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TAT-Protein Transduction Domain<

o] &3 BMP-79

Agn YEeE f

T B ooketd dgelA F B Fre TAT AN JoE et ofE 4

sl A E7hA vhekgk wip A A ko] o] Folx gtk 53] BMPS #e A

294 g4 9 T FA Fd 7HE $5F ERE RHolAW, o9 A

-8/ (soluble in nature) 2= Q13 o] A# <l ZAI1E oF7]st vt utehA T

v AEdE AEA F3rb vbed awd dy o 9 (Protein  transduction

domain: PTD)S 7}z HIV-1 TAT #HEOJ=E o] &35t A=3 BMP-7& uHE|

glotol A A B AAFRL, o5 AMEW FAAI} AEW processing I,

g4 BMP-79 &35 in vivool A ##ste] thg3 e ARE AJT)

1. g ot A wdste] 2 FAE TAT-BMP-7 §3 Axd dde 5=
AZE R e EAQ AR AxUE HAEET ol AES v
Aol A daHA #FEo] o= Az dWde] FRAE FA eFaL Al
Tog FR@dtE AL AAEHY =3 TAT-BMP-79 ol#d Ax9 &
I HA L TAT ofv] =2t ol o &2 o] At}

2. AEUWRZ Hded TAT-BMP-7% A X Ao F2 A&, 53 AE W
ol ~E# 2~ AfFY F-actind So]A o= Agsta, ol Aol TAT
ofn] =gk v ofe AAS & 5 AT

3. TAT-BMP-72 proprotein convertase®l furinol 2ola] ZHuES FA3s¢ L,
T3 AEZHAA al-PDXel 93 furin SAlE AEZH AEddH PTD-BMP



79 @A WPNE /AL, ot furind] @ Auvngel 2AHH
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BMP-79] #ulo] A4 A< o

4. AZWE Agdd TAT-BMP-72 24719 AlZ9 ALPase 84& FT7HA%
i, vopzt APEEY dEDAA ola4d A3E fx9 e FHelEd
=3

BoApo] A o4y e Az TAT PTD AxF BMP-7 w28 ulbg) g o}o

Adig ALkste] AlXUE AeHer Hustili, du¥ TAT-BMP-72

F-actin®} A g3sto] A F%3} (refolding) ¥4 3 furinol 93 dd 3}AHS AH

g4 3 BMP-75 #ulstdth. &% TAT-BMP-79 AdAg 2 &3 gwd Fu

1™l e Aot A F AL oy A 2A 2dg o] f

P Wag Aoz Amdd

ANFE T oo FHA W BMP), @4 d dd o 9(Protein transduction

v 1

domain; PTD), TAT-BMP-7, A £ W processing Z}74, furin
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A 7H2 BMPs 2055 ol4e] faAst 2EA evl, 7 F BMP-2, 4, 5, 6,
7& UFd BEIA =

Gilteman et al 1994). =3 H A3 utA e} A A7l AZFT BMPE AF, 4=
<}

H
o

Aol S HAY (Sampath et al 1992,

RE, TR A, 499
A gAY FEATAN T AERE AFToEA T FA THo dFHEAT
(Sigurdsson at al 1996,1997, Hanisch et al 1997, Boyne et al 1996,
Swiontkowski et al 1997 ). ©]%5 BMP-72 Osteogenic protein-1(OP-1)¢] 1%

=] 3L 3 =] vl [e]
Bele 2 94 9NAR FRo WusE F4 394 fE

i

o

e 2
3 71%5 S 712t (Stephen et al 1996, Vulkicevic et al 1994). BMP-7< 1990
dol cDNA7ZF 28501 (Ozkaynak et al 1990), oA E 9 F23 R3}E A=
3lol F& A ™ (Sampath et al 1992) A 2T BMP-72 oln] oz A A
TdoA F A a7t Aol B AA (Cook et al 1994, Cook et al 1995,
Terheyden et al 1999, Terheyden et al 2001, Friedlaender et al 2001) & & o &
kol A A =g BMP-79 444 Aol s&HAn. =3 Z7e) BMPE 2 &
FE=A 7w ool oY Z7el EAste] 5A Alx Estel= 2Esh=d
(Solursh et al 1996, Asahina et all 1996, Vukicevic et al 1994, Vukicevic et al
1996, Jena et al 1997), 53] BMP-72 Al 4ol FdstAl wdetn, FHTole 4y
AEE FHANEZ ABA 7= &&= TGF-BE At g o] walx &
dE AFA Aol AFstEe AS dAlsts FHEo] g HuHr=

LAt (Zeisberg et al 2003, Zeisberg et al 2004).

BMPs¥= A MEWoA genomic DNAoA HAALE o] mRNAES dA s,
mRNAE ribosomeol Al A FA] (precursor)E FA ot AFAE= FAEIFAS O
2 o]Esto] furinel os HA-2A43t Hol AE F = FuH i (Israel et al
1992), #H]¥ BMP+= Alxe] a6 &A% A¢sta o] 3 Smad A5 A
GAAE T3 T AEV = A AEER E3HE g 7ds s

(Heldin et al 1997. Massague et al 1996.) @A A7t 7} Zo] AE¥H 1 Y= A



=% BMP-2= CHO Alx9 g4 A& Fa AX vixlo] &£Hld &4 BMPS
w8 AAF el =, CHO AlFEol| Atghe] BMP-2 fdaE Aoz oy

