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= oW (A)

=7
9 O Z(B)E YERAT
%8S Ao E Aol A 2 o] AfeldE FAAA-S A HAY S FX adE HolF
= oolmA(A) B 2= (B)E vrebAL).
Z2A o z-&| 9 H EatA 7 £dE v AdAHa), @ e mEE Ux 9zt
Ui 8 (c: Sioglo]l¥, di PET BE, e: ZEFIRMYIOE AX w|F £7)S
W(f) @ S(g)o] FAFAAEN 7 o]u x| = vhebil),

N

g A7) He A %@
o8t sht ol ANAE F3

Hom MWe] AW Ao B

Aol s ool HAldlE oA

mzﬁ
=
u

AAd 1. Hule] A E B3 lgd FA

WA g 0.1g2 ©o]25(DI water) 10mLol|l &siA)Zl 3 A7) &gl g WA A 0.25M9] NaOH <=
£ 6.66nL2 F7FSIF . 1% & tulo]dAE LN(97%) 0.36mL = o] 2.64nL S H7VEta, 28 & 6
HCI 0.27mLE H71ste] w88 FTZAAFHTG. Hkgo] TrH A MVCO 14,000 FHE o]&3lo] ol Ao

o=
[ RE=1 S S
A 3% BHAA AAE wes RS F553, $2 AxE Fael $0F AASY.

AAe 2. FA4E Hupel A E B I B4

A7) AN 14 BAE HutoldAE B AMAMEP-DS) S INRES Fale] FHSNTCE 2 Fx). W

ot @ dTee FHEFAYe i Y A(peak) AL kel dAE $ah sl AL Ag AL )
@ 5 dolT. EE, $AE W e Ade] £y dngel vsle 2 AL HE AL Helag

AA ¢ 3. EDC/AE-NHS 8H3-8 3 3o at S4Axe F/2a% 34

EDC, *éi -NHS 2 &g 2:1:29] A#gu|g Egtsla, o]F 0.5M9] 2-(RET k) oedEA A (MES 9=
el =l &, oA 458 ¢ HHSAIA E} F7] &8 100 uLet Aot SAQIAH(bFGF) 1.5ngs &=
Lo B AEE MICO 14,000 FHE o] 83}e] =olL4 oA 3082 33 F

ol 15% Fok EFAA. W
AAIA EDC 2 A E-NHSE AlABHATH.

AR eteel A% AR Gelelr] S1ske], EC/AEMS tha) BDCTHE AL8ste] A7) HAL wEsg

e

A 4. vho]

i
i)
N
rulru
rol

@ A% A A%
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[0059]
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[0065]
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[0070]
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A} sl A% g8 2Esty] AsiAE D-PBSS pHE wHro]l WREAIACE SRR, pH 7.49] D-
PBSE NaOH &g olgate] pHl 9704 AAskArk. 0.1M, pH 7.4 WA pH 99 H$le] D-PBSE 72} 1mMe)
A

EDTAS} &3+3ak & Ab7] D-PBS(pH 7.4 WA pH 9)+EDTAS] &M 90uLel 27t Z21QAH(bFGF) 1uls 312
o}, o] 4T 7] YolA 16A13F FoF HhgA]7]a1, ¥hSo] FHE AJEE MICO 14,000 FEE o] &3l &
1 &4 Ao A 3084 33] FAIA A EDTA 2 NaOHE A A5kt

71 AAle 1, 3 349 S BHoFE RS & 1o YERAIT.

AAld 5. SYAE & WA SHARY 724 HFAH 732 aAE FU3}r] A A EHlA

EE AlE#olAd W BEAS GROMACS4.6.7 simulation package, OPLS all-atom force field (FF) % TIP4P
water modelS ©]83t] 43}l t}. bFGRO] the R = whild HB 28 (Protein Data Bank)9] HHE A&
stRen, =M=l 49ol= Coleman —54 potential parametersZ o] &atQith. AlEwolde (i) Eo &
AlZD bRGF(dZ2) 2 (2) B3 SYMES 71302 E3bgt &uo] #AA7] bFGFE o] &3], &% 310K, ¢
lbare] ZHelA 1.3ps &9t —’F@OWi\ﬂr. I A k30l JERNeH, sh7)9 e AdE =EEiTH:

1. bFGFe] FZ+= B-AlE(sheet)®} A (turn) F+F7F AR, Algbo] Aol wet, FE|AEo] EA35)
= AL B-ANEE Hr} Wol, E73F ZU(random coil)S © HA el

. ROF 24 A3, FeAEo] F2 &
8o 7o) EAEHA] o
A

o] F7](Glu, Asp)e} 7A3tAl A& #&(interaction)S 3, A2FA
pd el Z 7
| = = E T
= A, 2ol 7] e g vl Adds Bol v e AS gdsidt.

