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RT-PCR BMP-6 c¢DNA pET-15b
hBMP-6 pET-BMP6 E.coli BI21 DE3 IPTG 4h rhBMP-6
SDS-PAGE ~ 15kD 10%
8 mol/LL 95%
80%  rhBMP-6 hBMP-6 C3H10T1/2
I Osterix Osx Osteocalcin mRNA
rhBMP-6
6 C3H10T1/2
Q786 A 1000-3061 2003 05-0556-05
Bone morphogentic protein PCR hBMP-6 cDNA
BMP TGF-3 40 GenBank accession No. NM _ 001718
BMPs BMP-1 Neol  Xho 1
5'-gtc accatgggacaacagagtcgtaatcge-3’
' BMPs in vivo 5'-geccggcetegagtiagtggcatecacaagetet-3
BMP-6 in vitro 1.2
BMP-6 PCR Neo 1 /Xho 1
23 BMP-6 pET-15b
! E . coli BL21 DE3 PCR
° BMP-6
6 1.3 rhBMP-6
pET-BMP6 rhBMP-6 BI21 DE3 / pET-BMP6
95 % 1 100 LB/Ampicillin  100pg/mL
37°C ODgyn 0.4
BMP-6 1.0 mmol/L.  IPTG 4h
1.4 rhBMP-6
1 STE 10 mmol/L Tris-Cl pH
8.0 150 mmol/L. NaCl 1 mmol/LL EDTA 5 mmol/L
1.1 RT-PCR DTT 2%
mRNA  Quick-Prepmicro-mRNA 4°C 7 8 mol/L
Purification Kit pharmacia. Co. oligo dT CM-Cellulose
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95% CV = % Volume of marker gene / %
-70°C Volume of G3PDH
1.5 1.8
Protein Assay ESL. Roche Co. C3HI10T1/2 3d PBS
2 100pLL
1.6 Sigma # 104 phosphatase substrate
C3H10T1/2 oaMEM 15mL 50mmol/L. glycine 1mmol/L MgCl, pH10.5
15% FBS 100 u/mL penicillin-G 1008/ 37°C 20min Microplate Reader ~ 405nm
mL strepto-mycin 37C 5% CO, 6
80% ~ 90% Microsoft Excel
oMEM  5%FBS 1000ng/ml. thBMP-6
Trizol 2
RNA 2.1
rhBMP-6 mRNA RT-PCR
5000 96 80% hBMP-6 ¢DNA
~90% oMEM  5%FBS pET-15b hBMP-6
thBMP-6 3d pET-BMP6 Fig. 1
thBMP-6
R&D Systems Inc. Placemal}?gg
1.7 L
RT-PCR hBMP-6 MP cDNA
I Coll Oc Osterix  Osx lDigested with Neol/Xhol l
mRNA GenBank
GeneRunner PCR I pET-15b " —
Coll Oc Osterix — Osx poae)
5'-cetggtaaagatggtgee-3"  Coll 34-
F 5'-caccaggttcacctticgcace-3"  Coll256-R 5'-cct-
cagtccecageccagatee-3' Oc  698-F 5'- @mw_(,
cagggcagagagagaggacagg-3' Oc 917-R 5'-gtcaagagtet- (6068bp)
tagccaaacte-3" Osx1554-F  5'-aaatgatgigaggccagatgg-3'
Osx 1677-R  G3PDH 5'-tgaaggicggiet- I pER-BMPS
Fig.1 Construction of pET-BMP6 vector
gaacggat-3’  G51-F 5'-catgtaggccatgagetccaccac-3'
G1033-R
20pL 500ng  RNA
RT 42°C 60min 95°C Smin 4°C
Smin 25pL PCR S5pL3
RT G3PDH
G3PDH PCR
94°C 30s 58°C 30s 72°C 1min 25 2 pET-BMP6
RT-PCR 3 Fig.2 Restriction analysis of pET-BMP6 vectors pET-BMP6
1041, PCR 2% digested with Bel Il lanel and Bel Il /Xho | lane2
Xho 1 lane3 and Marker standard M
Microsoft Excel 3 . ~ 00bp/5.6kb
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80%  thBMP-6
2.3 rhBMP-6 Fig.4 lane B thBMP-6
BI21 DE3 / pET-BMP6 IPTG 4h 7
SDS-PAGE Fig.3 -70°C
lane A Fig. 3 2.4
lane B 15kD th- C3H10T1/2
BMP-6
15kD 10% BMP-2
30kD TGF-38 C3H10T1/2
thBMP-6 ’
Fig.3 lane C
I osterix >
BMP-6 pl rhBMP-6
8.6 30kD rhBMP-6 ~ C3HI10T1/2
rhBMP-6
D C B M A C3H10T1/2 Fig.5
kD thBMP-6
. 30%
14
— # & thBMP-6/(test sample)
—3l L2 e HBMP-6/(standard sample) %ﬁ"{
—20 10
—14 -
Z o8]
3 rhBMP-6 E 06}
Fig.3 Reduced SDS-PAGE ananlysis of the thBMP-6 protein < oal
produced in E. coli BI21 DE3 after IPTG induction ol
Total protein extract from non-induced A and induced B culture su-
pematant C and precipitate D from induced culture. Positions of mo- O T 50 100 200 300 300 1000
lecular mass markers are shown at left BMP-6/(ng/mL)
5 rhBMP-6 C3H10T1/2

