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Soluble Expression of Recombinant Human BMP6 in
Escherichia coli and Its Purification and Bioassay in Vitro
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Abstract: BMP6 is a potent protein for future treatment strategies of bone regeneration as it is a very important regulator of bone
homeostasis. Active BMP6 is a dimer containing multidisulfide bonds and is a highly hydrophobic protein prone to aggregation. To
obtain soluble and active BMP6 in Escherichia coli, we compared the effects of four N-terminal fusion tags (TRX, GST, MBP and
CBD) and N-terminal Hisg-tag. The expression and solubility were tested under the different conditions (expression hosts, tempera-
tures and inductor concentrations). A series of experiments leads to the finding that the placement of MBP before the BMP6 is best in
availing the soluble expression of the protein. Our study alsodemonstrates that in E. coli BL21trxB(DE3) cytoplasm, which is a thio-
redoxin reductase mutant strain, soluble homodimeric BMP6 can be formed. The overexpressed MBP-BMP6 fusion protein is puri-
fied by chromatography, and shown to be functionally active.
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Table 1 Schematic representation of constructs cloned into various vectors for expression in E. coli

. . Restriction . . . Fusion size .
Recombinant plasmid endonuclease Fusion protein  Expression host (kD) Characteristic
pGEX-5X-BMP6 EcoR I/Xho | GST DH5a 26 Glutathione, efficient translation initiation
High-level expression, a one-step purification using
pMAL-c2X-BMP6 EcoR I/Xba | MBP TB1 42 MBP’s affinity for maltose
The signal peptide on pre-MBP directs fusion
pPMAL-p2X-BMP6 EcoR I/Xba | MBP TB1 42 proteins to the periplasm allowing folding and
disulfide bond formation
pET-15b-BMP6 Nco I/Xho | 6"His BL21(DE3) 24 Ni-NTA purification, small and easy to add
pET-32a-BMP6 Nco I/Xho | TRX BL21(DE3) 20 Efficient translation initiation, enhance solubility
pTWIN1-BMP6 NCo I/Xho | CBD-Intein ER2566 30 Chitin bead resin purification, pH- and temperature-

dependent cleavage of the intein
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Fig. 1 SDS-PAGE analysis of soluble and insoluble protein

fractions of pET-15b-BMP6, pET-32a-BMP6 obtained from
E. coli BL21(DE3) with 0.1 mmol/L IPTG at 20 °C
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Fig. 2 Influence of induction temperature, inducer
concentration on the expression of soluble MBP-BMP6 from
the pMAL-p2X-BMP6 in TB1
1: cell extract of uninduced; 2,3 (37°C,IPTG 0.3 mmol/L, 0.5 mmol/L):
cell extract of E. coli induced; 4,5,6,7(20°C,IPTG 0.3 mmol/L,
0.5 mmol/L, 1.0 mmol/L, 1.5 mmol/L): cell extract of E. coli
induced; 8: molecular weight markers
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Fig. 3 Analysis of MBP-BMP6 fusion protein expression
from the pMAL-p2X-BMP6 using SDS-PAGE
1: cell extract of uninduced E. coli; 2: cell extract of E. coli after
inducing the expression of MBP-BMP6 with IPTG 0.3 mmol/L at
20°C. 3: insoluble fraction of the E. coli broken with sonication;
4: soluble fraction of sonicated E. coli
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Fig. 4 Expression of the recombinant MBP-BMP6 from the
pMAL-c2X-BMP6 with 0.3 mmol/L IPTG at 30°C in TB1
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Fig. 5 Influence of induction temperature, IPTG
concentration on the expression of CBD-Intein-BMP6
from the pTWIN1-BMP6 in ER2566
1,3 (20°C,IPTG 0.3 mmol/L, 0.1 mmol/L): soluble fraction of
sonicated cells; 2,4: insoluble fraction; 5,7(30°C, IPTG 0.3 mmol/L,
0.1 mmol/L): soluble fraction of sonicated cells; 6, 8: insoluble
fraction; 9,11(37°C, IPTG 0.3 mmol/L, 0.1 mmol/L): soluble frac-
tion of sonicated cells; 10, 12: insoluble fraction
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Table 2 Expression and solubility levels of rhBMP6 when
expressed as six different gene fusions under different
induction conditions

