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Abstract: [Objective] D-pantothenic acid (DPA) is a functional compound widely used in
medical care, cosmetics, animal food and feed and other fields, with good market prospects.
This study aims to use CRISPRi to mine the endogenous gene targets affecting the biosynthesis
of DPA by the lab-stored Escherichia coli strain DPAP10. [Methods] We constructed a dual-
plasmid CRISPRi system with pTarget and pdCas9 to achieve the inhibition of gene expression
individually or in combination. Shaking flask fermentation was carried out to validate the
effect of gene blocking on DPA production. Real-time fluorescence quantitative polymerase
chain reaction (RT-qPCR) was employed to determine the transcription level after gene
blocking. The changes of metabolic pathways were analyzed by high performance liquid
chromatography (HPLC). [Results] We screened out 5 key genes (pgk, glItA, ptsH, ptsl, and
crp) and 7 gene combinations (pgk-gltA, pgk-ptsH, gltA-ptsH, pgk-ptsl, gltA-ptsl, pgk-crp, and
gltA-crp) from 126 target genes. The engineered strain DPAP10/pdCas9+pT-gltA-ptsH showed
the DPA yield of 5.3 g/L in a shaking flask, which increased by 49.5% compared with that by
the start strain DPAP10. Furthermore, we down-regulated the expression of gItA and ptsH to
construct an engineered strain DPAP10-gItA™-ptsH™ . This strain showed the DPA yield of
75.4g/L in 5 L fermentor which compared with the control strain DPAP10 under the same culture
conditions increased by 19.5%. [Conclusion] We confirmed that CRISPRi could mine the genes
involved in DPA synthesis. Changing the pyruvate flux and reducing the tricarboxylic acid
(TCA) cycling rate would promote the carbon flow into the DPA synthesis, thus increasing DPA
production. This finding provides a new idea for constructing higher yielding strains.

Keywords: metabolic engineering; Escherichia coli; D-pantothenic acid; CRISPRi

D-iZ i3 (D-pantothenic acid, DPA) Y Fr4i4: 2 BIEAAEYNGME. 7EAYEN, DPA FEhE
B5, fEN—FukitEge: £, AR P EZRE S 55 A (coenzyme A, CoA)LL K B4 AE
BAAAEW R RS p BIFD LAY, Hip, HA b F(acyl carrier protein, ACP)HIE L, MIM7EE
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##. pTarget Jiifi(Addgene Plasmid #62226)H
Bl B b A A Bl 2p il 57 e AL ) A BRAE ST
Fit BT G e s pdCas9 JFk: iy 5256 25 T4 Fh

5 3 -B-p- B AL 2F FL B 1 (isopropyl-B-D-
galactothioglycoside, IPTG)i%5 5. PCR 5|¥Hdt
SER AP A RA A G . AT

JEQRAE, dCas9 FERIFRIRH tre JHB T, 75 pTarget AW ILE 1.
F 1 1 pTarget RFIRKIFTH IS4

Table 1 The primers used for constructing pTarget

Primers Sequences (5'—3")

