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3 Al A
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AT 1

FEdo] a7 28 AdEHE A 2 #HAS £38ka,

7] JERE A= AA BE xWel NE2I3FZr), AEIF o Ev AAZIFoR o|FoA L,

F7] HAE EolE7](triazole group)E EF3FaL, shube] Hohe A7) AESHE VA9 mHe =9l A
719} A3t AR =48k, A9 AEgEA] e tE Uwe oluly] mE JHEEAY|E o]Fojz AL
EdoR sl W NMEYE AE2FAFA YSHE.

JolA, A7) BAE L7 (Alkyne) 3EET ofxlo]=(Azide) 3E9 Z ¥HS(Click reaction)ol
o dAHEE AS EAoR = B NAE ANEFAFEA dSUE.

AT 4

A 33rol] oA, Ay I FIAEL FZ 2 E(Chloroethyne), B.ZZ|E (Bromoethyne), ©Fo]Q EolEl
(Iodoethyne), =34 Z=&z}o|=(Propargyl chloride), E&E3Z BH=Zmnlo]=(Propargyl bromide), =37
ofo] @ t}o] = (Propargyl iodide), EZ3+7 <= S (Propargyl alcohol), Propargyl amine(ZZ3}Z o}wl) 1-
Z 2 2-2-F8 (1-Chloro-2-butyne), 1-B 2 ¥ -2-%-¥ (1-Bromo-2-butyne) , 1-o}o] @ E=-2-% ¥l (1-Iodo-2-
butyne), 3-F22-1-%¥(3-Chloro-1-butyne), 3-B.2Z2X-1-5¥l1(3-Bromo-1-butyne), 3-°}o]Q %=-1-F&l(3-
lodo-1-butyne), 3-%€l-1-2(3-Butyn-1-o0l), 4-3El-1-2(4-Pentyn-1-0l), 6-FAl-1-&(6-Hexyn-1-0l), 7-=
B-1-8(7-0ctyn-1-ol), 10-gdAl-1-2(10-Undecyn-1-0l1), 5-F&E=-1-#¥(5-Chloro-1-pentyne), 5-H Z & -
1-319¥1 (5-Bromo-1-pentyne) , 5-o}o] @ =-1-#¥ (5-Iodo-1-pentyne), 1-o A F2 A o}vl(1-
Ethynylcyclohexylamine), 3-F==-3-WE-1-5%¥(3-Chloro-3-methyl-1-butyne), 3-H2ZXF-3-HE-1-F&(3-
Bromo—-3-methyl-1-butyne), 3-o}o] 2 &=-3-WE&-1-%¥l(3-Todo-3-methyl-1-butyne), 6-FZZ-1-A1(6-Chloro-
1-hexyne), 6-B.&ZX-1-3A(6-Bromo-1-hexyne) @ 6-o}o] & %=-1-3Al(6-Iodo-1-hexyne) =& o] Fo] 7 oA Al

BE= 1% o]l AE 5H0R o= xW MEARE ANEIFA JEFHRE.

Al 2ol QofAl, 7] obxel= BHERE shbe] wro] obgol=7](azide group)E o] FojA L, ThE ko]
= O LR EEIEEEE INET

AT 6
Al 5%l QoA 7] ofrtel= FFEL ofXEvetolnl(azidomethanamine),  2-oFA| Lol gholRl(2-
Azidoethanamine), 3-0} R =-1-Z 2 Fo} 1l (3-Azido-1-propanamine) , 4-o}A| =-1-F-Eo} Tl (4-Azido-1-
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butanamine), 5-°}AZ=-1-#&to}Hl(5-Azido-1-pentanamine), 6-°}A]=-1-3A o} wl(6-Azido-1-hexanamine), 11—
o} x| =-3,6,9-Egfo] A& d 7k-1-0}1 (11-Azido-3,6,9-trioxaundecan—-1-amine) , 2-0} R ol A EAR(2-
Azidoacetic acid), 3-o}AZ=X 23] 22H(3-Azidopropionic acid), 4-°}AZ=H-E]Z4F(4-azidobutyric acid), 5-
o} x| = E} =2l AH(5-Azidopentanoic acid), 3-(4-o}A=¥d)>x 23] 24 3-(4-Azidophenyl)propionic acid] 2
2-o}RA =l o) 4k (2-Azidobenzoic acid) 22 o]FofF FolA MEEE 15 ol AE 5EHoR dh= HH N
Ae A23gA JEDE.

AT 7

A
o
o

A1E WA Al 67 T ool @ el glofAM, 7] FAC A st (Heparin) St EFdhE AS

2 sk 34U NEE A=A dEUE.

AT% 8

(S A Ex= fFWo] A=2AEZr), A2iy 95 T ASHEAFOE o FofX JETE 7|4 xHdl

F7E =k B
(S2) 471 AEHE 7|49 el =id Fabrlel &3 sees AdA7= @A 3
==

(S3) 471 &2 (Alkyne) 3tgt=3} ofxtol=(Azide) 3tgr=<] 29 Wa& &3l ¥71E I4sk= dAE £eddt

A3 10

A 9 oA, Al &7 FFES FE 2o ®(Chloroethyne), HZZo® (Bromoethyne), o}o] L =ol®
(Iodoethyne), =3} Z=Z2Fo|=(Propargyl chloride), XZ23}Z H=Zwnlo]=(Propargyl bromide), =37
ofo] Q. t}o] =(Propargyl iodide), T 237 & Z(Propargyl alcohol), Propargyl amine(ZZu}Z o}wl), 1-
2 2-2-5¥ (1-Chloro-2-butyne), 1-H 2 ¥ -2-3-¥1(1-Bromo—2-butyne) , 1-0}o] @ =-2-F-%l (1-Todo-2-
butyne), 3-Z=2=2-1-F¥l(3-Chloro-1-butyne), 3-B.Z&E-1-5¥l(3-Bromo-1-butyne), 3-°}°]L %-1-%El(3-
Iodo-1-butyne), 3-%¥l-1-&(3-Butyn-1-o0l), 4-#M&-1-(4-Pentyn-1-ol), 6-F2-1-&(6-Hexyn-1-0l), 7-%
B-1-&(7-0Octyn-1-0l1), 10-Fd21-1-&(10-Undecyn-1-01), 5-FZZ-1-3&(5-Chloro-1-pentyne), 5-H.Z &~
1-31¥1 (5-Bromo-1-pentyne), 5-o}o] @ =-1-#¥l (5-Todo-1-pentyne), 1= gl dA| S 2 M olql (1~
Ethynylcyclohexylamine), 3-F=Z=2-3-w€-1-58l(3-Chloro-3-methyl-1-butyne), 3-H 2ZX-3-wE-1-FEI(3-
Bromo-3-methyl-1-butyne), 3-o}o] 2 :=-3-1E€l-1-5-8l(3-Todo-3-methyl-1-butyne), 6-FZ=Z-1-21(6-Chloro-
1-hexyne), 6-H ZH-1-&X1(6-Bromo-1-hexyne) % 6-¢}0] 2 =-1-N21(6-Iodo-1-hexyne) & ©|F-o]Z TollA A

g5= 1F o) As 5HoR d= 21 JNEE A=AuA dESES] Ay,

A7 11
Al 8ol oA, 7] opxlol= FFHEE Ffe] Wrko] ofxto]=7](azide group)® O] FO|A| i, thE wol
olwl7] i FlEEA R o]FojF AL EFoR = 3u MAY NEaEA ASBE A2,
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AT 12

