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Abstract: [Background] Acetyl-CoA is an important intermediate for lycopene synthesis in
Saccharomyces cerevisiae, and acetyl-CoA in cytosol is mainly derived from acetic acid
catalyzed by acetyl-CoA synthase. [Objective] To improve cell growth and lycopene production
by increasing the content of intracellular acetyl-CoA through adding acetate combined with
regulation of acetic acid stress-responsive gene. [Methods] Lycopene recombinant yeast strains
overexpressing acetyl-CoA synthase (acs2?) were added with 10 g/ acetate during the
fermentation process. The transcriptomic analysis was combined to excavate acetic acid
stress-responsive genes for single and combined regulation. [Results] After adding acetate, the
lycopene content of the recombinant Y02 strain increased by 19.14%, but cell growth was
suppressed. The results of the transcriptional analysis indicated that the expression levels of
adk2, fap7, heml3, elo3, pdc5, set5, pmt5, hst4, clb2, and swel were increased significantly.
Therefore, a single-gene and dual-gene were overexpressed in the Y02 strain. It was found that
the growth of Y02-set5-hst4 was significantly improved in the presence of acetate. At the same
time, the intracellular acetyl-CoA concentration was increased by 78.21%, and the lycopene
content and yield reached 12.62 mg/g-DCW and 108.67 mg/L, respectively, which were
increased by 42.76% and 67.13%, respectively, as compared with the control strain Y02. In
addition, the expression levels of key genes ergl2, erg20, and hmgl in the mevalonate pathway
were increased by 1.70, 1.44, and 1.96 folds, respectively, as compared with the control strain.
[Conclusion] On the basis of overexpression of acs2, the overexpression of set and hst4 can
improve the tolerance of yeast to acetic acid stress and increase the synthesis level of
acetyl-CoA and the metabolic flux of mevalonate pathway, thus promoting the synthesis of
lycopene. The results of this study provide valuable references for the metabolic engineering of
other isoprenoid products.

Keywords: Saccharomyces cerevisiae; lycopene; acetyl-CoA; acetic acid stress; stress-responsive
genes
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HATFAMLLR ELORIE T G, M4
LAY e, SRIPIE LG, Yk
e B B ML R A4 B Ak, &
Wz A I IR SR, A A
S T R R A = ik ARk, BEE A
BCAE W AR LA ORI & Je, bR I L
FREWTFTIIE DR 1 R AL R % 4
SR PR T M SEBIF I AN A HE AR A
FR, SO E LSRR LB S bR
B SCHE R ZR T A T A P i
¥ B WP B, (Saccharomyces cerevisiae)VE N
— iR B EAX A Y, AR T SR
AR RIS . KRR Sy . PR PR AR TR B R
SR SR, OIS S e A AR K
A=t

B 1 Ry SR 5 21 2R 70 PRI 18 B 145 i
B AL 5 AN crtE JE N (S 4 2f ) LIt
FERRIR G M) . creB B (GBS £ L R ILTE)
F crtl FEDR (DA /\ 0 21 3R I S0 )4 TR
ltE H & 1) B ¥ % R (mevalonate, MVA)i& 4% H
A9 72 Je ik WK (farnesyl diphosphate, FPP)3 | [i7]
Tl £ A G, KEMIFE RN, [k
A R s R g 2R 8 N R R —
AR RN, b Z R A 1E N R R i
RS —AHiAY R, RFEMORINERR
G A A R — A DR R U2 A R
BEh, BRI A B9 G LT A TE A ML . Sk
A AL T AT A A% 4 A ) 1Y) ST 40 A
IR, b A 5 R Y 2 R A RIS H
IR A 0 E BRI . 32 A R A
fif (pyruvate dehydrogenase, PDH)5% & Al . 4
J 5T DN IR R AR TN R PR R I (pyruvate
decarboxylase, Pde)MITE MLl O, L
1E W8 i i (aldehyde dehydrogenase, Ald)f
YEM N4 1R, ARG S TEGH G A 5 B