pT-avtA-F TAATACTAGTGATGCACTGTGTAACTACGAGTTTTAGAGCTAGAAATAGC
pT-avtA-R GCTCTAAAACTCGTAGTTACACAGTGCATCACTAGTATTATACCTAGGAC
pT-fadR-F TAATACTAGTCATTAAGGCGCAAAGCCCGGGTTTTAGAGCTAGAAATAGC
pT-fadR-R GCTCTAAAACCCGGGCTTTGCGCCTTAATGACTAGTATTATACCTAGGAC
pT-fabR-F TAATACTAGTTATAGTGCCAGCAGTACTTTGTTTTAGAGCTAGAAATAGC
pT-fabR-R GCTCTAAAACAAAGTACTGCTGGCACTATAACTAGTATTATACCTAGGAC
pT-mdh-F TAATACTAGTGATATCGCTCCAGTGACTCCGTTTTAGAGCTAGAAATAGC
pT-mdh-R GCTCTAAAACGGAGTCACTGGAGCGATATCACTAGTATTATACCTAGGAC
pT-ihfA-F TAATACTAGTATAAGCTTGGGCTTAGCAAGGTTTTAGAGCTAGAAATAGC
pT-ihfA-R GCTCTAAAACCTTGCTAAGCCCAAGCTTATACTAGTATTATACCTAGGAC
pT-ihfB-F TAATACTAGTATCGCACATTCCCGCCAAGAGTTTTAGAGCTAGAAATAGC
pT-ihfB-R GCTCTAAAACTCTTGGCGGGAATGTGCGATACTAGTATTATACCTAGGAC
pT-gapC-F TAATACTAGTCTGAAACATGATTCAAACTAGTTTTAGAGCTAGAAATAGC
pT-gapC-R GCTCTAAAACTAGTTTGAATCATGTTTCAGACTAGTATTATACCTAGGAC
pT-adiY-F TAATACTAGTATGTCTGGATAAGGGTGAATGTTTTAGAGCTAGAAATAGC
pT-adiY-R GCTCTAAAACATTCACCCTTATCCAGACATACTAGTATTATACCTAGGAC
pT-deoR-F TAATACTAGTACACGTCGCGAAGAGCGTATGTTTTAGAGCTAGAAATAGC
pT-deoR-R GCTCTAAAACATACGCTCTTCGCGACGTGTACTAGTATTATACCTAGGAC
pT-asnC-F TAATACTAGTCTGATCGACAATCTGGACCGGTTTTAGAGCTAGAAATAGC
pT-asnC-R GCTCTAAAACCGGTCCAGATTGTCGATCAGACTAGTATTATACCTAGGAC
pT-ilVY-F TAATACTAGTGAAAACCTTCCTGCATCTGGGTTTTAGAGCTAGAAATAGC
pT-ilvY-R GCTCTAAAACCCAGATGCAGGAAGGTTTTCACTAGTATTATACCTAGGAC
pT-crp-F TAATACTAGTAAACAGACCCGACTCTCGAAGTTTTAGAGCTAGA AATAGC
pT-crp-R GCTCTAAAACTTCGAGAGTCGGGTCTGTTTACTAGTATTATACCTAGGAC
pT-narL-F TAATACTAGTGATCACCCGATGCTGCGAACGTTTTAGAGCTAGAAATAGC
pT-narL-R GCTCTAAAACGTTCGCAGCATCGGGTGATCACTAGTATTATACCTAGGAC
pT-metJ-F TAATACTAGTATCAGCCCATACGCTGAGCAGTTTTAGAGCTAGAAATAGC
pT-metJ-R GCTCTAAAACTGCTCAGCGTATGGGCTGATACTAGTATTATACCTAGGAC
pT-Irp-F TAATACTAGTGTAGATAGCAAGAAGCGCCCGTTTTAGAGCTAGAAATAGC
pT-Irp-R GCTCTAAAACGGGCGCTTCTTGCTATCTACACTAGTATTATACCTAGGAC
pT-nac-F TAATACTAGTAGATATTGGTAGCCTGACCCGTTTTAGAGCTAGAAATAGC
pT-nac-R GCTCTAAAACGGGTCAGGCTACCAATATCTACTAGTATTATACCTAGGAC
pT-nsrR-F TAATACTAGTTTAACGAGTTTCACTGATTAGTTTTAGAGCTAGAAATAGC
pT-nsrR-R GCTCTAAAACTAATCAGTGAAACTCGTTAAACTAGTATTATACCTAGGAC
pT-rbsB-F TAATACTAGTCACCGTCAGTGCGAATGCGAGTTTTAGAGCTAGAAATAGC
pT-rbsB-R GCTCTAAAACTCGCATTCGCACTGACGGTGACTAGTATTATACCTAGGAC
pT-rob-F TAATACTAGTTCGCGACCTTTTAATCTGGCGTTTTAGAGCTAGAAATAGC
pT-rob-R GCTCTAAAACGCCAGATTAAAAGGTCGCGAACTAGTATTATACCTAGGAC
pT-lexA-F TAATACTAGTGTTAACGGCCAGGCAACAAGGTTTTAGAGCTAGAAATAGC
pT-lexA-R GCTCTAAAACCTTGTTGCCTGGCCGTTAACACTAGTATTATACCTAGGAC
(F54k)
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(EZR))
Primers Sequences (5'—3")
pT-soxS-F TAATACTAGTGTCCCATCAGAAAATTATTCGTTTTAGAGCTAGAAATAGC
pT-soxS-R GCTCTAAAACGAATAATTTTCTGATGGGACACTAGTATTATACCTAGGAC
pT-phoP-F TAATACTAGTCCACCTTAAAGTTCAGATTCGTTTTAGAGCTAGAAATAGC
pT-phoP-R GCTCTAAAACGAATCTGAACTTTAAGGTGGACTAGTATTATACCTAGGAC
pT-lysC-F TAATACTAGTGCGCGCTTTGAGAAGGTGATGTTTTAGAGCTAGAAATAGC
pT-lysC-R GCTCTAAAACATCACCTTCTCAAAGCGCGCACTAGTATTATACCTAGGAC
pT-tktA-F TAATACTAGTGAAAGCCAAATCCGGTCACCGTTTTAGAGCTAGAAATAGC
pT-tktA-R GCTCTAAAACGGTGACCGGATTTGGCTTTCACTAGTATTATACCTAGGAC
pT-tktB-F TAATACTAGTAAAGCCAACTCTGGTCATCCGTTTTAGAGCTAGAAATAGC
pT-tktB-R GCTCTAAAACGGATGACCAGAGTTGGCTTTACTAGTATTATACCTAGGAC
pT-talA-F TAATACTAGTTCGCTGTTACTCAAAGCTGCGTTTTAGAGCTAGAAATAGC
pT-talA-R GCTCTAAAACGCAGCTTTGAGTAACAGCGAACTAGTATTATACCTAGGAC
pT-talB-F TAATACTAGTTCTTAACGCAGCGCAGATTCGTTTTAGAGCTAGAAATAGC
pT-talB-R GCTCTAAAACGAATCTGCGCTGCGTTAAGAACTAGTATTATACCTAGGAC
pT-ptsl-F TAATACTAGTTTCAGGCATTTTAGCATCCCGTTTTAGAGCTAGAAATAGC
pT-ptsl-R GCTCTAAAACGGGATGCTAAAATGCCTGAAACTAGTATTATACCTAGGAC
pT-ptsH-F TAATACTAGTGTTACCATTACCGCTCCGAAGTTTTAGAGCTAGAAATAGC
pT-ptsH-R GCTCTAAAACGGGATGCTAAAATGCCTGAAACTAGTATTATACCTAGGAC
pT-rpe-F TAATACTAGTGATTGCCCCCTCAATTCTGTGTTTTAGAGCTAGAAATAGC
pT-rpe-R GCTCTAAAACACAGAATTGAGGGGGCAATCACTAGTATTATACCTAGGAC
pT-pgk-F TAATACTAGTCTGAACGTACCAGTAAAAGAGTTTTAGAGCTAGAAATAGC
pT-pgk-R GCTCTAAAACTCTTTTACTGGTACGTTCAGACTAGTATTATACCTAGGAC
pT-gnd-F TAATACTAGTCAACCGTTCCCGTGAGAAGAGTTTTAGAGCTAGAAATAGC
pT-gnd-R GCTCTAAAACTCTTCTCACGGGAACGGTTGACTAGTATTATACCTAGGAC
pT-zwf-F TAATACTAGTGCCTGTGACCTGGTCATTTTGTTTTAGAGCTAGAAATAGC
pT-zwf-R GCTCTAAAACAAAATGACCAGGTCACAGGCACTAGTATTATACCTAGGAC
pT-gapA-F TAATACTAGTCTGAAATATGACTCCACTCAGTTTTAGAGCTAGAAATAGC
pT-gapA-R GCTCTAAAACTGAGTGGAGTCATATTTCAGACTAGTATTATACCTAGGAC
pT-rpiA-F TAATACTAGTGAAAAAAGCAGTAGGATGGGGTTTTAGAGCTAGAAATAGC
pT-rpiA-R GCTCTAAAACCCCATCCTACTGCTTTTTTCACTAGTATTATACCTAGGAC
pT-rpiB-F TAATACTAGTGCATTTGGCTGTGATCATGTGTTTTAGAGCTAGAAATAGC
pT-rpiB-R GCTCTAAAACACATGATCACAGCCAAAGTCACTAGTATTATACCTAGGAC
pT-crr-F TAATACTAGTTCCGACGACAAGAAGGATACGTTTTAGAGCTAGAAATAGC
pT-crr-R GCTCTAAAACGTATCCTTCTTGTCGTCGGAACTAGTATTATACCTAGGAC
pT-serA-F TAATACTAGTAGACAAGATTAAGTTTCTGCGTTTTAGAGCTAGAAATAGC
pT-serA-R GCTCTAAAACGCAGAAACTTAATCTTGTCTACTAGTATTATACCTAGGAC
pT-serB-F GCTCTAAAACGCAGAAACTTAATCTTGTCTACTAGTATTATACCTAGGAC
pT-serB-R GCTCTAAAACTAAAGAGACATCTTCAGGCAACTAGTATTATACCTAGGAC
pT-serC-F TAATACTAGTCTTCAATTTTAGTTCTGGTCGTTTTAGAGCTAGAAATAGC
pT-serC-R GCTCTAAAACGACCAGAACTAAAATTGAAGACTAGTATTATACCTAGGAC
pT-leuA-F TAATACTAGTTTCGATACCACATTGCGCGAGTTTTAGAGCTAGAAATAGC
pT-leuA-R GCTCTAAAACTCGCGCAATGTGGTATCGAAACTAGTATTATACCTAGGAC
pT-leuB-F TAATACTAGTGCCGGGGGACGGTATTGGTCGTTTTAGAGCTAGAAATAGC
pT-leuB-R GCTCTAAAACGACCAATACCGTCCCCCGGCACTAGTATTATACCTAGGAC

