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Construction of shikimic acid-producing engineered
Escherichia coli strains based on ptsHIcrr mutants
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Abstract: Metabolic engineering for aromatic amino acid biosynthesis pathway in Escherichia coli to
acquire high-level biosynthesis of shikimic acid was reported. Knockout of aroL, ydiB genes and
knock-in of T7-RNA-Polymerase gene which expression was controlled by L-arabinose based on the
initial strain DH5aAptsHIcrr (DHP), resulted in a series of shikimic acid-producing host strains. A se-

ries of tandem genes consisting of aroE, aroB, tktd, glk or aroF™ were controlled by T7 promoter on
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plasmids were transformed into these host strains. According to the concentration of shikimic acid in

shake-flask culture, all the engineered strains displayed high-potentiality compared to the control strain
DHP, and the strain DHPYA-T7/pAOC-TGEFB synthesized the highest yield of 392 mg/L of shikimic
acid. This study layed a strong foundation for constructing a high-level shikimic acid-producing engi-

neered strain.
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Central carbon metabolism in DHP
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Fig. 1

Central carbon metabolism and shikimic acid pathways in DH5aAptsHIcrr

Note: Glc: Glucose; GalP: galactose permease; Glc-6-P: Glucose-6-P; Glk: Glucokinase; PEP: Phosphoenol pyruvate; PYR: Pyruvate;
Ac-CoA: Acetyl coenzyme-A; TCA: Tricarboxylic acid cycle; OAA: Oxaloacetate; PPP: Pentose phosphate pathway; E4P: Erythrose-4-P;
DAHP: 3-deoxy-D-arabinoheptulosonate-7-P; DHQ: 3-dehydroquinic acid; DHS: 3-dehydroshikimic acid; SA: Shikimic acid; S3P: Shiki-
mate-3-P; EPSP: 5-enolpyruvylshikimate-3-phosphate; CHA: Chorismic acid; QA: Quinic acid; PCA: Protocatehuic acid; GA: Gallic acid.
Genes and coded enzymes: tktA4, transketolase I; pykF, pyruvate kinase I; pykA4, pyruvate kinase II; pps4, phosphoenolpyruvate synthase;
aroF, aroG, aroH, DAHP synthase isoenzymes F, G and H, respectively; aroB, DHQ synthase; aroD, DHQ dehydratase; aroE, shikimate
dehydrogenase; aroK, shikimate kinase I; aroL, shikimate kinase II; aro4, EPSP synthase; aroC, chorismate synthase; aroZ, dehydroshiki-
mate dehydratase; pob4, p-hydroxy-benzoate hydroxylase®’. Continuous arrows represent unique reactions catalyzed by one or more en-
zymes. Dotted lines or arrows represent two or more enzymatic reactions or incomplete characterized reactions.
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Table 1 Strains and plasmids

B S BRI s AR R BORES T35 1

TR 1 BTRL FERE KR
Strains or plasmids Relavant characteristics Source
DHP DHS5aAptsHIcrr Reference [8]
DHP-T7 Knock-in of 77-RNA-Pol gene in DHP This study
DHPA-T7 DHP-T7 AaroL This study
DHPYA-T7 DHPA-T7 AydiB This study
pKDS Arabinose-inducible promoter that dr{Vf?S expression orf A-Red recombination proteins, and Mettsmies 0]
I-Sce I endonuclease, temperature-sensitive replicon, Cm
Target plasmid Homology region lapped fragment of target gene cloned into pET-28a This study
PET-3b-tktA 2,0 kb Nde I-BamIr-I I fragment containing site-specific mutagenesis tkt4 gene of E. coli cloned [ itk sy
into pET-3b, Amp
1.0 kb Xho I-BamH 1 fragment containing site-specific mutagenesis glk gene of E. coli cloned .
pET-22b-glk into pET=22b, Amp This study
pET-3b-aroE 0.8 kb Nde I-BamH 1 fragment containing aroE gene of E. coli cloned into pET-3b, Amp" This study
1.1 kb Xho I-BamH 1 fragment containing site-specific mutagenesis aroF"" gene of E. coli :
222b- ofor g g p g g
pET-22b-aroF’ el it I, A This study
pET28a-aroB 1.1 kb Nco 1-BamH 1 fragment containing aroB gene of E. coli cloned into pET-28a, Kan" This study
i 3.0 kb Nde I-BamH 1 fragment containing site-specific mutagenesis glk, tkt4 gene of E. coli .
HEIEISING; cloned into pET-3b-tktA, Amp" I ety
3.0 kb Nde I-BamH 1 fragment containing aroE, aroB, site-specific mutagenesis aroF™™" gene of .
HEL=HENE E. coli cloned into pET-22b, Amp" LIRSty
6.0 kb Bgl 1I-BamH 1 fragment containing aroE, aroB, site-specific mutagenesis glk, tktA, :
HET=SIp-ITGIEIALE aroF" gene of E. coli cloned into pET-22b, Amp" L Siinely
pAOC lacO, P15Aori, Cm' This study
pAOC-TGEFB 6.0 kb Bgl II-EcoR 1 fragment containing aroE, aroB, site-specific mutagenesis glk, tktA, [ itk sy

aroF™" gene of E. coli cloned into pAOC, Cm"

