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Abstract: p-Coumaric acid is an important precursor of various natural compounds, such as flavonoids and stilbenes. It has
been widely used in biomedicine, food, nutrition and health care industries. Compared with traditional plant extracts and
chemical synthesis, microbial synthesis of natural compounds such as p-coumaric acid has attracted wide attention due to its
short production cycle and high conversion efficiency. Here a p-coumaric acid-producing Saccharomyces cerevisiae platform
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strain was developed. First, the tyrosine synthesis competition pathway genes ARO10 and PDC5 were knocked out, and
ARO4K?L and ARO7°™S were mutated to release negative feedback inhibition from tyrosine. The tyrosine ammonia-lyase
coding gene TAL from Flavobacterium johnsoniaeu was then integrated into genome and obtained C001 with yield of
p-coumaric acid 296.73 mg/L. To further increase the accumulation of p-coumaric acid precursors, 8 genes encoding amino
acids and carbohydrate transporters were knocked out and the gluconeogenesis pathway was enhanced. The results showed that
GAL2 knockout and overexpression of EcppsA increased the yield of p-coumaric acid to 475.11 mg/L. Finally, the effect of
FjTAL anchoring to yeast vacuoles on product accumulation was analyzed, and the highest titer of p-coumaric acid of
593.04 mg/L was obtained after intracellular vacuolar localization of FjTAL. It provided an efficient p-coumaric
acid-producing platform strain for the subsequent synthesis of flavonoids and stilbene compounds by enhancing the supply of

precursors, blocking the competitive bypass pathway, and using the strategy of subcellular localization.
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Fig. 1 Biosynthetic pathway for p-Coumaric acid and amino acids, carbohydrate transporters in S. cerevisiae. FBP1:
fructose-bisphosphatase; Ecfbpl: fructose-bisphosphatase from E. coli; PCK1: phosphoenolpyruvate carboxykinase;
EcppsA: phosphoenolpyruvate synthase from E. coli; ENO1: phosphopyruvate hydratase; EcaroL: shikimate kinase from
E. coli; ARO3 and ARO4: 3-deoxy-7-phosphoheptulonate synthase; ARO1: pentafunctional arom protein; ARO7:
chorismate mutase; FjTAL: tyrosine ammonia-lyase TAL from Flavobacterium johnsoniaeu; TAT1: amino acid
transporter for valine, leucine, isoleucine, and tyrosine; TAT2: high affinity tryptophan and tyrosine permease; TPO1:
polyamine transporter of the major facilitator superfamily; ALP1: arginine transporter. AGP3: polyamine transporter of
the major facilitator superfamily; ADY2: acetate transporter; BAP2: high-affinity leucine permease; GAL2: galactose

permease.
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Table 1 Strains used in this study
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Strain Parent strains Integrated plasmids Source

i.Ecl\elrg\ll(lszl_aleD MATa Ahis3-1Aleu2 trplAura3 Our lab
R oo K229L G1418 oo 3

Cool i.Ec':rs\I/(lszl_aleD /(\;,F:CL);(?AGALL 10p-ARO4 ARO7 , PDC5::GAL7p-FjTAL, This study
C002 C001 TAT1A This study
C003 C001 TAT2A This study
C004 Co001 ALP1A This study
CO005 Co001 TPO1A This study
CO006 Co001 ADY2A This study
CO007 C001 AGP3A This study
CO008 Co001 BAP2A This study
C009 C001 GAL2A This study
C010 C002 TAT1A, TAT2A This study
Co011 C009 GAL2A,AGP3A This study
C012 C009 GAL2A,BAP2A This study
CO013 C009 pY26-TEF1p-PCK1 This study
C014 C009 pY26-TEF1p-ENO1 This study
C015 C009 pY26-GPD1p-EcppsA This study
C016 C009 pY26- TEF1p-PCK1-GPD1p-EcppsA This study
Cco17 C009 pY26-TEF1p-ENO1-GPD1p-EcppsA This study
Co018 C009 pY15-TEF1p-FBP1 This study
C019 C009 pY15-TEF1p-Ecfbpl This study
C020 C009 pRS425-TEF1p-FBP1 This study
C021 C009 pRS425-TEF1p-Ecfbpl This study
C022 CO015 pY13-TEF1p-ARO1 This study
C023 C015 pY13-SED1p-EcaroL This study
C024 CO015 pY13-TEF1p-ARO1-SED1p-EcaroL This study
C025 C024 pRS424-TEF1p-FjTAL This study
C026 C024 pRS424-TEF1p-vtFjTAL This study
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Table 2 Primers used in this study

