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Engineering and Characterization of Bacillus subtilis Py, Promoter
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Abstract: Bacillus subtilis is an important industrial production strain, widely used in the
expression of foreign proteins. At present, among the common constitutive promoters in Bacillus
subtilis, Py, as a high-strength constitutive promoter, has the advantages of high expression, good
stability and wide application when expressing foreign proteins. This study first truncated the
upstream sequence of Py, and the strength of the promoter was still maintained when the upstream
sequence of promoter was shortened form the original 251 bases to 26. And the three bases 'AGC'
adjacent to the upstream of element -35 was identified as the key bases affecting the promoter
strength. Secondly, random mutations of the upstream A-T rich region of promoter and the G-C rich

region of spacer region were conducted, which proved that the arrangement of the A-T bases in the
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upstream activation sequence had an important influence on the promoter strength, and a mutant with

increased strength was obtained. Finally, a novel promoter SPy,.c-Pyw With a promoter strength of

135.1% of the original promoter was obtained by inserting the key regulatory sequences of promoters

at different expression periods into the upstream and downstream of mutant. This study provides an

important reference for the development of new strong constitutive promoters for the Bacillus subtilis

expression system.

Keywords: Bacillus subtilis, promoter modification, Py, promoter, key regulatory sequence
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Table 1 Primers used in this study

514)7 51 (5'-3")
GGAGGTGAAATGTACACATGAGTAAAGGAGAAGAACTTTTCACTGGAG
CATTCACAGTTCTCCGCTTATTTGTATAGTTCATCCATGCCATGTGTAATCC
CGAGATCTTGTGTTGAAGTCGCG
ATGAATCAAAAATTAATATTAGATGAAATTTTGAAGAACTCCCC
GATCGAAGTTATTGCACTGGTGAAATAATAAGAAAAG
CCGGGATCACTTTTTTATTTACCTTATGCC
TAACTATATCCTATTTTTTCAAAAAATATTTTAAAAACGAGCAGGATTTC
TCCTATTTTTTCAAAAAATATTTTAAAAACGAGCAGGATTTC
TTTCAAAAAATATTTTAAAAACGAGCAGGATTTCAGAAAAAAT
AAAAAATATTTTAAAAACGAGCAGGATTTCAGAAAAAATCG
AATATTTTAAAAACGAGCAGGATTTCAGAAAAAATCG
TATTTTAAAAACGAGCAGGATTTCAGAAAAAATCGTG
TTTTAAAAACGAGCAGGATTTCAGAAAAAATCGTG
TTAAAAACGAGCAGGATTTCAGAAAAAATCGT
AAAAACGAGCAGGATTTCAGAAAAAATCG
AAACGAGCAGGATTTCAGAAAAAATCGT
CGAGCAGGATTTCAGAAAAAATCGTG
AGCAGGATTTCAGAAAAAATCGTGGAATT
AGGATTTCAGAAAAAATCGTGGAATTGATACAC
GATTCATTTTCWWWWWWWWWWWWWWWWWWWAGCAGGATTTCAGAAAAAATCGTGGAAT
AAAAATTAATATTAGATGAAATTTTGAAGAACTCCCCTGTC
CAAAAAATATTTTAAAAACGAGCAGGATTTWWWAAAAAATCGTGGAATTGATACACTAATGC
AAATCCTGCTCGTTTTTAAAATATTTTTTG
TAAAAACGAGCAGGATTTCAGAAAAAATWWWWGAATTGATACACTAATGCTTTTATATAGAAAGGAG
ATTTTTTCTGAAATCCTGCTCGTTTTTA

