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Introduction. Shikimic acid (SA) is an 
intermediate compound in the aromatic amino 
acid biosynthetic pathway in plants and 
bacteria, utilized as starting material in the 
chemical synthesis of the anti-influenza drug 
Tamiflu®. To date, engineered E. coli strains 
can accumulate up to 85g/L of SA using  
fed-batch processes (1); however, feeding 
high amounts of glucose (Glc) has invariably 
rendered low conversion yields (below 33% 
of the theoretical maximum). This effect can 
be partially attributed to heterogeneities on 
the intensity and temporality of the required  
gene expression, imposed by non-optimal 
production systems. An alternative platform  
to overproduce SA is presented in this  
work, based on plasmid-driven constitutive 
expression of a six-gene synthetic operon in 
a laboratory-evolved E. coli strain carrying 
several chromosomal inactivations. 
 
Methods. A synthetic operon was built by 
sequential cloning of six coding sequences 
(aroB, tktA, aroG

fbr
, aroE, aroD and zwf) with 

consensus Shine-Dalgarno sites, controlled 
by a single constitutive Trc promoter and 
inserted into a high-copy plasmid containing a 
region that confers segregational stability (2). 
The constructed plasmid, pTrcAro6, was 
transformed into a modified PB12 strain (3) 
with inactive ptsHIcrr, aroK, aroL, pykF, and 
lacI genes. The resulting production strain, 
AR36, was evaluated in batch fermentors 
using mineral media containing three different 
concentrations of Glc and yeast extract (YE).   
 
Results. SA accumulation was observed 
from the beginning of the cultures reaching a 
maximum titer of 43g/L in 30h. In all cases, 
the yields on Glc of SA and of total aromatic 
compounds were about 50% and 60% of the 
theoretical maximum, respectively. Despite 
the consumption of 100g/L of Glc by strain 
AR36 in batch-mode fermentors, relatively 
low titers of acetate and aromatic byproducts 
were detected, with SA accounting for 80% of 
the produced aromatic compounds.  

Fig. 1 Fermentation profiles of strain AR36 grown in 1L 
bioreactors with three different substrate concentrations. 
a) 50g/L of Glc and 15g/L of YE;  b) 100g/L of Glc and 

15g/L of YE; c) 100g/L of Glc and 30g/L of YE. 

Table 1. Comparison of titers and yields determined from 
the fermentations depicted in Fig.1. YSA/Glc = yield of SA 
from Glc; YTAC/Glc = yield of total aromatic compounds 
from Glc; Ymax = maximum theoretical yield; SA:TAC = 
molar percentage of SA to total aromatic compounds. 

 
Conclusions. The obtained SA titers and 
yields represent the highest reported values 
for a high-substrate batch process, making 
this strategy an interesting alternative to the 
traditionally employed fed-batch processes 
for SA production. 
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