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	Fill: (UU) OBJECTIVES: Objective: The objective of this study is to elucidate the mechanisms underlying microglia's role in higher brain function, specifically through their activation by astrocytic ATP. By understanding how glial cells modulate neural circuits, this research aims to enhance our understanding of normal brain function and contribute to the development of more accurate computational models of neural circuits. Furthermore, this study will investigate the pathway through which microglia modulation of synaptic activity occurs as a result of astrocytic ATP. Given the implications of astrocytes and microglia in various central nervous system (CNS) functions, including learning, it is crucial to mechanistically define how these cells interact to influence neural networks. This knowledge has the potential to provide valuable insights into the shifting activation states of neural networks and the critical role of glial cells, microglia, and astrocytes as central integrators in the brain.
 The Specific AIMS

AIM 1: Determine the mechanism behind Ca2+ mediated microglia process dynamics: Examine the role of spontaneous and P2Y receptor-mediated evoked calcium transients in microglia process motility in both acute brain slices and in vivo preparations from GCaMP5 transgenic mice.  We will also determine whether specifically blocking intracellular calcium transients in microglia inhibits process motility. Hypothesis: P2Y receptor activation leads to Ca2+ mediated microglia process motility.

AIM 2: Evaluate the role of astrocytic ATP release in modulating Ca2+-mediated process motility in microglia: Since astrocytes require intracellular Ca2+ elevations to release ATP via
connexin 43 hemichannels, we will first evaluate the importance of astrocytic Ca2+ dynamics in microglia process motility using the CX3CR1creER/GCaMP5G-tdTm in the presence and absence of CalEx, a novel virus that inhibits intracellular astrocytic Ca2+ signaling. Next, we will elucidate the specific role of astrocytic ATP modulation of Ca2+-mediated process motility in resting microglia by blocking connexin 43 hemichannels with flufenamic acid (FFA) or carbenoxolone (CBX) in vivo.
Hypothesis: Astrocytic ATP release modulates Ca2+ mediated resting microglia process motility.

AIM 3 Determine the effects of resting microglia process extension and retraction on neuronal excitability: Using intracellular whole-cell recordings of cortical somatosensory layer II/III
pyramidal cells in acute slices and in vivo Ca2+ imaging of microglia during sensory-evoked activation
of neuronal networks in barrel cortex, we will determine if microglia respond to neuronal activation
and release soluble factors that modulate synaptic transmission. Hypothesis: Sensory-evoked stimulation of neurons drives Ca2+ activity in microglia through the release of ATP by astrocytes. Subsequent Ca2+-dependent release of BDNF by microglia leads to a reduction in the frequency and amplitude of excitatory synaptic events.

(UU) FINDINGS: Due to the COVID-19 pandemic, the majority of the objectives for this project were put on hold. However, I was still able to be productive by publishing papers and training high school and undergraduate students via Zoom to help them understand the principles of this project. Here are the following papers that were published. 
1. James T., Kula B., Choi S., Khan S.S., Bekar L.K., and Smith N.A. Locus coeruleus in memory formation and Alzheimer’s disease. Review. European Journal of Neuroscience (2020) 54(8) pp. 6948-59. PMID: 33190318. doi.org/10.111/ejn.15045
2. Rune N. Rasmussen and Nathan A. Smith. The Elusive Varicose Astrocytes. (2021) Trends in Neuroscience. 2022 Feb;45(2). pp. 94-95. PMID: 34823901. doi: 10.1016/j.tins.2021.11.003. Epub 2021 Nov 22. 
3. Smith N.A., Helmreich D.L., Adamantidis A, Bovolenta P, Foxe J.J., Smith Y, and V.A. Vaidya. “Diversity Matter Series”- The Black In Neuro Movement (2021) European Journal of Neuroscience. 2022 Jan;55(2):343-349. PMID: 34935222. doi: 10.1111/ejn.15574
4. Wang F, Bradshaw H.B., Pena S, Jablonska B, Xavier J, Gong S, Li B, Chandler-Militello D, Bekar L.K. and Smith N.A. Calcium-independent astrocytic lipid release modulates neuronal excitability. (2021) (Preprint) (Under Review) https://www.biorxiv.org/content/10.1101/2020.01.12.903393v5 
5. 3. Kula B, Antal B, Weistuch C, Gackière F, Barre A, Velado V, Hubbard JM, Clarke K, Kukley M, Mujica-Parodi L, and Smith N.A. D-ꞵ-hydroxybutyrate recovers hippocampal networks during acute insulin resistance. (Submission)
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