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i FE: (8] BdoBRESRERETMN, £XMATE T E Ik a9 KA AR, ETmAE
AL 0 R AR I ol BR 4G A R R, AR A LT A M B R AR ER AR, [Fik] A%
#) K& A # (Flavobacterium johnsoniaeu)B 2 B 2 4 B %% K B FjTAL #= X M #F # (Escherichia
coli) 4-# KK LBR-3-3F /o BB /A% % & FACIE BB B 6K %A KB EchpaBC, @i KR EREF
Mo BR A RIE AR, FNE A KIATE F AT R, AR A BETirik. A 2 BRAME R
B PIEF KRR NEOE hmAn s &0 7 X, ME—ZF] TEEAR, HFFAH HPLC 547X &
AR P AT A 2 B AnonrE BR 69 7~ A R OL, MG B e R E) RUR An R xf ok BR S 209 el . (4
RYERMATE P EIT dwrdb BRAGA KA R, BT BT LA KR T ook BR 69 & AR, VA
E)HE A SR A BT R BR AN 1.40 mg/L 32512 96.40 mg/L, VABS R A & A BT omrE BRAN 1.78 mg/L
£ 3%] 123.31 mg/L; H4IE3) EchpaBC %k e94A R A B ) F% % AHst 4 2 @i%%@ﬁ,w¢m
2R E] 162.73 mg/L; BINE m—/~ EchpaBC &3 N AR 3T B 2 BReG4040, oL = 2R 5

3] 18515 mg/L. [4# ) AR KA LRE B3 Tt £t i ﬁ&%%%gl%mﬁ%w
FLE A R, KAL T FjTAL A= EchpaBC #) %5, MRAKF T kiR 3 = TA2E Ak, A owrdF i)
BRCA R T .
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Abstract: [Objective] To realize the de novo biosynthesis of caffeic acid from glucose by
reconstruction of its biosynthetic pathway in Escherichia coli. Fine-tuning gene expression
allows us to improve caffeic acid production, which paves a way for the high production of
caffeic acid and its derivatives in E. coli. [Methods] The biosynthetic pathway of caffeic acid
was reconstructed based on FjTAL and EchpaBC, which encoded the tyrosine ammonia lyase in
Flavobacterium johnsoniaeu and the 4-hydroxyphenylacetate 3-hydroxylase complex in E. coli,
respectively. The reconstructed pathway was then introduced into commonly used E. coli
strains. We improved the expression levels of FjTAL and EchpaBC by screening constitutive
promoters, utilizing an intermediate-based biosensor, and increasing the copy number of the
key gene. Thus, a total of fourteen recombinant strains were obtained, and the production of
caffeic acid and the intermediate p-coumaric acid in these strains was quantified by HPLC.
Moreover, the effects of different nitrogen sources and substrate concentrations on the
production of caffeic acid were investigated. [Results] We realized de novo biosynthesis of
caffeic acid from glucose in E. coli. The use of constitutive promoters other than the commonly
used T7 promoter contributed to the yield increase of caffeic acid. When glucose was used as
the substrate, the yield of caffeic acid was increased from 1.40 mg/L to 96.40 mg/L. When
tyrosine was used as the substrate, the yield of caffeic acid was increased from 1.78 mg/L to
123.31 mg/L. Furthermore, the yield of caffeic acid reached 162.73 mg/L when a p-coumaric
acid biosensor instead of a constitutive promoter was used to drive the expression of EchpaBC.
Moreover, the yield of caffeic acid was improved to 185.15 mg/L in the case of introducing an
extra copy of EchpaBC. [Conclusion] We constructed the strains with high production of
caffeic acid by promoter engineering, using an intermediate-base biosensor, and increasing
copy number of the key gene. Our study laid a solid foundation for the high production of
caffeic acid.

