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Abstract: Tyrosol is a natural polyphenolic product that is widely used in chemical,
pharmaceutical and food industries. Currently, the de novo synthesis of tyrosol by Escherichia
coli suffers from issues such as low cell density and poor yield. Therefore, the phenylpyruvate
decarboxylase mutant ARO107*¥-P2186 obtained in our previous study was fused with an
alcohol dehydrogenase from different microorganisms for fusion expression, and the optimal
ARQ!FI8LD2IBG 1 _yapK produced 1.09 g/L tyrosol in shake flasks. In order to further improve
tyrosol production, feaB, a key gene in the competing pathway of 4-hydroxyphenylacetic acid,
was knocked out, and the resulted strain produced 1.26 g/L tyrosol with an increase of 21.15%
compared to that of the control. To overcome the low cell density in tyrosol fermentation, the
quorum-sensing circuit was used to dynamically regulate the tyrosol synthesis pathway, so as to
alleviate the toxic effect of tyrosol on chassis cells and relieve the growth inhibition. Using this
strategy, the yield of tyrosol was increased to 1.74 g/L, a 33.82% increase. In a 2 L fermenter,
the production of tyrosol in the engineered strain TRFQS5 dynamically regulated by
quorum-sensing reached 4.22 g/ with an ODgy of 42.88. Compared with those in the
engineered strain TRFS statically regulated by induced expression, the yield was increased by
38.58% and the ODgo9 was enhanced by 43.62%. The combination of blocking the competing
pathway using gene knockout technology, and reducing the inhibitory effect of tyrosol toxicity
on chassis cells through quorum-sensing dynamic regulation increased the production of tyrosol.
This study may facilitate the biosynthesis of other chemicals with high toxicity.

Keywords: tyrosol; Escherichia coli; quorum sensing; dynamic control
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Synthetic tyrosol synthesis pathways constructed in Escherichia coli. AAS. Aromatic aldehyde

synthase; tyrA: Fused chorismate mutase/prephenate dehydrogenase; pheA: Prephenate dehydratase; tyrB:
Tyrosine aminotransferase; aspC: Aspartate aminotransferase; hisC: Histidinol-phosphate aminotransferase;
ipdC: Indolepyruvate/Phenylpyruvate decarboxylase; ARO10: Phenylpyruvate decarboxylase ARO10; yahK:
NADPH-dependent aldehyde reductase YahK; feaB: Phenylacetaldehyde dehydrogenase; tydc: Tyrosine

