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Improving B-carotene production in Escherichia coli by
metabolic engineering of glycerol utilization pathway
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Abstract:  Glycerol is a byproduct during biodiesel production. It is an important feedstock for fermentation due to its low
price and high reduced status. Multiple genes of the glycerol utilization pathway were modulated in a previously engineered
high B-carotene producing Escherichia coli strain CARO15 to enhance glycerol utilization capability for improving
isoprenoids production. The glpR gene, encoding glycerol 3-phosphate repressor, was firstly deleted. The glpFK, glpD and
tpiA genes were then modulated by three artificial regulatory parts, M1-37, M1-46 and M1-93, respectively. B-carotene titer
reached 64.82 mg/L after modulating glpD with M1-46, which was 4.86 times higher than that of CARO15, and glycerol
consumption rate also increased 100%. Modulating #pid led to a little increase of B-carotene titer, whereas modulating
gIpFK led to a little decrease of B-carotene titer. This demonstrated that GlpD was a rate-limiting step in glycerol utilization
pathway. Q-PCR of glpF, gipK, glpD and tpiA results showed that decrease the transcription level of glpF, gipK, glpD, or
decrease the transcription level of #pid could increase the cell growth and B-carotene production, probably for the decrease
of methylglyoxal toxicity. Modulating glpD and #pid genes in combination resulted in the best strain Gly003, which produced
72.45 mg/L B-carotene with a yield of 18.65 mg/g dry cell weight. The titer was 5.23 and yield 1.99 times of that of the parent
strain CARO15. Our work suggested that appropriate activation of glpD and #pid genes in glycerol utilization pathway could
effectively improve B-carotene production. This strategy can be used for production of other terpenoids in E. coli.

Keywords: B-carotene, terpenoids, glycerol metabolism, Escherichia coli

B_
A [4-5]

[1-2] B- [4-7]

(MVA )3l

3] B-
Alper

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



gdhA aceE talB gdhA aceE  fdhF

gdhA
aceE  fdhF 37%® Farmer
pps PEP P3G
B1" Choi pfkA pgi fbaA
tpid icdA mdh
fbaA tpid mdh gdhA  gpmB
mdh  pps
283 mg/L"'" Zhao
ATP
B-
sucAB sdhAB  talB B-
64%""
MEP
[12]
[13]
[14]
Kim
6
31 Lee LB 2xYT
TB MR
[16]
1,3-

B 010-64807509

[12]

[17]

[18]

GlpF (gipF )

19
( 1)[ ]
GlpK ATP
Gly
\ glpF
Gly Glu
ATP> l glpk
ADP -P-
Sa-Gly 6-P-Glu
ubiquinone) i glpD ngi
ubiquinol ©
DHAP 6-P-Fru

i pid fhag l pfkd
G-3P <«—— 1,6-P-Fru

NAD*) l gapA
NADH
1,3-DPG

ADP k oo

P& —

atp 2 4 PXP g™ MPC
3-PG !

| gpm \

2-PG

ppe | eno IPP <—> DMAPP
TCA <— PEP ;
ATP) l kA |
ADP v
Pyr B-carotene
1
.

Fig. 1 Construction of terpenoid synthetic pathway in
E. coli by integrating heterologous gene.
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SuperMix DNA
RNA (RNeasy mini kit Cat
No 74104) Qiagen PrimeSTAR™ HS
DNA DNase I (Recombinant DNase [
RNase-free Cat No 2270 A)
( ) Gold View I
Phusion TM
DNA NEB RevertAid
Premium First Strand ¢cDNA Synthesis Kit
Thermo Scientific
Sigma (Cat. No. C4582)
1.1.2
Shimadzu UV-2550
spectrophotometer (Shimadzu Kyoto Japan)

