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                                        Cell signalling mechanisms 

Introduction
Cell signalling usually works by a sending cell producing a molecule or protein known as the ligand. The ligand is then sent out into the extra cellular space until it comes to a target cell where it can now bind to the receptor (Introduction to cell signalling, Khan Academy, 2020). This causes a response in the target cell resulting in “communication”. This type of communication can work in 3 different ways, Autocrine, Paracrine and Endocrine, which I will explain below. There is another form of communication which does not involve a ligand being sent into the extra cellular space and this is Direct Contact. Direct contact is where gap junctions allow signalling molecules to travel between touching cells. This too will be explained in more detail below (Introduction to cell signalling, Khan Academy, 2020).

Direct contact
Direct contact occurs when cells that are touching each other communicate through water filled channels called gap junctions. These gap junctions let molecules signalling molecules called intracellular mediators. Smaller molecules like ions can fit through the gap junctions and convey the state of the current cell in order to coordinate to a signal only one cell might have received (Introduction to cell signalling, Khan Academy, 2020). They do not however allow larger molecules to fit through enabling a more filtered communication (A, 2013).

Paracrine
Cells that are in immediate proximity to one another often communicate by releasing chemical messengers called ligands. Ligands diffuse through the space between cells (Introduction to cell signalling, Khan Academy, 2020). This ligand then binds to receptors on the target cell which incites a response through the intracellular transduction pathways. This is where a change in the receptor cell incites a change in a protein next to it, which in turn incites a change in a protein next to it and so fourth. This causes a chain reaction which leads to a change in a cells behaviour (Signal transduction pathway, Khan Academy, 2020). A particularly prevalent form of Paracrine signalling is synaptic signalling. A synapse is a gap between two nerve cells where signal transmission happens (Signal transduction pathway, Khan Academy, 2020). A neutron sends a signal down an axon, which then reaches the synapse and triggers a release of ligands (called neurotransmitters in this case). These travel across the synapse and bind with a receptor on a receiving cell causing a chemical change inside (Introduction to cell signalling, Khan Academy, 2020).

Endocrine 
The Endocrine system works a lot like the paracrine system but are used to send messages over longer distances. Ligands are released into the extra cellular space. These are then diffused into the blood stream and distributed across the body where they can bind with receptors on target cells (Introduction to cell signalling, Khan Academy, 2020). Ligands that are produced in one part of the body and sent long distances to reach their target are called hormones. The pituitary gland releases a hormone called Growth Hormone which is then diffused into the blood stream and distributed across the body to promote growth (A, 2013).

Autocrine
The autocrine system is interesting because the cell signals itself. The cell releases a ligand that binds to a receptor on its own surface triggering a signal inside. This is important in development helping cells reinforce what they are. (Introduction to cell signalling, Khan Academy, 2020)

Types of receptors 
There are two main types of receptors, intracellular and extracellular receptors. Intracellular receptors Intracellular receptors are found inside the cell in the cytoplasm or nucleus (Taylor, 2001). The ligand for this process must be hydrophobic in order to cross the plasma membrane. Here it binds with the receptor which changes its shape to allow it to enter the nucleus to regulate gene activity. Extracellular receptors or cell surface receptors are receptors that are attached to the membrane of the cell (Ligands & receptors, Khan Academy, 2020). There are three main types: ligand-gated ion channels, G protein-coupled receptors and receptor tyrosine kinases.

Ligand-gated ion channels- these are channels that open as a response to the binding of a ligand. When a ligand binds to a receptor on the extracellular end of the channel it changes the shape of the proteins in the Chanel to allow ions to pass through (Taylor, 2001). This can also happen in the reverse where a ligand binding can close an usually open channel (Ligands & receptors, Khan Academy, 2020).

G protein-coupled receptors- these are a variety of receptors that all use G protein as a signalling method. A prominent receptor to use as an example is the odour receptor. There are around 800 in humans and each combines with a different compound (Taylor, 2001). This then sends a signal to the brain to translate what you’re smelling. When a ligand binds with the G-protein the G-protein splits into 2 subunits. These subunits can interact with other proteins which causes a signalling pathway(Ligands & receptors, Khan Academy, 2020).

Receptor tyrosine kinases- these are a type of enzyme linked receptor (cell surface receptors with a part residing inside the cell called the “intracellular domain”). A kinase is an enzyme that transports phosphate to a target(Gill, 2016). So this receptor transports phosphates to an amino acid called tyrosine. So when a signalling molecule binds with the receptor 2 receptor tyrosine kinases come together and bind phosphates with tyrosines in their intracellular domains. The result is phosphorylated tyrosine which can transmit the signal to other molecule within the cell. (Gill, 2016)

Types of ligands
There are a variety of ligands. There are proteins, hydrophobic ligands and some are gases. Below I will describe a few and how they work:

Hydrophobic ligands- these are ligands that can enter the cell by passing through the cell membrane and bind to intracellular membranes. And example of these is steroid hormones (Ligands & receptors, Khan Academy, 2020)

Nitric oxide- this is a gas that can be used as a ligand. It is small enough to diffuse across the plasma membrane. It’s main job is to activate signalling pathways to smooth muscle.(Ligands & receptors, Khan Academy, 2020)

Water soluble ligands- these ligands are usually charged so can’t pass through the membrane so therefore are extracellular ligands. The most common form is a peptide such as growth factors and insulin. These are types of proteins that can vary in amino acid chain length. (Ligands & receptors, Khan Academy, 2020)
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