decarboxylase; tynA: Copper-containing amine oxidase.
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Table I Plasmids and strains used in this study
Plasmids and strains Characteristics/Descriptions Sources
Plasmids
pBbB2k-GFP Expressing vector, BglBrick vectors, tet promoter, BBR1 ori, Kan®, Addgene  [33]
plasmid #35345
pBbB2k-ARO10"13¥UP2186 ] feaB  Derivative of pBbB2k, BBRI 0fi, Py, SCARO107138P218C | EcfeaB [31]
pBbB2k-AROQ1(F138L/P2186 Derivative of pBbB2k, BBR1 0fi, Py, SCARO10F38-/D218G This study
pBbB2k-ARO10738VP2186_| vahD  Derivative of pBbB2k, BBR1 ori, Py, SSCARO10™*8/P28C_| _EeyghD This study
pBbB2k-ARO10738P26 ] _viaF  Derivative of pBbB2k, BBR1 ori, P, SSARO107*¥8/P218C | _EcyiaF This study
pBbB2k-ARO1013¥P286 ] _frmA  Derivative of pBbB2k, BBRI 0fi, Py, SCARO10718-P2EC | EcfrmA This study
pBbB2k-ARO10738VP2186 | _visB  Derivative of pBbB2k, BBR1 ori, Py, SSCARO10™%8P2EC| _EeyigB This study
pBbB2k-ARO10738P2186 _vahK  Derivative of pBbB2k, BBR1 ori, Py, SSARO107%8/P218C_| _EcyahK This study
pBbB2k-ARO1013¥UP2186. ] _adhP  Derivative of pBbB2k, BBRI 0fi, Py, SCARO10718-P2EC | _Ecadhp This study
pBbB2k-ARO10738VP2186_ aldB  Derivative of pBbB2k, BBR1 ofi, P, SSCARO10™*8/P218C | _EcaldB This study
pBbB2k-ARO10738P2186 ] _adhE  Derivative of pBbB2k, BBR1 ori, P, SSARO107¥8/P218C_| _EcadhE This study
pBbB2k-ARO10"13¥UP2186. 1 _ADH6  Derivative of pBbB2k, BBRI ofi, P, SCARO1071¥-P28C | _qeADHE This study
pCas E. coli cas9 expression vector, pSC 101 ori, Kan®, Pcas, cas9, Pyqr-Red lacl?, [34]
Py, sgRNA, pMBL1, addgene plasmid #35345
pTargetF sgRNA expression vector, pBR322 ori, Spe® [34]
pTargetF-feaB Derivative of pTargetF, P39, sSgRNA of feaB This study
PZBK-P,,sIC-P,rAS Quorum sensing plasmid, pBBR1 ori, P35, esal, Pyg, s ™, Pe,s, MCS1, [31]
Pegr, MCS2, kan®
pZBK-P,rAS-TR Derivative of pZBK-PysIC-PerAS, pBBR1 ori, P37, €sal, Pys, €sa™ %, P,  This study
MCS1, Pgr, SCARO10 F18UD218C, | FeyahK, kan®
Strains
E. coli DH5a SUpE44 A(lacZYA-argF) U169 (9#80lacZ AM15) hsdR17 recA endAl gyrA96  Invitrogen
thi-1 relA1
E. coli BW 25113 lacl9 rrnBry4 AlacZy;y6 hsdR514 AaraBAD z33 ArhaBAD| p7g Lab store
Saccharomyces cerevisiae 288C MATa SUC2 gal2 mal2 mel flol flo8-1 hapl ho biol bio6 Lab store
DP E. coli DOPA 30N, L-dopa overproducer. E. coli BW 25113 AtyrR, AcsrA, AptsHI,  [32]
Acrr, Py-gal P-Pa-glk, Azwf, ApheL A, aroG™, attP,;:: 7P37-tyr A”-tyrB
TRF DP with deletion of feaB This study
TRO DP/pBbB2k-ARQ1("!38-/P218G This study
TRI1 DP/pBbB2k-ARO10"¥P2186 1 _yqhD This study
TR2 DP/pBbB2k-AROQ10F138P26 _yiay This study
TR3 DP/pBbB2k-AROQ10"38-P28G [ _frmA This study
TR4 DP/pBbB2k-ARO10"3#¥P286 [ vioB This study
TRS DP/pBbB2k-AROQ10F138P218G [ _yapk This study
TR6 DP/pBbB2k-AROQ10"'38-P2186 [ _adhp This study
TR7 DP/pBbB2k-ARO10"3¥/P2186 1 _a1dB This study
TRS DP/pBbB2k-AROQ10F38P28G [ _adhE This study
TRY DP/pBbB2k-AROQ10"38-P2186_1 _ADH6 This study
TRF5 TRF/pBbB2k-ARO10"3#¥P2186 [ _vahk This study
TRQ5 TRE/pZBK-Pr AS-TR This study

SCARO10718PZ8G means the evolved ARO107%-P218C from Saccharomyces cerevisiae, EcyghD means the yghD from
Escherichia coli, and the rest is the same as this.
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Table 2 Primers used in this study

Name Oligonucleotides (5'—3") Purpose

adhEF CCGGAATTCAAAAGATCTGGTATGGCTGTTACTAATGTCGCTGAACTTAACG PCR for adhE

adhER CGCGGATCCTTAAGCGGATTTTTTCGCTTTTTTCTCAGCTTTAG

adhEOIR CGATCCAGCCGATCAGGTCTTTCGGAGCACCGGCAGCG PCR for deleting Bgl II
adhEO2F CGGTGCTCCGAAAGACCTGATCGGCTGGATCGATCAACCTTC site of adhE

adhPF CCGGAATTCAAAAGATCTGGTATGAAGGCTGCAGTTGTTACGAAGGATC PCR for adhP

adhPR CGCGGATCCTTAGTGACGGAAATCAATCACCATGCGGC

frmAF CCGGAATTCAAAAGATCTGGTATGAAATCACGTGCTGCCGTTGCATTTG PCR for frmA

frmAR CGCGGATCCTCAGTAACGAATTACGGTTCGAATGGATTTGCCTTC

yqhDF CCGGAATTCAAAAGATCTGGTATGAACAACTTTAATCTGCACACCCCAACCCG PCR for yghD

yqhDR CGCGGATCCTTAGCGGGCGGCTTCGTATATACGGC

aldBF CCGGAATTCAAAAGATCTGGTATGACCAATAATCCCCCTTCAGCACAG PCR for aldB

aldBR CGCGGATCCTCAGAACAGCCCCAACGGTTTATCCG

yaiYF CCGGAATTCAAAAGATCTGGTATGGCAGCTTCAACGTTCTTTATTCCTTC PCR for yaiY

yaiYR CGCGGATCCTTACATCGCTGCGCGATAAATCGCCAC

yahKF CCGGAATTCAAAAGATCTGGTATGAAGATCAAAGCTGTTGGTGCATATTCCG PCR for yahK

yahKR CGCGGATCCTCAGTCTGTTAGTGTGCGATTATCGATAACAAAAC

yjgBF CCGGAATTCAAAAGATCTGGTATGTCGATGATAAAAAGCTATGCCG PCR for yjgB

yjgBR CGCGGATCCTCAAAAATCGGCTTTCAACACCACGC

ADH6F  CCGGAATTCAAAAGATCTGGTATGTCTTATCCTGAGAAATTTGAAGGTATCGC PCR for ADH6
ADH6R  CGCGGATCCCTAGTCTGAAAATTCTTTGTCGTAGCCGACTAAGGTAAATC

