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	Learning objective: To explain the concept of concentration gradients in regard to biological processes.

	Keywords: Cell transport, osmosis, diffusion, gradients

	Summary: This RLO outlines the concept of a concentration gradient, 

	Presentation:
A gradient, in general, is the relation between two quantities: higher and lower, lesser and greater, darker and lighter, and so on. Put more formally, it's the change in magnitude of a property, such as height or temperature, from one value to another. The greater the difference between two quantities, and/or the shorter the distance between them, the steeper the gradient. In everyday life, the most familiar type of gradient is that of a hill, but this is only one amongst many types of gradient. 
Relationships
The term gradient can be used in many contexts to indicate a relation between greater and lesser quantities. If you pour yourself a hot cup of tea, for example, the tea will be hotter than the surrounding air, a relationship which can be expressed as a temperature gradient between the heat of the tea and the cold of the air. If you dropped an ice cube into the tea the temperature would go from freezing to near boiling in a short distance, resulting in a sharp temperature gradient. As a further example, an inflated bicycle tyre represents a sharp pressure gradient between the pressure in the tyre and that of the atmosphere.
Concentration gradients
If there's a difference between the concentration of a substance in two liquids, there is said to be a concentration gradient across them. If you have a tank divided in two by a non-porous membrane, with fresh water in one half and glucose solution in the other, there is a concentration gradient across the membrane. 
Equalisation

Unless prevented from doing so, gradients tend to equalise. Objects roll downhill, tea gets cooler, and tyres deflate. The same is true of concentration gradients. If you remove the membrane separating the glucose and water compartments, the glucose will diffuse into the water until the glucose concentration in the tank is equal throughout. The glucose is said to have diffused "down the concentration gradient". The greater the difference between the concentration of substances, the steeper the gradient and the quicker the the rate of diffusion.
Biological processes
Concentration gradients are common in biological processes, such as between the inside of a cell and its surroundings. Substances pass into and out of the cell across the cell membrane via diffusion and osmosis down the concentration gradient, and these processes are integral to the functioning of cells.
Active v Passive Transport

By default gradients equalise, moving from greater to lesser - this  is often called passive transport because no energy is required by the process. To go in the reverse direction requires energy input, as any cyclist knows when climbing up a hill - this is known as active transport. In the case of cells in the body, substances are often transported up a chemical gradient from lesser to greater concentrations, and this takes energy that's supplied by a source within the cell known as ATP. Examples of active transport in the body are the transport of chemical ions (Na, K, Ca etc) in the kidney tubules, and the transport of glucose and sodium across the gut epithelium, which is fundamental to nutrient ingestion into the body 
	Images etc:

Various gradient road signs appear consecutively.
Right-angled triangle in x-y plot steepens and shallows. Gradient measure (1:x) next to it changes to show slope.

Steaming cup of tea below graph indicating temperature gradient (red=warm, blue=cold). Ice cube dropped in cup, graph gradient steepens dramatically. Bike tyre being pumped up.
Glucose/water in tank, from osmosis RLO. Arrow indicates concentration gradient from concentrated to dilute, graph beneath with slope.
Quick illustrations of all 3 examples.
Schematic of cell with passive transport of molecules across the membrane.

Cyclist struggling up hill. Schematic of cell with active transport showing chemical symbols moving across the membranes.



	Activity: 
Concentration gradient activity from Osmosis RLO.
Student to change concentrations of glucose in two tank compartments using a slider, graph illustrating gradient changes concurrently.
	

	Assessment:
	

	Links (1): 

Osmosis & Diffusion RLO (SONET repository, http://www.nottingham.ac.uk/nursing/sonet/rlos/science/osmosis/)

The Cell: Passive Transport Diffusion (Wisconsin Online Resource Center RLO, http://www.wisc-online.com/objects/index.asp?objID=AP1903)
	Links (2):

Pathways Into and Out of the Cell (BBC Biology, http://www.bbc.co.uk/education/asguru/biology/01cellbiology/05pathways/index.shtml

	Glossary
Diffusion: the movement of molecules across a concentration gradient until an equilibrium concentration is reached.

Osmosis: the movement of molecules across a semi-permeable membrane, which allows some molecules through but not others.

Concentration Gradient: "The relation of two given areas, where the concentration of a particular substance differs between those areas." (Biology-Online.org)

ATP: Adenosine Triphosphate. An organic chemical which stores and releases energy for use within body cells, and which is critical to cell activity.


	Related concepts: Osmosis, Diffusion, Cell Transport
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