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Abstract: In the aromatic amino acid biosynthetic pathway 3-dehydroshikimate (DHS) is a key intermediate. As a potent
antioxidant and important feedstock for producing a variety of important industrial chemicals, such as adipate and vanillin,
DHS is of great commercial value. Here, in this study, we investigated the effect of the co-expression of aroF™%
(3-deoxy-D-arabino-heptulosonate 7-phosphate synthase mutant with tyrosine feedback-inhibition resistance) and tktA4
(Transketolase A) at different copy number on the production of DHS. The increased copy number of aroF *® and tktA
would enhance the production of DHS by the fold of 2.93. In order to further improve the production of DHS, we disrupted
the key genes in by-product pathways of the parent strain Escherichia coli AB2834. The triple knockout strain of /dhA,
ackA-pta and adhE would further increase the production of DHS. The titer of DHS in shake flask reached 1.83 g/L,
5.7-fold higher than that of the parent strain E. coli AB2834. In 5-L fed-batch fermentation, the metabolically engineered
strain produced 25.48 g/L DHS after 62 h. Metabolically engineered E. coli has the potential to further improve the
production of DHS.

Keywords: 3-deoxy-D-arabino-heptulosonate-7-phosphate synthase, transketolase, by-product pathway, 3-dehydroshikimate,

metabolic engineering, Escherichia coli
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Fig. 1 3-dehydroshikimate biosynthetic pathway
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Shikimic acid

in E.coli™. E4P: D-erythrose 4-phosphate; PEP:

phosphoenolpyruvate; DAHP: 3-deoxy-D-arabino-heptulosonate 7-phosphate; DHQ: 3-dehydroquinate; DHS:
3-dehydroshikimate; TktA: transketolase; PpsA: PEP synthase; AroF: tyrosine-sensitive DAHP synthase; AroG:
phenylalanine-sensitive DAHP synthase; AroH: tryptophan-sensitive DAHP synthase; AroB: DHQ synthase; AroD:

DHQ dehydratase; AroE: shikimate dehydrogenase.
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Marker pEASY-Blunt Cloning Kit CaCl, 0.22
0.22 um

T4 DNA T4

Fermentas DHS Sigma

20 MgSO;  CaCl,

500 g/L 115 °C 20 min

E. coli AB2834 WJ002 WJ010 WIJ022  aroE

LB (g/L) 10 4 0.04 g/L
5 5 121 °C 15 min
LB 1.5% (g/L)
10 5 5 20
100 25 50 50 pg/mL (g/L) KH,PO4 7.5
(g/L) NaHPO4 6.78 (NH4),S04 2.96 MgSO4 0.24 0.3
KH,PO43 NaCl 0.5 NH4Cl1 MgSO4 0.24 2.1 0.7 0.7
F 1 AR ETH E R B
Table 1 Strains and plasmids used in this study
Relative characteristics Sources

Strains
E. coli AB2834

E. coli DH5a

E. coli WJ002

E. coli WJO10

E. coli WJ022

Plasmids

pKL4.130B
pKD8.292PL20-mCherry
pET30a (+)

pUC19

pKD46

pLOI4162
pEASY-Blunt zero
pKD-Ptac-aroF 2R-tktA
pET-Ptac-aroF ®R-tktA
pUC-Ptac-aroF BR-tktA

F, tsx-352, ginV42(AS), 1~, aroE353, malT352 (AR)

F ®80lacZAMI15 A(lacZYA-argF) Ul69 recAl endAl
hsdR17 (rK-, mK") phoA supE44 A~ thi-1 gyrA96 relAl

AB2834, AldhA

AB2834, AldhAdackA-pta
AB2834, AldhAAackA-ptadadhE

Cm®, aroF™®, thtA

Spe®, Low copy plasmid (1-5/cell)
Kan®, Medium copy plasmid (~15 /cell)
Amp®, High copy plasmid (>100/cell)

A-Red recombinant genes under ParaBAD promoter,
Temperature sensitive origin
AmpR, cat, sacB

Amp®, Kan®, pUC ori
SpeR, Ptac promoter, aroFTER | tktd
Kan®, Ptac promoter, aroFTBR | tktA