(acetate-CoA ligase, Acs)¥ HAEAL Ky 2 Mk 5 1
AU (1), ek 2 B UL (ald6) R
CTEGHEE A B EFIEA (acsl | acs2) W] LAY £k
W A A RUKE, R Z D B-E A
Pl 7)o AU . Shiba 25 P05E o 7E R
W B rh i Rk >k B W U0 1) IR TE (Salmonella
enterica)i] Z LA A A U (SEacs™ ™), 158
T PDH 25 (A5 28R 0 - b4 i 1 1.2 %
bR TRl R K O WA A G, BRI
MR (ER) RS IE N S EAIE A AR, (ks
PR R S B S R A P

HFLLEZR, AR | Rk L
WA A A RO AL BE A B, ANRAESS O R
(LRI E WG A A A, RHERIK
TR R — A T B, HIR AN I IR
g L dE N B D2 S8 SN (B SRy 1 STEN S e e
IR IE 2 TN R RS . i RE ()
(4B B I IE R AR Rk, SRR 2
BRGNS e A PR B2 2 2 = 20 IR0 2 1R o
BRI 32T, BRI . A R EARSY
HMIREN NN CBR R 455 VR SR 38 1 25 i DR Yot
T2 R R BRI N SRR A SR AR K
B LR A A, A5 4SE R UA h #F—
Ao e ORI 28 e 77 28 5 I s R AR T g ok
HEMAE RS %

1 AR5

1.1 #3y
1.1.1  BE#RFARRL

I T P P TR VPG R TR PR L3R 1
1.1.2 EEZRFIFN S

KIGFFE DHSo B2 AR40M . Bk $ B
Flgr . BERENE, RARAMRHE AL A RA ] ;
W EE RNA $28G0 &, M A YRR R
/5] In-fusion JC8% ve iR & . S g SRR
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PDH bypass MVA pathway
51/2
Acetate Lb Acetyl-CoA
1 ergl0
Tald6 + ergl3
Acetaldehyde HMG-CoA
Lycopene synthesis pathway
T pdcl/5/6 l hmgl o PR
Pyruvate Mevalonate ! Lycopene !
A I ergl2 i A i
I * erg8 ! : crtl |
I H 1
Glucose-6-P Mevalonate-PP ' Phytoene E
l ergl? i TcrtB E
uip «— 4 pmapp | GGPP
erg20 : TC” tE E
erg20 ' 1
GPP » FPP S

_____________

B1 BREBRSBFEMLENENEREE  pdcl/5/6: FTISHEHRR IR ; alde: it TS ;
acsl/2: YwtS CBEEEE A S ; ergl0: WIS BEZBE CoA WiffRE; ergl3: 4mhd 3-IL-3-H R —
Mk CoA SAALME; hmgl. it 3-F25E-3-H 3L "Wk CoA B J5ifil; ergl2: b H R INIRIENE; erg8: %
2R — BRI ;s ergl9: Ynfith H R IR —WETRIR M ; erg20: Zwhik e SLEEWEIR & NG ; idil
Yt ST G I TR R s ortE: YRtS IR GGPP &Rl ; crtB: i /\NAEMLA RGN ; crid:
G AT AL R E NG ; IPP: A SL Bk IR ; DMAPP: —HSLISNSLAERIR; GPP: #e4- LM
WEMR; GGPP: Hedd- JLILAEA- LAL MR ; FPP: 1) SLARHEMR

Figure 1 Biosynthesis pathway of lycopene in Saccharomyces cerevisiae. pdcl/5/6: Indolepyruvate
decarboxylase; ald6: Aldehyde dehydrogenase; acsl/2: Acetate-CoA ligase; ergl0: Acetoacetyl-CoA thiolase;
ergl3: Hydroxymethylglutaryl-CoA synthase; hmgl: Hydroxymethylglutaryl-CoA reductase; ergl2:
Mevalonate kinase; erg8: Phosphomevalonate kinase; ergl/9: Mevalonate-5-diphosphate decarboxylase;
erg20: Farnesyl diphosphate synthase; idil: Isopentenyl diphosphate isomerase; crtE: GGPP synthase; crB:

Phytoene synthase; crtl: Phytoene desaturase; IPP: Isopentenyl pyrophosphate; DMAPP: Dimethylallyl
pyrophosphate; GPP: Geranyl diphosphate; GGPP: Geranyl diphosphate; FPP: Farnesyl diphosphate.

