLO) A ZHH .

4

A7 2
A1l QoiA, 7] &= tHlEEFol| = (Dimethylformamide, DMF)Ql A& SA S 2 3=
A (mussel foot protein; Mefp) FAF 28] (MLO) |2,

ofoj
%
i)
L2
a0
=

3T 3

o

Aol deiA, 7] MO Aol 1kD WA 1,000kDe! & SH o=
protein; Mefp) A & (MLO) AlZ=w.

= 23 & a9 (mussel foot

374
A1 WA A3 F o= gk o] W o Axd % HA DA (mussel foot protein; Mefp) A

2 29 (MLO) .
A7 5

fo

(1) grjo] & AF3}E(iron oxide) Y=YPAE BAA|7]E @A)

(2) A48 W2 T3 A2 @A (nussel foot protein; Mefp) FAF S22 (MLO) 2 o} (amine) AG 3}
FES A7 (D) SAY Yedxrr Ebd gujo] st el WAl 2

(3) 7] (2) dAe] EFES 25 WA 300CAA 12 WA 100417 53F A7) dAE 2¥shs 8 =
FA A=,

AT 6

A53ke] 9ol A7) ol¥l(amine) A FIEL 2-2(o}n] o EA))of BH-E-(2-(2-Aminoethoxy)ethanol; AEE),
3-o}n| =L Z 3} (3-aminopropanol), &Aoo}l (hexylamine) ¥ ZH| Aol (dodecylamine)dl RS EAOF

she g 29A AT,

g A A

7] & & oF

®oubg o gzl s)uk dakzdA Alzadel wdk Aol

W F o] &

3 (Mussel) S ThFs 4o gwle] ZatA ol glon], wj$ AR uirhl A E ulgtEe] Adste] 1 HIA
S AT F YdE EAS B, FRol EAEE AT ARAL §AE TF o]FHd EASS
Aol Ay 98 s A @ AYHn lon, g Jr 2 g8 5o ted oA
S8 JFeAS Bt . ol¥e T3 HEAYS 1 ZAHbyssus) TR0l o] o] FolxH, o] FxE
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o A& S (mussel foot protein; Mefp)oll sl F¥ ™, o] F Mefp-3,57F H2 540

= S =3 A"z d

2 9gs sivtn dEA k. o] gulEo = FEF(catechol) T2 oFF17](amine group)”ZF o] EA|slaL
Jde Ho A vk, B2 aFolA FHElE gl7F=(catechol ligand)E o]-8-3}e] thekdk HokoA TH 7Y
o] HLsl7] A3 w==¥e s vk, 53] FHTY AFolA Mefp-3,5 722 F 7FA 715 7] (functional

group)? ZFElF(catechol)Z} o}F17](amine group)E EF 7ML i E3W(dopamine)o] FEse] Zpdl
(dopamine) & ©]-&38r ZE| =9 (polydopamine) TFx9 IZE W] MAEHAOM, o= st Fofell HE&¥ i
AE AFolth. F# =3 (Polydopamine) T3&E 1 EWe] whgAe] w9 Hojd 2] §AF 5 (glue like
property)< Roledl, o]gd 54L& 7}E|F 7] (catechol group)? 4AF3}(oxidation)9t WH3IF #wdo] . 7}
H&7](Catechol group)= 0.6 &3l wis- HA AstEe= S4S 7MW, olyd Akstdl 7he|&2 2

83 XA (cohesive)# A2 (adhesive) S 7HA]7 ] 93 =nHeAE AgHa 9 ol#st Aks}h
(oxidation) QoA A= 99 7162 Fel7f AFE o2 F43 ]9 Ad(coordination bondmg) o] F
A Hol 2 FAES A FAAY A2 e 7} (crosslinking)7} dojdtia Aztslar ok, =ubql

