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ABSTRACT

Purpose: Bone morphogenetic protein-2(BMP-2) has been shown to possess significant osteoinducitve potential. There have been
attempts to overcome a limitation of mass production, and economical efficiency of BMP. The aim of this study was to produce
recombinant human BMP-2(thBMP-2) from E. coli in a large scale and evaluate its biological activity.

Materials and Methods: The E.coli strain BL21(DE3) was used as a host for rhBMP-2 production. Dimerized thBMP-2 was purified
by affinity chromatography using Heparin column. To determine the physicochemical properties of the thBMP-2 expressed in E. coli,
we examined the HPLC profile and performed Western blot analysis. The effect of the purified thBMP-2 dimer on osteoblast
differentiation was examined by alkaline phosphatase (ALP) activity and representing morphological change using C2C12 cell.
Results: E. coli was genetically engineered to produce rhBMP-2 in a non-active aggregated form. We have established a method
which involves refolding and purifying a folded thBMP-2 dimer from non-active aggregates. The purified rhBMP-2 homodimer was
characterized by SDS-PAGE as molecular weight of about 28kDa and eluted at 34% acetonitrile, 13.27 min(retention time) in the
HPLC profile and detected at Western blot. The purified rhBMP-2 dimer stimulated ALP activity and induced the transformation
from myogenic differentiation to osteogenic differentiation.

Conclusion: thBMP-2 was produced in E. coli using genetic engineering. The purified thBMP-2 dimer stimulated ALP activity and
induced the osteogenic differentiation of C2C12 cells. (J Korean Acad Periodontol 2008;38:41-50)
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1) Human BMP—-2 §XiXIe] E2%(cloning)
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incubator(Thermo Electron Co, Ohio, USA)oJ|A] vljoFslic)
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mM Tris—HCI(pH 8.5), 0.5 mM EDTA, 1%(v/v) Triton
X-100)0]l A&Etsto] AEHS- 26,000xg, 4ColA] 3027t
LAEZSI] inclusion bodiesE £=AsFITH

Inclusion bodiesS &3] €=M (solubilization buffer: 4
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2 0.1% TFAR 3PHA] 0~50% acetonitrile FH] 2 -8=35F%
o 7t BEje] ey 1S 24 nmz wUEskC

2) Western Blotting £Ad

rhBMP-2 ©ol#AlE FHIRAY Bz ANA 15%
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t} 1283l chemiluminescent ECL kit(Lab frontier,
Korea) 5 AMgS}o] HE3H3IT

3. HA|st rhBMP-22| MESHX EM(/n vitro test)
gAIRE rhBMP—2 THgEA|Q} o] 54| Z12te] st 243
2R3l 9J5te] C2C12 cello|4]9] alkaline phospha—

tase(ALP) 9] TH37} AJz0] Refiske Brsloict
6—well plate(SPL, Korea)ol| HJ 5L 2x10°cells/ml 5

43



T2 &5t growth medium(DMEM containing 15%
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of o Fto R A o] FAl= R 243} v 2119 &
AAQ1 AL Enh NEZAE Aste] w4 & in-
clusion body £31-& WolA| £3f- o|SIA]A Heparin col—

A

Figure 1. Expression and localization of rhBMP-2 protein in E, coli,

Comassi blue—stained reduced 12% SDS—PAGE analysis. NI; culti—

' = == . |nduced rhBMP-2

vation in non—induced contition, |; cultivation in induced con—
dition(1mM IPTG, 37T for 3h). Lanes: C, crude extract of recombinant

E. coli; S, soluble fraction of crude extract; IS, Insoluble fraction of
crude extract,
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Figure 2. Identification of dimerized and purified rhBMP—2,
commasie blue—stained 12% SDS—PAGE analysis, Lanes: M,
protein marker; U, nonreduced rhBMP-2; R, reduced
rhBMP—2, Dimer represents dimer fraction and Monomer
represents monomer fraction,
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Figure 3, rhBMP-2 dimer purification in order to puri—
fied step by heparin affinity chromatography, sil—
ver—stained nonreduced 15% SDS—PAGE analysis,
Lanes: M, protein marker; 1, dialysed renaturation
mixture; 2, flow through fraction; 3, eluted fraction
with 0,15M NaCl; 4, eluted fraction with 0.3M NaCl; 5,
eluted fraction with 0.5M NaCl.
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Figure 5, Western blotting of purified rhBMP—2
UR; nonreduced condition, R; reduced condition
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Figure 7. Dose response effects of a purified rhBMP—2 dimer
on ALP activity in C2C12 cells. The cells were cultured for 3
days with different concentrations of rhnBMP—2 dimer, The ALP

activity  of
—nitrophenylphosphate as a substrate,

measured using 3

substrate,
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Figure 6. Photographs of Morphological
change of C2C12 cells, We treated puri—
fied rhBMP—2 dimer fraction and mono—
mer fraction to C2C12 cells, (Original
magnification 1X40)
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=2}l Anderson 5 #% & Saos—29} U208 T 017+5-l
AlEZZFo| A of& 71| BMP%} transforming growth fac—
tor—3 (TGF—3 )] W&e vluslal #2553 BMP7L &
2 o Azl Asold 217 Aolae 950l
Uee Haskgleh ey AFAE(native bone)ollA] &
&= BMP 3Fd> 1~2 ug/kg(BMP/ 1) o<zolth, dA)
of 200] FF2o] BMP7F UPA = ol BMP-1E AlLfeh

= BMPE  TGF-8 o 3 HEa 7EeEm et
BMP-2+= 4, 5, 6, 781} 37 A=t A=9] A4S f
shy ZolAle 93t o]8] 7}A| late—stage tissue en—
gineering products®] 7Zelgl FREAAEOZA AdHA QL
t}. 71 % rhBMP-22} rhBMP-72 & f=50| 7 £
sitial Halwo] =& o5o] ik o] ofg] TRt ¢+l
ARE AMgEoA| L Qep?,

BMP—2+= 77]19] cystein domaing 7FA|3l Q= FZRE 0|
05 o] 1370} At Aol 0671 ol
AF 27| 2 o] R20jR] AFA 2 THE0]A o] SHdimerization)
% & proteolytically cleaved o] mature form© & YH50]
A F ALz 1El0] <HGER paracrine typee] AU
2A] osteoprogenitor A|ZEEZ §ol5lo] ZAIX7|IL & 23]
ozo] Bo}2 21t Human BMP-2% 1980 t) 34t
off A& 22 k=] FEAIES] CHO cellolU E, colis
ol g3lo] AYilso] ARGE|OIAIAL QL. FEAIREE ARt -
AIFZL]Z EH]|%E mature formE £2] A[5to] AMESIALE,
coliE ©|-8=t 4= mature forme 5 o Q| 225}
o] AlZAfe] inclusion body S A Felat
H2)38}o] in vitro renaturationS A ARESH= S| H
aEolA] QY. ol A FEHA WHoR Tk

rhBMP-2+= tifio] F2 0|54 (homodimer) 3o]t}, Ho—

modimeric BMP-2+= & A&R w83t 24 Iohds &

8, A2 55772 TRt Awabgel faghe Kol

2 AFoxs Eo] 9 rhBMP-2E A4ksE] $ls)
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