ARl ols FAE ol AE wiAE EHld &4 BMPE #1238
© ot 2y o] e (1) ¥ F&9 wjxdA BMPe &2 w52 HE
ot e Fe AA AdI Furt dasta, (2) 2e-AgAE dde 840
v A 24 delA ddolyp =4 gEEel os fA FitE o] vke] BMP

il

HT Axe T oy @A S gyhHoz AE ue &urd 5 e v
MEdel g A7 &g, 538 dwzd dd ¢ 9 (Protein transduction
Domain, PTD)ele}a &2l= 54 ofvjmal wjde AdHos Axes Ftst
o XU "HEL = u= 54 At (Frankel and Pabo 1988, Watson et
al 1999, Lindgren et al 2000, Schwarze et al 2000). Wa}A] thoeks A A 715

G A Eo PTDE AxFste] didS AX YWiEZ ddsie B4 9
Gl o) AE W FA g AFel EEE F P oty dNA HE s AS

wolx, o] ARAZ H§3 /e AL BEE S Ak v A9 99

=1

(PTD)2 Az = Hdo] ol sld @Wd DNA, fefel= == Ay 33 &4
5% aRHoE AFXUYWRZ A= 7S M EFE AP e o] o]
(Lewin et al 2000, Torchilin et al 2002, Tseng et al 2002). o]gl g wM=a A

& 74

9
12

3

ols

= A8 A9 FElo]= 2= human immunodeficiency virus (HIV)ol
A f i3  transactivator of transcription (TAT), Antennapedia (Antp)
homeodomain® HSV VP22 AAF A Fo] 9t} (Derossi et al 1994, Elliott and
O’Hare 1997, Joliot et al 1991, Park et al 2002, Wender et al 2000). 53] TAT
PTDE @50 He o dide Eojdx Axgs 3438 & 3lon 10~

120kDacl o] 2+ @i s F8Ae Jugle]l Alxvz &wbd 5 glgo] B

glol A= PTDS 838 4% v A4 duds 44 d< = d= A4

o) Qof, PTDE ol &ale] thtat wulde MEdz dgan o s ol gaol A



2% A2y Awel NEH1 gtk 2e} BMPS 2ol RulE: wuae vy
ol g

g AEZH 245 AAFe AA= Aow &EA dAR PTDE ol §3
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Z3% BMP-72 wte|gololl A tim AT 2 AASTZ o9 AxXU FHAI
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1. TAT-BMP-7¢] 2Z&d % AA

D2y 9y A%

2l

e

= 34 @9 d BMP-79 ¢DNAT Saos-2 A Z(ATCC)ol4 RT-PCR< ©]

gate] 22 Stk oW AT primer 971 WAL olel s} @),

forward : 5'-gagtttttccatgtggacgctctt-3’

reverse . b'—tttgctgtacatgcgacacccaca—3’

ot

£

o] HAANE FAALH(gene bank, NCBDAA 971 Adgde  Fas}

rr

NM_001719¢] hBMP-7 97|14 ¥ F4§¢S Fdsadd. 29" BMP-7
pRSET ule)|g)o} W& W E (bacterial expression vector, Introgen, Inc)ol Kpn I
AA A FEYeta, A7) BMP Aol 50 9ol HIV-1 TAT peptide
(YGRKKRRQRRR) 9714 d& AFgdetslar, 1 ¢kel X-press (Invitrogen, Inc)
I(tag) s, vz B AHAES $3 6719 3 =E]ld (Histidine)3 A] 2 7]
Adl ATGE A Ysted = 4 @ dBMP)Y ZHds A3 Az 2d Ay
(expression vector)E A ZsFTt. olwl, TATo AYxEA %= W

(BMP-TAT[-D+¥ &4 dxzv o= A&39t). (Fig. 1-A)

2) TAT-BMP-7 @+ d o] &g g A7

Ho

A2E Az WE S 9 74 (heat shock)S o] &3l vy o} F4 Az
T a9y, 32 AE vy golzE AT BL21 (E-coli BL21; Invitron Inc)S

Abgstd o, 37°Coll A 2~3A17F wlkstal IPTG (isopropylthio-galactoside) 1



mM=2 H7bska 8~1841%F &t F7F wigete] & dA dud 2HS =5k
o

471 wicko]l gEEW wMgEolN dFHTS dAEHE EYT e, B (cell
pellet)o] 8M9 84 &3 FH7bstel & A I A oja & A FxE A
A v&, UZ-¥Heg B =(Ni-Ti beads, Qiagen)= ©|-&3o] TAT-BMP-7<&
v = AFA 1AL, Alz=2pe] A Ao met o] & Al A Fol imidazole & 4S5 A}

g5kl §=35to] AAE TAT-BMP-7& 536t (Fig. 1-B). 4 Hsd o

L

i BL21S wiek 3 IPTGE 9@9d 2dS F53517] oA} o]Fo i+ A
5

A emds A719

o=z sk, AAS TAT-BMP-7% BMP-7/TAT(-)&

SDS-PAGE$% western blot analysis® A A =S XA}

A B)

BL21
transformation

)

Bacterial pellet
!