Recombinant Temperature IPTG . Expression  Solubility
- o concentration
plasmid /°C level level
/(mmol/L)

pGEX-5X-BMP6 37 0.3 ++ 0
20 0.3 + 0
pET-15b-BMP6 30 0.3 + 0
37 0.3 + 0
0.1 +++ +
20 0.3 +++ 0
0.1 +++ 0
pET-32a-BMP6 30 03 . 0
0.1 +++ 0
37 03 ht 0
0.1 + 0
20 0.3 + 0
0.1 ++ 0
pTWIN1-BMP6 30 03 - 0
0.1 +++ 0
37 0.3 +++ 0

0.3 + +++

20 0.5 + +++

1.0 + +++

pMAL-p2X-BMP6 15 . .
0.3 0 0
37 0.5 0 0

pMAL-c2X-BMP6 30 0.3 ++ +++

Expression levels given as: +++=strongest band on SDS-PAGE gel;
++=among the strongest bands, +=visible band.

Solubility levels given as: +++=majority in soluble fraction,
++=minority in soluble fraction but among the strongest bands,
+=visible band, 0=nothing in soluble fraction

6 BMP6
: pPMAL-c2X-BMP6
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Fig. 6 Elution profile of MBP-BMP6 fusion protein from
Amylase resin with maltose
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Fig. 7 Analysis of MBP-BMP6 fusion protein from amylase resin
1: molecular weight markers; 2: soluble fraction of sonicated cells;

3: purified fusion protein from amylose resin
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Fig. 8 Superdex-75 10/300GL chromatography
1: the purified fusion protein; 2: MBP and degradation products
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Fig. 9 Analysis of final purified fusion protein from

Superdex-75 10/300GL chromatography using SDS-PAGE.
1: the affinity column elution contained predominantly MBP-BMP6
fusion protein and MBP; 2: the first peak fraction resulting con-
tained MBP-BMP6 fusion protein; 3: the second peak fraction con-
tained MBP; 4: Western blot analysis of MBP-BMP6
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Fig. 10 Soluble fusion protein expressed in TB1 and
BL21trxB(DE3)from the affinity column elution.
1: molecular weight markers; 2: fusion protein expressed intoTB1;
3: fusion protein expressed in BL21trxB(DE3); 4: molecular weight
markers; 5: SDS-PAGE followed by Western blot analysis with an
anti-BMP6 of MBP-BMP6 in BL21trxB(DE3) after digesting by

Factor Xa
10 , TB1
MBP (MW 42.5 kD) ,
MBP ,
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Fig. 12 Biological activity of purified MBP-BMP6 from
BL21 trxB(DE3) and TB1tested by the induction of alkaline
phosphatase activity in C2C12 cells
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Fig. 11 Stability and solubility analysis of fusion protein ,
from TB1 using SDS-PAGE.

1: molecular weight marker; 2: fusion protein from the affinity

column recently; 3: fusion protein for a week without DTT; 4: ) )

fusion protein for a week with DTT

, PMAL-c2X-BMP6 ' ;
BL21trxB(DE3) MBP-BMP6 '

% 3 200mLpMAL-c2X-BMP6/BL21trxB(DE3) & i& 20

MBP-BMP6 4fi {£ 2 % DNA
Table 3 Purification of the recombinant MBP-BMP6 from
the pMAL-c2X-BMP6 in BL21trxB(DE3) grown in 200mL

LB/AMP
[8-10]

PP Total MBP-BMP6 Recovery MBP-BMP6
Purification step Volumn/mL  mass/mg 1% purity/% BMP6 !

The supernatant 20 20 100 30 MBP rhBMP6 GST TRX

after sonication

Amylose affinity 10 6 30 70

Superdex-75
10/300GL 34 3 15 96 , ,

h 1t h
chromatography MBP
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