(Dopamine)>  Ak3} A g ABAHE F3aE99(luekodopamine) TFo] 93 27t S8 (self

polymerization)o] ¥oluA o] 7Fal(crosslinking)ell &3] <8 EAS 7HAA v, 7o 4 £ A3}
%l F=71(quinone group)el o3 Ha Ao A7l Aeolet & 4= v}, o]y ] =37 (polydopamine) T
ZE deA Z THE& ol | Z 222 T(cellulose membrane)& H33t7] 95 Wo] wzllse] o o
gow FHoJsl=d|, oA AEZ 2~ Y(cellulose membrane)o] 28-S F=sle] 7 B3 FI5 wt== A
o} fAFsIEh. ol# e Zgl =l F¥ (polydopamine coating)S ThF3E Edo] &=
WSado] wl¢ A F7FHe W /A (surface modification)o] 7Fealth. ol e mEwW A
property) ¢} 3 (cohesive property) EFE 7}AaL, 712 =932 (substrate independent) o= dojubm
vl F-A & (noncovalent interaction), F°4 ZA3H((hydrogen bonding), pi-pi Z3H(pi-pi interaction) % A
A714 A3 (electrostatic interaction)S 7FAA T},

X ﬂllo
N
o

i DN

S AHA{A7IE dE B "o WA=, F4 /‘Pi}%(metal oxide) Yi=A)FE ol o]
3 =y}l (dopamine)S ©] €3 Z¥ WS Uk EF FWS o H(etching)dte TAHES 7HA L o] A&
g 23 o]¢] F}elE7](catechol group)S ©o]-&3}e] o]z gt o

7] A=, ol EAE =
T AR, Ak o] v Hibeiy SRd Ame] A

(etching) ¥4

A £ 9 Sk

S A7 957 Wi HE37] oy e B FAHNES /A o, A7A JFElFE 7] (catechol group)E
o] &3t ¥H=IY WHol HA(bulk)d £} =8 (nanomaterials) EFo 4&H #Hol] AHoln v
AR} A2+ oK o7 FHYsle] fujo e BAbo]l FAEHE Ao wl§- ojHe dolg} AT

2 A AELe Yy Aol un2us ALy AsiA Mefp A S22 (Mefp like oligomer; MLO)E
gxpelstg o,  FYA|(coating reagent)”’t FFElE7](catechol group)$} b}‘f_‘ﬂx}-‘ﬂ Ede]  Agy o
1,2,3,4-"Egxskd WAl 112)(1,2,3,4-tetrasubstituted benzene ring) T+FE WEo] Fowx oAzlEE=
AL Fsta B aygS Atk

Yol

5373

(E3)&3 0001) =3 7/HES 10-2011-0080781(2011.07.13 F7H)

wige y§
s dsd = A

Hodtmo) BAe 23 A oA (nussel foot protein; Mefp) FAF <2 aw (MLO) AlZWEES Al3sts do
o]
AA

w ERe g 52 A7) g o8 Alxd F A% 9 (nussel foot protein; Mefp) frAb &2]aim
o =]
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e
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AL A7) MOE o83 3 294 AxWHS ATt

A fE T

A7 BAS GAE ] ste], B owg e (1) Z=awl YelolaHolw] =(Dopamine methacrylamide; DMA)
mPEGis) OFLE e O1E(mPEGy acrylate)s &vfell o Edshs @Al (2) 271 (1) @S EdEl 0.025
mmol RAFT A]2F[EZE]Q7}u}u|o] E(Trithiocarbamate)] % 0.025 mmol 2,2-0}FH| 20| AREIZYEZH(2,2-
Azobisisobutyronitrile; AIBN)S 1 : 0.01-10 H¥Iu|2 H7lste] 7194 H7-324d Aol B (reversible
addition—fragmentation chain transfer; RAFT) F&3st= @l 2 (3) A7) (2) @AY FFES 25 WA 300
TolA 18 WA 10072 5t vbSAI71E dAS 88t &3 42 g (mussel foot protein; Mefp) fAF

[e]

2 OL0) AZWE S AT AL, 7] M0E Aol ID WA 1,000 3 9

vt A=, A7) fd= tuE X Eol|=(Dimethylformamide, DMF)Y 4+ YAk, o]o] AgEE= AL ofy

T, 2 e Y] Wl od AlzE F3 2 a9 (mussel foot protein; Mefp) frAF 2232 (MLO)E
A &3k},

TS, Eodge (1) gvel A AEE(iron oxide) YiedAE #AMAZIE WA (2) A4l wE 3 2
G A (mussel foot protein; Mefp) FAF S8 Z™(MLO) E o}l (amine) AE 3gES A7) (1) A Yx
YA

