This document discusses the FBA.exe software package that can be used to study metabolic systems.

Example use:

1.  Calculated the maximal biomass yield for growth in a glucose minimal media.

Below I will discuss the procedures to perform a flux balance analysis.  The operations you should perform will be highlighted in BOLD CAPS.

The input file is setup to perform this operation initially.  The only carbon source input is glucose and the uptake is set to the range of 0-10 (0 GLCxtI 10).  Oxygen is provided with a maximum input of 20 (0 O2xtI 20).  The other cellular requirements (i.e. phosphates) are available in an unlimited quantity.

To view the input reactions file: CLICK ON THE ICON THAT STATES OPEN REACTIONS (second from right on the toolbar)

This will open the reactions file.  This command does not work on Windows NT/2000, and the file should be opened manually in Notepad, WordPad, Word, etc.  See the “FBA_more_details.doc” file to understand the organization of the file.

The output fluxes on all metabolites capable of leaving the metabolic system are unrestricted.  For example:

0 GLxtO 1000 – Allows glycerol to leave the cell

0 ACxtO 1000 – Allows acetate to leave the cell

0 LACxtO 1000 – Allows Lactate to leave the cell

0 FORxtO 1000 – Allows formate to leave the cell

0 ETHxtO 1000 – Allows ethanol to leave the cell

0 PYRxtO 1000 – Allows pyruvate to leave the cell

0 SUCCxtO 1000 – Allows succinate to leave the cell

0 CO2xtO 1000 – Allows carbon dioxide to leave the cell

The non-growth associated maintenance requirements are set to 5.87 (5.87 ATPM 5.87).

CLICK ON THE ICON THAT STATES Read/Optimize (first on left of toolbar – can also be accessed from the ANALYSIS menu)

CLICK ON THE ICON THAT STATES Draw (second on left of toolbar – can also be accessed from the ANALYSIS menu)

When the analysis is run with these inputs, the maximal growth yield is 0.0944 g/mmol glucose.

2.  Calculate the maximal production of the biosynthetic precursors for the same system as described in 1.

The following results are determined by changing the objective function using the dialog box (Under analysis menu option).

CLICK ON THE ICON THAT STATES Objective (third on left of toolbar (fx)– can also be accessed from the ANALYSIS menu)

The run the simulation by choosing (READ/OPTIMIZE then DRAW)
The results are as follows:

G6P = 0.9155 mol/mol

F6P = 0.9155 mol/mol

R5P = 1.0886 mol/mol

PYR = 2.000 mol/mol

3.  Redo 1 with acetate as the carbon source.

This is done by making 2 changes in the reactions file.  OPEN REACTIONS, then (1) turn off glucose input (0 GLCxtI 0) (2) turn on acetate input (0 ACxtI 10).  Don’t forget to change the objective function back to Growth or Other.

Results: 0.02002 g/mmol acetate

4. Use the deletion analysis option to calculate the maximal biomass production of all the in silico deletion strains for growth in glucose.

You must change the input back to the way it was in 1.

The program will read the deletion.txt file and perform a deletion analysis of every reaction in this list.  The output will be sent to the following file (SingleDeletion.out).  (Read and write files can be changed by the file toolbar button – fourth from left)

The deletion input file can be seen by CHOOSING “VIEW” – “DELETION INPUT”

The following is the output.  Additionally comments added by the author and not included in the output are identified by {comment}.

Max_Growth= 0.944287 {identifies the max growth flux for the wildtype}

{the following are determined to be essential}

{the istat = 4 indicates that the LP solution was found}

GAPA, 0.000000 (istat = 4)

PGK, 0.000000 (istat = 4)

GPMA, 0.000000 (istat = 4)

ENO, 0.000000 (istat = 4)

RPIA, 0.000000 (istat = 4)

TKTA, 0.000000 (istat = 4)

GLTA, 0.000000 (istat = 4)

ACNA, 0.000000 (istat = 4)

ICDA, 0.000000 (istat = 4)
{The remaining deletion strains were able to grow}

CYOA, 0.314194 (istat = 4)

ATPA, 0.385751 (istat = 4)

NUOA, 0.612321 (istat = 4)

PFKA, 0.707714 (istat = 4)

FBA, 0.707714 (istat = 4)

TPIA, 0.707714 (istat = 4)

SDHA, 0.917994 (istat = 4)

FUMA, 0.917994 (istat = 4)

MDH, 0.922108 (istat = 4)

ACEE, 0.929452 (istat = 4)

ZWF, 0.931315 (istat = 4)

PGL, 0.931315 (istat = 4)

GND, 0.931315 (istat = 4)

TALA, 0.932335 (istat = 4)

GLCPTS, 0.932549 (istat = 4)

RPE, 0.933378 (istat = 4)

PGI, 0.937847 (istat = 4)

SUCA, 0.938925 (istat = 4)

SUCC, 0.938925 (istat = 4)

PYKF, 0.940160 (istat = 4)

PPC, 0.941452 (istat = 4)

FBP, 0.944287 (istat = 4)

PPSA, 0.944287 (istat = 4)

FRDA, 0.944287 (istat = 4)

DLD, 0.944287 (istat = 4)

ADHE, 0.944287 (istat = 4)

PFLA, 0.944287 (istat = 4)

PTA, 0.944287 (istat = 4)

ACKA, 0.944287 (istat = 4)

ACS, 0.944287 (istat = 4)

PCKA, 0.944287 (istat = 4)

MAEB, 0.944287 (istat = 4)

SFCA, 0.944287 (istat = 4)

ACEA, 0.944287 (istat = 4)

ACEB, 0.944287 (istat = 4)

PPA, 0.944287 (istat = 4)

FDOH, 0.944287 (istat = 4)

GLPD, 0.944287 (istat = 4)

PNT1A,PNT2A, 0.944287 (istat = 4)
{a summary of the results}

num_of_reactions_considered= 48

num_of_lethal_reactions= 9

num_of_retarding_reactions= 6

num_of_redundant_reactions= 33
5.  Feel free to “play” with the program.


Perform a phase plane analysis – by leaving all settings as they are, click on the phase plane menu item and then make phase plane.  This will take about 10 seconds.  Then click on Draw phase plane.  Scan to the right and you will see the glucose-oxygen phase plane.

