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GO E3 Aty 7uk dfo]l=274 HRP(Horseradish Peroxidase), ¥I}At3t4=4(Hydroxyperoxide, Hi0,),

GOx(Glucose Oxidase), =FH2(Glucose)E XeHeli= 3D THYE nwlo]e YA ZAE.

AT 2

A7] 241 GO E3 Agel )b slol=2A ) HAkE A W FRIAE I3EE AL EAOR k= 3D T
g8 vlo]le 3 2A4=E

A3 3

A 13l oA

’37] HRP= 747 3D ZHEE vle]lQ 3 2AdE 20 WA 50 pg/mle] w22 H7tEe 3l 3D ZHEE H)

A7 4
A28 ol Lo]A,
A7 1A= GO 23 Aztg 7w sloj==A HRP % GOxZ 1: 0.01 ~ 1: 0.01 ~ 19 S| &=2 ¥3abaL,

| 241= GO 53 Aetd 7|9k sfol=rA, dikskes 9 S5 328 10 0.01 ~ 10 0.01 ~ 19 SFHER
Febs 2191 3D TG Hlole Ja =AE.

47) 3D LAY G vlole YA 2T AEE W et 22 3D ZAYE oo 4 2B

A7 6
A5ael de) A,

A7 AEE Z7) M E(stem cell), FZHAE(osteoblast), oFAE (myoblast), ZAAE(tenocyte), A7opAE
(neuroblast), Adf-oFAlE(fibroblast), 217 nlo}A|E(glioblast), HiAZE(germ cell), XFAIE(hepatocyte),
A A M E (renal cell), AHAFE(Sertoli cell), AZFAMFE(chondrocyte), A3 AE(epithelial cell), AET
ME, ZAANE(keratinocyte), HELAE(smooth muscle cell), AFZAE(cardiomyocyte), A7 ulAE

(glial cell), W3 A|*E(endothelial cell), T2 EH|HXE, WIAE, FH4 M E(pancreaticislet cell)
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Jeor, xHens Add, vud, FHl 55 o8& AT sto]=mAo] de] AREH AL .

e

oX, ON

719k A2 AR S T = stol=R2AS ARRShs A9ols, Hhole e A &4 weh, HF
ox dox 3 FERACGIID FAe] v=A IdE S Qe vk, vpele A i &
M s, HEHoR dojl FRAe] 7 FEE = 9= Vel hE Ayt ASEa g

tlo 1

ol9} #=3le], 'Multiphoton imaging of myogenic differentiation in gelatin-based hydrogels as tissue
engineering scaffolds, Kim et al. Biomaterials Research. 2016, Vol. 20, No. 2'elA+= GHPA(Gelatin
hydroxyphenylpropionic acid)& 7]¥to. 2 3} sle|=2 o] (2012 FolAlEe] 35 570 -S|
Algtal = B, GHPAE 7|Who® df= slo|=edo] ZolAEE x3ete AAARA Y &87Fs48S /At
}‘)\‘D}-.

'"In situ forming gelatin/graphene oxide hydrogels for facilitated C2C12 myoblast differentiation, Lee
et al. Applied Spectroscopy Reviews. 2016, VOL. 51, NOS. 7-9, 527—539‘01]*1—‘:, a9 e E S E el
Aekel 7o) Slolmzo] (2012 FOME (iyoblast)el ¥3E £0e& AN A w, oldre] w3}
g A% AAAZEA ALY Sure] selER AL gt 49, :aM SAle|EE Fkste] Abget Aol

=
4g3e AAsa A,

¢

M

w3l 'Stimulated Myogenic Differentiation of C2C12 Murine Myoblasts by using Graphene Oxide, Kim et
al. Journal of the Korean Physical Society, Vol. 67, No. 11, December 2015, pp. 1910~1914'o|A+= |
I AbshEo] A Thel (2012 ZolAlxe] 35 addo= A5%S 7iAst .

ae, A7) EReln olAlmel ATl AT AAARY ZATS AAGIL e B, vlele A AE
skl 3D =g A3et 514 EAS @4 Avlste el 3 WA AAAEC diside AMAsk lA

