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Abstract Bone morphogenetic protein-7 (BMP-7) is one of important growth factors for skeletal development and bone

growth. In this work, BMP-7 was efficiently expressed in recombinant Bacillus subtilis. The mature BMP-7
protein indicated molecular weight of 15.4 kDa by Western blot assay and was secreted into culture medium
with 0.35 ng/mL. The extracellular and intracellular rhBMP-7 proteins were purified by using a FPLC system
with an ion exchange column and a gel filtration column. The extracellular and intracellular rhBMP-7 proteins
had finally a 57.1% purity and a 36.2% purity, respectively. The purified rhBMP-7 proteins showed an intact

biological activity which stimulated alkaline phophatase (ALP) activity in MC3T3-E1 cells.
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M B region)®ll 771¢] AZH{lo] WiFS Pt olFHAE
o= Aol FAelrt [2]. 1965 Urist7} 2] S72] 4Hd

= e A T2 (bone morphogenetic protein, BMPs)  SH o2 €35t F 71AS 5T} Fdtol| o]2]etHS uf
£ ¥ A% 47214} (transforming growth factor B, TGF-P) ola/d dAZolu 9] E3P} dojdthe AMS A ¥l
T 2] (superfamily)dl] &3sh= HElo|= A7 Q1A}0] o [3], BlA7] == 1 o|Fo) vEE = A AR
tl BMPsE FF5E04 23 Z7ME (stem cell)ol] 28 E B3A)7)= 242 245t BMPEF HH3AT [4].
83l = Ax F AF AERE £31s ST 98s olF 7 F A= B8-S Fste BMPE BAISoH,
sh= Bl0= dA Stk [1]. 18]al BMPs7t &3l9= B3 A E2937} Az Q1ZF BMP (thBMP)<] #3do =
A3 A frsidele] 4L d53t HF (mature 7Y% BMPE ste] 73Tt [5-7]. AE7HA 158

*Corresponding author
Tel: +82-62-530-1847, Fax: +82-62-530-0846
e-mail: jirhee@chonnam.ac.kr

o] BMP7} B4 glom o] FolX & Fs sk
Ao g oy AL 50 F BMP-2 (BMP-2a), BMP-3
(Osteogenin), BMP-4 (BMP-2b), BMP-6 (human homologue
of the murine, Vgr-1), BMP-7 (Osteogenic protein-1)©]



258

t} [8-10]. ©]5 & AZ% DNA 71&0) &l /7 AE
(CHO cell)25E 9oJ=|= thBMP-29} thBMP-72] &
T50] 7P $5sithaL Barslo] o] & o] &gk A7} Bol
ojFojHom, AANAE F2 AYilElo] AFANER ARE-
Hia Aok &, FAF Axgtel 93 ALkE thBMP-29}
thBMP-7 S-S = Z247 A4l o83 I A=
o] ®uHItt [11,12]. BMPs®] AHZ% ke AHAE
oF M| wjeF A|2FoA BF Thsaith dSAE
HjeF Al2Eold e T O HEE S ST #4
Z} (full-length ¢cDNA)E 5= J2F Tt A3 (Chinese
hamster ovary cell, CHO cell)l] Z4AIA HZZ thBMPs
S AT [13]. 284, EhF AEZHE A
© thBMPs= A4t 780] wom, 5 JI2E WA A2e}
olxze}7t F& Ul A AIE (COS cell) Al=HE AR
3l =2 5E2] BMPs o] offrial B st [1,14].
SHA, A EE o] &3 A5 g A" 2Tt T
S ik of} wljdke] golshy taro] JiAIE HEsh] 4
& U7t (E. coli)yS ©ld o) ol ALt [17].
aeh RS ol8ste] BMPsE AAlshe A5 B4

(inclusion body)2] &S 2 AA| B (in vitro)ollA AHE
(refolding)S Sl B4d BMPs& wHEoloksh=t], 43
Aol Bgatal AFE S5-8do] v AokS EFE
ik ople} F Fgo] W B 7HX|aL gl [15-17].

