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Figure 1. PTS system and shikimic acid pathway in E. coli. Solid line, reaction direction; Dash line, feedback inhibition; ~ P, phosphorylated forms;
I A and II B: sugar-specific enzymes; II C: integral membrane protein permease; HPr: phosphohistidine carrier protein; EI: soluble and non sugar—
specific protein components Enzyme I; PEP: phospho-enolpyruvate; PYR: pyruvate; TCA cycle: tricarboxylic acid cycle; G6P: Glucose 6-phosphat;
PPP: pentose-phosphate pathway; E4P: erythrose-4-phosphate; DAHP: 3-deoxy-D-arabino-heptulosonate7-phosphate; DHQ: 3-dehydroquinate; DHS:
3-dehydroshikimate; SA: S3P: EPSP: CHA: PPA:
prephenate ; HPP: 4-hydroxyphenylpyruvate; L-TYR: L-yrosine; L-PHE: L-phenylalanine; L-TRP: L-ryptophan; AroG, AroF, AroH: DAHP synthase;
AroB: DHQ synthase; AroD: DHQ dehydratase; AroE: SA dehydrogenase; YdiB: SA dehydrogenase; AroK/AroL: SA kinase | /1l ; AroA: EPSP
synthase; AroC: CHA synthase; Cm-Pdh: chorismate mutase-prephenate dehydrogenase from E. coli.

shikimic acid; shikimate-3 phosphate ; 5-enolpyruvylshikimate-3 phosphate ; chorismate ;
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Figure 2. Comparison of SA yield (mol/mol) and TACY (mol/mol)
with different gene modification. = TACY, total aromatic compound

yield, mol aromatic compounds/mol glucose.
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yield, mol aromatic compounds/mol glucose.
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Table 2. Comparison of SA and other products level with different gene modification

SA/ SA/ DHS/ TACY/

strains :ne modificati Ref.
shams gene modiication (g/L) (mol/mol)  (g/L) (mol/mol) ¢
PB12 IM101A (ptsH--err) = :kan, gle® - - - 0 31
SPI. 1 RB791 serA: :aroB arol478::Tnl0 aroK17::Cm" - - - - 20, 30
SP1. 1pts SP1. 1A (ptsH-ptsl-crr) - - - - 30
PB12. SA11 PB12AaroL, pJLBaroG™ tktApTOPOaroB 2.82 +0.01 11 2.79£0.21  0.28 31
SP1.1/pKD12. 112 SP1. 1 serA: :aroB, AaroL, AaroK 27.2 15 4.4 - 20
SP1.1/pKDI12. 138 SP1. 1 Ap", aroF™, thtA, P aroE, serA 52 .18 11 0.24 30
PBI2. SA21 PB12 Aarol, AaroK:: Cm, ])JLBaro(,vf4 thtA, 5. 07 +0.00 0 21 2,49 +0. 06 0.33 3
pTOPOaroB
SP1. 1/pSC6. 090B SPL. 1 P glfglk, aroF™ , thiA, P, aroE, serA 46 0.21 16 0.28 30
SP1.1/pKDI15.071B SP1. 1 ppsA, aroF™ , tktA, P, aroE, serA 66 0.23 16 0.29 30
SPL. 1pts A (pisH-pisl<crr) » P glfglk, F
SP1. 1pts/pSC6. 090B pis & Cptstptsterr) s By, glfglh. - aro 71 0.27 15 0.34 30
thtA, P arokE, serA
.. fbr
PBI2. SA22 PBI2- Aarol,  AaroK:: Cm. pILBaroG™ thid, 5 5 o 06 0.29 1.46 £0.14  0.37 31
pTOPOaroBaroE
SP1. 1pts/pSC6. 090B SP1. 1pts/pSC6. 090B, 10L 84 0.33 10 0.38 30
DH5a AptsHIcrr, Aarol, AydiB, knock-in of T7-
DHPYA-T7/pAOC-TGEFB ~ RNA-Pol gene, pAOC:: aroE, aroB, glk, tktA, 0.392 - - - 32
aroF™, Cm'
CICIM B0013 L: : dif, K: : dif, sG::
CICIM B0013 SA4 Aarol:: dif, AaroK:: difs Apts 0. 568 - - - 33

dif, AydiB: :dif

" TACY, total aromatic compound yield, mol aromatic compounds/mol glucose.

5 SiMEsR

IF LR T A R PUIUK 25 W I AR K T A
MO RED) S RS R 2R HCSR 50 R 1) 1 SR I
LA R K B R 81 2 W 2 77 % TR A 38 3 B A T
MRS <E

FI IR 23 3 5 R A W R WA 1) 800 AR 2
LG VE 98 B IR WM O JE Al . K FF 1A PTS & 4t %)
TR IR O AT AR PEP IR 2% UK, 45 5 IR IR & 218

— data not given.

i i PTS Z 480t H A f 2 3% 500 v ™ T A E 5
e M4 IE 2 45 B 70 AU A B 7% PTS &
gorp It — 4w LB (A pesG, prsI 55) T3 1o Ah Y5
b2k GalP & (8L GIf Al Glk 2% [ 3k hn i £ 45 B4
PTS RGN A XML R AT LLATE B 04K b5t
TREREEATHE— D 80E, X PTS &R 4 (1) oois i A7 1)
KR A Hfs i, ™ & & 1) E 4w 2E H
Chanderan %[301 ¥ % 1) SP1. 1pts/pSC6. 090B, ZF Hi
TRk B nl Ik 84 g/L, F=# 5 0. 36 mol/mol, [E Py #H 5%
38 do AR R P 50 0. 568 g /Lo
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Improvements of shikimic acid production in Escherichia
coli with ideal metabolic modification in biosynthetic
pathway—A review

Mengrong Xiao, Liang Zhang, Guiyang Shi
Key Laboratory of Industrial Biotechnology of Ministry of Education, National Engineering Laboratory for Cereal

Fermentation Technology, Jiangnan University, Wuxi 214122, Jiangsu Province, China

Abstract: Shikimic acid (SA) is an important intermediate in the synthesis of aromatic amino acids and has emerged as a
key chiral starting material for the synthesis of antiviral drug oseltamivir phosphate (Tamiflu® ). Microbial production of
SA has a variety of advantages, and E. coli is commonly applied in largescale fermentation and industrial production.
Metabolic engineering is one of the main technical methods to construct the industrialized high-yield shikimic acid
producing strains. Phosphoenolpyruvate: carbohydrate phosphotransferase system ( PTS) is the major active transport
system involved in the glucose internalization and phosphorylation in E. coli in which it affects the use ratio of PEP in
cell. Modification and transformation of the PTS system could regulate the flow of intracellular metabolism and reduce the
waste of PEP caused by the PTS system, in the same time, a more ideal shikimic acid producing strain can be constructed
combined with the specific modifications of metabolic pathways. It was reported that in the 10 L system, shikimic acid
yield reached up to 0. 36 mol/mol, with concentration up to 84 g/L. This paper takes a brief overview of the metabolic
engineering in the shikimic acid pathway and the transformation of the glucose transporter system, summarizes some latest
researches and developments in recent years.

Keywords: E. coli, shikimic acid, aromatic amino acid, PTS, metabolic engineering, fermentation
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