H]| & 5] ¢
(M E3Ed 0001) Multiphoton imaging of myogenic differentiation in gelatin-based hydrogels as
tissue engineering scaffolds, Kim et al. Biomaterials Research. 2016, Vol. 20, No. 2 (2016.01.04)

-

(A 533 0002) In situ forming gelatin/graphene oxide hydrogels for facilitated C2C12 myoblast
differentiation, Lee et al. Applied Spectroscopy Reviews. 2016, VOL. 51, NOS. 7-9, 527-539
(2016.03.17)

(R E3E& 0003) 'Stimulated Myogenic Differentiation of C2C12 Murine Myoblasts by using Graphene
Oxide, Kim et al. Journal of the Korean Physical Society, Vol. 67, No. 11, December 2015, pp. 1910~
1914 (2015.12.06)

w59 1§



[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

[0028]

ZIHSd 10-2022-0065107

25t HA)

B owge 3 g gy 4G Hole JAS AFHE AL BHAoR A}

¥ odge 53, 3D =9 A Ze-A% U A4 bsstel, A4 Aol A Fgol FUAA %3 #4
Ho} 30 FEAE Aol AR 54E AL D ZAYE vole A 2HES AT AL 2Hom
st

A< HF
A719F e HAZ A8y 9F B oty wE 3D TAYE vlo]le A 2AEL G0 B3 Aete 7 g
o= HRP(Horseradish Peroxidase), ¥2F3}=2~(Hydroxyperoxide, H.0,), GOx(Glucose Oxidase), =%

2 (Glucose) & X &3},

Boukgol gloja, A7) 3D TAEE ulole 3 FAEL 179 248 Edsle] Axd Aola, AV 1A=
GO &3 Agd 7Rk sfo]==22A ) HRP % GOxE 2F3sta, A7) 241& GO0 E53 A=d 76k sfojl=24 ) 7Aks)
FAh Y FEIFAE ITT F 9

Boh FAEAE, 47 1AE G0 53 Aztg 76k stoj=2A  HRP ¥ G0xZ 1: 0.01 ~ 1: 0.01 ~ 12 F3H]
&2 ¥3stal, A7) 24l= G0 B3 Age 7uk sto|l=2A ) HasleAs @ 23242 1 0.01 ~ 10 0.01 ~ 1
o) )&= 23 ¢ gt

2 ol 9lojAl, A7) HRPE 7] 3D ZHYE vho]e A EAFEC 20 WA 50 ug/mlY FEZ HUME S
ATH.

2 e QlojA, A7) 3D ZHEE vho]le I 2HES MEE 9 23T 5 Q).

AAsHAE, AV AlEE E7]AE(stem cell), ZFZFAE(osteoblast), oFAIE(myoblast), AAXE
(tenocyte), AlZdo}A|E (neuroblast), A-frolAlE(fibroblast), A7 nolxE(glioblast), ®IAI¥E(germ cell),
A E (hepatocyte), A1&AE(renal cell), A tHAE(Sertoli cell), A&ZA|*E(chondrocyte), AIAE
(epithelial cell), Ad#AMxE, ZZA:E(keratinocyte), HELAMEZ(smooth muscle cell), AAZAE
(cardiomyocyte), AZAXAME(glial cell), WIAE(endothelial cell), TEE EUAE, HAME, A4
M3 (pancreaticislet cell) 2 AAAE(neuron) 2 o] FZ TollA Meld o sk o] dd 4 glow, BT}

AAEAE, A7) AEE ZolAE(myoblast) Y 4+ Utt.

x|

3

o]r/}'

&

g A7) AE= 100 WA 10 cells/mle] EE=

Eodhgo] glojd, Av] AgEl 7wk Spo|=2 AL GHPA dlo] =22 (Gelatin hydroxyphenylpropionic acid

Bouge me, B ound] B 3) ZAYE velo I 2HBE TRAS AR BAZ LIS T2A
o AEPEe Azt

2 oago] wpE Azl oA, dedt 149} 2418 st 3D ZHYE vlole I RAAES A=
A 2 b)) V] 3D ZH-EE vlole F RAAER FRAE Axste dAE ¥ 4 Jdvh