Primer name Sequence (5'-3')

EcppsA-F GTGGATCCCCCGGGCTGCAGGAATTCATGTCCAACAATGGCTCGTCA
EcppsA-R TGACATAACTAATTACATGACTCGAGTTATTTCTTCAGTTCAGCCAGGC
PCK1-F AAGTTTTCTAGAACTAGCGCGGCCGCATGTCCCCTTCTAAAATGAATGCT
PCK1-R GGCGAAGAATTGTTAATTAAAGATCTTTACTCGAATTGAGGACCAGC
ENO1-F AAGTTTTCTAGAACTAGCGCGGCCGCATGGCTGTCTCTAAAGTTTACGCTAG
ENO1-R GGCGAAGAATTGTTAATTAAAGATCTTTATAATTTGTCACCGTGGTGGAAG
FBP1-F CTAAGTTTTCTAGAACTAGTGGATCCATGCCAACTCTAGTAAATGGACC
FBP1-R TCGAGGTCGACGGTATCGATAAGCTTCTACTGTGACTTGCCAATATGG
Ecfbpl-F CTAAGTTTTCTAGAACTAGTGGATCCATGAAAACGTTAGGTGAATTTATTGTCG
Ecfbpl-R TCGAGGTCGACGGTATCGATAAGCTTTTACGCGTCCGGGAACTCA

SED1p-F CTACCTTCCATACACCACTGATTGC

SED1p -R CGGCAGATAATAGGACAGTTGATAAT

EcaroL-F AACTGTCCTATTATCTGCCGATGACACAACCTCTTTTTCTGATCGG

EcaroL -R AGTTAACTGATCAGCGGCCGTCAACAATTGATCGTCTGTGCCAG

ADH1t-F CGGCCGCTGATCAGTTAACTC

ADH1t-R CTCGCTATTACGCCAGCTGAA

ARO1-F GTATCGATAAGCTTGATATCGAATTCCTACTCTTTCGTAACGGCATCA
ARO1-R CTAATCTAAGTTTTCTAGAACTAGTATGGTGCAGTTAGCCAAAGTC

FjTAL-F GTTTTCTAGAACTAGTGGATCCCCATGAACACCATTAATGAATACTTGAGTT
VtFjTAL-F GTTTTCTAGAACTAGTGGATCCCCATGAAGGCCATCTCATTGCAAAG
VtFjTAL-R TTACATGACTCGAGGTCGACGTTAATTGTTAATCAAATGATCCTTAACCTTTTG

R, o B 3 R 5 R 7 81 B s 14,
i 12 PCR 36 i 356 PR 2 75 0 ol 1y i ok ot A 3000 )
KE
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A ODegoo AL HY MK SEAH
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fitf Y (PRC1) #iEfs 5k (KAISLQRPLGLDKDVL)
5 FjTAL 25 119 N oK sl A4 ELAT v 161
B2 7 TR R B MR R 2> ) 0K FTAL AN
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AHLH 53T M 60%F% 51 10% (15-18 min), #kJ5 B A
HAAEFRTE 10% (18.0-20.0 min)EH B450, X7
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Fig. 2 PCR validation of recombinant strain C001. (A) Integration of FjTAL at PDC5 site. (B) Integration of
ARO4X?*° and ARO7°™S at ARO10 site. (C) Knockout of GAL80. WT: wild type; M: DNA marker; 1-2: strain C001.
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Fig. 3 Yield of tryptophan(Trp), phenylalanine(Phe),
tyrosine(Tyr) and p-CA for C001 strain at 72 h.
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Table 3 Function of 8 genes including TAT1, TAT2, TPO1, ALP1, AGP3, ADY2, GAL2 and BAP2

Gene

Function

TAT1 Amino acid transporter for valine, leucine, isoleucine, and tyrosine; low-affinity tryptophan and histidine transporter

TAT2 High affinity tryptophan and tyrosine permease

TPO1 Polyamine transporter of the major facilitator superfamily

ALP1 Arginine transporter
AGP3 Low-affinity amino acid permease
ADY2 Acetate transporter required for normal sporulation

GAL2 Galactose permease; required for utilization of galactose; also able to transport glucose
BAP2 High-affinity leucine permease; functions as a branched-chain amino acid permease involved in uptake of leucine,

isoleucine and valine
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Fig. 4 Effect of transporter genes knockout on p-CA yield and yeast growth. (A) Effects of single and double
knockouts of 8 genes on p-CA yield. (B) Effects of single and double knockout on strain growth at 24 h in fermentation.