A 118 QoA A7l olztol= FEEES ofX = gholvl (azidomethanamine),  2-oFX] ol gholwl (2-
Azidoethanamine), 3-0} A -1-Z 2 Fro}l (3-Azido-1-propanamine) , 4-0} A E-1-Feto}ul (4-Azido-1-
butanamine), 5-°}AZ=-1-#&to}Hl(5-Azido-1-pentanamine), 6-°}A]=-1-3Ato}wl(6-Azido-1-hexanamine), 11—
o} x| =-3,6,9-Eg}o] A& d 7H-1-0}H1 (11-Azido-3,6,9-trioxaundecan—-1-amine) , 2-0} R oA EAR(2-
Azidoacetic acid), 3-°}AZ=X 23] 22FH(3-Azidopropionic acid), 4-°}AZ=H-E]Z4F(4-azidobutyric acid), 5-
o} x| = E} =2l 2H(5-Azidopentanoic acid), 3-(4-o}A=¥d)>x 23] 24 3-(4-Azidophenyl)propionic acid] 2
2-okx| il o] 4k (2-Azidobenzoic acid) 22 o]FofF FolA AEEE 15 ol AE 5EHoRE dh= HH N
Ay A23gA AdESTES] AxE.

AT 13
A 8F WA Al 128 T o] 7k Fell SlojA,

(S4) 271 BAl dlode ngsir7le dAE ¥ £d6ke e SR s 19 JidE A=2auA 4

RES A=Y,

o PAste] ofvlol= Agl ola mASHE AL SO = EW ALe

AT% 15

A 18 WA A 58 F o= g o] ¥ JEE XE2FIFA ASUE H QU] JdSHEC P e HA
of 1A% GDF(Growth and differentiation factor)& ¥l F A =2 EE =X8§ XN=2354 9=
E.

A3 16

A 88 WAl Al 128 T o= 3t o] ¥ MAE ANE2IEA YESHE Az FrlHo=r,

(84") A7) dZTE A A= BFFA o GDF(Growth and differentiation factor)E A3 7= GAS
o ¥Xggsl= AS EAJOR 3l & 34 F% v £18§ AE23gA dSHE] Az,

A 163 9JoIA, A7) GDF(Growth and differentiation factor)® H#H o] ojmfol= Adle o3 A3}

C g BHoE S B 94 A% EE S48 A3l JERee] Az,

A3 18
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A3 19

A 183 RolA, A B WH FE e
E I AAo]aL ZTdES o

+= &g ol GDF(Growth and differentiation factor)E LA 3IA7]+= T
= 94 = BE S38 X223 dESHE A=Y,

2 dge] o o= W NEE AE2FEA JSTE H ol Az A AoZA, o FAEAIE ¥
o AAE3} 1A (Growth and differentiation factor, GDF)¢] A¥S mu} folstA & = g ®W A2
H A23Ed JdESUE 9 dsta $&o] o kA F9¢ WS (Click reaction)S 3 o]& Axsl=

o
i
2
o
o
o)
e}

2 dge e de ¥ ¥4 fE Ev S8 A2IZFA ASHE 9 o]y Az #Ag AoZA, o A}
MeAlE RS Q1A (Growth and differentiation factor, GDF)Y %7] W&S wWhx|sla ZEFA| X E31=
238 Je T 34 fE Ev X8 AZ23gA JdSFE 2 xd NEE AZ23EA JEHERFE o
& Alzxsts W #e slojtt

WA 7 &

HZo = AEHHY JEVE HATES Fo|7] fdl JEFE e AAFAES FAee QARG %
HWAe] 7| #ek AFEe] s AyHT k. F FFY ARE vANEkE AAEAZ Arg-Gly-Asp(RGD)
Hepol=, Mol 714 I (collagen), A4 A Fo] o] &HI glon, aFAE FIY E7|ANEEHH
ZIAERY 3ot FAS FXEL = 7 RS B9 = IS TN 9F8s e = 34
W4 (bone morphogenetic protein, BMP), 23733} Ax}(Growth and differentiation factor, GDF)$} 22 A
Felxte] #Hgo] Z PAS W ),

3, QA QEUE AR FAAE A=z:dolel e Ay AgE 73 AR, AR, dolE AF
(Weibull modulus) ¥ 22 7|A4 EAdA Hdzdws 245 7HA7] o Z-gitel b, &3, A==
Yole A Fzho] w2 A A3 A5z A dvk. T A2FYote A FFdA A #AE JETE
Az=E A&Ho] gxv, = F29 Fe& AT ARE2AY A7+ Hid vyl 719 glvk. Az3yole] =
2 548 FEA717] 98 A 23 o)e %

Az2dY s JEHE ARE o)&3ste 7Ied #HsY, dvls SF5TE A10-1161140%5 0= 100 %
2 0.05 WA 0.25 TFF2] vl stEs 23sta, F

©7F 2.6x10° A 3.9x10 lux®l A E@Uol 2AAT} MAEe] T}, EF, U SSESTH A0
13049895 0 &= A ZAY ol JAIE Ml ol B4 H, FE=np da] A E sy, 47

AR (KP0) 9 A2 E (KO o) 23s]E RS 5RO R 31 EEg YZTHE Az Wgo] /MA=EY 9l
wd gl S2EFFT R A10-06903505 0= AAo] 10 WA 50 mml A 2FYo} 12} 4AF @ A AHo] 10
WA 100 nm Q1 ¢FWY 12F 47 Y 2AILA AAE] 22 JAF AHol A BEFAE o] F= AEF o}

B 3] V‘i_ g

A
w9 ojvhetelEA| BEES

i.,

—ob2uu} Ube- B3l E3ete ASHEL AAGA Ay AF E53AL
A=l Uk
e, ol APEAS BiuE VEES JEIE AA Y A AFAES P77 AT Aol gitoln
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Wy A7 Hek FAF g

o}, ¥ W FAHoR AP,

< , UA 2] 2 EERgoR o]FojF oA A
A2FF FF9 FAAQ 2= 90~98.5% %o A E2FF(Zr)ol 0.005~10% Hf, 0~4% Nb, 0~3%
0.1~1% Fe, 0~1% Cr, 0~0.1% Ni, 0~0.1% Cu & 3l & =L o]4to] H7lE Zo] Q).

