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Abstract: The introduction of the mevalonate pathway (MVA pathway) in recombinant Escherichia coli can improve the
synthesis of terpenoids. But the imbalance expression of MVA pathway genes and accumulation of intermediates inhibit cell
growth and terpenoids production. In this study, each gene of MVA pathway and key genes of lycopene synthesis pathway
were cloned in plasmid to express in the recombinant E. coli LYC103 with optimizing the expression of the key genes of the
2-methyl-D-erythritol-4-phosphate pathway (MEP pathway), chromosome recombinant MVA pathway and the lycopene
synthesis pathway. The results showed that the overexpression of ispA, crtE, mvaK1, idi and mvaD genes did not affect the cell
growth, while lycopene production increased by 13.5%, 16.5%, 17.95%, 33.7% and 61.1% respectively, indicating that these
genes may be the rate-limiting steps for the synthesis of lycopene. mvaKl, mvaK2, mvaD of MVA pathway were the
rate-limiting steps and were in an operon. The mvaK1, mvaK2, mvaD operon was regulated by mRS (mRNA stabilizing region)
library in front of mvaK1, obtaining strain LYC104. Lycopene yield of LYC104 was doubled and cell growth was increased by
32% compared with the control strain LYC103. CRISPR-cas9 technology was used to integrate idi into chromosome at lacZ
site to obtain LYC105 strain. Cell growth of LYC105 was increased by 147% and lycopene yield was increased by 2.28 times
compared with that of LYC103. In this study, each gene of lycopene synthesis pathway was expressed in plasmid to certify the
rate-limiting gene based on the complete MVA pathway on the chromosome. Then the rate-limiting gene was integrated in
chromosome with homologous recombination to release the rate-limiting, which providing a new strategy for the construction
of high-yield strains for metabolic engineering.
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Fig. 1 Lycopene synthetic pathway in recombinant
E.coli. **** represents multi-steps reaction.
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Table 1 Strains and plasmids used in this study

/NE, Bl PCR FrfS a2, $#2H LYCL103 Btk

Strains Relative characteristics Sources
E. coli MG1655-ApoxB  E. coli MG1655, poxB was replaced by cam marker and N20PAM [30]
LYCo001 ATCC 8739, M1-37::dxs, M1-46::idi, [5, 29]
M1-93::crtelB
LYC103 LYC102, IdhA::trc::crtEIB [28]
LYC104 LYC103, mRSL-7::mvaK1 [28]
LYC105 LYC104, LacZ::trc::idi [28]
Plasmids
pRed_Cas9 Kan, derived from pKD46, exo, bet, gam, arabinose operon, Cas9 [5, 31]
pCAGO Amp, derived from pKD46, exo, bet, gam, arabinose operon, Cas9, [30]
gRNA
pLaczZ-N20 Cat, derived from pACYC184-gRNA, gRNA with N20 and homologous Lab collection, [28]

pLacZ-N20-trc-idi
pSC103

pSC103-idi
pSC103-crtE
pSC103-mvaK1l
pSC103-ispA
pSC103-mvakE
pSC103-mvaS
pSC103-mvaK2
pSC103-mvaD

arms of LacZ

Cat; trac promoter followed by pSC103 amplified from pSC103-idi
cloned into pLacZ-N20

Low copy plasmid, ori and rep A from p SC102, bla; trc promoter and
rrn terminator from pTRC99A, cat from p ACYC184

idi, from Bacillus subtilis idi in pSC103

crtE, from Pantoea agglomerans in pSC103

mvaK1, from Streptococcus pneumoniae, mvaK1l in pSC103
ispA, from Pantoea agglomerans, ispA in pSC103

mvaE, from Enterococcus faecalis, mvaS in pSC103

mvaS, from Enterococcus faecalis, mvaS in pSC103
mvaK2, from Streptococcus pneumoniae, mvakK2 in pSC103
mvaD, from Streptococcus pneumoniae, mvaD in pSC103

[28]
Lab collection

[28]
[28]
[28]
[28]
[28]
[28]
[28]
[28]

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



E=NE LPENEERES BRI B R AT E RN
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mvaD JEH 5 i 99A-F/99A-R K544
BCFEATLLR TR 3 K, 302 idi. crtE Al
iSpA JEK S5, R EIER /N B, Bl
B, SRIG T FIE SRR R G 1 1 R R
ffi ] CPEC ) PCR R/ AT 9 1 , Wk fhos it 4
FEIEE A LYC103 BBk, I cam B (B R PAR),
Perp v B 5140 99A-F FUAHN T eS| ) iE, 5
UE TE A 0 ve BEFE DR I, R DN Ty TR A 1 JBRE 43
Wil 4 44 Jikr pSC103-mvaE . pSC103-mvas .
pSC103-mvaK1l, pSC103-mvaK2, pSC103-mvaD .
pSC103-idi, pSC103-crtE 1 pSC103-ispA. # %
T PR S i T SOk LR 1
124 KBFREHELITE

A SR ] 25 U B AL RS2 A AL, B Ak TR
FIZHE, SEmiE e,
1.2.5 mvaKl jg 3 F3CERE

CRISPR/Cas9 == %L & | FH 41 a5 e S 1k 1y
RNA (Guide RNA, gRNA) i Cas9 % & i Xf 45 &
FEA AT B R EOR A B E R ER

pSC103
{Lacl{Cm >

- —>
99A-cpec-F \99A-cpec-R

-

Lacl> _m
> <--

Lac!iva
pSC103-mvak

MvaE-cpec-F

MvaE-cpec-R

2 CPEC ##Rfu
Fig. 2 Construction of plasmid using CPEC.
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bk DNA JEPR2H Bl mvaE .mvaS . mvaK1,
mvaK2 #1 mvaD FE K DL idi ., ispA Fil crtE J [ i
1T PCRY 14 MRS H|  BeRK/INA 2 412 bp .1 152 bp
879 bp. 954 bp. 1 011 bp. 1 049 bp. 900 bp FI
919 bp. EMRHLIKIEWNE 4 k. KM CPEC

