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What is Flux Balance Analysis (FBA)?

Metabolic Modeling Applications
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What is Flux Balance Analysis (FBA)?
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What is Flux Balance Analysis (FBA)?

Simple Example of Fluxes
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What is Flux Balance Analysis (FBA)?

What is Flux Balance Analysis (FBA)?

Computing Fluxes of Reactions for Organism Growth
Given a network of biochemical reactions, nutrients and
secretions, assign a flux (a numerical value) to every reaction to
produce a set of biomass metabolites for growth. Maximize the
biomass. The system is in a steady state (metabolite
concentrations do not vary)

Applications
FBA can be used to 1) analyze different growth conditions (e.g.,
nutrients), 2) effects of gene knockout, 3) do metabolic
engineering, and more
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What is Flux Balance Analysis (FBA)?

What is a Flux of a Reaction?

The flux of a reaction is the rate of substrates consumed
and produced, typically in steady state during growth
Fluxes are typically expressed as mmol per gram dry
weight per hour, denoted mmol/gDW/hr
Solving an FBA model gives the fluxes of all reactions that
are needed to create a non-zero flux for all biomass
metabolites necessary for growth
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Overview of MetaFlux

MetaFlux: The FBA Tool in Pathway Tools

1 The FBA Tool, MetaFlux, was introduced in version 15.0 of
Pathway Tools (Feb 2011)

2 MetaFlux has three modes: solving, development, and
gene knockout

3 Solving mode: compute the fluxes of reactions to produce
the biomass

4 Development mode: trying different biomass, nutrients,
secretions, and reactions to create a model

5 Gene knockout: deactivating gene(s) from the model and
see the effect on growth (testing a model)

6 Also, we can simulate a community of organisms in a grid
space with multiple interacting organisms (multiple FBA
models)
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Overview of MetaFlux

Assumptions

MetaFlux Main Assumptions
Regulation (of genes and enzymes) is ignored
Cofactors (in enzymes) are ignored
That is, only metabolic reactions are used, and these
reactions must specify all relevant metabolites to consider
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Overview of MetaFlux

MetaFlux Modes of Operation
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Overview of MetaFlux

Creating an FBA Model vs Solving an FBA Model
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Overview of MetaFlux

The Linear Programming (LP) Solver

Solving a model is done by a Linear Programming (LP)
solver
There are many open source and commercial LP solvers:
CPLEX, GLPK, SCIP, Gurobi, and more
Pathway Tools uses SCIP
Even with thousands of reactions, typical FBA/LP
formulation can be solved in a few seconds
Solving in development mode could be longer (e.g., 20
seconds) or much longer (e.g., one hour). Unpredictable.
MetaFlux is available on Mac OS X, Linux and Windows
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Overview of MetaFlux

Painting Fluxes on Metabolic Map
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Overview of MetaFlux

Fluxes on Pathway Diagram
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Single and Multiple Gap-Filling

MetaFlux Development Mode

Developing an accurate FBA model usually requires
multiple refinements, such as:
including the addition of new reactions to a PGDB
altering the directionality of some reactions
fixing compartments of transport reactions
modifying the biomass reaction
adding new nutrients and secretions
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Single and Multiple Gap-Filling

Single and Multiple Gap-Filling

Typically "Gap-Filling" Means "Completing the Reaction
Network"

Gap-filling suggests to add reactions from a reference
database (e.g., MetaCyc) to the FBA model to produce
one or more biomass metabolites

Multiple Gap-Filling on Important Metabolites
Multiple gap-filling applies gap-filling not only on reactions but
also on nutrients, secretions, and biomass metabolites. For
biomass metabolites, we try to include as many as possible,
while still getting growth. For nutrients, we try to use as few as
possible while still getting growth.
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User Input: Fixed and Try Sets, Weights

Try-Sets and Weights for Multiple Gap-filling

The user provides four try-sets and weights to control the
generation of the model.

Set of reactions to try to add at a cost: typically all
metabolic reactions of MetaCyc
Sets of nutrients, secretions and biomass metabolites to
try to add to the model
Weights, as integers for gain and cost, for the reactions,
nutrients, secretions, and biomass metabolites
Typically, adding a biomass metabolite is a gain, but
adding a reaction or a nutrient is a cost. We have different
weights for different type of reactions (e.g., spontaneous, in
the taxonomic range, etc.)
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Testing a Model Using Knockouts of Genes

Knocking Out One Gene
Knocking out a gene means to deactivate the reactions
catalyzed by that gene
Isozymes are taken into account

Multiple Knockouts
More than one gene might be knocked out simultaneously, to
hit isozymes or alternate pathways

Batch Knockouts
Typically, MetaFlux is used to run a batch of gene knockouts
(e.g., all genes)
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Examples of Knockout FBA Input Files

Examples of gene knockout run on EcoCyc for
1 A few genes: cysN, cysD, gltX
2 All metabolic genes with summary solution file only (takes

about one minute)
3 All metabolic genes with all solution files generated (takes

more than one minute)
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Dynamic FBA (dFBA)

Dynamic FBA (dFBA) goes beyond the steady state of
FBA by solving a series of FBAs, which track changing
conditions
Each solved FBA changes the growth environment by
keeping track of nutrients used and secretions produced
dFBA replicates real growth with concentrations of
metabolites in the growth environment
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Dynamic FBA of a Community of Organisms

A community of organisms can be represented by a set of
FBAs exchanging metabolites in a compartment (e.g.,
extra-cellular)
The organisms are in a real physical space represented as
a grid
The FBA of each organism is solved and the concentations
of secretions and nutrients are updated in each grid box
When solving a FBA, the nutrient uptakes are bounded by
the concentrations of metabolites
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Dynamic FBA of E. coli
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Dynamic FBA Community of Organisms
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