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Case 1: Glycolysis Pathway

Glycolysis is the metabolic pathway that converts glucose C¢H;,04 into pyruvate CH;COCOO™ +
H" [3]. The free energy released in this process is used to form the high-energy molecules ATP and
NADH. According to the KEGG database [4], this pathway includes the following two reactions:

D-fructose 1,6-biphosphate + H,O Eymed 131 by fructose 6-phosphate + phosphate

Enzyme 2.7.1.11
_—

ATP + D-fructose 6-phosphate ADP + D-fructose 1,5-biphosphate

1. Represent the interactions induced by these equations in a Petri net.

2. Draw the Petri net using one of the suggested [software tools (see below)| and explore its
dynamic behaviour under the asynchronous mode.

3. Check some dynamic properties of the resulting Petri net.

For more details on this example, see [1] Section 4.1.1].

Case 2: Kinase (MAPK) Cascade

The mitogen-activated protein kinase cascade is the core of the ubiquitous ERK/MAPK pathway
that can transmit various signals (cell division, differentiation, etc. [2 Section 3]) from the cell mem-
brane to the nucleus. Figure [1|(next page) describes the typical modular structure of this pathway.
In each layer, forward reactions are catalysed by kinases and reverse reactions by phosphatases.
RasGTP is considered to be the input signal and ERKPP the output signal.

1. Represent the interactions induced by these equations in a Petri net.

2. Draw the Petri net using one of the suggested [software tools (see below)| and explore its
dynamic behaviour under the asynchronous mode.

3. Check some dynamic properties of the resulting Petri net.

Software Tools

The tool software tool I had in mind when designing this assignment is Tina: Time Petri Net Anal-
yser. It can be downloaded here:

T
http://projects.laas.fr/tina//download.php IE‘A

Once you have downloaded the archive, unpack it, go under the directory bin and launch the
file called nd. You should be presented with a window having a workspace, a toolbar, and a menu
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Figure 1: The general scheme of the MAPK cascade. Redrawn from [22] Fig. 3].

bar. To create a place, click on the button with a circle on it. To create a transition, click on the
button with a square on it. To add an arc, click on the button with a black horizontal arrow, then
click on a place and drag the mouse to the transition you want to connect it to. To add tokens to a
place, right-click on it and, in the popup window, modify the number in the field “marking”.

To run the Petri net, go to the “Tools” menu and choose “stepper simulator”. This will show you
a window in which the enabled transitions will be highlighted in red. Click on one of the enabled
transitions to run it once.

If you are feeling curious (and lucky), you may also check out the rather long list of different
Petri net-related software tools:

https://www.informatik.uni-hamburg.de/TGI/PetriNets/tools/quick.html
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