
The principle of labeled lines in sensory systems





Functional processes in a generalized sensory system



Classification of sensory receptors

EYES



Classification of sensory receptors

Ears

Noses

Tongue



Crayfish stretch receptors exemplify sensory processes



Slowly adapting and rapidly adapting receptors



Receptor ADAPTATION can occurr at 3 sites



The Pacinian corpuscle is a rapidly adapting mechanoreceptor

Start End stimulus



Sensory receptors are subject to excitatory efferent control from the CNS

INCREASE sensitivity receptor



Receptors may also receive inhibitory efferent control

DECREASE sensitivity receptor



Photoreceptors contain photo pigments

Photo pigments are molecules that absorb and transduce light 
into an electrical signal

Electrical signal

Catalysis of the reaction: guanosine
3',5'-cyclic phosphate + H2O = 
guanosine 5'-phosphate 



A simplified evolutionary relation of photoreceptive structures

Communications are more 
complex in air (terrestrial 
habitats). 
Better visual communication 
over long distances



A simplified evolutionary relation of photoreceptive structures

Rhabdomeric: cell membrane extensions (phospholipase C and 
inositol phosphate

Ciliary: cilia modification (organelle)
(phosphodiesterase and cGMP) 



Four patterns of organization of eyes

Pigment

Pigments: shield  the photoreceptor from light, allow the animal to orient

Not very 
sensitive

Increase light gathering



Structure of the mammalian eye and retina

Inverted image

image

Photoreceptors
(Film)

(diaphragm)
(limits light)

(Lens)
(Focus)



Structure of the mammalian eye and retina

Photoreceptors

Inverted retina

Nocturnal
High resolution

Diurnal- color vision



Structure of the mammalian eye and retina



Vertebrate photoreceptors

Photosensitive
membrane



Vertebrate photoreceptors



Vertebrate photoreceptors



Light hyperpolarizes vertebrate photoreceptors

More negative



Light hyperpolarizes vertebrate photoreceptors

More negative
(less positive)



Phototransduction
1. Light activates rhodopsin

1



Phototransduction

2. Rhodopsin decreases concentration of cGMP

2



Phototransduction
3. Decrease in concentration of cGMP closes ion channels

membrane potential3

hyperpolarization



Rhodopsin is a photopigment composed of two parts: retinal and opsin

G-protein coupled receptor 
-7 transmembrane protein-



Rhodopsin is a photopigment composed of two parts: retinal and opsin

Retinal is the chromophore



Rhodopsin is a photopigment composed of two parts: retinal and opsin

296



Phototransduction

Tγ



Phototransduction



Rhodopsin structure

11 aa peptide



Rhodopsin structure



Structure of rhodopsin-GαCT complex



Structure of rhodopsin-GαCT complex (cytoplasm view)

active

inactive

active

inactive



Phototransduction

- 45
- 75



Phototransduction



Phototransduction



Phototransduction

LIGHT



Sensitivity to light Sensitivity to pattern

Spatial patterns  
Temporal patterns



Structure of the mammalian eye and retina

Photoreceptors

Inverted retina

Nocturnal
High resolution

Diurnal- color vision

Retinal 
integration



Receptive field: area of retina influenced by light

Receptive field

Retinal 
integration

Structure of the mammalian eye and retina



Receptive fields and responses of ganglion cells in the retina of a cat

Illumination in the OFF area
decreases activity

Receptive fields
divided in 2 areas:
ON and OFF

Illumination in the center
increases activity



Receptive fields and responses of ganglion cells in the retina of a cat

Maximal 
stimulation

Maximal 
inhibition

Little effect

Receptive fields and responses of ganglion cells in the retina of a cat



Receptive fields and responses of ganglion cells in the retina of a cat

Illumination in the center
DECREASES activity

Illumination in the OFF area
increases activity

Receptive fields and responses of ganglion cells in the retina of a cat



The synaptic connections of the retina



The synaptic connections of the retinaThe synaptic connections of the retina



Retinal pathways determine receptive-field properties of retinal ganglion cells

hyperpolarizes
decreases activity

Despolarizes
increases activity



Retinal pathways determine receptive-field properties of retinal ganglion cells

hyperpolarizes
decreases activity

Retinal pathways determine receptive-field properties of retinal ganglion cells



Central visual projections of a mammal

Simple cells

Complex cells



Receptive fields of simple cells in the visual cortex of a cat

Axes of orientation

(Projections from retina)



Central visual projections of a mammal



The receptive field of a complex cell in the visual cortex

Complex cells respond to 
a BAR at the correct angle



p j

Hierarchical 
Organization

(multiple synapses)

Parallel
Organization

Fine details stationary

Stimulus change and 
movement



Spectral sensitivities of human retinal cones

Different sensitivities
of photoreceptors
To different 
Wavelength of  light

Red cones
Blue cones
Green cones

Trichromaticity theory
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