Keywords: caffeic acid; Escherichia coli; promoter engineering; biosensor; dynamic
regulation
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MNMERR (3,4~ — %k IR IR ) J& — Fh K AR I 2%
EY, BARPUETEYE, T RIEE .
At i AL T8 U+ o B[R], mnERR
BAYUWNEE . IE . USG5 2R/ Y
TR, B R T A0 A o A I
WRIIAYT o AN, MR 2 G 2 A s M [ B R
FRALE W SCEEATIR, kLA . MMERR R 2
B . BIMERR K C AN A2 RSO B, o
MEPR 3= B30 LA Y PR Al G RN A P A T
3 FPITIEE A o SR TIAE P rh e R 1) % i Im AL
ARG 4RI 25 2, S8R 7 A 8 R o
2 G B A A A B R A0 A ™ P 5k BE 45
AR MM, MAEYEBEA LTI (1)
W AEY R R, KA B (Escherichia
coli) . 15 B IREFF & (Corynebacterium glutamicum)
IR B2 (Saccharomyces  cerevisiae)%, BELA
IR A IS R , 7T AR G R 4t
BHHEHMA; ) A GRS AR
R R SAREEREE o BRI, BUZE D6 B B i
MERR A4 P i Hse 4 1 )y =Ko

TRCEE W 1) 40 20 3 o 2 e R R AR T
BR, J5 A 4 2 R 24 S I (tyrosine ammonia
lyase, TAL) A1 4- ¥ 37K 4R 3- 2 K AL i
(4-hydroxyphenylacetate 3-hydroxylase, HpaB)/#%
R A LR R [NAD(P)H-flavin oxidoreductase,
HpaC1& & 1A (HpaBC)HK U Ak A sl mnmE Az,
T AR IEERR ) A, BN SRR BTSN R
i 6 | A PR P2 R R B SRR ULAL S TR T e T
—ZIWFFETAER, I Zhou FHLAL T R[ADR
I8 HpaBC i, JFM i 17k B % ve f5 10
Qi (Klebsiella pneumoniae)l) KpHpaBC 1 7l
ME PR A Ak S v, Wb T 2 R BRI ) )
AR Wang %538 120 BRI 2208 1Y 35 ik A7
S8 il DAL KPR LB ME TR /D HE 5L PR 55 T B
P T MRS e U A, R shF TR A
Y% s A 0 B A A 02 SR SR WU

Y& BB Pan SR LSRR G
O SR AL 1% 5 0 J 0 4l A [ ] 1 2H B Y
AT, RGN TR R R ERT T LA iR
(7= Y Guo A3 o) i S R A W AL SRR 11
REUR O VLSS, B2 1 I 2R v /™ TR AR TE A b
AR EL B, R PRE e AR e T 3.9 fF
Zhou SFETEIMAT TR AL L0 4 TR A B
A WAL IR O B S TR R 45, IF b K 3R B
FHOC ) A BE R A T U R, 2 4 v 1 Al
e,

RS T 24 [ B FF B (Flavobacterium
Jjohnsoniae) ) i ZA M2 fif 28 FjTAL FKMFF A
(Escherichia coli){] 4-¥25L7K 1R -3- 5 il 4 ity /
B R A AL I 52 5 /K EcHpaBC Ry i ER
GG B, AR AT T b EA T R B kA
o TEMCEERD b, ZRa R 37 LR AWk
JEER AT T 1) B A5 TR RN I DG H L R DL
SR, XTRMMERR SR s R AT A, PR T
WP P i, X SIS BUCR A BT kR K
AT AP R RS IR ER AR 7

1 HBRE5HR®E

1.1 &8
1.1.1 EF#k. RS

AWESE B RR L3 1, Fris X soks 3% 2.,
AW 5T BT A 51 Wy ¥ h AR T A TR (V)
BRAFIER, 51975 3 iR,

1.1.2 I#FHRE
KIGFFE IM109 F1 DHSa 322 T ki fs

#, BL21 Star(DE3)/E RMIHERR & fE £ 40 .
LB K #- 5 (g/L) : AR ¥R 10.0, [ EEHS 5.0,
SN 10.0. LB 3G FR 5 T RO H LS 5%
M9 13 (g/L): M9 Broth 11.30, #ij%gkH
5.00, SA1L550.014 7, BRFREE 0.246, HRlRIAK
0.003, ELERmIIEZE 0.01, CaCO;5.00, M9 ki
JE FHF WM E R - R R 20 B PR R RS %
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Table 1 Bacterial strains used in this study