7b 23k gl Frbske]l el wAl B (3) A7l (2) dAS] EFES25 WA 30T 12 WA
100A13F Ft WhgA71= GAE Edtelks I 2GA AR E ATt

v 5k A= A7) ol (amine) AlE 3EL 2-2(olu] o EA]) o EFL-(2-(2-Aminoethoxy)ethanol; AEE), 3-
o}m] -3 2 v} (3-aminopropanol ), Ao}l (hexylamine) B ZHAold(dodecylamine) ¥ = AA|wE, o]o
A eE] = AL ofYt],

45 59

2 e Ynedx 7iNE dazdA Azwde] @ oA, YiEd Aol /AW S A5 86
A Mefp FAF 282 (Mefp like oligomer; MLO)E tTlRQIsIR o™, ¥ A|(coating reagent)”} JHElE7]
(catechol group)®} Y=dzte] :mwe] A3t o] 1, gkl WAl 312 (1,2,3,4-tetrasubstituted
benzene ring) T2E WEC FoEH ¢HEstEE e Qs 2 B diALte] Tk,
Co, Ti0s, Al:0;, Fes0y F Au Y= & ot & 2 a5 A8 5 Q7] widd &2 okl &

§ 7Fsd Aolth,

w
-
in
)

wHo] Zheter H9
& Mefps 729 7]57](functional group)$! 7}ElE-(catechol)¥} o}717](amine group) ¥ Z=3Wlo] 3%
e

2= TBC = delAtH(alizarin) ¥ 22 7l 2 (catechol) & F B A|(coating reagent)S A4 A A3}
=9 &} (hydrophobic iron oxide nanoparticle)ell #7}sle] 2]7FE w3H(ligand exchange)E A|=3d Az}

pepd,

T3S YxedA Ao ol Bx :ES uyEeldtl. (a) RAFT S8 (polymerization)S 53t Mefp fAF 81w
(Mefp like oligomer; MLO) A% A& yeldg:. (b) 23 22 gFe = wdS 533 ARl o]
(c) 28 ¥Y9 pH 7oA 52 Fateb3 A (Dynamic Light Scattering Spectrometer; DLS)S E3F &
A AsE S &% Aotk (d) DLSE S8l S48 o]& tAdA Aol (e) 3 mm I H7]9
wAb A Arshmel] gt Al A Alge] FPLC Aatolth. (f) Hela AlEFolA 39 &ot Alz=de A%
Folt}t, (g) 3 nm Zo] A7]9] A 28ES AR FGAR AH-E3ke] 3ToA L2 MR o]v] x| o]t}

T O

e g H

1

NI D o/
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vy

= 4= A (monomer ) 9 RAFTS] B]Eol] )3t 1z o|t}.
% 55 @ (oligomer) BA F FAHE 2 @A (monomer) ] %73 (composition)S HERATE,
78 A Fo] TEM ARS yreRdT),

% 72 3TlA A MR o]HX] R Az whE 415 Al7](signal intensity)E UERHATE
2

H
&
K

= 82 JHHE Z¥E H AkslE 9] FT-IR ¥4 ZAijo|t},
T 9% MLOo| o}¥17](amine group)E& ZAEAl, A7) (magnetic field)S Aol FE& wje] APdolt}.
% 10& o}¥17](amine group)ol] 93k 7 E| =] F+xA W3} 712S et

T 118 YxEd AoA oyl vz JlEE 2F= ¥ (amine assisted catechol ligand coating)9 EAEE

g5g QA AT g
os, B el ols) 2

= 7] Slske] AAE ol Al Adalw
o WES AAFHE AU B B Ao W s AAe] FYHE
BEH A4 7k Aol B dEe wok SAsA 2]

< AAd >
1. 3%E

4-BlE-RE7}¥F (4-tert-butylcatechol; TBC), 2-2(o}v] o] EA])ol€h2-(2-(2-Aminoethoxy)ethanol; AEE),
HElZH Y o]E F4E(methacrylate anhydride), 4% EHIEZEOIE H7}8o] =g o] E(sodium tetraborate
decahydrate), 24F ©lo]7}RUlo]E(sodium bicarbonate), =39 (dopamine), 72 t]Addo]=(carbon
disulfide), W& Z=2gto]=(benzyl chloride), A% ZFEMlo]E(cesium carbonate) % Z&(dgdd ZT =)
v el o e = olaHd o] E(poly(ethylene glycol) methyl ether acrylate)i= AldrichZHE Fujslict. ofx
H] 2o AR E 21U EZ (Azobisisobutylronitrile) Junsei 258 Fujs}gtt.