HiScript® II Q RT SuperMix for qPCR+gDNA
Wiper Fil ChamQ Universal SYBR qPCR Master

Mix, R aUHMERE A PR B A R W 5 2l
ZLEARMEN, , BRI AR R A &
MM, b ORI R IR A R LB

immunoprecipitation assay lysis buffer (strong)], |-
8 = RAEYHAAT R F L 5L 5h-AT W ez
i, At priE AR IR SHE A R S AR
O, LHERFHCARA R Z MR,
BRI A A IR A T

Mg A BEIE s e Arilnl &, VLo AR
A RS w5 48 B JE i 19t 9 (phenylmethanesulfony]
fluoride, PMSF), RIPA ZLfi# i (5%) [radio

1.1.3 ExFE
YPD B33t G418 E53E3E M LB 5535 3E0
e i 5 1R UL S 2 SCRR 24
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Table 1  Strains used in this work

TR T AT FLPR B ¢ P37
Strains Parental strains Genotype® Sources
FY1679-01B S288C MATa; ura3-52 Our laboratory
L1 FY1679-01B Agall-10-7::T gqn-crtl-Pguy10-Pgar-crtB-Teye This work
Y01 L1 Agal80::T 4 1-cFtE-Pgqyrg This work
Y02 YOl AYPLO62W::T yqp1-acs2-Pgqpi9 This work
Y02-adk2 Y02 Alpp1::Pyy-adk2-T,., This work
YO02-fap7 Y02 Alpp1::Poyfap7-Teye, This work
YO02-heml3 Y02 Alpp1::Pgy-hemi3-T.,, This work
Y02-elo3 Y02 Alpp1::Pyy-€lo3-T,yc; This work
Y02-pdc5 Y02 Alpp1::Pgy-pdc5-Tpe This work
YO02-set5 Y02 Alpp1::Pyyy-set5-Tye This work
Y02-clb2 Y02 Alpp1::Pgyy-clb2-T This work
Y02-hst4 Y02 Alpp1::Pgy-hstd-T,, This work
Y02-swel Y02 Alpp1::Pyyy-swel-Tey This work
Y02-pmt5 Y02 Alpp1::Pyyy-pmt5-Teye; This work
YO02-set5-adk2 Y02-set5 Adpp1::Tgp-adk2-Pgag This work
Y02-set5-fap7 Y02-set5 Adpp1::Toanfap7-Pgarro This work
YO02-set5-heml3 YO02-set5 Adpp1::Tgp-hemi3-Pgqp9 This work
Y02-set5-pmt5 Y02-set5 Adpp1::T g -pmt5-Pggyig This work
YO02-set5-hst4 YO02-set5 Adpp1::T g41-hst4-Pgairg This work

o PR DR LA AR TR AR T B

*: The description of the genotype in the table is based on the parental strain.

12 A&
1.2.1 FEAEFEHMRMEZERFEKL

pUMRI-21 #E4 FRIBEAR MM @ K
WAAT v % AL TR WL 225 SCiik[24-25]. BERRISRZ 2

il 25 S5 AL R P R #1  Ak k),
122 EBBAEIEFREKEN

¥ —80 CCHRAF MRS B EE T R4k, $FP T
G418 [EAEE IR |, 30 °CHi3% 24 h, PREUR
PRI 4 mL YPD WRKE R, 30 °C.
220 r/min ¥55% 12 h 177G AL, RATERSM-] L2
HIEEE TR ODgooo 4 FETREEFP Z 547 50 mL
YPD Wi 550 250 mL IR, RS
I hh ODeoo M 0.05, 30 °C. 220 r/min £55% 72 h
PEATRE A B o B 12 h 1 3 28 Ah- 1] DL 6
T ODgoo %%(B‘UE&(@@??HH@ A K123

