Visual cycle

In humans, two specialized types of photoreceptors detect light under different conditions. Rod
photoreceptors are highly sensitive and mediate vision in dim light, while cone photoreceptors
function in bright light and mediate both high acuity and color vision. To detect light, both rods
and cones exploit the unique properties of cis retinal, a photosensitive derivative of vitamin A.
The cis retinal in photoreceptors is covalently bound to an opsin signaling protein to form a
visual pigment molecule. In the presence of light, cis retinal is isomerized to all- trans retinal,
and the straightening of the polyene chain activates the opsin Figure 1. While the formation of
all- trans retinal is essential for activating photoreceptors and initiating vision, neither the opsin
nor the all- trans retinal are sensitive to light, and new cis retinal must be provided for
photoreceptors to function continuously. Brief shortages of cis retinal are an uncomfortable but
common event. For example, the inability to see at night after passing an oncoming car's bright
lights is partially due to the depletion of cis retinal in rods. While vision recovers from transient
shortages, prolonged cis retinal deficits in conditions like vitamin A deficiency can eventually
lead to more pronounced visual deficits. To generate enough cis retinal for the normal function
and survival of photoreceptors, all- trans retinal is converted back into cis retinal through a
series of enzymatic steps known as the visual cycle. Figure 1. In the first step of vision,
photoreceptors are activated when light induces the isomerization of cis retinal to all- trans
retinal. Visual Pigments To generate a cellular response to light, the cis retinal in
photoreceptors is linked to an opsin protein capable of activating signaling pathways. Together,
the cis retinal and opsin protein are known as a visual pigment Figure 2. Opsins are integral
membrane proteins with seven trans-membrane helices that enclose a binding pocket for cis
retinal Palczewski et al. By themselves, opsins are not photosensitive, and it is only when
coupled with cis retinal that the protein absorbs visible light. The absorption characteristics of
different visual pigments are controlled by the interactions between cis retinal in mammals and
the opsin. For example, humans have three types of cone photoreceptors that are sensitive to
red, green, and blue light. Each expresses a slightly different opsin, and the unique interactions
between a particular cone opsin and cis retinal result in a sensitivity to a specific wavelength or
color of light for review, see Ebrey and Koutalos, Despite absorbing different wavelengths of
light, the general relationship between the opsin and cis retinal is the same in all visual
pigments. In the dark, cis retinal binds the opsin as an inverse agonist and holds the opsin in an
inactive conformation. When light strikes the visual pigment, the isomerization of cis retinal to
all- trans retinal in the binding pocket pushes the opsin into an active conformation and initiates
phototransduction. While the newly formed all- trans retinal is needed to activate the opsin, it
lacks photosensitivity, and the opsin must release all- trans retinal and bind new cis retinal to
continue detecting light. Figure 2. Visual pigments are responsible for initiating a
photoreceptor's response to light. Each visual pigment molecule consists of an cis retinal
chromophore covalently bound to an opsin G-protein coupled receptor. The opsin constitutes
the signaling component. The framed image depicts a two-dimensional representation of an
opsin protein with its seven trans-membrane alpha-helices. Helices 3, 5, 6, and 7 are thought to
line the opsin binding pocket. In the overhead depiction of a visual pigment to the right , cis
retinal is shown in the binding pocket formed by the opsin helices H1-H7. A view of the retina in
cross-section reveals that the photoreceptors are paradoxically located in the deepest retina
layer, and the light-sensitive outer segments are the farthest retina layer from light entering the
pupil Figure 3. Although this arrangement requires incoming light to pass through each retina
layer before reaching the photoreceptors, it positions the outer segments in close proximity to
the specialized monolayer of RPE cells. While not a part of the neural retina, the RPE is
essential for the normal function and survival of photoreceptors. Among its many contributions
to the photoreceptors, the RPE is the principle site for cis retinal regeneration in the visual
cycle. Figure 3. Photoreceptors rely on the retinal pigment epithelium RPE for numerous
metabolic functions, including the visual cycle. In cross section, photoreceptors are located in
the back of the retina in close association with the RPE. The colored insert shows a micrograph
of Xenopus laevis photoreceptors, and demonstrates the close anatomical relationship between
the photoreceptor outer segments and the RPE. The Classical Visual Cycle The classical visual
cycle regenerates cis retinal through a series of steps involving specialized enzymes and
retinoid binding proteins, and the importance of each step is underscored by the fact that each
has been identified as sources of visual impairment or blindness in humans Travis et al. Our
understanding of the visual cycle is largely based on studies from rod photoreceptors. Cones
are believed to rely upon the same system, but are also thought to have privileged access to
alternate visual cycle pathways in the inner retina. With growing evidence of a cone-specific
pathway for review, see Wolf, , the cycle occurring between the photoreceptors and RPE is
increasingly referred to as the classical visual cycle Figure 4. Figure 4. The classical visual
cycle involves the cycling of retinoids between the rod outer segments OS and the RPE. The

visual cycle begins in the outer segment with all- trans retinal's release from the opsin. After
reduction to all-trans retinol, the photoproducts cross the sub-retinal space and enter the RPE.
