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# OB AnuEMEA-—MIMARNEGERNS YOI BE ARG KE, F A EBRB B
Saccharomyces cerevisiae A2 X, i #k S288c = YPH499 &k & b 41 % 649 ft /) AT oA b4k, 4 R & 9 YPH499 & i&
SAEA KRB MR T & koo . MBI ARA 23T GPD,. TEFL, #=i%% %A BT GALL,. GAL10,
A HERLE SRR, EREIVA GPDy. TEFL AEA Ao tr k& REZ AR crtE. crtB A= crtl 49 B3 T, #EMA
B 60h G, &bsEk =84 1531 mg/L; vA GALL, f= GALL0, # B3 Tat, =& % 123.89 mg/L, 427 8.09 4%, 4
LR T 2R (MVA) @42, &K N-RssRAa2e) X458 A B tHMGL (3-2A-3-F AR R E B4 A T
), HintiE FE A 265.68 mg/l, HALEAK T E 72.79 mglg. L ¥ PRI MR TR AL F o E A RIRRZ
ECHBFARE LWL EE, TAS—FERERRAE R T ERLLG T L >,

&k, BRBBE, RAwke, FRERHT. ELEHKRTE

Construction of a highly efficient synthetic lycopene
engineered Saccharomyces cerevisiae
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Abstract: Lycopene, as a high value-added terpene compound, has been widely concerned by researchers at home and
abroad. Firstly, the ability of lycopene synthesis of Saccharomyces cerevisiae model strains S288c and YPH499 was analyzed
and compared. The results showed that YPH499 was more suitable for lycopene synthesis as yeast chassis. Subsequently, the
effects of constitutive promoters GPDy,, TEF1,, and inducible promoters GAL1,, GAL10, on Lycopene synthesis were
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compared. The results showed that when GPD,, and TEF1, were used as promoters of crtg, crtB and crtl in lycopene
synthesis pathway, the production of lycopene was 15.31 mg/L after 60 h fermentation in shaking flask. When GAL1,, and
GAL10,, were used as promoters, the production was 123.89 mg/L, which was 8.09 times higher. In addition, the methylvaleric

acid (MVA) pathway was further modified to overexpress the key enzyme gene of N-terminal truncation, tHMG1

(3-hydroxy-3-methylglutaryl coenzyme A reductase). The lycopene production was 265.68 mg/L, and the yield per cell was

72.79 mg/g. The Saccharomyces cerevisiae strain designed and constructed in this study can express lycopene in high yield per

cell, thus could be used in the industrial production of lycopene after further construction and optimization.
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IPP (5% i S AR WEAR) A DMAPP (= F 5 A 0
FEEIR) TEMRIIA, Sl EFE SRS
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4 H Phytoene J\EF LK), ZJ5 H/NAF L
R EMHEGE (Crtl) VB ™ — R0 [ A ™
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(C-5H % N K) . Neurosporene (BEfIZL ) FIZK =)
Lycopene (F izl %)M (& 1),

H T AT — 0 300 ol A R TG e o 20 i 1T
AT AL 2 A IR SR m T30 s v R 2 T i g ]
BALOIX 5 S 4T 45 B CreYB HEAT 1M, 5ok
F41 % K EE Xanthophyllomyces dendrorhous )
Crtl, CrtE DA M FRE R tHMGL JER ik, #4
AR W AR TS ARLL 2 B AN ™ itk 24.41 mglg
DCW (1.61 g/L). K HA 2 InIE A A%t 7 At
LR ARG S TE EA MBI TEM, A Wk
JE1%) Crtl/BIE JER LIS B B2, Rl SR RS 15
CEN.PK2 Ftk YPLO62W E [K LA fin ffg Joic
Acetyl-CoA I /&ML R, I # B 3z i a8t 1% 5 [
ROX1. YJLO64W F1 DOS2 Iz 45 %: 5% K T INO2,
HAHETE 5 L A& TERE 507 41 if 7 1 24 55.56 mg/g
DCW ., I8 R 27301 K 5 AT A L P ok g o 1A 5 1
SR TS S, A LR RILER (MVA) &
12, HESE LT Acetyl-CoA Rij A DA K A1 34 A
¥ NADPH & AE S0, A8 ARG [ Bk ™ 7 ki
21 R B AR =4l 56.2 molg. HE— A i R
S (TAG) AU &F 7k, B2 DAFRIA BBk
CEN.PK2 bR M IIE 25 4 A8 A5 3 T AR,
LI E BN A7 5k 70.5 mg/g DCW, i 5t i %%
ER 3R R %) 73.3 mg/lg DCW, LI/ AiLL &)™
Hoh 2.37 g/l AWFFEEEA T 540 58 e v A
BTk, FIFH CRISPR-Cas9 H A My #1531 5L
B BT AR 2R A TR e B TR AR, — 2D ok A
fbJE vl T B/ AL R M Toalb A=
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Fig. 1 Metabolic pathway of lycopene in S. cerevisiae. Description of the Mevalonate pathway and metabolic pathway
of lycopene in S. cerevisiae. Abbreviations of the pathway intermediates and genes are as follows: IPP isopentenyl
diphosphate, DMAPP dimethylallyl diphosphate, FPP farnesyl diphosphate, GGPP geranyl geranyl diphosphate. CrtE
(GGPPS) geranylgeranyl diphosphate synthase, CrtB Phytoene synthase, Crtl Phytoene desaturase. The black part of the
figure is the MVA pathway, and the red part is the lycopene synthesis pathway.
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Super-Fidelity DNA polymerase 14 [ 55 5% i Mk ¢
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1.2 A&
121 BMLAREBREHIHE