H, o TAe] iRk S SFAIEEN 15
UAITFQl A1 (B. subtilis)o] AFEE AL Q=] RS
nls A ook (FDA) 245 E] QP i5/do] Sle
=2 52 (generally recongnized as safe, GRAS) =t} &=
gk, A1t WY BES wjdo R AP 0T W
317] wiiel] A3 o] Fo] AekE]o] vl A7} 7k
23t a AlEolA BYA|e] FAo) FHagel wet 249
chal g o] Aito] Bolaltt [18]. olelgh theket o= 1
ZtS Ao dEelA -8R ARE AL T [19].

B AoE 32718 thBMP-7 f30#1e] whd A2-H]
© 2 ARE-ste] thBMP-79] &z} Aake) tgh A4 3}
T4} Bhe}. 22)3, ARk thBMP-7S BAISH MC3T3-El
M|azo A &eElR] E~ulElA| EA 5 (alkaline phophatase
activity, ALP activity)E S92 24 rhBMP-72] =38}
7 gAE 2AFetaLA gtk

HumanBMP 7 (hMU000489)
T
‘L PCR
(3015bp) rhBMP-7
ori [ ]
Ligation

Ampr F1 ori

pGEM-T rhBMP-7
/thBMP-7 lacz
(3435bp)
ori plip signal
rhBMP-7
l Enzyme cut Hpa Il promoter
rhBMP-7
Kpnl — N, <!
Ligation r
plip signal e
Hpa II promoter MCS

ble NECT

Ampr

NECT

rep B

rep B

Fig. 1. Construction of an expression vector for rhBMP-7 gene.
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BMP-72] A2k 93t 5= MIEZ 1% (KCCM 11496)
S ARESISIT) E. coli DHSa= A HE2Y (subcloning)=-
SIgh 45 AL AHSSIOm, Tl WA WEIZE pLip
(Bioleaders, Korea)S AMS-3I3tE Q17 BMP-7 ¢cDNAT
hMUO000489 (Korea Research Institute of Bioscience and
Biotechnology, Daejeon, Korea; Genbank BC008584)=
e #8180, AEF Ze}r| == Bimboim2} Doly 7}
AAIGE W [19-22]8 ARSI, AEE St =
pBPT62E 112 7S FAAZ AJHT [23-25].

M= BMP-7 f3xe] M=

BMP-79] Zd<:¢h (mature) -2 N-2¢ vg]od A%
(extension) &0l 3NF3l= 293-431719] opn|=AksS- %
3lsh= cDNAE T a4a A4 ¥hS (Polymerase Chain
Reaction, PCR)®l| 2J3l] SZ33tk BAlel 1zt Ud WE
pLip9] ZZRE] 79| Fof ol MES Hdsh= Kpn |
(Z2lelr] ME: 5'-ATggtacc ATGTCCACGGGGAGCAAA-3")
3} Xba I (Z&ko]® A L: 5-ATtetagaCTAGTGGCAGC
CACAGGC-3")°l| thst Algt -5 =45t thBMP-7
¢cDNAE 2 puL thBMP-7 cDNA £9, 20 pM Zg}o]r],
0.2 mM dNTP Z3+E, 1.5 mM MgCl, 50 mM KCl, 10 mM
Tris-HCI (pH 8.3), 5 unit®] Taq THEALE THEA A
"3~ 717] (PCR, APOLLO ATC201 PCR, USA)E AL&-
slo] ZZA ) ol BRS-S | cycle (94C 5%), 30 cycle
(94C 30%, 58°C 30%, 72°C 40%), 1 cycle (72°C 5%,
4C)9] M2 WA TE SZE thBMP-7 F-3AE 1%
OpZ}22~ A (agrose gel)S ©]-83t EElskal 420 7%
(bp)oll alE== M=EE A FF 7]1E (QIAGEN GmbH,
Germany)E ©]-8-3tc] BAIg $, pGEM-T easy vector
system (Promega, Medison, W) & XNBEZFZY 3}HTh
agjal doid Az Fep2r| == ¥E85 (competent)
E.coli DH50=2 2318 s5itk Af9le S2k-r| == DNA
A 71E (miniprep kit, QLFAGEN GmbH, Germany)S
ol g3ty Helslal g7 AES RISHLE Td WEE
AZsE7] Y151 pGEM-T easy vectorS A3k G402 A
23 & pLip WEI9} 443 thBMP-72 §35le] &
WE]] Zeln= pBPT62E A|Z3}A (Fig. 1), 97
g £ (Solgent Co., Korea)= Itk