Yo AL AR b pSC103 ki |, SRJEH
HALTARE LYCL103, HUBHMEHapE R 99A-F Fiy-
HeAE Y EE R R RS TR PCR, B0 UE IE B
BEREFCRL . ¥ PCR B6UE IE A FORLR AL R, I
TR BRI A SR B2 1 Fh i Bk 44 PR A T 44 o

®2 AHRETAEGIP
Table 2 Primers used in this work®®

Primers Sequences (5'-3)
99A-cpec-F TGTTTTGGCGGATGAGAGAA
99A-cpec-R GGTCTGTTTC CTGTGTGAAATTG
MvaE-cpec-F CAATTTCACA CAGGAAACAG ACC ATGAAAACAGTAGTTATTATTGATGCATT
MvaE-cpec-R TTCTCTCATCCGCCAAAACATTATTGTTTTCTTAAATCAT TTAAAATAGC C

Ef-MvaS-cpec-F
Ef-MvaS-cpec-R
Sp-MK1-cpec-F
Sp-MK1-cpec-R
Sp-MvaK2-cpec-F
Sp-MvaK2-cpec-R
Sp-MvaD-cpec-F
Sp-MvaD-cpec-R
99A-F

99A-R
MvaST-594-1-F
MvaST-Bsal-AGCG-R

MvaK1-mRSL-down

Refull_Bsal F
Mvak1-316-1-r
lacZ-B-Bsal-F2
lacZ-B-Bsal-R2
Ptrc-Bsal-AGCT-F
BS-idi-Bsal-R
P15A-yz-up

LacZ-yz-down

CAATTTCACACAGGAAACAGACCATGACAATTGGGATTGATAAAATTAGT
TTCTCTCATCCGCCAAAACATTAGTTTCGATAAGAGCGAACG
CAATTTCACA CAGGAAACAG ACC ATGACAAAAAAAGTTGGTGTCG
TTCTCTCATC CGCCAAAACA TTACAGGCTCTCTATCCATGTCTG
CAATTTCACACAGGAAACAGACCATGATTGCTGTTAAAACTTGCG
TTCTCTCATCCGCCAAAACATTACGATTTGTCGTCATGTCCTAT
CAATTTCACACAGGAAACAGACCATGGATAGAGAGCCTGTAACAGTACG
TTCTCTCATCCGCCAAAACATTAACAGCAATCATCTTGACTCAAAT
TTGCGCCGACATCATAAC

CTGCGTTCTGATTTAATCTG

CCGTATCCTATGGTCGATGGT
CCAGGTCTCAAGCGTTAGTTTCGATAAGAGCGAACGGTAT

TCTTACTATGTGCCTGACCGACACCAACTTTTTTTGTCATAGCTGTTTCCTGTGTGAAAT
(N18) GGCTCAATTATATCAACG
CCAGGTCTCACGCTTTATCTCTGGCGGTGTTGACACTGGAGCAC

GAACGCAGGCTTCTGTGATA

CCAGGTCTCACCAG AATAACCGGGCAGGCCAT
CCAGGTCTCAAGCTGTTTCCTGTGTGAAATTGT
CCAGGTCTCAAGCT GGCATGCATTTACGTTGACA
CCAGGTCTCACTGG TTATCGCACA CTATAGCTTG ATGTATT
TTTATCTCTTCAAATGTAGCACCT
ATGGTGAACATGATGCCGACA

&: 010-64807509
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Fig. 4 Certification of single gene plasmid construction by PCR. (A) M: Trans 2000 plus Il; 1: Backbone. (B) M:
Trans 2000 plus; 1: mvaE; 2: mvaS; 3: mvaK1; 4: mvaK2; 5: mvaD. (C) M: Trans 2000 plus I1; 1: idi; 2: ispA; 3: crtE.

22 BEEAEREMEMLARTENEZNT

W BrAL A PRI R ORI AT MVA iR 4%
) LYCL103 FHANLLR AR, A I 4 A=
AL ZE T 0, K eah R W 5 iR ;1 #3K5 mvas
FeARELZ ™ A A M 2 B S R AIG, 430
LYC103 ) 51%7F1 62%; 1 #ik mvaE &4l & =
TR, A M A — BRI, BRI MRS
FERIK MVA B IRITN L, ATRESf MVA

A

Relative lycopene production (mg/L)

sRelative lycopene production (mg/L) =OD,

ElS5 HREBEFEMHRMBEMLRTE

WA R, 2
A A A K
JRokL ik F ik ispA, crtE, mvaK1l, idi f1 mvaD
HHE, FEMLARERANTT LYCL03 fKik 4
T 13.5%. 16.5%. 17.95%. 33.7%7%1 61.1%.,
WA pSCLO3-idi ST A 7 90 2125 B4 i 7 v A
=, M 32.95 mg/g 34N %) 53.52 mg/g DCW, J&Xi
METEARAY 1.63 5. SCERIRIE KBTS A MVA

P AUESIE NN

. 60

%

2 50

ah

4

s 0

= 30

o

5 20

[=]

[P

g 10

@

ey

S & O N <& >
{Sp &'\‘} C\Q 4’9 R ‘,@Qv “),d{\ &“}Q Q“:\b
& VT O
o O QLY
& & O FT SN
T 9 MO S I
SR SO IS O SR e
L © FFTEF O
VN
< &S <

= Lycopene yield (mg/g DCW)

Fig. 5 Lycopene production by strains with single gene plasmids.
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