Sonicate

| 8Murea

Ni—NTA
% Imidazole

Desalt

Fig. 1. A) TAT-BMP-7 recombinant protein expression vector
B) The purification procedure of TAT-BMP-7

2. TAT-BMP-7¢] 574 &4



1) Al Zuf

C3H10T1/2 A X9 osteosalcoma & AHEFA O0S= 10% FBS7F X

pi
it

DMEM #i# (Gibco BRL, Grand island, NY)ell A 37°C, 5% CO: @}l A
St

jus)
=
e
O
ot
-

2) TAT-BMP-7¢] A XU %3}

TAT-BMP-7¢ A% WolA e 545 motstr] 9sto], C3HI0TL/2 AlEE 12
well platesel 90% ExAl 71 FHol thds A, sE¥=2 TAT-BMP-7&
Attt =l AEX U F9S #ES7] st C3HITY/2 AHAEXE
TAT-BMP-7% A eglste] z+7} 37, 25, 4°Col A 1Az Fot wjokst et He ¥,

ALE PBSE AAsL, AL 32 F530

3) Western blotting

b X 3 E(cell lysate)E Ho FHFY sampledl sample buffer (50mM
Tris-Hcl, pH 6.8, 4% SDS, 25% glycerol, 14.1mM 2-mercaptoetanol, 0.1%
bromophenol blue)Z Ab&3}o] SDS-acrylamide gelS E38] 7] 9 F3so] g3t
% nitrocellulose membrane (Pall Corp., NY)2 2 o]%5 A At} ©] membrane
5% fat-free dry milkoll A 243+ &<t blocking?d o 92 dAE Yol 3A3
WA AT, 9 A ZE anti-Xpress (monoclonal, Invitrogen), anti-actin
(polyclonal,  Sigma)< o] &3} A o}, ok 2] 1] A= enhanced
chemiluminescence (ECL) detection kit (Amersham)& A}£3t9] x-ray &9

Wapatel BaAsHe T

]

4) W A" (Immunoprecipitation)

)



100mm " FH Aol 2 A 2T OS AlEZo] 1% triton x-100 bufferE A 2] 3}
ME 9L EvsA Y. 200ule] ME & Ho Z+7F lugel TAT-BMP-7 3
BMP-7/(TAT-)& 2ol 4°ColA 223 &k 9§ A7l Fo, o]& Ni-NTA bead
of 4°CellA 1A17F &<t w3 A AT beadi= 1% triton x-100 bufferE A}-&3}¢] 4
H A H e & sample bufferE AFE35te] 9l A S &34 71 3 anti-F acting ¥
A& A 2 AL 88 o] western blotting™ 7S Wp¥ o2 2918} 9 T},

5) UqOﬂ‘EiTJ—oﬂAﬂ_ﬂ]_

T 71 o o | 1

ol

23 An7
OSH ZZ 2x10" cells/chamber % %% chambered slide glassol 21 A|7bd, &
=¥ 2 TAT-BMP-7 ¥ BMP-7/(TAT-)*2 84t} 5% acetic acid in ethanol &
ok 1087 A F T 2mg/ml bovine serum albumE 30& 7 BFEA|FH T, A=} 3
A2  anti-Xpress, phalloidin-alexa-594  (Invitrogen)&  AF&3}o], *

TAT-BMP-73% F-acting @403, A2 far reds ol &3kl 143 A& A2
t}. A2 & Alexa Fluor 488 dye (Molecular Probes Inc., Eugene, OR)7} H &%
ol FAZ A& T ice-cold methanolo] 10&37F A A AME AELE F

%274 &9 (confocal microscope) 2 #Z& T},
3. TAT-BMP-79] Processing: TAT-BMP-79] in vitro furin cleavage &%

20ule] ¢F &9 (200mM HEPES, pH 7.2)° lug® TAT-BMP-72 Ilunit?]
furin (Sigma)S o] 37°CollAl 2AzHEr wHE Azl F o]E M| Fea
anti-Xpress® western blotdlo] furind] <ol& & cEs sy, T
alpha-1-PDXZ o] &3 furin cleavaged 9AZ 3237 &, 293 A9
plasmid pcDNA33# alpha-1-PDX 23 ®EZ lipofectamin reagent (invitrogen)
S ol g3l EAAH WWOoR  transfectiondt gt 2¢ F, A EZE uwjA 9
TAT-BMP-75& o] 2A3FE<QF wigker Fo, PBSE A& sta, z+zF 0, 4413 &
trypsing A dte] AETE EUrl. o] 2 anti-Xpress D AT A transfection

control® anti-alphal-PDX (Sigma)E western blotting s} 1

H

g



4. TAT-BMP-7¢ &4

1) ALPase 34 %= =4

TAT-BMP-79] W& AlPased ZAEZ =A37] 9Ystel C3HI0TL2 AEES

12well plateo] 90% = A EF3to], 10nM 2]

T AYg ¥, PBSE A A3 0.1% triton x-100 200ul= A2 € A EZ

TAT-BMP-7 ¥ BMP-7/(TAT-) &

LU
43 %S p-nitophenyl phosphate (Sigma, Saint Louis, MO)$ ¥+$-A|# R4=
s SASN &9

AAZ 405nmeol A Eho & A E p-nitophenold FH =

el ALPase 4 =S =439

2~(Balb/c Slc—nu, Japan SLC, Inc)2] o &9
¢t luge TAT-BMP-7& FAbstdoh. whx et

S3 A F9 284S "ARe] r=wd

ol
me
o
2
>
ot
offl
i
tle
ok,
Og“;,'
(e}

2438 & g ELujste] 4um FAY % F
Aol Wl oz H/E 9 Masson's trichrome(TRC) &4,



1. TAT-BMP-7 A= 2 2d

HIV-1 TAT peptideZ A %3 pRSET-TAT-BMP-7 plasmidE 7l %8¢ on,
olo] &4 WERwo = TAT ofvlx4l wjde] ¢l pRSET-BMP-7/(TAT-)S& Al
39 (Fig. 1-A). SDS-PAGE 4elA TAT-BMP-7-> TAT peptidecl <] 3}
BMP-7/(TAT-)Ett 2kDa A% =2 detwton (Fig. 2-A), AAE @A

anti-Xpress2 2dH 7|24 £=& 990 (Fig. 2-B).