(TF2k)
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gk 1)
Primers Sequences (5'—3")
pT-leuC-F TAATACTAGTTTCGATGGTCTGCGCGCCCAGTTTTAGAGCTAGAAATAGC
pT-leuC-R GCTCTAAAACTGGGCGCGCAGACCATCGAAACTAGTATTATACCTAGGAC
pT-leuD-F TAATACTAGTTTTGCAGAAAGTGACCCGTAGTTTTAGAGCTAGAAATAGC
pT-leuD-R GCTCTAAAACTACGGGTCACTTTCTGCAAAACTAGTATTATACCTAGGAC
pT-ilvl-F TAATACTAGTCAGGGCGTTAAACAAGTATTGTTTTAGAGCTAGAAATAGC
pT-ilvl-R GCTCTAAAACAATACTTGTTTAACGCCCTGACTAGTATTATACCTAGGAC
pT-ilvH-F TAATACTAGTGGCGCGTTATCCCGCGTGATGTTTTAGAGCTAGAAATAGC
pT-ilvH-R GCTCTAAAACATCACGCGGGATAACGCGCCACTAGTATTATACCTAGGAC
pT-ilvB-F TAATACTAGTTCGACGCGTAAGCGCTTTACGTTTTAGAGCTAGAAATAGC
pT-ilvB-R GCTCTAAAACGTAAAGCGCTTACGCGTCGAACTAGTATTATACCTAGGAC
pT-ilvN-F TAATACTAGTGCTCACCGTTCGCAACCATCGTTTTAGAGCTAGAAATAGC
pT-ilvN-R GCTCTAAAACGATGGTTGCGAACGGTGAGCACTAGTATTATACCTAGGAC
pT-ilvG-F TAATACTAGTAGTGGGTGGTACATGCGTTGGTTTTAGAGCTAGAAATAGC
pT-ilvG-R GCTCTAAAACCAACGCATGTACCACCCACTACTAGTATTATACCTAGGAC
pT-ilvM-F TAATACTAGTGCAACATCAGGTCAATGTATGTTTTAGAGCTAGAAATAGC
pT-ilvM-R GCTCTAAAACATACATTGACCTGATGTTGCACTAGTATTATACCTAGGAC
pT-ilVE-F TAATACTAGTCGCGCTGCACTATGGCACTTGTTTTAGAGCTAGAAATAGC
pT-ilVE-R GCTCTAAAACAAGTGCCATAGTGCAGCGCGACTAGTATTATACCTAGGAC
pT-ilvC-F TAATACTAGTGGTAAAAAAGTAGTCATCGTGTTTTAGAGCTAGAAATAGC
pT-ilvC-R GCTCTAAAACACGATGACTACTTTTTTACCACTAGTATTATACCTAGGAC
pT-ilvD-F TAATACTAGTCACTCATGGTCGTAATATGGGTTTTAGAGCTAGAAATAGC
pT-ilvD-R GCTCTAAAACCCATATTACGACCATGAGTGACTAGTATTATACCTAGGAC
pT-yfbQ-F TAATACTAGTCTGTTATGACATCCGTGGTCGTTTTAGAGCTAGAAATAGC
pT-yfbQ-R GCTCTAAAACGACCACGGATGTCATAACAGACTAGTATTATACCTAGGAC
pT-Ipd-F TAATACTAGTGAACGTTACAACACCCTTGGGTTTTAGAGCTAGAAATAGC
pT-Ipd-R GCTCTAAAACCCAAGGGTGTTGTAACGTTCACTAGTATTATACCTAGGAC
pT-gcvP-F TAATACTAGTTTAAGCCAGCTTGAAAACAGGTTTTAGAGCTAGAAATAGC
pT-gcvP-R GCTCTAAAACCTGTTTTCAAGCTGGCTTAAACTAGTATTATACCTAGGAC
pT-gevT-F TAATACTAGTTACGAACAACACACGCTTTGGTTTTAGAGCTAGAAATAGC
pT-gevT-R GCTCTAAAACCAAAGCGTGTGTTGTTCGTAACTAGTATTATACCTAGGAC
pT-puuE-F TAATACTAGTCGTCTTTCTGCCACTCCGCGGTTTTAGAGCTAGAAATAGC
pT-puuE-R GCTCTAAAACCGCGGAGTGGCAGAAAGACGACTAGTATTATACCTAGGAC
pT-metL-F TAATACTAGTGAAGTGTTATTTGCGTGTCGGTTTTAGAGCTAGAAATAGC
pT-metL-R GCTCTAAAACCGACACGCAAATAACACTTCACTAGTATTATACCTAGGAC
pT-gadA-F TAATACTAGTAAAGGCCATTTCTACTATCGGTTTTAGAGCTAGAAATAGC
pT-gadA-R GCTCTAAAACCGATAGTAGAAATGGCCTTTACTAGTATTATACCTAGGAC
pT-gadB-F TAATACTAGTGCAAGTAACGGATTTAAGGTGTTTTAGAGCTAGAAATAGC
pT-gadB-R GCTCTAAAACACCTTAAATCCGTTACTTGCACTAGTATTATACCTAGGAC
pT-gabT-F TAATACTAGTCCCGATTTTCGCTGACCGCGGTTTTAGAGCTAGAAATAGC
pT-gabT-R GCTCTAAAACCGCGGTCAGCGAAAATCGGGACTAGTATTATACCTAGGAC
pT-sad-F TAATACTAGTAATTTCGATAAATCCTGCCAGTTTTAGAGCTAGAAATAGC
pT-sad-R GCTCTAAAACTGGCAGGATTTATCGAAATTACTAGTATTATACCTAGGAC
pT-thrA-F TAATACTAGTATGCGAGTGTTGAAGTTCGGGTTTTAGAGCTAGAAATAGC
pT-thrA-R GCTCTAAAACCCGAACTTCAACACTCGCATACTAGTATTATACCTAGGAC
