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Soluble expression, purification and structural analysis of
the bHLH transcription factor Bmsage of Bombyx mori

Huawei He'?, Shuguang Wei', Yejing Wangl’z, Lina Liu', Zhenzhen Li', Peng Zhao',
Huaipu Chang'?, and Ping Zhao'

1 State Key Laboratory of Silkworm Genome Biology, Southwest University, Chongqing 400715, China
2 Chongging Engineering and Technology Research Center for Novel Silk Materials, College of Biotechnology, Southwest University,
Chongging 400715, China

Abstract: Basic helix loop helix (bHLH) transcription factor plays an important role in biological processes. Bmsage is a
class of bHLH transcription factor highly expressed in the silk gland of Bombyx mori, which is not only involved in the
developmental regulation of the silk gland cells at the embryonic period, but also plays a crucial regulatory role during the
synthesis of silk protein. However, currently, much of the property and structure of Bmsage is still remained unknown. To
study the property, structure and biological role of Bmsage, we constructed several prokaryotic expression vectors of
Bmsage fused with NusA, MBP, SUMO, Trx and His tags, respectively, then screened and determined the best soluble
expression vector and condition of Bmsage in Escherichia coli combining with the induction temperature and IPTG
concentration, and further purified the recombinant Bmsage by Ni-column affinity chromatography according to the
established expression condition and characterized its secondary structure using circular dichroism spectra. The results
showed that NusA and MBP could significantly enhance the soluble expression of Bmsage in E. coli, but it was difficult to
separate Bmsage from these tags. SUMO could not only increase the soluble expression of Bmsage in E. coli to a certain
degree, but also be effectively separated from Bmsage. Other tags did not effectively promote the soluble expression of
Bmsage in E. coli. Circular dichroism spectra showed that the purified Bmsage had well-defined a-helix structure in
solution, indicating that SUMO may promote the correct folding of Bmsage into native-like structure. These work not only
establish a foundation for further study of the property, structure and function of Bmsage, but also provide a reference for
the expression and purification of other similar proteins.

Keywords: basic helix-loop-helix, Bmsage, MBP, NusA, SUMO, purification
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Fig. 3 Multiple sequence alignments of the bHLH domain between different species.
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Fig. 4 Phylogenetic analysis of Bmsage and its orthologs from other species.
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Fig. 5 Effects of temperature and IPTG concentration on the expression of Bmsage fusion protein from different
recombinant expression vectors. (A) pSKB2-Bmsage. (B) ppSUMO-Bmsage. (C) pCold-SUMO-Bmsage. (D)
pET-50b(+)-Bmsage. (E) pET-MBP-Bmsage. (F) pET 32M.3C-Bmsage. M: marker; C: control; S: supernant; P: pellet.
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Fig. 6 Expression and purification of Bmsage based on pET-50b(+). (A) Purification with nickel affinity
chromatography. 1: supernatant; 2: pellet; 3: flow-through; 4-7: elutions of 60, 80, 100 and 300 mmol/L imidazole.
(B) Purification with nickel affinity chromatography after cleavage of protease. 1: recombinant protein;
2: recombinant protein cleaved by PreScission protease; 3: flow-through; 4-8: elutions of 20, 40, 50, 60 and
500 mmol/L imidazole. M: protein marker.
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Fig. 7 Expression and purification of Bmsage based on pET-MBP. (A) Purification with nickel affinity
chromatography. 1: supernatant; 2: pellet; 3: flow-through; 4—7: elutions of 40, 60, 80 and 300 mmol/L imidazole. (B)
Purification with nickel affinity chromatography after cleavage of protease. 1: recombinant protein; 2: recombinant
protein cleaved by TEV protease; 3: flow-through; 4-9: elutions of 20, 30, 40, 50, 60 and 300 mmol/L imidazole. M:
protein marker.
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Fig. 8 Expression and purification of Bmsage based on pCold-SUMO. (A) Purification with nickel affinity
chromatography. 1: supernatant; 2: pellet; 3: flow-through; 4-7: elutions of 40, 60, 80 and 300 mmol/L imidazole. (B)
Purification with nickel affinity chromatography after cleavage of protease. 1: recombinant protein; 2: recombinant
protein cleaved by SUMO protease; 3: flow-through; 4-5: elutions of 40 and 300 mmol/L imidazole. M: protein marker.
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Table 1 Comparison of expression and purification situations of six recombinant expression systems

. . . . Solubility Purification of Purification of

Recombinant plasmids Fusion tags Expression level . . .
level fusion protein target protein

pSKB2-Bmsage His +++ 0
pET 32M.3C-Bmsage His-Trx +++ 0
ppSUMO-Bmsage His-SUMO AHF 4
pCold-SUMO-Bmsage His-SUMO A= A A A
pET-50b(+)-Bmsage His-NusA ++ +++ ++ +
pET-MBP-Bmsage His-MBP AHF A 4 4+

“+” indicates the level of expression and solubility, and the effect of purification, the more the better. 0 presents no
observable solubility, and blank area represents this experiment is not conducted.
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Fig. 9 Far-UV circular dichroism spectrum of Bmsage [13]
protein. Bmsage
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