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High-throughput screening of Saccharomyces cerevisiae
efficiently producing tyrosine
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Abstract: Tyrosine is an important aromatic amino acid. Besides its nutritional value, tyrosine is also an important precursor
for the synthesis of coumarins and flavonoids. Previously, our laboratory constructed a Saccharomyces cerevisiae strain LTHO
(ARO4K?#L AROT7'5 Aaro10, Azwfl, Aura3) where tyrosine feedback inhibition was released. In the present study,
heterologous expression of betaxanthins synthesis genes DOD (from Mirabilis jalapa) and CYP76AD1 (from sugar beet
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B. vulgaris) in strain LTHO enabled production of yellow fluorescence. The engineered strain LTHO-DOD-CYP76AD1 was
subjected to UV combined with ARTP mutagenesis, followed by flow cytometry screening. Among the mutants screened, the
fluorescence intensity of the mutant strain LTH2-5-DOD-CYP76AD1 at the excitation wavelength of 485 nm and emission
wavelength of 505 nm was (5 941+435) AU/OD, which was 8.37 times higher than that of strain LTHO-DOD-CYP76AD1.
Fourteen mutant strains were subjected to fermentation to evaluate their tyrosine producing ability. The highest extracellular
tyrosine titer reached 26.8 mg/L, which was 3.96 times higher than that of strain LTHO-DOD-CYP76AD1. Heterologous
expression of the tyrosine ammonia lyase FjTAL derived from Flavobacterium johnsoniae further increased the titer of

coumaric acid to 119.8 mg/L, which was 1.02 times higher than that of the original strain LTHO-FjTAL.
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Fig. 1 Metabolic pathways of aromatic amino acids in S. cerevisiae.
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Table 1 Strains and plasmids used in this study

Strains and plasmids Genotype Source

JM109 E. coli used for gene cloning This lab

S288c MATa SUC2 gal2 mal mel flol flo8-1 hapl ho biol bio6 This lab

LTHO As S288c; Aura3, Aarol0, Azwfl, ARO4K??- ARQ7641S [23]

LTHO-DOD-CYP76AD1 As LTHO; pY26-DOD-CYP76AD1 This study

LTH1-1(2/3/4/5/6) As LTHO; UV mutated; high tyrosine production This study

LTH2-1(2/3/4/5/6/7/8/9) As LTHO; UV and ARTP mutated; high tyrosine production This study

LTH1-1(2/3/4/5/6)-DOD-CYP76AD1 As LTHO; UV mutated; high betaxanthin production; This study
pY26-DOD-CYP76AD1

LTH2-1(2/3/4/5/6/7/8/9)-DOD-CYP76AD1  As LTHO; UV and ARTP mutated; high betaxanthin production;  This study
pY26-DOD-CYP76AD1

LTH1-1(2/3/4/5/6)-FjTAL As LTHO; UV mutated; high p-coumaric acid production; This study
pY26-FjTAL

LTH2-1(2/3/4/5/6/7/8/9)-FjTAL As LTHO; UV and ARTP mutated; high p-courmaic acid This study
production; pY26-FjTAL

pY26 Shuttle plasmid with TEF and GPD promoters, Amp',Aura3 This lab

pHCas9-Nours Expressing Cas9 protein, Nours' This lab

pYES2-sgRNA-Hyg Guiding Cas9 protein to cuttarget segment, Amp', Hyg" This lab

pY26-DOD-CYP76AD1 Shuttle plasmid with gene CYP76AD1 and DOD This study

pY26-FjTAL Shuttle plasmid with gene FjTAL This study

F2 ALEEABSY

Table 2 Primers used in this study

Primer name Primer sequence (5'-3")
CYP76AD1-F TTAAGAACCGTATCTTGGGATTGG
CYP76AD1-R ATGGACCACGCTACTTTG
DOD-F ATGAAGGGTACTTACTACATCAACC
DOD-R TTAAGAACCGTCAGTCTTTTGAGTAG
pY26-F CACCAGAACTTAGTTTCGACGG
pY26-R CTTTTCGGTTAGAGCGGATGTG
FjTAL-F ATGAACACCATTAATGAATACTTGAGT
FjTAL-R TTAATTGTTAATCAAATGATCCTTAACCTTTTG
FjTAL-RF CAGGAATTCGATATCAAGCTTATGAACACCATTAATGAATACTTGAGT(EcoR 1)
FjTAL-RR CAAAAGCTTAAGGATCATTTGATTAACAATTAAAAGCTTATCGATACCGTCGAC(EcoR 1)

