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Abstract: Polyglutamic acid, as a natural multifunctional polymer, has become a research hotspot
in recent years. Microbial fermentation is currently an effective way to produce polyglutamic acid
which is difficult to be synthesized by chemical methods. [Objective] To explore the roles of degs,
degQ, degU, swrA, rocA, and putM genes in the polyglutamic acid synthesis of Bacillus subtilis
and realize the regulation of the synthesis pathway through molecular modification. [Methods]
The genetically engineered B. subtilis strains were constructed by knocking out degS, degQ, and
degU or overexpressing swrAd, rocA, and putM, respectively. The key nodes in the synthesis
pathway were analyzed based on the content change of extracellular polyglutamic acid secreted
by the engineered strains. [Results] In shake flask culture, the extracellular polyglutamic acid
contents of the recombinant strains B. subtilis 168-swrA, 168-rocA, and 168-putM were 1.28,
1.47, and 1.37 times that of the original strain, respectively; the extracellular polyglutamic acid
contents of B. subtilis 168-AdegS, 168-AdegQ, and 168-4degU were 1.01, 0.98 and 0.94 times
that of the original strain, respectively. In static culture, B. subtilis 168-AdegU could not form an
intact biofilm, and the biofilm formation of B. subtilis 168-AdegS, 168-AdegQ, 168-swrA,
168-rocA, and 168-putM was 1.48, 1.31, 1.77, 2.59, and 2.16 times that of the original strain,
respectively. The extracellular protein content was positively correlated with the biofilm
formation. [Conclusion] The deletion of degS, degQ, and degU did not significantly affect the
synthesis of polyglutamic acid, while the overexpression of swrA, rocA, and putM significantly
improved the ability of B. subtilis to synthesize polyglutamic acid.

Keywords: Bacillus subtilis; polyglutamic acid; key genes; metabolic pathway; quorum sensing
regulatory system
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Figure 1 Partial way for y-PGA synthesis.
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1o FRAK AR (04 A BRSO T AR TR R
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Table 1 Primers used in this study

Primers Sequences (5'—3")
AdegS-L-F AGTCTCCTCCCTAAAAACAACC
AdegS-L-R ATCCCCGGGTCTATGATTTGTAAAATAGAGCCAAAAGG