AmpR, Ptac promoter, aroFTBR | tkt4

Escherichia coli Genetic Stock
Center, [17]
Beijing TransGen

This study

This study
This study

[7]

[16]

Novagen

New England Biolabs
[18]

[12]

Beijing TransGen
This study

This study

This study
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0.7 0.01 2,3-
0.01 0.01 (NHy)s(Mo704)-4H,0
0.003 7, ZnSO,4 7H,0 0.002 9 H;BO; 0.024 7
CuS0,-5H,00.002 5 MnCl,-4H,0 0.015 8
20 KH,PO,

(NH4),SO4 121 'C 15 min
( KOH pH 7.0) 500 g/L
115°C 20 min
0.22 pm
12 A&
121

aroF™™R tktA
pKD-Py-aroF ™**-tkt4  pET-Pc-aroF **-tkt4
pUC-Pyc-aroF FBR thtA

( D
2
pKL4.130B
Pac-aroF-Xhol-5  aroF-Sacl-3 PCR
Ptac-aroFF BR pKL4.130B
tktA-Sacl-5  tktA-BglIXbal-3  PCR
thtA Sac | Puc-aroF 2k
thtA
Py c-aroF-Xhol-5  tktA-BgllXbal-3
PCR Pic-aro BR_tht4
1) pET-Pyc-aroF ™*-tkiA

Xho 1 /Xba 1
aroF™R_tktA

pET3oa (+) Ptac'

DH5a
50 pg/mL
LB 5
DNA BamH 1 /EcoR 1

PET-Pyc-aroF ® - tktA
2) pUC-Pye-aroF ™" -tktA

Sma 1 /Xba | pUC19
Xba | Puc-aroF PR tktA
DH5a
100 pg/mL
LB 5

DNA Xho 1 /Xba |
pUC—PtaC—aroFF BR thta
3) pKD-Ptac-aroFF BR_tktA
Xho 1 /Xba 1 pKD8.292-PL20-mCherry
pET—Ptac—aroFF BR thta

DH5a 50 pg/mL
LB
5 DNA Xho 1 /Xba 1
pKD—Pmc—aroFF BR_thtA
1.2.2

E. coli AB2834
[14]

ldhA ( ) ackd
( A ) pta(
) adhE ( )
DNA
2 2
1
1.2.3
~80 °C
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*2 AHFRETAY
Table 2 Primers used in this study
Primer name Primer sequence (5'—3")
Ptac-aroF-Xhol-5 CTACGAACCTCGAGTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTGA
GCGGATAACAATTTCACACAGGAAACAGGATCCATCGATGCTTAGGAGGTCATATGC
AAAAAGACGCGCTGAATAACG

aroF-Sacl-3 TCTCCTTCTTGAGCTCTTAAGCCACGCGAGCCGTCAGCTG
tktA-Sacl-5 GCTTAAGAGCTCAAGAAGGAGATATACATATGTCCTCACGTAAAGAGCTTGCCAATG
tktA-BgllXbal-3 GTACGATGGCCTATATGGCTCTAGATTACAGCAGTTCTTTTGCTTTCGCAACAACG
cat-sacB-up GTGACGGAAGATCACTTC
cat-sacB-down ATCAAAGGGAAAACTGTCC
1dhA-1-s GCAGAATCAAGTTCTACCG
1dhA-1-a AAGACTTTCTCCAGTGATG
1dhA-2-s CGAACGAACTGGTTTAATC
1dhA-2-a TGTCTGTTTTGCGGTCGC
ackA-1-s AAACGGATCGCATAACGC
ackA-1-a CGTGGCTAAAAAAACGTC
pta-2-s TCTCGTCATCATCCGCAG
pta-2-a CCGTATTTCGATCCTGAG
adhE-1-s AATAATCCCTACCGGGTTG
adhE-1-a CTGCTCGAATACGAGAGTA
adhE-2-s TCAGTAGCGCTGTCTGGC
adhE-2-a CCCATAATATTCACGCAG
A T S B Gene-l_—)s _
Chromosome |~ ~ ~_ First recombination PCR-PL - 22 Gene-2-a
— Gene-2-s
PEASY-P1 e cat-sacB-s
l -«