=79

o
!

et

7] Hk-8-5 (electrocompetent) 1LZ 3 A ET Tto<}
Nagane [26] HE o HEsi FRlsiith 5 24
ste 3 27S AHIA] (5 g/L glucose, 5 g/L peptone,

o 1o
oL

5 g/L yeast extract, 3 g/L NaHCOs, pH 7)°l| 1% HEslxL
28 wjF7] (Jeiotech Co., Korea)oll4] 30°C, 200 rppm o2
HjFetar, A FEd% (optical density, ODgoo)”7} 0.57}F
HAS o widtell 1%9] glycines H7FsE = 1A 5%¢F
HjFsiatth A4t E]7E o83t MHE AxE g53
a1 A7)HF (electroporation) BlA] (0.5 M sorbitol, 0.5 M
mannitol, 10% (w/v) glycerol)ell 10" CFU/mL7} H&2&
AgE AR A7138-S 817] 918l 2 pg DNA (pLip/
BMP-7)¢} 60 pL A2 @EAS vl W4A7] I3
A EE7] (cuvette)ol|l X E33tar, £35S Gene-pulser
(Bio-Rad)E AR&-sted 71820l =2AIFtE S|
(transformants)E AH3}7] 98] 50 pg/mLe] A 71
vjo]Al (kanamycin)S 71 LB AHRA] (5 g/L yeast
extract, 10 g/L tryptone, 10 g/L NaCl, 10 g/L agar)l|A]
FEYUE FAHANA FEHE @ ax27S Ak
=g nEFF2| rhBMP-7 44t X740} HiX|=M

g 7ho] xS 2 S2UE LB 9iA] 3 mLol HF
slo] Rk wjk71olA 30°C, 200 rpmOE FF vl &
50 mL LBL ¥ =] (5 g/L lactose, 5 g/L yeast extract, 10 g/L
tryptone, 10 g/L NaCl, 50 pg/mL kanamycine)®ll 1% 8&
st Foul g 203 FAEHA 36417 E<F wi stk
3L thBMP-7& A48 #18) 3 L AEiks71E Akest
Qgomn, 2% 30T, WHFEE 400 rpm, E71FYZ 1 vwm
(aeration volume/medium volume/minute) 2.2 |23 1%
= 48A1%F &2t v eFsl i

Akl A E2] (extracellular) thBMP-79] 52 =74
3171 Y3te] vjkal-e 914 22 (10,000 g, 30%, 4C)3ar
S17E S HE ELISAE o]&atd #48tieh AEu
(intracellular) thBMP-79] =& Z73}7] 98l €
AM|3E9]] 1 mM EDTA (ethylenediaminetetraacetic acid), 1 mM
PMSF (phenylmethyl sulfonyl fluoride), 1 mM DTT (dithio
threitol), 1 mM leupeptin, 1| mM benzamidine, 0.5% (v/v)
Triton-X1002 g-+3h= 20 mM Tris-HCl $5-8<¥ (pH 7.2)
02 AAE 2171 T %S9} (HD2070, Bandelin electronic
GmbH & Co. KG, Germany) k| s}tk Al w4 &
A Eelste] JHES AASIAL ELISAS ©]-8-3ko] A
rhBMP-79] =& Z43ch

