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[0025] A7) 3eha] 1l A,

[0026] R12 F4UAF =& -0H oL,

[0027] R2%= -H, -COOH, -CHO, -NH,, -SH, 24 1 UlA] 109 A = 2X4 9247], £ g5 3 UA 109
S G719 10)4be] ALY FADR}F, -CO0H, -CHO, -NH,, £+ -SHE X838 &ZA7]o|t}.
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[0029] 7] B AP Aoz FHEATS 4T § v WHE o8 £ glon, AAdeE 7] YA
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Ao, slol=mAL AA 223 B3 7| AY FATS R Jar, B Zo] dialy, Bl o) Ao A
glo] ZojA|A] 7] wjiEe], RS EIEE FHe A FHde AL Aaw & Y FERAE AFAHS
7FA) 3L Qlojof Bl o]H g HAA oo 8o FusHA o]FojXar 9t}
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A w2A4, 2HF5FA, AA A8A, BE F2EAA 5o st Ao §8o] sheeith. B dwe A
Hoe ouire HAARE AL £ 9 HHo MAE VxAf sz AL AT},

[0035] B oage] wlE Folmzde AUaE 509049 HAAE=sF 5 A 100 Mpa, 5 WA 80 Mpa, 20 WA 100
Mpa, 20 WA 80 Mpa, 50 =] 80 Mpa, 50 WA 60 Mpa, %=+ 55 =] 60 Mpa & = At}. =3k A7) slol=
ZAL AU H% 10090149 F2=ZE7F 0.05 Mpa WA 10 MPa, 0.1 WX] 10 Mpa, 1 WA 10 Mpa, 5 WA 10
Mpa, =+ 0.05 WA 5 Mpa & + t}.
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2 oA gof, "AHF(bioconjugation) "o, F A o]de] AEA(biomolecule)E AFAIZIE AE oy
Ela=s

T3, A7 A EEe dd AES 71AI A fAREE xR /1 AlEe] 7ESs T3] $lske]
x3d = AdE 4F AAEANbiomolecule) 5 FAHEVE @l 7] AYSAHERES Ax, did, @il
Z, B4 T8 XFE g Jom, d o= Ax, aid EZEElels, Ui, 9, SYITH, A4
A TS 5 don, UynHom AXE 5 5 U

A7 AEE, dAME 2 AAMNEE I3 BE A EY AL, A o= ZIZA E(osteoblast), A-FAIE
(fibroblast), ZFAl3(hepatocyte), AIZFAE(neurons), AE(cancer cell), BAIEB cell), WITAE

(white blood cell) 55 ¥3Fgh, HAAE(immunocyte) 2 vjo}A|E(embryonic cell) 59 4= Ut}.

&

of SelE, AYBYRAL WY BAZN Zeprvs W, § BARA SOlTEYN, dvd Fud, FEiol
| g, gl B 2ARA SEE dude T3 5 gom, ojd Ausx gt

< e wE A FAY 2P stelmRAR ok A9E A FA(scaffold) 02M 9 g AL
AR AREE 5 Qlth A7) ok SHsl AdHA gon, SEEd, AR, fereln, @A ook,
AR, wpolE s, FatAl, FAl, FLSA, B ol5e e TE& EFE 4 glen], od AFHX
k=)
5 1o .

B, EE O ARE, v 34 4 SRR 4,
W, Saumd, Aol (cytokine), AAFEE Q4 W) g3 o4, EE My & EFT 5 glon,

¢1#F(vascular endothelial growth factor; VEGF), A3 AJ%<1&}(transforming growth factor; TGF), &
34 23720 A(bone morphogenetic protein; BMP), S1ZFAF T2 & (hGH), SHAFZEZZE(pGH), W+ <
ZHG-CSF), A4 AHEPO), hAAEAZLJAM-CSF), F% AL JAA(INF), FH M E AFZAX(EGF), &
2V E/ZGJAAPDGR), AEAER, JEFIF, ZAEY, ABAAFARNGE), 4Fs=2 2 FE2A A (growth
hormone releasing factor), <% 2 #l4l(angiotensin), SAHFA |

e 28 FAF(LHRH  agonist), <S&EdH, #PA A5 =282 WE TEE(TRH), dXxEd™
(angiostatin), <NE=2E}¥l(endostatin), AVFEZE}E (somatostatin), =571, =23, HRAIEZA
(bacitracin), ™A, Fg =W (colistin), Td FA, NUF EE o559 Ed=S XTI & don, o]