Escherichia coli strains Description Sources

DHS5o F 980 lacZ AM15 A (lacZYA-rgF) U169 recAl endAl hsdR17 (rg, mg") ThermoFisher Scientific
phoA supE44 X" thi-1 gyrA96 relAl

IM109 endAl recAl gyrA96 thi-1 hsdR17 (v, my') relAl supE44 D (lac-proAB)  ThermoFisher Scientific
[F' traD36 proAB laql’Z AM15]

BL21(DE3) fhuA2 [lon] ompT gal (A DE3) [dem] AhsdS, » DE3=\ sBamH lo AEcoR I-B New England Biolabs
int::(lacl::lacUVS5::T7-genel) i21 AninS

BW25113/plJ790 K-12 derivative; AaraBAD ArhaBAD, Cam® [17]

BL21 Star(DE3) F~ ompT hsdSg (5 mg) gal dem rnel31 (DE3) pLysS, Cam® ThermoFisher Scientific

CAO01 BL21(DE3) containing pCTCQ-1 This work

CA02 BL21 Star(DE3) containing pCTCQ-1 This work

CAO03 BL21 Star(DE3) containing pCTCQ-2 This work

CA04 BL21 Star(DE3) containing pCTCQ-3 This work

CAO05 BL21 Star(DE3) containing pCTCQ-4 This work

CA06 BL21 Star(DE3) containing pCTCQ-5 This work

CAO07 BL21 Star(DE3) containing pCTCQ-6 This work

CAO08 BL21 Star(DE3) containing pCTCQ-7 This work

CA09 BL21 Star(DE3) containing pCTCQ-8 This work

CA10 BL21 Star(DE3) containing pCTCQ-9 This work

CAll BL21 Star(DE3) containing pCTCQ-10 This work

CA12 BL21 Star(DE3) containing pCTCQ-15 This work

CA13 BL21 Star(DE3) containing pCTCQ-16 This work

CAl4 BL21 Star(DE3) containing pCTCQ-17 This work

DHO1 DH5a containing pCTCQ-11 This work

DHO02 DH5a containing pCTCQ-12 This work

DHO03 DH5a containing pCTCQ-13 This work

&2 AR R
Table 2 Plasmids used in this study

Plasmids Relevant characteristics Sources
pACYCDuet-1 pl5A ori, T7, Cm® Novagen
pET23a pfl ori, T7, Amp® Novagen
pACYCDuet-2 A derivative of pACYCDuet-1 containing kanamycin resistance gene (Kan®) replacing This work
chloramphenicol resistance gene (Cm®)
pCTCQ-1 PACYCDuet-2 containing FjTAL gene driven by T7 promoter and EchpaBC gene driven by T7 promoter This work
pCTCQ-2 pCTCQ-1 with the promoter of FjTAL gene replaced by g/nSm promoter This work
pCTCQ-3 pCTCQ-1 with the promoter of FjTAL gene replaced by J23101 promoter This work
pCTCQ-4 pCTCQ-1 with the promoter of FjTAL gene replaced by J23101* promoter This work
pCTCQ-5 pCTCQ-1 with the promoter of FjTAL gene replaced by J23101** promoter This work
pCTCQ-6 pCTCQ-1 with the promoter of EchpaBC gene replaced by g/nSm promoter This work
pCTCQ-7 pCTCQ-1 with the promoter of EchpaBC gene replaced by J23101 promoter This work
pCTCQ-8 pCTCQ-1 with the promoter of EchpaBC gene replaced by J23101* promoter This work
pCTCQ-9 pCTCQ-1 with the promoter of EchpaBC gene replaced by J23101** promoter This work
pCTCQ-10 pCTCQ-8 with the promoter of FjTAL gene replaced by g/nSm promoter This work
pCTCQ-11 pET23a containing padR gene driven by /pp0.2 promoter and /acZ gene driven by P9 promoter This work
pCTCQ-12 pET23a containing padR gene driven by oxb20 promoter and lacZ gene driven by P9 promoter This work
pCTCQ-13 pET23a containing padR gene driven by oxb20 promoter and lacZ gene driven by P9* promoter This work
with two PadR binding boxes

pCTCQ-14 pCTCQ-10 with the promoter of EchpaBC gene replaced by P9 promoter This work
pCTCQ-15 pCTCQ-14 along with padR gene driven by /pp(.2 promoter This work
pCTCQ-16 pCTCQ-14 along with padR gene driven by oxb20 promoter This work
pCTCQ-17 pCTCQ-10 added with EchpaBC gene driven by J23101* promoter This work