AR S T 1R B 2 38 TR 21 2 A R AR A G
Fif P10 2 ) 6 DR RIS BN R - A I 3 A 0 T
R & i CriE SRIE T2V 21 G A2 (Taxusx media,
Tm), NAFILLR G CrtB IR T m A1z 1d

(Pantoea agglomerans, Pa), /\& & 4L % LAl
g Crtl Sk UH T = il i $7 K 5 (Blakeslea
trispora, Bt). Jk P8l 44 B PR PG 1 - 2 AL - fh -k
AT OUAR I HL ke & U007 A R 20 M A MER 2R )
A BR2S |l A Bk PUCST7-crtl, PUCS7-crtB Al
PUCS57-crtE # .

F 1 FBAFIEK
Table 1 Plasmids and strains
Strains and plasmids Genotype Source
pY26 tCYC1-GPD,,PTEF1,-tADH1 This lab
pSH47-Hygr Cre This lab
PUC57-crtl crtl This study
PUC57-crtB crtB This study
PUC57-crtE crtE This study
Double knockout plasmid carrying the PAM sequence of the gene .
YJLOB4W-ROXL(gRNA) VIL0BAW and ROE)(l ying g g This study
Ts-GALBO(XKX) GAL80, Kan' This study
T 1B(CALL,GALL0,) possesing IL0GA omeogous am This sty
tCYC1-crtl-GPD,, TEF1,,-crtB-tADH1, .
Ts-1B(GPD, TEFL,) possessing YIL0BAW ho?rr]ologous arm Ul S
TE-IE(GPD, TEFL,) possesing ROXE homolsgous arm This sty
Ts-ADH5 ADH5 This study
Ts-tHMG1 GAL1pr-tHMG1 possessing ADH5 homologous arm This study
S288c This lab
YPH499 MATa, his3-A200, leu2-A1, trpl-/A63, ura3-52, lys2-801, ade2-101 This lab
tCYC1-crtl-GPD,, TEF1,,-crtB-tADH1::YJL064W .
S288¢-CrtE/B/l {CYCL-crtl-GPDy TEFL,-Cr{E-tADHL:-ROX1 This study
tCYC1-crtl-GPD,, TEF1,,-crtB-tADH1::YJL064W .
YPHA499-CrE/B/I {CYCL-crtl-GPDy TEF 1, -CrtE-tADHL:-ROX1 This study
YPH499GALS80 YPH499GAL80A ::loxp This study
YPH499GALBOA ::loxp, ERG20-GAL1,,GAL10,-tHMG1::his3,
IDI1-GAL1,GAL10,-tHMG1::trpl,
WHLE ERG10-GAL1,GAL10,-tHMG1::1ys2, This lab
ERG9-GAL1,GAL10,-ERGS::ura3,
ERG13-GAL1,GAL10,-ERG12::leu2
YPH499GAL80A ::loxp
YPH499GAL80-CrtE/B/I tCYC1-crtl-GPD,, TEF1,,-crtB-tADH1::YJL064W This study
tCYC1-crtl-GPD,, TEF1,-crtE-tADH1::ROX1
YPH499GAL80A ::loxp,
YPH499GAL80-Galpr-CrtE/B/I tCYC1l-crtl-GALL,GAL10,,-crtB-tADH1::YJLO64W This study
tCYC1-crtl-GAL1,GAL10,,-crtE-tADH1::ROX1
WHtE
WHTtE-Galpr-CrtE/B/I tCYC1-crtl-GAL1,GAL10,,-crtB-tADH1::YJLO64W This study
tCYC1-crtl-GAL1, GAL10,-crtE-tADH1::ROX1
YPH499GAL80-Galpr-CrtE/B/I-tHMG1 YPH499GAL80-Galpr-CrtE/B/I, GALL,,-tHMG1-tCYC1::ADH5 This study
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Table 2 Primers