A) 1 2 3 4 B) 5 6 MW(Kda)
[ 1. BMP7 uninduced
- 70 2. BMP7 induced
- B 3. TAT-BMP7 uninduced
- - 4. TAT-BMP7 induced
- 5. BMP7
an 6. TAT-BMP7

Fig. 2. Identification of TAT-BMP-7 recombinant protein synthesis.
A) SDS-PAGE and Commasie blue stain of transformed bacteria sample
B) Western blot analysis
uninduced : before IPTG induction, induced : after IPTG induction in 8 hours over

2. TAT-BMP-7 @iz o] EA

DA 2 5o E AZWEY transduction

_10_



C3H10T1/2 A= 4 nMe TAT-BMP-7 @45 Azbd = 0, 15, 30, 60, 120

27 474 e g & o]l Z anti-Xpress®E B3 A3 5REFEEH AE W2 o

(Fig. 3-A). T TAT7ZI gle ASoe 1208 A FdxE AX JFEz
=

transduction©] #Z = A o} TAT-BMP-79 AXW o] TAT 47|uj<go]
AAAD AL % 5 AT o= AR JA T2 v BLe FAME

o = At (Fig. 3-B). =3 F=dz 243k o T
western blot analysis® &¢13 A3 w5 &0z AXTYZ Eo7tes AL

sold & AT} (Fig. 3-O).

A A\
) TAT/BMP-7 >

Time@miny © 15 30 60 120 120

cell

supernatant

actin

_11_



B)

o-Apress Fat Red

Smin

Merge Metgs

C) TAT/BMP-7

Conc(ni) 0 0.125 025 0.5 1

cell

ammy wsseer YW G oum—

Fig. 3. Intracellular transduction of TAT-BMP-7 .
A) Recombinant TAT-BMP-7 was successfully transduced into the cells by
time-dependent. negative control is BMP-7 without TAT.
B) Immunofluorescent stain and identification with confocal microscope in 5
minute after tratment TAT-BMP-7.

C) Results of intracellular transduction of TAT-BMP-7 with various concentration.

2) %o wE TAT-BMP-79 transduction

37, 25, 4°C £ =42 4nMY TAT-BMP-7Z 8 3lo] western blotting % 2+ %
A ANAZ BAG A3} £CAMNE TAT-BMP-70] AE W2 Sol7be AL

_12_



, 2E7 wolgel wek AE W2 Eol7kE TAT-BMP-79]

% .

J
2
]
B
0
32
o
H

o2
o
)
ol
ol
(e

Py

32

P~
ET?\}]\

o

Temp N/C 37°C 259C 4°C

o-Xpress

o-actin

| ---

- XPpress

Far Red Merge

Fig. 4. Intracellular transduction of TAT-BMP-7 in temperature-dependent manner.

A) Western blotting after 1 hour treatment of 5 nM TAT-BMP-7 at 37 °C, 25 °C,
and 4 °C.

B) Immunofluorescent stain and identification with confocal microscope of

transduced TAT-BMP-7 at 4 °C

3) AMX FF W& transduction

A% &= 7199 HTI080, embryonal A% 71¥99 293 =&= 7149

osteosarcoma A EZF (0S), Uzl AMA 7199 Cosot £ thake A

°] TAT-BMP-7 w92

il

X o 5nM

S A7 F, western blot analysis® &elstdct. 2 2

_18_



3, A
At (Fig. 5).

ki

of Abg® BE AXe] TAT-BMP-7¢] AlX U2 Eoj7be AL #

0y
ol
=

HT 1080 293 (O] Cos

a-Xpress

- + - 4+ -+ -+

Fig. 5. Transduction of TAT-BMP-7 in various cell line ( HT 1080, 293, OS, Cos cell

line)
4) F-actin¥ 9 2%

A XU Z transduction® TAT-BMP-7% Fx4 dndoz ##sAS v oy
o Az @M Ad2 Axded EAsta, 53] & stire] Ax ube F2 59
A FAESL A 54 dE dEHE HAE AE Y 5 ddn o=@
TAT-BMP-7 w2 Axe ~E#d~ AF2 483 F-actin? F4A18 Fx25
B o] F-actinol] Eo]8 o2 A3 = phalloidin®® GMste] 3273 dnjHdoz

A&stE . ol transduction® TAT-BMP-79 wjgdo] F-actin® A &4 ¢

Astes AS & & A2 (Fig. 6-A), o83 A WY IdHoM= T
T AR (Fig. 6-B). olwf TAT wldo] & wol= F-actin® ZA3sA &2
Ao g BWol TAT olu]=Al wjdo 93 F-actind} 2&dS & 4+ AAt.

_14_



A)

a-Xpress Phalloidin Merge

BMP-7
B) - ~ TAT

o-F-actin -

IP: His/X-press

CLPress (1/30) | S

Fig. 6. Binding to F-actin of transduced TAT-BMP-7.
A) Intracellular distribution of transduced TAT-BMP-7 was accorded with that of
F-actin in confocal microscope.
B) TAT-BMP-7 was bound to F-actin in vitro immunoprecipitation in TAT

sequence—-dependent manner
4. TAT-BMP-79] processing
1) proprotein convertase Furin®l] 93 TAT-BMP-72] cleavage

AE WZE S0k TAT-BMP-7¢] furinel] oJsiA 4%5e Tz HaT F+ o=

A2 geslz] YslA  in vitro furin  cleavage analysisE Al @ %
7

—

AT-BMP-73 furing 37°ColA A w3 23} furindl 284 c-terminusdt

P,
o] & 43 kDad k=9 =A7|7F #lE o], BMP-70°] furinel] ofsf s o]

1z
A



A &g BMP-702 A3dEY= AS &4 & Art (Fig. 7). o] #H g furin cleavage

HAo] HMEWZ transduction® TAT-BMP-72] processing® A 3lo] F 23

1A AE Folatr] Yol 293 A EF o] proprotein convertase A el g
1-PDX 9] #@&S& HF=38t1, M*Eo] TAT-BMP-7% transductionste] g A o
2743t W71 E western bloto 2 sttt o] & F8 AlEo] al-PDX TS
FEdE, F furing 715 JASH AEZUHe TAT-BMP-72 Axu &4 3

HAo]l AddS & 5 e, furinel &% cleavage’t €743t BMP-75 24|t

0 oFaw 7149 AABT (Fig. 8).

