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Types of Sensory Receptors

• Based on the energy they transduce, sensory receptors fall

into five categories

1. Mechanoreceptors

2. Chemoreceptors

3. Electromagnetic receptors

4. Thermoreceptors

5. Pain receptors
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Mechanoreceptors

• Mechanoreceptors sense physical deformation

– Caused by stimuli such as pressure, stretch, motion, and 

sound
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Chemoreceptors

• Chemoreceptors include

– General receptors that transmit information about

the total solute concentration of a solution

– Specific receptors that respond to individual kinds

of molecules
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Electromagnetic Receptors

• Electromagnetic receptors detect various forms of

electromagnetic energy

– Such as visible light, electricity, and magnetism
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Thermoreceptors

• Thermoreceptors, which respond to heat or cold

– Help regulate body temperature by signaling both

surface and body core temperature
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Pain Receptors

• In humans, pain receptors, also called nociceptors

– Are a class of naked dendrites in the epidermis

– Respond to excess heat, pressure, or specific

classes of chemicals released from damaged or

inflamed tissues
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– A hair cell found in vertebrates

of action potentials in the sensory neuron. 
Bending in the other direction has the opposite 
effects. Thus, hair cells respond to the direction 
of motion as well as to its strength and speed.s

(b) Vertebrate hair cells have specialized cilia or 
microvilli (“hairs”) that bend when sur-rounding 
fluid moves. Each hair cell releases an excitatory 
neurotransmitter at a synapse

with a sensory neuron, which conducts action 
potentials to the CNS. Bending in one direction 
depolarizes the hair cell, causing it to release more 
neurotransmitter and increasing frequency
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• Humans and other mammals

– Focus light by changing the shape of the lens

Figure 49.19a–b
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• Rods contain the pigment rhodopsin

– Which changes shape when it absorbs light

Figure 49.20a, b
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(a) Rods contain the visual pigment rhodopsin, which is embedded 

in a stack of membranous disks in the rod’s outer segment. 

Rhodopsin consists of the light-absorbing molecule retinal 

bonded to opsin, a protein. Opsin has seven  helices that span 

the disk membrane.

(b) Retinal exists as two isomers. Absorption of light converts 

the cis isomer to the trans isomer, which 

causes opsin to change its conformation (shape). 

After a few minutes, retinal detaches from opsin. 

In the dark, enzymes convert retinal back to its cis
form, which recombines with opsin to form rhodopsin.
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• Absorption of light by retinal

– Triggers a signal transduction pathway

Figure 49.21

EXTRACELLULAR

FLUID

Membrane

potential (mV)

0

– 40

– 70

Dark Light

– Hyper-

polarization

Time

Na+

Na+

cGMP

CYTOSOL

GMP

Plasma

membrane

INSIDE OF DISK

PDEActive rhodopsin

Light

Inactive rhodopsin Transducin Disk membrane

2 Active 

rhodopsin 

in turn 

activates a G 

protein called 

transducin.

3 Transducin

activates the

enzyme 

phos-

phodiesterae

(PDE).

4 Activated PDE 

detaches cyclic 

guanosine 

monophosphate 

(cGMP) from 

Na+ channels in 

the plasma 

membrane by 

hydrolyzing 

cGMP to GMP.

5 The Na+ channels 

close when cGMP 

detaches. The 

membrane’s 

permeability to 

Na+ decreases, 

and the rod 

hyperpolarizes.

1 Light 

isomerizes 

retinal, which 

activates 

rhodopsin. 



Copyright © 2005 Pearson Education, Inc. publishing as Benjamin Cummings

• In the light, rods and cones hyperpolarize

– Shutting off their release of glutamate

• The bipolar cells

– Are then either depolarized or hyperpolarized

Figure 49.22
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• Three other types of neurons contribute to

information processing in the retina

– Ganglion cells, horizontal cells, and

amacrine cells

Figure 49.23
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• Signals from rods and cones

– Travel from bipolar cells to

ganglion cells

• The axons of ganglion cells are

part of the optic nerve

– That transmit information to

the brain

Figure 49.24
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• Exploring the structure of the human ear

Figure 49.8
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• These vibrations create pressure waves in the fluid in the 

cochlea

– That travel through the vestibular canal and ultimately strike 

the round window

Figure 49.9
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• The cochlea can distinguish pitch

– Because the basilar membrane is not uniform along its length
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• The utricle, saccule, and semicircular canals in the inner 

ear

– Function in balance and equilibrium

Figure 49.11
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• When odorant molecules bind to specific receptors

– A signal transduction pathway is triggered, sending 

action potentials to the brain
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Figure 49.14

4 The decrease in the membrane’s permeability to 

K+ depolarizes the membrane.

5 Depolarization opens voltage-gated calcium ion 

(Ca2+) channels, and Ca2+ diffuses into the receptor 

cell.

6 The increased Ca2+ concentration causes  

synaptic vesicles to release neurotransmitter.

3 Activated protein kinase A closes K+ channels in 

the membrane.

2 Binding initiates a signal transduction pathway 

involving cyclic AMP and protein kinase A.

1 A sugar molecule binds 

to a receptor protein on 
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• The lateral line system contains mechanoreceptors

– With hair cells that respond to water movement

Figure 49.12 Nerve fiber
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• Compound eyes are found in insects and crustaceans

– And consist of up to several thousand light detectors 

called ommatidia

Figure 49.17a–b
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(b) The cornea and crystalline cone of 

each ommatidium function as 

a lens that focuses light on the 

rhabdom, a stack of pigmented 

plates inside a circle of 
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traps light and guides it to 
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intensities of light entering the 

many ommatidia from different angles.
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• One of the simplest is the eye cup of planarians

– Which provides information about light intensity and 

direction but does not form images

Figure 49.16
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