Oligo name Sequence (5'-3")
For construction of tCYC1-crtl-GAL1,,GAL10,-crtB-tADH1, YJLO64W homologous arm
YJLO064W_LF CGCGGATCCCTGGCCCTTAAGTTCTTCG (BamH 1)
YJLO64W_LR gggacgctcgaaggctttGCCCCCTAATGAAGTTTACTCC
I/B){CYC1_F CAGAACTCTAACGATATTAGGATATAAcatgtaattagttatgtcacgcttac
I/B)ICYC1_R AGCCTTGAATTTAGGAGGaaagccttcgagcegtcece
BtCrtl_F AATTTTTGAAAATTCAATATAAATGTCTGATCAGAAGAAGCAC
BtCrtl_R gtaagcgtgacataactaattacatgT TATATCCTAATATCGTTAGAGTTCTG
GAL10pr_F GTGCTTCTTCTGATCAGACATTTATATTGAATTTTCAAAAATT
GALlpr_R CCAATAATGGTGGTTGTGACATTATAGTTTTTTCTCCTTGACGTTA
PaCrtB_F TAACGTCAAGGAGAAAAAACTATAATGTCACAACCACCATTATTGG
PaCrtB _R caaacctctggcgaagaattTTAAACAGGTCTTTGCCATAAACC
I/B)tADH1_F GGTTTATGGCAAAGACCTGTTTAAaattcttcgccagaggtttg
tADH1_R GATAGCTCGCTCGATGTGAgctattacgccagctgaattg
YJL064W_RF caattcagctggcgtaatagcTCACATCGAGCGAGCTATC
YJL064W_RR CGCGGATCCGCCAAAGAAGACGAAGAAACC (BamH 1)
IB-YAN-F CTACGGCAGTGCTCCTAG
For construction of tCYC1-crtl-GAL1,,GAL10,-crtE-tADH1, ROX1 homologous arm
ROX1_LF CGCGGATCCCTCTTGCATTTTCCTTTTCTGC (BamH 1)
ROX1_LR gggacgctcgaaggctttTGTTGATTGTCTAACTGCGTTC
I/B){CYC1_F CAGAACTCTAACGATATTAGGATATAAcatgtaattagttatgtcacgcttac
I/E){CYC1_R GAACGCAGTTAGACAATCAACAaaagccttcgagegtece
BtCrtl_F AATTTTTGAAAATTCAATATAAATGTCTGATCAGAAGAAGCAC
BtCrtl_R gtaagcgtgacataactaattacatgT TATATCCTAATATCGTTAGAGTTCTG
GAL10pr_F GTGCTTCTTCTGATCAGACATTTATATTGAATTTTCAAAAATT
I/E)GALlpr_ R CCATTGCGGTATAAGCCATTATAGTTTTTTCTCCTTGACGTTA
TmCrtE_F TAACGTCAAGGAGAAAAAACTATAATGGCTTATACCGCAATGG
TmCrtE_R caaacctctggcgaagaattTTAGTTTTGCCTGAAAGCGATG
I/E)t ADH1_F CATCGCTTTCAGGCAAAACTAAaattcttcgccagaggtttg
I/E)t ADH1 R CGGAAAGAAGAAATGGAAAAAAAAAA(gctattacgccagcetgaattg
ROX1_RF caattcagctggcgtaatagc TTTTTTTTTTCCATTTCTTCTTTCCG
ROX1_RR CGCGGATCCCGACTATGCTGAAACATTATAC (BamH )
IE-YAN-F GTTCTTCCTCGTATTGTCTTGC

For construction of tCYC1-crtl-GPD, TEF1,-crtB-tADH1, YJL064W homologous arm and tCYC1-crtl-GPD, TEF1,,-
crtE-tADH1, ROX1 homologous arm