1.2.3 HEMLRRBSEN

e i £1 2R 4 HUR FH AR 1 ot £ B A4 i 7y 2
LT 2R OB A L A C18 A (S um
4.6 mmx150 mm)PEA 0, RS 20
i SN (AR HE R 50:30:20), 37334 1 mL/min,
WEER 40 °C, MR 20 pL, UV K&
FE 472 nm ALK . B AT EE AIE JrvE S B
1 mL AT 1.5 mL &.0%8 9,12 000xg &5.0> 1 min
7 B3, A1 mL 4K EEDiE, 12 000xg Ff
WEL 1 min 37 B LA ET 80 °CHEFH
e EEE, IR REATE,
1.2.4 B85 RNA B92E S0

R & T R TR A R TR, 12 000xg 5
O 1 min J5 FIKBEGRAIML, LBREEHRIE. BE
AR TRTAA 37 RV TR R 5% 22 -80 °C kA b
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1745 F O BRI B 5L RNA $2BUCR ] HiPure Yeast
RNA Kit 77, RNA % 5544 B8 HiScript® 11 Q RT
SuperMix for qPCR+gDNA Wiper 25| £ A% 1¢ IH
FitT.
1.2.5 EREEE PCR

PCR S AR R TE LS5 SCHR 28], Hi ikt
act] FEPRE R g BBk ) 9 2 5 8 T AN [
f [ (R 24— AR P8 S8 € B PCR (real-time
quantitative PCR, RT-qPCR)>) /] ChamQ Universal
SYBR qPCR Master Mix il &b f 7. SO 4t
95°C30s; 95°C 10s, 60°C30s, 40 PMEH.
POGE T IVIF AWK 2,
1.2.6 4&3FH D W EVAEFNAE

FIEALE R Y02 WWIEFZSA 50 mL
YPD WA IR 5L 250 mL #EFE LT, RS
HItH ODgoo M 0.05, 30 °C. 220 r/min }55% 12 h
BEIA 10 g/L ZFRER(ZTREN), 4AZ2159% 2 h
F12 h JEBORE , AN ZBR ER 55 3R VE M X B
Bl mL BB, 4 °C. 12 000xg &M FEs.0
5 min WURRERRAEAE, 3% BIE /5 B% R PBS
G PR R TR AR DTUE 2 Wk, $REUEEEE RNA, F
—80 °CCUKFAMEAFFEM . ¥4 2 Ak 5 2B i
AC BT AR BOERH B A BR 2 w58 A
1.2.7 CZHEtiEls A 221N

HEAE YPD WIARES IR B TG AL O I B ik
BEAESA 50 mL YPD BAKR: #5250 mL
MR, R SR ODgoo M 0.05, 30 °C,
220 r/min KRG FE . FEXECERKIACKEEE 24 h)
AP ERCRE o B 1 mL R BEVRAE R T 12 000xg 5.0
1 min, JEWEE FiEW, AR PBS #Ek
2 WA, WEARFIIA 600 pL 1LALEE buffer, il
A 50 U #RERG, s801EA]. 30 °CALRH 30 min,
4 000xg 5.0 10 min EBRUTIE. 7 ISR H
RIPA Z4ff I (5 ) 2L M A M, EL A 2 7 P4 B
RIPA i (53) 6 i 47 T C B4 A il
K A2 o il R G D e SR E A &t

x2 ZLHRAEEE PCRIIYFT

Table 2 Primers for real-time quantitative PCR
Gk /R ]l PR
Primer Primer sequences (5'—3") Product
name size (bp)
actl-F GAAATGCAAACCGCTGCTCA 145
actl-R TACCGGCAGATTCCAAACCC

