3
i
>
o

TR CRRSGE RN 2 A s iy

= S 2 < ES 313 ~ RS

BFm, Heke, B R, ok m?, # oHY
(LR R, LA EORBE WE G L8, Lok T8 214122:2. LR K B9 L0, L5 T
214122)

WE: REXZ—FHRARAETHMES BAEXFTOB LS., B THRELARLEFREA
Eg AR ER R 2 m A TES AT F TR, FRNBEEEL T FERALFLSRE, 2
AR FTEAEAEELEL R FERAREFTEFRM, 750, W PRGBS FLRA T
BEOSBAENIEZHR, BB AD LB R A TREFRAA RN LTI TN, B3 ERMATR
W R R A BRE BE A P 69 R ERBR LA B A B AROL0, R M2 T S MBE B T K MATH . i
i SRR TR BR LK B 4 A A B pheA Ao K TEBEBL A 4 ALK B feaB, 33 T BAER 09 A AR AE T o
BEREWIEREMT, it 2% AROI0 A BE 9 Ea @A) A 10 o/L 7 B 4E41F A 80k , K B 48 h 8&
B =2 735 4.15 mmol/L, #F A I, R B35 I8 ¥ SN R A B RBR AR B % 5 T K AT 1 04 B
BLA PR AE 1 o R BT, BF 238 K ILAE K AF 1) 40 B P 7 72 A 45 1 AL BE B & AR B B 64 AT AR 4 R 4—
FAKXRFBRGHE, AT LKPREDL RS RBERET %,

KR BB AR PR ; KATE R B sk

HESES:Q815 XEHS:1673-1689(2019)10-0152-08  DOI:10.3969/j.issn. 1673-1689.2019.10.021

Metabolic Engineering of Escherichia coli for Tyrosol Synthesis
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Abstract: Tyrosol (2- (4-hydroxyphenyl) ethanol) is an attractive phenolic compound that is
naturally found in several foods such as olive oil,wines and green tea. Tyrosol has widely used in
pharmaceutical ,chemical and other industrial fields because of its anti-inflammatory and antioxidant
activities. Traditionally, tyrosol is often produced chemically in industrial scale,however complex
process,low yield and environmental issues are hampers. On the other hand,it would be hard to
purify tyrosol from olive oil at an industrial scale because of its low concentration,absence of
effective separation methods. Therefore,biotechnological production of tyrosol has been paid more
and more attention. In this study,the phenylpyruvate decarboxylase gene ARO10 was cloned from
Saccharomyces cerevisiae and introduced into Escherichia coli to generate a recombinant tyrosol
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producer. Furthermore,the genes of pheA and feaB encoding prephenate dehydratase and the

endogenous phenylacetaldehyde dehydrogenase respectively,were deleted sequentially to improve

tyrosol synthesis. Under the optimal fermentation conditions,the recombinant strain overexpressing
ARO10 gene produced 4.15 mmol/L tyrosol from 10 g/L glucose in 48 h. Moreover, it shows that
adding tyrosine in M9Y medium could increase tyrosol titer. Meanwhile, it also shows that it had

several enzymes that converted tyrosine into 4-hydroyvphenylpyruvate. In summary,we successfully

engineered a novel metabolic pathway in E. coli capable of producing tyrosol and provided a strategy

for microbial tyrosol production in an industrial-scale.

Keywords: tyrosol,pyruvate decarboxylase, Escherichia coli, gene knockout
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Fig. 1 Biosynthesis pathway of tyrosol

AR5t 71k 2019 £ 38 % 10 1 HEEA




RESEARCH ARTICLE

XUE Yuxiang,et al: Metabolic Engineering of Escherichia coli for
Tyrosol Synthesis

M2

1.1 #F#
111 #AH. e WHk: KB E (Escherichia
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(Saccharomyces cerevisiae EBY100) Y3k V1.5 K2
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T 2 A ) AR AT BN ) T R R T T s A )
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R TRA A
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TFHEEFE B IR ODgw 75 0.6~0.8 , ¥8 i — & & 1
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7 000 r/min [ 54 N &0 3 min, FFFHIC R KB O
VEUE WAETIR . B A MOY 535235 7E 30 °C 200 v/min
MAAEN R IERE 5 48 h,
122 BaARey o ABFG P ET G Y0 %
1,519 i TA ) TR AR R 55 38 A . MR
NCBI 2 A 04 TR B2 1 (S. cerevisiae EBY100) 14 [l
TR B SR i ) ARO10(GenBank 1D :851987) %1 %
iF51 % AROL10U f1 ARO10D, PCR ¥ 14 2 % .95
CAEPE S min, 2R )5 94 CA5 1 30 5,56 Cil k 30 s,
72 CHEfH 1.5 min,30 NMEH )5 16 CI3 7R 30 min,
38 HrEHE ARO10,

*1 EEPCRYES|¥IE
Table 1 List of primers in this study

BAF R4 (5 - 3)

ARO10U CATGCCATGGATGGCACCTGTTACAATTG

ARO10D CGGGCGCGCGGATCCCTATTTTTTATTTCTT

YfeaBU ATGACAGAGCCGCATGTAGCAGTATTAAGCCAGGTCCAACAGTTTCTCGAGTGTGGCTGGAGCTGCTTC
YfeaBD TTAATACCGTACACACACCGCTTAGTTTCACACCAACCGTCCAGCCAGTATTCCGGGGATCCGTCGACC
YpheAU AGGCAACACTATGACATCGGAAAACCCGTTACTGGCGCTGCGAGAGAAAAGTGTGGCTGGAGCTGCTTC
YpheAD TCAGGTTGGATCAACAGGCACTACGTTCTCACTTGGGTAACAGCCCAATAATTCCGGGGATCCGTCGACC
YtyrBU GTCTGTACTA CAACGAAGAC GGAATTATTC CACAACTGCA AGCCGTGGCGGTGTAGGCTGGAGCTGCTTC
YtyrBD TTACATCACCGCAGCAAACGCCTTTGCCACACGTTGTACA TTTGCCGTATATTCCGGGGATCCGTCGACC
NfeaBU GTCGCT GCCTTTTACTTCCT