Bcu I -Crtl-F GGACTAGTATGTCTGATCAGAAGAAGCAC

Not [ -CrtB-F AAGGAAAAAAGCGGCCGCATGTCACAACCACCATTATTGG
Not [ -CrtE-F AAGGAAAAAAGCGGCCGCATGGCTTATACCGCAATGG
For construction of double knockout plasmid YJL064W-ROX1(gRNA)

gRNA(471 bp)-F AAGGAGGGTATTCTGGGCCTCCATGTC

gRNA(471 bp)-R TCTGCAGAATTCGTCGACGAGCTCGGTAC
HindIII-gRNA(471 bp)-F CCCAAGCTTAAGGAGGGTATTCTGGGCCTCCATGTC
gRNA149bp(YJL064W)-F GTGAGTTCATCTGGGAGCGGgttttagagctagaaatagcaag
gRNA302bp(YJL064W)-R CCGCTCCCAGATGAACTCACqgatcatttatctttcactgcggag
gRNA149bp(ROX1)-F AGAGAAGGTAATAGAGGGGGgttttagagctagaaatagcaag
gRNA302bp(ROX1)-R CCCCCTCTATTACCTTCTCTgatcatttatctttcactgcggag
gRNA-YAN-F GCTAAATGTACGGGCGACAGTCAC

http://journals.im.ac.cn/cjbcn
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gRNA-YAN-R
For construction of knockout expression box of GAL80
Kpn I -GAL80-1
Kpn I -GAL80-3
Sal I -GAL80-2
Sal I -GAL80-4
Sal [ -XKX-F

Sal [ -XKX-R

(8% 2)

CGCGTTGGCCGATTCATTAATGCAG

CGGGGTACCAGGAGCAAGCAACTGACC
CGGGGTACCATTGGGCGTTCTATGAGG
ACGCGTCGACAAGCATCTTGCCCTGTGCT
ACGCGTCGACGACGGGAGTGGAAAGAACG
ACGCGTCGACAAAATTCTGCGTTCGGTACC
ACGCGTCGACCGATCCTCTGGAGATGAGCTC

For construction of GAL1pr-tHMG1-terminal, ADH5 homologous arm

Nhel —GAL1pr-F
GALpr-R
tHMG1-F

Not [ -tHMG1-R
Sma [ -ADH5-1
Nhe [ -ADH5-2
Not [ -ADH5-3
Sma [ -ADH5-4

CTAGCTAGCTTATATTGAATTTTCAAAAATT
GTTTTCACCAATTGGTCTGCAGCCATtatagttttttctccttgacgtta
TAACGTCAAGGAGAAAAAACTATAatggctgcagaccaattggtgaaaac
AAGGAAAAAAGCGGCCGCGTTGTAATTCAACCCTGAAGATCTTC
TCCCCCGGGGGGACTACAAGATATTTCTAGC
CTAGCTAGCGATGCTTTGATTTTGTAGATATG
AAGGAAAAAAGCGGCCGCTCTTTTGTAACGAATTTGATG
TCCCCCGGGGCAAAATACCAAATGTCCAC

Generated restriction enzyme sites are underlined and indicated in the table.

4y B LA Ok PUCST7-crtl . PUCS57-crtB il
PUCS57-crtE WA A 14 crtl. crtB il crtE /Bt .
DIAS S 06 28 DR TRPT BE BE Y PHA99 i [K 41 Ay s
B, PO JE 3 F GALLGALL0, & YILOB4W
F1 ROX1 WA BE R A 2 A5 [l J5VE , 1% 4% BamH |
YER YILO64W F1 ROX1 P4~k Rl 22 A [ Y5 A 1 i
YIGE 5 43S AL pY26 Fl PSHA7-Hygr AR H
P15 ADHL Fil CYC1 £k R B g ixee=yal
fbJa, Hidas PCR, ¥4 YILO64W ZE[R| G 5
CYCl & 1kF F Brah 4, YIL06AW A5 [A] i 5
ADH1 Z 1k FBefls, crtl, crtB 53+
GALL1,GALLO,, Ry, MRS BERS L IK R Bl
BR/NEWZ )G, ¥ ik 3 4l R Bralifb ikt 1
4 PCR, 3% YJL064W-tCYC1-crtl-GAL1,GAL10,,-
crtB-tADH1-YJL064W, fJmiid TA FofE, %
%= K pMD19T-simple , 75 F| i ki Ts-IB
(GAL1,GAL10y) o FH [F] A /Y Jr 5 # @ Ts-IE
(GAL1,GAL10,,) . Ts-IB(GPD, TEF1,,) fl Ts-1E
(GPDy TEFL, ) Bikr, Frfy Bokiik bl TI)F .
1.2.2 EHAEMRE