rhBMP-72| HH|

A2VE thBMP-7¢] BAE 918 AKTA FPLC A|2~¥]
(Amersham Pharmacia Co., UK)< ©]-83}4t}h 223
N A gAS A4 2] (10,000 g, 304, 4C)3te 3
HEL AASL Lol AedS -50CollM 3% B9t 52
Az & B%S 5 mM CaCLE 33 20 mM Tris-HCI
A8 (pH 7.5) 30 mLol AFE A2 F 20 mM
Tris-HCl 9588 (pH 7.5) 2 LE 24417 &9+ F431%
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ot F4A1Z] thBMP-7S o|2nd A=vlE 7D HY
(Q-Sepharose column, Amersham Pharmacia Co., USA)<
A28 FPLCE o]-&3led AFAstdch 2382 5 mM CaCl,
£ gH-3k= 20 mM Tris-HCl 958 (pH 7.5)2 0.2 mL/
min 502 &8 QFY3A)17]aL, 0.2~0.8 M NaClS h-
8= 20 mM Tris-HCl $+5-8< (pH 7.5)< 0.2 mL/min -
& (A8 oz EEA wildS 8EAZT thBMP-7
S ¥kl Alge A o a2viETe)s] A7 (Sephacryl
S-200, Amersham Pharmacia, UK) 2.2 #2]3}aL, AAH
thBMP-78 ¢l|~E18-2 8 (western blotting) 02 21313t}

A HI|18E (SDS—-PAGE)

SDS-PAGE (Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis)= Laemmli ¥HOE 33811, 12% (w/v)
Zejoladotn|= AS ARgEIion 7] 4= v ¢
AN Gl 3R] (prestained protein ladder, SM0671;
Fermentas Co., Germany)E AME-3}91, A2 IFvpr| 2
HELEF (Coomassie Brilliant Blue)Z A5} ch

IAEIER2E! (Western Blotting)

A=E2E A5 A8 DHES 12% SDS-PAGEZE
E3laL o) F (transfer) 58 (12 mM Tris (pH 8.3),
96 mM glycine, 20% methanol)S ©]-&3lo] YEZAEZ
Q.2 B} (nitrocellulose membrane, Sigma Co., USA)2.Z 9]
AR HERAEE @2 vkS 10 mLo| E27] (blocking)
8- (10% w/v skim milk®} 0.5% Tween 20 $H-3F
PBS)°l| go] =2elA 1A1XF A= wHkek & TBS-T ¢
Z89% (20 mM Tris, 137 mM NaCl, 3.8 mM HCI, 0.1%
Tween 20)22 154 53t 43] W3] M| ZH319tE £27)
AZ-8d 1/10002 3|AE == anti-BMP7 34| (R&D
system, MN, USA)E Y1l A20|A] 1A]7F 30% &<t wwk
St 5 TBS-T ¢5-8H 0= 33] AXelitt E27 58
o 1/1000Z 3AE| == §4 horse radish peroxidase (HRP)
7} A3H anti-mouse IgG (Santa Cruz Biotechnology, USA)
£ 9o golo) UERAEZ QA TR T & AR F9 !
Hksdt) 18)ar, 3Fs1ES7]E (Enhanced chemiluminescence;
ECL, Amersham Biosciences, UK) £-o]] UEZAEZ Q.
2= oS @ 3 1 B9 wdksial X4 EE (Hyperfilm,
GE Healthcare Bio-Sciences, Sweden)oll €743}t

ELISA

thBMP-7-2 ELISAE ©]&3l S43130H Fig. 20| &
A 415 YeERRQIE ELISA 71E (Duoset, R&D system,
MN, USA)ol| AAE #HS ARSI o, 96-4 mlo]a=
ZYo]E (96-well microtiter plate)= NUNC 3JA} (NUNC
Co., Denmark)Z5FH Tsle] ARS8

