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Receptors

Prior knowledge from GCSE:

Cells called …………………………. detect ……………………….. (changes in the environment).

	Receptor
	Stimuli detected

	Eye
	

	Ear
	

	
	Balance

	
	Chemicals

	
	Touch, pressure, pain, temperature
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Receptors

Receptor cells detect stimuli. Humans have over 20 different kinds of receptors. They can be classified as:

	
	detecting light and other kinds of electromagnetic radiation

	mechanoreceptors
	detecting movements, pressures, tension, gravity and sound waves

	
	detecting specific chemicals such as glucose, H+ or pheromones

	thermoreceptors
	


In some receptors the receptor cell is the sensory neurone itself, while in others, there is a separate receptor cell that synapses with a sensory neurone. Receptor cells are often part of sense organs, such as the ear, eye or skin. 
Receptors in the Skin
The skin is a major sense organ, containing at least 6 different types of receptors, detecting pressure, temperature and pain.
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Pacinian corpuscles are mechanoreceptors found in the skin and in joints. They detect strong pressure and vibrations. Pacinian corpuscles look like microscopic onion bulbs, about 1mm long. 
Each corpuscle consists of a sensory neurone surrounded by a capsule of 20-60 layers of flattened Schwann cells and fluid, called lamellae.
Pacinian corpuscles are situated deep in the skin, so are only sensitive to intense pressure, not light touch. 

Pressure distorts the neurone cell membrane, and opens mechanically-gated sodium channels. 
This allows sodium ions to diffuse in, causing a local depolarisation, called the generator (or receptor) potential. 
The stronger the pressure, the greater the generator potential, until it reaches a threshold, when an action potential is triggered.
Receptors in the eye 

The retina contains the photosensitive cells, called rods and cones. 

The arrangement of these cells is such that light has to travel through several layers of neurones before reaching the rods and cones. The retina is inverted. 
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There are three layers of cells. 

The outermost layer is the photoreceptors, partially embedded in the microvilli of pigment epithelium cells of the choroid. The melanin in these cells makes them black so that they absorb light rays which would otherwise not pass through the retina, and prevents the back reflection of light. 

Next is the intermediate layer, composed of bipolar neurones, with synapses connecting the photoreceptors to the third layer.  Cells found in this layer receive sensory information from the rods and cones, and integrate this information before passing it on.

The third layer is the internal surface layer containing ganglion cells with dendrites in contact with bipolar neurones and axons of the optic nerve. 

Many synapses link the photoreceptors with sensory neurones. The impulses generated by photoreceptors are first transmitted to a small region where the neurones project through the retina into the optic nerve. This region is called the blind spot, since no photoreceptors are located there. 

The fovea is an area of the retina which contains only cones and is the most sensitive area; most light rays are focused here. 

Rod cells 

Read page 338 and use the information to answer the following:
1) Why do rod cells lead to images that are only seen in black and white?

……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
2) How do rod cells allow us to see in low light intensity?
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
3) Why do rod cells give low visual acuity?

……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
Cone cellls
The cones have a similar structure to the rods, but there are three different types which absorb light of different wavelengths, red, blue and green. The relative stimulation of the three types of cones is important. This is the trichromatic theory of colour vision. 
	Red cones


	Blue cones
	Green cones
	Colour seen

	Stimulated
	Stimulated
	Stimulated
	White

	Stimulated
	Not stimulated
	Not stimulated
	Red

	Not stimulated
	Stimulated
	Not stimulated
	Blue

	Not stimulated
	Not stimulated
	Stimulated
	Green

	Stimulated
	Not stimulated
	Stimulated
	Yellow

	Stimulated
	Stimulated
	Not stimulated
	Purple


The visual pigment in cones is called iodopsin. Iodopsin is less sensitive to changes in light intensity than rhodopsin, so the cones are of little help in seeing in dim light. However in bright light the cone cells provide the brain with enough information to produce an image of very high resolution. 

Acuity

Visual acuity describes how much detail we can see.  Cone cells are tightly packed together in the retina, and each cone synapses with a single bipolar neurone.  This in term may synapse with only a single ganglion cell.  This means that each part of an image is detected by a separate cell, giving a high degree of resolution.  Maximum acuity is found at the fovea – an area on the retina with the highest density of cone cells.

On the other hand, many (15-45) rod cells synapse with a single bipolar cell.  This results in poor resolution.

Sensitivity

Rod cells are more effective than cone cells in dim light.  Dim light will result in the production of a small amount of transmitter substance by each rod or cone.  As each cone only synapses with one bipolar cell, there will not be enough transmitter to set off an action potential

However, as many rod cells synapse with a single bipolar cell the total amount of transmitter substance will depolarise the cell and cause an action potential, giving what is called greater sensitivity.

Look at table 1 page 338 which shows the main differences between rod cells and cone cells.
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