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Photoreception

Mechanoreception
· Proprioceptors
· Ion channels extracellular and cytoskeleton
· When you move them, you open the ion channel
· Many kinds of receptors but only two kinds or mechanoreceptor proteins
· vertebrates; the same organ, invertebrates; two different that do the same function
· cochlea can hear different wavelengths of sound due to its structure

Photoreception
· photoreceptors take photons and change into membrane potential changes
· photo-pigments is a protein with a chromophore; changes conformation when light hits it  signal transduction pathway  NT release
· graded potential
· occurs inside photoreceptive organ; the eye in humans

The Visible Spectrum
· evolution; we started underwater
· visible light
· light attenuates in water

Photoreceptors
1. Rhabdomeric: apical surface contains photo-pigments in microvillar projections
2. Ciliary : single cilium projection form cell body, ciliary membrane often highly folded into lamellar or disks containing photo-pigments
**Different signal transduction pathways

Ciliary
· Rods and cones
· Outer segment connected to inner segment by cilium
· Outer segment with membranes that hold photo-pigments
· Inner segment connected to synaptic terminus to send to neurons to the brain
· Between rods and cones; number of photo-pigments expressed is different (rods have more), rods can perceive dim light better, and position in the retina 

Rods
· Slower responses
· More sensitive
· Integrate stimulus over long period of time
· More photo-pigments
· Sensitive to very dim light 
· Saturate at relatively low light intensity

Cones
· Allow us to see colour
· Need more light to function

*Nocturnal mammals have more rods

Ciliary Photo-receptor Diversity
· Each type have a different photo-pigment maximally sensitive to a particular wavelength
· Frogs; rods detect colour, turtles; cones
· Shape of photoreceptor doesn’t determine wavelength it responds to, photopigment expressed does

Photopigments
· Activate signal transduction cascades when light energy is absorbed
· Contains a vitamin A derivative pigment called a chromophore (retinal)
· Member of opsin family
· Opsin; G protein coupled receptor covalently linked to chromophore
· Different types of photopigmentsl different opsins linked to different chomophore
· Rhodopsin iodopsin, melanopsin (different amino acid sequence)
· Use different signal transduction cascades
· Amino acid sequence determines sensitivity to particular parts of light spectrum

Chromophore activation
· Inactive; chromophore in cis conformation
· When absorbs incoming light; changes to all trans
· Use ATP to transform it back

Photobleaching and Regeneration
· Bleaching; all trans chromohore is released from opsin protein
· In vertebrates; reconversion occurs in accessory cell
· Opsin-cis chromophore complex regenerated

Transduction in Invertebrates
· Cis turns to trans when light hits it
· Opsin released: g protein released (different cascade)
· Channels depolarize the cell and goes back to normal as reincorporated back in 
Vertebrates
· Shorter cascade
· Light hits photoreceptors which hyperpolarize

Differential Responses
· In dark; -30mV resting potential
· Hyperpolarize
· Release of NT
· Invertebrates; depolarise, more NT released

Light Responses
· Graded responses
· Brighter light; larger hyperpolarization 
· Amplification at G protein cascade
· Rod sensitive to 1 photon

Evolution of the eye
· The eye organizes the tissues and gives directionality
· Pax 6 gene regulates development of the eye
· Pigmented plate (flat sheet eye); photoreceptor layer retina + pigment shielding
· Pigmented eye cup; directionality but poor image, found in many worms
· Camera eye; pinhole aperture with lens to focus light, vertebrates and some cephalopods
· Compound eye; annelids, molluscs, arthropods
· Ommatidum = photoreceptor unit
· Mosaic eye  sees 2-3 degrees of visual field
· Resolution with number of ommatidia

Compound eyes
· Ommatidium
· Cornea and crystalline lens
· 8-12 retinular cells- rhabdomeric photoreceptor cells
· rhabom = aggregated microvilli

Image formation
· Apposition eye; independent ommatidia, diurnal insects
· Superposition eyes; separation of lens from rhabdom
· Increases light gathering power
· Decreases resolution of image, nocturnal insects, light induced pigment migration 

Camera Eye
· Improved image forming ability
· Cornea- refraction, protection
· Iris- peripheral filter (how much in and out)
· Constricted; circular muscles PNS
· Dilated; radial muscles; SNS
· Lens; fine tuning of refraction. Accommodation (focus)

Accommodation
· Polychaete;
· Changes in lens position relative to retina to focus
· Changes volume of fluid in eye to change distance
· Changes in lens shape; lizards, birds, mammals (alter focal length by changing shape of lens)

Vertebrate Retina
· Multiple layers
· Embedded in pigment epithelium
· Forms synapses with layer of bipolar cells
· Bipolar cells synapse with layer of ganglion cells
· Axons of ganglion cells run along surface of retina and join to form optic nerve
· Optic nerve exits at optic disk (no photoreceptors)
· Fovia; not a lot of cells, light focused
· At the optic disk; blind spot 
· Fovea; all cells are thinned; where lens is trying to focus light; determines where different cells are rods versus cones
· Sharpest image at fovea
· Most cones focused right under the fovea so all the light gets to them
· Rods distributed in periphery
· Fovea: one photoreceptor, one bipolar and ganglion cells
· Periphery; more convergence 

Cephalopod Eye
· Photoreceptors arranged differently in retina
· No other layers besides this layer
· Located on retina
· Supporting cells between retina
· Axons of photoreceptors form optic nerve

Functional Organization
· Photoreceptor cells  horizontal cells  bipolar cells  ganglion cells
· Horizontal cells allow lateral inhibition for contrast and edges
· Bipolar cells make excitatory connections with ganglion cells 


On Center/ Off Center Receptive Fields
· Structure allows us to see contrast
· On center bipolar; depolarized by light in center
· photoreceptor hyperpolarized, decreases glutamate release
· Glutamate is inhibitory
· Hyperpolarized when light in surround; horizontal cells (inhibitory interneurons) hyperpolarize the bipolar cell
· Offcenter; excited by glutamate
· Light hits photoreceptor; hyperpolarized; glutamate NOT released; bipolar cell not inhibited; sends a message
· In surround cells; as light hits outside ones; hyperpolarized; glutamate not released; horizontal cell not excited; no GABA released or glutamate; no GABA inhibition; fires a little bit; increases glutamate a little bit; inhibits bipolar cell; message not fired 
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