Capture Antibody Coating : 100 ul
(2.0 pg/ml in PBS)

. I Overnight
Washing < L
Blocking : Reagent Diluent 300 pl
(1% BSA in PBS)
- || 1 hour |
Washing 4 -
Sample / Standard : 100 pl
Washing . 2 hour
Detection Antibody : 100 pl
(0.5 pg/mL in Reagent Diluent)
- l 2 hour
Washing gL
Streptavidin-HRP : 100 %I
Washing < - 20 min

Substrate Solution : 100 pl
(H>0; : Tetramethylbenzidine = 1:1)

20 min
< -
Stop solution : H;SO, 50 pl
<=

Measurement : Absorbance at
450 nm

Fig. 2. General ELISA protocol for rhBMP-7 detection.
M=ZZ= (cell-line) HH¥

Ao ZZAE AEF MC3T3-E1- 10% B 3 (fetal
bovine serum; FBS, Gibco BRL, USA)3} 100 unit/mL
penicillin-G, 100 pg/mL streptomycin (Gibco BRL, USA)
S 3713 o-HE FHAH)A] (minimum essential medium
alpha modification; o-MEM, Gibco BRL, USA)9l R#=|)
th AEF wjoke L5 37C, 5% 95%, 5%2] o)kslEA
7} &3t A Enjek7] (CO; incubator)ol| A w5 T).

rhBMP-7 &4o| MEstx|

AL
Iz

AY2FE thBMP-79] &S €42 F9] ZZAH|E (mouse
osteoblast) A|¥EF MC3T3-E1S o]-&3le] = Aol &3}
FAIR R EavfeH] SYEE SH3ITE thBMP-7
o] Al Al gk P8-S 5793171 #18) MC3T3-El
AEE 5% TEEES 7R - E FHAR] ZHo|Eq
7+ D 25 x 10708 AES BE53 3 thBMP-7S *12]38}
I 1~5Y Be ESIGTE GgER] X T S
245 93 WA 37°CollA] 24A17F B2t vzt AZE 94
Easlo] A5ds AA%F F PBSE AlFslgh 28,
AZ-2 8A] 0.5 mLll AJ2HE thBMP-7S 0~300 ng/mL
TEZ HIste] Aol Mestar 37°ColA 39 Bt mi
St & PBSE MFH3tar vjgdS 7+ AZRE] A AT
AZE gista Axd el LTS WEA]
7] 918l 2+ Lol 200 pL Triton X-100 2% v/v)S YolF
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= AZE 37CoAA 1A7FERE RESAIATE TR 5
9 100 pLE p-nitrophenylphosphate (pNPP) £4 912]&
o] 83} LabAssay " &z}l 23tk 7)E (Wako Co.,
Japan)E o]&3st] &A1 IAuEA] SHEE S5}
ot 33 =A (Multiskan Spectrum, Thermo Electron Co.,
Filand)E ©]-83} 405 nmolA] SF=E =48l Ayt
XS o] §sle] gl IAE] GEE =3
SHT ¢z}l Z2uteRA| HIEd %= nmol p-nitrophenol/
min/mg protein®Z EH3IATE 83lE Az Thd i
2o Lowry W [27]10.2 =48t

rhBMP-72] 7IMY 24

c LA
@ GO0
g )

R S T G AT S0 At Coaoas Tl
PN M W ¥V ¥V MNP R

et g mp et oo Lo we s sy el Ca s Co man

BT LD @ O8I M P E

TEI ttuscounccl et POENCUICACHNTC cr C sy aacangs syccc tboal gutagct tte 840
L A @ L i GO R M G P O N k o P F L

]

o4y tt x stconl COACUUINSICARSC BRC UC BRc WO0
O | PR S T O S K QO B I
@O0 can P
a
R
M
VO gace
o L ]
1 T per—
G_E C
1141 scoctantce
L %
1IZ0) ctcant @coa
L__MH_A
5] sgnescataq
N_MH_H
(b) -7 : KEVRSLAAMAERSTVALRAPLILLASALADPSLINIVASSTIRRRLASOERREMAREILS ¢ 60

Fig. 3. Human BMP-7 cDNA nucleotide and deduced amino acid
sequences. (a) The cDNA coding for amino acids 293-431
(underline) of the mature part of BMP-7 plus an N-terminal
Met extension was amplified by PCR. (b) The homology
between the rhBMP-7 and BMP-7 sequence identities.