TFAFoZE, A7) a) D= 3 WA 10 & B¢ A9 24E 38t Zeola, 4] b) @Al= 47 3D Zd
B8 ylo]o g A Eo] Zy-A(Pre-gel) AEoA ZTHESF ] FLXAE A|Fd= Aolw, A7 b) EAES
AH Az F2A= 5 WA 20 ® F AstEE A F v

wye 73}

oo wE 3D TR vpo]le I HAES fA Y] FxRAE Axstrld A% 54& 7HH.
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ofv) g}

FAMeR, 47 solemdolet B FAMZ so] AR AT BLA B Hobd Ao 3a9 7

WE YT Yt ENDE b, FFAA B S5 @n B F4E £ A FHY BAS I

o solmRAe Y] B4S & e Aol ofud mREAE Abge] sbsEvl, wpele Jazel 44
A

B oanol A Aete swe selt2Ag (oSt BFse soltEAL AHgd
e 1A

2 oddle] wE 3D ZTHEY R vlo]|g I TS 149 2A|E £l AxE AoEA, AV 1AE GO 2
g Agd 7Nk sfol=2 4 HRP % G0xE X Fsta, A7) 24l G0 E3 A" 7N sloj=z2A ) Halslea
4 FFI~E Xt AY 4 9.

719 o] 2 o)A Jtu Wk FEAE o]&3% olF 4 Wi 7t weS Ea) AxPoEM 3D TS
of H3tet EA4E 7HHY. 53], & oA, tu st AElY G0 EF A" s solE2Ae H-4
Aol E vebdel wiEl, A dAtel FxAE 3D THESE FAA QA3 FiEo] FUAA i FHS
FA A Ha, FERAE 54 AR dell Ak &, dAGAIo] Aetd od AstEoe] FRAZ AP
E odlgo] wE nlo]o o3 RAES A 1A= G0 B A" 7wk o=z 2o HRP(Horseradish

Peroxidase) % GOx(Glucose Oxidase)& X &3it},

A7) HRPE= M USF #istaA2s B89 s girg2 4, A YT (Horseradish) 9] Ba]o)x] AR = G40
|

A7) ERPE sl @ f71 7149 WshE Hst Aol
F43 vhsh o], Goxol els] FAH TABErolA FE Boig Tl WP/ NSNS F shu
W2 AR,

o

ATk, v S A=, 30 WA 40 pg/mLel w2 H7FE ¢ ATk
A7) dERn Agor HrbEe Afols, wE st v
BEAR sdEe] TEAT A4EE BAE A, 3] ¥
of ea FeE A Fsta FRAS AASHA FeAY W2 ald = FRAVE AlFE = £
%371 GOx(Glucose Oxidase)™ =FF A4tst @424, =gl (Notatin) 2% 43l 4tst 89 &
FasE FFaAYHGluconic acid) gk ISt (H0,) 2 Ao =H, Ailsteas AT
471 1A= GO H3 Adebed 7Rk sfoj=2 oo 54 A

o] dojux] Y= pAdEta, 3D ZAELS 93 14

o] mE wlele A 2AEe A7l 24 0 HI Add Vg sfel=wA fo] Ibstaes

(Hydroxyperoxide, H0.) % &F3FZ2=(Glucose)E X3},

A7) Hl&RT HRPE o g Il (0xE AFoRE XTeE HASods 7ta wkgo] wmEs dojy Ead
A F4 E x=Fo] Bglo] BE £ e wAZE A, =g, (0x/FFEz0 oF IAkskA WAjo] =
A IAEskEA e A 9 e o] FraeteE AZE i, A7) HERET IRPE A%o R ¥Felil, (0xE I
Fog xete ASoe ¥ 7t 9SO R QE W N, w2 oAy Hakslgae A E o
Zo] Hofgk TAZF U

w3k, A7) 2A4lE GO 53 Agd 7k stojl=2A | ke g 2 SF 3725 10 0.01 ~ 10 0.01 ~ 19] T3]
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cells/mle F==2 ¥3td 4 ), wEAsA=, 5x10 WA 5x10 cells/ml<] 2 3= £ g