T
o
m
N
il

wgh, A7 BAE il EfelE7](triazole group)E 23k, shube] Wk JETE 7)AY x| &

H o Fa)ey A AR SASkL, A ARt & o U ofly] B JFEEAV|RE o] Fo

Ak, 471 @S] g dded EAlshs opuly] Ee k= =

ofmtol=  AHgs st &9l E+  GDF(Growth and

= 985 s 37
|

I
o
H
e

differentiation factor)®} <=
differentiation factor)3 4=
SHeHEY ofRlol=(Azide) FFES
Ao =" FAA 4 E3

1= SHES WEAA FAE

- T aa

R
[
L
iz
=
ol
>
N

FAZIAL, o] F TAAQ =¢
< T Ak old, HHA EAlste E 4l
A AF FA9d ofAtel= el EAstE ofAto| =70k 31EhA Aol ofs] FAHE
"S- (Click reaction)< 1,3-%= o]oJE](moiety), 53] ofxfo]=<}
24 grEm, 1,2, 3-Egjo}E HololE|¢} o] 5 HAFA HolojEE A4}
Ql ofxfol =~ F 27 1] 3d H7H-E-(Azide-alkyne Huisgen cycloadditi
xo] 3etal 2 F84S VKT, B Ui HAE FAske €Al 3
| 27 d4, A7) e ofRIV|E o]Rojxa, tE Yol 45 Aj
= Ha, FA7] EBE ofvl7|E JETE ZIAle] HHe] =
a, 47 sgtEe] B due] EAjste A A ofxlo]=(Azide) 3
2 ZAgtsle] EglolE7](triazole group) S FAJdhtl, 2 wbgoa A} A7 3FES 2
Z 2o el (Chloroethyne), H=Z=Zo|€l(Bromoethyne),  oFo]El®(lodoethyne), Z23d F2Fol=
(Propargyl chloride), X234 B =Zulo]=(Propargyl bromide), X234 o}o]t}e]=(Propargyl iodide),
z239Zd &7 E(Propargyl alcohol), Propargyl amine(Z=23}Z olwl), 1-FZ2-2-%-8(1-Chloro-2-butyne),
1-H 2 ¥ -2-58 (1-Bromo-2-butyne), 1-o}o] @ E-2-F-¥l(1-Todo-2-butyne),  3-EZZ-1-F€l(3-Chloro-1-
butyne), 3-HZ&-1-%-¥l(3-Bromo-1-butyne), 3-°}°]Q %=-1-%-¥l(3-Iodo-1-butyne), 3-%¥-1-2(3-Butyn-1-
ol), 4-#A¥-1-&(4-Pentyn-1-0l), 6-AN2-1-&(6-Hexyn-1-0l), 7-FE-1-&(7-0ctyn-1-0l), 10-Fd2l-1-&
(10-Undecyn-1-0l), 5-F22-1-3¥(5-Chloro-1-pentyne), 5-HEX-1-HH (5-Bromo-1-pentyne), 5-°}o] 2 %
-1-#9¥1 (5-Iodo-1-pentyne), 1-oElGA|ESZ&Ao}l7l(1-Ethynylcyclohexylamine), 3-FZ2-3-WE-1-F-E(3-
Chloro-3-methyl-1-butyne), 3-H2X-3-w]9-1-F-8(3-Bromo-3-methyl-1-butyne), 3-o}o]Q %=-3-w4d-1-5-&
(3-Todo-3-methyl-1-butyne), 6-2&&-1-41(6-Chloro-1-hexyne), 6-H =R -1-3141(6-Bromo-1-hexyne) % 6-
olo] @ t=-1-3 41 (6-Iodo-1-hexyne) & ©o]Fo]7l oA HeE= 1% o|FYd = o}, of7]d] WvrEA] A|ghE =
AL ofyrh. m3H, 2 WHolX PAE FAstE ofxtol= =S nlEAE A shue] Yol ofzte] =7
(azide group)®E o|FoJA i1, ThE Wlo] olHl7] B 7h2RA7|2 o]Fojxitt, ofxtelt 13w U dte]
EA 8= obAbol=7](azide group) &7 3}EHES] Wrke] EA s AF A B9} st ow Agsle] E
glol&7](triazole group) & FA AL, ofAfol= 3= B Bdhe] EAsH:E o}Fl7] e 28V T
t= slohel B GDF(Growth and differentiation factor) o &Alste ofHl7] He FHERA7|9F ¢4 4
S FAsAY olnfolm ARES AT B WA AMREHE ofxlol= FjtES oA EdEolnl
(azidomethanamine), 2-oFA]&=of|gto}wl(2-Azidoethanamine), 3-°}A]%=-1-3 2 Fo}7(3-Azido-1-propanamine),
4-o}A E-1-F-Elo}wl (4-Azido-1-butanamine), 5-oFA]&=-1-ZlEto}wl(5-Azido-1-pentanamine), 6-°FA&=-1-&Xxk
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[0021]

[0022]

[0023]
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o}l (6-Azido-1-hexanamine), 11-0}A] %&-3,6,9-E g} o] S AL H| 7H-1-0}1 (11-Azido-3,6,9-t r ioxaundecan—1-
amine), 2-OFX|LolM|EAH(2-Azidoacetic acid), 3-oFA =X Z3]2H(3-Azidopropionic acid), 4-oFX|E=H-ElZ
Ab(4-azidobutyric acid), 5-o}AX=FMEF=2]4H(5-Azidopentanoic acid), 3-(4-o}A=dd)>X 2322 3-(4-
Azidophenyl)propionic acid] B 2-o}x| =Wzl Ak(2-Azidobenzoic acid)o& o]Foz o Melx= 15
oY F Ao, of7le] WIEA] FAEE= FE

