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Abstract: Biosynthesis of fatty acid ethyl ester (FAEE) by genetically engineered Escherichia coli has attracted extensive
attentions from scientific community. In this study, we evaluated the effects of thioesterase with different origins on FAEE
production and the results show that Cc FatBI from Cinnamomum camphorum is better than tesA’ from E. coli for FAEE
production. Then, the optimized FAEE-producing strain KC4, with 21.4 mg/(L-OD¢y) FAEE production under flask
condition and 31.16 mg/(L'ODgg) under 5 L fermentation condition, was constructed by co-expression of Cc FatBI and
tesA’. Compared with the reported FAEE-producing strain KC3, KC4 possesses the higher FAEE productivity.
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pAL124 pXL49!! pKC3  Sal /Sph
Xba Spe 1.2 kb Cc FatB1 pKC6 pKC7
pBAD33 Xba pKC9-up pKC9-down A
5.4 kb pKC7 pMD18-T pKC9
pET21b-accBCDA accBCDA 1.3
accB accC accD accA PCR 1.3.1
Xba /Spe LB [16]
pMSDI15  Xba pKC3 (25 mg/L 25 mg/L
Cc FatBl Xba /Spe 17 mg/L ) (2%
pXL49 pKC3 vy 1% wvy 1% W)
Xba pKC4 Pgap
Cc FatBl tesA’ accBCDA Na,S04 0.2 g,
10 QMSo.0 & NICH OB & IO, Lo
Peap Ce FatBl pKC9 MgS0,-7H,0 0.05 g, VBI 0.001 g, 2 mL
1
Table 1 Strains, plasmids and primers used in this study
Strain/plasmid Genotype® Source/reference

Mutant strains
Escherichia coli DH5a

E. coli BL21 (DE3)

KC2
KC3
YL3
YL4
KC4
KC6
KC7
Plasmids
pMSD8
pMSD15
pXT11
pSai328
pSai329
pAL96
pALI123
pALI124
pKC3
pKC4
pKC6
pKC7
pXL49
pKC9
Primers
chTE-up
chTE-down
pKC9-down
pKC9-up

F endAl thi-1 recAl relAl gyrA96 deoR phoA supE44 ®80d/lacZAMI15 A
(lacZYA-argF) U169 hsdR17 (rg my'), A

F ompT hsdSy (rz” mp") gal (A ¢ I 857 ind1 Sam7 nin5 lacUVS-T7 genel) dem
(DE3)

E. coli BL21 (DE3) (AfadE)

This laboratory

[11]
(7]

E. coli BL21 (DE3) (AfadE) (pMSD8 pMSD15 pXT11) [7]

E. coli BL21 (DE3) (AfadE) (pMSD8 pAL123 pXT11) This work
E. coli BL21 (DE3) (AfadE) (pMSDS8 pAL124 pXT11) This work
E. coli BL21 (DE3) (AfadE) (pKC4 pXT11) This work
E. coli BL21 (DE3) (AfadE) (pMSD8 pKC6 pXT11) This work
E. coli BL21 (DE3) (AfadE) (pMSD8 pKC7 pXT11) This work

pSC101P r7-accBCDA Carb”

plSA PBAD-tESA "Cm”

ColE1 Prs-atfA-fadD-pdc-adh Kan"
p15A Pyc-ucfatbl Amp'

p15A Py.-chfath2 Amp'

ColE1 Py Cm"

ColE1 Py-ucfatbl Cm'

ColE1 Py -chfatb2 Cm'

[11]

[11]

[7]

Dr. Xinyao Liu
Dr. Xinyao Liu
This laboratory
This laboratory
This laboratory

p15A Pgap-accBCDA-tesA’ Cm" This work
p15A Pgap-Cc FatBlI -accBCDA-tesA’ Cm" This work
p15A Pgap-Cc FatBI- Pgap -accBCDA-tesA’ Cm" This work
p15A Pgap- Cc FatBl Cm” This work
ColE1 Pgap- Cc FatB1 Kan” This work
ColEl Pgap- Cc FatBl Amp” This work
Primer sequence (5'-3")

