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Using dynamic molecular switches for shikimic acid
production in Escherichia coli
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Abstract:  Shikimic acid is an intermediate metabolite in the synthesis of aromatic amino acids in Escherichia coli and a
synthetic precursor of Tamiflu. The biosynthesis of shikimic acid requires blocking the downstream shikimic acid consuming
pathway that leads to inefficient production and cell growth inhibition. In this study, a dynamic molecular switch was
constructed by using growth phase-dependent promoters and degrons. This dynamic molecular switch was used to uncouple
cell growth from shikimic acid synthesis, resulting in the production of 14.33 g/L shikimic acid after 72 h fermentation. These
results show that the dynamic molecular switch could redirect the carbon flux by regulating the abundance of target enzymes,
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for better production.
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Table 1 Strains and plasmids used in this study

Strain E. coli genotype/plasmid Source
JM109 E. coli, recA1 mcrB* hsdR17 Lab storage
rpsL-LAA JM109, Amp', pPMB1-P s -gfp-LAA-P ;¢ yvs-mKate2 This study
rpsL-DAS JM109, Amp', pPMB1-P s -€gfp-DAS-P 5c yvs-mKate2 This study
rpsL-DAS+4  JM109, Amp', pPMB1-P s -egfp-DAS+4-Py 5 yys-mKate2 This study
rpsL-DAS+8 IM109, Amp', pPMB1-P s -egfp-DAS+8-Py 4 yvs-mKate2 This study
rpsL-GSD JM109, Amp', pPMB1-P s -€gfp-GSD-P 5c uvs-mKate2 This study
rpsL JM109, Amp', pPMB1-P s -€gfp-Py4c uvs-mKate2 This study
rpsA-LAA  JM109, Amp', pPMB1-Ppsa p1-€gfp-LAA-P| 5 uvs-mKate2 This study
rpsA-DAS JM109, Amp', pPPMB1-Pypsa p1-€9fp-DAS-Py o uvs-mKate2 This study
rpsA-DAS+4  JM109, Amp', pPMB1-Pysa p1-€gfp-DAS+4-P ¢ yyvs-mKate2 This study
rpsA-DAS+8 JM109, Amp', pPMB1-Ppsa p1-€gfp-DAS+8-P ¢ yys-mKate2 This study
rpsA-GSD JM109, Amp', pPMB1-P,ia p1-€gfp-GSD-P 5c yys-mKate2 This study
rpsA JM109, Amp', pPMB1-P psa p1-€9fP-Pac uvs-mKate2 This study
rrnA-LAA JM109, Amp', pPMB1-P,a p1-€9fp-LAA-P| ,c uvs-mKate2 This study
rrnA-DAS JM109, Amp', pPMB1-P ;4 p1-€9fp-DAS-P ¢ yvs-mKate2 This study
rrnA-DAS+4 JM109, Amp', pPMB1-P,a p1-€9fp-DAS+4-P . yvs-mKate2 This study
rrnA-DAS+8  IM109, Amp', pPPMB1-P,na p1-€gfp-DAS+8-P 5. yvs-mKate2 This study
rrnA-GSD JM109, Amp', pPMB1-P,;,a p1-€9fp-GSD-P 5 yyvs-mKate2 This study
rrnA JM109, Amp', pPMB1-P;,a p1-€9fp-P | ac uvs-mKate2 This study
rrnC-LAA JM109, Amp", pPMB1-P;c p1-€9fp-LAA-P| .c uys-mKate2 This study
rrnC-DAS JM109, Amp', pPMB1-P;c p1-€9fp-DAS-P ;¢ yvs-mKate2 This study
rrnC-DAS+4  IJM109, Amp', pPPMB1-P,nc p1-€gfp-DAS+4-P .. yvs-mKate2 This study
rrnC-DAS+8 IM109, Amp', pPMB1-P,c p1-€gfp-DAS+8-P 5. yvs-mKate2 This study
rrnC-GSD JM109, Amp", pPPMB1-P; ¢ p1-€9fp-GSD-P ¢ yvs-mKate2 This study
rrnC JM109, Amp', pPMB1-P;c p1-€9fp-P| 4 uvs-mKate2 This study
rpsT-LAA JM109, Amp', pPMB1-Pyyer pr-0gfp-LAA-P 5 uvs-mKate2 This study
rpsT-DAS JM109, Amp', pPMB1-P st p1-€gfp-DAS-Py 5 uvs-mKate2 This study
