Negative feedback based simulations of bio-systems
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Motivation
* Bio-systems are very complex (even the smallest — 20k protein-coding genes in a human cell)
» Simulation of bio-system is a must in order to develop e.g. new treatments
* Needs to take into account whole system (holistic approach)
» Current simulation approaches (approximate, precise) are not sufficient — either way too complex or loosing
necessary details
L * Most sophisticated example — Stanford bacteria cell, 40x simpler than a human cell )
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Cooperation — via Effector N
» Other components can change Effector's parameters V
» Receptor is not aware of the change — in fact, it's a local reaction L
on too high concentration of Effector’s substrate )
+ Example — enzymatic cascade, where one enzyme delivers /)
substrate to anotherone /)
Coordination — via Receptor __ /
» Other components can order Receptor to change regulation /
threshold \ / Coordimation
* Such interaction is global, influencing whole NF component Substate \ /
\° Example — hormonal control of cells ) ! \\“//
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Observations
t « Simualted cascades and cycles of NF components display
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complex regulation beaviour
« Cooperation/coordination relations work as expected

Future work

» Simulate well-known bio systems (e.g. glycolysis enzymatic
cascade) to verify the system

» Search for emergent properties of more complex systems

+ Build workflow utilizing NF simualtion core to automate and

speed-up search
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