GEPASI Worked Example
This document demonstrates (1) how to set up a pathway of biochemical reactions in GEPASI and to analyse it and (2) how to read results from GEPASI.

Reaction Pathway
Substrate A is converted into product C by following reaction pathway:
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Both reaction R1 and R2 are in reversible Michaelis-Menton kinetics and their kinetic equations are:
R1:
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R2:
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Kinetic constants:
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Boundary metabolite concentrations:
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 = 10 mM;
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 = 5 mM.

Initial intermediate metabolite concentrations:
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Setup Pathway in GEPASI
To setup a reaction pathway in GEPASI you need to:

1. Enter all corresponding reaction kinetics;

2. Define the pathway by enter those reactions;

3. Enter all kinetic constants;

4. Enter boundary and initial concentrations.

To enter reaction kinetic, press the “Kinetic Types” button which under the “Model Definition” tab:
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And then press the “Add” button in the “User-defined Kinetic Types” window:
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Enter the kinetic equation in the “Kinetic Function” box and kinetic name in the “Name” field:
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And then press the “Accept Function” button:
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Once you press the “Accept Function” button, GEPASI analyses the function just entered and finds out all parameters in the function.  However, GEPASI can only find out parameters occur in the function but it never knows what they mean.  Therefore, we need to tell GEPASI further information about this kinetic.  Since this reaction is a reversible reaction, we need to check the “Reversible” box.  We also need to tell GEPASI that how many substrates and products involved in this reaction by enter those numbers in the “Substrates” field and “Products” field.
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Next, we need to specific what do those parameters means by select the class for those “Symbols”.  Vmax, E, Ks, Kp, Keq are “Constants”:
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Although E is the enzyme concentration, it is a fixed concentration during the reaction and therefore we can consider it as a constant.

S is “Substrate”:
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P is Product:
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Once we enter all information for the kinetic, we can press the “Add” button to accept those data:
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The newly added reaction kinetic is shown as one of available kinetic types in your GEPASI database.  Then click the “Close” button to close this “User-defined Kinetic Types” window and return to the GEPASI main window.
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You should pay attention that the “Substrate” and “Product” in GEPASI are always referred as the substrate and product of a reaction but not of a pathway.
The next step is to enter pathway reactions.  Click the “Reactions” button at the GEPASI main window:
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GEPASI will show the “Reactions” window.  To enter a reaction, enter the reaction in the “Reaction” field, reaction name in the “Name” field, and click the “Add” button.  This reaction will be entered into GEPASI and it will shown on the box above.
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The syntax of reactions in GEPASI is:

(1) For irreversible reactions, e.g.: A + B -> C + D
(2) For reversible reactions, e.g.: A + B = C + D
Please pay attention that, you should use the same name for the same metabolite.  Otherwise GEPASI will consider two different names as two different metabolite.
Once you have entered all reactions, press the “OK” button to close the “Reactions” windows and return to GEPASI main window.
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Then, we need to enter kinetic constants for those reactions.  Click the “Kinetics” button at the GEPASI main window 
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The “Kinetics” window will be given.  Select the Reaction and its corresponding kinetic type.  GEPASI database already have many pre-defined kinetic types.  Once you selected a kinetic type, kinetic constants of this type will be given for you to enter their values.  After you entered the values of those constants, press the “OK” button to accept them.  And this “Kinetics” window will be closed and returned to GEPASI main window.  Repeat above steps until you entered kinetic constants for all reactions.
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Then we can enter the initial metabolite concentrations.  Press the “Metabolites” button at the GEPASI main window.
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The “Metabolites” window will be given.  Enter values for initial concentrations.  For A and C, they are boundary metabolites and they have fixed value during the analysis.  Therefore check the “Fixed” boxes for A and C.  Press the “OK” button to accept those data.
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Finally, we need to check if the unit of dimension is consistence with the problem.  If you want to modify those units, press the “Units” button at the GEPASI main window.
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Modify those units at the “Units” window and press the “OK” button to accept the change.
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You should always pay attention to data that given by problem if they are consistence in units.
Once you enter all necessary data to GEPASI, you can run the model and analyse it.  Click the “Tasks” tab and check the “Report” box under the “Tasks” tab.  The “MCA” check box must be checked.  Then click the “Run” button to run the model.
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If the model can run without any error, GEPASI will analyse it for pathway control.
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GEPASI report:

