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Abstract: Surfactin has great potential applications in enhancing oil recovery, agriculture, pharmaceuticals, foods and
beverages, and cosmetics due to its extraordinary surface activity, biodegradability, anti-bacterial activity and
biocompatibility. Enhancing surfactin production by engineering surfactin-producer and optimizing culture conditions is the
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key of its industrial production and subsequent applications. In this study, the effect of fatty acid synthesis pathway on
surfactin synthesis was investigated, and Bacillus subtilis THBS-2 and THBS-8 with high surfactin titer were constructed by
overexpressing key genes involved in the fatty acid synthesis pathway. To optimize culture condition, the amount and adding
time of isopropyl-beta-D-thiogalactopyranoside (IPTG) and amino acids were studied, and a two-stage culture method was
obtained: IPTG (final concentration: 1.25 mmol/L) and leucine (final concentration: 5 g/L) were added at 3 h, leucine (final
concentration 5 g/L) and condensed culture medium (5 mL) were added at 24 h. Applying this strategy, the surfactin titer of B.
subtilis THBS-2 reached to 24 g/L in shake flask at 48 h and up to 34 g/L after 68 h fermentation in a 30-L fermentor. The

results provide basis for large-scale production and broad application of surfactin.

Keywords: surfactin, Bacillus subtilis, fatty acid synthesis pathway, culture optimization
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x1 AMRTBEAEANSY
Tablel Primersused in thisstudy

Primer name Sequence (5'-3) Restriction sites
yngH-F CACGGATCCATGTTTACAAAAGTACTGATC BamH 1
yngH-R AACTCTAGATTATAGGTGCTGTTTCA Xba [
accAD-F CCCTCTAGAAAGGAGATGTTAAAGGATATATTCACG Xba [
accAD-R ACAGACGTCTTAGTTTACCCCGATATATTGATCTTC Aat Il
fabD-F CACCCTAGGAAGGAGGAGAATGAGTAAGATTGCATTTTTAT Avr 11
fabD-R CACTCTAGATTAAGCATTATCATTCTCCTCCTTA Xba [
fabHB-F TATCCTAGGAAGGAGGAGAATGTCAAAAGCAAAAATTACA Avr 11
fabHB-R ACATCTAGATTACATCCCCCATTTAATAAGCAAT Xba [
Pg3-F ATATCTAGAAGCTATTGTAACATAATCGGTACGG Xba [
Pg3-R CACGACGTCAGATCCTTCCTCCTTTAATTGGGAA Aat 1T
fabGF-F ATATCTAGAATGCTTAATGATAAAACGGC Xba [
fabGF-R CACGACGTCTTATAGGTGCTGTTTCAAAAAGTCA Aat 1T
fabz-F ATAGACGTCAAAGGAGGAAGGAATGCTTGATACTCAGCAAAT Aat 1T
fabZ-R ACACCCGGGTTATTCTCCGAGGGCAAAAGTCAGTT Xma [
fabl-F CACCCCGGGAAAGGAGGAAGATGAATTTTTCACTTGAAGGCCGTA Xma [
fabl-R ATACCATGGTTAGCGGGCAGTGATATGGAAACCA Nco [

Underlined sequence: restriction sites. Sequence in italitics: ribosome binding site.

x2 AMEDERERRK
Table2 Plasmidsused in thisstudy

Plasmid name Descriptions Sources
pIMP-yngH ColE1 ori, repA, Kana'(Bs), Amp~(Ec), Pg3-yngH [10]
pIMP-YAD ColE1 ori, repA, Kana(Bs), AmpR(Ec), Pg3-yngH-accAD This study
pIMP-YD ColE1 ori, repA, Kana(Bs), Amp®(Ec), Pg3-yngH-fabD This study
pIMP-YHB ColE1 ori, repA, Kanal(Bs), AmpR(Ec), Pg3-yngH-fabHB This study
pIMP-YDHB ColE1 ori, repA, Kanal(Bs), AmpR(Ec), Pg3-yngH-fabD-fabHB This study
pIMP-YDHBGF ColE1 ori, repA, Kanal(Bs), AmpR(Ec), Pg3-yngH-fabD-fabHB-Pg3-fabG-fabF This study

pIJMP-YDHBGFZI  ColE1 ori, repA, Kana(Bs), AmpR(Ec), Pg3-yngH-fabD-fabHB-Pg3-fabG-fabF-fabZ-fabl  This study

*3 AMERTBEAERANER
Table3 Strainsused in thisstudy

Strains Genotype References or sources

E. coli TOP10 Applied for harvesting plasmid Solarbio (Beijing, China)
THY-7 Wild type, CGMCC No. 8906 [12]

THBS-1 THY-7/Pg3-srfA, CmR [14]

THBS-2 THBS-1carrying plasmid pJMP-yngH [16]

THBS-3 THBS-1carrying plasmid pJMP-YAD This study

THBS-4 THBS-1carrying plasmid pJMP-Y D This study

THBS-5 THBS-1carrying plasmid pJMP-YHB This study

THBS-6 THBS-1carrying plasmid pJMP-YDHB This study

THBS-7 THBS-1carrying plasmid pJMP-Y DHBGF This study

THBS-8 THBS-1carrying plasmid pJMP-Y DHBGFZI This study

& : 010-64807509 B<: cjb@im.ac.cn
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Fig. 1 Fatty acids synthesis pathway in B. subtilis.
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Fig. 2 Surfactin production by engineered strains in flask culture. Time-course profiles of cell growth (A) and
surfactin titer (B) by THBS-1, THBS-2 and THBS-3. (C) Surfactin production by all improved fatty acid biosynthesis
B. subtilisin shaking flask culture at 60 h.

A B
50 151
k3
wpg T T 0 12 =
=
30t 29t
=
S g
20+ 8 6r
5
10 a3 ﬁ
O 1 1 1 1 1 1 1 0
0 1 2 3 4 6 8 0 1 2 3 4 6 8
Time (h) Time (h)

3 IPTGAMBTEIMEME (A) MKREEMER (B) MWE
Fig. 3 Effect of IPTG addition time on biomass (A) and surfactin production (B).
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Fig. 4 Effect of IPTG concentration on biomass (A) and surfactin production (B).
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Fig. 5 Effect of amino acids on surfactin production. (A) The molecular structure of surfactin. (B) Effect of adding

different amino acids on surfactin production.
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Fig. 6 Effectsof Leu addition time (A) and concentration (B) on surfactin production.
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Fig. 8 Time course profiles of surfactin production by
B. subtilis THBS-2 under the two-stage scheme of adding
precursor in flask culture(A) and 30-L fermenter (B).
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