Kan®™: Kanamycin resistance; Amp": Ampicillin resistance; Cm": Chloramphenicol resistance.
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Table 3  Primers used in this study

Primers Sequences (5'—3") Purpose (construction)

FjTAL-F CATCACCACAGCCAGGATCCATGAACACCATTAACGAATATCTG pCTCQ-1

FjTAL-R AATTGAGCTCTTAGTTGTTAATCAGATGATCTTTCACT

EcHpaBC-F AATTCATATGAAACCAGAAGATTTCCGCGCC pCTCQ-1

EcHpaBC-R AATTCTCGAGTTAAATCGCAGCTTCCATTT

pACYC-gInSm-Up-F tcagataaaatatttctagaTCTGCTTTATGCCTGATGCG pCTCQ-2

FjTAL-glnSm-Dn-R tattcgttaatggtettcat CGTGGATTCCTCAAAGCGTA

pACYC-J23101-Up-F tcagataaaatatttctagaTTTACAGCTAGCTCAGTCCTA pCTCQ-3

FjTAL-J23101-Dn-R cagatattcgttaatggtgttcat GGTATATCTCCTTCTCTAGTCTCTAG

pACYC-J23101*-Up-F  tcagataaaatatttctagaTTTACAGCTAGCTCAGTCCTA pCTCQ-4

FjTAL-J23101*-Dn-R  tattcgttaatggtgttcatGGTATATCTCCTTCTCTAGTCTCTAG

pACYC-J23101**-Up-F tcagataaaatatttctagaT TTACACTAGCTCAGTCCTAGG pCTCQ-5

FjTAL-J23101**-Dn-R tattcgttaatggtgttcatGGTATATCTCCTTCTCTAGTCTCTAG

glnSm-F AATTGCGGCCGCTCTGCTTTATGCCTGATGCG pCTCQ-6

glnSm-R TTAACATATGCGTGGATTCCTCAAAGCGTA

J23101-F GGCCGCTTTACAGCTAGCTCAGTCCTAGGTATAATGCTAGCTACTAG pCTCQ-7
AGACTAGAGAAGGAGATATACCCA

J23101-R TATGGGTATATCTCCTTCTCTAGTCTCTAGTAGCTAGCATTATACCTAG
GACTGAGCTAGCTGTAAAGC

J23101*-F GGCCGCTTTACAGCTAGCTCAGTCCTAGGTATATGCTAGCTACTAGA pCTCQ-8
GACTAGAGAAGGAGATATACCCA

J23101*-R TATGGGTATATCTCCTTCTCTAGTCTCTAGTAGCTAGCATATACCTAG
GACTGAGCTAGCTGTAAAGC

J23101**-F GGCCGCTTTACACTAGCTCAGTCCTAGGTATATGCTAGCTACTAGAG pCTCQ-9
ACTAGAGAAGGAGATATACCCA

J23101**-R TATGGGTATATCTCCTTCTCTAGTCTCTAGTAGCTAGCATATACCTAG
GACTGAGCTAGTGTAAAGC

LacZ-F AATTACTAGTTTATTTTTGACACCAGACCAACTGGTAATGGTAG pCTCQ-11

LacZ-R TTAAGCATGCCCATGATTACGGATTCACTGG

oxb20-PadR-Up-F accgccagagataatttactcgagatcaaaCTATTTACAAGAGGGGGGCGTG pCTCQ-12

PadR-0xb20-Dn-R gcgtattttaatactctcatttttactcctgtcatGCCGGGTAATACCGGATAGTC

P9-F AATTGCGGCCGCTAAATTATCTCTGGCGGTGTT pCTCQ-14