************************************

*       Gepasi version 3.30        *

*     Intel Pentium executable     *

* Thursday, 24 January 2008, 16:53 *

************************************

Untitled

KINETIC PARAMETERS

R1 (Reversible MM Kinetic)

 Vmax =  1.0000e+005

 E =  1.0000e-003

 Ks =  5.0000e-001

 Keq =  8.0000e-001

 Kp =  8.0000e-001

R2 (Reversible MM Kinetic)

 Vmax =  6.0000e+004

 E =  1.8000e-003

 Ks =  1.5000e+000

 Keq =  1.0000e+000

 Kp =  2.0000e+000

COMPARTMENTS

V(compartment) =  1.0000e+000

RESULTS OF INTEGRATION (after 5.00e+000 min)

[         A] initial =  1.000000e+001 mM, final =  1.000000e+001 mM

[         B] initial =  1.000000e-004 mM, final =  6.447030e+000 mM

[         C] initial =  5.000000e+000 mM, final =  5.000000e+000 mM

J(        R1) =  1.336059e+001 mM*ml/min

J(        R2) =  1.336059e+001 mM*ml/min

STEADY STATE SOLUTION

[         A] =  1.000000e+001 mM, tt =  0.000000e+000 min, rate =  0.000e+000 mM/min

[         B] =  6.447030e+000 mM, tt =  4.825408e-001 min, rate = -3.553e-015 mM/min

[         C] =  5.000000e+000 mM, tt =  0.000000e+000 min, rate =  0.000e+000 mM/min

J(R1) =  1.336059e+001 mM*ml/min

J(R2) =  1.336059e+001 mM*ml/min

METABOLIC CONTROL ANALYSIS

ELASTICITIES

e(R1,[A]) = 4.4632e+000  e(R1,[B]) =-4.4287e+000  

e(R2,[B]) = 3.9042e+000  e(R2,[C]) =-3.7759e+000  

FLUX CONTROL COEFFICIENTS

R1

C(J(R1),R1) =  4.6852e-001

C(J(R1),R2) =  5.3148e-001

R2

C(J(R2),R1) =  4.6852e-001

C(J(R2),R2) =  5.3148e-001

CONCENTRATION CONTROL COEFFICIENTS

B

C([B],R1) =  1.2001e-001

C([B],R2) = -1.2001e-001

In the GEPASI report, the “RESULTS OF INTEGRATION” section gives the values of metabolite concentration when the pathway reaches steady state.  The “METABOLIC CONTROL ANALYSIS” section gives the results of pathway control analysis.  This section shows the control ability of each enzyme on any reaction.  For example:
R1

C(J(R1),R1) =  4.6852e-001

C(J(R1),R2) =  5.3148e-001

It tells you about the ability of R1 and R2 to control the flux of R1, and their flux control coefficients are 0.46852 and 0.53148 representatively.  Since it is linear pathway and the flux control coefficients of R1 and R2 against R2 are identical to against R1.
Higher in the value of flux control coefficient, higher ability to control the pathway flux.  In this example, R2 has higher ability to control this pathway flux.

Save File and Load File

You can save the model into a GEPASI file by press the “[image: image38.png]


” button.
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Select the right folder and give a file name for GEPASI to save it.
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To load a pre-saved GEPASI model, press the “[image: image41.png]


” button to load it.
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Again, you need to tell GEPASI the folder and the file name to load the file.

Please pay attention that, it is found that there is a known bug in GEPASI.  When load a pre-saved model, there is a risk to lose the value of kinetic constants and they will be reset as 1.  Since GEPASI development team already stopped to further develop GEPASI and there is no fix for any bug.  You should check those kinetic constants every time when you open any GEPASI file.
_1262629921.unknown

_1262630030.unknown

_1262630092.unknown

_1262630894.unknown

_1262630924.unknown

_1262630915.unknown

_1262630113.unknown

_1262630041.unknown

_1262630046.unknown

_1262630036.unknown

_1262629970.unknown

_1262630006.unknown

_1262629953.unknown

_1262629469.unknown

_1262629565.unknown

_1262629382.unknown