URA3-sgRNA-F
URA3-sgRNA-R
URA3-v-F
URA3-v-R
SgRNA-v-F
SgRNA-v-R

TTGGTATATATACGCATATGTGGGTTTTAGAGCTAGAAATAGCAAG
AATTATATCAGTTATTACCCGGGGATCATTTATCTTTCACTGCGGAG
GATTCCGGTTTCTTTGAAATTTTTTTG
CGCCAGAACCAAGTAACAGTA
GCTAAATGTACGGGCGACAGTCAC
CGCGTTGGCCGATTCATTAATGCAG

Note: generated restriction enzyme sites are underlined and indicated in the table.
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1.2 EFEE

KIGAF R FR3E LB (g/L): BRI 10, B2
By 5, EMbEh 10, A EARE IR LR IS 4
20, 121 °C. 20 min K.

bR Rh T35 35 3 YPD (g/L): W% % 20,
FEEERY 10, FZWE 20, #75 BUASE = LS 3 i
¥ 20, 115 °C. 20 min K.

RS (g/L): BERRASE 1.7, iR 5,
%W 30, HIHZ R 0.05, 115 °C . 20 min K.

R SR AL (o/L): MEBFAEE 1.7, BBREL 5,
%M 30, JRIEIE 0.03, 5-FOA 1, 115 'C . 20 min
KA

KIGFFETEZ N 100 pg/mL Z*H K LB
Brgpdkrp A, 37°C, 200 r/min Bi 5. AR
2 9 9% I BT S 0 R e W 1 O i s R A v 8
I, DGR M TE U B R 2GR AT AL AR IR
PENCREENE, BB R 0.5%32 FhH F2 b 2= AR O
HEREFR AL R 3-5 X, WA T AR PR EC
TR 7 15 31 60 3 B LR AR B 1) T S R 2B 7 T bk
PRI B 2 IS AL S, X ERUS S0I H f d A 2
B 50 mL K BEH IR I 250 mL FE P R B,
FEFPHE N 5%, 30 °C. 220 r/min $53%, 24 h %M
20 g/L Hij %k .
1.3 KMl

2xTaq PCR Master Mix, 2xPfu PCR Master
Mix, HidlF8/8 7] ; Fast Digested™ b BR il 1
P YN, 14 1 2 E Thermo 23] ; T4 DNA ¥4 325 |
pY26 JFUKL, W H Ki% TaKaRa Al E N H R K .
Wi ER G418, W/RZWE . WMHER, WA
Sigma-Aldrich 24w ; Uk # BUR5H & . DNA 4iifk
IR Er . DNA JR TG & L Phanta = £ B DNA
REM, mataMEPE YA RA R IR
i OPA fiiAEIRH], WA Agilent 2Aw]; X&E
BRbR eSS . 5-FFLIEIR . Pl Yetaikil &, WH 4
TAEY TR (Hig) RhARAR; B,
T H R ERH A R A
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P450 £ M AL B4 B FEN CYP76ADYL, % E 4Kk
PEAL pY26 Jiokr Pree K354 [, BamH [ 1 Sal |
XU FE A ) 58 2R R0 A IR 2 B U A i 1) G )
L5 DOD Jf & LML TR pY26 1Y Popp
k&b, WEE4FR pY26-DOD-CYP76AD1,
I PR AR A% AL 544k LTHO, 15 8| — R AE i FL 2
FISE # £ ) LTHO-DOD-CYP76AD1 ¥k .

15 RIMNELES ARTP IFE

Tl 980 Ak 5 e B A R R 1 B 16-18 h (%)
Bk KGN 7-8 mL, B.OFF B, Faik
PEST . 1 0.01 mol/L PBS ZEmik (pH 7.4) ¥k
Ve, BORJG A 5157 555 5 1Y) PBS S8 iR IF I
s A9 mm JCRE AR P RCE4E R 0.5 em A2
FRY)Z , ZHMT 254 nm [E]BE 20 cm BE4F 60-90 s,
FURERECIRE OGS G o 5 R K R R AR R
F 4x10%-6x10° MHME/mL, HL 100 pL %A bk
SRR (SC) Fh, BihdtEYE 30 CHiE
48-72 h, ARTP /728 10 L B & F4 T ARTP
#HA I, A 10 Limin, 2% 100 W, %815
A% 45-55 s, iR R ¥ A E YR T 1 mL SC 1
FiHErh 30 'C . 220 r/min B35 72 h, SRBUELE A
VS FLE T ARTP 5728 (5 IS
16 SBEFEMEERSTEK

