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informatics tools in order to provide a multi-dimensional 
gateway to cellular responses that is otherwise inaccessible 
to genomics.  
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As an important feedstock in petrochemistry, isoprene is 
used in a wide range of industrial applications. It is pro-
duced almost entirely from petrochemical source, however 
depleting progressively. A reliable biological process for iso-
prene production utilizing renewable feedstocks will be an 
industry-redefining development. There are two biosynthetic 
pathways producing isoprene: the mevalonate (MVA) path-
way and the methyl erythritol 1-phosphate (MEP) pathway. 
In this study, the MEP pathway was modified in Escherichia 
coli BL21 (DE3) to produce isoprene. The gene isoprene 
synthase (IspS) chemically synthesized after codon optimiza-
tion from Populus alba was heterologously expressed. The 
endogenous genes of 1-deoxy-D-xylulose-5-phosphate 
synthase (DXS) and 1-deoxy-D-xylulose-5-phosphate reduc-
toisomerase (DXR) were over-expressed. The gene isopen-
tenyl pyrophosphate isomerase (Idi) from streptococcus 
pneumoniae was exogenously over-expressed, and farnesyl 
diphosphate synthase (ispA) was weakened to enhance the 
yield in E. coli BL21 (DE3). It was shown that the control strain 
harboring empty plasmids did not emit any isoprene at all. 
The overexpression of single DXR gene had little impact on 
the yield of isoprene. Idi from streptococcus pneumoniae 
played a significant role in the improvement of isoprene 
production. The highest yield was achieved by ispA weak-
ened DXS-IDI-IspS recombinant with 19.9 mg /L, i.e., 33-fold 
enhancement of isoprene yield of the IspS recombinant. 
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The analysis of microbial metabolite production is typically 
performed using bulk techniques, which obscure informa-
tion with respect to single cell behavior. We have developed 

a genetically-encoded biosensor based on the transcriptional 
regulator Lrp (leucine-responsive protein) of Corynebacterium 
glutamicum1. The sensor allows the intracellular detection of 
methionine and branched-chain amino acids at the single cell 
level by converting this information into a fluorescent signal. 
The suitability of the biosensor to mirror different intracellular 
concentrations of effector amino acids was applied to study 
population dynamics of the valine producer strain C. glutami-
cum ΔaceE lacking the pyruvate dehydrogenase complex. 

Flow cytometry based monitoring of biosensor cells during 
lab-scale fed-batch cultivation revealed the appearance of 
subpopulations varying in productivity and viability. In addi-
tion, live cell imaging studies using microfluidic chip devices 
displayed different types of non-producing cells within 
isogenic microcolonies of C. glutamicum ΔaceE2. The ap-
pearance of non-productive subpopulations might strongly 
impact the performance and stability of the production 
process; therefore, genetically-encoded biosensors have the 
great potential to reveal bottlenecks for improving fermenta-
tion processes. 

In further studies, the Lrp-biosensor was applied to improve 
growth and productivity of C. glutamicum ΔaceE by in vivo 
evolution. Using fluorescent-activated cell sorting (FACS), sta-
tionary phase cells with the highest fluorescent output were 
iteratively isolated and (re-)cultivated. Isolated strains revealed 
a significantly increased growth rate, shortened lag-phase 
and an increased final optical density. The L-valine production 
of some strains was increased up to 100% compared to the 
parental strain while the formation of by-products (L-alanine) 
was reduced. These results emphasize biosensor-based 
strain evolution as a straightforward approach to improve 
growth and productivity of microbial production strains.
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The past two decades have witnessed great advances in 
the computational modeling and systems biology fields. 
Soon after the first models of metabolism were developed, 
several methods for the prediction of phenotypes were also 
put forward. With the ever-growing information provided by 
such methods, new questions arose. Metabolic Engineering 
in particular posed some interesting questions. Recently, 
Schuetz and co-workers proposed that the metabolism of 
bacteria operates close to the Pareto-optimal surface of a 
three-dimensional space definedned by competing  
objectives and demonstrated the validity of their claims for 
various environmental perturbations1.

However, phenotype prediction methods have all been 
developed to operate based on the assumption of a given 
single-objective, as an example Flux Balance Analysis
(FBA) often assumes that the organisms are evolutionarily 
optimized towards optimal growth. On the other hand, Mini-
mization of Metabolic Adjustment (MOMA) proposes that 
after a perturbation, the goal of the organisms shifts from 
optimal growth to the minimization of the global metabolic 
adjustment relative to the wild-type. Albeit multi-objective 
approaches focused on the bio-engineering objectives
have been proposed2, 3, none tackles the multi-objective 
nature of the cellular objectives.

In this work we analyze the inuence of several phenotype 
prediction methods on the strainsdesigned by metaheuristic 
algorithms and suggest a multi-objective approach capable 
of finding designs compliant with the cellular objectives as-
sumed by the various phenotype prediction methods.

Using a recent model of Escherichia coli K124, we observed 
the effect of different phenotype prediction methods in the 
convergence of metaheuristic algorithms performing strain 
optimization, evolving growth-coupled production mutants 
in aerobic and anaerobic conditions. A critical analysis of 
the different mutant ux distributions was performed, and 
we concluded that, for a selected phenotype prediction 
method, the strain designs proposed by the optimization 
algorithms were generally not robust when another method 
was used to predict their phenotypes.

There is variation in the Biomass-product coupled yield 
(BPCY) of aerobically succinate producing mutants with 
glucose as carbon source, when solutions generated with 
either pFBA (a variation of FBA that minimizes the overall 

use of enzyme-associated flux5) or LMOMA (a linear imple-
mentation of MOMA6) (box colors) are simulated with the 
other (x-axis). Besides the great variation in fitness for the 
different phenotype simulation methods, we veri_ed that in 
some cases less than 10% of the solutions generated by 
pFBA are valid in LMOMA (BPCY _ 0:0001).

Assumptions regarding the cellular objectives of an organ-
ism when subjected to distinct conditions (environmental, 
genetic, etc.) are still the object of active discussion. This 
fact motivated us to develop a method capable of sug-
gesting designs compliant with more than one phenotype 
prediction method. Solutions generated by our method are 
simulated using pFBA and LMOMA and plotted by BPCY 
for both phenotype simulation methods. The ad-hoc clus-
ters reveal a group of interesting solutions (cluster 2). An 
analysis on the flux distribution of the solutions presented in 
these clusters is also provided and a rational for robust  
solution design is derived.
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