PCR Eppendorf Mastercycler gradient
Alphalmager HP
MicroPulser Eppendorf 5415D

Thermo Sorvall Evolution RC

Agilent Technologies Series

1200 PCR CFX connect' "
Real-Time system(Bio-Rad Hercules USA)
1.1.3
1
1.2
1.2.1
LB 1L 10g
5g 5¢g
100 34
50 ug/mL LB 1.5%
LB+2 1L 10 g
5g S5g 20 mL
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Table 1 Strains and plasmids used in this study
Strain names Relative characteristics Sources
M1-37 ATCC 8739, FRT-Km-FRT::M1-37::lacZ [21]
M1-46 ATCC 8739, FRT-Km-FRT::M1-46::lacZ [21]
M1-93 ATCC 8739, FRT-Km-FRT::M1-93::lacZ [21]
CAROIS5 ATCC 8739,ldhA::M1-93::crtEXYIB, M1-37::dxs, M1-46::idi M]1-46::sucAB [20]
M1-46::5dhABCD, M1-46::talB, mRSL-4:: ispG, mRSL-14:: ispH
Gly001 CARO15,AglpR This work
glpD-M1-37 Gly001, FRT-Km-FRT::M1-37::glpD This work
glpD-M1-46 Gly001, FRT-Km-FRT::M1-46::glpD This work
glpD-M1-93 Gly001, FRT-Km-FRT::M1-93::gipD This work
glpF-M1-37 Gly001, FRT-Km-FRT::M1-37::glpFK This work
glpF-M1-46 Gly001, FRT-Km-FRT::M1-46::glpFK This work
glpF-M1-93 Gly001, FRT-Km-FRT::M1-93::glpFK This work
tpiA-M1-37 Gly001, FRT-Km-FRT::M1-37::tpiA This work
tpiA -M1-46 Gly001, FRT-Km-FRT::M1-46::tpiA4 This work
tpiA -M1-93 Gly001, FRT-Km-FRT::M1-93::1piA This work
Gly002 Gly001, M1-46::gipD This work
Gly002,glpF-M1-37  Gly002, M1-37::glpFK This work
Gly002,glpF-M1-46  Gly002, M1-46::glpFK This work
Gly002,glpF-M1-93  Gly002, M1-93::glpFK This work
Gly002,tpiA-M1-37  Gly002, M1-37::1piAd This work
Gly002,tpiA-M1-46  Gly002, M1-46::tpid This work
Gly002,tpiA-M1-93  Gly002, M1-93::tpid This work
Gly003 Gly002, M1-46::tpiAd This work
Plasmids
pXZ-CS bla; cat-sacB cassette [22]
pKD46 blayp exo (Red recombinase), temperature-conditional [23]
1L 10 g 24 h B-
5g 10 g B- 500 pL
1.5% 13 000 r/min 5 min
1.2.2 B- I mL 55
—80 LB 15 min 14 000 r/min
15 mmx100 mm ( 10 min B-
4mLLB ) 37 250 r/min 24 h B-
1% 100 mL ( 10 mL B- (241 VWD
LB+2% 30 250 r/min Symmetry Cig (250 mmx4.6 mm 5 pm)
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21 21 98
1.0 mL/min 25 min 30
450 nm 3
3
Sigma B- HPLC
1 mL 10
13 000 r/min 5 min
[24] VWD
HPX-87H 5 mmol/L H,SO,4
0.5 mL/min 30 min 35 I
3 3
1.2.3
[26-27]
[11]
[28]
[11-22]
3 M1-37 M1-46 M1-93
3 glpD  glpFK tpiA
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lacZ
M1-93

Ml1-46 M1-37
1.7 25 5 20
gene-FRT-up/gene-RBS-down
glpD
glpD-FRT-up/glpD-RBS-down ( 2
M1-37 M1-46 M1-93 DNA
DNA pKD46
Gly001 50 pg/mL
LB

Kan-F/glpD-373-I-r 2)[21-28]

PCR  (
glpFK
tpiAd 2
1.2.4

catsacB

catsacB
2
pKD46  CARO15
glpR-catsacB

cat-up/glpR-300-O-R

gIpR

glpR-catsacB
[22]

pXZ-CZ
glpR-cat-up/glpR-cat-down
( 2 ( 27
glpR-Deletion DNA
ATCC 8739
glpR-D-up/glpR-300-O-R

glpR-catsacB
glpR-Deletion

glpR-D-up glpR
ATG 50 bp 20 bp  glpR
TAA 20 bp glpR-300-O-R



gIpR 300 bp [11,28-29]
PCR LB LB
glpR 50 bp 300 bp
( glpR-400-O-F/glpR-300-O-R PCR
2B) LB glpR Gly001
sacB [11]
glpF  glpD  tpid 2
cat-sacB 1
glpR-cat-up glpR-cat-down
| cat-sacB > pXZ-CS
@ PCR
‘ glpR-up | cat-sacB } glpR-down ‘ glpR-cat-sacB
;M glpR-up | gIpR } glpR-down % Recombinant E. coli
chromosome
@ Recombination
% glpR-up | cat-sacB } glpR-down % Gene-cat-sacB
B
glpR-D-up  glpR-300-O-R
Recombinant E. coli
% glpR-up ‘ glpR ) glpR-down F\/—/ chromosome
@ PCR
’ glpR-up ’ glpR-down ‘
% \
% glpR-up ‘ cat-sacB } glpR-down & gene-cat-sacB
@ Recombination
;__M glpR-up | glpR-down K_—leyOOl
2 A B )

Fig. 2 Modulation of gene deletion by the two-step recombination method. (A) The first recombination step. (B) The

second recombination step.
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2

Table 2 Primers used in this work

Primers

Sequences (5'-3")

Deletion of g/lpR gene
glpR-cat-up

glpR-cat-down
glpR-D-up

glpR-400-O-F
glpR-300-O-R

Modulation of glpD gene

glpD-FRT-up
glpD-RBS-down
glpD-cat-up
glpD-cat-down
glpD-P-up

glpD-373-I-r

CACAACGTCACAACGGTATTATCGAACTGGTTAAACAGCAGGGTTATGTC
TGTGACGGAAGATCACTTCGCA
GACCTGGGAAGCATTGCAGGATCAGCACAGCTCCAGTTGAATATGGTGGTTTATTTGT
TAACTGTTAATTGTCCT
CACAACGTCACAACGGTATTATCGAACTGGTTAAACAGCAGGGTTATGTC
ACCACCATATTCAACTGGAGC