A7) FERY 22 FEE ¥3EHE Agos, AxdiAbe 9 AREHE IAkstgae oFo] golxa AlE9]
T AAR QAE A stal ¥kgo] AstEE EAVF i, AV sERT 9 sRE ¥3EHE Afde, 4
Aok N2 8-S FESHA Rt A AFol HstEe A7

5, 45T vheh gol W wno] B2 3D TAYE el YT FYRE o] &3 FRA AXPAL AT
o

47)e) FEAE vlole YAE ol §F 3 ZAY Jl&elA JldHE uie o], Az 7], AA 24 5L e
] g}

Azt @A = ob) 7] 3D E%‘%% H}O]g JEL ZARER FZ2A)

Bt AAEHAIE, A7) a) A= 3 UK 10 ¥ 5 1419 2418 £38tE Hola, A7) b) wAl=E A7) 3
%%%f%ﬂ£<&i§@%ﬂSW%@@mge)%ﬂﬂH %
= =5

3L E
WA 20  F AREE AD & Avh,

1. GO-E3 3to]==2(G0/GHPA) HtolQ JF9] Az

HPA (Hydroxyphenylpropionic acid)< DW/DMFE 3:29] ByH|2 &% ]
o] &AstE fJal 158 <k EDC/NHS RESAIZITh. &Aste &8s SFael Sele Aeelat 40 TolA 2443k
B WS AFHT. AHSE HE, doF 9S8 NaCl §97 FHF/AEEE A &, oAHst
7 GHPA slol|=2 A8 Alzxs . HPAS] A& UV &3 7](Jasco, V-750 UV/vis/NIR, Japan)E ©|&38to &

AsHeh. GHPA Felms F75(1 mg/nl)ol SN F, 275 m M) FFES SR

off
b
)
BN
>

GO/GHPA vholQ @)= Thew 2o whgo® AZITH GHPA sFol=mAe W& 10 ¥ 5ot Wdd ¥+, 37
CollA 4 AZF B¢k 3 9ol HaE PBS (phosphate-buffered saline)dl 39th. 100 ppm GO(Graphene
Oxide) &< (Sigma Aldrich Co., St. Louis, MO)& &3l GHPA 3lo]l== ZAo 1 : 99 Run|z2 H7}sta
GO/GHPA = &]-Al(Pre-Gel)< 27019 FE o2 i tl. HRPE GOxE A &0 H7}3tar (GO/GHPA : HRP : GOx =
8:1:1), H0,9} ¥=2S B &Moo H7FATH(GO / GHPA @ Hy0, : Glucose = 8:1:1). A 2 B g Z}7lo Eely
(Vortexing) ¥ 3318 (Pipetting)S E3] #L3tA &35,

2. Hiole 139 EEsistd EA g9l

GHPAS} GO/GHPA slol==A ¢l AL A=} &w| 7 (Scanning Electron Spectoscopy, SEM)S E3F 33} 3n|7 o]
n A& #ZG3}A ).

GHPA®} GO/GHPA w}o] <. O]E/_%‘ AzsIATE. AxAA F °
ARzsSY. s41xE shol= .4_«] gdHS 22§ ol AHHYPS ol&ste w/¥Wg ~HAY IY
&Yk oiet. ojojA, 019] YHEF2E SEMe.2 ElskSiTt.
GHPAS} GO/GHPA slol=z2Ale] zA Aol EAS Hrlslr] 98], FI-IR 3 (Fourier Transform infrared,
Nicolet560, Nicolet Co., Madison, WI) @ e}eF 2#¥& Falaioith. FI-IR ~:EJL 400-4000 cm o 3
4 Ba#5(Resolution) 1.0 em ¢ 27X Egncz =Asgch, gt ~AEdL 5 nf, 34 514.5 <
2 o] Ho]A(Ar-ion laser of wavelength 514.5 nm at a power of 5 mW)= &}9F £33 A (Micro Raman PL
Mapping System, Dongwoo Optron Co., Gwangju, Korea)E ©o]&3}o] =43}9t}.