2. EFE 7l o] E(Trithiocarbamate) RAFT A]¢F ¥4

N

<

T2} 40 mmol®] 7 t]Adm}lo]=(carbon disulfide) % A& ZFEUlo]E(cesium carbonate)S 25CeoA tiHE
Eolu]=(Dimethyl formamide, DMF)ol =th. 5 ml DMFol =<1 40 mmol WA ZFZo]=(benzylchlorid)E 4

EFE Hrbetar, 12A417F ot vk A Th, w8 25 ml A7k B2 WZA7]aL, 70 ml EtOAcE 39 F
ATk EtOAcT2 MgSO,2 Az 2 TIAHY. &5 B4 EtOAcs AMESte]l A7t A#H(Silica

<)

e N F

-

column)< 43} T},

3. 7t9A H7/F-EF Aol (reversible addition-fragmentation chain transfer; RAFT) $3& A& @A
A=

E9el wefeta P o] = (Dopamine methacrylamide; DMA)+= o] <Atell whel A H ATt mPEGs, ofZH e ol E
(mPEGuso acrylate) AldrichZ2%-8 Addo=z Fwstsict.

4. Mefp FAF <829 (Mefp like oligomer; MLO) #|Z
0.1 mmol DMA ¥ 0.4 mmol mPEGs, o} H @l o] E(mPEGys acrylate)= 0.025 mmol RAFT A]eF[ EZE] 2 7luluo]E

(Trithiocarbamate)] ® 0.025 mmol 2,2-°}FH|~o]AFE|ZYEZ(2,2-Azobisisobutyronitrile; AIBN) W& 1
D12 DWFel Hodth. E3Y Fole HAAS 5 oY FIEIT. HEW Vv AA"E EFEE 70T, 124
7 St oA FxoA] wkgAIATE. | Zo](oligomer length)E ZA3s}7] Y3141, RAFT 2 & ©HaRA] H
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W7 E e, GEFA (monomer) A 1 RAFT A2 20:19) u]&o] mlgzdlu}, 10,000: 10014 3:12] B]&7}
A Jbssith. ®3, RAFT AleF : AIBN =1:1¢] ®}&hzlelt, 1:0.01004 1:100% %4 7}ssitt.

5. A ASE Yx=dA F4

fi_‘l AP3HE Y dxtE d-2do]E(iron-oleate) H3A] 2 2@ XH(oleic acid)<

Ae 9aA, tre 2E Aol 802 Agaa

o
A
Sh
:oé
QL
2
b
o,
QL
32
u)
U
N

6. & A3E =AY e 2

12 nm =] A719] A gE #rt= wES fd, 1L HANA 1 g9 A A3ES 10 ml9] F4ik(hexane)ol
AN T, ZF2E 10 ml MeOH, CHCl; 2 D.WZ #7}skal, 5 g MLO & 10 ml ¥ A|(coating reagen)S A7}

t EHES 70CAA 158 FF AetA Z3tate] WAz

7. A (serun) 2 A

MO ZEE 3 nm 3 A3HES 100% FB = PBSZ 37ColA 6417+ E<t A8 7] (orbital shaker)ol A ¥HSAlA
o, E¥Ede HE T 20 mM H(Fe)o] xFHol ATt PBS §&FN H superpose 6 10/300 GL
column(GE healthcare) .2 FPLCE 3319l t).

