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C11 Cell Communication

Cells communicate locally and over distances.

Signal transduction pathway – process by which a signal on a cell’s surface is converted into a specific cellular response
Local regulator – substance that influences nearby cells, ex. growth factors stimulate nearby target cells to grow and multiply.  Called paracrine signaling in animals.

Hormones signal over greater distances.  In animals, move in vessels.  In plants, they move in vessels or as gases via diffusion.  Hormones and local regulators vary in molecular size and type, ex. In plants ethylene gas, C2H4, promotes fruit ripening and helps regulate growth; in animals, insulin is a protein with thousands of atoms.

Cells also communicate directly, cell to cell.  Animal cells use gap junctions or molecules on the cell surface directly as in the immune system.  Plants have plasmodesmata.

3 stages of cell signaling:

1) Reception – detection of a signal from outside the cell

2) Transduction – conversion of signal to a form that brings about a specific cellular response

3) Response – almost any imaginable cellular activity such as rearrangement of the cytoskeleton, activation of genes, etc.
Reception details:

Ligand – small signal molecule specific for binding to a larger one.  Ligand binding causes a receptor protein to change shape, i.e. become activated 
3 types of membrane receptors:

1) G-protein-linked receptor – smaller protein loosely attached to cytoplasmic side of plasma membrane, G-protein, aids work.  Very common. Ex. yeast mating factors, epinephrine, several hormones, and neurotransmitters.  G-protein functions as a switch: GDP (inactive) or GTP (active).  Evolved very early.  ~60% of all medicines used today exert effects by these pathways.
2) Tyrosine-kinase receptors – membrane receptors that attach phosphates to protein tyrosines.  Ex. growth factors.  The ability of a single ligand-binding event to trigger so many pathways is key difference between these receptors and G-protein-linked receptors.

3) Ion-channel receptors – called ligand-gated ion channels, they are protein pores in the plasma membrane that open or close in response to a chemical signal for specific ions such as Na+ or Ca2+.  Ex. synapse between nerve cells.

Intracellular receptors – signal molecules that go across the plasma membrane, directly inside the cell, as they are small enough or lipids.  Ex. steroid hormones, thyroid hormones, nitric oxide (NO).  May carry out the complete transduction of the signal.

Transduction pathways details:

Benefits of complex pathways:

1) Signal amplification

2) More opportunities for coordination and regulation

3) Contribute to the specificity of response

Relay molecules – molecules (mostly proteins) that pass a signal from receptor to response

Protein interaction is a unifying theme of all regulation at the cellular level.  Passing a signal usually takes the form of a conformational change, often by phosphorylation.

Protein kinase – enzyme that transfers phosphate groups from ATP to a protein on either serine or threonine (amino acids). Ex. yeast mating factors, growth factors.  Usually a cascade form.  Phosphorylation usually activates proteins, but may deactivate them.  Abnormal kinases may cause abnormal cell growth and/or cancer.

Protein phosphatases – enzymes that remove phosphate groups from proteins.  When the extracellular signal is not present, the phosphatase molecules predominate, and the signaling pathway (and response) shut down.

Second messengers - small, nonprotein, water-soluble molecules or ions, usually  spread by diffusion inside cell.  Ex. cyclic adenosine monophosphate (cyclic AMP or cAMP) and Ca2+ (concentration increased by ER), diacylglycerol (DAG), and inositol triphosphate (IP3).
Calmodulin – a Ca2+–binding protein; mediates many calcium-regulated processes.  When bind to it, calmodulin changes shape and then binds to other proteins, activating or deactivating them.  
Cellular response details:

Amplification – when one or a few molecules elicit a big response, ex. a small number of epinephrine molecules on liver cells or skeletal muscle release 100’s to millions of glucose molecules from glycogen.

Responses of different cell types vary because different types of cells have different collections of proteins.  Ex. epinephrine causes liver cell to break down glycogen while stimulating heart cell to beat.

Branching of pathways and cross-talk between pathways is important in regulating and coordinating a cell’s responses to incoming information.  Using the same proteins is more efficient for the cell.
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