AsHe B9ok EANA

L ARRoR, FEME] ol et A AgstHA], bRGFY Sold 7] el HEls <FslAl7|a,
a3k @9lo & old] bFGFe T2Z ¢4 stAl wHem™ H A X X (unfol dmg) A e AL Felssit

AAd 6. d2d EXS T8 AR H7A 34 w1

d7) AdAle 3 8 dellA g é?‘i Aot SAAA-sod JJAES ek flske] Aa' S (western
_]
O

] A
bmw%éﬁlmOﬂ e

T O 2A] BRGF, AUz o 2] &9 2+bFGF E3ES AR5 T},

A7 NEES A7 10% SDS EElotadolrE Al AdlM dr|dEer Resta, UERAEReZ= 9

(membrane) o2 H7]QgE&s Foto] oA, 7] e 1At &< 5% % A (skim milk) 2= B2

gAIE Tb7 5LXﬂ(ant1bOdY)E ARE SRl 4AIZE Fob WESAIRT. O 5, 23F FARA F-E7] 16 FAE A
o] ghu¥ g 3}

sto] Apeol A 1A B WA Wl

s} ew)f A% A)2®(chemiluminescence
detection system, PIERCE/\]—)g A Z=A Q] 3 =

SR ESR

AAle 7. A2HEYSARS T SR F7AY 2= 4

47 A 3 R 4olA FAT AfOHIE FAAA-dA BA FxA YL s dAste], Eh
WY ELISA)S 37T PBS 270 shol A aste] BHES) gk AEE AFeAL, 1 AWE = 6o e
Utk BEEoRA AsA e bFGFE Abgetel, 7] AAldl 3 % o)X TR HfolAE 43
skl B@A% skt

T AR, AYsH ee bRGRE 4847 ¥ BAEAL 208 AEZ AAT W, FAAR-SHE BEAL 60
WA 706 Ame] BHEES SASTh wekA, 37C PBS ZANA F4<) 3
3 bRGEe] Wlahe] BT} Hrhe AL dAd & o

AAd 8. AATHE E71AZ wjgolA 9 AU @A a5 £4

AN 38 40lH FAT AROAE FANA-SAHD BFA) AL F4 D FAs] ete] o
[e)

=
[x
jus)
=
02
2
=
5
—~
O
@
o
fob]
192]
2]
Qo
[oje}
¢}
=
=
=
o
¢}
=
~
N
-
a1
0,
2
2

Z7+9) Z7) M E (Mesenchymal stem cell, MSO)E 12-9 =
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[0077]

[0078]

[0079]

[0081]
[0082]

[0083]

[0084]
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o] Eof 5><103*‘"§L_/°EJ]94 TER B 3 OAXY FES Y5le] 2487 For HH ok 1mL(90% DMEM, 10% FBS
9 1% PS, GibcoAb), 37°C, 5% CO, 271 3fol| A w3l th(n=3). AX F-2& g F, 7] wjFHe 5714
ARE Yol deEde &, wgdS wAsigion, A7) 57k Alg= sk Zskth: (1) AshA &2
el (2) DbBFGF(20ng/mL), (3) bFGF(20ng/mL)+a13A(1.2pg/mL) 3N, (4) ZAAA-dod HIA
l(bFGF_l, bFGF 20ng/mL, 3|3 1.2pg/mL) 2 (5) SAQIA-3=tA H&A 2(bFGF_2, bFGF 20ng/mL, 3|3}
1.2pg/mb). o, FARIA-sgtd A 12 AAld 39 AiEola, FARMA-sId 534 2= dAld 4
o] A7E=R FH[sGlT).

o] 3d Tt MEMigS sk, 1, 2 2 39t ZF do] AE olw|AE #AT. Eek, EA A

=
288 & Eg]w EF(trypan blue)®2 GMste] &7 (hemocytometer) 2 A&

m,

o owd o

A0relE Baho] X
AE 8 890
oA A olvA R A JUEE 98 5 AU (R 7 FE), o Bl UlET < BRGF < F4elA-
SAsh BEA 2 < bRGP+altA EF) < ZAAA-ATA BEA 1 #HZ AE FHo] FAE AL FeAstd
o.oolmA, Al 3 L dolM FHE AfobdE SHAA-AR BFAE J1E] b Bl Ee HAF
g Ao 34w gt A AEsd.