8. MEEA Al (Cytotoxicity test)

HeLa A2 BFES S 21 (5x10° cells/well)oll ®Fsth. AME FHES #8) 8% Holl, Hela AEE ¥E

5 =1l l:'1—é'l—ar‘ﬂ]/ﬂ(doxorubicin)ﬂl' shHA v Fslsith. A8 T AMEES Zhzhe] Ao AHEstar, 37T,
5% CO, BlF7]olA ZHoES wg3titt. 24, 48 E 72413 ol 10 ul CCK-8 &94E& Z@olE Zhztel o

A7EA T, CCK-88 4A 7 Fot wjokr|o A vk AT, ME wA S A AS & multiplate reader 450 nm
]/ﬂ Fi}t:ﬁ 5;(40]_%!;]_‘

o=

9. MR ] (MR relaxivity)

ZRol=x Qi ¢+ 2]94=(Phosphate Buffered Saline; PBS)ol 341&}gict. 3k, MIONS] o] ¢hAd =X+ 3T
MRI scanner (Philips' Achieva, 3T)& =A3A . AW (in vivo) MR o]HA S €3 MIONY r 2 S

71 YA, B aAse MINeZ $-4 Ald#@ W(in vitro) oJmAS AIEdTh. 0.1125, 0.225, 0.45,
0.9 mM MIONS *¥3}3}+= PBSE Al %31 tt. Ti-weighted MR images of the phantom¥ TIR A ¥& o] &3}o] 3T

MRI scannerE Ea] dtt. ojmA stgbnlg = oh&3 ok TI = 50, 100, 150, 200, 300, 400, 500, 650,
800, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400 and 2600 ms, TE = 10ms, flip angle = 900, TR =
3000ms. Tp-weighted ™ T ,"*weighted MR images of the phantome E2& |83l FR|HYL, rn D r ™

0]%*é(relaxivity)-°— volume coil 7} 3T MRI scanner (Philips Achieva, 3T)E o]&3}o] A}, MESE ¥
MEGE M€ T 9 T,"& F437] 8l A=A, Lo 54 debree o3 2o TE = 17.56, 23.41,

29.26, 35.11, 40.96, 52.67, 58.52, 64.37, 70.22 ms, flip angle=90o, TR = 3388 ms. 7, &% w}&}n|E

+ =¥ 2 TE = 5.24, 10.19, 15.14, 20.09, 25.04, 30, 34.95, 33.9, 44.85, and 49.8 ms, flip angle
= 60o, TR = 3000ms.

10. AN (in vivo) MR °]u|=]

140g~300g FAY FAR 2z #a-v}$-8 FE(male Spra-gue-Dawley rats) @ vF$-2 (Orient Bio, Inc.,
Seongnam, South Korea)?] MION F¢ A% TIW-FFE ©]w]x]+= 3 T MRI scanner(Philips' Achieva, 3T) 4
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volume coil$ °]&3te] Z5agith. MION (22.4mM, dose - 2.5 mg Fe/kg)2 2XHE FFA/ULE Tz AW
(peripheral vein)e & F3tAtt. dBo2RE MION Fo]H(clearing) S HF37] 8lIA, 294 ¢ F
8% 7+A o2 TIW-FFE o]w] ]% A, A7) olm &S MATLAB (R2012a)9] HthZ=FAF(maximum intensity
projection; MIP) ZR2EZS o]&3to] AFA3ATE. TIW-FFES olu)A v gE= L3 2t} flip angle
=25, TR = 25 msec, TE = 3.6 ms, field of view FOV = 150x150x35 'mms "3, matrix = 640x640x35, and NEX
= 1.

11. ¥#=x9<(Angiography)

2 iy s5e 55U 243004 Ti-weighted MR oJU]AE AJtt. &7 ((long-term) =8-S 2A3l7] 918
A, AIE=oEA AS AZIE Skl Aol Ao 2YP-43 R A71E 1 oo & FAE A%
Atk MION Foz <ld 23197 MIP ovAE= A% "(common carotid artery), 74%

jugular vein) ¥ ™9 FAA 3 (superficial vessels)olA A&7} Z3lE= AL e, 5‘55&, -5
W(aorta), A=) G (axillary vein), 4% (jugular vein) ¥ &M (carotid artery)s ¥ 33}
HHEoA 29-74s ol XE #FE & ATk, ol om A ANEZRE, 77k AI7F L QoA 3

o] ROIE AAstal, A3t §-919 A3 A7|9 dis Aoz 25 Al7le] ¥WstE ALtstioi(= 7). vt
220l MION(dose - 2.5 mg Fe/kg) 59 ¥, Ti-weighted MIP imagesollA A&7} 735 vl ool A&
Azl met A E AT

