Phototransduction



Inner Life of the Cell
https://www.yvoutube.com/watch?v=wJyUtbn005Y



https://www.youtube.com/watch?v=wJyUtbn0O5Y
https://www.youtube.com/watch?v=wJyUtbn0O5Y
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Photoactivation:

A photon is absorbed by a visual pigment
molecule lying in one of the membranous
discs contained in the outer segment.

Biochemical cascade:

In the dark there is a steady movement of
positively charged ions (cations) into the
outer segment, via ionic channels. The
visual pigment molecule, activated by the
photon, initiates a cascade of events that
ultimately closes these channels.
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Electrotonic spread:

Normally, the movement of cations into the
outer segment is balanced by the outward
movement of cations, mainly through the
inner segment. The decrease in inward
current creates a net outward current,
which makes the interior of the cell even
more negative. This hyperpolarization of
the cell membrane spreads throughout the
cell. This is how the information about light
absorption spreads to the synaptic terminal.
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Synaptic deactivation:

At the synaptic terminal there are calcium
channels that open when the voltage
across the cell membrane depolarizes and
close when it hyperpolarizes. Thus the
hyperpolarization of the cell membrane
leads to a decrease in the rate of entry of
calcium ions. Free calcium ions are
continuously being removed from the cell
interior, so a decrease in the rate of entry of
calcium leads to a decrease in the internal
concentration of free calcium ion.
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Decrease in glutamale release:

The synaptic terminal contains vesicles that
in turn contain glutamate molecules. In the
presence of calcium ions, they are
continuously released into the synaptic
cleft. Thus a decrease in the internal
concentration of calcium ions leads to a
decrease in the rate of release of glutamate
molecules.

Steps in
bhototransduction



mammalian rod photon fly photoreceptor
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Rhodopsin molecule
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348

probably form more compact structures !

on either side of the membrane.

2000 &
SVEU (SIAE)
5 ‘390 00 ©)

o)

rhodopsin icon

chromophore o0 tail of
9006009000909 chromophore
o helix : g is attached to
! F) this amino
WRODEOEEWEOYV® acid
amino acid
models of a rhodopsin molecule in a rod atiachiveptio

membrane via two
lipid groups



—



Activation of rhodopsin leads to decrease
in cGMP concentration
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occurs via four intermediate steps



Step |: activated rhodopsin activates

G-protein molecules

By means of diffusion, R* The G, part of the G molecule As a result of interacting with

encounters an inactive G comes to lie over the exposed R*, the GDP molecule held by

molecule. surface of the activated the G, portion is replaced by a
rhodopsin molecule. GTP molecule, which converts

this subunit to an activated
form.

Activation of the G, subunit,
now G, causes it to separate
from both the rhodopsin
molecule and the Gg, portion
of the G molecule.



A single activated rhodopsin molecule activates
700 G-protein molecules within 100 ms
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Step 2: activated G-protein molecules bind to
phosphodiesterase (PDE), exposing catalytic site

catalytic site
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Step 3: activated PDE breaks bonds in cGMP,
thus converting cGMP to GMP and lowering
overall cGMP concentration

If G} molecules attach to
both ends of a PDE
molecule, then two catalytic
sites will be activated.
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Step 4

closes channels
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Photocurrent

Inward current in outer segment decreases
by 0.7 pA in response to one photon of light
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Photovoltage

Charge imbalance created by photocurrent from one
photon of light leads to | mV hyperpolarization

transmembrane potential
(mV)
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Synaptic terminal contains ‘ribbons’ that
facilitate migration of vesicles to membrane
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Neurotransmitter release

presynaptic cell
synaptic vesicle

receptor —

postsynaptic cell

chemical synapse



Spontaneous isomerizations determine lower limit of light
detection, or visual threshold
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Energy expenditure as a function of light level

6x107

-1

5x107 |- Outer segment

4x107 |-

3x107 [~

Na* and Catt

, total outer segment
2x10° [ via cGMP channel \ /

ATP expenditure s

X
1x10’ [ c¢GMP synthesis

O @ {O= —O—=
0 ~ T~

]
C

= = = <~ ¢GMP hydrolysis
) /llllll 1 1 lllllll 1 1 lllllll 1 1 lllllll
o/ 10 100 1,000 10,000
1x108
_ 8x107 | Inner segment
"o and synapse
> i
é 6x107 -
i rod total
5 i
X 4x107 - Na+* and Ca*++
N O
o i
<
2x107 [
| Natvia |, channel
0 lﬁ/ <«— Ca*+ at synapse
/llllll 1 1 lllllll 1 1 lllllll 1 1 lllllll
o'/ 10 100 1,000 10,000

R* rod™! s~!