(550
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Primers Sequences (5'—3)
pT-thrB-F TAATACTAGTTCCAGTGCCAATATGAGCGTGTTTTAGAGCTAGAAATAGC
pT-thrB-R GCTCTAAAACACGCTCATATTGGCACTGGAACTAGTATTATACCTAGGAC
pT-thrC-F TAATACTAGTGTTTTTTCCGCACGACCTGCGTTTTAGAGCTAGAAATAGC
pT-thrC-R GCTCTAAAACGCAGGTCGTGCGGAAAAAACACTAGTATTATACCTAGGAC
pT-aceE-F TAATACTAGTCTGGCTCCAGGCGATCGAATGTTTTAGAGCTAGAAATAGC
pT-aceE-R GCTCTAAAACATTCGATCGCCTGGAGCCAGACTAGTATTATACCTAGGAC
pT-sucC-F TAATACTAGTCCGCTATGGCTTACCAGCACGTTTTAGAGCTAGAAATAGC
pT-sucC-R GCTCTAAAACGTGCTGGTAAGCCATAGCGGACTAGTATTATACCTAGGAC
pT-asd-F TAATACTAGTGTTGGTTTTATCGGCTGGCGGTTTTAGAGCTAGAAATAGC
pT-asd-R GCTCTAAAACCGCCAGCCGATAAAACCAACACTAGTATTATACCTAGGAC
pT-fumA-F TAATACTAGTTGCGTCGTTCATGCTGCGTCGTTTTAGAGCTAGAAATAGC
pT-fumA-R GCTCTAAAACGACGCAGCATGAACGACGCAACTAGTATTATACCTAGGAC
pT-fumC-F TAATACTAGTGATGGGGGCGATTGATGTCCGTTTTAGAGCTAGAAATAGC
pT-fumC-R GCTCTAAAACGGACATCAATCGCCCCCATCACTAGTATTATACCTAGGAC
pT-argG-F TAATACTAGTGACGATTCTCAAGCATCTCCGTTTTAGAGCTAGAAATAGC
pT-argG-R GCTCTAAAACGGAGATGCTTGAGAATCGTCACTAGTATTATACCTAGGAC
pT-argH-F TAATACTAGTTTACCCAGGCAGCAGATCAAGTTTTAGAGCTAGAAATAGC
pT-argH-R GCTCTAAAACTTGATCTGCTGCCTGGGTAAACTAGTATTATACCTAGGAC
pT-ftsZ-F TAATACTAGTCAGACGATTCAAATCGGTAGGTTTTAGAGCTAGAAATAGC
pT-ftsZ-R GCTCTAAAACCTACCGATTTGAATCGTCTGACTAGTATTATACCTAGGAC
pT-sulA-F TAATACTAGTTAAAATTGCGCGTGTCTCTAGTTTTAGAGCTAGAAATAGC
pT-sulA-R GCTCTAAAACTAGAGACACGCGCAATTTTAACTAGTATTATACCTAGGAC
pT-rssB-F TAATACTAGTATCGCGATGCCACGAATGAAGTTTTAGAGCTAGAAATAGC
pT-rssB-R GCTCTAAAACTTCATTCGTGGCATCGCGATACTAGTATTATACCTAGGAC
pT-rodZ-F TAATACTAGTCTTGCTTCAACATTCCTGCGGTTTTAGAGCTAGAAATAGC
pT-rodZ-R GCTCTAAAACCGCAGGAATGTTGAAGCAAGACTAGTATTATACCTAGGAC
pT-rpoSF TAATACTAGTTGGTTATTCACCACTGTTAAGTTTTAGAGCTAGAAATAGC
pT-rpoSR GCTCTAAAACTTAACAGTGGTGAATAACCAACTAGTATTATACCTAGGAC
pT-minC-F TAATACTAGTCTGGTCAGCGATGCATAAGGGTTTTAGAGCTAGAAATAGC
pT-minC-R GCTCTAAAACCCTTATGCATCGCTGACCAGACTAGTATTATACCTAGGAC
pT-fnr-F TAATACTAGTATACGGCGCATTCAGTCTGGGTTTTAGAGCTAGAAATAGC
pT-fnr-R GCTCTAAAACCCAGACTGAATGCGCCGTATACTAGTATTATACCTAGGAC
pT-nadR-F TAATACTAGTCAGCAGGTAGCTGATGCCAGGTTTTAGAGCTAGAAATAGC
pT-nadR-R GCTCTAAAACCTGGCATCAGCTACCTGCTGACTAGTATTATACCTAGGAC
pT-recQ-F TAATACTAGTATTATCGACACTGTGCTTTCGTTTTAGAGCTAGAAATAGC
pT-recQ-R GCTCTAAAACGAAAGCACAGTGTCGATAATACTAGTATTATACCTAGGAC
pT-groC-F TAATACTAGTGTAGTTCTGGATAAATCTTTGTTTTAGAGCTAGAAATAGC
pT-groC-R GCTCTAAAACAAAGATTTATCCAGAACTACACTAGTATTATACCTAGGAC
pT-cysK-F TAATACTAGTCGCCTGAATCGCATCGGTAAGTTTTAGAGCTAGAAATAGC
pT-cysK-R GCTCTAAAACTTACCGATGCGATTCAGGCGACTAGTATTATACCTAGGAC
pT-gInA-F TAATACTAGTGAAGAAGGCAAAATGTTTGAGTTTTAGAGCTAGAAATAGC
pT-glnA-R GCTCTAAAACTCAAACATTTTGCCTTCTTCACTAGTATTATACCTAGGAC
pT-proB-F TAATACTAGTTGCGCGCAGTTACATGCCGCGTTTTAGAGCTAGAAATAGC
pT-proB-R GCTCTAAAACGCGGCATGTAACTGCGCGCAACTAGTATTATACCTAGGAC

