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ABSTRACT

Quinic acid is one of small important molecular gmund which belong to aromaticity, and it is widabed in the
field of foodstuff and chemicalas well as medicine. Genic project bacteria whiatdpict quinic acid is constructed
Using the metabolism project technique. new metalsplinic acid is synthesized through colishikiratid way of
coliform. Using the metabolism project traditionsearch strategy, the content of enzyme is enhatiwedgh
increasing copy of essential enzyme gene, as watla@ving the feedback inhibition which the esis¢renzyme
receives to maintain activity of enzyme, then tis&idution of microorganism's metabolism flowsadjusted. The
goal is flowing the carbon metabolism to the greatiegree of producting of quinic acid.
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INTRODUCTION

Quinic acid (Quinic acid, QA) was first discoverad 1790, also known as cinchona acid, commonly dboim
cinchona bark, tobacco leaves, carrot leaves, appkars, coffee and other plants [1], and rarppears in the
bacterium. The medicinal value of quinic acid moeors not large, but as a raw material or pharmidadu
intermediates, are increasingly been found andieggR]. With the development of the pharmaceutidabd,
chemical industry, As an important fine chemicabdqarcts and pharmaceutical intermediates, quinid aad its
derivatives expanded the scope, and the featuagsiglly being discovered, such as anti-inflammatanyi-aging et
al. [3]. The demand in the international markebaxpanding. This experiment confirmed thatatet gene from
E.coli genome encoding shikimate dehydrogenase has Quieatglrogenase activity. AratoF™ andaroE were
cloned into expression plasmid pBV220 individualtyin series. In consideration of the order ofgkae and the type
of the promoter will influence the amount of exggies of the two genes in series, | designed severabinations:
change the order of the two genes; two genes cression with one promoter and the two genes wederuheir own
independent promoter. Finally obtained successfpiession and have good biological activity. Previdnew idea
for quinic acid biosynthesis and thus biologicaitiesis of aromatic compounds.
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EXPERIMENTAL SECTION

Strains and plasmids (Table 1)
Table1 Strainsand plasmids

Strains and plasmids Characters Source and reference
Strains
Escherichiacoli3 1884 Donor of genome ATCC
EscherichiacoliDH3n Peecipient strain Tigen company
Plasmids
pBVII0 AP expressing vector Beference
PEF-1 AP aroE areoFrris-promoter This work
PEF-II AP’ aroE aroFT trans-promoter This work
PFE-I AP groFT aroE cis-promoter This work
PFE-II AF aroF® aroE trans-promoter Thiz work

Enzymes and reagents: dNTP, TagDNA polymerase and reaction buffer,rretsttn enzymedcoRl, BanHl, Bglll
etc purchased from TaKaRa, TPP (Merck), PEP, E4fn@, Protein Marker (Beijing DingGuo companieasther
chemical reagents were analytical grade.

aroE and aroF™ gene cloning, recombinant protein expression

gene manipulation techniques and methods, see[Rdb]. sequence analysis was measured by Shanghai Boya
Biotechnology Co., Ltd.. The recombinant plasmiB¥@20-aroE, pBV220aroF", PEF-1 . PEF-II. PFE-I and
PFE-II were transformed into the strain Déj5picked single colony and Extracted plasmids,aredyresult by
restriction enzyme analysis and PCR, and then aisingle colony inoculated into LB liquid mediumntaining
ampicillin, shaken overnight at 3Z, Expand the culture to 20mL by 2%, The culture \wasibated at 3T in a
rotary set at 150 rpm until the optical density @DD) reached 0.4~0.6. At this time, the cells weriéured at 42

for about 4 h for induction of the proteins.

The cells were harvested by centrifugation at 8080for about 2min, mixed with loading buffer, bail&0min,
centrifugated at 12000rpm for 10min, SDS-PAGE asgtly 10% separating gel.

Enzyme activity assays of the recombinant strains

Cell cultured and induced, cells were collectedcbwptrifugation at 4C, 5000g for 20min, then cell were washed
twice by 100mmol/L Tris-HCI (pH7. 5) and resuspethde the respective buffer, sonicated in an iceewdiath;
supernatant was collected by centrifugation & 4100009 for 20min. Enzyme activity assaysaadE andaroF™
according to the literature [6] and [7].