ATE A =

old] dAAE A =t B} FAHOZE, AGolME AZAA(fibroblast growth factor;FGF), s A
=}
_]

S2FE, RNA, DNA = cDNAZF € 4= glow, alibe] Ade sl -9 Ad ®=x wdast 79 Ad

] &
(45 =9, ¢t~ L8 FFH 2B =(anti-sense oligonucleotide) ¥ siRNA)o] € 4= t}.
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I (envelope)§lo] 7| H wlolgjze] dlite] & 4 Qlr}, HbE 4= Q)& wpo]g 2= A wpo]g 2~ FAF9] o
2 yd2Zu} vlo]y ~(Papillomvirus), oFdlx= ©®}o]l#]~(Adenovirus), ®lFE Zwv}o]e{~(baculovirus), HEZ

Hpol# 2 T4l H-(retrovirus core), R A7) wpolel AR So] glov, o] AFHA =r),

A7) GetAls, vwelFd, HESRCIEY, LEFHA, EAFutoll, MRl ZEEHAR, 4udd,
AUA™-, SAel 27, Eeurteldl, ABRAEH, w27bt)al, deutolal, vlewtolal, Fhvpwolal, w2
Eupoldl, mARwwto]Al, opul7hal, Edetuolil, tHlZRAl, AEEA], AutEe, dE|sRvieldl, o]z
EEARL, AREFARL, <ISAR, wkEEbelal, ojwlsyl, FAIEA}, ®e o]ge] ERFEA 4 /lou, ol
AgEE A =t

A7 kA, SEEA, gato], ofmgotrtoll, AmAEE, A AEE, mErtol, SEewmtell,
AaEdE, MRS, ST, g9esulal, ojthRudl, s-ErR e, EEAACIE, <E mnlo]
A-D, B olse EgEd e
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r]
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(US)el A TSkl L, EDC (1-Ethy1-3-(3-dimethylaminopropyl carbodiimide) El NHS (N-
hydroxysuccinimide)+= Thermo scientificollA +ui3}Sict.

AAd 1. 71" YxA79 stol=2d A=

1-1: 718 i E BREE sol=zdY A
718l Yr=Agf7)uk slol=2 A AZE feiA H. Tamura et al ¥ (Tamura, H., Nagahama, H. & Tokura, S.
Preparation of chitin hydrogel under mild conditions. Cellulose 13, 357-364 (2006))& A}-&3}it}.

WA CaCly - H,0 850gS 1L o Wl&h&o| Zoj=Qa, 7|9l 20gs H7bgk 3, 150 ColA 6 AIZE 5k 4T},
AAA717]1 A, 71" el
S 7o g 3 FA (MO = 1,

/}3%94 ¥He  "olAdledH(deacetylation)dltr]  3iA  wAS}H

CAS sto]l=2 AL 6A17F B NaOH (20 wt%) oA 357
?ﬂ golAEstd 71" Yx=AdHE 10,000 rpme.2, 4TolA 30
, o W EE AFHHAFA

T o, A9 AR sols 2
0LE YolFleh, 1ela Bgole

sfol=2 A EFH Y= 7" Y
(mercerization)= "Fﬁgﬂi’iq T4
(reflux)AlA XHS

Shar,
B AAres B 407 #5«6& %

o mp

47 FEF NE UedGE FReE selERAg
Diffraction)® #A3&Fe, 1 A3E = 1la ¥ = 1bd Yed
Az 78 el §E Fhets stelmzas) P
electron microscope) JEOL JSM-7401F (SEM, Japan
T laell yERH ubpe} Zo], A7) Alzxd 71" veAdR =

A% 7 dglow], = 1ol vhehdl uhsh gol, e 7h 716 vhedl ot BeE
A4 AT 5 AT

The XRD A&& 40 kV/100 mA Ni- flltered Cu K a-radiation®] Z7olA, D/MAX-2500/PC (Rigaku, Japan)Z
o] &3l Ao, XRD HEES 5 ° WA 40° A&zt G 4° /ming] ~AE FEE 7|SHATH

L o fr

H

1-2: Zde= 9 Agd 7|9 UxAdfE Fishe stol==24 Az

drrow W Aud 7" dUxAds 71w glel=gAl AlxE fEiA ded =EES FEseid.
(Pasanphan, W., Buettner, G. R. & Chirachanchai, S. Chitosan conjugated with deoxycholic acid and
gallic acid: A novel biopolymer-based additive antioxidant for polyethylene. Journal of Applied
Polymer Science 109, 38-46 (2008);Yu, S. H. et al. Preparation and characterization of radical and pH-
responsive chitosan-gallic acid conjugate drug carriers. Carbohydrate Polymers 84, 794-802
(2011);Pasanphan, W. & Chirachanchai, S. Conjugation of gallic acid onto chitosan: An approach for
green and water—based antioxidant. Carbohydrate Polymers 72, 169-177,(2008).)