Here, cis retinal is regenerated in three enzymatic steps and returned to the photoreceptors.
IRBP is thought to transport retinoids through the sub-retinal space. The classical visual cycle
begins in the rod outer segment with the absorption of a photon by a visual pigment molecule.
Rod outer segments contain stacks of membranous discs made of a lipid bi-layer. The resulting
N-retinylidine-phosphatidylethanolamine is transported to the cytoplasmic disc surface by the
retina specific ATP binding cassette transporter ABCR , and released into the cytoplasm as alltrans retinal Liu et al. In the RPE, at least three enzymes associated with the smooth
endoplasmic reticulum convert all- trans retinol to cis retinal. LRAT links all- trans retinol to
phosphatidyl choline in the membrane to generate all- trans retinyl esters. Additionally, alltrans retinol from systemic circulation can enter the visual cycle through the basal surface of
RPE cells for esterification by LRAT. The esters generated by LRAT are the primary storage
form of retinoids in the eye, and their accumulation is thought to be an important force driving
subsequent reactions in the visual cycle. More importantly, they serve as the substrate for the
next step of the visual cycle and are required for cis retinal regeneration Moiseyev et al. The
next step of the visual cycle involves the simultaneous hydrolysis and isomerization of all- trans
retinyl esters to yield cis retinol. The coupling of isomerization and hydrolysis is facilitated by a
single enzyme, generically termed the isomerohydrolase, and thought to be the RPE65 protein
Deigner et al. Indeed, RPE65 is essential for the regeneration of cis retinoids, and there is no
isomerohydrolase activity in its absence Redmond et al. Again, IRBP is proposed to facilitate
this transport and protect cis retinal from isomerization en route to the photoreceptors Jones et
al. After entering the outer segment, the newly generated cis retinal can bind with opsin and
regenerate functional visual pigment to complete the cycle. The Cone Visual Cycle The classical
visual cycle associated with the outer segment and RPE is well-studied in rods and thought to
apply to cones, but cones are theorized to have unique visual cycle pathways. Cones, which are
responsible for the bulk of human vision, are specialized for functioning in daytime vision
where constant light increases the demand for cis retinal. Central to this theory is the unique
ability of cones to regenerate cis retinal from cis retinol supplied to the inner segment Jones et
al. Furthermore, IRBP, the transporter discussed in the classical visual cycle, co-localizes with
the microvilli, is a major carrier of cis retinol Saari et al. Summary The photoisomerization of cis
retinal to all- trans retinal in photoreceptors is the first step in vision, but the continued function
of photoreceptors requires that all- trans retinal be converted back into cis retinal via the visual
cycle. In the visual cycle, all- trans retinal is released from the activated opsin and reduced to
all- trans retinol in the photoreceptor outer segment. IRBP is believed to facilitate the trans port
of all- trans retinol from the outer segments to the RPE, where all- trans retinol is used to
generate all- trans retinyl-esters with LRAT. These esters serve as the substrate for an
isomerohydrolase reaction, likely catalyzed by RPE65, which generates cis retinol. To complete
the visual cycle, newly generated cis retinal is transported back across the sub-retinal space to
the photoreceptors to regenerate photosensitive visual pigment. J Gen Physiol J Cell Biol
Carter-Dawson L, Burroughs M a Interphotoreceptor retinoid-binding protein in the Golgi
apparatus of monkey foveal cones. Electron microscopic immunocytochemical localization.