The ODgy, of C001 was set as 1.
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C009 was set as 1.

% : 010-64807509

. cjb@im.ac.cn



1846 ISSN 1000-3061 CN 11-1998/Q A4 T #£244f  Chin J Biotech

PR AR ANCR, MEETR " ERE T
4.64%, It FTAL MALRCEA 2R X &
R R RI R . AW EIRE, BRI
1R R E & B AT 50%RY 2L FR , 7E R BL= 1,
Y0 A R T I ) 20 5 I 2R PP
it — AR I A PR A AL, IR K Y Y
B2 IR FITAL 807 2100, 2l 5 @bk C026
SF A SRR 4R N 593.04 mo/L, RET 23.31%
(KB 6A). DL BWFoTas LM, M Flifs £k
FiTAL, # FjTAL & F ) sk mg e A 20,
Al AEJE TR E LA 1Y FjTAL REAS HRE A1)
W AR, BRI LRIk, &
ALK, B G IR - R .

3 Wik
o 75 57 T T ELAT A ) 7 I 24 0 {5 e AL
AN IR, DR A R B R

ERRM TR R HAEE T APsEH, @il
TR IR AR I BT BRI LN ARO4KA#

it

A 800

Coumaric acid (mg/L)
=S
<
<
T

[y

(=3

(=3
T

C024 C025 C026

I AROT7CMS fg [ FR 1 4 9% , Bt %% ARO10 F1 PDC5
RELUT 55 5w G il AR Al 3Rk FITAL, RTH 7 X4
TR TALHE B C001, 7E CO01 fLali b, 435k
Bk TAT1. TAT2, TPOl. ALP1, AGP3, ADY2,

GAL2 il BAP2, i i 5% Ml [ 1 B B0} A 57 1) 56
FEILDN GAL2, GAL2 miBRitk C009 iy g™
R T 46.14%, A WFR R RIXIFRERIRE
FH O DR BB AR o e i 2 i)
Rt KRBT HFERERE LMWERE AROL
EcaroL, {H¥&A MBS, Rit—E5m ik PEP Al
E4P FIIARMER , 3o 3¢ 1k W B AW AT 1o 5 A i
& By PCKL1, EcppsA. ENO1. FBP1. Ecfbpl
L, BRI H A 1L %38 EcppsA Kk R AR XA
SRR E R 475.11 mo/L. 1T FjTAL B84
T i 2 Bt 2 N A TR L O R il L fb 1k e
A, BRI A R A R RIS I 440
FE LW B FITAL 2 28 35 58 1 3 W B |,
RGP R EARA R, METRERSE
593.04 mg/L. £t b, il A TR A XA

B 800 -

5, 600 | &
£

.'EJ -.--"-"-ﬂ--l--
& 400 |

2

s

=

2 200

O

0

GAI2A- + + + + + + + + + + +
PCKl- — + — — 4+ — 4+ + + + +
ENOI- - - + - — - — — — -
Eeppsd - - - - + + + - — — - -
Ecarol - - — — — — - + - + + +
AROI - - - - — — — - + + + o+
FjTAL- - - - - — — — — - + -
WFTAL - - — — — — — — - -+

El6 FTALBEEZREMAZRIPFIELERUXN M ESIBRSERFME. (A: FjTAL i 5 320 E 28085
MEZBRAERFN: B: CO01 &l EaifR & i3 RiEREEE XN EZE ™2 IR 0)

Fig. 6 Effect of vacuole-targeted FjTAL enzyme and metabolic engineering optimization on p-CA yield. (A) Effects of
free expression and vacuole-targeting FjTAL on p-CA yield. (B) p-CA quantification of the different engineered strains.
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