F29% thBMP-79] 7EULE=E ERI5I3%.2H (Gene
Bank accession number NM_001719.1), @714 g2] #4]
Az} Q17 BMP-7-2 420709] H7P30 2 o] FoAA%le A
© 2 Yelytth Fig. 3(a)°l PCRoY| 9J3] ZTZH A3t
BMP-73} N-2t HE] o 7722 293 ~4317)¢] o}l
=2k dsslsle cDNAY] High A7|1A <GS VR SITH
ANXE A ZA7E Bethany [28] So] A3 Izt
BMP-79] €7|1XE w27t dxJeiaink 18jar, Azt
BMP-72} BMP-7 (NP_001710.1)2] op]=A AE-S Fig, 3(b)
o Blwald=d), AZEE BMP-73 BMP-79] 34 447]
A Ee] FEAL 100% LAFHA

rhBMP-7 {Zx}e| &l

thBMP-7 A= pLip vectorZ FZ2Y3IHoH, A=
3 Zekv|E pBPTO2E AF3I L. ZEl2r] = pBPT62
+ Hpa II promoter [18]5 ZZ3} rhBMP-7 F-3A=
LAsty] fJal azatel] FAXMSSITE S5E thBMP-7
TS o kR oA H7|gE st 18 A7 0.42 kb
°] DNA w7} #2= 9131 (Fig. 4), thBMP-7 -84} S35
H s Rl

M 1 2

6 KB -
3 KB —=
1.6KEB —&

1 EE —

OS5 KB —=

Fig. 4. Agarose gel (0.8%) electrophoresis of PCR product. M: 1 kb
marker DNA; lane 1: PCR product (420 bp) of the rhBMP-7
gene; lane 2: negative control form transformed B. subtilis.

IMxgh =TF0M rhBMP-72| 4t

ST pBPT62E $HT8F Al al5at-S LBL HiA]
ol A X&k w3t F, thBMP-79] &} vk v Fu)
¥ thBMP-79] F55 S35tk thBMP-79] 92~ E:
B 2247 vk o] Aede] EAskE <3 rhBMP-7
(M) thBMP-7)9] ThF--2 %3} thBMP-72] Alo] =91
ok 15.4 kDa®] WA Wi=s vehgtt (slole 418}
2] 948, ol2f3t Aabe mxtolM BaEH Ad<3 thBMP-7
o] wieF wix = F ErgS EeRdch
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T8jar, AIES] thBMP-79] tied ALk 7FsAdS dols
7] ¥8l A= 127 LBL vl RIS o]835)q 3 2]
AERRS 71014 BlBEAAL, B 21A7HREE AR E A
3tk Fig. 50014 Hnke} 7o) A E2] thBMP-72] A4t
F2 vl 21A41%F o] FHE FTlsal wF 33471
0.35 ng/mLZ FHo| AAHFS JeRfSIo v, Ay
thBMP-7-& Wi &F 21 A1 ZHEE] AibeFo] FHashe o=
Ueldth 3k SDS-PAGE 2 AR E A|FZ2] thBMP-7
o] AT e Wt F7Fhs Ao Z YElgom, M9
thBMP-7¢] ELISA #4479} U]ttt -4, LB vijA]
oA AZEF METS wjUdst Aol AE2] thBMP-72]
ko] oF 20~30% AE AT (HlolE EAISHA]
2. ol#sk Ay= wieF 3} viA] AJE-©] thBMP-7
o] Ayrka}t FEHle kS w|x]7] wolch

800
| —o—intra BMP-7
700} —e—extra BMP-7
600 |-
500 |-
400
300}

rhBMP-7 [pg/mL]

200
100

Time [h]

g. 5. Production of the rhBMP-7 during cultivation in 3-I jar
fermenter with LBL medium and SDS-PAGE gel image for
the extracellular rhBMP-7 protein.

