Module 23: Construction of neural circuits
Guidelines
For the multiple choice exam for module 23, you should be able to:
· Describe the basic structure of the growth cone, including reference to lamelipodia, filopodia, actin and microtubules

Growth cone is a highly dynamic structure - Samples chemical environment and guides axonal growth 
Two main structural components 
Lamellipodia - Sheet-like expansion at the tip of the axon 
Filopodia - Fine processes that extend off from the lamellipodia - Rapidly form and disappear
Actin cytoskeleton regulates changes in growth cone lamellipodia and filopodia – filaments composed of polymerized actin – G-actin polymerizes to F-actin
Microtubule cytoskeleton - causes elongation of the axon - Filaments are composed of polymerized tubulin - Forms the ‘railroad tracks’ for transport of molecules to the growth cone - Microtubules at the lamellar region are tyrosinated (green) - Promotes flexibility of assembly - Microtubules within the axon are acetylated (blue) - Promotes stability of assembly


· Be familiar with the names of the 4 major classes of non-diffusible signals that guide growth cone movement

Extracellular matrix molecules and their integrin receptors 
Ca2+-independent cell adhesion molecules (CAMs) 
Ca2+-dependent cell adhesion molecules (cadherins) 
Ephrins and ephrin receptors 

· Name 3 examples of extracellular matrix protein that guide the growth cone

Laminins - Trimeric proteins composed of α, β and γ subunits - Form cruciform shape that can bind other ECM molecules 
Collagens - Proteins that form the main component of connective tissue - Most abundant protein in mammals - Mostly made by fibroblast cells - Triple helical structure - Molecules wrap around each other on multiple levels - generating material with high tensile strength 
Fibronectins - Large glycoproteins that binds together various ECM components (including collagen) Elastic properties - Mainly produced by fibroblasts

· Understand the role of chemical gradients of ephrins and their receptors in ensuring accurate axon targeting that generates topographic maps

Ephrins are membrane-bound ligands - Signal to ephrin receptors (Eph) - Largest subfamily of Trks 
Ephrin receptor activation can either promote or limit growth - Typically inhibits axon growth cones

 Targeting between retina and tectum mediated by ephrins - Ephrins and Eph receptors distributed in a gradient in both the retina and optic tectum - Low concentration of receptor requires high concentration of ligand - High concentration of receptor enables activation by low concentration of ligand - Ephrins associated with several different topographic maps

· Understand the role of neuregulin, neurexins, and neuroligins in synaptogenesis, and of neurotrophins in synapse survival

Neuregulin – is one regulator of postsynaptic proteins - Transmembrane protein expressed by presynaptic cell - Nrg1 cleaved on extracellular side - Diffuses from presynaptic to postsynaptic cell - Binds ErbB family receptors on postsynaptic cell - Epidermal growth factor-like receptors - Causes synthesis of neurotransmitter receptors, promoting synaptogenesis 

Physical attachment between pre- and postsynaptic membranes mainly dependent on binding between two amilies of adhesion molecules 

Neurexin – Presynaptic membrane - Help localize synaptic vesicles, docking proteins and fusion molecules 

Neuroligin –   Postsynaptic membrane - Help promote clustering of receptors and channels 

Neurotrophins -  Target cells release diffusible signaling molecules necessary for neuronal survival. In the absence of the targets, neurons do not survive. Neurotrophins regulate growth, differentiation and 
survival of nearby cells - Mainly produced by neurons (plus muscle) - 2-3 times more nerve cells are generated during development than are needed - Neuron survival competitive, based on neurotrophin 
availability - Without neurotrophins, neurons undergo apoptosis

· Recognize the names of the 5 neurotrophins identified to date, and 3 other molecules that are not neurotrophins but which have neurotrophic properties

NGF (Nerve Growth Factor) 
BDNF (Brain-Derived Neurotrophic Factor) 
NT-3 (Neurotrophin-3) 
NT-4 (Neurotrophin-4) 
NT-5 (Neurotrophin-5)

CNTF (Ciliary neurotrophic factor) - Cytokine 
LIF (Leukaemia inhibitory factor) - Cytokine 
GDNF (Glial-derived neurotrophic factor) - Derived from glia, not neurons or their targets

· Recognize the names of 4 receptors to which neurotrophins bind

P75, trkA, trkB, trkC
[bookmark: _GoBack] 
