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Enhancement production of subtilisin in Bacillus licheniformis by
screening promoter s and signal peptides and optimization of
fermentation medium
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Abstract: [Background] Subtilisin is an important industrial protease with many applications. [Obj ective]
The aim of this study is to improve the subtilisin production by screening promoters and signal peptides, and
optimization of fermentation medium. [Methods] Bacillus licheniformis BL10, constructed in our previous
research, was served as the host strain for subtilisin production, and four promoters (Poaca, P43, Paye and
Psia) and four signal peptides (SPypr, SPsas, SPsacc and SPape) were screened to improve subtilisin
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production, and the medium for subtilisin production was further optimized. [Results] Based on our results,
the expression ratios among these four promoters were Ppaca>Panrie>P43>Psia, and the secretion efficiencies
were SPape>SPsacc™>SPsacs™>SPyypr, respectively. Among these strains, BL10/pPyaca-aprE displayed with the
highest subtilisin activity (275.21 U/mL), which was increased by 64% compared with that of
BL10/pHY-aprE (167.98 U/mL). Furthermore, the fermentation medium was optimized, and the orthogonal
test was further applied to enhance subtilisin production. The maximum subtilisin activity (747.37 U/mL)
was obtained in the optimized medium with 40.0 g/L corn starch, 50.0 g/L soybean meal, 4.0 g/L (NH4)2SO,,
3.0 gL K;HPO,, 1.0 g/L CaCO0s, increased by 4.45-fold compared with that of the initial condition.
[Conclusion] Collectively, this study provided an effective strategy for enhanced production of subtilisin.

Keywords: Bacillus licheniformis, Subtilisin, Promoter, Signal peptide, Fermentation medium optimization
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Tablel Thestrainsand plasmidsused in thisstudy

BEIARFNBTRL Epil IR

Strains and plasmids Characteristic Resource
Escherichia coli supE44 AlacU169 (f 80 lacZAM15) hsd R17 recAl gyrA96 thil relAl [9]
DH5a
Bacillus licheniformis
WX-02 Poly-glutamate production strain (CCTCC M208065) CCTCC
DW2 Bacitracin production strain (CCTCC M2011344) CCTCC
BL10 WX-02 (Ampr, Avpr, AaprX, Aepr, Abpr, AwprA, AaprE, AbprA, Ahag, AamyL) [9]
BL 10/pP43-aprE BL 10 harboring pP43-aprE This study
BL10/pHY-aprE BL 10 harboring pHY-aprE This study
BL 10/pPpaca-aprE BL 10 harboring pPbacA-aprE This study
BL 10/pPsi-aprE BL 10 harboring pPs:-aprE This study
BL 10/pPpaca-SPsxcs-aprE BL 10 harboring pPhaca-SPsxcs-aprE This study
BL 10/pPpaca-SPsxc-aprE BL 10 harboring pPpaca-SPsacc-aprE This study
BL10/pPhaca-SPyp-aprE BL 10 harboring pPoaca-SPyp-aprE This study

Plasmids
pP43-aprE pHY 300PLK containing P43 promoater, aprE with native signal peptide and amyL terminator ~ This study
pHY-aprE pHY 300PLK containing apr E with native promoter and signal peptide, amyL terminator This study
PPoaca-aprE pHY 300PLK containing Psaca promoter, aprE with native signal peptide and amyL terminator This study
pPyi-aprE pHY 300PLK containing Psia promoter, aprE with native signal peptide and amyL terminator ~ This study
PPoaca-SPsacs-aprE pHY 300PLK containing Puaca promoter, signal peptide of SacB, gene aprE (without itsown  This study
signal peptide), and amyL terminator
PPoaca-SPsacc-aprE pHY 300PLK containing Poaca promoter, signal peptide of SacC, gene aprE (without itsown  This study
signal peptide) and amyL terminator

PPoaca-SPyp-aprE pHY 300PLK containing Puaca promoter, signal peptide of Vpr, gene aprE (without its own  This study

signal peptide) and amyL terminator

®2 AHIRFIAMGIY

Table2 Theprimersused in thisstudy

Bk B 519575

Primers name Primers sequence (5'—3')
PaprE-F CGGAATTCGAATCAGATGGAGCAATCTC
PaprE-R AAAACTCTTTTTCCTCATCATTTTATCCCTTGCTGTCTTT
PA3-F CGGGAATTCTGATAGGTGGTATGTTTTCG
PA3-R AAAACTCTTTTTCCTCATCATGTGTACATTCCTCTCTTACCT
PbacA-F CGGAATTCCCTGCGATTTCGGCGAGATTCAA
PbacA-R AAAACTCTTTTTCCTCATCATATAAAAATTCTCCTTTTTGATAA
Psrf-F CGGAATTCGACGCTCTTCGCAAGGGTGTC
Psrf-R AAAACTCTTTTTCCTCATCATATACCTCCCCTAATCTTTATA
TamyL-F AAGAGCAGAGAGGACGGATT
TamyL-R GCTCTAGACGCAATAATGCCGTCGCACTG
SPVpr-F TTATCAAAAAGGAGAATTTTTATTTGAGAAAAAGTATCGTGCGC
SPVpr-R GCCAAAAACTCTTTTTCCTCATGAATGTGGATAACGCAAATA
SPSacB-F TTATCAAAAAGGAGAATTTTTATATGAACATCAAAAACATTG
SPSacB-R GCCAAAAACTCTTTTTCCTCATCGCACCTCCGGCCAGCAGT
SPSacC-F TTATCAAAAAGGAGAATTTTTATATGAAAAAGAGACTGATTCAAG
SPSacC-R GCCAAAAACTCTTTTTCCTCATTGCATCATCCGAAAATGCCATAG
pHY-F CAGATTTCGTGATGCTTGTC
pHY-R GTTTATTATCCATACCCTTAC