(F550)
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E= 3

Primers

Sequences (5'—3)

pT-gItB-F

pT-gItB-R

pT-pfkA-F

pT-pfkA-R
pT-pfkB-F

pT-pfkB-R
pT-pykA-F
pT-pykA-R
pT-acnA-F
pT-acnA-R
pT-acnB-F
pT-acnB-R
Pt-rpoE-F

pT-rpoE-R
pT-rpoH-F
pT-rpoH-R
pT-rpoD-F
pT-rpoD-R

TAATACTAGTATTCTCGCCGATGGTAAAACGTTTTAGAGCTAGAAATAGC
GCTCTAAAACGTTTTACCATCGGCGAGAATACTAGTATTATACCTAGGAC
TAATACTAGTCGTATCAAATGGAAAATGGAGTTTTAGAGCTAGAAATAGC
GCTCTAAAACCGAATTGCGGCGTTCATGCCACTAGTATTATACCTAGGAC
TAATACTAGTAAAACTGCGCTGTACCGCACGTTTTAGAGCTAGAAATAGC
GCTCTAAAACGTGCGGTACAGCGCAGTTTTACTAGTATTATACCTAGGAC
TAATACTAGTTAATCTTGAAAAAGTTATCGGTTTTAGAGCTAGAAATAGC
GCTCTAAAACCGATAACTTTTTCAAGATTAACTAGTATTATACCTAGGAC
TAATACTAGTGCGCTGGCAGGATGGTAACTGTTTTAGAGCTAGAAATAGC
GCTCTAAAACAGTTACCATCCTGCCAGCGCACTAGTATTATACCTAGGAC
TAATACTAGTGCTGCTGAAAAACCCGCCCGGTTTTAGAGCTAGAAATAGC
GCTCTAAAACCGGGCGGGTTTTTCAGCAGCACTAGTATTATACCTAGGAC
TAATACTAGTGGTTTCCCGCTATGTGCCGTGTTTTAGAGCTAGAAATAGC
GCTCTAAAACACGGCACATAGCGGGAAACCACTAGTATTATACCTAGGAC
TAATACTAGTTAACGCGTGGCCGATGTTGTGTTTTAGAGCTAGAAATAGC
GCTCTAAAACACAACATCGGCCACGCGTTAACTAGTATTATACCTAGGAC
TAATACTAGTCGAGGTCAATGACCATCTGCGTTTTAGAGCTAGAAATAGC
GCTCTAAAACGCAGATGGTCATTGACCTCGACTAGTATTATACCTAGGAC

1.2 EHFE

fKEh LB WAk 1E 35 2 (low salt Luria Bertani,
LLB, g/L): BeBERy 5, @4b8N 5, &AM 100
AR SR B A N 20 /L Bifs, B EZEIRKA
121 °C. 20 min,