Lk, 2 odyol o oo uE

A dEHE A, HA F AT "ZA

GDF(growth and differentiation factor) &<t 2 AA F 23 43 %i

22 B ulgolA &ulelS GDF(growth and differentiation factor)& U3

o Al~®l(binding system) o2 Z&3 4= Qlt}[Gandhi NS1, Mancera RL. : Prediction of heparin binding

sites in bone morphogenetic proteins (BMPs)., Biochim Biophys Acta. 2012 Dec;1824(12):1374-81] ]J}FJ

2 ¢F 3~30kDa®] EAFE iK1 b thERe dFoE, Fagde Al Fue D-SFIANNY D-SFF

Aol a-1,49) ﬁﬂoi W' AbE E1’—°ok I ko] SFIANNIS NI 6914 2 Ul Ay =FFEALY

AE T5te ool &jtEe wie| EAlEE ofvl7] B

st AETE 7|Ale] Azt ¢ Ut

Aol {WHol =23

she oA (S2) A
%71 (Alkyne) 3+

GAE Egeiyh, e, 2 o] o oo

al =

[al=)
ol e
S|

=

N

i)

it

R

N

jale

il

e

[

N

2

1o
M~
ST )
o 2

K

fins

o o

32!
ls
>
)
N
il
K
op ofr
2 [0 |
fu g
o
Bl
9
P
i
i}
(e
i
N
2
10
By
r&
2
=y
SIS = APN]
=
~
o
-y
F>
oo —

of, ol
filo
>
>
ofo
i)
&
facs
o
T
o,
9,
e
ol
i,
rlr
A,
B
e}
'~
K
o2

, = A = el
ojFojx i, ThE W AF AFES Zervh. 2 oddels o4 sEE
(Chloroethyne), H.Z=Z¥l(Bromoethyne), ©}o] 2 =¥ (Iodoethyne), (Propargyl
chloride), 237 H=Zwnlo|=(Propargyl bromide), =37 O}O]ODPO]‘:(Propargyl iodide), X234 <&
FZ(Propargyl alcohol), Propargyl amine(Z=Z3}Z o}lql) 1-F22-2-%¥(1-Chloro-2-butyne), 1-HZH-
-5-El(1-Bromo—-2-butyne), 1-°}0] 2 :=-2-F-El(1-Iodo—2-butyne), 3-FZ=Z-1-58(3-Chloro-1-butyne), 3-H

M

L
fr
i)
N
o
T
®
TH

25 -1-5"(3-Bromo-1-butyne), 3-¢}o] 2 =-1-F¥l(3-Iodo-1-butyne), 3-F®-1-=(3-Butyn-1-ol), 4-#H€l-1-
2 (4-Pentyn-1-o0l), 6-&A-1-&(6-Hexyn-1-01), 7-F€-1-2(7-Octyn-1-0l), 10-&dA1-1-2(10-Undecyn-1-
ol), 5-F 2 2-1-#¥ (5-Chloro-1-pentyne), 5-H =% -1-#A% (5-Bromo-1-pentyne), 5-°}°]L E-1-3El(5-

Iodo-1-pentyne), 1-olEldA|Z 28 Mol (1-Ethynylcyclohexylamine), 3-ZZZ2-3-WE-1-5¥l(3-Chloro-3-
methyl-1-butyne), 3-H 2R -3-1E€l-1-5-¥l(3-Bromo-3-methyl-1-butyne), 3-¢}o] L x=-3-v&-1-45-%(3-Iodo-3-
methyl-1-butyne), 6-FZZ-1-A1(6-Chloro-1-hexyne), 6-H.ZX-1-Al(6-Bromo-1-hexyne) % 6-0}°]Q %~
1-8)21(6-Todo-1-hexyne) & o] Fo|xl FollA HAeEw= 15 o4 & AUrh. &gk, 7] ofxfelt 3w et
AetA= sprte] debo] ofto]l=7](azide group) ® o] FolA AL, THE Wk ofRlY] e JlERAT|E o] Fo
Aoy, & dgoa ofxlo]l= &3HE-LS wlgA e AIE oA =wEroll (azidomethanamine), 2-o}X] &of gkolwl(2-
Azidoethanamine), 3-0} A E-1-Z 2 Fo} Wl (3-Azido-1-propanamine) , 4-ol A E-1-FEho}wl (4-Azido-1-
butanamine), 5-°}A=-1-#&to}Hl(5-Azido-1-pentanamine), 6-°}A]=-1-&A o} wl(6-Azido-1-hexanamine), 11—
O} A| %=-3,6,9-E&Fo] AL Zk-1-0}71 (11-Azido-3,6,9-t rioxaundecan-1-amine) , 2-oFA| Lol M EL(2-
Azidoacetic acid), 3-°}AZ=X 23] 2AH(3-Azidopropionic acid), 4-°}AZ=H-E]E4F(4-azidobutyric acid), 5-
o} x| =l E} = 2] 2H(5-Azidopentanoic acid), 3-(4-o}A=¥d)E 23] &2 3-(4-Azidophenyl)propionic acid] 2
2-o}A| =Hll 29 AH(2-Azidobenzoic acid) &2 o] FoH wollA AEH = 15 oY & k. T3, A7) dad
< BAY deke] EAEE o¥lY] Ee tERAT|9S] FA4 AR} e ofutol= Hgte] oaf uAstd & 9l

i, v s A= BA L] olntol= At o3 1A stE).
B odlmo] o2 =12 GDF(growth and differentiation factor)E AAIZF H<¢F A3 W& &= gaL, =&
Aol #3F Ee FAS fE e X8y F8eRE & P4 A dEHEY = FFE L T de
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T PY FE EE S0E AZaEA JEREA BE ot B owde ¥ P4 % wt 0§ A=y
A QTAEL ARg ATVE, AR ATVE wE AAIAL ATIE 53 o] AP LET AL
4 % ek,

wHol d oo mE = Y F T FE A2IZEA dELES ZHd FAF =2ddE dETEE V]
A

, 9A 2 A7) #HAY 1AF GDF(growth and differentiation factor)ES X3t} ojuf, A7) JdZ=TUE
T A EE dox qdHe| NE23F, AZ2IF Pu BE ASHEIFOR o|Fofznt. EI, V] HA
EgolE7](triazole group)E ZF3FaL, shute] wohe 7] AESHE 7A9 mHe =9d 7o 2%

e N ke
==

= H
/E}EHE % Héﬂ FA719} AgelA] S vhE U ol¥ly] e JtERATV|E o] Fo|Zit}k. AY] ®HA
= of EAsl= oWyl EE JIEHA7]= GDF(growth and differentiation
factor)@r —’F/\ A%, ojmfol= A 55 FAT = i, vHASHAE= GDF(growth and differentiation
factor)ofe] Atololl FAHE ofmtel= A} Pz WIPEO] TAFrE. I 7] A QA Growth and
differentiation factor, GDF)+ GDF-1, GDF-2, GDF-3, GDF-4, GDF-5, GDF-6, GDF-7, GDF-8, GDF-9, GDF—IO
9 GDF-11004 ded o 9, A AP & 1 w] GDF-51 Aol B}%“—].O}DP GDF 5v ool &