T KA BRI P DR 5, TR RIZR S SOE-PCR B Y &5 | ¥ 43
Note: Bold is arestriction enzyme site, underlined for the sequence for SOE-PCR.
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Figurel Effectsof different promoterson the subtilisin activity (A) and yield (B)
Note: 1: BL10/pPyaca-aprE; 2: BL10/pHY-aprE; 3: BL10/pP43-aprE; 4: BL 10/pPst-aprE; 5: BL10/pHY 300; M: Protein marker.
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Figure2 Effectsof different signal peptideson the subtilisin activity (A) and yield (B)

Note: 1 BL10/pPpaca-8prE; 2: BL10/PPhaca-SPsacc-aprE; 3: BL 10/pPhaca-SPsacs-aprE; 4: BL10/pPuaca-SPypr-aprE; 5: BL10/pHY300; M:
Protein marker.
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Figure3 Optimization of the fermentation medium for high-level production of subtilisin
TE: A: EXKIER; B: EM1; C: (NHg)2S04; D: KHPO,.

Note: A: Corn starch; B: Soybean meal; C: (NH,)2SO4; D: K;HPO,.
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Table3 Orthogonal experimental design and results
Factor

Activity

Level Cornstarch Soybean meal (NHj)2SOs4 (U/mL)
(9/L) (9/L) (gL)

1 20.0 50.0 2.0 132.50

2 30.0 50.0 3.0 326.26

3 40.0 50.0 4.0 733.10

4 20.0 60.0 3.0 170.48

5 30.0 60.0 4.0 519.70

6 40.0 60.0 2.0 627.90

7 20.0 70.0 4.0 466.11

8 30.0 70.0 2.0 467.45

9 40.0 70.0 3.0 589.88
Ky 31.20 61.10 49.78
Kz 69.89 69.29 42.00
Ks 97.70 84.41 76.66
R 66.50 23.31 34.38
og:/ T A3 B3 c3
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Figure 4 Fermentation curve of BL10/pPyqca-aprE in the
optimized medium.
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Sec B2 M5 IKER AT IS Nsp 25 (430, T
Tat R IE S K IRCRILT Sec iR HIE S
ko BEHEIRAEPI BT T (5 SRR . oot A A%
SRR E MR, B T AR IR S S AR S B
RIRRCRZ AN FR, P 1T aREE R /MR
(3 MA K o AR N A o R M 4 S
M BRI TR, A BRI TAh S 2EMOAT A 168
SRR ES5 IR SPascc AT LA ik 25 52 5 44 2 1Y)
SRR AN, AMTZ R g R R, FY
JRXT T HAREE e ia BeR It e Bk, e,
FI B 9155 K— g LU BoiE AT H 3R g s
AT, FRATIER T SPapre+ SPsacc  SPsacs il SPypr
4 P55 IR T00PE 22 Z PR 2R Y Z MY .
H1, SPsacc Fl SPsace Bl A1 IH 1T LA R B 44 5 4G
e e o TR NG Vpr WA 5
FFAE LB rh s i m i B Y, SPape
DU B 22 24 B2 28 i A B (59 ik, BB, Bk
4 PSS IE 5 S T AprE BT SR
GRIIESE . DEREEE IR, Bk 22 ZR e A B
W55 X F AprE B943i BAA BCarmfE R, Al
HFHE 355 K (SPsacc « SPsacs F1 SPypr) 7351142
= T 104.22%., 136.01%71 288.84%. FEFKATZ A
W, SPape XTG4 00 HA KA ARL
R, HAS TR 5A F T8 G0 B 8015 5k
RE T 404500 BT AprE E A ST 4
W e RSN I, PR, FRATTHED SPape AT
DIER—A 300 R BA5 5 R T A 27 B AT 1A
W R B b

A FEE A S FRE S K, RS T —kk
RE A% 15 A5 3 TR T 22 2 2 2 1 T ) b A 2 AT TR
T FE BL1O/PPyaca-aprE, [F]IF 2 %of & e 55
B SRR PSR M o | S ) O T Sy L
AT T WA 22 24 TR AR 1 il e T ) i 355 5% R B 4
. EOKTERT 40.0g/L, EH150.0g/L, (NH4),SO,
409g/L, K,HPO,3.0g/L, CaCO;1.09g/L, pH 7.2,
oo KM 22 S I 2 UG P4k 81 747.37 UimL, #H
FE T WA TG 1 3.45 1% . AW LF K
TUAE R 35 SR B4 oy e — Pl R Pk 22 S R 2 11 il
J A ORI
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