rpsT-DAS+4  JM109, Amp', pPMB1-P st p1-€gfp-DAS+4-P o uys-mKate2 This study
rpsT-DAS+8  JM109, Amp', pPMB1-Pypt p1-€gfp-DAS+8-P o uys-mKate2 This study
rpsT-GSD JM109, Amp', pPMB1-P et p1-€gfp-GSD-Py5c uvs-mKate2 This study
rpsT JM109, Amp', pPMB1-P st p1-€9fp-Pyac uvs-mKate2 This study
SA1l E. coli MG1655, Cm', AptsHlcrr::Zmglf, p15A-Ppg-aroG™ -Ppg-tktA-Ppg-aroB°-aroE Lab storage
SA2 E. coli MG1655, Cm', AptsHIcrr::Zmglf, daroL::tktA, p15A-Ppg-aroG™-Ppg-tktA-Ppg-aroB°-aroE This study
SA3 E. coli MG1655, Cm', AptsHIcrr::Zmglf, daroL::tktA, 4aroK, p15A-Ppg-aroG™-Ppg-tktA-Ppe-aroB®-aroE  This study
SA31 SA3, Amp', Cm', p15A-Ppg-aroG"™" -Ppg-tktA-Ppg-aroB°*-aroE, pPMB1-P s p1-aroK-LAA This study
SA32 SA3, Amp', Cm', p15A-Ppg-aroG"™" -Ppg-tktA-Ppg-aroB°*-aroE, pPMB1-Pysa p1-aroK-DAS+4 This study
SA33 SA3, Amp', Cm", p15A-Ppg-aroG™ -Ppg-tktA-Ppg-aroB*-aroE, pPMB1-Pna p1-aroK-DAS+8 This study
SA34 SA3, Amp', Cm", p15A-Ppg-aroG ™ -Ppg-tktA-Ppg-aroB°™-aroE, pPMB1-Pyma pr-aroK-GSD This study
SA35 SA3, Amp', Cm", p15A-Ppg-aroG™ -Ppg-tktA-Ppg-aroB®-aroE, pPMB1-P e p1-aroK-DAS This study
SA32S SA3, Amp', Cm', p15A-Ppg-aroG"™" -Ppg-tktA-Ppg-aroB°*'-aroE, pPMB1-P ysa p1-arok This study
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Fig. 1 Dynamic molecular switch design and characterization. (A) The dynamic turn-off switch design. (B) The
integration of GFP expression level of 25 dynamic turn-off switches in the X-axis direction. (C) The fluorescence
abundance curve of 5 selected representative combinations. (D) The time-lapse fluorescence imaging at the colony level.
GFP is a fluorescence image in GFP channel, mKate2 is a fluorescence image in mKate2 channel. GFP+mKate2 is an
image in two kinds of fluorescence channels.
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Fig. 2 Engineering shikimic acid biosynthetic pathway. (A) The synthesis pathway of shikimic acid. (B) Shikimic acid
production of engineered strain. PTS: phosphotransferase system; Zmglf: glucose facilitator; tktA: transketolase A;
aroG™: DAHP synthase; aroB®: DHQ synthase; aroD: DHQ dehydratase; aroE: shikimic acid dehydrogenase;
aroK/aroL: shikimic acid kinase I /II; PYR: pyruvate; G6P: glucose 6-phosphate; PEP: phosphoenolpyruvate; E4P:
erythrose-4-phosphate; DAHP: 3-deoxy-D-arabino-heptulosonate-7-phosphate; Ru5P: Ribulose-5-phosphate; DHQ:
3-dehydroquinic acid; DHS: 3-dehydroshikimate; S3P: shikimate-3-phosphate; CHA: chorismic acid.
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Fig. 3 Production of shikimic acid using molecular switches. (A) Using molecular switches expressing aroK. (B)
Effect of different combinations of the molecular switches on titer and cell growth in NBS medium. (C) and (D) The

ODggo and shikimic acid titer in medium optimization test.
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Fig. 4 Efficiency and applicability of molecular switches. (A, B) The ODgyand SA kinase activity in efficiency test.
(C) Shikimic acid production of engineered strain SA32 in bioreactor.
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