TAT-BMP7

furin -+

Fig. 7. In vitro cleavage of TAT-BMP-7.

100 ng TAT-BMP-7 was cleaved with furin and then western blotted.

C-terminal cleavase site was observed (arrow).

2 b 4 hr

o-PLE + a + d

G- A-press

_16_



Fig. 8. Half life change of transduced TAT-BMP-7 in al-PDX induced 293 cell line
at 0 hour and after 4 hours.

When al-PDX expression induced, the half life of TAT-BMP-7 was increased.

5. TAT-BMP-79] A &4 &%

1) TAT-BMP-79] 9] % AlLPase (Alkaline phosphatase) &4

o

C3H10T1/2 M*EA TAT-BMP-7¢] &A% 3 axE AYesx gdasty] 9
3], 10nM¢ TAT-BMP-73% BMP-7/TAT(-)S 15797 A8 3 Fo, ALPase

activitys stk wA Rt A g 54 dHxaol vs TAT-BMP-7< 2 &

(3

A activity 7} &F 3.848] F71skaz, TATZ o A S Yelx £33
ot} ol AESTH AL TAT ofv]x4t vjdo] &4 UdS HoFr)

o
o Al

oo
o

B

o5

]

A= BMP-28 FHNETOE AL 439
5 _
4 | _
o 3 r
I 1. NI
2 r 2. thEME2
1t 7 BMPTATAT-)
4 TAT-EMFT
I:l 1 1 1 1
1 2 3 4

Fig. 9. The comparative value of ALPase activity by TAT-BMP-7.
1. N/C; negative control using media only. 2. rhBMP2; selling recombinant
BMP2 at present. 3. BMP7(TAT-); recombinant BMP-7 without TAT sequence,
4. TAT-BMP-7; recombinant TAT-BMP-7.

i

2 sE4d
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TAT-BMP-70] ol&4 335 frwshs A dofir] fsto] Fruvbe-29 1
w2ol 39 kA0 25 F lug® TAT-BMP-7& Fstsich mbA = F9) 3
22 59 Fo Ao, H/E, Masson's trichrome (TRC), von Kossa 94
= Aldsta B3 An s #EEA. oW TAT-BMP-7& Fo38 4vte] & 3
vhelol Al ZHAE W] olaA  AMIs =4 FASE BEFZ F 0 9l

TAT-BMP-70] A A= 433 &4 JA g0 &S & + dAgh

[e2

Fig. 10. Ectopic calcified materials formation in skeletal muscle of nude mice by
TAT-BMP-7. It was expressed at H/E (hematoxylin/eosin), Masson's
trichrome (TRC), von Kossa (VK)
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e

I\

I

BMP7F 49 &3] ZoA &7 AAE o]F (Urist 1965), A 400937k o] o
Mol AE-AsEH S g d7 AP Hojgkth E3] 1980 FE>
BMP ##z o] 24 WA o33 dAds g 7EEE 7HAA H A

i=]

BMP-12 & ¥4 }= Aol ¢lE matrix metalloproteinase A A2 B F

olr

=
=]

o

3, 2 ¢ AF7A BMP-2014 BMP-15 7t# 224 o] t}t (Wang et al
g4 Tl gYstd I 48 754
of e +E2 d37 APFHAY (Groeneveld and Burger 2000; Chen et al
2004). Yol7F BMP-2 #AAE o] &3 Az BMPY A 2 I35 ¢

@ el BMPE FEY 4+ YRS

of

Fl

1988). 1% BMP-2, -4, -7 A= =

ol

1A (Wang et al 1988, Wozney et al
1988), ol & &3 BMP frdate= AA = 34 % sE8% opyet A 744
=

o

i)

ol A A Eat9 fate A A, patterning Z&, E7|AF9 B3I Zdi e v}z

¢

ATg st Ao delA At

doluk 44 A8 7heAdol A9 i weEkA cloning

34 BYS k7 BMP B3P ANS AR HAd, % Fd R AR

it
Ho
r>~1
>
il
°
oo
ol
&
o,
i

g4 A EE 7Fd BMP7F = AakE Aok (Itoh et al 1999). ol &gk #21& 1
g3 duysld g3y 2y T& 2d wWE (Eukaryotic expression vector)ol
cloning® A% BMP ##dA#xE CHO A|¥ (Chinese hamster ovary)ol] = ¢3}¢]

FEd AEAN F dde #AHS 7AW CHO Alx= AE = BMPE

A
=

@tk (Wang et al 1990). o] = A &1]¥ BMPE thit 2o AX wfxo] ®2ox 3
A H 2 Yo AAAE aES s, FRAd A2 1,0008E o] 2

Gl dojyesd AEXEL ZHAA AAHIZ BMPE 9@ column
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chromatography @Al AA AA AT (Fig. 11). 2% A 2= pg/ml ©|&te] F %
£ ug/ml o] ow Wnt w ol FHdt= FAA ¢ H3HF amrbe] Au ot

AlAdo]l dasto] B v go] a9 gyl it

Purification for &
& & . concentration (liter to &
microgram scale) with &
heparin sepharous column & &
MMammalian BMP-2 expression vector
Detailed structure unknown

.........
*.