NfeaBD ACCGGTCTTG GACAATACAG

NpheAU CGCGTCCTTTATATTGAGTGTATCGC

NpheBD TGCTGCGTTTTCAGAGTGAAAGC

NtyrBU TGCTGCGTTTTCAGAGTGAAAGC

NtyrBD TATTTCACTGCA GGCTGGGTAG
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DNA R B (feaB b FiiE[RIUE )T 51 FRT {37 £ Al kan
HH), B A S pKD46 1 E. coli BL21(DE3)
RZ MM, AL ST 2 mm HLEE AR R
2500 V, k)G 37 CTF #5382 h, %45 F Amp
Kan XUPE LB P-4 [, 5878 & R Boik A2 )s , 76
pKDA46 %l Bl kL BT 2235 9 T 418 (i B B R, [R)
RN S K kR Ak AR IR AL, feaB 3t
X 35 9 i B AE B 48, BD feaB 8 kan Ffe, R, &
A I AE Kan FitEFAR FAEK . FHREESR 12h )G
IR ¥, %88 51 ) NfeaBU il NfeaBD (3
1)PCR #3138 1o 8 7 miBRAE bR i 02 75 1F 1 58
kB E YRR o Z J5 ¥ pCP20 Jit kL % A E. coli
BL21 (DE3)AfeaB: :kan FkE T ,42 C#535 12 h, B
RRRR R, U Al T LB [E[ AP Al . pCP20 SR &5 4 fith
FLP AL 15, w5 2 A FRT {7 5 18] 1 1)
B , AT B kan BEPH . pCP20 iy il 584 JSORE , 55 57
T = T 37°CHy 23 A 3l &5, R Pk B 3 5 43 )
53] Kan Fitk LB SFACFT LB P4 E 3% 5% 12 h, Bk
HUPE LB R4 R 3% 36 A b A= 4 i Kan B4R 1
RAK M ETE Bl E. coli BL21(DE3)AfeaB,

il % & 45 pKD46 1) E. coli BL21 (DE3)AfeaB
RS2 S A, #5519 YpheAU HI YpheAD (36 1)
P HARTF DNA B (3 pheA 1Rz [RIE T 51
FRT £ sUM kan BEIRD) , F HATIR] B L e Ab HOR | #
A pKD46 11 E. coli BL21 (DE3)AfeaB (1% %
UM, AR Bk %438 T E. coli BL21
(DE3)AfeaBApheA

45 & 45 pKD46 1) E. coli BL21(DE3) iy & 5%
UM% 514 YeyrBU Fl YiyrBD (36 1) 9734 4515
DNA R B (& wyrB b FEFIE )3 51 FRT {3 5 F
kan JEH) B AL AL B R 5 A& F pKDA46 (1) E.
coli BL21(DE3) By /82 A5 40 it , e bric FE R 5 )5
B4 4K15 E. coli BL21(DE3)AuyrB.,

1.2.5 BB Ao B R BL 00 & B0k AR L R AL
WOAH 35 (HPLC) o 435 45/ 40 F : HPLC a3 424
COSMOSIL-5C18-MS- I (3.0 IDx150 mm)"", 3 5
AR 0.1% =R LR, sl A B Sy 2l B, 4 K
30 C, A MR, i B o 0.4 mL/min, 3 2 4H
7 0.22 wm FLAE Y 7K R B8 HE AT 2025 il g, 46 T T
A 10 min BR 20

FES AL PR . R T 100 mL, 12 000 r/min &
LS min W4E B3, 2 0.22 wm FLAR U8 BT U8 5
A HPLC 5O 2 T %) T8 T R i 20 5 ek F
FrR e,

2 el

21 FEREENEAXBTEHNE

211 Tl mE DIEEEHR (S. cerevisiae
EBY100) % {5 {& DNA Wy % i)t ,PCR 4" $% 54 5
ARO10 H: [ Fr B, H WK 28 Neol 5 BamHI [ 1)
AL 5 4 A B Rk H i pRSFDUet—1 14 AH 1 i 1) 37
M b R4S H 2 3R Gk ik pRSFDUet-ARO10, i 1]
Bk (anf&l 2 frs) , ARO10 1 BeR/hJy 1908 bp,
5 WU AS R — 3, iR W] R R 2K pRSFDUet-ARO10
P .

5000

2000
1500

M:DNA Marker;1,2:pRSFDUet-ARO10(Ncol/BamHI)
2 ERYIFEH R KA E
Fig. 2 Enzyme-digested product of the recombinant
plasmid pRSFDUet-ARO10
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Fig. 3 Effect of supplementing tryrosine on the tryrosol
production for the recombinant strain BE1 and
the course of producing tyrosol by the recombint
strain BEO
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Table 2 Tyrosol production of different concentration
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4 /(mmol/L) (mmol/L)

2.7 5%
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SEnb b, FBR pheA HEIH BT A TN S MR AR & 12
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Fig. 4 PCR identification
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(DE3)AfeaB 11 E. coli B1L21 (DE3)AfeaBApheA , 3k
159 1 41 2848 Wi vk BE3 Fl BE4, ¥4 E 41 BE1 BE3
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Fig. 5 Effect of gene deletion on tryrosol production
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Fig. 6 Optimization of induction conditions for tyrosol
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Fig. 8 Effect of supplementing tryrosine on the tryrosol
production for the recombinant strain BE2 and BE1
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