pBKDF  ACCTTCGATTCCGACCTCATTAAGC For diagnostic PCR
pBKDR  GAGCGTTCACCGACAAACAACAGAT and sequencing
AROI0F CCGGAATTCAAAAGATCTTTTCGGAATTAAGGAGGTAATAAATATGGCACCTGTTAC PCR for

AROIOR CGCGGATCCACCACTACCTTTTTTATTTCTTTTAAGTGCCGCTG ARO1Q"138/D2185
feaBuF GACGCTCATCCTGCTCCATTATTGCCTGACCAC PCR for upstream
feaBuR  CTTATGAGCGAACCAGACACTTTTCCTTATTATTTACCCAGTGTGATTTCAG homologous arm of feaB
feaBdF TAATAAGGAAAAGTGTCTGGTTCGCTCATAAGTAAAAAACGGC PCR for downstream
feaBdAwWR ATCCGGGCACGATTCGTCTGTTGAGTAACCCG homologous arm of feaB
pTfeaBF CTAG ACTAGTGATCCGCAATGGGTTATTGA GTTTTAGAGCTAGAAATAGCAAG For construction of
pTfeaBR GTGAACTAGTATTATACCTAGGACTGAGCTAGCTGTCAAGGATCCAG pTfeaBF

PTargetS CCTTTGAGTGAGCTGATACCGC For sequencing of pTfeaBR
QSF CCGGGTACCAAAAGATCTTTTCGGAATTAAGGAGGTAATAAATATGGCACCTGTTAC For construction of
QSR CGCAAGCTTTCAGTCTGTTAGTGTGCGATTATCGATAACAAAAC pZBK-PesaRAS-TR

.13 FEiKF

JBEEE R A REER IO, W H OXOID 2
A5 PRI UG, M H ThermoFisher Scientific
/yd]; Prime Star Max DNA &R, WH
TaKaRa 2\ v ; ORI DNA alifb i) &,
W AT SERE R IR A W iR R, W
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Table 3 Typical cases of metabolically engineered microorganisms for tyrosol production

Host Genetic modifications Culture Titer Substrates References
conditions (g/L)
E. coli L-dopa overproducer E. coli DOPA 30N AfeaB Fed-batch 4.220 Glucose This study
(pPZBK-P,r AS-SCARO10"1%8D218C_| _FeyahK) fermentation
E. coli tyrR:: T7p-aroF™ -tyr A® mtlA:: T7p-ipdC acs::T7p-yahK  Shake-flask 1.150 Glucose  [15]
feaB pheA fermentation
E. coli BW25113 (pZE-ScARO10-ScADH®6) Shake-flask 1.469 L-tyrosine [16]
fermentation
E. coli MG1655 AfeaB ApheA AtyrB AtyrR lacl::ARO10* Fed-batch 3.900 Glucose [17]
trpE::ARO10* pabB::ARO10*, pabA::ARO10* fermentation
pykF::ARO10*
E. coli BL21(DE3) ApykF ApheA AtyrR Acrr AptsG AfeaB Shake-flask 2.120 Glucose [19]
(pPRSFDuet-Pgpa-PCAAS-Pyiere-SCADHG) fermentation
E. coli MG1655 AfeaB ApheA AtyrB AtyrR (pKK223-3-ARO10*)  Shake-flask 1.316 Glucose [21]
fermentation
E. coli BL21(DE3) (pET-PmLAAD-CtPDC, Whole-cell 21.840 L-tyrosine [38]
pACYC-ScADH6-BmGDH) biocatalysis
S cerevisiae MATa ura3-52 his3-Al leu2-3_112 trp1-289, MAL2-8c Fed-batch 9.900 Glucose [39]
SUC2, ZWF1::Pyx17- TKL1-Tapn1-Prer1-RKI1-Tpgk1, TRP1, fermentation
URA3::Ppgk1-ARO2-Tepp-Prer1-ARO10-Tpgki, Apdcl
Apha2 308a::Paros-ARO4AKZHLTARA p o -
ARO7%M-T pr07-Paros-ARO3* %2 - Tpros
S cerevisiae PDC1::EcTyrAMS3/A%4V, yjRWdeltal2::PcAAS; Fed-batch 8.480 Glucose  [40]
PHAZ2::Bbxfpk; TRP3::ugt85al fermentation
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