CHO Cells (line 2AD)

Fig. 11. Purification procedure of existing recombinant BMP.
BMP gene transfected and transformed at CHO cells, then this CHO cells
secrete mature BMP. This secreted BMP is collected at large scale cell media

and then purified concentrated using heparin sepharous colume.(Wang et al,
1990)

Jey olgA LEEZ $%F BMPYE solubled Fejel wuwl@zA ool
of %24 RI7L WojAt BEAC] glow, wehA o

UNEe o] wEn FAAOE FUANEE st FaAGm oA

e
g

Aoz wzA 3

A ol #E oy Rkl A Y o] A A (carrier)o] W AF7F FE o] F o g}
(Sigurdsson et al 1996, Oda et al 1997, Cook et al 2005, Terheyden et al 1997,
Hong et al 2006). =3 A0z, & @94 AAE A48T o D= oyt

A A3 uku] Al (delivery vehicle)d] &34 S EAE A5t Y& FH 2ol
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© HtolY & T2 olgdte FAAE HAEst= WH, 5 DNA d2AA (DNA

]
=
2
o
fru
r2
-
i,
=)
2
)
=
=

=1

@
=R
)
S
S
=
os}
o

c

8

o3
=B

delivery system)7}
2002). BMP-2 A2 Z% A7l adenoviral vectorE® A Zste] E7 o ¥} =
AL Ho A FAsle Aoz ¥ PAH FHE AT vlE 9 (Baltzer

et al 2000), == SAA X BMPE ¥4 =%iste]l Fd4 Hojd Alx AAE =

5|
4z
4o
2
o,
A
_O|L
rir
oZ
i)
k1
fz
=
)
=
30,
rir
,
o,
=)
o,

e 544 Hol AL}

SPC/furin activated Mature BMPs

prodomain domain
L] L]
a @ -
szzzzzzzzzzzzzde e o
transformation i
Bacterial BMP-7 expression E.Coli
vector containing PTD
¥

Purification and
dilution {miligram to
microgram scaleywith
NiTi beads

Fig. 12. Procedure of TAT-BMPs recombinant protein synthesis using bacteria.
Bacterial BMP-7 recombinant vector containing protein transduction
domain(PTD) and furin activated prodomain is transformed into bacteria, and

then carried out purificationa and dilution.



TAT-BMP-7

_| BMP recepior

R-Smad . -

............ g Co-Smad
;;:,ﬂ -!\ B
H Mol

1 response element !
s ;

Fig. 13 Intracellular transduction and activation processing of TAT-BMP-7

Recombinant TAT-BMPs obtained from bacteria are transduced into the cells in
a receptor-independent manner and then reorganized by HSPs. Reorganized
TAT-BMPs are cleaved and activated by furin in golgi-complex, and mature
TAT-BMPs are secreted to outside of the cells. Secreted TAT-BMPs bind BMP
receptors in autocrine and paracrine manner, and then the cells differentiate into

osteogenic cells through the Smad signal transmission system.

1988 Frankel & @& Ag o (Protein transduction Domain, PTD)e°]
3 EEE A2 ojuxAit FxI7F dulAg o AQEAE MEIUZ AL or

AE = A9 & $ d3S w3t} (Frankel and Pabo 1988). A F7FA <& 2l

PTDZ+ HIVIA ;g TAT (YGRKKRRQRRR)7} 7} &3] A& 3 9lo
™ (Green and Loewensein 1988; Ford et al. 2001), & dFo| A= o] 5 AL§3}%
th 2 A5 S PTD7F A2 AFE BMP-78 AXUE dgsted A4
S BAFAT. oy A HAHL ME FTH AdHelel Ao AE AL
2 Hol F&A FF Y Axe TR AHo gdth AL PTD €53 @9z

o] /WEAS wW o] AT AEAAL Axd dde] uxw oA (high

AGZ A% AHAHA Fd=z FE HJoY (Fawell et al 1994, Frankel and



Pabo 1988), H<ol= AEW FHH= 71do] 2% W& Aol& Holx, oY
A o]& Aol #BA (energy-dependent pathway)e]lzt+= X 7} 9 it (Leifert et al
2003), ¥ AFAAMNE AxY Gl do] FEV =S5 E AX YRR & duHs
Aoz Wol o] BAo] oA ofEA HAolgt= HS AWF s Ao 1Y

U olotes gizdor v 2Ty AEU ATPE AAT 4ol PTD
ot

Ak AEW FYo] Brsdttte A5 23 % vt (Leifert et al 2002). o] & g
ARtE AT Ade EE AAE 9uide av)e 74 dde] gty 54, 573
w8 AA FAA nxW AqUAE A7) AT vFd A g zoldA 7]
g Zoltk. PTD A x% @M AdS Az el A2 of dwde o 23, 32 +
Z7F 25 A ¥ denature FHlA RY oz AEZ WYWERZ transduction
2 4 9t} (Nagahara et al 1998, Kwon et al 2000). & dAFol = Ax3 wh
e denatureE & 8M ureaE AFEEA A, AAE G FR= FF
(concentration shock)s 7}sto] AME Fao] FEd 1W UAE 45 F AN
th 28y AFAwn PTD $3 9WldS Azxsted ddd 399 5% 54

S AbgStnE B aFs 2o ®u wudo 9o wude ATy Awd B

)
o

) B fEE 4 b ARF PEe wNew wEHeE AT 2aw

1.