AAd 9. BAAROZE BgolA e FAAA - B a5 4

Fhdom 47 AAd 3 L 404 FAR ARelAE FHAA-SH BEA AL 4 e He]

Akl theat ol ML AYsHALH

AE M A7 621 A 5-0b A E (Human dermal I, HDFC)Z 12-9 Zello]Eol 5x10 A%/
do] zrm BFs 3 X RIS 9ste] 24A17F Sob vkl 1mL(90% DMEM, 10% FBS 2 1% PS, Hydroclone
AP, 37T, 5% C0, &7 stollAl wldstith(n=3). AX F2& g &, 7] sgde] 4714 A58 Yo I
HEg &, wdas wAEgion, A7l a7kAe] Alse sr1ek Zdvk:r (1) bFGF(20ng/mL), (2)
bFGF(20ng/mL)+3ll & (1.2 ng/mL) Y, (3) HASA &2 TAAA-3N G A (bFGF 20ng/mL, 3|3
1.2pg/ml) 2 (4) AAZ F4aA-s9td B34 (bFGF 20ng/mL, A3 1.2pg/ml). o), F22AR-5 v
E3A= AAd 39 ARER FHE8IT).

[0} P—h
O“
=4
o
o
o
7]
Z
o
@D

% 69 Fob ALNFE FASL, 304 WG WASFAA 7 ARE AdsAor], 2, 4 L 6L
2eE Eoe] AEE P ¥, Eow 292

PIE I8 F Aom(E 8§ Fx), ol& &3k bFGF < bFGF+3l|z}dA &%
SARIA-S 9 B AR AX F2lo] Tk

ol
< AABHA e FAAAL 5 e 3
Qlalgich, ek, AYEAFEAH(ANOVA) 2 AFFH A (tukey method) BAIEA HAHS Bl 74 A3 {FoAds
15kt o]=4, EDC/AHE-NIS Whg-& Fstel FAE SAAA-s9d HdA= 71E9] bFGF 2 & 9d+5
2172 EHEC gt =& AAAfoIAES] T4 a3F Zeve e ASET.

AN 10, FALA-ARD BA $8 ¢ he YA 2 vhe wute] Az
10.1. Y= 94# : wlo]A

] stAlsly] 9ste], ZY 2 A-EF-Zg (o322 (Polystyrene-block-poly(acrylic acid), PS-b-
PAA) B2 F5A 1mgS THF 2mLell &aiA1Z] 5, pH 10 FANA Eol25 48uLS 73] nekA7|HA A7)
PS-b-PAA &HS & WA #H7Fe. 6A17F B WHAIZL & 3 Bt F4A AAHE A THF 2 vRkS
EAES AAToEZA, 50m 719 78 Y= YA

mlm o

FEagnh.

271 FA " mlolAl gMof] A EAA Q] 4-t)H|Eloln] 3] 2] Y (4-Dimethylaminopyridine, DMAP) 1 WA 2mgs

H =
AR 7, B4 A4L Boel & o AT Y vhel el FAAA-sT BRAS Arbsel 30714
Aoz vholdst FHAR-sHA L AFAZY. @ FAAA-SR B{AF £ vield the A
& TEM o|n| A2 #Z3 T (= 99 a).
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el
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oA 4|3t
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3E
=

A1 71aL,
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H
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A58 A4 e 93
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o
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3
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froas
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e
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o]

Z2 dow Az

2zlo] F2
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=
=

o

tol, PBAES}
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Alo
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=
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=

=
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o]
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=
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=9
EH]
COOH 050,
9 o
§ O NH
H. 0 w;‘ Michael addition k fP \50!
COOH 0505 Michael addition H fﬂ\g 0 o;; ~ 5}{»}
S
oH 0 0 OSO? ] Hepan[nHEd:)v_uS{;ls f;ulfcne ?\?";A,
e ” Conjugated bFGF(Michael addition)
H N{-I YN, [
. SOy S
Hepatin EDC/sulfo-NHS CONH 050,
reaction
OH NH
Neo,
Conjugated bFGF(peptide bond)
W2

— — A —_—
15032 1 - 1H-D20~-Conjugated-eparin
||l =1
L
l () mI ‘
1y 1 8
W | U 14
(L P (11|
L] {
A v "‘r.l.._ | .L-..q_.
r T T T T T T T T T T T T T T T 1
4 13 12 1 L] 9 & 8 s &4 3 2 1 0 1 -
pom)
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Diameter (nm)

