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1. Big picture: What is the phenomenon you’d like to model?
[bookmark: _GoBack]I would like to model a single neuron at the molecular level.
2. Rationale: Why is this an interesting phenomenon to model?
The general perception of neurons is an abstraction (emergent pattern). Nearly everyone but neurobiologists conceptualize neurons as electrical wave inducers, binary signal transmitters, excitatory/inhibitors singularities, etc. In reality, neurons contain a series of complex molecular and ionic interactions. 
The abstraction to computational parts is fair, and makes understanding and modeling complex neural systems possible. However, in the process, there is a fundamental loss of precision when merging micro-level neurobiology (molecule interactions, gating properties, neurotransmitters, etc.) and macro-level neuro-physics (LFPs, EEGs, FMRi, etc).
My model aims to produce accurate electrical results (field potentials, membrane voltages, action potentials, etc.) by manipulating biological parameters (ion concentration gradient, neurotransmitter presence, presynaptic pulses, etc.) My model will (a) serve as a teaching tool to students in introductory neuroscience courses, (b) demonstrate the validity of modelling neurons at a micro level, and (c) preview experimental effects with different cellular conditions.
3. Why is this a good fit for using ABM?
Molecularly, neuronal interactions are very space specific. For example, if a molecule is too big for a membrane channel, it may block the channel, inactivating it. Another example, the concentration gradient is the predominating factor for current flow. This gradient is the net difference between intracellular and extracellular net positive charge. Finally, characteristics that define a cells electrical activity is defined by location of ions at a specific time.
 Because neuronal molecular interactions are space specific, it is intuitive to use ABM to model each molecule, membrane segment, pore/channel, etc. It is feasible because all molecules are governed by the same physical laws and there is no cell autonomy with molecular interactions 
4. Do you have a driving question formulated? If so, state it here.
Can a simple ABM produce accurate electrical signals? With so little time, I will only be able to build the model using pore agents, membrane agents, ion agents, and simple signal molecules agents. In reality a pore is governed by 5 transmembrane regions. Will a simple model be able to produce something that resembles neural electrical output? 
5. Do you have a reference pattern in mind? If yes, describe it here.
Neurons are very predictable. With a certain set of input parameters, it is possible to sketch a voltage/time and current/time plot that is accurate. The models output should resemble these sketches. 
6. What are the agents of your model? What are the turtle agents? What are the patch agents? Are there link agents?
Turtle Agents: 
	Ions – K+, Na+, Ca2+, Cl-
	Signal Molecules – GABA, glutamate, other signaling molecules
	Special Molecules (maybe) – Inactivation gates, PKC pathway molecules
Patch Agents:
	Membrane Segments: Non interactive, impassable
	Transmembrane Segments: Voltage-gated channels, ligand-gated channels
Link Agents (maybe):
	Molecular Structures: Amino acid chains for inactivation or tethering
7. What properties will the agents have?
Turtles-own: 
	Charge (-2,-1,0,+1,+2 with a magnitude)
	Size (size of molecule, relevant for channel passage) 
Binding strength (Will probably have to hardcode the mechanism for unbinding signaling molecules, too sensitive)
		Patches-own:
			Ionic Gradient (Ionic force caused by concentration gradient)
			Size
			State (active, inactive, or closed)
		Links-own:
			Length
			Elasticity
8. What are the agent behaviors? How will agents interact?
Turtles will move randomly and attract/repel each other by ionic charge. However, the dominating movement force will be repulsive when turtles almost touch each other. This should prevent clustering, but also cause turtles to be attracted to the membrane where the charge difference is most noticeable (like in a real neuron). Transmembrane patches will either be active, inactive or closed. Transmembrane patches will check turtles nearby for a couple of things.
1) If the turtle is charge, active patches will exert some force based on its ionic gradient that affect the net movement force on the molecule.
2) If the turtle is a signaling molecule it can open, close, or inactivate the transmembrane patch. Only one signaling molecule can bind at a time and will do so for a set period of time.
3) Closed patches are impassable until opened
4) Inactive patches are impassable for a certain amount of time
5) Voltage gated transmembrane patches will open or close based on the ionic gradient at that patch.
9. What are the core parameters of the model that will be exposed in the interface?
Extracellular concentration of each ion and signaling molecule
Intracellular concentration of each ion and signaling molecule 
Number of each type of transmembrane patch (I will include several known channels that have distinct properties) 
Size of neuron
Number of default settings (pre-synaptic action potential, repeated post-synaptic action potential, etc.) 
10. Can you sketch a time step of your model? 





On the left is an example of voltage gated channels. The membrane potential is calculated by the net difference in charge in the region. If the potential is right, the channel will exert a force on nearby ions in the suited direction.
On the right is an example of ligand gated channels. The purple ligand binds extracellularly, allowing the blue ions to pass through the channel. 
Each time step, each molecule/ion moves randomly with turtle and patch forces pushing/pulling for a certain direction. 
11. What are the measures you will collect?
Membrane gradient (voltage), and net ion flow (current). These two measure accurately depict most scientific measurements of single neuron experiments.
I can also look at channel states, but that would only be important if I can implement various complex channels. 