MS1 KRk Febk: Mg 20 gL, Rk
16 g/L, MeRbKy 2 g/L, W — &8 2 g/L, WilRE
0.5 gL, HIHEW 1 mL/L, GRIEWREER: CuCl,
10 g/lL. FeSO,7H,0 10 g/L. ZnSO,7H;0 10 g/L.
CuSO, 0.2 g/L. NiCl,-7H,0 0.02 g/L), 500 mL %
R S0 mL, 5 RZEIKEE 115 °C. 30 mins

5 L KEEEFRH: HZ0E 20 g/L, BEREL
16 g/L, WebkMy 2 g/L, BEER &AM 2 g/, MilR
BE0.5¢g/L, T 2 g/L, B-NERR 1.5 g/L,
W 1 mL/L (SR WEEW . CuCl, 10 g/l
FeSO,-7H,0 10 g/L . ZnSO,7H,0 10 g/L .
CuSO,4 0.2 g/L. NiCl,-7H,0 0.02 g/L), i1

<l actamicro@im.ac.cn, & 010-64807516

2.5 mL/L, MZEMKERZE 1.8 L (REEEAER
H2L), EHZEVRKE 115 °C, 30 min,

5 L REEAMRHEFRSL : A0 500 g/L . BER
AR 14 g/L, BRI 4 gL, BEEER 2 gL, i
MREE 10 g/L. BiFREE 8 g/L. AW 2 mL/L, B-
NZMR 40 g/L, miEZ8I5 KA 115 °C. 30 min,

LA RWKE N BRI UE R
(spectinomycin hydrochloride, SD) 50 mg/L; %%
% (chloramphenicol, CM) 30 mg/L,

1.3 RAFAFERAE

pTarget %€7% ki pT-gene F&:. DIzt
pT-avtA Nil, 7EJLA avtA EAfsE S4RHT A X
41 ZB T K (protospacer adjacent motif, PAM){i/
SNGG) &, LA PAM 5T 20 bp 1E AR
FE3l, BT RAES Y pT-avtA-F/pT-atA-R, LASE
I E LG pTarget WA, iEid Phanta Max
(P505)i 7| €5 PCR RIS AL S AR ok pT-avtA.
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pdCas9 JTTkL A A% 5256 % T

IRt . el I Ak DPAP1O
FIAZ 2, HKEEAL pdCas9 [Tk £5 51 B 40 I bk
DPAP10/pdCas9, /5 iil% DPAP10/pdCas9 H)
HUAE 2 A, HAERAE pTarget Hhifs B 24
il ¥k DPAP10/pdCas9+pT-gene.,
14 ABHES

M AASAR E PR R R A T LLB i
F1. 37 °C., 180 r/min ¥53% 12 h, B 1.5 mL #
TR T2 W i 50 mL & s 3R 250 250 mL
PR, A 0.5 g Kl CaCOs, [FIBH
SNASIN(EE 50 mL): VB1 (2 g/L) 50 uL, VBI2
(5 g/L) 50 puL, IPTG (1 mol/L) 10 pL, SD
(50 g/L) 50 uL, CM (30 g/L) 50 pL, B-N&MR
(250 g/L) 450 uL, SsezdK(isoleucine, Ile) (40 g/L)
50 uL, 30 °CHEIK 180 r/min k3% 15 5% 48 h,
1.5 ABRALIE

PR BRSNS, BUREER | mL BT 2 mL
EP &1, 12 000 r/min Z5.0> 2 min, 4ME00ES
W, FETEZ R, U THaA Y,
WEE 1 mL EE/KR R TIRS], 12 000 r/min
B0 2 min, FBREIE; FRREC 800 pL AE
TKX EP ErhIiE Y TR TIR S, JFIA
200 pL BRSO AR AT TE rh AR AR B R S
B P T AER EN# EP 4F, £F EP L
S ATE, WG RE 10-20 15, ¥
il ODgoo 7£ 0.2-0.8 1], ffi RSN LR %t
HHEAFAGIN , HR G ODgoo KoM (L3 LA I i
TR RN Ry T BT 5 TR A AR W)
1.6 SRREEILSHR

KRR T DPA 5 & (i i AS0BCHH €43 (high
performance liquid chromatography, HPLC)# 17
R M LA R, R TR 1S
HrS IR R — SRR, ] 0.22 pm T
HLUE I I BB A B T = 0L 12 000 t/min
B0 15 min, WL 200 uL & B TR .

TSIAIES, C%: 93% (1 000 mL HB4lik+
1 mL BER)HEFH 0.20 um HEFLIK Z P8I 5
A 7% (L), [ 0.20 pm MALAHLR
DRI B, I A B 25

3% % 5 . ACQUITYUPLC BEHCIS
column (100 mmx2.1 mm, 1.7 um, Waters),

K. €8 K UltiMate 3 000,

SHORE . FERERER 10 pL, JRAHFEARR
J¥ 30°C, ik 0.75 mL/min, 3K 200 nm.
1.7 LBR X E =2 R SN & (real-
time fluorescence quantitative polymerase
chain reaction, RT-qPCR)

FARZIR 32 UG G IR U AT FEAS ) RNA,
K F2 A EL RNA AYWEE, SRS FH 0 5% S
) & e U B A5 B SR RNA 3 5% 5t ik
cDNA, 7=#)3r BT RT-qPCR, #HJilh 16S
RNA SNZSIEN, AR A R8s 2 T A X E
i, TR 27 B, S&T RT-qPCR 51410
F2PUR,

Jv it 1) G 45 W T i v MR AR R
AT IRA T, SEm5EO6E i PCR UL S 3§
#R K StepOne Plus, %¢3t:44¥} ChamQ Universal
SYBR qPCR Master Mix.