P9-R TTAACATATGGATACCTTTCTCCTCTTTAATGAATT

PadR-t0-Dn-R gteectettecacctgetgacttaagATTTGTCCTACTCAGGAGAGCGTTC pCTCQ-15

P9-1pp0.2-PadR-Up-F acaccgccagagataatttagcggccgcAAAATATTGACAACATAAAAAACTTTGT
GTT

0xb20-P9-Up-F aacaccgccagagataatttagcggccgcCTATTTACAAGAGGGGGGCGTG pCTCQ-16

t0-EcHpaBC-Up-F aaatggaagctgcgatttaaaatt GCATGCGTCCAGTAATGACCTCAGAA pCTCQ-17

EcHpaBC-Dn-R agcggtttctttaccagactcgagTTAAATCGCAGCTTCCATTT

Underlined sequences for restriction enzyme recognition sites, and lower-case letters for overlapping between DNA sequences.

FIRFEAS TR RN LR R L A RME MO BE 3R 3L, B ZE MO K% 3% 3 b 4 B
Ry S s, AR T S A AR &R 3 Fh 0.00-2.00 g/L MEEEHEHUY) (yeast extract, YE),

http://journals.im.ac.cn/actamicrocn
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10.00 /L %5 11 Wi (tryptone, TP)F1 10.00 g/L £
K (corn steep liquor, CSL), AN (1955 35347 5]
40 MOYE. MOTP il MOCSL.

BRI IMASI AR, A N EER
R AR K B F M 100.00 pg/mL, A
o FMe R 25.00 pug/mL,
1.1.3  EERFIFLEE

s, Jeatil Bt SR A RA A R
P[5 NI S [ )R RS VAN
Ma, AT AEY TRECEE)BRG AR ;
TIANamp Bacteria DNA Kit, RHRAE{LRHE AL
AN A mItE GXL DNA R4 W
(PrimeSTAR® GXL DNA Polymerase), T4 DNA
HEHEB AR G ME N I, TaKaRa A ] ; [l
ZH i (ClonExpress® 11 One Step Cloning Kit),
SUVEMERE A IR A A PR v

PCR YA ZEFLRSGE, Bio-Rad 2AH]; ki
B FRAE, Rl RS IRA A EIREESRAE,
T PR BT AR AR IR A R | 7R R
ARG, FEERCHERBHL (PENABR A A =k
ARG, S A B (P ED A BRA ]
1.2 WNMEES & Ak HE 5K B F R AR BO # 2E

h T REE S W R M BL21
Star(DE3) i, &M A-Red NMFHEL
(A-Red-mediated  recombination) 5 ¥
pACYCDuet-1 1458 %5 3= BTl g b 5L A B 4y R
W& =P g S 5N, 15 2 & 4 iRk
pACYCDuet-2""1, 3k [ 24 FCHEHT B 10 ik 2 PR 22 At
MRS LN FTAL (WP_012023194.1)M2, 175
SMERE YR IR A Rl SIS A Rk,
EchpaBC ¥"#  BL21(DE3)%:[H 4] DNA, %3
A2 DNA X TIANamp Bacteria DNA Kit $2
B, HARL BRI DL Ul B . A
pCTCQ-1, LIGRHIHEN FjTAL FEPH BURL AR
¥, FIFH5I9 FjTAL-F Fl FjTAL-R /47 PCR 4