GO/GHPAS} GHPAS 2H13}7] 93, @9t 233 FI-IR £%HS 4839 1 4798 & 39 B)9 (0o JEr
W
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= 39] (B)E GO/GHPAS} GHPA stol==Ale] gbyt ~s=ele Lpebith. GO/GHPAS} GHPA sfo] == AL 925em o}
1037 en 1A A e, o sldoteld, Z2ds AghEle] ofunab dvle] gd® ¥ Zo|u},
GO/GHPAS] 2h7t )%= 1354 cm SF 1594 cm olA FaakA BREHM, o] (0o ¢ W=} D Mol LT,
1354 cm o A9] D M9 1504 cm oA 9] G MEE sp BagRte] A sp wagAte] Atde] zhzh dgid
EEDIES

= 39] (C)i GHPAS} GO/GHPA 3tol== 7] FT-IR 2= E &S ebdict, GHPA sto]=2 9] FI-IR 93 (H&
A ) 1FEFE delo] el AR weolth. 1634 om oA WS 3T (=C FEFEA ATFS ojn|a
TF. 1540 em olAe] ® UE WEF ¥l NH #AI (N AEdH A%l SREh 1390 on |, 1240 em
21067 en olAe] WAL 747t -0 AF, AFA 2EAF R FFA 2EUY DAFS Juidt. GHPA Fhol=
=70 ¥=9} gulelel, GO/GHPA Shol=mAe] WAk (0] 54 Hetd aH87]e EAE ov@t}. 3492 en
51711 em oA Q) AL 7zt EEATe 0 AEARI 71 d7]e] =0 o] FAFS olvlshrh. 2028 em
‘o 2865 cn © T4 WEAYY I 2EHY AES e

(

o= &3, GHPAS} GO/GHPA sfol=z= o] EAE &dd 5 3t

3. GO/GHPA Stol=27le] st B4

sfol=m e v REeA (69 A BEYA(G)E A8 98, 200ule] o= AS FHFEE HA
2 g Efo] A= 20 mme] S o]E $ol FH|sSt).
GO2ol shako] wE ek Ags 37 T 2%olM Fuk4= 0.1 Hz % 0.1% 2EHQ ZHAM §3 Al 292

mez S489.

%39 (DB Fmshd, WES Wl (09 T selma e AAH B4 S A Lk, s
4 w4 Ase e, BUE 0 TRAC} slelmea dEds ved $REAE b, 0% Tl o
A BHelE T JFE AN g Ao HAH,

GO/GHPA sfel=m Aol wuid Fal= o7 545 Faf Fsigirt. sfol=27 (100 pl)& vhola® FT

Hoj
TollA 0.01 mg/mLe] FHAIYolAl7} A= =4

FHlstal 27] stel=mA FEF ()& FAsAY. 1 F, 37

I @l 2=2A ZhzE 200 pLe] DPBSOl Al Arge] Algto]l gk &, wholA® FHA H 1—3- 2
A F BaE sz (W) FAE St A 54 F, vlolaz Frd AN wjxE 718k
o ol = sfelmg A FERe oy AS o] g3l Altegi:

Hydrogel weight (%)=(Wd/Wi) = 100

S ATl A GO/GHPA dlol==Ao wuld RS 0.01 mg/ml kA volAl 28 (collagenase type 1)<
o] g3t HFrIsksiTt.

ZeAolAl e} Al wlSE T OF EFolA 24413 dlo & Bl JERRTH(E 39 (F) #a). ole
GHPA—H L) %H EA4S 7149, HPA 30101129}4 stetA A G0 AF Foll%, wAEAEA ] AlE A

A = AR AES o] &3k v)g %ﬂ—i— =R, 2 5, zF Aol 2uLe] &A} 7 GO/GHPA Hfo

Q daE 2493 F, 37 TolAd 2 AEst wiksiit,  Asld 5, sol=zA g ZYo)E FEAE

A3, 2 ml PBSE H7}sle] 21 o Hot Hﬁ%ﬁ}ﬁit‘r. A A A F, PBSE &3] AAT Fo loj=mA
4 =)

stelmed g AAS e stolmrdel Fue ER o

GHPA®} GO/GHPA 3lol==Z Aol o7 ?L;ﬁ)ﬁé% A= A (thermogravimetric analysis) (TGA, DSC 8000,
Perkin Elmer, Waltham, MA)S Ea] 7}ttt slol=2 AL 27] AHoA FHS =A3 5 A 297
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Stell A, 10 C/ming 7F9&E2 ALoA 700 C7HA 719389},