fr o

12. 2%

oo e W JiE WHel dxEddR HEo] JtedAE Ryl 95k, TBC e dERbd
(alizarin)¥ 22 JlelF(catechol)¥ F ¥ A|(coating reagent)S AFA A AgE Y=Y} (hydrophobic
iron oxide nanoparticle)ol] H7}ste] g]zxt= w8k(ligand exchange)# Al =3k Y. ' A (Coating reagent)
2M AEEE Abg3le] A A3kE(iron oxide) S EAMAIZIEU Ak Aoyl A= 52 kA (monomer ) 2]
S0 wat o] AR & &3 E(solubility)®] zpolE E M%"/HE 2). é TBCS] 7 -9-ell&= ekl
ARE Akl itk AESA AES YA e TRt WA @F(buffer) &, B A Ho A A s}E o]
ofF a7 wiitell, &3=(stability)E Fo]7] ¢18] hA3 Ate]E(multi binding Slte)L Zro & gEEA e
(monomer ligand)E U©AISFI Tl JhElE7](catechol group)E 7FA= =%l vl ™ olv] = (Dopamine
methacrylamide; DMA)®} mPEGy, o} H@|o]E(acylate) 2712 @A (monomers)WHS  ©]83te] RAFT %

(polymerization)S Al=3Fth. mPEGE WEAe] A (hydrophilicity)s 7HAtSFE H-5o|8 AF
(non-specific binding)®] 1 #7t=(ligand)e S53S 47| {8 ALgsklch. o™ Mefp fAF &8
(Mefp like oligomer; MLO)E o} 191 th@Fihde]l 7Feslth(= 3a). ©] 27H4 DEFAESS] T3 RAFT 7]
Zboll whel ©-EkA] (monomer ) 2F RAFTS] W& Zdste] &9 Zo|(unit length)e] FHo] 7}&3t, 10 kDa vtk
ol 20 DPolsle] Zoll &2]aiH(oligomer)E /\}30}0"3}(5 4). 7t =FA (monomer ) 2] Z4J (composition)<
<™ (oligomer) BA F FXH+= S FAGAI(E 5). o &2 MO FH A (coating reagents)E ©]
43te] A A3lE(iron oxide)el #ZF= 3H(]igand exchange)% A&stda, 1 A 29 FE(gram scal
e)o uiFe] = wdd AFSrh(E 3b). # WHAES A2 e 3_7]4 =4kl Hl(oleic acid
capped) & 2t3}E(iron oxide)S FH|8t o™, 1 TEM o A= & 63 o, oz e wilky AES
I AE FA(shell thickness)”} DLS A3l ~ 2 nme] A8 2 & (hydrodynamic diameter)S H.Oo|+=

AE AT = don, He W99 pHAlA St E Holw, NaCl AP E +-8S & F AJTHE 3¢).
o] & ¢k A& (lon stability test)ol ¥ PEGE “X|=(entangle) &3 wjio] =7] &3 A AT
2 HolXwt AdHor FEE Qe ofF HE PGy AESHoR AL £ dS Ao FEI HgAS

HRITHE 3d). oldd ¢F2 779 AAE 7HAe deEdoe] AETH AL&E S8l ul$- F8% v5o% 4
3h(nonspecific binding) AEE FA37] sk, 4 A3 Al@(serum binding test)S AAISIITE. o]
H| 5ol Ag-2 A Woﬂfﬂ Aol HAY, FAd EAse Gl dEo] Yo (nanoparticle) ZHe] e}
7 Hol A3t v &dE VHHeAY 1 5AE doyyde A%E FET 5 ok MOE X 3ke F ks
E(iron oxide)& A (serum) ] A2 (stickiness)o] A9 e AS & 7 YATHE 3e). o] & 4
= o] AFAALE |3 €53 MAE Rolm b AE vl (complete cell medium)olA 1de] Aub=

i " —Vi
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e

7F A0t

54 A A= w22 AlE BEA(cell viability) S AT & %914(1: 3f). A ArgE(Iron
oxide) XAt MRI Z<d#|(contrast agent)ZM Zgwtal glom o]k uf$- FA AAL o9 &
el MR o]€(relaxation) #BES HAF UATHE 1 E 7 2). & A %% XEQ ATt A wlg- 2
=719 A A3}E(iron oxide)o] 3= A (blood pool contrast agent)® AFgH = AL Felslgdony, o)A
S Hg3le] BE Y PWE(rat)E o] &3] Phillips 3T instrumentol X 2 ou]x]E AJv}. = A, ¥
(brain) ko] ojugl & Hog Wojrle dRE B o] HE &dE B Ut AAHE 3g). ol
H ]—E]

o] g A A (precipitation)® A7|A &= AL

]
D Z2Fdades 3 oA 50% oo A& A7]|(signal intensity)E 1 Al7Fo] AUY=E {FA]5t
04‘:}( 7).

