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Abstract: [Objective] To investigate the structure and function of PHB synthesis family protein, we
cloned the phaB and phaE of Synechocystis sp. PCC 6803 and constructed prokaryotic expression
vectors. The conditions of cell culture were optimized for improving the expression level of soluble
protein and then the crystallization condition of SpPhaB was screened. [Methods] The phaB and
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phaE were cloned from Synechocystis sp. PCC 6803 by PCR and ligated to pET28a expression
vector. To improve the expression of SpPhaB and SpPhaE, the culture conditions including IPTG
concentration, temperature and induction time were studied. Ni-NTA resin was used to purify
His-SpPhaB and His-SpPhaE protein, and initial crystal culture condition of SpPhaB was screened.
[Results] The sequencing results showed that pET28a-SpPhaB and pET28a-SpPhaE expression
vectors were constructed successfully. The optimized condition for SpPhaB expression was
determined to be: induction at 37 °C using IPTG concentration of 0.1 mmol/L, the induction time
was 7 h and the rotation speed was 220 r/min. The optimized condition for SpPhaE expression was
determined to be: induction at 25 °C using IPTG concentration of 0.5 mmol/L, the induction time
was 7 h and the rotation speed was 220 r/min. [Conclusion] The pET28a-SpPhaB and
pET28a-SpPhaE were constructed successfully and the crystallization conditions of SpPhaB have
been optimized. It provided the foundation for investigating the structure and function of SpPhaB.
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Figure 2 Expression of SpPhaB protein under different
IPTG concentrations

M  Protein molecular weight marker (Low) 1

2 0.1 mmol/L IPTG 3
0.3 mmol/L IPTG 4 0.5 mmol/L IPTG
5 0.8 mmol/L IPTG
6 1.0 mmol/LIPTG

Note: M: Protein molecular weight marker (Low); 1: Total protein
from BL21(DE3) containing recombinant plasmid without induction;
2-6: Total protein from BL21(DE3) containing recombinant plasmid
after induction with 0.1, 0.3, 0.5, 0.8, 1.0 mmol/L IPTG, respectively.

0.1 mmol/L IPTG SpPhaE
(40 kD) 0.5 mmol/L IPTG
( ) SpPhaE 0.5 mmol/L
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SpPhaE
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Figure 3 Expression of SpPhaB protein at different
induction times
M Protein molecular weight marker (Low) 1
2 3 3h
4 3h 5 7h
6 7h 7
5h 8 5h
Note: M: Protein molecular weight marker (Low); 1: Total protein
from BL21(DE3) containing recombinant plasmid without
induction; 2: Soluble protein from BL21(DE3) containing
recombinant plasmid without induction; 3, 5, 7: Total protein from
BL21(DE3) containing recombinant plasmid after induction for 3,
7, and 5 h, respectively; 4, 6, 8: Soluble protein from BL21(DE3)
containing recombinant plasmid after induction for 3, 7, and 5 h,
respectively.

0.1 mmol/L IPTG 7h
SpPhaB (D
SpPhaE 0.5 mmol/L  IPTG 37 °C 220 r/min
( )
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Table1  The optimized condition for SpPhaB and
SpPhaE expression
IPTG
Protein IPTG concentration Temperature Time Revolution
(mmol/L) (GO (h)  (v/min)
SpPhaB 0.1 37 7 220
SpPhaE 0.5 25 7 220
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223 AREIFSEEX SpPhaE EHRIRIE M-

4 0.5 mmol/L.  IPTG 16°C 30°C
220 r/min 3 5 7h SpPhaE
( ) 16 °C
30 °C SpPhaE
25 °C
7 h
3h S5Sh SpPhaE 7 h
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30 °C 25 °C
25°C 220 r/min 0.5 mmol/L IPTG
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Figure 4 Expression of SpPhaE protein under 25 °C
M  Protein molecular weight marker (Low) 1
2 3 3h
4 3h 5 5h
6 5h 7
7h 8 7h

Note: M: Protein molecular weight marker (Low); 1: Total protein
from BL21(DE3) containing recombinant plasmid without
induction; 2: Soluble protein from BL21(DE3) containing
recombinant plasmid without induction; 3, 5, 7: Total protein from
BL21(DE3) containing recombinant plasmid after induction for 3,
5, and 7 h, respectively; 4, 6, 8: Soluble protein from BL21(DE3)
containing recombinant plasmid after induction for 3, 5, and 7 h,
respectively.
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2d Crystal 1 18
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Figure 5 Purification of SpPhaB protein
M Protein molecular weight marker (Low) 1 Lysis buffer

2 Ni

3 Wash buffer Ni 4 Elution buffer

5 FPLC

Note: M: Protein molecular weight marker (Low); 1: Supernatant
after ultrasonication and centrifuging; 2: Supernatant flowing
through Ni-NTA; 3: Solution after Wash buffer flowing through
Ni-NTA; 4: Solution after Elution buffer flowing through Ni-NTA;
5: Solution after FPLC.
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Figure 6 Optical microscope photo of SpPhaB crystal

A 18
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Note: A: The SpPhaB crystal under the 18th crystallization
conditions; B: The SpPhaB crystal under the crystallization
conditions optimized.
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