AT AF BAL WP A3, AR FERAE A28 FF &
GO/GHPASH GIPA Stel=2lel 9 og3e BAAsH s 4 5

s,

= 39 ()= Farstd, GO/GHPASH GHPA sfel==Ale] Fafjeh HA4% F7F &4L2 oF 300 TolM #EH At
GO/GHPAS} GHPA dtol=gAle) & F&F &4& 747} 61.1%9 67.8%Ath. F&EA Aboli= GO/GHPA dto] =& Ao
A9l GO fAFe] 4 HAACl Qg whEkA, T6A ZE5AES G0 YAZF GO/GHPA sto] =22 o] & RAhy]
ol A& hAlskaL, GHPA € GO/GHPA sfol=24o] wiF 23 o] o dHoR Mds AR,

AR ole Fx4 HgAdE FAS ek g,
X (Thermogravimetric analysis, TGA)<S

6. C2C12 oAl ¥E (myoblast) Bl

C2C12 oM AEE American Type Culture Collection (ATCC, Rockville, MD)ollA Fujsled, 10 % FBS(fetal
bovine serum, Welgene) % 1% WYX HA-~E:MEulo]il &M (P/S, Sigma-Aldrich Co.)& AM&3}e] 75-T &
gl A wjgstitt. AEE 37 To &%, 56 oAttt 23hel ZFFEA 7oA FAHAT. Al
2 EFLI-EDTA & (Welgene) S ©]83}4 80% 7}V5% A% (confluency) el e =] Qich, vkl x] &= 48 AJ7H
wht} WA = o)

7. GO/GHPAS] 3D H}olQ =JHH

=ErYd el 3D mlo]le Z™E(In-vivo, Rokit, Seoul, Korea)E THIsIe], A} UwhA] 3D (A lattice
cuboid 3D model, 2 cm x 2 cm x 0.2 cm)= A Z3FaL, NewcreatorK 2ZE o] (Rokit, Seoul, Korea)E AF&3}
o] g-code FIE At A F&, F5, =EF = Aol A, 7 FF 22 < wi) HEE 3D
A Heol HAgHATE. HAx A ¥ AAZSE AN E A =F AolAE 600 um=E AAHATE.
P& A Zg-Ag A vlole Jae) AAR HeE fAEr] Al "z wEe] e 5 TR A48
ATk, 2AE S92 A A T WA FHE XS] A8 10 Lo FA] Ul £3eksith. 5 &
ol A ZFePh 2 (Marienfeld, Thuringia, Germany) Aol 4 =& A3 &, AHd FZ2AZ 6-well ZHoE
2 SATH. A=A kHstE 98 30l A -, Adg wiRE ZHolEd Frtsglth. A8 S H
7¥al7] 918, ME i <13 (Cell-laden printing) Mol vl T2 EE]] Ty H-HX gf RdS
sH3T.

8. AlZAEE 9 F4¥ &4

O] A

MEAEELS Live/dead viability kit (Molecular Probes, Eugene, OR)E o|&3lo] &<lslsitt. 1d, 34, 5
A Fek M &, Mxvh =qid slol=2 A4S live and dead cell assay £M(2 uM calcein AM 2 4 ul
ethidium homodimer-1)ollA] 429 o]F& =7 &to] 30& 7+ #Lgsigdt. A" AZe 73 dAnA
(fluorescence microscope, IX 81, Olympus, Tokyo, Japan) % Z%F dolx FA & ]@(confocal
microscope, LSM 800, Zeiss, Oberkochen, Germany)& AM&3le] &St AAY FL& ALEZFEH 3

A|713L8 Image] software (NIH, Bethesda, MD)Z o]&3lo] A=slslqitt.