A Az Ao BsE e dEA don, HE = A H FAE AT AEe FE 228 Xﬂﬂ’_}ﬂJ—
ATt

2 e o de mE & F4 R BEE FE& A2I3FA dEDE A (S1) HA e Aok
ZHol A2y, NEIAF Fo Ev AAEIFOE o|Fol AEZTHE 7|AS x| FiE E95he
A (S2) A7) IEFHE 7IAle Hdo| =9E abvlel &7l FEES AATIE 9A; (S3) 3] 47l
(Alkyne) 33EZ ofxlol=(Azide) SF5HEl Z2 WSS T3 HAE A= A, 2 (4') 7] DA
GDF(growth and differentiation factor)& IAZA7]E GAE E&sct. ojd, 7] (S3) @AlA A=
Ego}£7](triazole group)E EFstaL, A9} ZAddelA] & T E Wk ofvly] EE JtERAT|E o] F
ofZlth, A7l HAL A9 AgetH] e g wube] EAEE ofvly] i JFEE27]= GDF(growth and
differentiation factor)®} &4 A%, olmlol= AFS FH4T $£= 1, v AE GDF(growth and
differentiation factor)e}e] Alelo] HAH olmlol= A ez WyPxo] EA st =3, 7] GDF(growth
and differentiation factor)+ GDF-5(Growth and differentiation factor-5)%1 Ze] w}&=] s},

2 i tE de mE & P4 FE BE HXE A2I3A JEFEE ZWd FAVIT EYE dEHE
Z1A, BA, A7 FAA 2gd s 2 Y] ZA Ee sl|Ide] 1A ¥ GDF(growth and differentiation
factor)E XEg3tt}l, ojul, A7) AZHE 7|A= AA Ee Hojx BWo| A23F, NEAF 5 Ee 23
s Egol&7](triazole group)E E8slar, s 4ok 4] o

2
23702 o]Folxirt. B, A7 HA= ,
ZHE 71A9 xHel =9% AL, A7 AgetA] 4 v
L g2 Ea72 o|RoF). A Fabzlef AdtelA] gfe ohE wWakdd EAlskeE ofFly] E
t2 8 27)= &9 = GDF(growth and differentiation factor)e} =4 ZA3g, olnlol= AZ &5 A
TE Qlar, utEAS A= &9y B GDF(growth and differentiation factor)$}e] Atelo] A H ofwjo]
A% A2 Hdwo] &3}, w3k, A7] GDF(growth and differentiation factor): d&|d¥zte] 4
43, opnfel= AF, dAA SR 9 A Hm 2 Foll i sude] nAsteETh. Eg, A7)
GDF(growth and differentiation factor)© WA B & FA7|9 ARSHA] 2 o & doo] EA5k= o
W7 e tEEAYS FA AF, oivlelm Ad & FAY = vk, HF, 7] GDF(growth and
differentiation factor)® GDF-5(Growth and differentiation factor-5)¢1 Zo] uler=]3}c},

D
Lo
)
oo o
omﬁ

it m% FW B

Lol OE de mE = 34 fr e S8 AZIZud JETEY AXWHE (S1) HA Be Aoj=
EWo] X23F, A=23F v T AR Earoz o/Fox @%%E7hmqgﬁﬂ A E=S =L S R
Al (S2) 7] JESHE 7IAle mHd EQE Al 47 SEES AR 7IE BA; (S3) A7 ¢l
(Alkyne) 3}3t=3 ofto]=(Azide) E3HES 29 RIS T3 FAE FAst= GA ($4) 47 A &Td
S BASMNZE A F (S5) A7) HA T gl GDF(growth and differentiation factor)E LA 3}HA
7= GAE 23, oju, A7) (S3) @AlMA FAE E P—ﬂ(tmazole group) S Esta, FA7¢ 2
FabA g e wd2 o] EE gtERATV|R o] FofXitt. mEd, 7] GDF(growth and differentiation
factor)© GDF-5(Growth and differentiation factor-5)%1 Zlo] w}gh2z]s}t},
olgt, ¥ IS HAME Fote] ®Hth FAA R AWt oiRk, 817] AAde 2 U Ved 5EHE |

S5l lAlely] 9% A BB wwe] nEMeE Bgekt AL okt

_11_



[0029]
[0030]
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[0033]

[0034]

[0035]

[0036]

[0037]
[0038]

[0039]

[0040]

[0041]

[0042]

[0043]
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T I 7= Ex FU8 A=m3uA 4EEEY Azx

oA 1 Al oel v NEE A=aud dETES] Ax

A 23Ul tyaF(e]st 'Zr-1'o)8F AHSE;, A7 ¢ 10m, %°] : 3mm; &3 A : DIO co., Busan, Republic of
Korea)& 80ColAl 2.5N NaOH 89 500ml= 48A1%F &< A ste] FA71E =skglth. o] %, F4717F =4
H FEES FFF WA 58 Tt 223 AEsta, SHFE 33 AL olF, ¥FERES AL UtRE

O
Az 5 A2oA fXsltH(els) Zr-2'g ).
o]& A7) 7Zr-2¢F K,C0; 6.91g(0.05 molell 3MEE)E F54 olME(anhydrous acetone) 500mlell 41,
=
O

X237 HZulo]=(propargyl bromide) 4.31ml(0.05 molel] dF3HE AF20A H7Fst & 24A3F
(reflux)dte] Zr-29] Fwol] 9 F2k7]o] ZT2v7 B Zulo]=(propargyl bromide)S ATAIATE. o|F,
225 AU ofAEY FHTE 3 wgE AFS FH dAh JlAE ARAT A2 BIsl g (o]s)
'"Zr=3'2F AE).

o] % 2-o}x] x| Eto} il (2-azidoethanamine) 1.41g(0.02 molol] si@3r), o}~z BAF Y EFH(Sodium ascorbate)
3.96g(0.02 mololl a1=3) 2 CuSO, - 5H,0 0.89g(3.57 mmolol]l 23S 7Zr-39F ZFFHS 50mle] EgHEo] AL
A 70CoA 2447 <k 70Col A E8 w3 (Click reaction) AATH. &= 1& X 23Yo} tyAd FWHo| 4k