CAAAAAATATTTTAAAAACGAGCAGGATTTWWWAAAAAATWWWWGAATTGATACACTAATGCTTTTATATA
GAAAGGAG

TCATACATATGAGATGAAAGGGGGTTCTTTTCAAAAAATATTTTAAAAACGAGCAGGAT
TTTGAAAGGAGGTTCTAACACTTTATGAATCAAAAATTAATATTAGATGAAATTTTGAAGAAC
TCATACATATGAGATGAAAGGGGGTTCTCTTTTATATAGAAAGGAGGTGAAATGTACAC
TTTGAAAGGAGGTTCTAACACTTTCATTAGTGTATCAATTCTATTATTTTTTCTGAAATCC
CAAAGCATACATTCATAGAAGACTTTCAAAAAATATTTTAAAAACGAGCAGGAT
AAACGGGCATGAATGAATGAATGAATCAAAAATTAATATTAGATGAAATTTTGAAGAAC
CAAAGCATACATTCATAGAAGACCTTTTATATAGAAAGGAGGTGAAATGTACAC
AAACGGGCATGAATGAATGACATTAGTGTATCAATTCTATTATTTTTTCTGAAATCC
GTTTATAATAGGTAAGGCAGGCCATTTGGACTGTTTCAAAAAATATTTTAAAAACGAGCAGGAT
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Primer sequence (5-3)
CTAATTTCAGAAATGAAAAAGAAACAAAGCATGAATCAAAAATTAATATTAGATGAAATTTTGAAGAAC
GTTTATAATAGGTAAGGCAGGCCATTTGGACTGCTTTTATATAGAAAGGAGGTGAAATGTACAC
CTAATTTCAGAAATGAAAAAGAAACAAAGCCATTAGTGTATCAATTCTATTATTTTTTCTGAAATCC
CTTTTACTATAATAAAGAACATAAATAATTTCAAAAAATATTTTAAAAACGAGCAGGAT
TGTTTTTGATTCGTCAATCATCTATGAATCAAAAATTAATATTAGATGAAATTTTGAAGAAC
CTTTTACTATAATAAAGAACATAAATAACTTTTATATAGAAAGGAGGTGAAATGTACAC
TGTTTTTGATTCGTCAATCATCTCATTAGTGTATCAATTCTATTATTTTTTCTGAAATCC
TTGGAAACCTTGTTATGCTATGAAGGTAAGGATTTTCAAAAAATATTTTAAAAACGAGCAGGAT
TAATCGTCAATCATTTTGTTTACTAATGAATCAAAAATTAATATTAGATGAAATTTTGAAGAAC
TTGGAAACCTTGTTATGCTATGAAGGTAAGGATCTTTTATATAGAAAGGAGGTGAAATGTACAC
TAATCGTCAATCATTTTGTTTACTACATTAGTGTATCAATTCTATTATTTTTTCTGAAATCC
TTTAACTCATAATGAAAGTAATTTTTTCAAAAAATATTTTAAAAACGAGCAGGAT
TTTCCAATAAATACAACTCTATGAATCAAAAATTAATATTAGATGAAATTTTGAAGAAC
TTTAACTCATAATGAAAGTAATTTCTTTTATATAGAAAGGAGGTGAAATGTACAC
TTTCCAATAAATACAACTCTCATTAGTGTATCAATTCTATTATTTTTTCTGAAATCC
GATATAACGAATATTTTCAATAAACATTTTCAAAAAATATTTTAAAAACGAGCAGGAT
CTATGTATATCCTCTTTTATATCATGAATCAAAAATTAATATTAGATGAAATTTTGAAGAAC
GATATAACGAATATTTTCAATAAACATCTTTTATATAGAAAGGAGGTGAAATGTACAC
CTATGTATATCCTCTTTTATATCCATTAGTGTATCAATTCTATTATTTTTTCTGAAATCC
GATTTCAGAAAAAATAATAGAATTGATACACTAATTTTCAAAAAATATTTTAAAAACGAGCAGGAT
CTGCTCGTTTTTAAAATATTTTTTGAAAATGAATCAAAAATTAATATTAGATGAAATTTTGAAGAAC