Fi

/j_______ A\ /'_\_R s

- el N
;J':H'E"EI_'I
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¢ L :__u;..-_ui—a';_iLiluJ_iJI-_-'E.ii:.u_}.JI-_-'LIEJL_'ia.'.IL'I;J',.J]L'LJI_:H':.J'-_RLIL}-LJL.-J.J

Fig. 6. Fraction of sample for purification of extracellular rhBMP-7
by FPLC system.

rhBMP—72] Ex[o} MEsts! 2

BERRS7IE 83wl e AIE2] thBMP-73}

AZU) thBMP-7-& AKTA FPLC A|2HS o]g3le] A
3}tk Fig. 62 A|3E2] thBMP-72 A7) $18}e] FPLC
A|2=ES o] &3] A8 5 Ato]zHZ H3% Ho|HE
YERA Ak

Zy GAlo| A A F thBMP-73 A 2] thBMP-7¢] 48
S Table 1°] A th FAAZGA N vk Fo
L 4750 FS5EAAL wG- 22 o] TFo] &4
=Stk F 2] GAE AR F 8 58.8%% = 57.1%
o] A|3E9] thBMP-75 AUT} (Table 1(a)). Z+2+e] A &
Aol th3t M E2] thBMP-7¢] <5+ SDS-PAGES} 9|28
E2H B48 o83t RISt

Table 1(a). Recovery of extracellular rhBMP-7 in the purification
process

Volume Protein rhBMP-7 Yield Purity
(mb)  (mg)  (ug) (%) (%)

Culture supernatant 2850 74 1.36 100  0.0018
Concentration with freeze dryer 60 70 1.20 88.2 0.0017
lon exchange column 40 0.013 1.0 735 1.7
Gel filtration column 9 0.0014 0.8 58.8 57.1

Table 1(b). Recovery of intracellular rhBMP-7 in the purification
process

Volume Protein rhBMP-7 Yield Purity
(mL)  (mg) (wg) (%) (%)

Cell supernatant 300 213 12.68 100  0.0059
Concentration by ultrafiltration 50 158 10.12 79.8 0.0064
lon exchange column 40 0.092 8.84 69.7 9.6
Gel filtration column 9 0.018 6.52 51.4 36.2

AIE ME] thBMP-72] EA}8S SDS-PAGES} 12~
HEZE 400 o3} oF 15.4 kDa o2 SRI=Att (Fig. 7).
3, MEW whEe] oF 25%7F %oi3} (ultrafiltration)
Aol £AEINT, HEGANAN 51.4%2] 83 36.2%
<59 AEW thBMP-74 A1t} (Table 1(b)).

(a) Marker | 2 3 (b) Marker

72Kda —»

55Kda —» TEa -k
12—

Aida— A3Kda

34Kda

i 34Kda —»

26Kda —» -
a—»

17kda —» 17kda —» < "-_-|

11kda —s <::| 11kda —=

Fig. 7. (a) SDS-PAGE and (b) western blot assay for the extracellular
rhBMP-7 during purification steps. Lane marker: protein
marker; lane 1: sample concentrated with freeze dryer;
lane 2: sample eluted from the ion exchange column;
lane 3: sample eluted from the gel filtration column.
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Fig. 8. The effects of the rhBMP-7 protein produced in this work on
the ALP activity of MC3T3-E1 cells: (a) extracellular rhBMP-7
and (b) intracellular rhBMP-7.
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