71 A 1-104 AR 71" v AdF slel=2A 10gS PBS WH 50 mlol #HIFsiglch. 7€l wheEA
(acetyl-glucosamine)ol tjste] 2 F&Fe] Zaky}, ZAbe] thsle] 1.1 U‘r&ﬂ EDCE, #ErE 20 mloll &3iA13
th. EDC7F €+d3] fa)® 158 3, NHS (EDCO] 1 23S wets g9 Hrlelgvh. NS H7)F 308 3, 719
oMEEZ“" zeeta 9l Bl ZAHEDC/NHSS &35t e % NS 3shal, E3dES 12413 &t

A&tgh. A7) FAHL ofo]~ HlXA(ice bath)WolA aslgion, o=z A oke] EDC9 NHSE o yF
T3 dalE W (centrifugation), TIZNE o] X (decantation), E & 7]¥te] T8 o]8-3lo] A AU,
A7) ez 3d Agd 7Y URAFE §Rske slel=E2A & EAlstE % ZaAlel S FT-

4719
IR(Fourier transform infrared spectroscopy) 2% EA3g o 71 AFE %= 2bo] YeRlT.

£ 7o Wren wY AN 9 Beilf e TP dol=Rag Agdon dust oo
% 2boll YERA Hle} o], V] AlzE ZAiow ¥H A 7] EARE i3 sto]l=2 Aol ZAle] A
Jb 59lex oBE FI-IRS B8aA] Held 4 olth. FI-IR BAL 4 en @ 252 7bA0, 1000 U
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4000 cm HAE 714, A2 (single-beam) MIDAC M 1200 (Midiac corporation, MA, USA)E o]&3}o] 43§53}
STt

AAd 2: M AENES T8 A4 A9 g

Iy
2
2

A | = Aitel =S AF 7] Hdl, FAE Arnow oMol &, olu|xAt B ZEldlE FEE A 4
gl 2oly 7189 JpsEE Wz A Fstt. 5 mg, 10 mg, 2 15 mg o ZAMH 25 mg o #AxH
HEAE, 22 6 M HCL 500 0ok #is 20 w (AFSHE HAstehr] 913 & 2§stal e f2 dF <l 13
Ueskal 110 T2 7FEsgleh. 24 A %, 24749 fg HE <t 95 104 AAFTE. 1.45 M sodium
nitrite/0.4 M sodium molybdate &< 500 W= Z+z+o] A x & 500 plol] H7}ste] MzZo] W3ls #as)
S, IM NaOH 1mlE Z+2be] slA e gdlo] 7t Aze] ¥Wals #asilnt.

A7 Z4zre] A E g AZ WslE AFE = 2co YERIT

% 2co] vERG vle} Zo], 1.45 M sodium nitrite/0.4 M sodium molybdate &< 500405 H7}s AL oAFL
LgAo R WS, IM NaOH ImlE H7beh 49 HE2Ao = Wsts ZS gl 4 T,

AAld 30 AF 248 Ax
=

W (EgEhon TW AYE 79 ARt AA 2240 fAE BRI RS dolus] SAste]
o7 ARAYE SR ) AN 19 A o] A A e ek delng ]
A, Szl AHYS fA87] a4 sk Bgel Baw W, WN=gBel 9 A v P8 W, 3 7
olg el ARG G A3 W A0 AT G ANPAE Bl F BF B4 24LE 0

S

Fe"-DOPA sfol=24e Fe 7k 7HElZ (DOPAS] 7))t WIIARL o] Fo] BaolA 2 71942 AFS 742

g dE A Qe=a, DOPAY 7)<l FHEIE Fe’ o] wj9) RS Fhuk B oA B4 sbssida 2 obe
Z 91t} (Holten-Andersen, N. et al. pH-induced metal-ligand cross—links inspired by mussel yield self-
healing polymer networks with near—covalent elastic moduli. Proceedings of the National Academy of
Sciences of the United States of America 108, 2651-2655 (2011)) (Kim, B. J. (2014). Mussel-Mimetic