% g ) e cat-sacB

Chromosome ‘ y 4 Second recombination ~ PCR-P2 ' 1 Ll4162
l Gene-1-s
—>
Chromosome — 7YY —— RS ——
pEASY-gene(ene-
Upstream DNA Downstream DNA m
I Gene to be removed Cat-sacB cassette PERES

2 MREFREHETIRMMREERMBXEIRES DNA R EHERE

Fig. 2 Diagram for seamless gene disruption via two-round homologous recombination and the construction of
DNA fragments for homologous recombination. (A) Gene disruption. (B) The construction of DNA fragments for
homologous recombination.
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SmL LB (15 mmx100 mm )
PET-Pyc-aroF *R-tktA
pUC-Ptac-aroFF BR_tktA

pKD-Pyc-aroF ™R-tkt4

37 'C 220 r/min 12h ODsgoo
ODg00=0.5
20 mL ( ) (100 mL
) 0.2 mmol/L IPTG (
-B3-D- ) 37 ‘C 220 r/min
24-48 h DHS
DHS
5 mL
(15 mmx100 mm ) 37°C
220 r/min 12h 5mL
200 mL (500 mL ) 37°C
220 r/min 12 h 200 mL
4L 5L
37 °C 220 r/min pH 7 20%
pH
600 g/L
10 mg/L
IPTG 6h IPTG
6h 4h
DHS
124
DHS
I mL 12 000 1/min
10 min

VWD
(300 mmx7.8 mm 9 um)
0.6 mL/min

Aminex
HPX-878H
5 mmol/L
63 C 260 nm
3 3
Sigma DHS
HPLC

600 nm 0D600

2 BREM

2.1 aroF PR AN tktA AR[E]H MR BA R A X T
2 E ¥k DHS £ =/ 8200
aroF™®  tktA
DHS
DAHP  E4P
DHS [10-11]

aroF™®  tkta
DHS
aroF™"  tktA 3
aroF™*  tkta 3
(pKD—Ptac-aroFF BR_tktA pET—PtaC—aroFF BR_tktA
pUC-Pye-aroF R tktA)
3

DNA
3 E. coli
AB2834 3

aroF™ % k4
E. coli AB2834/pKD-PmC-ar0FF BR_tktA

cjb@im.ac.cn



1556 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech  October 25,2014 Vol.30 No.10

E. coli AB2834/pET—PtaC-aroFFBR-tktA E. coli

AB2834/pUC-Pye-aroF ™ -tktd 3
E. coli AB2834

DHS

14% 226% 293%( 3)

pUC-Pc-aroF ™% -tkt4 DHS
1.06 g/L

thtA

aroF"™™"

DHS

2.2 [HEEIF=YE RIREN E L DHS £ 58y
A

E. coli AB2834

[19-21] 221 1404
IdhA

0.2 | ’+‘ ’+‘
0.0 : :
A B

3 &\ pKD-Pyc-aroF PR-tktA, pET-Pgc-aroF o -tktA
F pUC-Pyc-aroF BR-tktA REIRiXEHEKE E. coli
AB2834 #] DHS F=&

Fig. 3 DHS production of E. coli AB2834 harboring
pKD—PmC-amFF BR_thtA, pET—Pm-aroFF BR_tkt4  and
pUC-P-aroF™**-tktA, respectively. A: E. coli AB2834;
B: E. coli AB2834/pKD-P.-aroF "*-tktd; C: E. coli
AB2834/pET-Py-aroF **-tktA; D: E. coli AB2834/pUC-
P.-aroF ®®-tktA.