adk2-F CACCGGAGAACCATTGACCA 138
adk2-R TCCCCAGAGACGGTACCAAA

fap7-F GGCAAGTCGTCTACGTGTGA 127
fap7-R CAATGTGCGATTTACGGCCC

hemi3-F CCGTCGCAAACAAGCTGAAA 100

heml3-R  ACCACCACCACCATCGTTAC

elo3-F GTGGCTATCCAGCTGAGCAA 129
elo3-R AGGCGCGTAAGATAGCTTGG

pdc5-F TCGGTTTGCCAGGTGACTTT 119
pdc5-R AGCGTAACCATCAGCAGCAT

set5-F ATAGCGGAGGCCAACAAACA 106
set5-R GGGACTGGGAGACCGTTTTT

clb2-F AGATCAACAGCCGCACAAGA 121
clb2-R GCGCACCAAATTGCTGACTA

hst4-F TCCAAATCCCAACGCCATCA 103
hst4-R CAGATATACCTGCCCCGCTG

pmt5-F GGAGTGGCTGTTGAGCTTCT 113
pmt5-R TGGGCGGCAAAGCCTAATAA

swel-F TCTTCCACCGATTCTTCGCC 150
swel-R ~ CGTAACCTGGTAGACCGTGG
hmgl-F ACTACGACCGCGTATTTGGC 151
hmgl-R CGCATGGCAGAAGCTACCAA
ergl2-F ACCGATGGCTTGTCTCAGGA 174
ergl2-R CCCAGCACCGATGGGTAAAG
erg20-F  ACTACAACACTCCAGGCGGT 165
erg20-R CGGCGACCAAGAAGTAAGCC

2 HZRE5OM

2.1 TIRIE acs2 WEMLREHANHAEE
1< HY 52

H TR SRR R/ AL RS
BUERR , AR A S GAL J5 8144 3
I REBWINFEIENR crtE. crtB. crtl 5] A
FY1679-01B W#H, 153 8| HA F AL R A kit
MR Y01, 7€ GAL IR sh TR R T, KB 12h
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GRS P, Y01 R 72 h AT
RO R AT 5.76 mg/g-DCW ., i F AT
e bk BT A 5 BB RES I 5 L B A 7
i, RHEM OGS R T E YA s, T Hoak R
i acs2 BRCRE Tid £k aes 1, L, A
FAE YOI My5EAl Bt Rk acs2 t# T HAR
Y02, 5 YOl Mk, Y02 JBALLEXSHIERT
28.91%, N 7.42 mg/g-DCW (& 2A), SR Y02
AR ZEH, BRAY RS YO AHIL N RE
T 17.29% (K 2B). #EMiELE T YO1 Fl Y02 B
MO N BEHIEE A 5 & MVA 18 BERER 1Y
FKikw., KW Y02 WHkh OB A SR

A 10- B
3
% sl
@)
0
B
E 6 T -
g S
£ 4l
S
()
5
g 2t
=
O 1
Y01 Y02
Strain
C 15; D
k
g —
)
S 1T
= 1.0r 5
5 g
: £
ot o
< c
Q 2
S 05¢
2
5
<
0.0 Y01 Y02
Strain

40

o
T

e
W

0.0

YOI #2875 T 14.23% (& 2C), MVA &% et
HEH ergl2. erg20. hmgl WFiR B HITER T
2.52. 1.53 1 1.39 f%(& 2D), FHHEHE X acs?
et T O A SR, [FIEHES T MVA &
AR . (AT EE R Y2 A Kl
ZETE], XATRER TR H AR T
R A7 far 01

22 ARMZEBXMNMEEEKNBERIEZS
B B 52 1)

J T N B A A KO,

ARBFFEAE Y02 K8 12 h NI R Eh , 2
AU 52 3 W I Bt VA 0 20 R 3 %o 4 A= 4 14 5

ergl?

