Genome-scale metabolic networks
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1. Draft reconstruction

11 Obtain genome annotation.

2| Identify candidate metabolic functions.
3| Obtain candidate metabolic reactions.
4| Assemble draft reconstruction.

51 Collect experimental data.
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2. Refinement of reconstruction

6l Determine and verfy substrate and cofactor usage.
71 Obtain neutral formula for each metabolite.

8| Determine the charged formula.

9| Calculate reaction stoichiometry.

10l Determine reaction directionality.

11| Add information for gene and reaction localization.
12| Add subsystems information.

13l Verify gene—protein-reaction association.

14| Add metabaolite identifier.

15| Determine and add confidence score.

16l Add references and notes.

17! Flag information from other organisms.

18l Repeat Steps 6 to 17 for all genes.

191 Add spontaneous reactions to the reconstruction.

20l Add extracellular and periplasmic transport reactions.

21| Add exchange reactions.

22| Add intracellular transport reactions.

23l Draw metabolic map (optional).

24-32| Determine biomass composition.

33l Add biomass reaction.

34| Add ATP-maintenance reaction (ATPM).
35! Add demand reactions.

36l Add sink reactions.

371 Determine growth medium requirements.

Data assembly and dissemination

95| Print Matlab model content.
96l Add gap information to the reconstruction output.

4. Network evaluation

43—44| Test if network is mass-and charge balanced.

45| ldentify metabolic dead-ends.

46—48| Perform gap analysis.

49| Add missing exchange reactions to model.

50l Set exchange constraints for a simulation condition.

51-58| Test for stoichiometrcally balanced cycles.

58| Re-compute gap list.

60-65I Test if biomass precursors can be produced in standard medium.
661 Test if biomass precursors can be produced in other growth media.
6775l Test if the model can produce known secrefion products.
7678l Check for blocked reactions.

79-80l Compute single gene deletion phenotypes.

B81-82| Test for known incapabilites of the organism.

83| Compare predicted physiological properties with known properties.
B4-87| Test if the model can grow fast enough.

88-94| Test if the model grows too fast

3. Conversion of reconstruction
into computable format

38l Initialize the COBRA toolbox.
391 Load reconstruction into Matlab.
40| Verify S matrix.

41| Set objective function.

42| Set simulation constraints.

Thiele, Ines, and Bernhard @. Palsson. "A protocol for generating a high-quality
genome-scale metabolic reconstruction." Nature protocols 5.1 (2010): 93-121.



Fig. 1 Genome-scale metabolic network reconstruct process
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MODEL DEVELOPMENT
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STOICHIOMETRIC NETWORK ANALYSIS

Structural Analysis: Characterizing the Nullspace
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RESULTS OF NULLSPACE"ANALYSIS

1. If the kernel matrix contains a zero-row, the corresponding reaction cannot carry a (non-

zero) flux. We can remove this reaction for all analysis employing the steady-state assumption.

2. If two matrix rows differ only by a constant factor, the two reactions are coupled, that

is, the flux'through one reaction is always a multiple of the flux through the other reaction;
consequently either both reactions are active or both are passive. Such reactions are presumably
co-regulated

3. Given reversibility constraints, inconsistent reaction coupling can be detected. For example, two
coupled forward-only reactions with a negative coupling factor cannot carry a non-zero flux without
violating an.irreversibility constraint, since one reaction would have to operate in backward mode.



STOICHIOMETRIC NETWORK ANALYSIS

MODEL CONSISTENCY

1. Minimize and maximize the flux value for each reaction.

(a) If min and max value are zero, the reaction is a zero flux reaction, that is, it cannot have a flux
value other than zero. It can be removed if no model corrections are made, without affecting the
outcome of subsequent simulations.

(b) If min-.or max'value is zero and the reaction is reversible, we have an unsatisfied reversibility.
Eitherthe reversibility constraint is too lax or another component is missing, disabling the
operationin one direction. Tightening this constraint might lead to better simulation performance.
(c)Hf the minimal and maximal values are non-zero and have equal sign, the reaction

is essential. Deletion of the reaction, for example, by gene knockout, is predicted to be lethal.

2. For reactions not of type (1c), set the bounds to zero. If biomass cannot be produced, the reaction
is.essential. Again, reaction removal is associated with lethality.



FBA——flux balance analysis
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Deletion Strain Phenotypes

Minimization of metabolic adjustment (MoMA)

Regulatory-on/off minimization (ROOM)
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CURRENT CHALLENGES

1. Automated Network Reconstruction
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CURRENT CHALLENGES

Carbon/energy metabolism Transcriptional regulation

2. Cellular Optimality and Design

Flux analysis Boolean logic
linear time-dependent
optimization constraints

3. Toward Large-Scale Network Integration and Dynamics ODEs

detailed
kinetics
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Thanks for your listening!