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

WA FTAL R EBt, H PCR ¥ 0R WARR
(50.0 puL): PrimeSTAR® GXL DNA Polymerase
(1.25 U/pL) 1.0 pL, 5xPrimeSTAR GXL Buffer
10.0 pL, dNTP Mixture (2.5 mmol/L) 4.0 uL, .
THEGIHI(10 pmol/L)4% 2.0 uL, & FjTAL H5ok:
R 1.0 uL, ddH,0 30.0 uL. PCR J )i 544
98 °C FiZEME 5 min; 98 °C 281 30 s, 60 °C B
K 30's, 68 °C ZEfH 1.6 min, 3£ 30 MEE; 68 °C
ZGEM S min, JFEE PCR 3 1) S A4 72 1S 1o
FMF51Z PCR Y I AHAL, B AR K
pACYCDuet-2 HAREMRFMIIT FiTAL Bt
BamH 1 Sac 1RV %32 J5 A5 T [ 8k b 5
M it 5] ¥ EcHpaBC-F #l EcHpaBC-R X
BL21(DE3) #: [H 41 DNA pEA7 41, #15
EchpaBC KB, %4 Nde 1 Fl Xho 1 MVI%E 3 I
b e Sl (BT = N L WA VA A 1 = S [ e i )
pCTCQ-1, AR IIE T 4 P KMAFF B H AL
R B F(ginSm . J23101 . J23101*F1 J23101%%),
A3 SR B FiTAL F1 EchpaBC %3511 T7 J3 3l
AR = S [ € VA < Q%< N N
pCTCQ-2-pCTCQ-10, FHKELLIAILFE 2. iz
Jei , P AL T A 2 TR B Ak 2 T I A A
L, ARASRT R P EE 2 AR LR 1. A OCERIR AL
VRN IRAE S5 00 T S e S 00 5 7 12

R TR DA SR R A S R lacz
ERM G R AEwL RS, a8 T
pET23a-Ipp0.2-padR-P9 JE ki fii ] LacZ-F Al
LacZ-R 51¥M BL21(DE3)#:[H 4 DNA 4
lacZ B, il Spe 11 Sph 1 BVIEH 2 ik
SRUFRLF, 345 pCTCQ-11 ATk, BliJm,
i3 [F R 4 pCTCQ-11 HEK S padR ik
Ipp0.2 LT 55 )5 B 454 oxb20 2H B Y 38
P 153 F 4 okl pCTCQ-12 %% pCTCQ-12
B TR PO JA 3T ltiE N 2 4~ PadR
FERPEZS S AL PO* R 3+, 155 7 B4 Bk:
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pCTCQ-13, ¥4 ik 3 A~HZH Bk 5355 A DHS5a
b, FRASAHN ) T AR bR DHO1-DHO3 (3% 1), It
&b, LL pCTCQ-11 A5t , #1154 P9-F 1 P9-R
1T PCR ¥ 193545 PO JA sl 7 Bt, 4 Nde 1 il
Not 1 F#VI)5, #A pCTCQ-10 AN &, 55
B ik pCTCQ-14. KM PadR-t0-Dn-R #
P9-lpp0.2-PadR-Up-F 5[# M pCTCQ-11 L34
T Ipp0.2-padR FrBL, 5 [A) P56 F 20 )5 ok HiAd
AZ| pCTCQ-14 1, AT EL Jikr pCTCQ-15;
I A [] 5 W ) 4 B 4 R pCTCQ-16. LA
pCTCQ-10 HMAitk, FIH t0-EcHpaBC-Up-F #ll
EcHpaBC-Dn-R 5|4 #5155 J2310*-EchpaBC
B, R R E 2 vk 2 pCTCQ-10 AH MY
NiE, 153 E 4 ok pCTCQ-17, PCR 71 7
k& K ¥ 3 % PrimeSTAR® GXL DNA
Polymerase #AE I 15, [ 5 8 20 Jsz o 44 2 F 9
2L ClonExpress® II One Step Cloning Kit f§i ]
AR
1.3 B-FFEEHEEMHENE

Z: BESCHR[23 408 1Y B LR T s 4 I
FE TR TAE ST AL B A0, FLARSRAE T -
A3 WP ECF Bk DHO1-DHO3 8% 7% T 3 mL LB
WS, 37 °C L 220 t/min $E K E; 35 10 h,
FFRI ODgpo=1.0 J&i , #% 1:100 £F1 £ 3 mL M9
WAL FR I RE SR 1 h, RGN A [R) R B 1 %ot
Fr ER , SR FF 2 h J5 4T ODgoo iR B
B E BB 12 000 r/min 5.0 1 min Y TH
&, MMA 1 mL Z buffer (60 mmol/L Na,HPO,,
40 mmol/L NaH,PO,4, 10 mmol/L KCI1, 1 mmol/L
MgSO,, pH 7.0)E £ il A 100 uL i F1 50 uL
SDS (sodium dodecyl sulfate, 0.1%), JlZ4iATiE
S4EANM, JFEAE 28 °CFAIA 200 uL ONPG
(2-nitrophenyl B-galactopyranoside, 4 mg/mL), iC3%
EIGERIY o, FREWRASHE ST EIIA 500 UL
Na,COs (1 mol/L)Z& 1k i, e sk Ze 1k B 1a] 10