Invest Ophthalmol Vis Sci Carter-Dawson L, Burroughs M b Interphotoreceptor retinoid-binding
protein in the cone matrix sheath. Photochem Photobiol Biochem J Pt 3 Science Ebrey T,
Koutalos Y Vertebrate photoreceptors. Prog Retin Eye Res Gonzalez-Fernandez F
Interphotoreceptor retinoid-binding protein--an old gene for new eyes. Vision Res J Biol Chem
Cell Biochemistry Nat Genet Saari JC, Bredberg L, Garwin GG Identification of the endogenous
retinoids associated with three cellular retinoid-binding proteins from bovine retina and retinal
pigment epithelium. Neuron Simon A, Hellman U, Wernstedt C, Eriksson U The retinal pigment
epithelial-specific cis retinol dehydrogenase belongs to the family of short chain alcohol
dehydrogenases. Annu Rev Pharmacol Toxicol Wolf G The visual cycle of the cone
photoreceptors of the retina. Nutr Rev Visual phototransduction is the sensory transduction of
the visual system. It is a process by which light is converted into electrical signals in the rod
cells , cone cells and photosensitive ganglion cells of the retina of the eye. This cycle was
elucidated by George Wald â€” for which he received the Nobel Prize in It is so called "Wald's
Visual Cycle" after him. The visual cycle is the biological conversion of a photon into an
electrical signal in the retina. This process occurs via G-protein coupled receptors called opsins
which contain the chromophore cis retinal. When struck by a photon , cis retinal undergoes
photoisomerization to all-trans retinal which changes the conformation of the opsin GPCR
leading to signal transduction cascades which causes closure of cyclic GMP-gated cation
channel, and hyperpolarization of the photoreceptor cell. Following isomerization and release
from the opsin protein , all-trans retinal is reduced to all-trans retinol and travels back to the

retinal pigment epithelium to be "recharged". The isomerase activity of RPE65 has been shown;
it is still uncertain whether it also acts as hydrolase. Finally, it is oxidized to cis retinal before
traveling back to the rod outer segment where it is again conjugated to an opsin to form new,
functional visual pigment rhodopsin. The photoreceptor cells involved in vision are the rods
and cones. These cells contain a chromophore cis retinal , the aldehyde of Vitamin A1 and
light-absorbing portion bound to cell membrane protein, opsin. Rods deal with low light level
and do not mediate color vision. Cones, on the other hand, can code the color of an image
through comparison of the outputs of the three different types of cones. Each cone type
responds best to certain wavelengths , or colors, of light because each type has a slightly
different opsin. The three types of cones are L-cones, M-cones and S-cones that respond
optimally to long wavelengths reddish color , medium wavelengths greenish color , and short
wavelengths bluish color respectively. Humans have a trichromatic visual system consisting of
three unique systems, rods, mid and long-wavelength sensitive red and green cones and short
wavelength sensitive blue cones. To understand the photoreceptor's behaviour to light
intensities, it is necessary to understand the roles of different currents. There is also an inward
sodium current carried by cGMP -gated sodium channels. This so-called ' dark current '
depolarizes the cell to around mV. Note that this is significantly more depolarized than most
other neurons. Photoreceptor cells are unusual cells in that they depolarize in response to
absence of stimuli or scotopic conditions darkness. In photopic conditions light ,
photoreceptors hyperpolarize to a potential of mV. In the dark, cGMP levels are high and keep
cGMP-gated sodium channels open allowing a steady inward current, called the dark current.
This dark current keeps the cell depolarized at about mV, leading to glutamate release which
inhibits excitation of neurons. The depolarization of the cell membrane in scotopic conditions
opens voltage-gated calcium channels. Glutamate, though usually excitatory, functions here as
an inhibitory neurotransmitter. Reducing this dark current causes the photoreceptor to
hyperpolarise , which reduces glutamate release which thus reduces the inhibition of retinal
nerves, leading to excitation of these nerves. Finally, Metarhodopsin II is deactivated.
Recoverin, another calcium binding protein, is normally bound to Rhodopsin Kinase when
calcium is present. When the calcium levels fall during phototransduction, the calcium
dissociates from recoverin, and rhodopsin kinase is released, when it what? Finally, arrestin,
another protein, binds the phosphorylated metarhodopsin II, completely deactivating it. Thus,
finally, phototransduction is deactivated, and the dark current and glutamate release is
restored. It is this pathway, where Metarhodopsin II is phosphorylated and bound to arrestin
and thus deactivated, which is thought to be responsible for the S2 component of dark
adaptation. The S2 component represents a linear section of the dark adaptation function
present at the beginning of dark adaptation for all bleaching intensities. All- trans retinal is
transported to the pigment epithelial cells to be reduced to all- trans retinol, the precursor to cis
retinal. This is then transported back to the rods. All- trans retinal cannot be synthesised by
humans and must be supplied by vitamin A in the diet. Deficiency of all- trans retinal can lead to
night blindness. This is part of the bleach and recycle process of retinoids in the
photoreceptors and retinal pigment epithelium. Phototransduction process in invertebrates like
the fruit fly is different from the vertebrates. PI 4,5 P 2 cycle underlies the phototransduction
process. Here, light induces the conformational change into Rhodopsin and converts it into
meta-rhodopsin. This helps in dissociation of G -protein complex. This hydrolysis leads to
opening of TRP channels and influx of calcium. From Wikipedia, the free encyclopedia. This
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