©
2016 2018

-CoA

Enh?ncement of malonyl-CoA biosynthesis for fatty acid production in Escherichia
coli
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In this study, we examined the effectiveness of CoA cofactor engineering in

the production of fatty acids using fatty acid synthase (Fas) following the conversion of
acetyl-CoA to malonyl-CoA using acetyl-CoA carboxylase (Acc) in recombinant Escherichia coli with
the intracellular CoA pool enlarged by pantothenate kinase (CoaA).

In the E. coli cells possessing CoaA, Acc, and Fas genes in plasmids, malonyl-CoA was the major CoA
molecular species in their CoA pools, and this transformant showed a 5.6-fold fatty acid production
increase over the control strain. Furthermore, exogenous Fas-dependent oleic acid production was
observed. It is thus suggested that E. coli cells with the intracellular CoA pool increased by CoaA
and Acc make possible production of exogenous fatty acid molecular species.
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(1) CoaA Acc Fas
P. putida CoaA PCR CoaA
pSTV-coaA pSTV-dtsR1-accBCE-coaA
Acc E. coli Acc accA accBC accD
Corynebacterium glutamicum Acc dtsR1 accBC acck E. cali
Acc JM109 PCR puUC118
pUC-accA pUC-accBC pUC-accD pUC-accAD pUC-accABC pUC-accBCD
pUC-accABCD C. glutamicum Acc
PCR pSTV28 pSTV-dtsR1-accBCE CoaA
pSTV-dtsR1-accBCE-coaA
Fas C. glutamicum FasA AcpS PCR
pQE-60 T5 pQE-fasA-acpS
E. coli IM109 DH5a -CoA

(2) CoaA coaA panB panC panD panE
E. coli DNA
DNA R4
R4 Sre DNA attP
DNA attB E. coli
JM109 DNA attB E. coli JB9 2 attP coaA
DNA Sre JB9
CcoaA DNA JB9-coaA 2 attB
panD-panB-panE-panC DNA panD
DNA JB9-coaA-panDBEC JB9-coaA-panD
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@ @ LB M9 M9

CoA CoA 5mM
IPTG 0.1 mM

100 pg/ml 25 pg/ml
M9 M9 2% 5mM

NaHCO: 1 mg/ml 40 pg/ml  FeSO47H0 800 pg/ml
AlK(SO4)2'12H,0 200 pg/ml  ZnCl, 10 pg/ml  CuCl, 10 ug/ml  MnMoO42H,O 20 pg/ml



MnSO4-5H,O 100 pg/ml  CoCl, 40 ug/ml HsBOs 5 pg/ml
LB 30°C 30ml 1% 30°C
37°C
4
Bligh-Dyer
3M HCI- 1ml
2ml
1ml
GC-2014FID SHIMADZU Stabilwax-DA
30m 0.32 mm
(5) CoA
3 06 M CoA -CoA
-CoA -CoA CoA
CoA -CoA -CoA
(6) CoaA
CoaA D-[4C]
91 uM D-[4C] 25mM ATP 10 mM MgCl, 50 mM TrisHClI pH7.5
40 ul 30C 1 4 ul
Whatman DES81
1% 95% 3ml  Ecoscinti H
4'-
)
SUGAR SH1011 8.0 x 300
mm HPLC
®
TEM
CoaA Acc FasA IM109/pQE-fasA-acpS +
pSTV-dtsR1-accBCE-coaA IJM109/pQE-60 + pSTV28 M9
48 ml
70 nm TEM JEM-1400Plus JEOL
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-CoA Acc -CoA CO; -CoA
E. coli Acc o-
AccA AccB
AccC B- AccD
AccC AccB COz AccA  AccD AccB  CO» -CoA
-CoA -CoA
E. coli Acc accA accBC
accD PCR puC118
Acc CoA P. putida
CoaA pSTV-CoaA
E. coli DH5a _ _ _
1 P.putida CoaA E.coli Acc E. coli DH5a
CoA
5 mM 2% CoaA CoA (pmol/mg of dry cell wt)
05% (A660) (nmol/min/mg) A-CoA M-CoA CoA CoA
Yeast extract M9 none 4.95 0.0784 nd? 7.35 6.51 12.9
coaA 6.26 0.316 24.3 18.9 70.0 113
1 coaA + accA 7.20 0.228 14.9 18.8 61.3 95.1
pSTV-coaA accA coaA + accBC 6.63 0.361 8.47 18.3 52.0 78.8
accBC  accABC s sz o3 010 e e e
accBCD coaA + accBCD  7.01 0.207 27.7 24.2 102 154
pSTV-coaA A-COA, -CoA; M-CoA, -CoA;  CoA, -CoA + -COA + COA.
coaA, pSTV-coaA.
accA, pUC-accA; accBC, pUC-accBC; accD, pUC-accD; accABC, pUC-accABC; accBCD,
UC-accBCD.
ACCD B ‘:)nd, not detected.
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accD CoA 5 -CoA 3
E. coli DH5a CoA 01 05
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E. coli
(2) Corynebacterium glutamicum -CoA
-CoA
Acc  Corynebacterium glutamicum JM109
-CoA Fas
C. glutamicum FasA
C. glutamicum  Acc E. coli Acc AccBC DtsR1 2
2 AccE PCR CoaA
pSTV28 dtsR1 accBC accE coaA
pSTV-dtsR1-accBCE-coaA C. glutamicum FasA
PCR DNA pQE-60 T5 fasA acpS
E. coli IM109
8
1 JIM109/pSTV28 + pQE-60 2 JIM109/ pSTV28 + pQE-fasA-acpS
3 JIM109/ pSTV-coaA + pQE-60 4 JM109/ pSTV-coaA + pQE-fasA-acpS
5 JIM109/ pSTV-dtsR1-accBCE + pQE-60
6 JM109/ pSTV-dtsR1-accBCE + pQE-fasA-acpS
7 JIM109/ pSTV-dtsR1-accBCE-coaA + pQE-60
8 JIM109/ pSTV-dtsR1-accBCE-coaA + pQE-fasA-acpS
1 8 M9 0.1mM IPTG
37°C 72 2
1 FasA 2 CoaA 3 CoaA  FasA
4 70 100 mg/L
2A
Acc 5 1
2.2 209 mg/L Acc
FasA 6 1 36
Acc 5 17 CoaA
Acc 7 1
31 Acc 5 14
CoaA
Acc FasA 8
1 5.6 Acc 5
2.6 Acc  FasA 6 15 o
CoaA Acc 7 18 541 ocwan
mg/L scino.
Acc o
5 8 _ w120
C16 1 Ag 1 2 3 4 5 6 7 8
8 ZB C 2 CoaA :cc FasA E. cBoIi JM109
glutamicum FasA C16:1A7 cis DTv-OnA + PARL80; 4. PETV-c0ah + PUE.fash acpS: 5,
C18:1 A9 D fasar g 7. TN, AL a0SENE coms + POL-60; 5,
P. putl da I I I pSTV-dtsR1-accBCE-coaA + pQE-fasA-acpsS.
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