AWFFEH) FH i) CRISPR-Cas9 Jt [H 4 5 22 40 12

% : 010-64807509

— AR R 45, Cas9 & A5 gRNA 2351
PR A 25 5 A 7 TR PG P TR ke v 8 DA A7 A
BE BRSO o R AL EE LR, TR AL HE
PP E gRNA ORI Ak i I (5] 3R ik il ik
Tl T 80 207 A 0 A 2 RS R B, ) ) D E A AL
BB R OO o A RIS M A I
W, %N 500 pg/mL G418 Ttk GALSO A
HIEEAL T, %N 100 pg/mL NTC FH T 541k AR
W Bk Cas9 Jii kL5 % Ak 1 i i 5 W) B 8 o
100 pg/mL NTC F1 500 pg/mL Hygromycin B A+
AP R B R/ AL R G R R R B &b+
B . FEALSEART 30 CRE 40 b 8] B B 3R 15
Kb, KRESOENL (GRFHLER
PR PR i TR A s BR AT 8) RINTE TV PCR )b i
P ok 5L 2 0 IR AR AR S R F ML R LR
251738
123 HEAWARSE

W ST AR A 7S B A T R TR D R A T
YPD WA 353 d, 30 °C. 200 r/min 455555
EXBERK T (36 h ££47), SRJFLL ODggo=0.5
FAIRT) 6 DA A v B A 1 F % 50 mL YPD WA 15 57 3
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() 250 mL IR, 30 C . 200 r/min 4R 5535,
S S JBORE o) T 20 TR A B 3 L B LR A ZL 2 KF
TH FE ATHE G DL LA S A BRI . RN
PS5 R A T DU A
1.2.4 FEHMAEMIRIL

Xof T axk A v B ) R TR VROARE i EA T PR
B, BARJSEGR Bk A4 IO AE R 1 mL
R, BOWURTEIR, TTRKigE, Hh—
YR 65 CHET EfEdE, FREITARKTE; 5
— TP, 1 R B BOGR AR 2L 2 A B0
HOMA SRR SRS BR (0.5 mm) Fl 1 mL 54075,
PR WERE 2 min, PK¥ 1 min, 10 000 r/min 5.0
1min, HCEIEW; BRGS0 T R 2 4 i 22 B8
a0 BGE AR A BOR T B U P
BT, FAPER %S 0.22 um A YL S FHE &
A MG (UPCY) /T &ALl 27 & .
125 FHMARMSENE

ff FH Waters #8 &5 & & M 3% L (Ultra
Performance Convergence Chromatography, UPC?)%}
FALLRIATERNE . WA B4 PDA
Kl 2869 ACQUITY UPC? Z 4 il % I €5 1% A
Viridis® HSS C18 SB Column 100A, 1.8 pm; %izh
HHR 20%H EERT 80% CO,, sk 1 mL/min,
40 °C, K K 450 nm, 5% 13.793 MPa (2 000 psi),
HERER 2 ub, FA 3 IME ; ALl R bR
FRERSH. R R 20 mg ATEIRLL R brib
N FE v, RN 0.05 g By 2,6- 40T Hk-4-
LA (BHT) VRt —70 Clbtits
28 1 o I N R T by A [ i B2 R s A it J 3
R RCE R EIEAL (UPC?) W5E DL IERR RN ZE
1.2.6  FESMRIEHY AR

KRR . Hh . R LR R
I S RORAR G (P8R K, UltiMate3000) #£17
WMI%E . L Bio-RadHPX-87H N (i, 5%HIH i
MR W AE AN AH, Wy 0.8 mL/min, FEiH
50 C, /RZERME .

http://journals.im.ac.cn/cjbcn

2 HEREA

21 BEMLAEZERERRIEZENWE

MEFR MO R ARG RBEME 2 iR,
W ¥y A5 F (9 kL Ts-1B(GAL1,GALL0,,) Al
Ts-IE(GALL,GAL10,,) 433l BamH I i), 45
SANE A FTR , FIrfg 45 /NS 5 B (B 4 722 bp/
2 701 bp F1 4 735 bp/2 701 bp MFF. [FH,
Ts-IB(GPD, TEF1,) HI Ts-IE(GPD,TEF1,) i
BamH I ), BERCHLIKSS RANK 3B s, Fris
2R /NI 5 BRI 5 180 bp/2 701 bp F15 192 bp/
2701 bp AHAF, MF45 R EHFRIA GO I E