2 BREHM
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Py Promoter

251 bp UP -35 14 bp spacer -10

RBS

AGGATTT CAGAAAAAATCGTG GAAT TGATACACTAATGCTTTTATATAG AAAGGAGGTGAAATGTACAC

34bp S'UTR

1 P BHFHBKENY

Fig. 1 Overall structure of P, promoter
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Fig. 2 Upstream sequence truncation mutants design and fluorescence expression intensity
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Fig. 4 Random mutation screening and shake flask verification
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Fig. 5 Hybrid promoters combination design and expression intensity characterization

34 LUFIRAEAGC”, it 4 FREHLIEAE  BAE T - A SPc JH BT R, 34T RIAR B S Y
UF B0 A0 AT B A HES I X i 3 F9R . 4 BB S 31 F SPyne—Puun s Paess =SPanc  Prz=SPnc
A HEEZ 0, I8 2 spacer KBUHAY G-C Bl L % M Pos—SP,c, 58 BE 20 2 R 2 iE 19 135.1% ,
A A-T 15 8 T )3 8l 7 58 B 48 = 19 8 AR 1K SP,.c, 129.7% ,127.0%11 124.3% , ASWFFE XS AR B 2F A0 1
Ak 245 N [ B 0 2 3k 19 0 3l 1 G B IR 45 T 41 4 AR T RAAEESHE L,

S 3Hk

[ 1] WESTERS L, WESTERS H,QUAX W J. Bacillus subtilis as cell factory for pharmaceutical proteins:a biotechnological approach
to optimize the host organism[J]. Biochimica Et Biophysica Acta,2004,1694(1-3):299-310.

[2 ]JIN P,KANG Z,YUAN P H,et al. Production of specific-molecular-weight hyaluronan by metabolically engineered Bacillus
subtilis 168[J]. Metabolic Engineering,2016,35:21-30.

[3]1PAVITHRA S,RAMESH R,AARTHY M, et al. Starchy substrates for production and characterization of Bacillus subtilisamylase
and its efficacy in detergent and breadmaking formulations[J]. Starch—Stirke ,2014,66(11-12):976-984.

[4 ] ZHANG J,KANG Z,LING Z,et al. High-level extracellular production of alkaline polygalacturonate lyase in Bacillus subtilis
with optimized regulatory elements[J]. Bioresource Technology,2013,146.543-548.

[5 ] NGUYEN H D,NGUYEN Q A,FERREIRA R C,et al. Construction of plasmid-based expression vectors for Bacillus subtilis
exhibiting full structural stability[J]. Plasmid,2005,54(3) .241-248.

[ 6] WILLENBACHER J,MOHR T,HENKEL M, et al. Substitution of the native srfA promoter by constitutive Pveg in two B. subtilis
strains and evaluation of the effect on surfactin production[J]. Journal of Biotechnology,2016,224.14-17.

[7]1WANG Y,LIU Y,WANG Z,et al. Influence of promoter and signal peptide on the expression of pullulanase in Bacillus subtilis
[J]. Biotechnology Letters,2014,36(9):1783-1789.

[8]YU X,XUJ,LIU X, et al. Identification of a highly efficient stationary phase promoter in Bacillus subtilis[J]. Scientific Reports,
2015,5:18405.

[91 YANG S,DU G,CHEN J,et al. Characterization and application of endogenous phase-dependent promoters in Bacillus subtilis
[J]. Applied Microbiology and Biotechnology,2017,101(10):4151-4161.

[10] LIU X, WANG H,WANG B, et al. Efficient production of extracellular pullulanase in Bacillus subtilis ATCC6051 using the host
strain construction and promoter optimization expression system[J]. Microbial Cell Factories,2018,17(1):163.

[11] FRISBY D,ZUBER P. Analysis of the upstream activating sequence and site of carbon and nitrogen source repression in the
promoter of an early-induced sporulation gene of Bacillus subtilis[J]. Journal of Bacteriology,1991,173(23).7557-7564.

