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| mproving p-carotene production in Escherichia coli by
modularized regulation of the membrane synthetic pathway
and mor phology engineering

Tao Wu?, Bolin Zhang*, and Changhao Bi?

1 College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083, China

2 Key Laboratory of Systems Microbial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China

Abstract: Carotenoids are a class of terpenes of commercial interest and exert important biological functions. Engineering
morphological and biosynthetic aspects of Escherichia coli cell membrane could improve its storage capacity for B-carotene.
However, how the synthesis of phosphatidylethanolamine, the major component of the cell membrane, was not discussed in
detail. In this work, the synthesis of phosphatidylethanolamine was divided into three modules to discuss their synergetic
effect, by expressing in different combinations. Overexpressing the upstream module 1 in CARO016 caused a 30.5% increase of
[-carotene specific production (from 10.1 mg/g to 13.7 mg/g DCW); combined overexpressing module 1 and module 2 in
CARO16 led to a 122% increase of B-carotene specific production (from 10.5 mg/g to 22.3 mg/g DCW). The optimal
expression combination of the phosphatidylethanolamine synthetic pathway was obtained, which further increased the content
of the cell membrane for B-carotene storage, and improved its production. The membrane engineering strategy opens up a new
direction for engineering microbial producers for alarge spectrum of hydrophobic molecules.

Keywords: p-carotene, terpenoids, membrane synthetic pathway, Escherichia coli

B- (B-carotene)
A 40% Kang ™ shot-gun
dxs appY crl rpoS
dxs appY
[1-2] B- 7
Zhao 4 ATP
B- NADPH B-
64%
[3] 20
B-
[4-5] B-
2- -D- (Zeaxanthin) (Canthaxanthin) B-
-4- (MEP  )iE8 MVA
(5111 IPP DMAPP
Alper 12
[15]
(Phospholipid) (Protein)

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



K S/ARESREEERMBESHSHERSKEITE p-82 MENRRSFE 705

70%6-80% 1 AR5

(Phosphatidylethanolamines) 15%—20%

(Phosphatidylglycerols) 5% ii L (Zha
(Cardiolipin) [16] o
(
)
Axygen SanPrep PCR
N ()
Trans 2K Plus DNA marker EasyTaq PCR
- (17 SuperMix DNA
Prime STAR™ HS DNA
b ( ) Golden View I
Phusion TM
3 DNA NEB B-
Sigma
1) g
112
Shimadzu UV-2550
CARO016 B- .
spectrophotometer (Shimadzu Kyoto Japan) PCR
Eppendorf Mastercycler gradient
Malonyl-CoA
Alphalmager HP
T Modde MicroPul Eppendorf 5415D
Glycerol-3-P  Acyl-ACP Icrorulser ppendorf 5415
—_ Thermo Sorvall Evolution RC
lp[sb i . . .
Acylglycerol | Module 2 Agilent Technologies Series1200
iplsc 113
Diacylglycerol-3-P 1
| Jedsa FOVOTOuo
CDP-Diacylglycerolé B-carotene 1.2 7/
lpssa Module 3 121
3-0O-phosphatidyl-L-s¢rine
A \psd LB 1L 109
L-1-phosphatidylethanolamine 5¢9 10 g
Cell membrane synthetic way 34 50 pg/mL LB
. o , L . 1.5%
1 BRIENUERME (MEMIERNERERS
LB+2% 1L 10g

AL, . T 3 MEHR (modulel-moduleld), FERE
HiE A B S MRIAA S R HITHER) 59 59 20 mL
Fig. 1  General illustration of our research. The 1.2.2 B-

synthesis of phosphatidylethanolamine was divided into i

three modules and expressed in different combinations to —80 C LB

discuss their synergetic effect on CAR016. 15 mmx100 mm (

& 010-64807509 < cjb@im.ac.cn



706

ISSN 1000-3061 CN 11-1998/Q

Chin J Biotech

4mL LB ) 37 °C 250r/min 24 h (DCW)
1% 100 mL ( 1 ODggo = 0.323 g DCW/L
+ 0, ° i s = N [ S S
1omL LB+2% ) 30C 2500min 3 ppem z B BRSNS A
48 h B-
p- 1 mL 3.75 mL /
16 200xg 3min 1mL /12 mol/L HCl (2:4:01 VIV)
55°C 15 min 1.25 mL 30s 1.25 mL
16 200xg 10 min B- 30s 5 000xg
p- 10 min
[8] Ep
VWD Symmetry C18 HPLC [18]
(250 mmx4.6 mm 5 pum) ELSD Si-60
(21:21:8) 1.0 mL/min - 1% (495:495:1)
30 min 30 C 453 nm 30°C 1.0 mL/min 20 min
3 3 3 3
Sigma B- Sigma
HPLC HPLC
*x1 AMRETAEKS R
Tablel Strainsand plasmidsused in thiswork
Stral ns_and Relative characteristics Resources
plasmids
Strains
CARO005 ATCC 8739, M1-37::dxs, M1-46::idi [14]
M1-93::Crt, M1-46::SucAB, M1-46::sdh, M1-46::talB
CARO015 CAROQ05, ispG-mRSL-4, ispH-mRSL-14 Lab
collection
CARO016 CARO015, M1-37::Almgs [17]
CAR025-37Almgs  CAR025, M1-37::Almgs [17]
Plasmids
pACY C184-M cat; replace tet with lacl and Ptrc of pTrc99A-M [14]
pTrc99A-M bla; Pac I , Spe I and Nde I site put in front of lac I gene, and Pac 1 site put after [14]
rrnB T2 transcriptional terminator
pModulel Ptrc-99A-M with Ptrc controlled Fas This work
pModule2 pACY C184-M with Ptrc controlled plsb and plsc This work
pModule3 pACY C184-M with Ptrc controlled cdsa, pssa This work

and psd
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production of strain CAR016. ***P<0.001.
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Fig. 4 The random combination effect of moudule 1,

module 2 and module 3 on B-carotene production of
CARO016. ***P<0.001; **P<0.01.
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(P<0.001)
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Table2 Thecontent of phosphatidyl ethanolamine
in different modulation

Phosphatidyl
Strains ethanolamine value
(mg/mL)

CARO016 0.19+0.03
CARO016 (pModulel, pModule2) 0.54+0.06
CARO016 (pModulel, pModule2, 0.49+0.03
pModul e3)

CARO016 (pModule2) 0.38+0.02
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