AACTGGAGAATTTCGTCGAGTCCC This work
CCAAGCTTAAGTCCCCCAGTATTGG This work
GCATGCTTAAACGCTGGACTCAGCCGGAATT This work
GTCGACCCGCTTATTAAAAGCATTCTGTAAC This work

*Ppap , Piec and P 17 represent s the araBAD, trc and T7 promoter, respectively; ColE1, pl5A and pSC101 represent the replicons of ColE1,
pl5A and pSC10, respectively; Amp”: Ampicillin resistance; Cm": Chloromycetin resistance; Kan: Kanamycin resistance.

cjb@im.ac.cn
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3 mL (CaCl, 0.05 g/L, ZnSO47H,0 0.018 g/L,
MnSO4H,O 0.01 g/L, Na,-EDTA 1 g/L, FeCl; 0.8
g/L, CuSO,5H,0 0.016 g/L, CoCl,'6H,0 0.018 g/L)

7% 0.2%
MgSO,7H,O  0.1% (NH4),SO4
7%
132
LB
30 10 mL LB
200 r/min 30
12 h 5 000 r/min 1 min
150 mL LB
200 r/min 30 12h 250 mL
50 mL LB el 5g/L
ODgyy  1.5~2
0.4% Pgap
lh 0.5 mmol/L -B-D-
(IPTG) T7
1.3.3
5L (Biostat Bplus Sartorius) 3L
2mol/LHClI  5mol/LNaOH pH
7.5 (200~600 r/min)
20% 2 L/min
ODgyy 5~6 0.3 g/(L°h)
ODsoo 8~

5% (VIV)

10 0.4%
pMSD15 pKC3 pKC4 1h
0.5 mmol/L IPTG pMSD8

pXTl11 (~20 mL) -80

1.4
(7

15
5 mL 50 mL

1 mL 20 pg
20 mL
(1rn 3 000 r/min 5 min
2 mL

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

0.4 mol/L KOH-CH;OH 60 1h
4 mL HCL:CH;O0H=1:9 (V/V) 60
20 min 1~2 mL

3 mL NaCl

2
2.1
pMSD15
pAL123 pAL124  pKC7 BL21
(DE3) (AfadE) (pMSD8 pXT11)
KC3 YL3 YL4 KC7( 1)
1
KC7 KC3
KC7
KC3 17% Cl4
1 YL3 YL4
WS/DGAT
tesA’ KC3
16 18
WS/DGAT
Cc FatB1 KC7
93 mg/L
za
=&
S3
0
QQ’ Q\VQ\&.\ Q\‘OC)\.,\ Q\q’ Q\%’:Q&Y&
Fatty acid ethyl esters
1 KC3 YL3 YL4 KC7

Fig. 1 Production of FAEEs with the mutant strains KC3,
YL3, YL4 and KC7.
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Cc FatBl tesA’ accBCDA

pKC4 pKC6 pKC4 3
Pgap pKC6
Pgap Cc FatBl Pgap
tesA’ accBCDA
pKC4 pKCo6 BL21 (DE3) (AfadE)
(pXT11) Cc FatBl tesA’
KC4 KC6
KC3 KC7
Cc FatBl KC7
tesA’ KC3
KC4 KC3
KC4 (
) 898 mg/L KC3
1 KC4 KCé6 KC4
43%
2
KC4
Yraegop  21.4 mg/ (L'ODgyy) Cl4

29.4 mg/ (L'ODgoo) ( 2)

2.2 KC4
5L
KC4 FAEE KC3
20 g/L
0.3 g/(L'h) 7%
130g  KC3
3 KC4
35 h
237 g/ KC4 FAEE
KC3 76 h 433 mg/L
1.3
14 KC4

FAEE (Yrageon) KC3 1.4
31.16 mg/(L:ODgy)

ODgoo (DCW)

ODg¢y DCW DCW=0.495x0Dy

YFAEE/OD

(YFAEE/DCW) KC3

26.23 mg/g KC4
35

YvFAEE/DCW

Yragepew — 62.94 mg/g

(=}

u FAEE
u FA

—_— = N N W

SO Lo LS W

Yield of FAEE and FA
(mg/(L-ODqy))