90 LI L L

85

[2.2]
o

| B-sheet, B-bridge, and turn

75 — Water
— Water + glycerol

Number of amino-acid residues

| I

40 1

L B
Random coil, bend, and :H'nllx__‘

L

0 200 400 600 800 10001200

Time (ns)

(B)

Amino-acid number of bFGF
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[ Coil [ B-Sheet [l B-Bridge [l Bend (7] Turn (@] 3-Helix

(D) ? ] S & I Anicnic residues
/ - \ Cationic residues
i 1 -~ Other hydrophilic res.
1.5 g 1 ! Hydrophobic residus
-
1 ] p
’
el
‘l L =
o
bFGF - Glycerol
0.5 =
~ L l 1 l 1 | 1
i 0 ! | ! | —  Water
u Arionic — Water + glycerol
= anionic residues
101
5 L
| |
0
0 0.2 04

400
350
300
250
200
150
100
50
04

Mixed bFGF Conjugated bFGF
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EWS

(A) Reducing-PAGE

T7 Ab

Marker  rbFGF rbFGF  rbFGF-heparin rbFGF-heparin Marker
w/heparin  (no washing) (washing)

(B) Native PAGE

rbFGF  rbFGF-heparin rbFGF-heparin Marker
w/heparin  (no washing) (washing)

Marker  rbFGF

T7 Ab
=16
100
Ly
=
< 3g0-
-
=
= 60
Qo
®
L |
& a0
>
20

—&— bFGF
—&— Heparin-bFGF(Peptide bond)
—a— Heparin-bFGF(Disulfide bond)

T L o i L &
0 10 20 30 40 50
Time (hour)
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C_bFGF_1

1 [ Control

I bFGF(20ng/mL)

1 I bF GF+Heparin mixing
Conjugated bFGF_1(20ng/mL)
Conjugated bFGF_2(20ng/mL)

Day 0 Day 1

Day 2

Day 3
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=08
bFGF(20ng/mL) bFGF+HEP C_bFGF_U C_bFGF_2 R
Day6
® 1.0x10°] W oFoF@ongimL)
— 8.0x10°"- [ bFGF+Heparin(20ng/mL,100ng/mL)
- -c bFGF(20ng/mL), Unrefined **
6.0x10*q ] c_bFGF(20ng/mL), Refined
= 4.0x10%
2 2.0x10°4 " !
£ 1.0x10%
Z 8.0x10°
5 6.0x10°
O 4.0x10°-
2.0x10°-
0.0-

Day 2 Day 4 Day 6
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k1
g
©

AdE s

<110> CHUNG ANG University industry Academic Cooperation Foundation

<120>  FIBROBLAST GROWTH FACTOR-HEPARIN COMPLEXES CONJUGATED BY CHEMICAL
REACTION AND PREPARATION METHOD THEREOF

<130>  P20160023

<160> 1

<170> KopatentIn 2.0

<210> 1
<211> 155
<212> PRT

<213> Homo sapiens
<400> 1
Met Ala Ala Gly Ser Ile Thr Thr Leu Pro Ala Leu Pro Glu Asp Gly

1 5 10 15
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Gly Ser Gly Ala Phe Pro Pro Gly His Phe Lys Asp Pro Lys Arg Leu

20 25 30
Tyr Cys Lys Asn Gly Gly Phe Phe Leu Arg Ile His Pro Asp Gly Arg
35 40 45
Val Asp Gly Val Arg Glu Lys Ser Asp Pro His Ile Lys Leu Gln Leu
50 55 60
Gln Ala Glu Glu Arg Gly Val Val Ser Ile Lys Gly Val Cys Ala Asn
65 70 75 80
Arg Tyr Leu Ala Met Lys Glu Asp Gly Arg Leu Leu Ala Ser Lys Cys

85 90 95

Val Thr Asp Glu Cys Phe Phe Phe Glu Arg Leu Glu Ser Asn Asn Tyr
100 105 110
Asn Thr Tyr Arg Ser Arg Lys Tyr Thr Ser Trp Tyr Val Ala Leu Lys
115 120 125
Arg Thr Gly Gln Tyr Lys Leu Gly Ser Lys Thr Gly Pro Gly Gln Lys
130 135 140
Ala Ile Leu Phe Leu Pro Met Ser Ala Lys Ser

145 150 155
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