. . ) = B 3+
Protein-Based Adhesive Hydrogel. Biomacromolecules.). ¢ =%5& nlgog v272E 53 Fe 3ol Hl
ST, gyt B3 AES

o o
5O =] O . O 3 e
A%e s 98 F9% F A

e

@ A3 gake] MegE 2FS Fe 9

e, g A EZ LS LabRam ARAMIS (Horiba Jobin-Yvon, France)Z& o]-&ste] t}&-3}
2o A ALt RE AHMEHL 785 o) FL A 2ol ZAMFS] 400 ecm . WA 1600 cm . 9o FHS

3+ 3+ -

Fe" -DOPA E3&A|x & wjYATS o
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AN 4: AF 24 € FFTHAZE (shear strength) 574

71 A 39 7 R AH 2480 v AHEe A6

10mm X 50mm Z71E 7F9 5 <205 7] 10mm X 10mm W2 #RE 2AES ul2rh, Az 2 Eo] W
ZA = 10mm X 10mme] F &Fvw Tuy] £& M2 vFREE Yo 902 IPAFT. 2719 &FA|
F OHU7I7E FHe®E 1 Aol Az A3 Alg AEo] Hrh, od Wlog F e Ha 2AE

&l zhzk 5o AMES Fv)E
= A=A}, universal testing machine (INSTRON)S o]&3le] UFwg
7] $ES 5 m/min 2 FoldrdA Agd wE IS FAHFF Y. stress= F(force)/A(area, HH)
2 Fobg7lE e wHA (10m X 10m) o2 Wie ghol® €8s N/molth, strain & ol &g ojv)s}
[(FFdo]-HS4o])/AS4do]1x100= ¢ n|3tt}. Strain-stress Z#EE xFS strain yH5< stress® U
g Witk 5 dFus vl Ale]e] HAAZE "oixr] A Y L stress @S AR HFAAE (shear
strength)2 Agejett}y, F Ha 2489 H&A 7% 4 stress-strain AX 2= = 39 YeRdd.

#4 (Kim, B. J. (2014). Mussel-Mimetic Protein-Based Adhesive Hydrogel. Biomacromolecules)

AAe 5: ZSAE R AESA AE

A7) AN 39 HE 2AEE0] AE EAo] g Fedtr] YalA, ZZFAHE (Mouse osteoblst MC3T3-el;
Riken cell bank)ell dist A3 AEFH HFS Fdsiqrt. 43 Wiy Ax A& 58 A ) 54 4=

= et 2o

A% 2T Aiow ¥9 AL A thed 242 AX g U4dishel mPste] APEom Ak
] =

3, oL FHEA e AE Y YUHAE dEz2ToR AT 5 FRY AE o gad vy SvE =
ZMETF 2F FAHE fdE BEAAY. 385 AR tE Ax ug b Aebe A A
& CCK-8 (cell counting kit-8)& °]&3le] EUHH 3}k, CCK-8 Ak ME tir} 43 Qkg-sho] a3}
71 Wl AEE ¥38tal = A9 F3ATE &3l Ax A 5 72 5 o =S, HAXE A F
7he AE AEsEY vdsle AR oAS B AXE AE TYS AFHgon w3 § 9t}

M EAE A1E

7
=
wowne] A3 2YBS AU %t feslwe dazon

= ol A 2AEES AU Felldel e Alx AETH tael nlsiA
o35y FFE Ao Hop, i wielx whsoldl ditow W AEE 7" YAl stel=m Aol A
=
k=3

AAd 6: JIBEA YA fre stol==2A Az

As sk e 7R stol=RA AlxE dEA v =wEss Aotk (Pasanphan, V.,
Buettner, G. R. & Chirachanchai, S. Chitosan conjugated with deoxycholic acid and gallic acid: A novel
biopolymer-based additive antioxidant for polyethylene. Journal of Applied Polymer Science 109, 38-46
(2008);Yu, S. H. et al. Preparation and characterization of radical and pH-responsive chitosan-gallic
acid conjugate drug carriers. Carbohydrate Polymers 84, 794-802 (2011);Pasanphan, W. & Chirachanchai,
S. Conjugation of gallic acid onto chitosan: An approach for green and water-based antioxidant.
Carbohydrate Polymers 72, 169-177,(2008).)

