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Modulating expression of key genes within B-carotene
synthetic pathway in recombinant Escherichia coli with
RBS library to improve pB-carotene production

1,2,3
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Abstract: [(-carotene belongs to carotenoids family, widely applied in pharmaceuticals, neutraceuticals, cosmetics and
food industries. In this study, three key genes (dxs, idi, and crt operon) within B-carotene synthetic pathway in recombinant
Escherichia coli strain CAR005 were modulated with RBS Library to improve f-carotene production. There were 7%, 11%
and 17% increase of B-carotene yield respectively after modulating dxs, idi and crt operon genes with RBS Library,
demonstrating that modulating gene expression with regulatory parts libraries would have more opportunities to obtain
optimal production of target compound. Combined modulation of crt operon, dxs and idi genes led to 35% increase of
B-carotene yield compared to parent strain CARO005. The optimal gene expression strength identified in single gene
modulation would not be the optimal strength when used in combined modulation. Our study provides a new strategy for

improving production of target compound through modulation of gene expression.

Keywords: f-carotene, RBS library, modulation of gene expression, Escherichia coli
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Table 1 Strains used in this study

Relative characteristics Sources
Strains
M1-93 ATCC 8739, FRT-Km-FRT::M1-93::lacZ [24]
dxs15 CARO005, RBSL15::dxs This work
Idil0 CARO005, RBSL10::idi This work
crtE3 CARO005, RBSL3::crtE This work
crtE3-dxs3 crtE3, RBSL3::dxs This work
crtE3-dxs3-idi20 crtE3-dxs3, RBSL20::idi This work
Plasmids
pKD46 blay 8 exo (Red recombinase), temperature-conditional replicon [25]
pXZ-CS bla; cat-sacB cassette [26]
1.2 7% RBS
1.2.1 FRT [24]
LB 10 g ATG cat-sacB
5¢g 5¢g cat-sacB
100 34 pg/mL LB RBS DNA RBS
1.5% DNA M1-93
10 g DNA PCR
58 10% 50 bp M1-93
1.5% 20 bp
-80 C LB 50 bp (
15 mmx100 mm ( 4mLLB ) +1 +50 ) RBS
37 'C 250 r/min 24 h 1% (CAGGAGRNNNNNN) M1-93
100 mL ( 10mLLB ) 21 bp 1
30 C 250 r/min 24 h LB
B-
1.2.2 RBS B- sacB
cat-sacB

[21-23]
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Fig. 1 Modulation of gene expression with RBS library by the two-step recombination method. (A) The first
recombination step. (B) The second recombination step.
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Table 2 Primers used in this work

Primers Sequences (5'-3")

Modulation of dxs gene with RBS library
ACTACATCATCCAGCGTAATAAATAAACAATAAGTATTAATAGGCCCCTG

dxs-cat-F TGTGACGGAAGATCACTTCGCA

ccatR GTGGAGTCGACCAGTGCCAGGGTCGGGTATTTGGCAATATCAAAACTCAT
TTATTTGTTAACTGTTAATTGTCCT

P ACTACATCATCCAGCGTAATAAATAAACAATAAGTATTAATAGGCCCCTG

TTATCTCTGGCGGTGTTGAC
GTGGAGTCGACCAGTGCCAGGGTCGGGTATTTGGCAATATCAAAACTCATNNNN
NNYCTCCTGGTTTAAACGTACATG

dxs-RBSL-down

cat-up ATGAAACCGCTGATTGCATCTA
p-yanzheng TTATCTCTGGCGGTGTTGAC
dxs-381-down GATGGAGGTTGATGAATGC

Modulation of idi gene with RBS library
TCACTTGGTTAATCATTTCACTCTTCAATTATCTATAATGATGAGTGATC

idi-cat-F
TGTGACGGAAGATCACTTCGCA

idiscat-R CCCGTGGGAACTCCCTGTGCATTCAATAAAATGACGTGTTCCGTTTGCAT
TTATTTGTTAACTGTTAATTGTCCTTG

eFmions TCACTTGGTTAATCATTTCACTCTTCAATTATCTATAATGATGAGTGATC
TTATCTCTGGCGGTGTTGAC

idi-RBSL-down CCCGTGGGAACTCCCTGTGCATTCAATAAAATGACGTGTTCCGTTTGCATNNNN
NNYCTCCTGGTTTAAACGTACATG

idi-483-down CGTGGCATCAATACCGTGTA

Modulation of crt operon with RBS library
ATTAAATTTGAAATTTTGTAAAATATTTTTAGTAGCTTAAATGTGATTCATGTG

1dhA-cat-F ACGGAAGATCACTTCGCA

rE-cat R GCATCGCTGTGTATGAAATTGACGTGTTGTTCTGCACAGACCGTCATCAT
TTATTTGTTAACTGTTAATTGTCCTTG

dhAnun-p TTCAATTAAATTTGAAATTTTGTAAAATATTTTTAGTAGCTTAAATGTGATT

CATTATCTCTGGCGGTGTTGAC
GCATCGCTGTGTATGAAATTGACGTGTTGTTCTGCACAGACCGTCATCAT
NNNNNNYCTCCTGGTTTAAACGTACATG

crtE-RBSL-down

crtE-340-down CGACATGTTCACCATACTG
dxs RBS dxsl5 PCR
30 DNA crtE3
crtE3-dxsl crtE3-dxs2 ... crtE3-dxs30 dxs
B- crtE3-dxs15A B-
dxs-up-p/dxs-381-down (  2)  dxs RBS crt dxs
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Fig. 2 Relative B-carotene production by E. coli strains after modulating dxs, idi and crt operon of strain CAR005

with RBS libraries. B-carotene yield was compared to parent strain CARO00S. (A) Modulating dxs gene. (B)
Modulating idi gene. (C) Modulating crt operon.
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3 RFEMUHEEEE dxs. idi 1 crt £ FE &Y RBS F5I

Table 3 RBS sequence of dxs, idi and crt genes of representative strains

Strains Gene Sequence?

dxsl5 dxs CAGGAGGGTAGACATG
idil0 idi CAGGAGGTACATAATG
crtE3 crtE CAGGAGGAACGGCATG
crtE3-dxs3 dxs CAGGAGACACTGTATG
crtE3-dxs3-idi20 idi CAGGAGACTGAAGATG

* The RBS sequences are underlined.
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Fig. 3 Relative B-carotene yield after combined modulation of c¢rt operon and dxs genes expression.
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Fig. 4 Relative B-carotene yield after combined modulation of crt operon, dxs and idi genes expression.
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and the error bars represented standard deviation.
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