AdegS-p7C6-F
AdegS-p7C6-R

GGCTCTATTTTACAAATCATAGACCCGGGGATCCTCTAG
ACGGAGGGAAATTGTTCAAGCGAAAACATACCAC

AdegS-R-F TCGCTTGAACAATTTCCCTCCGTCACGG

AdegS-R-R CCAAGCCCTACAACTACCAAT

AdegQ-L-F TTTCAATATCACTGCGATTTCCGG

AdegQ-L-R ATCCCCGGGTAAAAGACTTGGAAACAAGTCTTTTT

AdegQ-p7C6-F
AdegQ-p7C6-R

CTTGTTTCCAAGTCTTTTACCCGGGGATCCTCTAGA
AAAGGAGTGTGGAAACGGTTCAAGCGAAAACA

AdegQ-R-F TCGCTTGAACCGTTTCCACACTCCTTTTTTTGAA
AdegQ-R-R AGCAACAACTGGGACACT

AdegU-L-F TTCCTAACGCACCTTCACC

AdegU-L-R CCCCGGGTTATAATAGGAGACTTGCCTTTTACTAGG

AdegU-p7C6-F
AdegU-p7C6-R

GCAAGTCTCCTATTATAACCCGGGGATCCTCT
GAGGCGTGGCTTGTTCAAGCGAAAACATACCAC

AdegU-R-F TTTCGCTTGAACAAGCCACGCCTCCTT

AdegU-R-R GCAGATTGCTAGGGCTTC

swrA-L-F CAACATTGACCCATAAAAAAGCGTA

swrA-L-R CCCCGGGTTACTTGCCCTCTTCAATTGTGA

swrA-p7C6-F GGGCAAGTAACCCGGGGATCCTCT

swrA-p7C6-R CACGCACAAGTGTACATTCCTCTCTTACCTATAATGG

swrA-R-F AGGTAAGAGAGGAATGTACACTTGTGCGTGAAAAAAAAATATTATGAATT
swr4-R-R AACGATAAGCAACCGCTC

rocA-L-F ACCGCTTGTTTTGGGAG

rocA-L-R CCCGGGTATGTAGTCCCCCTCGTG

rocA-p7C6-F GGGGACTACATACCCGGGGATCCTCT

rocA-p7C6-R TGTGACTGTCATGTGTACATTCCTCTCTTACCTATAATGGTA
rocA-R-F AGAGGAATGTACACATGACAGTCACATACGCG

rocA-R-R AATGCTGAATACACGATAGAGGA

putM-L-F AAGGATAGATGCCCGAAAG

putM-L-R CGGGTCCGACTCCCTCCCG

putM-p7C6-F GAGTCGGACCCGGGGATCCTCT

putM-p7C6-R ACACATGTCTCAACATGTGTACATTCCTCTCTTACCTATAATG
putM-R-F GGTAAGAGAGGAATGTACACATGTTGAGACATGTGTTTTTATTCT
putM-R-R CGGCTGCTTTCACTTTTTCAA

http://journals.im.ac.cn/actamicrocn
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A B
123 4567 8 910 1112M  bp bp M1 2 3 45 6
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o6t I 1 196 bp
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¢ D E
12345 6M bp 1 23M bp 123456M bp
T
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3092b 2000 3196 bp 5000 5000
2 000
%ggo 1196 bp 2000
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. 1 000
250 500

250

B2 HEEHKNGE

Figure 2 Construction of recombinant strain. M: DL5000. A, 1, 2: Upstream fragment of AdegsS; 3, 4: Middle
fragment of AdegsS; 5, 6: Downstream fragment of AdegsS; 7, 8: Upstream fragment of AdegQ; 9, 10: Middle
fragment of AdegQ; 11, 12: Downstream fragment of Adeg(Q. B, 1, 2: Upstream fragment of AdegU, 3, 4:
Middle fragment of AdegU; 5, 6: Downstream fragment of AdegU. C, 1, 2: Fusion fragment of AdegS; 3, 4:
Fusion fragment of AdegQ; 5, 6: Fusion fragment of AdegU. D, 1: Bacterial liquid PCR verification of 4degS; 2:
Bacterial liquid PCR verification of A4deg(Q); 3: Bacterial liquid PCR verification of AdegU. E, 1, 2: Upstream
fragment of swrd; 3, 4. Middle fragment of swrd; 5, 6: Downstream fragment of swrd. F, 1,2: Upstream
fragment of roc4; 3, 4: Middle fragment of roc4; 5, 6: Downstream fragment of roc4; 7, 8: Upstream fragment
of putM; 9, 10: Middle fragment of putM; 11, 12: Downstream fragment of putM. G, 1: Fusion fragment of
swrA; 2: Fusion fragment of rocA4; 3: Fusion fragment of putM. H, 1: Bacterial liquid PCR verification of swr4;
2: Bacterial liquid PCR verification of rocA4; 3: Bacterial liquid PCR verification of putM.
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Figure 3

Morphological differences of different recombinant strains. A: B. subtilis 168 strain. B:

BS168-4degsS strain. C: BS168-4degQ strain. D: BS168-4degU strains. E: BS168-swrA strain. F: BS168-roc4

strain. G: BS168-putM strain.
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Figure 4 Differences in biofilm and extracellular P a B E AR A K i 26 o B. subtilis 168 Fk
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Figure 5 Detection of bacterial motility. A: Swimming of B. subtilis 168 and BS168-4degS strains on the plate
for 9 hours. B: Swimming of B. subtilis 168 and BS168-4degS strains on the plate for 24 hours. C: Swimming
of B. subtilis 168 and BS168-4degQ strains on the plate for 9 hours. D: Swimming of B. subtilis 168 and
BS168-4degQ strains on the plate for 24 hours. E: Swimming of B. subtilis 168 and BS168-4degU strains on
the plate for 9 hours. F: Swimming of B. subtilis 168 and BS168-4degU strains on the plate for 24 hours.
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Figure 7 Determination of y-PGA production by fermentation in well plates. A: Comparison of yield between
B. subtilis 168 and BS168-4degS strains; B: Comparison of yield between B. subtilis 168 and BS168-AdegQ
strains; C: Comparison of yield between B. subtilis 168 and BS168-AdegU strains; D: Comparison of yield
between B. subtilis 168 and BS168-swrd strains; E: Comparison of yield between B. subtilis 168 and
BS168-rocA strains; F: Comparison of yield between B. subtilis 168 and BS168-putM strains. The experimental
data were measured by the mean+standard deviation (SD) of repeated values.
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