Validation Set, NeuroRD version 2
1. The 1D A+B annihilation problem (Lampoudi et al. 2009, Koh and Blackwell 2011) is defined by the reaction
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on a 40μm x 0.4μm x 0.4μm volume. The reaction rate constant k1 is 0.1 nM-1s-1. The diffusion coefficient D for both A and B is 5· μm2s-1. Initially, 1000 molecules of A are evenly distributed across the volumes, and 1000 molecules of B are all placed in (or injected into) one of the outermost subvolumes. Starting from this initial condition, the problem is numerically simulated for 100 s. 

Model_ABannihilation.xml

2. Two reversible bimolecular reactions (Oliveira et al. 2010) with or without spatial gradients:
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The diffusion coefficient (units: (m2/s) is 50 for Mol A, 100 for Mol B,D, and 300 for Mol C. Initialize the space with 10 nM of Mol B, and at 100 ms, inject Mol A at rate of 20 molecules / ms for 200 ms. Simulation is run for 3000 ms.
Model_bimolec.xml
3. The 2D diffusion problem (Blackwell 2006, Koh and Blackwell 2011) is defined by a species A whose diffusion coefficient is 300 μm2s-1 on a 10μm x 10.5μm x 0.5μm volume. Initially, 1000 molecules of A are all placed in one of the edge corner subvolumes. Starting from this initial condition, the problem is numerically simulated for 50 ms. Note that the injection was into a corner subvolume in Koh and Blackwell 2011, but the main branch of NeuroRD does not permit corner injection.
Model_diff2D.xml

4. The 2D reaction-diffusion problem describes cAMP activation of protein kinase A (PKA), a ubiquitous mammalian signaling pathway. PKA is a tetramer that consists of two regulatory and two catalytic subunits. Binding of two cAMP molecules to each regulatory subunit of the PKA holoenzyme (PKA) leads to the dissociation of the catalytic subunits, which subsequently phosphorylate various substrate proteins. 

The cAMP activation of PKA problem is defined by 
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 PKA-cAMP2
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 PKArc + 2cAMP
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 PKA-cAMP4
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 PKA-cAMP2 + 2cAMP 
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 PKAr + 2PKAc
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on a 10μm x 10.5μm x 0.5μm volume. The reaction rate constants are defined as follows: k1 = 8.696·10-5 nM-1s-1, k2 = 0.02 nM-1s-1, k3 = 1.154·10-4 nM-1s-1, k4 = 0.02 nM-1s-1, k5 = 0.016 nM-1s-1, and k6 = 0.0017 nM-1s-1. The diffusion coefficient for cAMP is 300 μm2s-1; the diffusion coefficient for all other species is 0. Initially, 30240 molecules of PKArc are evenly distributed across the subvolumes (concentration = 996 nM), and 80000 molecules of cAMP are all placed in (injected into) one of the edge subvolumes. Starting from this initial condition, the problem is numerically simulated for 500 ms. Note that the injection was into a corner subvolume in Koh and Blackwell 2011, but the main branch of NeuroRD does not permit corner injection.
Model_cAMP_PKA.xml

5. Cross control of gene transcription by proteins produces oscillation (Srivastava et al., J Chem Phys 2011). Modification of problem to place transcription and translation in different spatial compartments.  
There are several model files to explore the role of diffusion.  They are explained in the README
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