%2 RT-qPCRFETHAIGIY
Table 2 The primers used for RT-qPCR

Primers

Sequences (5'—3")

16S-F CCTTACGACCAGGGCTACAC
16S-R CAATCCGGACTACGACGC
RT-gtA-F  CGGTGAACATGGAAGACGGA
RT-gItA-R  AAAACATCGCGCTGAACGAC
RT-pgk-F TAGCCACCTTCGTCACCAAC
RT-pgk-R ~ TGGCGCGAAAACTGTGAAAG
RT-ptsH-F  ACTGTGACTTCCAACGGCAA
RT-ptsH-R ~ TTTCTGCTCGTCTTCGCCTT
RT-ptsl-F GAAGAGAACCCGTTCCTCGG
RT-pts-R ~ TGCGCAATTTACCGAAAGCC
RT-crp-F CAGACCCGACTCTCGAATGG
RT-crp-R AGCGTTTCCGCTTTTTCACC

http://journals.im.ac.cn/actamicrocn
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2 BER540

2.1 KXF#F&E CRISPRI RFHIHESTh#E
36 iE

| A 52 56 == 8 K B9 pTarget Jit ki Al
pdCas9 Jii % k4 # CRISPRi XY Jii ki £ 4t (KK
1A) . pTarget Jii ki N sgRNA ik 2 1A,
pdCas9 JEKITE trc Ja s T 4% 53¢ dCas9 FE
K, HERIK™™Y) dCas9 K Cas9 HZRRAGIIMEILRIE
AR, ek dCas9 RYFRIAHMILAF|H LA
¥k DPAP10 H, f33|EAE#HE DPAP10/pdCas9;
B 5K sgRNA 1Y 3R 35 24 % 5 31 1 20 7 #k
DPAP10/pdCas9 H 54l itk DPAP10/pdCas9+
pT-gene, CRISPRi Z 4t M0 T 3 6 BEZH 11
PEHE K dCas9 AP X &M MW, hF
DPAP10 HEPHZ &bk T avtA A, pT-
avtA SRk sgRNA TGk |7 dCas9 5 5L K 4 45
&, NIk RE DPAP10/ pdCas+pT-avtA Xt
W Mk . 4> %I %F DPAP10 . DPAP10/pdCas9 .
DPAP10/pdCas9+pT-avtA B Fk 517 8 i & 1% ,
ZE KB pdCas9 T A 15 IR MR 1 7= & T B
1.55%, pdCas9 Fl pT-avtA XUsihify S AfH 15
EARI = R % 4.19% (8 1B), 16H] CRISPRi
ARG R 5 A X1 F 400 5 % — 2 B9 e
71, {BX} DPA W& sZmEA R, EHATK

A sgRNA

p* ¥
. — —>
5 2y DPAP10/pdCas9+pT-avt4

RNA [ ow-level expression

N20 sgRNA

\*“w‘

pT-gene | |
iCast O i SmR

B

AT 1E £ 6 GEE RENA M THESE 5
2.2 sgRNA ik R X FE R E
ERWAFIEYT, DPA A & r 73R B-
N RN D-1Z AT, LU % BEAE ik
I8, 20 W T M o = TN I TR W e TR e BB I R &
(phosphotransferase system, PTS)z¥ F il 2 4 s
P T R A T T 2 22 Il 2% 5 (no-PTS) % 12 R Gt
A 40 M, TE BE B f% % 12 (Embden-Meyerhof-
Parnas, EMP)YE T A= B 2 # s =X 7 ) i
(phosphoenolpyruvate, PEP)LL & PN i f2 (pyruvic
acid, PYR), v PEP i 1<) i 19 445 1o =X 74 il iR
R 41t W (phosphoenolpyruvate carboxylase,
PEPC, M1 ppc Zifih) AL N R LIR, £
RABIR 2 M (Hh aspC Fth)fEH T IEBURA
IR, RIGIERZATRIR M panD g1
RN RA BRSO AR B-IN 2R s PYR /& D-iZ
fiff R 5 B E B RAR TR £ TEFL R A
IIVGMIHBN Zifith)fifk AL s LML IR , 22T
P PR A i ST R T (IIVC SRR gty . R SR
K g (ilvD 2 [A % 5 ) 2B B a- B 5 % R (o-
ketoisovaleric acid, 2-KIV), 2-KIV 7£ 3-H J&-2-
AT MR P I M (panB. (K 4 ) Al 2-Jiid
S 2-R (R panE A1 ilve JE K 41
TH D-IZ IR, )5 D-IZRRR AN B-TN Z R
12 B U (panC 4ihS) 4 5 S NI R DPA

DPAP10/pdCas9

DPAP10

L 1 1 ]

0 1

DPA titer (g/L.)

1 CRISPRi &%#J3(A). CRISPRi R4 RELEIE(B)

Figure 1
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Construction of CRISPRi system (A), functional verification of the CRISPRi system (B).
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DPA &g AR S5 T H
s, AT iRk DPA A lEE,
AW D-Z A TR, SRR T
5 DPA & EH SR FEAOCH) 126 AN FEPIE
R, M sgRNA R &R SCPE, LS4
FEE O A OB B A . B RR MR AR . R
TR Y 38 AL Sy 39 4
FW . —BRALI AR 9 A L HEFR
WY 26 NEEH L o TG 4 AR,
RS A KB ASEGIA R 10 N3EE, %
SN 2 BN
2.3 CRISPRi #lH| B EREFRIEXT DPA &
Pl 0p- A