pacy
o

PTD & @ do] Azl A= s o Alxds o] tUdstA

7
o™ SAT AEZW A7) BEXE HoleA o de Bie 719 gl £ A

o
of{
P
et
_E\'{_"
=
o
o
fru

T Ao MENZE transduction® TAT-BMP-7
S u oz vjFo] EAEAT WEE MEH EXde= AL & F It

Uobst Azl EAsE TAT- BMP-7 @9l 4% Al¥ vige] %2 gy %o

_23_



of &3t 2E# 2 4 F-actin® w3 FASA T (Amano et al, 1997).
o]Z &2lsl7] $3] phalloidin S AU S W transduction® BMP-79]
F-actin®} A3l ESA8S & & At 3 PTD-Rho GTPase §% @93

S transduction A1ZHE W PTD A% dwAo] F-actingt 2@ 3to] H 315 o]

Ao} (Amano et al. 1997), o2 e A3 o] F-actin® Rho GTPaseztel Z3tel
A, PTDol 93 AAA = LA dA &} o] 5 sy faf 2 AFoa o
LA AHE NP9 S W) TAT-BMP-7¢] F-actin® A sta, TAT/ ¢l &

A gzTd A e oy Aol gle o2 Hol PTD-BMP-73 F-actin®] Z

A o]#1d PTD9 F-actin 2% dAS thkdh adwlade gidoz Fesfor o
Ho g AZE Q3 F-actine] AX &4, o]%F, apoptosis %
Aol A (Amano et al. 1997, Bradke and Dotti 1999) PTD §3 o= & 3} F-actin

o ABGH, Q4A ool e ATt A otk

il

BMP= AlZWel A AT 5ol Ax

o

2 BuHE audold, wud Py

TGF-BY g4 0] Zol AEFA O 2= TGF-B FHAT (superfamily) & 27
Ha, AAZ BMP7} 445 58 2458 Adges AHE TGF-B oS #A

gal, gy AF Ag AAE FH T BMP/TGF-BT @l do] Al XA
A 2 0 400049 obvlmAto R FA ¥, BMP-79 4% 431709 ofvlxw
ko] mRNAZRFH FA ¥t o5& thekd post-translational modification 4

]

amino acids) motif¥ proprotein convertaseSl furino] ¢]&] Z o] dAaEE=E F
=

fr

< A vl 53] olu x4l 289~292F-9 o &A= RXXR (R-Arg, X-any

/o7

)

o]t} (Constam and Robertson 1999). o] & 2el&7] 93] TAT-BMP-7 A

(2

WA S furind in vitrodl A WFE3H S W ¢F 43kD9 N-terminal fragment”}t

ZEE Ao ®ol BMP-7¢ furinel 98 daslo] @43 AAHL AXE A

i

o

2 #wddd (Fig. 13). &, AAX W2 F338 TAT-BMP-72 HSP (heat shock
protein)s ol 98] AMF23} (refolding) FH S AX + &Ad3d =9 BMPE
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w11 8L7] $13 furin cleavage ¥ 0T AE 75T F At HAZ furine] WAA
A2} (endogenous inhibitor)¢l al-PDX 2&E& S u AEUd F343
TAT-BMP-79] w€tz7|17F F7ksle Aoz Heol Fid TAT-BMP-79
processing A X furin ddo] YJEAAE ¢ F Ut A F T HEY=
F3d BMP-79 AGx39} furin A9, glycosylation®} 72 post-translational
processol W& A7t APHhd BMP-72 ATA I Ao i ol s wE

G a2 Aoz 4z,

g4 std ¥ BMP/TGF-Bw @22 3lit9] disulfide bondol 23] F719 &
AT e =7t A2 ddE dimer® A EG olw Z47te] JE == BMPO ¥
Fol mel 120-14070 9] opvl=item A, 24 BMPs Wi-ol EAsk= 770 ]
AlzH @27 F sty b2 FAHE=Y Y B9 disulfide bondE Ao
24 dimerg TASHA ™, U4mA 67019 Al=EQlS T obn| =ikl A 370
9] disulfide bondE &4 3te] (intrachain disulfide bond) =53 32t F+x& 7}
A A #H; (Griffith et al. 1996, Reddi 2001). w5 <] BMP/TGF-B f A+

C-terminal ¥ $o A %3F vF¢} 7o)l 1-2709 furin cleavage F 97} Z& ., =9

Mo

C-terminal A3 += T A] glycosylation®} Z& HAL Ax SAIE Fyg=
vtk oW, BMP-29 7% 11470 ofnl =4k, BMP-72 1397H¢] o} m] =4F,
TGF-B2¢ B3+ 112709 oimw=Ato & FAHT (Ruppert et al. 1996; Scheufler
et al. 1999). ol& T =2 0= BMP7} &4l Adste] A4 NS5 E AEs7]
A eE A= 24 7HA = BMP @9 25 7HAof dre 3E 9n
sk, B AT E mRNAZF codingstE olrl =4t A9 AREZ cloning 3¢
PTD Axg dWdS vtEglow, oj5o] AXEUE transduction® §F HSPG
ofef e de] Ax3hot furinol o Aol ofs] A3t duido] #ujd A
o2 FET F ot HAR FAE 2o BAARZ ALEEE ALPase SA4 =
-7 A #F < rhBMP-29F vp7bAl = SAE £3F 5ol

7
&e wel 7o, dolk AWE e A4 FYse] 0|24 RS B

Zsto
24 PTD Az @wlad Ado] in vitro vk ofye} in vivooll M= A& 7
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western
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o

o))
it

Bk
o
ayl

=

X

ofp
X

el o

4

]
=)

AA= AQzx

1988).