F 1
Size (nm) r, ((mM1st)  p, (mMlsh Pir,
3 3.42 13.74 4.02
2 15.94 42 4 2.66
8.5 16.69 64.1 3.84
12 11.75 122.98 10.47
#x 2
Size (nm) r, (mM1st) r, (mMs™) r,lr,
3 2.34 26.1 8.53
12 2.54 141.72 55.80
DOTAREM 3.78 4.43 i

A7k o] oWl HxE FHeE 2 t=e] Z¥o] ofWA 3 (adhesive property)s S3A TVHAAEAE
EAsl7] 93 Ae5S MAPseh. Moo= Z'H E AFsE(iron oxide) ] FI-IR Z oA, MLOE DMAolA
o= 1,2, 4-Eg)xgd WAl 128 (1,2,4-trisubstituted benzene ring)”7} H.ol&= 850 ¥ 95004 IIlEa 7
3 D35 B 4 oy, Z'E A 2k E(iron oxide)olME o] 3 dAE0] 801F o]E(shift)d AS &

A3 (simulation) ¥ wHlaLste] 1,2,3 4-HEeX3kel wl#l(1,2,3,4-tetrasubstituted
benzene)o] Holx AR 3 positiono] FEA|(coating reagents)e] ©}7l7](amine group)’} wlolEF H7}
(michael addition) A} WF&-S doA, 1261 nmoll W= o}l (aromatic amine)9] HIAE HolA HiE= o
2 BAAY. 7] 11 Zole] o}u] :-mPEGs(amino-mPEGrsp) S ZE Al (coating reagent)ZMA AFE3FAS o,
ABA XA Fe ES IS T Ao, I A= DMAS Wil 32| (benzene ring)oll HE
(conjugation)o] €HH3Al dojuh=] & A7 801, 853, 950 L 1261 nme] ¥ EFE FI-IRIA & 4= gl
A= 8). T3 tpddt FF<o ZHA(coating reagent)E H A13E (iron oxide)Q MLO X|3HA] ALE3}91S
w) DMAS} YEd HW Alojx AdE HALZ FS FA®A|(coating reagents)E AREdoF A3 AEES A

o H
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(magnetic field)S Zol FAE& Wl $H (aggregation) &= AEES dom, DS 5A Ay FAHsHd A&
(hydrodynamic diameter) > 200 nm & <Ad. olgdt A= F=I(polydopamine) A 7hul
(crosslinking)7} 4oy &34 (cohesive property) S 7 A H+ F+27F Wt HtE A7 HeH(&E 9).

2719k e AvEL F¥ A (coating reagent)e] oF717](amine group)ﬂ 7}l = 7] (catechol group)®] WAl i1
] (benzene ring) T-Z° A% (conjugation)o] Lolu= A EAV ©LH(E 3). o83t ol BZE JHEF
2]7t= ¥ (amine assist catechol ligand coating) 9A] Ze]=37l ¥ (polydopamine coating)} w}Z71A]
2 AA(oxygen)7t B4A o2 77 HEd, ol 4Abhs oo AdelA HolFZo] JHH F(catechol )9
sbshel B o] gl

* 3
Coating reagents DES , Amine group Availability
(at pIL 7, 3 nm core sized)
2-(2-Aminoethoxy)ethanol 6.0 0 0]
3-Aminopropanol 7.2 O 0]
Hexylamine 6.1 0] 0
Amino PEG,, >220 0 X
Octadecylamine > 220 ) X