RESULTSAND DISCUSSION
Co-expression of aroE and aroF™

As shown above, Fragments and plasmids were diygste@sphorylated, ligated, transformed iBtaoli DH50, and
then picked the colony, extracted plasmids, idexdtiby restriction enzyme. The results are showrigure? and 3.
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Figure 2 Identification of PEF I and PEFII with different digestion
M1 : DNA Marker//; M2 : DNA Marker DL2000; PEF (4,5,6); PEF// (1,2,3); lanes 1,4 : double digestion with BgliBamHI; lanes 2,5 :
double digestion with EcoRI + BamHI; lanes 3,6 gefition with EcoRlI
PEF / and PEF//indicate different in series, resulted in differeligestion result

1 2 3 M1 M2 4 5 6

Figure 3 Identification of PFE I and PFE II with different digestion
M1:DNA Marker//; M2 :DNA Marker DL2000; PFE (4,5,6); PFE// (1,2,3); lanes 1,4 : double digestion with BgliBamHI; lanes 2,5 : double
digestion with EcoRI + BamHI; lanes 3,6 : digestiwith EcoRI
PFE /and PFE//indicate different in series, resulted in differeiigestion rusult

Expression of aroE and aroF™ in E. coli

Cultured and induced strains contain pBV220, pBVagiE, pBV220-aroFm, PER- , PER, PFE I, PFE [Tand
DH5a host bacteria, SDS-PAGE results were shown inréiguThere were 30kD and 39kD protein band appdare
strains contain pBV220-aroE, pBV220-afbFespectively, and there were 30kD and 39kD prokeind appeared
meanwhile in strains contain PEF; PEF-II, PFE-1 . PFE-I.
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Figure 5 SDS-PAGE analysis of single and tandem expression of aroE and aroF™

1.DH5«/PFE-// 2.DH5/PFE- / 3.DH%/PEF-//;4.DH50/PEF- /; M. Protein marker
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Activity assay of aroE and aroF™
Activity of aroE and aroFm were assayed according® and 17 respectively, Activity of Crude extricm empty
host bacteria was 1.0, The results are shown ifeTab

Table.2 Enzyme activity assays of the recombinant strains

Strains /Plasmids cloning gznes  Eezlative specificactivitiss of enzvmes (incrsased folds)

DS DHQas=

E coli DH3w/ pBVIH (Control)

E. coli DH3o/'PEF-1 areE, araF ™
E coli DH5w FEF-I1 aroE, araF &
E coli DH5ow/ PFE- I aroF © araE
E coli DH3w PFFE-II araF =, araE
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DISCUSSION

The synthesis of Quinic acid in large quantities been a problem, There are four methods fromdaneiports about
quinic acid preparation: the plant extracts, chamsynthesis, enzymatic and microbial direct ferragon [8,9].
Quinic acid originally derived from plant extractsis method is low yield and high cost, therefaesly used. Later
quinic acid by chemical synthesis methods, butirequa lot of raw materials, complex process, aodyce harmful
substances. Therefore, an urgent need a methodstleabnomical and environmentally friendly for #ysis of
quinic acid. So enzymatic synthesis emerged, whgg shikimate as the substrate to catalyze Systbésguinic
acid, although this method has the advantagesrgdlsiprocess, short cycle, and high yield, but bseaf the high
price of substrate and enzyme and limited souseeshat its application has been limited. In regerars w ith the
development of biotechnology, especially the rismetabolic engineering, metabolic engineering aese continue
to apply for the biosynthesis of aromatic compo(b@ls it make direct synthesis of quinic acid usimicrobial
fermentation, which was an economical and envirarally friendly method, become possible. In reqgdrs, with
the application of genetic engineering techniguemetabolic engineering, many laboratory are trymgonstruct
engineering strains using genetic engineering.Elncoli DAHP synthase encoded bgroF gene catalyze
erythrose-4-phosphate and phosphoenolpyruvate riergee DAHP, but the reaction was subjected thdbieek
inhibition of prodct Phe, Tyr and Trp. Shikimatehgidrogenase encoded bByoE also has quinate dehydrogenase
activity can catalyzes the shikimate pathway ineiate 3-Dehydroquinic acid to generate quinic .atidthis
experiment, first Clone and expressioraofE gene an@roF™ gene which has anti-feedback inhibition, on thsisva
of high expressioaroE andaroF™, achieve co-expression of these two genes , amdithprove DAHP synthase and
Quinate dehydrogenase activity of the engineerangdyia.So that by increasing the number of gepé&saand the
removal of feedback inhibition to achieve the im@® of enzyme amount and improvement of activdy, the
foundation for industrial production of high-prodiug strain of quinic acid.
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