Mo
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&
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Aol RuE At (Cao et al 2002).
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BMPY ®xdd Awe A S9d gwAst A, Avse emz
TAT-BMP-79lA %= o] & &8&3% A5 Fsto] TAT-BMP-79 A Aol 7}

EAQ FHAE AEste d7E Z8 ¥ Aelth (Hong et al, 2006). oF%
2] ®2 AAE TAT-BMP-7& %W oy x|, 81254 (hydrophobic), 1% %=
a8 AA § 2 (aggregation)d = dH 5EAL woluz ¥ AA® A2

=
auAe dny QA Agse S HAAY LR o §4% Aoz 4

#H AledA BMP-72 Aol fFdstA 2dee Aow dHA ddow, Al
ol v dsolu oE ol o7 A A3t (renal fibrosis) Aol A 2 o]
FA43 A3t} (Zeisberg et al 2003, Zeisberg et al 2004). =, A=l o
=5 = TGF-Bell o 49 Az7h 49 MER daA71= FA4 A BMP-7 2
ol A=, Yolrt A Ag BA Fel AxF BMP-7S Folstw TGF-B
Ao AEs AdFgozn A Asts dEstA AdAsta, volrh ARl
AL FEdtE Aoz deA drt (Zeisberg et al 2003, Zeisberg et al 2004).
a8y AR AFEE A" AFE BMP-72 % v & wiio] AFoly 1 =
219l AztE AAstes = AP ARASA A2 F AT wEA AH

H 402 g Aol 758 TAT-BMP-7S o] £3tthd vk o Zolu) oFE

EGF (epidermal growth factor)t} TGF¢ #& thokd A A2 Ak, noggino]
Dickkopf¢} #2 F&A gAAAE AAAolx g&4o= AEsta, oo 23t

g sty w2 dde] o A s AT ¢ s Aol
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VI. 28

=1

2 Ay AExEdE ARy F37r sbed dwd dd 9 o (Protein
transduction domain: PTD)& 7Fzl HIV-1 TAT Heol=& o]&3sto] Az
BMP-75& el gotell A AEA B AAlsdar, ojso] AEW TR AEY
processing, &4 BMP-7 &% Z in vivoolA ##&o] t}&a e Ays A9

=8

b9

L owrellotell A dste] £2 AA® TAT-BMP-7 % A= dWde 5=
A g e gEAd AR g AEuz ddHn oHd de
gd AEoA duEA BEE FEAF FahA @ AXve Fidn

A& AAsEE T oleld TAT-BMP-79] Alxw T3} 34L& TAT ofvl i

Nl o] &2 o] At

2
jus)

2. AIZ R 2 Ag® TAT-BMP-7+= A XA F2 &AL, 53] AE U
of 2E¥ 2~ AF9 F-acting} Sol¥ oz Agsta, olgst Asto] TAT ofv]

= wEd 9% AYe ¢ & U

3. TAT-BMP-72 proprotein convertase$! furino] <& Ao Az, Tk A X
ol Al al-PDXel 9@ furin A= AEZve dgdsE TAT-BMP-7¢ 243
A7 E T7FAIZIA, o] furinel 9 A Aol A3t BMP-72 #uo

ARA A8e Brhe AL syt

4. AEXNZ AdH TAT-BMP-72 9719 ME2 AlLPase 42 T7MIA A1

)

Gobh 4EER hEZNA o2 NHF FE 5L ANRE

e
Q
-
2
Rl
o
ox
i)
i
Mo
it

32 TAT-PTD Al %% BMP-7 @+ d L uvleg) g o}
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AodE AAste] AlxvE AdeHoer deediian, dEd TAT-BMP-72

F-actin®} Z3%sto] Al +%3} (refolding) A3 furind] 93 daxASE Ax &

lo

A3 BMP-7¢ ®u|stgtl. 8% TAT-BMP-79 Ag 2 @43 vwz Zu) 7)
Aol thet Ao A F AL mdoly siA BA ndS o] g3 ok AF

7es Aow Ay,
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Abstract

The effect of BMP-7 by TAT-PTD and its Activation

Processing

So Yeon Lim
Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Moon Kyu Jung, D.D.S., M.S.D., Ph.D)

The purpose of this study was intracellular transduction of PTD, derived from
HIV TAT sequence, fusion BMP-7 by which biosynthesis of bacterial
recombinant protein and purification. And its intracellular processing and

biologic function were studied. The results were as follows;

1. Recombinant TAT-BMP-7 protein, obtained from bacterial expression and
purification, was successfully transduced into the cells by concentration-
and time-dependent manner. This transduction was consistently observed
among the various cell type, suggesting that this process was not required

the membrane receptor. The transduction was TAT-dependent process.

2. Transduced recombinant protein was mainly localized in the cytoplasm,
especially the protein was selectively binds to stress fiber F-actin. This

binding was also dependent on TAT sequence.

3. Recombinant TAT-BMP-7 contains proprotein convertase cleavage site at
amino acid 2897292, and this site was cleaved by proprotein convertase
furin. And the over—expression of al-PDX to inhibit furin resulted in
increased half-life of transduced TAT-BMP-7, suggesting that furin
cleavage 1s critical for intracellular processing and following secretion of
active BMP-7.

_4‘]_



4. Transduction of TAT-BMP-7 into the mesenchymal cells induced alkaline
phosphatase activity, and furthermore the direct injection of the protein into

the skeletal muscle of mice resulted in ectopic calcification.

These results demonstrate that TAT PTD recombinant BMP-7 obtained from
bacteria mass production was successfully transduced into the cells. The
transduced protein was selectively binds to F-actin and following refolding,
furin cleavage process was proceed to secretion of biologically active BMP-7.
Further study for the cellular mechanisms of intracellular transduction to
secretory process and variable animal study may elucidate the possibility of

clinical potential of this protein.

Key Words : Bone morphogenetic protein, Protein transduction domain,

TAT-BMP-7, intracellular processing, furin
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