2 Y015 Y02 EHBIBMLAREEA). EKM%KB). CEIHE A SEOMXBERLXIEZD)
Figure 2 Lycopene content (A), cell growth (B), acetyl-CoA content (C) and key gene expression levels (D)
of strain YOI and Y02. *: P<0.05; **: P<0.005; ***: P<0.001.
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Wi dse /NP O T E BRI, S (RNA-Seq)FE R LA T Y02 ZEAINAIATN Z
BT 5. 10 Ff115 g/L X 3, LIARIMZ BREIBILNAR2RER2ES . KA DESeq X
MRERAE X, S5 RE, MR IE T AT, DL P<0.05 K2z Rf5%=2 Kk
MIAFMARMR, H, Bn 10 gL 2k &M, ikREERBENEN, 7ELH 12 h
XY e e, B R SRR BISINCRRER, 4kZL355% 2 h 1 12 b J5 BRI
8.84 mg/g-DCW , 30T BRZH 45 /7 19.14% (K1 3A). 5o SXIRAIAHLL, BhHE 2 h 5 a0 b a4y
HEREE RN B p3s i, K2 ERE 12240 ERREEN, Hifg 350 2 H EF
R, AEYREZ TR 3B), TR K 372 DNEETTIE. A 12 h S aydiihIts
SZENE, BAFML RS EMAR TR, B 117U ERRBEN A 721 N A
SRR R E A B, PO GEN e 450 NIRRT, S A R S Y B
A, BISRE AN LRI A TS S, AR BIEGRE S 312, FIEBER Y 331, X 2 ANIFE]
A B S AR 2RI SRR g PR AR R N ST KEGG & 2 4 R i
TR, EEAMAT T, s N BRI R R AR | O

YA K- . ALY R Y R A Al B BRI . IR
23 BFEEAHEADTABNEZERpER USSR R 225050 E F
2 FHLH (mitogen-activated protein kinase, MAPK)f5 =5

25 0 R B IR T AN A0 B S SR P DNA SRR s FIRMEIEGL b 2R
(responsive-genes) 3 17 6 ik A EE AT AT RE4E MR . RGBS . WEACME . SALRERRLL
R A R 0T 2, R KR RN A B R R (F 4. DL RS
A RO, TRICZIRINA T Y02 1, Z M A i B P T
T B F R BB L BRI AL R

A 10 — Lycopene content == [ycopene yield - 80 B 30
—~ a
= b b a 1 a b
Q 8 L c —I— i il P
Q. i c 460 2 | W ------
3 EE R e
E 6f =) 2
= TJ 2
5 40 2, S & Y02-0 g/L
o=t
4r =)
§ g 10+ -@- Y02-5 g/L
s o
g | 120 > -¥- Y02-10 gL
E‘ - Y02-15 g/L
L 1 1 L O 1 1 1 1 1 )
0 0 5 10 15 0 0 12 24 36 48 60 72
Acetate concentration (g/L) Time (h)

B3 RMARRECERREN Y2 EHREMLRLE. FEQMAEBRERBGBEE  AFR/NG T
FoRAMNERBE

Figure 3 Effect of different concentrations acetate addition of lycopene content, yield (A) and cell growth
(B) of YO02. Different lowercase letters indicated significant differences among different groups.
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Carbon metabolism
Biosynthesis of cofactors

Oxidative phosphorylation

DNA replication

MAPK signaling pathway

Meiosis

Biosynthesis of secondary metabolites
Cell cycle

Ribosome biogenesis in eukaryotes
Ribosome

Metabolic pathways

= (p

— Down

0

20 40 60 80
Numbers of genes

Bl4 B Y02 ERMZERE 2 h 012 h BFHEF LAEER KEGG 747
Figure 4 KEGG analysis of co-up-regulated genes of strain Y02 after acetate addition at 2 h and 12 h.