7 EAH(85-95%2] EolMdstE 7|EAb)1gS pH 291 @4t -84 100 mlol =tk WM FABIYEEF F848 =
w4 "ol dA 7|EqE 899 pHE 5.5 7HA F7HAIE T, @Al (glucosamine) o] thshe] 29EFe] Ak
22kl diste] 1.19%2] EDCE, WEE 20 mlo] §3lAFTE. EDC7F €443 &afe 15% F, NHS (EDC
F)E vighe g AUtk NHS A7 30 F, 71EAL &7 ZAHEDC/NHSS EFEAL e &S 3

, < 1247t FABGITE. 7] AL ool w2 (ice bath)UldlA Faslglon], &
St & oFe] EDCOF NHSE Wit x 34, YAAE 8] (centrifugation), TlZME|o]A(decantation), @ & 7]Hke]

o
—
o oft
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d7] Ae Frele JIEAN stolERA Kol EAske Ar-71EAE Z9pA014dE proton Nuclear magnetic
resonance (H-NIR)Z HAstgion], o AszA 242 FH3ka i 71BN o=z H-NR Hol8E =
7] vhERSATEE.

7o) ERA wpe} o], A7) Alx® AAE et e 7IEAE stel=m Al Aite]l HIMEAEA ARE

H NMRE = OOH/ﬂ Ej—?_]_g— fll S{J\(})\iq—

Aas deta Sl 7IEAL stelERAdo] 3o HHRHE fAs] M A3t Aol o b, v=g
Zoll o3 A= o 43 W, § F&ol2de] i ddel o gt W A7 FAdel o Ak
He Fol 7 TR AR 2SS Axsslah. 3] AH 2= AREyE AAd 33 dEHoR Fdst
w, AAle 39 ks etal gl 719 stelERAS AR Eglon, iAol & AAjdoM= AAld 69 &
e et Y V1R dol=e2 S ARt

A AA wEol kel el dgtel o3t A3t WosA, AAd 6ol Al Ats el s 71EAL 8
ol WzaE:Fe o EH7} 3:10] FeClyE 4lo] ol v=2dE-Fe wigl Aol oe AsrA,
Fe' 2 23S dgata g 7184 sloluade shgohs 4% 2452 Axagn

oA A7 FfrAdel o AshiyowA, Al ollA Axd AAs ek Sl 7|EAL Sfel=R

Ao 210, o B} 2:10] HEFH 2542 Nal0,Z Hste] TF2ES T3 tuAA, 10, 2 2

¢

Ffreha ol JEA SelE2 A GRS T ERY 4F 2YERE Az

2 % 9o etk & 9o AE AEH stel=zAe] B
& Q0150 pyrogallol R Ajolel BHAR AP o=z Fhstel AT
g s}o]zzw gule BT gtk o]uﬂ p pi7h S7HE55 w91 AT 58 A

7} q0] |2 zol 29
S oA pli F7hAIZL Aol F, Gd sfolmmAle] WE Alolth, Ed, B4l A YAl o) &
B A9 2A% ARARE © 30 e,

saolstete| 28 JEA stolmmde] FFoR AAE AN U APPE, VRN solmzAw

= =
71 A1 %‘E SASHA AT, H el =SollA A=

dTEa ARS8 AA AHEEE stolEFmA|olutElo| E(LH-E AT 0 E H3HA]) Eve AMIEE 59
T4 BF uAS 9% A3 AR B/ ARt slelm2 A ALgEkolth. 919 o] dellA] ALEE 7

|49 % JEAARA 5487HE 9 AEEHS v 2o,

AN 7 oA AzxE FIEA/ZEA B 20%(w/w)7F HES o] 7]EAo] ¥3tE Fol= &
ul, ZIEAH/ A=t s 20%(w/w)el gk w3kE 2] ekowm | 10%(w/w) o]’de] Aol Fe 4

AZH Sol=2 AL so] =5 o}vjeto]

[m
H
\r

awZbEsl 97 Aol FUa, AR Nal0E ol §3te] 4

FHATS GAANA AAAS TR = 100] dehlgleh. ASAE A Bt AE R A
e nglon, B AN oML A8 AFE FESI] s8] AsAsh W ALgsAT.

E%, AxF stol=SAolvol B/ E A BGAG Baol Wa, e EEglort weEe] WoiA: 4

& Wolx eren, A HAHL AFA ol FAHNeH, = 11 YERHUT.

=y
o AAds dld AHAE AAHFAEAS TFeAdE AW gler, o= AA iR Huxd 2 GV il &
FAA = LAEet AL A e ARAARA Y AT A S HESkAL AT
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>

b p‘l TOPA-containing protein

wesssm—— Cellulose nanofiber

B
Loy o e

Surface on the chitin nanofiber
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1H NMR or Chitosan-Gallic acid conjugate
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Oxidation

5 mM NalO,, 1 min incubation

Shaking after 7 days
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