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Abstract: Bacitracin is a broad-spectrum antibiotics mainly produced by Bacillus, and is used as veterinary medicine in the
fields of livestock and poultry breeding. Insufficient supply of precursor amino acids might be an important factor that hinders
high-level microbial production of bacitracin. We investigated the effect of strengthening L-cysteine supply on bacitracin
production by an industrial bacitracin producer, Bacillus licheniformis DW2. Overexpression of cysK encoding L-cysteine
synthase led to a 9.17% increase of the bacitracin titer. Moreover, overexpression of cysE encoding L-serine acetyltransferase
and cysP encoding thiosulfate/sulfate intracellular transporter increased the bacitracin titers by 7.23% and 8.52%, respectively.
Moreover, overexpression of a putative cystine importer TcyP led to a 29.19% increase of intracellular L-cysteine, and
bacitracin titer was increased by 7.79%. Subsequently, the strong promoter Py,.a Was used to replace the promoters of genes
cysP, cysE and tcyP in strain DW2::ysK, respectively. The resulted strain CYS4 (DW2::cysK-Ppaca-(CYySP)-Ppaca(CYSE)-
Ppaca(tcyP) produced 910.02 U/mL bacitracin, which was 21.10% higher than that of the original strain DW2 (747.71 U/mL).
Together with the experiments in 3 L fermenters, this research demonstrated that enhancing intracellular L-cysteine supply is
an effective strategy to increase bacitracin production of B. licheniformis.

Keywords: Bacillus licheniformis, bacitracin, L-cysteinesupply, metabolic engineering
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Table 1 Strains and plasmids used in this study

Strains or plasmids Relevant characteristics Sources/References
Strains
Escherichia coli DH50. F~ ®80d/lacZAM15, A(lacZYA-argF) U169, recAl, endAl, hsdR17 TaKaRa Co., Ltd
(r«”, mg), phoA, supE44, &~ thi-1, gyrA96, relAl
B. licheniformis DW2  Industrial production strain (CCTCC M2011344) for Bacitracin CCTCC
DW2/pHY-300 DW?2 harboring plasmid pHY300PLK This study
DW2/pHY-cysP DW?2 harboring plasmid pHY-pHY-cysP This study
DW2/pHY- cysE DW?2 harboring plasmid pHY-pHY-cysE This study
DW2/pHY-cysK DW?2 harboring plasmid pHY-pHY-cysK This study
DW2/pHY-tcyP DW?2 harboring plasmid pHY-pHY-tcyP This study
DW2AtcyP Knockout of gene tcyP in DW2 This study
DW2-Pypaea (tcyP) Replace the original promoter Picyp With Ppaca in DW2 This study
DW2-Pyaca (CysP) Replace the original promoter Pcysp With Ppaca in DW2 This study
DW?2-Pyaea (CysE) Replace the original promoter Pcyse With Ppyca in DW2 This study
DW2::cysK Integration overexpression of cysK in DW2 This study
CYS1 Integration overexpression of cysK in DW2 This study
CYS2 Replace the original promoter Pcysp With Ppaca in CYS1 This study
CYS3 Replace the original promoter Pcyse With Pyyca in CYS2 This study
CYS4 Replace the original promoter Picyp With Pyaca in CYS3 This study
Plasmids
pHY300PLK E. coli-B. licheniformis shuttle vector, Apr (E. coli), Tcr (E. coli and Lab collection
B. licheniformis)
pHY-cysP Plasmid pHY300PLK harboring gene cysP This study
pHY-cysE Plasmid pHY300PLK harboring gene cysE
pHY-cysK Plasmid pHY300PLK harboring gene cysK This study
pHY-tcyP Plasmid pHY300PLK harboring gene tcyP
T,(2)-ori E. coli-B. licheniformis shuttle vector, for gene knockout This study
T,-PbacA(cysP) T2(2)-Ori-Peysp (A+PpacatB), to replace the promoter of Peyep
T2(2)-Ori-Pcyse (A+PyacatB), to replace the promoter of Peyse Lab collection
T,-PbacA(cysE) T2(2)-Ori-Pieyp (A+PyacatB), to replace the promoter of Pyp This study
T»(2)-ori derivative containing homologous arms of gene tcyP, to delete tcyP This study
T,-PbacA(tcyP) T2(2)-Ori-cysK (A+cysK expression cluster+B); to over-express cysK This study
To-AtcyP This study
To::cysK This study
1.3 EHxFE (pH 4 6.85).
LB ¥ PRI IR LA LB [ A8 77 5L i ) HEFRHR 4P . 121 °C 20 min,

57 W L i s (81, o K
PRI R T s R 36 ™ &K 10% , KK 14 HRSHTE TISEamE
Br 4.5%. FEFURKIRES 0.6%. BREREL 0.1%, AR 141 MR EMITE BRI B MR RHE

pH (pH 7y 6.85); 2 2% M A 25 I AT 1 i Ak 2 K R Rk A R
REERENATE R I 7 . G 8%, FOKIER ) kg 3L cysK . cysE. cysP. tcyP
3.6%. #RJEBRARES 0.6% . FilZ%% 0.1%, HIR pH SR Ak IR TR K DW2/pHY-cysK, DW2/pHY-cysE
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DW2/pHY-cysP #1 DW2/pHY-tcyP.
1.4.2 A ZF M A 2 R AR TR AR I ) s

2% i A 2 MR TR R IR B Ak ) A
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1.4.3  HbARZFHAF R 3 F R R A bR i
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St B VRAT, PRICR T IS ZEAH R LB AR X2k,
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), 230 r/min, 37 CHR%HEF% 8-10 h, FEM LR
Hide: DL 5% A & 20 mL FFRAK
R FRH (NIRIBTER), A 250 mL —
i, 230 r/min, 37 ‘CH5354) 48 h, pH %] 8.0 i}
B ) e

3L K EHE/INMA S . I LA 5004 Fh it 4%
EHA L5 LR 3 L A BERE Qliah/RAEY T
FEARAR) b, LB 1-4 h EHI L E N
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SEHN 1 vwwm, K pH %) 8.0 BRI A F & 2
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PR (FFRREREZE (P<0.05), **FIN
E5SW R (P<0.01)).
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Fig. 2 Effects of over-expression of L-cysteine synthase
gene cysK (A), L-serine acetyltransferase gene cysE (B)
and thiosulfate/sulfate transporter CysP (C) on bacitracin
production. *, P<0.05; **, P<0.01.
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B, MG E] R DW2-PyacalteyP), FF 5 K%k
#rik#) 805.96 U/mL, LT DW2 5 T 7.79%
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Intracellular amino acid concentrations of strains DW2 and CYS4 at 24 h (A), 36 h (B), 48 h (C). *, P<0.05; **,
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