7

% £98 ¥ 2UNSS olgdd 97 FAeE A4S B Aolth.

oAl 2 Elufel 8 GDF-57F e Aeau AEHES] Alx

A7) GA 1A F5E GAV P48 AE2EIEA dSUEE SHITE 39 AFsta, dAVtaR AxRAT FH
A2 BT elst Zr-4'2F A3, Zr-49] 3% W HFE FE e ngs W] Y3 AFER
EAYT, &3 (Heparin sodium; &A% @ 12,000~15,000 g/mol; &+%A} @ Acrose Organics, NJ, USA) 92mg
¥} DMT-MM[4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride] 1g(3.61 mmolol] 3|3
Zr-49F FHT A0me] Z3Eo HIFSFI A-2ollA 48A1ZF B HEGAIA HAY EWek ojvly|e} Fgde] 72
HA7] Afolof| ofmfel= AJS FEIGTE ol %, XS THTE 3 WH AFHSL dA TtaE AZRAIFATH( O]
s, 'Zr-5'gF A, A7) Zr-55 AFEE7] Aol -20TolA B#stt
ool 5% Zr-59} GDF-5(Growth and differentiation factor-5; 33 AF : Peprotech, NJ, USA) 10ng&
PBS(Phosphate buffered saline; pH 7.4) 40meol P11 &3 3 37C 2 80 rpme WwF ZAoA 2447 Fot
HHO%}O% GDF-55 = Fudo] nAAATG(o)3}, 'Zr-6'2F ). = 25 FHA &) TH A A=ZFFA
AZHE Fud 2 F FA 2 ARl (DF-HE a1 oz AFsts AL =233 Aot}

T YA f e E184 A2 dSFES 54 4
(1) FAPAAE ) 7 (SEM) &2
A7V AxE Zr-1 WA Zr-69] EHTZE FARAAU A (SEDS 3 Seledv. FE53d Zr-1 WA
Zr-6 EES A3 15kvVe] A slell A sputter—coater(Eiko IB, Japan)® & FEF L, FALAAER A
(S-2300; Hitachi, Tokyo, Japan)< AF&3}e] 2000 sj&= T2},
& 7r-1 WA Zr-6 TEo FHS FAFAAAR A (SEM) o2 #23 A3E vebic), Zr-1 WA Zr-4 %
= 9 Felo] 2 2olE Rolx gty A, Zr-5 8 ¥ 7Ir-6 22
= B},

Zr-1 WA Zr-69] FTHsterzAe XA Fdx 39 (X-ray Photoelectron Spectroscopy; ©]&}, 'XPS'2} gh)ol
o8 EAEAT. XPSE 907 o YA A7 (grazing angle)d} 3. 1%10° Torr ol3Fe] 7E4 el A Thermo
Electron Instrument(VG, UK)S AR&3tel  FaA3kSIth.  Monochromatic aluminum Ka  X-ray radiation
source(photoelectron energy = 1486.6eV)S AME3FH a1, FHYSA 2705 XPSE 187.7eV7) E33F wf Ao
Homn 0-1400ev7tA] =4 Ft).

at7] & 10l Zr-1 WA Zr-69] EWststesd 24 Ad3dE el
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[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]
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¥ 1

Cls Nis Ols S2p
n=3)

(283.7eV. %) (3992eV. %) (5288eV.%) (1638¢eV %)
Pristine Zr 47.31+1.35 0.3510.03 52.2112 87 0.1340.01
Zr-OH 34264212 0.214.02 65.32+4 43 0.21+0.02
Zi/Propargyl 50.0043.12 0.3110.01 40274321 0.4240.01
Z1/2-azidoethanamine 50.15+1.87 4274012 45261534 0.3240.04
Zr/Heparin 43344435 2.1240.05 48.28£276 6.26:0.02
Zr/GDE-5 38831387 0.6240.02 56.27+3.43 4.28+0.01

A71 & 19l Pristine Zr, Zr-OH, Zr/Propargyl, Zr/2-azidoethanamine, Zr/Heparin % Zr/GDF-5+= 242t &
Az A2mol T8l 7r-1, Zr-2, Zr-3, Zr-4, 7r-5 2 7Zr-6 YEpRdT}.

FHSIEA =08 XPsell &g o, Zr-2% Zr-1Eth o %2 0ls HAEES B, o= F47]e] F4dd 714
& Aoltt. Zr-4ollAe] £ Nls HAES F7] el EAghs EgobEr] B J7] @ekel] EAjshs o7 €]

)

2 W72 Aoz worEch T, Zr-59149 Nis HAE 7+ 2 7r-5 2 Zr-69A49] S2P HAE Z7}= 3
st} GDF-52] 143} Wl Aoz #okE,

(3) Zr-69 A% GDF-59 % @ Zr-69l| A GDF-59 W93} =3

GDF-5% 7Zr-59] ¥well nAs & AHIHA] &2 Af GDF-52 FS FAHSY A= Zr-69 4%
GDF-5¢] k& AAFelATth. GDF-52 Zr-59 W nAQ3}slar He w3 8% 100ugS microplate reader(Bio-
Rad, Hercules, CA USA)E A}-g83}o] ELISA(Enzyme-linked immunosorbent assa Ho 7 BEXstgct. 7r-69)
FHo] nAF GDF-59 AAZ el oS GDF-59] o] 7}A] FXolA de T3 FA3 vHluste] AT

, Bt AxE 495moll A ST Zr-69] Fwol 1AE GDF-59] AAH & oF 9.5ngo A, 1H
s &&E oF 95%°] AT,

w3, Zr-65 3mee] PBS(pH 7.4)7F AL wpelek(vial)el Wi 37Ce % ¥ 100rpme] zielA]
wjFatgick. wleF 3 1hr, 2hr, 8hr, 1¥, 3Y, 5%, 7¢, 144, 219 9 28] AT AHelA 4S5 3m
& AFAstAL, ol¢t #2 FI PBS(pH 7.4)F nHpo|del FHItEdvh. AMAS FTHL -20TolA EF
BAHY, GDF-52 W& A% ELISA kit(GDF-5 Kit; USCN Life Science Inc., Wuhan, China)E A}-&3&to] 2
Ak, MEHE ArEolo] 38l U= picroplate reader(Bio-Rad, Hercules CA USA)E A}&3te] 495mmol]
ATk, & 4¥ Zr-65 2849 Bob wiElS u WEEHE GDF-59 &g 74 FuR vEid Aot =
4o 4] Holi= mie} o] Ti-69] wwdl nAHH GDF—5—; vk 8A1ZF ool oF 8.7%(0.8 ng) WRte] o=
o, WY 289 Bk AEH o7 M3 WEEHJY. Zr-65 289 Fo HiYERS uw 74 WE HANE
E 9F 28.4%(2.7 ng)E RIY. o, XEAY } Jtﬂoﬂ 29 g o) FAH HAE T3 nAstE GDF-5
o

7F 28 ol el FAIZ Fet ASHow WEL The S AAH.

