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Genome Scale Metabolic Models can be used to simulate
the intracellular flux distributions under steady state condi-
tions using different simulation tools such as Flux Balance
Analysis (FBA)'. Lately, these models proved to be useful
for predicting gene knock-outs that optimize the production
of important industrial targets®*. To obtain a good correla-
tion between simulations and in vivo results, it is important
to validate beforehand how well the model allows to predict
the metabolic fluxes for the wild-type organism.

In this work, the accuracy of the simulated intracellular flux
distributions in Saccharomyces cerevisiae was evaluated.
The results revealed that steady-state simulations per-
formed with FBA and the available genome-scale models
[5-8] under fully aerobic conditions contained relevant
mismatches in important areas of central metabolism, when
compared with in vivo data® '° and physiological knowl-
edge, namely the absence of flux in the Pentose Phosphate
Pathway. Since many of these mismatches are associated
with reactions involving the cofactors NADP+/NADPH and
NAD-+/NADH, all the enzymatic reactions that included these
cofactors were manually curated.

Because under fully aerobic conditions the ratios of NADPH/
NADP+ and NAD*/NADH are high, it was assumed that the
concentration of this cofactors would drive reactions near
equilibrium in one direction. Therefore, if a reaction was found
to be near equilibrium, its reversibility was constrained in the
direction of NADPH consumption or NADH production.

To verify if the modifications applied had any effect on the
predicted fluxes for the central carbon metabolism, the
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models>® were used for FBA simulations and the results
were compared with experimental fluxes. The simulations
performed with the curated models revealed several
improvements in the Pentose Phosphate Pathway and
other parts of NADPH metabolism, resulting in a flux
distribution much closer to experimental values® °. The
new flux distribution was then used as a reference for the
MOMA™ methodology in an in silico optimization of the
production of two organic acids to evaluate its impact on
quality the results. It was observed that the knock-out mu-
tants obtained were consistent with experimental evidences
in the literature and were only valid when the curated model
was used.

In sum, it was shown that a careful curation of the wild-type
network can improve the simulation accuracy, resulting in a
better correlation with experimental data. Since in vivo strain
design is very time consuming, these results can prove impor-
tant to boost the reliability of in silico optimizations. However,
since the proposed changes are only valid under specific
conditions (full aerobiosis) it can also be concluded that the
accuracy of flux distribution prediction in large-scale models
might be dependent on condition-specific modifications.
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Metabolic engineering often requires multiple genetic modi-
fications in order to alter the properties of a target organism,
especially if an entirely new metabolic pathway has to be
established. Pathway elements can be rationally or randomly
assembled, the latter facilitates selection of the best perform-
ing pathway from a set of randomly generated pathways if a
suitable screening or selection procedure is available. Meth-
ods described so far allow either rational or random assembly
of metabolic pathways in in vivo or in vitro, but not both and
usually providing few reusable genetic elements such as
promoters and genes. We present here the Yeast Pathway
Kit (YPK) that aids rational or random metabolic pathway as-
sembly using the same genetic parts. The system is based on
efficient and rapid cloning using positive selection vector in
combination with hierarchical in-vivo gap repair. As a proof of
principle, we assembled xylose metabolic pathways with up
to eight genes producing a recombinant S. cerevisiae strain
able to grow on xylose with a specific growth rate of 0.181
h-1. YPK relies on PCR reactions with short primers result-
ing in a relatively low cost of construction compared to other
protocols such as Gibson assembly or DNA assembler.
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