A
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1.2.3 #EHEFR: £ LB ARG SR TR R IG T
B E A, 37 °C ] 9% 12 h, R WERG SR 3L ve S Ak
1R, # 5%EMEEMT 50 mL KB R T,
ODeoo 27 0.3 B LA L-Ara 2 &9 i 0.2%15 5335,
37 °C #55% 72 h,

124 FEBRSENE": mmAfs W®
250 pL KB IO 250 pL Bt Eh IR, 37 °C
53 0.5 h J5 /M A 500 uL Na,SO; Fl NaOH 1R A,
IRAIETERE K 382 nm T I OGRE
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FIE (45 AR )it — LB A T R arolL
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Fig. 2 Identification of E. coli genes knockout and knock-in
WAL, 2, 4 BIHESH, 2000 bp; 30 FHEESHF, 2500 bp. B: 1, 3. 4: FIM: 545, 2 200 bp; 2: PP &4, 1500 bp. C: 1., 2, 3. 4: [
2%, 5000 bp.
Note: A: Identification of aroL gene knockout strain. 1,2,4: Negative strips, 2 000 bp; 3: Positive strip, 2 500 bp. B: Identification of ydiB

gene knockout strain. 1,3,4: Negative strips, 2 200 bp; 2: Positive strip, 1 500 bp. C: Identification of 77-RNA-Pol and Tetr genes knock-in
strain. 1,2,3,4: Positive strips, 5 000 bp.
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thtA gene site-specific mutagenesis PCR product Ligase
>—> pET3b-tktA

pET-3b
glk gene site-specific mutagenesis PCR product Ligase
>—> pET-22b-glk
pET-22b

aroE gene PCR product Ligase
>—> pET-3b-aroE
pET-3b

aroF™ gene site-specific mutagenesis PCR product Ligase
>—> pET-22b-aroF™

pET-22b
aroB gene PCR product

Ligase
>—> pET-28a-aroB
pET-28a

Nco 1-BamH 1 Ligase
pET-3b-EFB

pET-28a-aroB  Nco I-BamH 1

pET-3b-tktA Xho 1-BamH 1 Ligase

> pET®IG
pET-22b-glk Xho 1-BamH 1
pET-3b-aroE Xho I-BamH 1 Ligase

pET-3b-EF
pET-22b-aroF™  Xho I-BamH |
pET-3b-TG Bgl 1I-BamH 1 Ligase
pET3b-TGEFB
pET-3b-EFB  Bg/ 1l
pAOC Bgl 1I-EcoR 1 Ligase

pET-3b-TGEFB Bgl 1I-EcoR 1

pAOC-TGEFB

3 EERESFRAHEEE

Fig. 3  Construction of gene clone and expression plasmids
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E M (EAP) I R s Bt =D B R (PEP) Y 5 1, DAY
INHEAZIRAR BT, ZF R AR 3 R, A E
24 mg/L, [6l—15 EHEH# A aroE. aroF"” . aroB 3t
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R 5 AR ALK, A A pET3b-TGEFB JURL I T
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232 EFRARZIBAREARBERPHFER”
S LLE: pAOC-TGEFB ¥4k = A[R1E £, Kl 5 45
H 5~ DHPA-T7/pAOC-TGEFB . DHP-T7/
pAOC-TGEFB 7% W R /=i 5, UiIHRBR arol A
Je, BHWE 730 7k R AR A AR, I R LA L
U2, DHPA-T7/pAOC-TGEFB WJEElh SA =&t
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Fig. 4 Comparison of SA concentration of different plas-
mids in DHPYA-T7
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Fig. 5 Comparison of SA concentration of SA-producing
derivatives

T HEEFRFRRIRE,; JrEi3RmR ODg.
Note: The histogram represents SA concentration. The polygram
represents ODgp.
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(100 g/L)M>7"3 B3 ] ik A1 A 26 A RS 2 R TR Y
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SR TR, IZ B RE AT DL SR CCM i A% F Rk
IS B A MU, 16 K BERE il By 75 4%
4, £ 25 o/L i % BRI ZE R P A R 7 g/,
17 224 36 Ze B B2 T 17 22 100 /LI, R IR RIT 2
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K5 B WA s AT 1 el .
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BOMI, [FIW 5 A thed . glk. aroE. aroF™ Fi
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