W Bk 126 A3k SFEAR N 1 sgRNA ik
Jiki pT-gene, 4755 A DPAP10/pdCas9 Ptk
PSRN L I B bR, PRI 48 h, W
5E DPA F7it, A4S EoR(E 3A), et
MR G AR . T — B AL G PR FBE BT o
T I A A TR A 5 I R 1 RS N
DPA W&, EEIERAEES, TIE S
3 DPA J=iE RIEFEAL 40%LL F 3L [ (serA.
serC. yfbQ. ilvVHGM . leuD . ilvE) & B 4E i 7E
LL EMP A a4 3-Wie H iz (3PG)
PYR MR ZAEIR G MR ., 3PG [FE
234kl PYR #EA TCA TH3F, MEE K%
PE00 5 1 B A RE U, 200 3R I gl 0 o
J&, ACHEHR M 3PG Fl PYR KiEHEA TCA FEHR
AIfBJE DPA = RFEINM RN Z —, R E IR
SEAMAATE T AT B, 52 %] CRISPRI #1 ) ,
W0 1 2 BE PR B N 2 DA IE H 1 4 Jif A 3

S5 DPA AR SS . AFFT RN, 38
DPA )73 1 37 Big et E A 5,10-37 H P R
MR (5,10-CH,-THF) B AL S I PR, L-22 TR
AL H RS -2 AR E MR IRE, %

FNE R A A AR T A C1 By, Xt
TR HE, H &R A M (glycine cleavage,
GCV) R G f a5 1kh 5,10-CH2-THF, %
RGEAEAEFFA N H 2R C1 B VR =2 1]
WS- 7 e A EEAE R, F T3 —m
)G, 5,10-CH,-THF PR BEFEAR, [t
55 T DPA & J8AE ). o BT RNA
REMEH— K, rpoD 4t o, rpoS it
o>*. rpoE 4 o™ Fl rpoH 4t o>, #PIEHE %
PR T IR 7, BHW o R0 RNA FRA R
Xof 2 S A R 7 A5 AR TE TR, LA 400 i 4 I TR
5%, MR T DPA BIE A Tk
BN TN R Gk ) T OE & R )
AR, O SCERIE R TG Bin = Wins
fr, BAFRT—RINPIEE TRE, FE
HRES MM RWIER, W ftsz, 25
R 2L BRI 3 BE GGk, sulA Fl minCD,

AT BRSO At L BE LB 2 1T mreB 4L 2R
ghpy, DU, AT ingn s Y, DPA
A S AR R BIE AR DG, 20 AR K sz A
i DPA =& P&k, X DPA & A (s fE
FH & R 32 2200 A 75 05 AR 72 (gapA . pok.

crr. ptsl, ptsH. aceE #1 glItA), F#EHHE T
(ilvY. crp. nac)Bidlrr, U BH /> HoAh ) 5T %f
TR E A58 A B T2 % DPA =i, %
#n TR FR B &R, b — i L ] 1
HFRIAMAE—ETRJE Fhns& T DPA W& . Z¢
b, FREHE T IS X DPA PR R E 10%1U
R (K 3B): pok (29.5%). gItA (22.1%).

ptsH (24.6%) . ptsl (10.9%)F1 crp (15.4%), ik
FER ) RT-qPCR 25 W (Kl 3C), AHELFXT A
ik DPAP10, ST T3 I (1 55 S K- 4B
SRS, WFW T CRISPRI BEfSIFH TA/EIEHT
JE SRR g
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Figure 2 Screening of DPA metabolism related target gene loci based on CRISPRIi.
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A
50 EMP-PPP-TCA X o
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Figure 3 CRISPRi-based identification of beneficial genes for DPA production (A), inhibition strains that
increased yield by more than 10% (B), transcriptional intensity changes of pgk, gItA, ptsH, ptsl and crp in
inhibited strains whose yield was increased by more than 10% were verified by RT-qPCR (C). Error bars
represent the deviation of the standard from the triplicate experiment.

H T iHE—2HR5E pgk. gItA. ptsH. ptsl Fi
crp JEFBE NGS5 DPA & s am iy J5 A
YRR S B4R PEP A1 PYR &b q 1l
E, RITERBER T ILFRA RS PYR
PEP W5k, PYR &R LGS YA HLER A AL
P ZE A, PEP Al o B R 0 I =X PN TR R PR
O B N RERE S TR E A TCA 36, T2
ARLEAGI T PYR 3 SO AR A LR (PR |
CIRMFLIR) AN TCA TEHF PRI IEFMR . F Bt
LR o-F RIS . R BR(BE 40©@
@, METXMEE, MBI ER PYR Jilm 3 A

A LR I 38 oA R A T AR Ak, S e R L
iR & a2 THR S E(E 400), EAH
EIEH, PYR A1 H R 2% B (PYR formate
PFL) #% 71 b 3L MR i = A% (lactate
dehydrogenase, LDH)/&"™, FiREADHIE,

FIREF T PYR 7 S B A A8 i 2 A= 22 4k

MR EE T 2RI . LR & #FR T 7E ptsH
A GRRR R RERARG 7 At B PRI ) o ke v %
WA AR, JUHAE gitA M wEtkh
MR N R B 25 (5 4@), BRI, MR
FF B A LA A 25 0 Ry Bl 8 7 855 75 B b AR KB

lyase,
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PTS fETHAE 50%M A% PEP AN . It
I, PTS X% 4 1Y S 5 BUR S5 EMP 184211
AR ST AR S RATEE A (Ac-CoA)IE K,
B TCA TEARIIHAERE ), RASHL &
1) Ac-CoA HERLLTR, A ptsH 273 &
R G R T . HIE LR Ac-CoA JEFTE
MR B oItA PRSI oItA RikJs, A
TCA TEIFH) Ac-CoA /b, T/ZHEZ Ac-CoA
MR A B . ART PYR Y5 Bk

WE R AEE, TCA TR IS IR . FHE
LR AN ol 16 R P 5 A AN [ R B P BRI
(B 4@®B©), fAsEuE, 3-m H iR ik
Mt pok Ay Ik BE 3R 3K 8 0 IR 1N B % 12 (pentose
phosphate pathway, PPP)[Yif &t T [1] EMP i&
ZUT T EMP (771 PYR & TCA 1GR9 3L
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