Cell Biology – Lecture 10
Cell Signaling
Neuron signaling

*Neurons – sensory, motor, interneurons



Nerve = bundle of neurons


Membrane potential – all cells have it, +/- ion differential


Resting potential (Vm), - inside, + out, -60mV



Cations inside mostly K+, outside mostly Na+


Anions outside mostly Cl-, inside large macromolecules that don’t pass



*Diffusion based on concentration & charge




Membrane has leaky K+ channels but macromolecules trapped = -charge inside



*Sodium potassium pump


Excitability


All cells have resting potential and can be depolarized



Nerve, muscle cells have voltage gated channels & transmit action potentials


*Action Potentials – brief, large depolarization & repolarization


Small depolarization (less than 20mV) is not propagated – threshold 



*Propagation through neighboring depolarization, channel opening



*Most vert neurons myelinated, Schwann cells, nodes of Ranvier


Synapses


Electrical between two neurons close – gap junctions



Chemical – 20-50nm synaptic cleft




Electrical signal has to be converted to chemical – neurotransmitters





*Terminal bulbs




Receptor membrane proteins – excitatory & inhibitory




*Ligand-gated ion channels open in response


Types of neurotransmitters



Acetylcholine



Catecholamines – tyrosine derivatives:  dopamine, norepinephrine, epinephrine



Other AA derivatives:  histamine, serotonin



Neuropeptides:  small AA chains, often inhibitory, desensitize to pain during stress/shock (Demerol, 




morphine, codeine, heroin, same receptors)

*Neurotransmitter secretion



Action potential opens calcium channels, rush in



*Neurotransmitters stored in secretory vesicles – docking 


Degradation (acetylcholine) or reuptake immediately 

Post-synaptic potentials



Multiple pre-synaptic releases often needed to propagate




From same or multiple axon terminals


Toxins/Drugs that interfere with neurotransmitter release and reception



Pain killers (Demerol, morphine, codeine, heroin) – mimic neurotransmitters and adhere to pain 




receptor membrane proteins



Tetanus & Botulism – interfere with neurotransmitter release at muscle interfaces



Valium – increases binding affinity for a transmitter that causes hyperpolarization (what effects?)



Prozac – blocks reuptake of serotonin


Many neurotoxins (gases, poisons) – prevent acetylcholine breakdown (effects?)

Chemical Messengers & Receptor Molecules

Types of messenger molecules



Endocrine, paracrine, juxtacrine, autocrine


*Ligand-receptor binding



Secondary messengers (small, ions) – turning genes on/off



Binding sites specific



Receptor affinity – concentration dependent



Desensitization – cells respond to relative changes, if always high, need to adapt




Removal of receptors from membrane




Desensitize receptors – lower affinity


Drugs can also bind to receptors to block messengers or activate receptors



Asthma, blood pressure, anxiety, stomach acid


*Signal Pathway



Reception



Transduction




Integration – threshold, and often multiple receptors need to be activated to initiate




Amplification – many molecules of intermediate stages produced in response to small signal



Response 


G Protein-Linked Receptors



One example out of many



*Basic structure of receptor is same for all varieties – 7 transmembrane alpha helices, cytosolic domains



*G Proteins 




Different varieties for different pathways




Heterotrimeric 
 


GDP/GTP binding site – either subunit parts can activate signals



*Cyclic AMP as a second messenger – formation & degradation 




*cAMP-dependent kinase/protein kinase A (PKA) – phosphorylates many proteins, activating





Regulatory & inhibitory subunits




*functions of cAMP




Caffeine is a phosphodiesterase inhibitor



*A more complicated view – smooth muscle relaxation



Ca release is often a part of cellular signaling pathways


*Hormones – used by plants and animals to target different tissues in response to one stimulus



Transported vascularly



Endocrine hormones:  amino acid derivatives, peptides, proteins, lipid-based



Epinephrine – glycogen breakdown, heart rate increase




Norepinephrine – dilation of vessel walls to muscles (smooth muscle pathway)

*Apoptosis – programmed cell death involving signaling


Caspases – activated from pro-caspases and cleave proteins


*How initiated?



Infection – infected cells place protein CD95 on membrane (clusted with other proteins =death receptor)



Just don’t need anymore – absence of survival factors




Death promoting proteins vs. Bcl-2 balance