C D
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ackA  pta
ackA-pta
adhE adhE
E. coli AB2834
ldhA ackA-pta  adhE
( D
gene-1-s (gene ldhA ackA-pta  adhE)
gene-2-a PCR ( 2B
2) ldhA
1987 bp 1014 bp ackA-pta
4417bp 975bp adhE
3803bp 1087bp
PCR 4 PCR
bpA M1 2 B M3 4 CMS5 6
5000
3 000
2 000
1 000
750

4 IdhA. ackA-pta #1 adhE 3 MEERR I E %
PCR & 4iF

Fig. 4 Colony PCR verification of IdhA (A). ackA-pta
(B) and adhFE (C) gene knockout mutants of E. coli. (A)
M: Trans 2K Plus DNA marker; 1: parent strain for
ldhA knockout; 2: IdhA knockout strain. (B) 3: parent
strain for ackA-pta knockout; 4: ackA-pta knockout
strain. (C) 5: parent strain for adhE knockout; 6: adhE
knockout strain.
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3
3
1
pUC-Puc-aroF™*-tktA
WJ002 WJ010  WJ022
3 pUC—Ptac-aroFF BR_thtA
E. coli AB2834/pUC-Pyc-aroF™*"-tktA
DHS
( %) IdhA
WJ002/pUC-Pyye-aroF ™" -tktA DHS
1.37 g/L 29%
ackA-pta  adhE DHS
1.83 g/L DHS
72.6%
DHS
E. coli AB2834 IdhA
ackA-pta  adhE 3 E. coli WJ022
ODeoo « 3
adhE
adhE
DHS
DHS DHS

2.3 E#kE. coli WJ022/pUC-Ptac-aroF ®R-tktA
B9 5 L REEEE D HEAMY A B2
DHS
E. coli WJ022/pUC-Pc-aroF *-tkt4

5L 6h
4h
DHS
1g/L
20 g/L 4h
1 g/L
62 h DHS
2548 g/l ODgoy 532 ( 6)
187 g/L DHS
0.14 g/g
20 1
1.8 =
1.6 o
1.4 | —F
Q 12}
of
> 1.0t
= 08
0.6
04 r
0.2
0.0 1 1 1 J
A B C D
5 AEEBIFMEREZERMMREEKAE DHS
2
Fig. 5 DHS production of E. coli AB2834 with

different gene disruption in by-product pathways. All
strains were transformed with pUC—PmC-aroFFBR—tktA. A:
E. coli AB2834/pUC-P-aroF™®*-tktd; B: E. coli
WJ002/pUC-P,-aroF ™ **-tkt4; C: E. coli WI010/pUC-
P-aroF ™™ -tkid; D: E. coli WJOZZ/pUC-PtaC—aroFFBR—
thtA.
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*3 AEEFYMEEXEEERBMROIERRER. AREKTNE~YRIE LR
Table 3  Glucose consumption, cell growth and the formation of by-products in E. coli AB2834 with different

gene disruption in by-product pathways

Strain Consumption of glucose (g/L) ODgoo Acetate (g/L) Lactate (g/L)
E. coli AB2834 10.70+0.15 2.44+0.07 2.08+0.06 2.54+0.03
E. coli WJ002 10.77£0.19 2.51£0.08 1.66+0.06 2.39+0.19
E. coli WJO10 10.37+0.84 2.11£0.61 0.44+0.04 2.23+0.15
E. coli WJ022 13.32+0.16 2.31+0.23 0.26+0.02 2.47+0.23
All strains were transformed with pUC-Plac-aroFF BR_thtA.
60 r 140 aroF"™R-tkt4
50 - 1%
~ 130 3 DHS
o 40+
S 3 pUC-Pyyc-
= 2
z 30r @ aroF"™R tktA
) T
=) a
= 20r
O
10 +
O 1 1 1 1 1
10 20 30 40 50 60 70 DHS 5 3)
t(h)
E. coli
6 TIEE# E. coli WJ022/pUC-Py,-aroF °R-tktA
5 L EBES ML R R MM KA DHS  AB2834 ldhd
E
Fig. 6 Cell growth and DHS production of E. coli (23]
W1J022/pUC-P-aroF ™ -tktA by 5 L fed-batch fermentation.
ODy (<), concentration of DHS (A).
E. coli AB2834 DHS
v 1 DAHP
3 Wik
aroF thtA
DHS
2.93
DHS
DHS
72.6% 1.83 g/L 5L
DHS
3 62 h 25.48 g/L
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