R DR s e T 0 R DAy vy 2 T e 2 A
PR A T S, T R S 2 DR T BB 24 i X
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Table 3 Transcriptome screened up-regulated genes after 2 h and 12 h acetate stress

R/ EELATR R V4550 Fold change
Systematic Standard  Description T GO g R RT-qPCR 4%
name name Transcriptome results RT-qPCR results
2h 12h 2h 12h
YERI7OW  adk2 Mitochondrial adenylate kinase 2.15 2.76 2.64 2.43
YDL166C  fap7 Nucleoside-triphosphatase 2.08 2.75 2.65 2.74
YDRO44W  heml3 Coproporphyrinogen oxidase 2.12 2.74 1.90 2.55
YDLO93IW  pmt5 Protein O-mannosyltransferase 2.58 2.80 2.93 2.62
YDRIGIW  hst4 NAD-dependent histone deacetylase 2.38 3.40 2.78 2.65
YHR207C  setS S-adenosylmethionine-dependent methyltransferase 2.42 4.30 2.35 3.30
YLR372W  elo3 Fatty acid elongase 2.03 2.13 1.97 2.36
YLRI34W  pdc5 Indolepyruvate decarboxylase 2.64 2.09 2.00 4.33
YPRIIOW  clb2 B-type cyclin involved in cell cycle progression 2.03 1.43 2.20 2.51
YJLI87C  swel Tyrosine protein kinase 2.19 1.73 2.80 2.34

S 20 L 20 R W38 T A2, SR AL R G
B
24 TWRIECEIBNE LIAEEI A
HERKFFEMOIEZS KIS

T RS 10 A BAREE AR IBAKE, AT
TE Y02 FRETH A GAL J3 sh T4 il #55x 10 4~
FEN, WET 10 BREAE, 2510 Y02-adk2 .
YO02-fap7. Y02-heml13. Y02-elo3. Y02-pdc5.
Y02-set5 . Y02-cIb2 . Y02-hst4 . Y02-pmt5 .
Y02-swel (3R 1)o &5 B/RXFHEEXT LR e
T A AE A A A BT A T (K] SA).
Hidr Y02-set5 1 YO02-pde5 HRRAY A KASF] T 2
3, A0 P S B HL A R 4.70% A
8.75%, A 8 PREEHAKZH] T HI/EH
(72 h ODgoo (), H:H Y02-clb2 1 Y02-swel H: K
Z RN ANEIVE Bk . 7876 O T (B 5B),
Y02-clb2, YO02-hemi3. YO02-pmt5. Y02-swel .
Y02-hst4 . Y02-fap7 F YO02-adk2 WKL E &
5 X I RAR FE 3 R = T 36.06% . 33.38%.
29.35%. 28.05%. 25.31%. 17.17%F1 14.09%,
Y02-pde5 FALLR G HBEAIT 39.85%, 1M
Y02-set5 HFEMLAREGHY Y02 LREHZES

(¥l 5B). K, b T HEmEmm Y, XL
AR PTG
25 ERFAESITRENHPEKFAEFMRLI
E3=Ya-0EA

DL ESERFEI, Y02-ser5 i KGR T
M, XSRS R -8, Hix bk
=K S5 MEMLL TR EFZEZR, M
Y02-hemi3. Y02-pmt5. YO02-hst4. YO02-fap7
M Y02-adk2 FHGLLR G35 18w, (A4
AR Z B T BIUIRATTFE Y02-sers B3R |
St Fik adk2 . fap7. heml3. pmtS F hstd,
T 5 bRAH Gl KRR , B4E Y02-ser5-adk2 |
YO02-set5-fap7.Y02-set5-heml3 . Y02-set5-pmt5 .
Y02-set5-hst4 (3R 1), AT T LMREL A NSE
B ZEHFE, YO02-set5-hstd WPHEIML RS
B Y02 #2551 42.76%, 5% 12.62 mg/g-DCW,
ZAE 5 M FRIE R Y02-set5 Fl Y02-hst4
A2 B3R B T 55.50%F1 16.53%., &
Y02-set5-hstd FIFEHLLE " 5N 108.67 mg/L,
5 Y02, Y02-set5 1 Y02-hst4 AHH B4R
67.13%. 63.82%F 52.81% (& 6A). [FIH}5%F
HAHEE 5 PRIFEAE RGOS T B,
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Figure 5 Effect of acetate addition of cell growth (A) and lycopene content, yield (B) on recombinant
strains. Different lowercase letters indicated significant differences among different groups.
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