Using Mathematica to solve matrix problems:
1. Matrix input
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Or press [Shift] + [Ctrl] + C.

Then select the dimension of matrix:
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You can assign name for this matrix for convenience:
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Of course, remember to enter content to the matrix:
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2. Row Reduce
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You can ask Mathematica to express in a readable format:
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Press [Shift] + [Enter] to execute these lines of commands.

The previous input / output can be referred by using In[#] or Out[#].

Of course, you can assign name to the row reduce result:
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3. Matrix Rank
Note: This function is only available for Mathematica version 5 or later.
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4. Inverse
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You can enter multiple lines of command to execute at the same time.

5. Symbolic Calculus
You can enter the equation with variable into Mathematica:
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Capital & small letters are different in Mathematica.

With the given equation, you can input values for variables later and Mathematica will evaluate them for you:
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Using MATLAB to solve matrix problems:

1. Matrix Input
Use “,” to separate elements within a row and “;” to separate in between rows:
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Otherwise:
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Press [Enter] to execute this line of command.

To save time, you can use space to replace “,” to separate elements within a row:
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2. Row Reduce
[image: image16.png]>>2=010002-301010-520101-8:001-100;0100-30]

10 0 o0 2z 3
o 1 o0 1 0
2 o 1 o 1 -8
o o 1 o1 0 o
o 1 o0 o 3
> rref @)
1.0000 o o o o -z.000
o 1o 0 0 0 1500
0 o 1o 0 o -a.s000
0 0 o 1o o -a.s000
0 0 0 0 10000 -0.5000




3. Matrix Rank
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4. Inverse
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5. Symbolic Calculus
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If you type the function in a wrong fashion:
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If you directly type in values for variables, MATLAB won’t evaluate it for you automatically:
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You need to use MATLAB function subs() to substitute values into equation, one variable by one variable:
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Using Polymath to solve linear equations:

1. Input equations:
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As you select the number of equations as n, Polymath will give you a table of n x (n + 1):
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You can rename the variable names as more meaningful:
Highlight “x1” (for example) and right click the mouse, a menu will be given:
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Enter values into the table:
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2. Solving equations:
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Note
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To do the row reduce in both Mathematica and MATLAB, the value of the last column (
[image: image36.wmf]a

-

) should be “negative” of the right-hand-side of equations.  And the solution will be the negative values of the last column of result matrix.

However, in Polymath, the value of the last column should be the same of the right-hand-side of equations.
Using GEPASI to Set Up Metabolic Model and
Solve MCA Problem

Assume we have follow pathway:
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Sugar is converted into intermediate X1 by reaction R1.  And X1 is further converted into X2 and then product A by reactions R2 and R3.  Intermediate X1 with nutrient N is converted into X3 by reaction R4, and then X3 is converted into product B by reaction R5.  Reactions R1, R3, R4 and R5 are irreversible reactions and reaction R2 is reversible reaction.  Reactions R1, R2, R3, R4 and R5 are catalyzed by enzymes E1, E2, E3, E4 and E5.
Assume the reaction kinetics for above reactions are:

1. Irreversible, single substrate reaction: 
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2. Reversible, single substrate – single product reaction: 
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3. Irreversible, two substrate reaction: 
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	Maximum velocity;

	
[image: image47.wmf]m

K

, 
[image: image48.wmf]S

K

, 
[image: image49.wmf]1

S

K

, 
[image: image50.wmf]2

S

K

, 
[image: image51.wmf]P

K

:
	Michaelis-Menton constant (of substrate / product);

	
[image: image52.wmf]eq

K

:
	Equilibrium constant for reversible reaction


First of all, we need to input reactions into GEPASI:
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Enter “Sugar -> X1” as reaction, then click “Add” button:
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Reaction R1 is added, then enter “X1 = X2” as another reaction:
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Note that in GEPASI:

“->” stands for irreversible reaction;

“=” stands for reversible reaction.
Repeat above steps to input all reactions.  For two substrate reaction R4, use “+” in between “X1” and “N”.
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Finally, click “OK” button to finish the reaction input.
GEPASI has predefined kinetic types, they are:

Generic

Constant flux; Mass action

One substrate / one product

Henri-Michaelis-Menten; Reversible Michaelis Menten; Uni Uni; Iso Uni Uni; Hill Cooperativity; Reversible Hill; Reversible Hill with 1 modifier; Reversible Hill with 2 modifier; Substrate inhibition; Substrate activation; Competitive inhibition; Noncompetitive inhibition

Uncompetitive inhibition

Mixed inhibition; Specific activation; Catalytic activation; Mixed activation; Generic hyperbolic modifier; Allosteric inhibition

Multi-reactant

Ordered Uni Bi; Ordered Bi Uni; Ordered Bi Bi; Ping Pong Bi Bi

You can find their details in GEAPSI help file.  This time we need to define our own kinetic types:
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Input the reaction kinetic, and give a name to this kinetic type, then click “Accept Function” button.  For the irreversible single substrate reaction 
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, we only need to type the right hand side of the equation:
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Now you’re not allow to edit the kinetic, you need to specify what do those variables mean:

1. “Vmax” is a Constant Class;

2. “E” is a Modifier Class;

3. “S” is a Substrate Class;

4. “Km” is a Constant Class:
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Make sure that this kinetic is NOT “Reversible”, with “1” Substrate, “0” Products:
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Finally, click “Add” button to confirm this input.  If you want to edit the kinetic equation, click the “Edit function” button and GEPASI will allow you to edit the equation again.  Don’t forget to double check what are the meaning of those variable again after you edited the equation.
For reversible kinetics, “P” is Product Class, and this reaction is “Reversible” with “1” Substrate and “1” Product:
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Note that, in the kinetic equation:
· A substrate is a chemical species involved in a reaction, and its conc. will affect the reaction rate.  Where this substrate will be consumed, if the net reaction rate is positive;

· A product is a chemical species involved in a reaction, and its conc. will affect the reaction rate.  Where this product will be produced, if the net reaction rate is positive;

· A modified is a chemical species not involved in a reaction, but its conc. will affect the reaction rate.  This modifier neither be consumed nor produced if the reaction take place.  E.g. catalyst.

· For a zero order reaction, we just need to put a constant in the rate equation and define the value later.

Then, review the metabolite conc.:
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GEPASI already determined “Sugar”, “N”, products “A”, “B” and intermediates for us:
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Note that all conc. except intermediates are fixed.  Therefore, we need to check the “Fixed” check box for the corresponding metabolite.  We also need to define the initial conc. for them.
GEPASI doesn’t know that we have enzymes and doesn’t have enzyme here.  We need to add them by ourselves:
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Repeat until we add all enzymes.

Note that GEPASI has bug that it will “forget” what we assigned for those existing metabolites.  Remember to double check everything in before you leave an input box:
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Next, assign the kinetic types to those reactions and input kinetic parameters:
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For the irreversible reaction R1, select the kinetic type “Ex Ir Kinetic – 1 S” that we just input:
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Note that GEPASI only lists single substrate irreversible kinetics here.  This software will determine what kind of reaction it is and filters all unrelated kinetics for you.  Therefore, it is important to make sure the numbers of substrate and products and reaction reversibility while you input kinetics.

Input kinetic parameter and select “E1” for modifier “E”:
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Repeat above steps for all reactions.  Click “OK” button to complete input for all reactions.
We have only one compartment (e.g. cytosol only) in this example and we don’t need to input any information for compartment:
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Go to the next page: “Task” to determine simulation result output.  “Report” summarized all results.  It is suggested to select “Comments” and “MCA” for the report:
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You can also select to export steady state results and transient results to files by select what kind of information to be included.  Here, we are not yet select any information to be output other than report.
Once you confirmed everything is input, click the “Run” button on the top:
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And it will give you a report on the simulation and MCA:
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Note that here I just try to demonstrate how to use GEPASI interface in input a model.  This model doesn’t have steady state solution and GEPASI can’t go further to perform MCA for this pathway.
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