AR R ROX1 VN —FhfE sk K+, W]
0O N R i AR A 27 A R A R ;T
YJILO6AW & [H] fy it B mT LA 45 v 21 38 24 s A2k
hZfy R0 San, K A BT
W N A F AL R LA (Crtl) SR
DR R B MO E M=, RIELL LT, A
5EM A CRISPR-Cas9 £ R7E ROX1 I YILO64W
P DR T T8 ) 28 (ORF) 23l ) B it A
crtE-crtl A1 crtB-crtl PHZH B, SZEL crtl LA
B DU AL 26 B AR 1 S IR 3R 5
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K% 60 h, YPH499-CrtE/B/I B 1A E K BE F1 B AR
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FANE 5 Frs , BIRR A AR KGR 22 IR R (18] BA),
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20000 3000 | 4000 | bp
ROX1I upstream ROX1I downstream

homologous arm homologous arm
crtE
tCYCI GPDprTEF1pr tADH1

2000] 3000 § 4000 | bp
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tCYC1 GPDprTEF1pr tADHI1

Fig. 2 Lycopene synthesis pathway expression cassette. Description of two-way bidirectional promoters controlling
the expression of key genes crtl, crtB and crtk in the lycopene synthesis pathway. The left of the figure is the inducible
promoters to control the expression of lycopene synthesis pathway while the right part is constitutive promoters.

A B
bp M 1 2 bp bp M 1

15 000 15 000
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7500
1:4 722
5000 2:4 735 5000
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1 000 1 000

250 250

3 FMARGHREERIEZHEEYIWIE

C
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1:5192
2:5180

2 701

15 000
5000

1000 1210 bp

Fig. 3 Verification of the expression cassette of lycopene synthesis pathway by restriction enzyme digestion. (A)
Enzyme digestion verification of plasmid Ts-IB(GAL1,,GAL10,,) and Ts-IE(GAL1,GAL10,,). (B) Digestion verification
of plasmid Ts-IB(GPD,TEF1,) and Ts-IE(GPD,TEF1,). (C) PCR validation of double-knocking plasmid
YJL064W-ROX1(gRNA). M: DL 15 000 DNA marker; all lanes are digested by BamH I .
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Fig. 4 Effect of chassis hosts on synthesis of lycopene by engineered S. cerevisiae. (A) Typical profiles observed for
cell growth (ODgg). (B) Lycopene production in Shake flask fermentation using engineered S. cerevisiae.
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Fig. 5 Effect of promoters on synthesis of lycopene by engineered S. cerevisiae. (A) The effect of different promoters
on cell growth. (B) Lycopene production in Shake flask fermentation using engineered S.cerevisiae. (C) Accumulation
of lycopene in different strains. (D) The concentration of extracellular metabolites including glucose concentration,
glycerol concentration, and ethanol concentration in the fermentation of YPH499GALB80-Gal,,-CrtE/B/I.
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A RFE ML R EAAEE K2R (K 5B).
ML GALL, Fil GALLO, FEIF ML R G SRk
iF, B ARl 2 P A A 60 h Bln] 5% 123.89 mg/L,
Pt 8.09 fif. W& 5C s, 4 MR LRRR A
T 48 h Ji, TR (0 B S B A 2 . M HE
fih 3 BRI KB E I €, YPH499GALBO-Galy,-
CrtE/B/l KB 2 B B i 2ra, 45 R KRV
YPH499 AR/ NI LA, - ZURE S RS 3h
F GALL,, Fl GAL10,, 5 il 2K F AL R & Mg
RORTAE. XF YPH499GALS80-Gal,-CrtE/B/I g4t
G G KB P A A . il 2R, OB
MR EHEA TN (B 5D), Z5REH, KEEw+h
WA TE 12 h=30 h Z [A] g PRE AR TR iR A 1
A BRIEABA R, ABAAAE—E B &l
) LR B
24 TWERIE tHMGL MEMULEESME DB
A

H T RERMA R, UALEE
P — MRt R IR (MVA) iR 3 A 4
JA Y H2H T bk WHE /B R 1E E400E Bk &k R)
SRR IRFMLLR B R . 457K 6 fis,
PRI 60 h, FALLR M- S IF A B &8,
0 12.34 mo/L, HEHAKZR)EME,

10 20 30 40 50 60 70 80
t(h)

6 EHE MVA REMEHERSHEML R

AT R 3 DR o e 22 X B AR A K i B T S T
AFTF WG . SCHkiRiE tHMGL 1E 2 B 2k
iz (MVA) 38 12 1 G B 7T LLAT R0 B 22 #1 [
LI R A I 22, &l 6B TR, Y Hid Eis
FILIR (MVA) 3R SCHEE R tHMGL i,
AT L E ik %) 265.68 mg/L, MAf, B
P AR AL R R is B 72.79 molg, TWEAT
LK 3.65 g/L.
3 Wik