[12] GUAN C,CUI W,CHENG 1J,et al. Development of an efficient autoinducible expression system by promoter engineering in

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 41 Issue 5 2022



OB E HEF MY P BTG A

Bacillus subtilis[J]. Microbial Cell Factories,2016,15:66.
[13] WANG Y,SHI Y,HU L,et al. Engineering strong and stress-responsive promoters in Bacillus subtilis by interlocking sigma
J

factor binding motifs[J]. Synthetic and Systems Biotechnology,2019,4(4):197-203.
[14] OLLINGTON J F,HALDENWANG W G,HUYNH T V,et al. Developmentally regulated transcription in a cloned segment of

the Bacillus subtilis chromosome[J]. Journal of Bacteriology, 1981,147(2) :432-442.
[15] ZUBER P,LOSICK R. Use of a lacZ fusion to study the role of the spoO genes of Bacillus subtilis in developmental regulation[J].

Cell, 1983,35(1) :275-283.
[16] ROBERTSON J B,GOCHT M,MARAHIEL M A, et al. AbrB,a regulator of gene expression in Bacillus ,interacts with the
transcription initiation regions of a sporulation gene and an antibiotic biosynthesis gene[J]. Proceedings of the National Academy
of Sciences of the United States of America,1989,86(21):8457-8461.
[17] CARTER H L,MORAN C P,JR. New RNA polymerase sigma factor under spo0O control in Bacillus subtilis[J]. Proceedings of
the National Academy of Sciences of the United States of America,1986,83(24).9438-9442.
[18] CHENG J,GUAN C,CUI W,et al. Enhancement of a high efficient autoinducible expression system in Bacillus subtilis by
promoter engineering[J]. Protein Expression and Purification,2016,127.81-87.
[19] SAUER C,VER LOREN VAN THEMAAT E,BOENDER L G M, et al. Exploring the nonconserved sequence space of synthetic
expression modules in Bacillus subtilis[J]. ACS Synthetic Biology,2018,7(7):1773-1784.
[20] HAN L,CUI W,SUO F,et al. Development of a novel strategy for robust synthetic bacterial promoters based on a stepwise
evolution targeting the spacer region of the core promoter in Bacillus subtilis[J]. Microbial Cell Factories,2019,18(1):96.

[21] GUAN C,CUI W,CHENG J, et al. Construction of a highly active secretory expression system via an engineered dual promoter

and a highly efficient signal peptide in Bacillus subtilis[J]. Nature Biotechnology,2016,33(3):372-379.
[22] ZHANG K,SU L,DUAN X, et al. High-level extracellular protein production in Bacillus subtilis using an optimized dual-

promoter expression system[J]. Microbial Cell Factories,2017,16(1):32.
[23] FNSEAE , F/Nig . 22 AR FLE SR 8 7 A SE DR AR e SR [T, TP RL2#,2017,24(1) . 73~76.
[24] XIAO J,PENG B, SU Z, et al. Facilitating protein expression with portable 5'-UTR secondary structures in Bacillus licheniformis

[J]. ACS Synthetic Biology,2020,9(5):1051-1058.

a
1 I

=

45790 57

BB

MEXRE AL R LT R RHEREET KB LD EME R

2022 4F 3 H 1 H , & K HARR % i NOM/ADM-0180 5 3C {4, %5 £F 4 % (Cellulose ) I 3 & £F 4k 2% (Microcrystalline
Cellulose ) ¥ {ff FH vt 1 4 A 2 5 i | B0 s | B0 e st b0 17 % A 2L it ( RDAR 47 35k ) 4 s XU il 5t oy | TR BSR4 9T S0 0 B9 it

T 2 2R (it 2T 4 2% B 2 AL VE A D 500 0 T D0 U0 T L AR m U e 94 70 32k T i R A v A 4 e o e, LB

#IOFT 202243 A 1 HlAERL,
o A A DD bR BT A D TR Y 2 R o)
(A5 BRI TV I8 152 AR 52 55 18 it 28~ B2 5y A i 5 O 2T 4 35 R ok it 2T 4 3% 410 0T 9 T K 810 256 AL i i

Y5 7= fHEB/OL). (2022-3-18).http://www.tbtguide.com/
St £ FI 2022 FE A1 BE 5