ME SHELE =2 8349 HEZEF $A(tetrazolium salt, WST-8, 2-(2-methoxy-4-nitrophenyl)-3-(4-
nitrophenyl)-5-(2,4-disul fophenyl)-2H-tetrazolium, monosodium salt)S& X3¥3}= Cell Counting Kit-8
(Dojindo, Kumamoto, Japan)Z& ©]&3}e] ZA3T. 7] HEHEF ?éﬁ HEZEgol g5 agih o) =
g zEnpzk dE2 FAHJ. 19, 39, 5¢ 2 7 b wieek &, AEELS WST-8 &9 oA 37 T,
5% o]ArslelAarl E3FE b E97] SlollA 4xzF Fok wikE el 450 nm oA e FFEZ ELISA reader
(SpectraMax® 340, Molecular Device Co., Sunnyvale, CA)E o]&3lo] ZAAT. AE SHHLE AFd]
A dWE vEE A AT

9. &4 F3ot Wy M

GO/GHPA slol=2A FxA= A wiX|elA 89 1 dYHAT. A R 24, GHPA Stel=24 wiX &=
A=A Ko A 244 7F S0k HH Fab & R3}ul =] (DMEM supplemented with 2% HS % 1% P/S; HS: horse serum,
Welgene) = WA|SFTE. A& WA & 48417F vit}h H7telgivt. AEstd Ao #3b= WY 3 A4& T3
AGrlsleitr. 89 7ho) H T AEE 3.7%9 dEtEEL 3] =(paraformaldehyde, Sigma-Aldrich Co.)& 10
B nAgsdt. 1y F, AEE 5 B5<S 0.1% Triton X-100 (Sigma-Aldrich Co.) &3} 2% bovine serum
albumin (Sigma-Aldrich Co.) &% 30% E<F 2% bovine serum albumin (Sigma-Aldrich Co.) &N =2]&}

Hi
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o] FyAlst 2 v AElAd Wk AP AT}, Anti-myosin heavy chain (anti-MHC) wh$-2= @ ZE2 3
(500 ng/mL)E F7Felar, 4 Co WAarelA v REEAIZT. WHEAIZ &, AEE FITC ZAE 94 &-vh5-

2~ 1gG A9 &7 1 ¢ 1000 PBS (Abcam) 2 165 nM TRITC- ZA|H ZHZo]d (molecular probe) &3 &loll 30
sk o Ao 3ol A wiFsiitt. e FLdg =3 ShellA 300 nM 4',6-diamidino-2-phenylindole
(Sigma-Aldrich Co.)® thx @AAZIT. EE AA mivk, W& PBSE F¥ AHsT. 33 dAvd S A
3t7] 938, ¥ dAv A (fluorescence microscope) @t %% dlolA FAF &wn4 (confocal microscope)E A&

=
10. 9129 2

8 2t stol=2 Ao A wjde &, FRAE 0.9%9] NaCl s=olA 55 mie] &F A|E#HCESH 20 nM EDTAZ &
3 Aol A 108 5¢ JIE o] &3kl FAUTE. (2012 ZopMEE A7k PBS &=
= lysis buffer(Santa Cruz Biotechnology Inc., Santa Cruz, CA)E %7}
B3 AESE Fo] Ui, lES 4T 220l 14,000 x g2 2027 A8, gaEai
B oWds &3, BCA™ protein assayE ©]-835to] AxPAY Z2EF| wel(Pierce, Rockford, IL)
s FEE SAST. WY 24 ESS e, sde o 9 EM0 ug)S 4/20 EEota o=~
SDSA (Daiichi Pure Chemicals Co, Ltd, Tokyo, Japan)olA 1A]ZF &<F 30 mAS 7}&kaz, PVDF Wl H. g 2lel] 50
¥ Fob 3omAz EFY5INY. E27 WY (Nacalai Tesque Inc., Kyoto, Japan)Z 25 TolA 1A]7F 5<F &
& Awe ¥, 1:5009 HER IME E7 vs Z2 F-MyoD B "2 F- myogenin Abet FH
WFstivt. i, w2 gl FE AbolA FEANE LU =-3-E 2 o]E g a A (GAPDH)E 1:5000% 3]
S| 4CoANA HA ARSI Y. EELS ¥4 -E7] (Santa Cruz Biotechnology Inc., Santa Cruz, CA) X
= 2~ ¥-v}$-2  (Amersham Biosciences, Buckinghamshire, England) 23} Ab®} &7 horseradish
peroxidase-HEAIZl £ 1:2000 3|23l wigsidrt. @wd 3 APL Chemilumi-one chemiluminescent kit
(Nacalai Tesque Inc.)®} X-ray film (Fujifilm, Tokyo, Japan)E A}-&3dle] &el&t3ic).