5, A 12 000 r/min &0 10 min, B EIER
HEAT ODao MIZE , LR BUEG I BRI
BTG, AR,

B - FFLIB AT A =

1000 OD,,, / [(t, —#,)XV x ODy, |
1.4 EHEMKPABE ST

PRBCABETE T 3.00 mL LB WA 355, 76
37 °C. 220 r/min 535 10 h, R ODeoo=1.0
J&, #2 1:100 #FRPE] 10.00 mL LB AR 355 b
MEEEESE 4 he BE)S, 5 000 r/min 2.0 5 min Y&
LW, H MO AR SRR R W IRDIE,
F| 100 mL #EFEIH (3% 30.00 mL M9 ks 5
JE ., ODgoo ZUPEHZ 0.1), £ 37 °C. 220 r/min
KGR 48 he
1.5 EHEMRLZE I HPLC 7547

B 1.00 mL EEEEINASERT R LR iR
iEPET 1 min, 12 000 r/min &5.0> 10 min J5H
B, BEE K, BHWNIRCTR RO . F
FRBHZE R TARE 28 R 56l l)a . A 0.30 mL
o ol FH B A, VA RORE S 0.22 um B &
FH o € 2l B Pt o] £ %o 7 5 TR AT PR s o 7
Y, B T ) A R R R A v VS VRN b
R AL FAE B —E HE4 T HPLC A& . HPLC &
24 Ai%H Sl ZORBAX SB-C18 [ AH (A EH:
(250 mmx4.6 mm, KifEH 5 um), WshAH A
0.1% RN 27K, TiahtH B btk ali e ;
WA 0.80 mL/min; ALV 30 °C; #EAEE R
10 uL;  WIMERR AN A SRR I K 43510 324 nm
1308 nm. AWFSCRAIBEEEGEL A %, Bk
Fift: 0-8 min, 5%—50%F F%; 8—10 min, 50%—
100%H % ; 10—12 min, 100%—5%H % ; 12—24 min,
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RN, A J2310193 8T8 CA09 HPuMERR
K fery, TEUS I 2 BB R 2 BRI, whnE
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5% 100.00 mg/L F§ 2R 1) M9 B FrFevp it 47 & 1,
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1 MIHEEEMERBRERREEABHEFRE A R LS R N 2 FOR 7R &
K. GoP: HjZjbE-6 -BIR; FOP: HME-6-WIR; RuSP: AZMAME-5-BEIR; PEP: BERRMGEZ:UNIAR; E4P: o
BERE-A4-BEH2; DAHP: 3-JiiS-D-Bal i {f Beil-7-# 0 CHA: 70502, B: SH4U50R pCTCQ-1 HyH FIA
FF o A0 HPLC 43#r,  Hi 2 WEAFN S 2 RS IR B2 7371 h 5.00 /L 1 100.00 mg/L. Tyr: P22 ; PA:
XIFEGRR; CA: WIHER