& Q\w\ \bo@'\ & Q@;*&O&v\’
FAEE / FA from mutant strain KC4
2 KC4 (FA)
(FAEE)
Fig. 2 Production of free fatty acids and fatty ethyl
esters from mutant strains KC4 in flask fermentation.
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Fig. 3 Time-courses of cell growth (A), ethanol
accumulation (B), FAEE production (C), and yield
coefficient of FAEE production on biomass (D) under
glycerol feeding fed-batch of mutant strains KC4 and KC3.
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) KC3  KC4
KC4 433 mg/L
KC3
1.3 KC4 FAEE
31.16 mg/(L-ODgy) Y rarE/DCW
62.94 mg/g KC3
FAEE 1.4
KC3 KC4
REFERENCES

(1]

(2]

(3]

(4]

(3]

(6]

(7]

Tarabet L, Loubar K, Lounici MS, et al. Eucalyptus
biodiesel as an alternative to diesel fuel: preparation
and tests on DI diesel engine. J Biomed Biotechnol,
2012,2012: 235485.

Gullison RE, Frumhoff PC, Canadell JG, et al. Tropical
forests and climate policy. Science, 2007, 316(5827):
985-986.

Kerr, Richard A. Global warming is changing the world.

Science, 2007, 316(5822): 188—-190.

Campbell JE, Lobell DB, Genova RC, et al. The global
potential of bioenergy on abandoned agriculture lands.
Environ Sci Technol, 2008, 42(15): 5791-5794.

Réttig A, Wenning L, Broker D, et al. Fatty acid alkyl
esters: perspectives for production of alternative
biofuels. Appl Microbiol Biotechnol, 2010, 85(6):
1713-1733.

Kalscheuer R, Stolting T, Steinbiichel A. Microdiesel:
Escherichia coli
Microbiology, 2006, 152(Pt 9): 2529-2536.

DuanY, Zhu Z, Cai K, et al. De novo biosynthesis of

engineered for fuel production.

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

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

biodiesel by Escherichia coli in optimized Fed-Batch
cultivation. PLoS ONE, 2011, 6(5): €20265.

Yu KO, Jung J, Kim SW, et al. Synthesis of FAEEs
from glycerol in engineered Saccharomyces cerevisiae
using endogenously produced ethanol by heterologous
expression of an unspecific bacterial acyltransferase.
Biotechnol Bioeng, 2012, 109(1): 110-115.

Steen EJ, Kang Y, Bokinsky G, et al. Microbial
production of fatty-acid-derived fuels and chemicals
from plant biomass. Nature, 2010, 463(7280): 559-562.
Davis MS, Solbiati J, Cronan JE Jr. Overproduction of
acetyl-CoA carboxylase activity increases the rate of
fatty acid biosynthesis in Escherichia coli. ] Biol Chem,
2000, 275(37): 28593-28598.

Lu X, Vora H, Khosla C. Overproduction of free fatty
acids in E. coli: implications for biodiesel production.
Metab Eng, 2008, 10(6): 333-339.

Voelker TA, Davies HM. Alteration of the specificity
and regulation of fatty-acid synthesis of Escherichia
coli by expression of a plant medium-chain acyl-acyl
carrier protein thioesterase. J Bacteriol, 1994, 176(23):
7320-7327.

Dehesh K, Jones A, Knutzon DS, et al. Production of
high levels of 8:0 and 10:0 fatty acids in transgenic
canola by overexpression of Ch FatB2, a thioesterase
cDNA from Cuphea hookeriana. Plant J, 1996, 9(2):
167-172.

Yuan L, Voelker TA, Hawkins DJ. Modification of the
substrate-specificity of an acyl-acyl carrier protein
thioesterase by protein engineering. Proc Natl Acad Sci
USA, 1995, 92(23): 10639-10643.

Liu X, Sheng J, Curtiss R 3rd. Fatty acid production in
genetically modified Gyanobacteria. Proc Natl Acad Sci
USA, 2011, 108(17): 6899-6904.

Sambrook J, Fritsch EF, Maniatis T. Molecular Cloning:
A Laboratory Manual. New York: CSHL Press, 1989.

( )