Z =39 (polydopamine) ¥= T2A|, A7te] wEl Z® T F71EHA] @ Ao 2 Hol I A|(coating
reagent)ol] 23] Atsl®l FlelE @A (catechol monomer)L A& 7+ 7Fal(cross linking)7} SAEE Ao
2 Holth, o]y #A4gL JleZd ol EV|(catecholate group)7} T oo uj9 ZAgsle] thA] Holx|wA
o HAS ARG, o]# 3 wkgo] o}l (amine)ol 9ldte] AdAEE Aoz AyztET. oA AL JEHE
o] Abslol o] MW Fi=(semiquinone)©] RFEOIXE T3 HAS Asd, o HAAA oldl(amine)o] wlolE
A 7FMichael addition) WHS-& fF=dtal, thA] dA® JlelF o] E(catecholate)”} @&t F4 o]0 A%
3tal, HEZ-X3tE Al a1 (tetra-substituted benzene ring) TFRE W= Zojgla B £7F dvk(E

10). orA3lwl W= oWl (aromatic amine)o] FAF WA HEHoz A% Jle|E EE A (reduced catechol
complex)& 7FAthar AzZFE 4= glom, o]lgfdt NZE FX2E= FAAS 7IA e e Fa3 I8 e T
22 B F7F Ak o]#3 olwl B JlE|F = F¥(amine assisted catechol ligand coatlng)—% Co,

TiOz, AlsOs, Fes0y 2 Au Y=Y AH(nanoparticles) 5 W43 34 2 FE523E0 % &o] 71533 ).

2oy f2e 29 IS dxesdd AE&ste] AETH A& (bio-application)& 371 A3, -2l Mefp
A 282 (Mefp like oligomer; MLO) & tTlAIQIs}slom™, FH®Al(coating reagent)”’} 7HElE7](catechol
group)®} Ydxte]l FEwo] Agtyo] 1,2,3 4-v|ExE® WAl 312](1,2,3,4-tetrasubstituted benzene
ring) TZE WEo] Fo=M HAstE = AYS & St 9l

_E r&i
H

3o AAELE Ve A AFe U2 A 27HE U A He=d, S3 A (cohesive) B A2 (adhesive) €]
o, 2 iEAEe @ZVJ‘]&% SUIAIA Y=g de A& 4 9= Y WS Jfdser, o FH94H
o] Ax s w9 thFdt Fopdl HEo] shEeta, H2 AN SHAEE HAFSY nl-Bo|x AF

i

(non-specific binding)S ¥7|Ho 2 YFFHA YyrEdsS AESHor S$8317] 93 kHAS 3huEdc).
olefet IHYHLE diFAAste] Jhsstm FtElE 2]k =(catechol ligand)9] —I—E—.%]Oﬂ whe} w9 ook B
of ZHo] ¥7] wiitel W Eokol AE 7ed FHolvh. Tk, 1 V|FS AGste] oldldeEA, 58 A
[
[

Al (medical glue)d] 71 7}l & (catechol) & o] thsk Aok & =S & 4 Ad.

0:

vy
=)
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Mefp5
1 SSEEVKGGYYPGNAYHYHSGGSYHG
26 SGYHGGYKGKYYGKAKKYYYKYKNS
A1 GKYKYLKEARKYHRKGYKYY GGSS

/

OH OH MH; —=

N Q\ >

Leukodopanune Catechol + Amine Tetra-substituted benzene
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Alizarin coated iron oxide
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Hexane

MeOH

TBC coated iron oxide
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w3

a
= RAFT (T
I e >
- /I;;/\/ o polymerization M/n\m’n J
OH GJ\NH
DMF

HsC (o]
&) (\O/\/) \n/\
8 =
(o]
= OH

OH

k1
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[ C
130
—— 3=

—— o=
- 5em

00% FBS

NaCl coocentration (M)
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Day3

0
1 Doy
After weatment

_13_



k1
n
N

Degree of polymerization

100

80

60

40

_14_

[ ]
[ ]
L]
40 60 80 100
[Monomer]/[RAFT]
. Wik s
] wALL
Mixture 10 kDa

20 kDa

ZIHEd 10-2015-0097205



k1
n
()Y

3 nm 8.5nm 12 nm

Before coating
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MLL coated iron oxide
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1.0 " — o
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—— MILL coated iron oxide
——— Amino-PEG.; as coating reagent

4000

2000 1000

Wavelength
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=99

Magnetic field

Or samulation
RN
=== (Carbon backbone
=MLL = PEG
= DOPA
we= Cpating reagent
_ - ! === Tetrasubstituted benzene
\
-~
, -
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