1. BA%E 24

RE Bge 2 Adait 309 5940 sz dolA AdEAa, 2 WEEith(n=6). A dlolE+
T EEFHEAHEDE BAFAJTE. dlolg= FAREAC %A Levene UMIZEE o] &3dte] A AAS 3313
o}, A Eak B2 (ANOVA; SAS Institute Inc., Cary, NO)< o]&3&to] A% vuE g3t T vz #lus
$3t Bonferroni testE F33FATE. P < 0.05= A4 FAdeo] Ade ALz 73t

12. iRP FE=9 =& AHAA L A dHA st

HRP o] w2 3D vlo]l Y39 AA™7 A A HI7ME A& sigint.

A7) Az 5 2H Wyor 3D wlole JIAE A XSE, IRPY w=E 747 i) 20 pg/ml, ii) 35
pg/ml, iii) 50 pg/ml= sFe] 3D wlel$ AJAE A FT B o2 o]f3lo] FRAS

g Fseh,

BalHAY WyE FERAE ALstaE 1, 2, 9, 169 A w2 FRAQ] PBSHl Wiz, 37T, 3 ZddA

&= 13% Fashd, HRP F=7F 20 pe/mlQl B, Ash Hr7b kol we Rl
HRP 557k 50 ng/mlQl Aol UF whe As 52 s, ojFor g Ao #AHUT}.

= oA =Q1g = 9l wkek o], HRP F%=7F 35 ng/mldl Af-, v MEF}lo] Aol IAHAaL, 169
ot WA Ay, BHA g AS AT 5 Ao

AA A o2 GO/GHPA vlole A=A E o= &4 w7 7fuureS S35 Hu3zo=w . GOSl ¥+ ufol
o3 €4 9 7AH EAS ASATIA &ska 79 3D HATERE HPAT|A] &urt. olE T,
Z] 3]
=]

GO/GHPA WjEZ 2= A ZA Aee o e,

2
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i
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]I‘T‘
%
=
=
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oM,
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%
o
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- Solution A Solution B
- ® Y & HO q:\’
2 L j
o o @ TR ¢
A ———
GHPA with GO GHPA with GO GOx or
+ +
HRP HO, I l -
- * Glucose 1
GOx Glucose |
+ ke ¥
C2C12 skeletal myoblasts
X
\ A, : C2C12 skeletal myoblasts
< -.\{
\( {\{ < 7 ’ : Graphen oxide (GO)
ﬂ;‘i{ : Hydrogen peroxide (H,0,)

(©)
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[ Calcein
I Ethidium homodimer-1

[ Calcein

Bl Ethidium homodimer-1
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1DIv 3DIV 6 DIV
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[JTCP (control)
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E912
1 2 3
MyoD (45 kD) -“ 1. GHPA@GM
—— 2. GHPA@DM
Myogenin (34 kD) _ 3. GOIGHPA@GM
D e —
4 150 []GHPA@GM
g O . [0 GHPA@DM
N = 100 - + [ GO/GHPA@GM
— o *
U ine
£ & |
= 5.0 -
o2
Z o
§ 0.0 ‘ [
MyoD Myogenin
Myogenic differentiation marker
EH13
*HRP<30 pg/ml *HRP 30~40 pg/ml *HRP>40 pg/ml
Printed Injected Printed Injected Printed Injected

Slow gelation Optimized printability = Fast gelation
- Degradation -> Heterogenerous gel
EHIY

Non-degraded until D16
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