<
2
oz

E

(4) ER AAY A=mvel B (P57 24F A=avelrt 22AE FA) v GG B4

O‘I

48-4 ZolE <tol Zr-1, Zr-2, Zr-5 L Zr-65 il 7)o Z}Z} MC3T3-E1 AlE(HE: 10 cells/well) &
HEskdt. o]F, 10% FBS(Fetal bovine serum)$} 1% PS(pen1c1111n—streptomyc1n)§— X &3}= Dulbecco's
modified eagle medium(DMEM, Gibco) 200E AME7} 8% Z17Fe] Ao H7lstar 39 %ot AEE vt
o AlES] e 37T 2% H 5% C0, Zx13felA O]-F‘HMD}. Abdel Bl Aol A, wikE AEE A

FokaL cell counting kit(CCK-8)& AR&ste] AES] F4& AT, Aloks AlE Fio H7bsta
microplate reader(Bio-Rad, Hercules, CA USA)E A}&35}e] 450mmoll A &3 =5 SAH S}

_13_



[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]
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(@]
i
=
o
o
-
e
ps)
w
e
)
)
s

Zr=1, 7Zr=2, 7Zr-5 2 Zr-6 ‘gl A weFE NC3T3-E1 AE] T4 ES
3 Hol& whe} 7o) Zr-1, 7Zr-2, Zr-5 @ Zr-6 2ol A ks MC3T3-

HiGF 1do] AFslsles w 2 AolE RolR| &t} Hlee qEe & 3°‘ et HH‘%}S&
= o}

ko lo
N
>

O Ho B B2 X ol M
2 R ool

(5) ®W Nde A=yl E
phosphatase, ALP) &4 S=<=ol n]

48~ Zo|E kol 7r-1, Zr-2, Zr-5 % Zr-6% YL o]7]e] Z}zk MC3T3-El AE(UE: 5x10° cells/vel ) E
HE35FAT. ©]%, Osteogenic media(10% FBS, 1% PS, 10mM B-glycero phosphate disodium salt hydrate,
300 uM of~xB 4k 2 0.1uM dexamethasones ¥338li= DMEM)E A X7} 8% Z+zhe] Ao Hristal 14Y &
o AIXE wigslict. Mol i 37T 2% 9 5% €0, Z7stelA o]Foxar, 3dd g A mjx &
AsATE., APl s AlFol A, wjdE AE FES PBS(pH 7.4)E S2AI8kaL, RIPA buffer[50mM Tris-
HCL(pH 7.4), 150mM NaCl, 0.25% ©l&-A]1=2F(deoxycholic acid), 1% Nonidet P-40(NP-40) 2 1mM EDTA)Z 1w}
3 Asl & o]7|o] Protease inhibitor cocktail tablet(Roche, Mannheim, Germany)< 7}sl9itl. RIPA
buffer ol AMEEE A& oA 2083 &3iati, 7 &3&S 4TolA 108 T dARs] AE b
S AASALE. o|F, AFdS pUERHY FAUo|E(p-nitrophenyl phosphate, PNPP)<} A wjkatar,
IN NaOH =& 5002 F7}ste] w8 FAAZATE. ALP 248 PNPP7} p-UE 29 = (p-nitrophenol) 2 2345
= AS SA3le] AAs et #8F W= microplate readerE ARE3FY] 410mol A SR E .

% 62 Zr-1, Zr-2, Zr-5 2 Zr-6 ollq 7d H 14 FoF uitd MC3T3-E1 A< ALP &4 1}

Telzelth, AubHoR AP B4e # @A 27 WAl tehdth, % GolA el wukgh gol Ti-1, T
Ti-5 % Ti-6l 4 wleFE XS] ALP B Aolg molA etk e, Wi 149 F
7t-2, 7r-5 2 Zr-6 oA vlokE ME 9] A e 2 By, 53, r6e A% 2
uglow, ol Zr-6o] MC3T-El AES] & 34 L8 FWshe 4% YTVER A o

o}

(6) EW AQE A=anfol EE GF-57F mAH Aol Jol N 2TAL HPA B HHF 24

—‘: Fll-r

18- Zeo|E ool 7r-1, Zr-2, 7Zr-5 D Zr-62 @i o]7]e] z}7} MC3T3-E1l AE(UE: 5%10° cells/wel DS
AT 7 219 ot AlEE dgskAnt. Abdel Azl Aol A, wlgE Al & PBS(pH 7.4)2 3% A
sk, 3.7% EELHE =S ARSI 208 B mASIaL, PBS(pH 7.4)E TRA] FAISIITE. RE AE FES
40mM alizarin S-red staining solution(pH 4.2)& AF&3le] G & 37C9 &% 2 5% C0, A3 A 1
AlZE Eeb ST, IAIZE vl = AA &dS AAStAL, AE BES TRFE 3H AT, ZE JF
2o Hzmxor RBA37] Y, dAE AXEE 10% 1-IA s ts Z28o]=(1-hexadecylpyridinium

]
chloride)® Hgste] E E2S AAstA, microplate reader® AFEsle] 540mmol Ao EF =S =A3519 ).

