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Soluble expression, purification and immunoreactive
identification of mouse zona pellucida 3 fusion protein
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Abstract: Mammalian zona pellucida 3(ZP3) plays an important role in the induction of capacitating sperm acrosome reaction. In
this study, we obtained the soluble mZP3 fusion protein and identified its immunoreactivity. mZP3 cDNA was cloned into plasmid
pPMAL-p2x, and the recombinant plasmid was transformed into Escherichia coli BL21. To get the soluble mZP3 fusion protein, we
tried to optimize the expression conditions, including additives, IPTG concentrations, temperatures and induction duration. Then,
Western blotting and ELISA were used to identify the immunoreactivity of the purified protein. Based on the optimization
experiments, we concluded that the best soluble expression conditions for the mZP3 fusion protein involved incubation to an Agy Of
0.6, addition of glucose to a final concentration of 0.02 mol/L, addition of IPTG to a final concentration of 0.6 mmol/L and then
further incubation for 4 h at 25 °C. Western blotting and ELISA showed that the mZP3 fusion protein retained immunoreactivity. The
fusion protein can be used as solubility antigens for developing the immunocontraception vaccines of mZP3 and detecting the
immune effects of the vaccine.
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Fig. 1 Identification of recombinant plasmid pGEX-4T-1/
mZP3 and pMAL-p2x/mZP3 by enzyme digestion. 1: DNA
marker; 2: pGEX-4T-1/mZP3 digested with EcoR | and Xho I; 3:
pMAL-p2x/mZP3 digested with EcoR | and Hind III;
4: pMAL-p2x digested with EcoR | and Hind Il1.
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Fig. 2 Expression of mZP3 fusion protein in E. coli after
IPTG addition. The cultures of E. coli transformed with
pMAL-p2x/mZP3 were analyzed by SDS-PAGE stained with
Coomassie blue. 1: protein marker; 2: the whole cell extract
following IPTG induction; 3: the supernatant of the culture
following IPTG induction; 4: the whole cell extract prior to
induction; 5: the whole cell extract of E. coli transformed with
empty PMAL-p2x following IPTG induction.
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Fig. 3 Optimization of the expression conditions of mZP3 fusion
protein. The cultures of E. coli transformed with pMAL-p2x/mZP3
were analyzed by SDS-PAGE stained with Coomassie blue. 1: the
whole cell extract prior to induction; 2: the whole cell extract
following induction with 0.2 mmol/L IPTG for 3 h at 25 °C; 3:
the whole cell extract following induction with 0.6 mmol/L
IPTG for 4 h at 25 °C; 4: the whole cell extract following
induction with 1.0 mmol/L IPTG for 5 h at 25 °C; 5: the whole cell
extract following induction with 0.2 mmol/L IPTG for 3 h at 25 °C;
6: protein maker; 7: the whole cell extract following induction with
0.2 mmol/L IPTG for 3 h at 30 °C; 8: the whole cell extract
following induction with 0.6 mmol/L IPTG for 4 h at 30 °C; 9: the
whole cell extract following induction with 1.0 mmol/L IPTG for
5 h at 30 °C; 10: the whole cell extract following induction with
0.2 mmol/L IPTG for 3 h at 37 °C; 11: the whole cell extract
following induction with 0.6 mmol/L IPTG for 4 h at 37 °C; 12: the
whole cell extract following induction with 1.0 mmol/L IPTG for 5 h
at 37 °C.
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Fig. 4 Effect of solubility of mZP3 fusion protein upon additives.
The cultures of E. coli transformed with pMAL-p2x/ mZP3 were
analyzed by SDS-PAGE stained with Coomassie blue. 1: the whole
cell extract prior to induction; 2-5: the whole cell extract following
induction with 0.6 mmol/L IPTG for 4 h at 25 °C, and separately
addition of glucose, acidol, sorbic alcohol or NaCl to a final
concentration of 0.02 mol/L; 6: protein maker.
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Fig. 5 Effect of solubility of mZP3 fusion protein upon

different concentration of glucose. The cultures of E. coli
transformed with pMAL-p2x/mZP3 were analyzed by
SDS-PAGE stained with Coomassie blue. 1: protein marker;
2-5: the whole cell extract following induction with 0.6 mmol/L
IPTG for 4 h at 25 °C, and separately addition of glucose to
different final concentration of 0.02 mol/L, 0.06 mol/L or 0.1
mol/L; 6: the whole cell extract prior to induction.
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Fig. 8 Immune activity of mZP3 fusion protein analyzed by
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ELISA. The mZP3 fusion protein was diluted and tested with

anti-mZP3 antibody in an ELISA.

Fig. 6 SDS-PAGE analysis of mzZP3 fusion protein purified by 7P
affinity chromatography. 1: mZP3 fusion protein purified with

affinity chromatography; 2: protein marker.
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Fig. 7 Western blotting analysis of mzZP3 fusion protein. 1:
the immunoreaction of the mZP3 fusion protein with the

anti-mZP3 antibody was determined; 2: protein marker.
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