Figure 1 Reconstruction and heterologous expression of the biosynthesis pathway of caffeic acid in
commonly used Escherichia coli strains. A: Schematic diagram of the de novo synthesis pathway for caffeic
acid containing the recombinant plasmid pCTCQ-1. G6P: Glucose-6-phosphate; F6P: Fructose-6-phosphate;
Ru5P:  Ribulose-5-phosphate; ~ PEP:  Phosphoenolpyruvate; ~ E4P:  Erythrose-4-phosphate; ~ DAHP:
3-Deoxy-D-arabino-heptulosonate-7-phosphate; CHA: Chorismic acid. B: HPLC analysis of fermentation broths
extracted from commonly used Escherichia coli strains containing the recombinant plasmid pCTCQ-1 with
glucose and tyrosine added at concentrations of 5.00 g/L and 100.00 mg/L, respectively. Tyr: Tyrosine; PA:
p-coumaric acid; CA: Caffeic acid.
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Figure 2 HPLC analysis of CA and PA from CA02
strain. Glucose (Glu), tyrosine (Tyr), and p-coumaric
acid (PA) were supplemented at 5.00 g/L, 100.00 mg/L,
and 100.00 mg/L, respectively. Experiments were
performed in triplicate with similar results. Bars
display meantSD.
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3 ETERHFREMNELAEN CAZ-CANl XBE=YREENT  A: gihSm. J23101. J23101*F1
J23101*¥J3 Zh T 8K 8l FjTAL ik i3 EAH bk CA03—CA06. B: iX 4 )i 8 F43 34K 8l EchpaBC $=
BISE AW CA0T-CA10. C: ginSm A 81 T3R8 FjTAL FiKIFET, J23101%5 3 F3K5) EchpaBC F=ik
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Figure 3 Quantification of CA and PA in the engineered strains CA03—CAll obtained based on promoter
engineering. CA03—CA06 with FjTAL (A) and CA07-CA10 with EchpaBC (B) driven by ginSm, J23101,
J23101%* and J23101**, respectively. CA11 was constructed with FjTAL driven by the g/nSm promoter and

EchpaBC driven by the J23101* promoter. Glucose and tyrosine were supplemented at 5.00 g/L and 100.00 mg/L,
respectively. Experiments were performed in triplicate with similar results. Bars display mean+SD.

BT PRSI FZ)a, MEEARK pCTCQ-11,  ZARFEMBIWNKL, A pCTCQ-11 HHy
s HFE A DHSo 5 2] 4 F R DHOL., Ffi)5, Ipp0.2 JE 8T &4 i KB recd JHh+
Xt DHOL ) B-2P LW BTG LA T AR, 252 & TS oxb20 41 AL I 372, 45 3 41 5k
278 DHO1 HAT BRI B I RA (8 5B). MK KL pCTCQ-12; #§ pCTCQ-12 Wi P9 J3 )7
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Figure 4 Quantification of CA and PA obtained from CA1ll in different M9 fermentation mediums. A: MOYE
medium containing different concentrations of yeast extract. B: M9 medium, M9TP medium supplemented with
10.00 g/L tryptone (TP) and M9CSL medium with 10.00 g/L corn steep liquor (CSL). C: M9 medium supplemented
with different concentrations of glucose. D: M9 medium supplemented with different concentrations of tyrosine.
Glucose was supplied at 5.00 g/L in both A and B. Experiments were performed in triplicate with similar results. Bars

display mean£SD.
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Figure 5 Construction and evaluation of PA biosensors. A: Schematic diagrams showing the construction of
the three PA biosensors. B: Evaluation of [B-galactosidase activities of DHO1-DHO03 supplemented with
different concentrations of p-coumaric acid. C: Measurement of cellular growth of DHO1-DHO03 supplemented

with different concentrations of p-coumaric acid. Experiments were performed in triplicate with similar results.
Bars display mean+SD.
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Figure 6 Schematic diagram showing regulation of EchpaBC expression based on PA biosensors and
quantification of CA and PA from the engineered strains CA12 and CA13. A: CA12 containing padR gene

driven by the Ipp0.2 promoter. B: CA13 containing padR gene driven by the oxb20 promoter. Glucose and
tyrosine were supplemented at 20.00 g/L and 200.00 mg/L, respectively. Experiments were performed in

triplicate with similar results. Bars display mean+SD.
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Figure 7 A schematic diagram showing the
construction of recombinant plasmid pCTCQ-17
containing two copies of EchpaBC genes (A) and
quantification of CA and PA (B). Glucose and
tyrosine were supplemented at 20.00 g/L and 200.00
mg/L, respectively. Experiments were performed in
triplicate with similar results. Bars display mean+SD.
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