ARG R B, HEBRA I K 4 4 M R A% A K
HHE S A AR . IR PRI R YPH499 fF
RIREAN, (URIRIMEFRALL R G GER, F il
g4Iy ik F) 15.31 mg/L, & S288c 1 3.7 15, &
B B3 AR 2 RE INVSel Fl CEN.PK2-1C
FESLANML, KT 120 h, BALLE =90 H
0.025 mg/L 1 0.052 mg/L, B Al 14 15 5
L) BT LL R A B IR R, SAMF 4551
FAFF o RIS, J8 3 51E e gl 5L PR s 45 1 oo
P, JFETE R 55 EL Y I B R A RE K, ki
SRR AR AL RCR A H AR = i e P A
FARLRWALE GAL B S s FIR%E T, s g
PRIk E] 123.89 mg/L, AHHCAL ALY SE IS Bh T

300 1 100
190
250 ] —_
~ T 180 C
Tﬂl | 70 =]
E 200 =
P 160 g
g {50 &
2 150 - 8
[+
2 140 =
A _
100+ - +30
20 - 5
o Lm N HE To
Y-01 Y-02 Y-03 Y-01 Y-02 Y-03
Strains

Fig. 6 Effect of regulation MVA pathway on synthesis of lycopene in S. cerevisiae. (A) Growth curve of different
strains. (B) Lycopene production in Shake flask fermentation of different strains. (Y-01, Y-02 and Y-03 are engineered
strains WHtE-Gal,-CrtE/B/l, YPH499GAL80-Gal,-CrtE/B/I and YPH499GAL80-Gal,-CrtE/B/I-tHMGL, respectively).

% : 010-64807509

. cjb@im.ac.cn



1344 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244  Chin J Biotech

PR R R R 5 8.09 fif . BUA ST KA, e
B GAL8O MIHTHE T , GAL i3 3 T B AR A 32 FLA
(R, (EL R LA S i i i 4 A 2 R B 1) AR
iR m O ek W R, AT T GAL JE 3T
IEERAL, Fansl KRB EEAR, FE M AR
IHFE, GAL Ja 871G skoRE B Wi#e i, =YK
R,

N T A B R 41 R A R A A HE
o, o) FRIE R R A AR Y % i g O 4 L R
tHMG1, ALl R itk F) 265.68 mg/L, H
f B B 72.79 mg/g DCW., Zil i, B
R4 B B 2R B R KO, (R R AT AR AR Y
JE PR B T R A R AR T H U 3.65 g/l Hi
THRMARHBEMEDRN, Ao F 3o
BegRdkrh, R G e — A AR AR
i S 0 B SR TR IR R R R T ANk
Wi RALRE SR IR 5) | B R LG S VR A T
BRI g FRNR, AUFE T —thE AL E
BT A SR AR R I AR, R S0 X R T S A
il X EE A T A B R, IR A vk
B, DA AL R w7

REFERENCES

[1] Rakic JM, Liu C,Veeramachaneni S,et al. Lycopene
inhibits smoke-induced chronic obstructive pulmonary
disease and lung carcinogenesis by modulating reverse
cholesterol transport in ferrets. Cancer Prev Res, 2019,
12(7): 421-431.

[2] Han H, Lim JW, Kim H. Lycopene inhibits activation
of epidermal growth factor receptor and expression of
Cyclooxygenase-2 in gastric cancer cells. Nutrients,
2019, 11(9): 2113.

[3] Li DB, Chen LN, Zhao WR, et al. MicroRNA-let-7f-1
is induced by lycopene and inhibits cell proliferation
and triggers apoptosis in prostate cancer. Mol Med
Rep, 2016, 13(3): 2708-2714.

[4] Xu J, Li YF, Hu HY, et al. Effects of lycopene on
ovarian cancer cell line SKOV3 in vitro: Suppressed
proliferation and enhanced apoptosis. Mol Cell Probes,

http://journals.im.ac.cn/cjbcn

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

2019, 46: 101419.

Langner E, Lemieszek MK, Rzeski W, et al. Lycopene,
sulforaphane, quercetin, and curcumin applied together
show improved antiproliferative potential in colon
cancer cells in vitro. J Food Biochem, 2019, 43(4):
€12802.