TTCTCGCTGATGCATATCCT
ACTCTGGACGTGGTTGAAGA

GCACAGTTTACGTCGAAGCGGCAGATAAACGCCATAATGTTATACATATC
GTGTAGGCTGGAGCTGCTTC
CCAGCACCATTGATGCCGCCCCCTATCACAATCAGATCTTTGGTTTCCATAGCTGTTTC
CTGGTT

GCACAGTTTACGTCGAAGCGGCAGATAAACGCCATAATGTTATACATATC
TGTGACGGAAGATCACTTCGCA
CCAGCACCATTGATGCCGCCCCCTATCACAATCAGATCTTTGGTTTCCATTTATTTGTTA
ACTGTTAATTGTCCT
GCACAGTTTACGTCGAAGCGGCAGATAAACGCCATAATGTTATACATATC
TTATCTCTGGCGGTGTTGAC

AACGCAAACCAGTTGATCC

Modulation of g/pFK gene

glpF-FRT-up
glpF-RBS-down
glpF-cat-up
glpF-cat-down
glpF-P-up

glpF-490-0O-f
glpF-461-r

Modulation of tpid gene
tpiA-FRT-up

tpiA-RBS-down
tpiA-cat-up

tpiA-cat-down

AGTTAGCTCCGATTGTATGAAGCCGCGCCATCGCTGTCCAGCGGCACGCCGTGTAGGC
TGGAGCTGCTTC
CCGAGGAATTCAGCAATGCACTGGCCTTTCAAGGTTGATGTTTGACTCATAGCTGTTT
CCTGGTT
AGTTAGCTCCGATTGTATGAAGCCGCGCCATCGCTGTCCAGCGGCACGCCTGTGACGG
AAGATCACTTCGCA
CCGAGGAATTCAGCAATGCACTGGCCTTTCAAGGTTGATGTTTGACTCATTTATTTGTT
AACTGTTAATTGTCCT
AGTTAGCTCCGATTGTATGAAGCCGCGCCATCGCTGTCCAGCGGCACGCCTTATCTCT
GGCGGTGTTGAC

GATGGTATCAATCGCCTGCT
TGTGATGAGTCTGCTCGAAGT

CGATTAAGCTGGCGCTATCTGAATCGCTTGAAGGTTTGAATAAATGACAAGTGTAGGC
TGGAGCTGCTTC
TGGCGGCTGCCGTTCAGTTTCCAGTTACCCATCACTAAAGGATGTCGCATAGCTGTTT
CCTGGTT
CGATTAAGCTGGCGCTATCTGAATCGCTTGAAGGTTTGAATAAATGACAATGTGACGG
AAGATCACTTCGCA
TGGCGGCTGCCGTTCAGTTTCCAGTTACCCATCACTAAAGGATGTCGCAT
TTATTTGTTAACTGTTAATTGTCCT

http://journals.im.ac.cn/cjben
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tpiA-P-up

CGATTAAGCTGGCGCTATCTGAATCGCTTGAAGGTTTGAATAAATGACAATTATCTCTG
GCGGTGTTGAC

tpiA-322-r GTTCGTCAGACTCTTTGTGG
Primers for Q-PCR
16S-797-f CTGGTAGTCCACGCCGTAAA
16S-963-r CGAATTAAACCACATGCTCCAC
GlpF-443-Q-f CTTTCGCAGTTGAGATGGTGA
GlpF-573-Q-r GCCAATGACCGCAATCAGTA
GlpK-547-Q-f GATTACACCAACGCCTCTCGT
GlpK-700-Q-r CTTTGCCGCCAATGTTAGTCT
TpiA-415-Q-f ACTGAAGAAGTTTGCGCACG
TpiA-583-Q-r CGATGTGGTCACGGATGAA
Universal primers for verification
Kan-F CCGTGATATTGCTGAAGAG
cat-up ATGAAACCGCTGATTGCATCTA
P-up TTATCTCTGGCGGTGTTGAC
1.2.5
PCR (Q-PCR) CARO15 glpR
(3
3 mL LB 3 glpR-400-O-F/
1% 30 5h glpR-300-O-R PCR CARO15
RNA 1 500 bp gIpR
RNA RNA DNase I 700 bp
DNA RevertAid Premium First Gly001
Strand ¢cDNA Synthesis Kit cDNA
bp
Q-PCR Q-PCR 16S rRNA
9-AACH Q-PCR
2 5000
3 000 1500 bp
2 1000 700 bp
500
2.1 glpR 300
GIpR
[30-33]
GIoR bR 3 glpR PCR
p 8P Fig. 3 PCR verification of strain CARO15 and Gly001.
GIpR M: DNA marker trans2K plus; 1: CARO015; 2: Gly001.
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0.6 Ml1-46 M1-93 glpK
1.2 4.6
glpFK
glpFK B-
glpFK p-
M1-37 M1-93 glpD
1.75  5.28 ( 6) Ml-46
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