T 72 149 9 219 o MC3T3-E1 AEE Zr-1, Zr-2, Zr-5 D 7Zr-6 AolA sjdsigles o A2y gHas
A ow vwe aefTolty, E 7oA HolE wpel o] L AAL Zr-1 < Zr-2 < Zr-5 < Zr—69 &AM
F7Veitt. B3], Zr-62 Vb W T HEAFS Hlow, o]+ Zr-6°] MC3T3-E1 A2 & A £3&5 ¢
3 e JETIE AR AFRE § dSS usit

(7) ¥ MNAE A2F3Yol EE GDF-57F 1A E AZF Yo} AdollA ZIZMEe HigA] ZTAxE 23 A4
Axpe] e A

Zr=1, Zr=2, Zr-5 9 7r-6 ol MC3T3-E1 AEE g o] ZFAE 3} #d Faxe TdZES AAL F
Sta s A3 (Real-time PCR)S o83t SAI G Y. Zr-1, Zr-2, Zr-5 2 Zr-6 Aol 74, 149 2 21
Hob wjokEl NCST3-E1 AIE(UE: 5x10° cells/well)®] % RNAZ RNeasy Plus Mini Kit(Qiagen, CA, USA)E
&3to]  FEelth. EE AME ZEoe=EHE 1w F RNAE FF3FaL,  AccuPowerCycleScript RT
Premix(Bioneer, Daejeon, Korea)E& ©]&3}o] cDNAZ HAFeIth, EE F 2o ths] AccuPowerCycleScript RT
Premix(Bioneer, Daejeon, Korea)E ©o]&3le] A FTdaEL AW (Real-time PR) SES Y3t
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St mRNA - #ke] o] (primer)E VERA Aot
x 2
Genes Primers
0sX Sense 5°-TTG AGG AAG AAG CTCACT ATGGCT CCAG-3
Antisense 5'-GCT CAAAGG TCAGCG TATGGCT-3
Runx2 Sense 5-TCG TCA GCATCC TAT CAG TTC CCA-3
Antisense S-CCATCAGCGTCAACACCATCATICTGG TTAG-3
COL1 Sense 5-CGT GGC GACCAAGCT CCA GT-Y
Antisense 5-AGG GAG ACC CAG AAT ACC GGG AG-3
0C Sense 5-AGC AAAGGTGCAGCCTTITGT-3
Antisense 5-GCGCCCTCCGG TCT CTTCACT-3
[0061]
[0062] * 0SX : osterix; Runx2 : runt-related transcription factor 2
[0063] * COL1 : type 1 collagen; * OC : osteocalcin
[0064] Real-time PCR AFE=S iQ SYBR Green supermix(Bio-Rad, Hercules, CA, USA)E A}g&3sle] BA59Th.
Threshold cycle valuex comparative CT methodol 23] AAFE AT}, Real-time PCR £%L& 95T % 108 =4
ol 7] WA HA F 95ToA 10%, 57-62TClA 30% L 72TColA 30%Z o]Foj7 Alo]Z2] 453] HkEof 9
3te] G = ATt
[0065] % 82 ZIr-1, Zr-2, Zr-5 2 Zr-6 oA MC3T3-E1 AEE g o] ZZAE 73 3¢ iz 23S 4
o ehd dzeleh. gl wels: sy ol & 94 WA QA 055 2 Rz H0A LASE
HiSF & 14U7A] Zr-6 fEAA T2 x| v&] 7P =A vEEth. C0Ll ¥ 0CE by os = A &3
E gk FAAR AAX T Jrt. COL1 B 0C FAAY HEFE vl 2194 Zr-6 R EAA thE 7 E b
S 744 A vhebst,
[0066] 3. E9
[0067] 2 ATdAE A2FYol xWS Y WS F8l MEAT, FARAEN A 2 XA FEA EFRel o3
HEA EH A4S SIselth BR, 29 wes B mW A" A2l mwe] 2 A L S8
A% FgE TR EHQ GDF-55 LAIFARAL(Zr-6), o9 F A Fx WA F a3E Frisdiy. o 4
I}, GDF-5% Zr-69] FWAdolA A &EH oz FAZE et WEH T, HAF ZIFAHEQ MC3T3-E1 ME] A
wao Roh R 2TAE FAS SASA nebd, B owwe) 268 ¥ 3] FYL A S5 9B
gEZ AgE 5 g
[0068] ool A} o] B WS Ao AAdE T AHIRA N 2 dgo] wtEAl o7l gk gk E = AL
W ool WEsh AS Wolubd ek sl dleld thd WPAAL sbse BEelth. ue
Wel wEyels 54 A4 Fu Gass ge] ohw, ¥ ownel AR® S33e] Wslel St
=2 Eosle Aow A H ook 3T},

_15_



k1
N2

1
(g
~

2.5N NaOH
aqueous
solution
80°C
48 hours

k1
:
[\

@ Heparin

Specific interaction
O between heparin
and

1
(g
LW

Pristine Zr

Zri2-azidoethanamine

ZrlHeparin

K,CO,

Reflux

PBS (pH 7.4)

%

37°C
24 hours

Zr-3

2-zaidoethanamine /,
Sodium ascorbate
CuS0,-5H,0

24 hours

Water
70°C

Heparin
DMT-MM
Water
—

r.t
48 hours

ZriPropargy!

ZriGDF-5

_16_

ZIHS3d 10-2016-0055740




10-2016-0055740

NS4

e
=)

B
H

-
e, L o
= - _ﬂlo
r—{— = -
-
—— .
——t
—e—
——
&
T T T =2
=1 = (-1 (=] =
- 2] e ot

(%) 5409 Jo aseajal aane|nwIN’

Day

[ 2 Heparin

[Jzr-0H

300 4
200 4
100 4

(wu g6} adsueqrosqy

3
-
€T
@ O3
mm

¥ T
o L]

(vt gy ) Ananoe 4y

Day

_17_



k1
g
N

0.D (540 nm)
v

f |Pristing Zr
= zroH

B 2 /GOF-5

ZriHeparnn

1
g
o)

"w

Day

- - -
L L L

OSX gene expression

]
L

COLI gene expression

21
Day

Pristoe I
ZDiH
ZriHpparin

21/ GOF-3

ZIHS3d 10-2016-0055740

ZriFmpann
ZGLOF-5

Runx2 gene expression

Fristme Zr
Zr-0H

ZrHeparin
Z1/G0F-5

OC gene expression

_18_




	문서
	서지사항
	요 약
	대 표 도
	청구범위
	발명의 설명
	기 술 분 야
	배 경 기 술
	발명의 내용
	해결하려는 과제
	과제의 해결 수단
	발명의 효과

	도면의 간단한 설명
	발명을 실시하기 위한 구체적인 내용

	도면
	도면1
	도면2
	도면3
	도면4
	도면5
	도면6
	도면7
	도면8




문서
서지사항 1
요 약 1
대 표 도 1
청구범위 3
발명의 설명 6
 기 술 분 야 6
 배 경 기 술 6
 발명의 내용 7
  해결하려는 과제 7
  과제의 해결 수단 7
  발명의 효과 8
 도면의 간단한 설명 8
 발명을 실시하기 위한 구체적인 내용 9
도면 16
 도면1 16
 도면2 16
 도면3 16
 도면4 17
 도면5 17
 도면6 17
 도면7 18
 도면8 18