Clinton S. Lycopene: Chemistry, biology, and
implications for human health and disease. Nutr Rev,
1998, 56(2): 35-51.

Dai ZB, Liu Y, Zhang XN,
engineering of Saccharomyces
production of ginsenosides. Metab Eng, 2013, 20:
146-156.

Dai ZB, Liu Y, Huang LQ, et al. Production of
miltiradiene by metabolically engineered
Saccharomyces cerevisiae. Biotechnol Bioeng, 2012,
109(11): 2845-2853.

Han JY, Seo SH, Song JM, et al. High-level
recombinant production of squalene using selected
Saccharomyces cerevisiae strains. J Ind Microbiol
Biotechnol, 2018, 45(4): 239-251.

Chen Y, Xiao WH, Wang Y, et al. Lycopene
overproduction in Saccharomyces cerevisiae through
combining pathway engineering with host engineering.
Microb Cell Fact, 2016, 15: 113.

Zhang CB, Liu JJ, Zhao FL, et al. Production of
sesquiterpenoid zerumbone from metabolic engineered
Saccharomyces cerevisiae. Metab Eng, 2018, 49:
28-35.

Cunningham XF Jr, Sun Z, Chamovitz D, et al.
Molecular structure and enzymatic function of
lycopene cyclase from the Cyanobacterium
Synechococcus sp. strain PCC7942. Plant Cell, 1994,
6(8): 1107-1121.

Yamano S, Ishii T, Nakagawa M, et al. Metabolic
engineering for production of B-carotene and lycopene
in Saccharomyces cerevisiae. Biosci Biotechnol
Biochem, 1994, 58(6): 1112-1114.

Shi B, Ma T, Liu TL, et al. Systematic metabolic
engineering of Saccharomyces cerevisiae for lycopene
overproduction. J Agric Food Chem, 2019, 67(40):
11148-11157.

Bahieldin A, Gadalla NO, Al-Garni SM, et al.
Efficient production of lycopene in Saccharomyces
cerevisiae by expression of synthetic crt genes from a

et al. Metabolic
cerevisiae for



I FEMAMEMLRIRBERESEENEE 1345

[16]

[17]

(18]

[19]

[20]

s

plasmid harboring the ADH2 promoter. Plasmid, 2014,
72:18-28.

Xie WP, Lv XM, Ye LD, et al. Construction of
lycopene-overproducing Saccharomyces cerevisiae by
combining  directed evolution and metabolic
engineering. Metab Eng, 2015, 30: 69-78.

Ma T, Shi B, Ye ZL, et al. Lipid engineering combined
with  systematic ~ metabolic ~ engineering  of
Saccharomyces cerevisiae for high-yield production of
lycopene. Metab Eng, 2019, 52: 134-142.

Gietz RD, Woods RA. Transformation of yeast by
lithium acetate/single-stranded carrier
DNA/polyethylene glycol method. Methods Enzymol,
2002, 350: 87-96.

Xu F, Yuan QP, Dong HR. Determination of lycopene
and p-carotene by high-performance liquid
chromatography using sudan | as internal standard. J
Chromatogr B, 2006, 838(1): 44-49.

Ozaydin B, Burd H, Lee TS, et al. Carotenoid-based
phenotypic screen of the yeast deletion collection

reveals new genes with roles in isoprenoid production.

010-64807509

[21]

[22]

[23]

[24]

Metab Eng, 2013, 15: 174-183.

Peng BY, Wood RJ, Nielsen LK, et al. An Expanded
Heterologous GAL Collection
Diauxie-Inducible Expression in  Saccharomyces
cerevisiae. ACS Synth Biol, 2018, 7(2): 748-751.
Donald KA, Hampton RY, Fritz IB. Effects of
Overproduction of the Catalytic Domain of
3-Hydroxy-3-Methylglutaryl Coenzyme A Reductase
on Squalene Synthesis in  Saccharomyces
cerevisiae. Appl Environ Microbiol, 1997, 63(9):
3341-3344.

Li X, Zhao JY, Lou XD, et al. Optimization of the
adaptability of Saccharomyces cerevisiae producing
lycopene. Food Fermentat Ind, 2018, 44(6): 24-29 (in
Chinese).

PEL, OBCEW, BT, L BUREERES AL
RIS ECrE AL, B ah 5 kI Tk, 2018, 44(6):
24-29.

Keasling JD. Synthetic biology and the development
of tools for metabolic engineering. Metab Eng, 2012,
14(3): 189-195.

Promoter for

GRSt A Y)

. cjb@im.ac.cn