A B M D
—97

—66

—a2

—31

—20

.- —14

4 thBMP-6  SDS-PAGE
Fig.4 SDS-PAGE analysis of purified thBMP-6 under reducing
conditions A  and non-reducing conditions B

Positions of molecular mass markers are shown at left

15kD

95 % Fig.4 lane A SDS-PAGE

Fig.5 The effect of thBMP-6 on alkaline phosphatase ALP
activity in C3H10T1/2 cells

The data expressed as the mean+S.D n=6

RT-PCR thBMP-6
C3H10T1/2
mRNA th-
BMP-6 C3H10T1/2 I osterix
osteocalcin mRNA Fig.6
mRNA thBMP-6
5d
3
thBMP-6
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rhBMP-6 treated-time/d rhBMP-6 treated-time/d 0 05 1 2 3 4 5

6 thBMP-6
Fig.6

Osterix middle and Osteocalcin  bottom

C3H10T1/2
thBMP-6 stimulates expression of osteoblast markers in C3HI0T1/2 cells
Cells were treated with 1000ng/mL of thBMP-6 for the indicated period of time and RNA expression of Collagen type I top

thBMP-6 treated-time/d

were analyzed by semi-quantitative RT-PCR.

Col I Osx and OC RNA expression levels were normalized to G3PDH expression. The data expressed as the mean+S.D n=3

and the photos from one representative experiment are presented. Marker is ¢X174-Hinc Il digest.

hBMP-6 6p24-23  ¢DNA 2934bp
ORF 1539bp 513
N- C-
132
7 3 N-
o BMP-6
1
hBMP-6 c¢DNA
pET-15b  Neo I  Xho | 6
6
hBMP-6
pl=8.6 °
rhBMP-6
80%  1h-
BMP-6
Fig.4 lane B BMP-1 BMPs

BMP
rhBMP-6
C3H10T1/2 th-

BMP-6 300ng/mL

rhBMP-6
thBMP-6  30%
1 Osterix 3
RT-PCR thBMP-6  C3H10T1/2
rhBMP-6 C3H10T1/2
BMP
BMP-2  TGF-f
C3HI10T1/2
10 thBMP-6 15d
C3H10T1/2
rhBMP-6
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Expression of Recombinant Human BMP-6 in Escherichia coli and
Its Purification and Bioassay in vitro

YANG Ju-Hua ZHAO Ii YANG Shuang WU Shuang-Qing ZHANG Jie ZHU Tian-Hui"
Medical Molecular Genetics Lab ~ Medical College of Nankai University Tianjin 300071  China

Abstract To purify the recombinant human BMP-6 protein and to establish its in vitro bioassay method. The ¢DNA encoding
the mature peptide of hBMP-6 protein was amplified by reverse transcription-polymerase chain reaction RT-PCR  using human
placental mRNA as template and subcloned into the high-expression vector pET-15b under the control of T7lac promoter. The
resulting construct pET-BMP6 was then transformed into an Escherichia coli strain BI21 DE3  for the production of recombi-
nant hBMP-6 protein thBMP-6 . After 4 hours of induction by isopropyl-B-D- thiogalactoside IPTG ~ thBMP-6 =~15kD was
expressed and formed inclusion bodies contributing up to 10% of the total bacterial protein. The inclusion bodies were isolated
and redissolved in 8mol/L urea and the denatured thBMP-6 was purified to 95% purity by CM-Cellulose 32 ion exchange chro-
matography IEC . The osteoinductivity of thBMP-6 was measured by the expression of some of the osteoblast differentiation
marker genes in thBMP-6-treated C3H10T1/2 cells as reflected by determinations of alkaline phosphatase ALPase activity and
semi-quantitative RT-PCR. At the end of the purification process about 80% of thBMP-6 formed disulphide-linked homodimers
after refolding during renaturation. The apparent size of the protein was 30kD on non-reducing SDS-PAGE  similar to that of the
native form of hBMP-6. The enzyme assays showed that the ALLPase activity was increased in a dose-dependent manner with the
treatment of thBMP-6. After the addition of 300ng/mL of thBMP-6 the ALPase activity of C3H10T1/2 cells increased signifi-
cantly. The activity of thBMP-6 used was comparable to about 70% of that of the standard hBMP-6 derived from eukaryotic
cells. RNA extraction data also showed thBMP-6 stimulated expression of osteoblast marker genes including type I collagen os-
terix and osteocalcin in a time-dependent manner. After 5 days of treatment their level of expression was increased to 3 times
that of controls. Bone morphogenetic protein BMP -6 a member of the 60A subgroup of the bone morphogenetic protein

BMPs family plays a pivotal role in bone formation. Previous evidence showed that BMP-6 is selectively up-regulated by es-
trogen suggesting its potential role in the treatment of osteoporotic fractures especially for menopausal osteoporosis. Our present
study demonstrates that the recombinant hBMP-6 produced in Escherichia coli is able to induce pre-osteoblastic cells to differenti-
ate into osteoblasts in vitro and analysis of mRNA expression of type I collagen osterix and osteocalcin can be also a method
for measuring the osteoinductivity of BMP. This provides the basis for further studies on ectopic bone formation in the body and

for the development of auxiliary drugs for the treatment of osteoporotic fractures.
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Received 03-29-2003
This work was supported by Grant from the Natural Science Funds of Tianjin No. 013608911 .

* Corresponding author. Tel 86-22-23509842 Fax 86-22-23509842 E-mail zhuth@ nankai. edu. cn
© PEMZFRHMEMARMATIKSHIES http://journals. im. ac.cn