W RSP B S0 5% B3, A 0.01 mol/L
PBS & il e & P T B IR B A, #53] ODeoo M
0.3-0.5, PI Juktyuta, F|F BD FACSArialll =
YA oy 1E, SRADBUR TR, it dedtis
WO 536 nm . ST 617 nm R SRR
PIYuft, FEAHMIgE gL (o S P, B e o R
485 nm Uk 515 nm &GS PUIEER B R A B i
IO, PREBUETE HHA & a0 i 4 il 7 i
Z 96 fLikfLt, fEAHIRG & I 30 CHig
48 h, % 5% AN H Al A B i SC K SR ALY
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BDH AW, F WA 0.01 mol/L PBS Vi
PR, {#F Synergy H4 Hybrid Microplate Reader
ME s, WA EK N 485 nm, EHHEEKN
505 nm, T A 9nm, HEEE{H N 120,

17 BERMMNESBREELTE

07 28 ) 1 ¢ O TR AR 4 A R 0 8 A R
W, S-SFLIEIRE S URA3 IR (1) ok 1) ik
AIE, AF BN R A R A RE T I 2 R A ™ T
PR KBEREFRIE L E 120 h, BU LW 10% =5
LRRA)G 4 CHRETIREZE M, 0.22 um JE
JRRE LTS, RSO AH L I M AN S R Y
P A I BRI, B TR R A SRR FR Y PBS Z2 o
WA 0.5 mm BEESTRIR G, $ikr 30 min, B EIH K
i 10% = LRIREIE 4 Cil it E ,0.22 um J&
T RS g o 8T e OB X LC-20A, T
B PDA il % 24 5L R AL T H S AT AE AR T
Thermo Hypersil ODS C18 Column (250 mmx4.6 mm,
5 um), JishA KA (25 mmol/L + KR A
B, 25 mmol/L /K& PUBEREM, pH 8.2). AHLAH
(FEE : 2 k=45 45" 1), Ji# 1.6 mL/min,
FEIR 50 °C o B YRR P 4 : 0 min, 5% B; 6 min,
10% B; 10 min; 16% B; 23 min, 40% B; 30 min,
50% B; 31 min, 100% B; 35 min, 5% B.

BL mL & TN o A SRR, AL L mL
S PR ORI IE ARk 4
FVEWGE 0.22 pm JE TR UEMR . R S SO
{6 1%4% LC-20A, Fit & UV Kl %% , Thermo Hypersil
ODS C18 Column (250 mmx4.6 mm, 5 um), #FEE
oM 10 uL, FEVE 40 °C, KM 290 nm, ik
1 mL/min, EIHH A (0.1% = ZR+/K), B (ZJE).
R VR N 0min, 10% B; 0.1 min-9 min,
10%-40% B; 9 min-15 min, 40%-60% B;
15 min-18 min, 60%-10% B; 18 min-20 min,
10% B,

1.8 RIMOETIIZENE
i FH B HE RSB (51 LC-20A, BLELZE K
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M #%, Dikma CarboPac H %41 (300 mmx8.0 mm,
6 pm) I MM C RN AR Y & AR
TN AHR 5 mmol/L #fifR, i 0.8 mL/min,
I 40 °C, KWL ] 10% = 48 2 FRUTTE i UL RE
FEM

2 HER54M

21 EHHEHIWE
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22 FIMFLHESFHTAERINRETHK
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APk o 10 BROEOGIR B B 4w 58 AR
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AR 72 h PSR EE N (3 352+104) AU/OD, Xt
MRAHER S T 4.29 7%, HEARARKNRL, Hit
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Fig. 2 Construction of recombinant plasmids pY26-DOD-CYP76AD1 (A) and pY26-FjTAL (B).
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Fig. 5 Sorting cells using flow cytometry, PE-A channel uses 536 nm as excitation light and 610 nm as emission light,
FITC-A channel uses 485 nm as excitation light and 515 nm as emission light. The fluorescence grouping and intensity
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Fig. 6 Cell fluorescence changes after compound mutation. (A) The lethal rate varies with ARTP processing time. (B)
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