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Sensory Organs and Sensory Neurons 
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Biochemistry of Vision  



The Structure of Human Eye
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The Structure of Retina
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• The retina has 3 layers of 
neurons (the photoreceptor, the 
bipolar and the ganglion cells) 
and 2 layers of synapses
including the unique ribbon 
synapses or lateral connection 
via the horizontal and amacrine 
cells

• Horizontal cells make synapses 
with rods, cones and bipolar 
cells whereas the amacrine cells 
connect  bipolar with ganglion 
cells. Thus horizontal and 
amacrine cells are involved in 
the indirect path of visual 
input transmission. 
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Photoreceptor cells 
Retina contains two types of photoreceptors:
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Visual Pigment
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Structure of Rhodopsin

• Rhodopsin is the 
only visual pigment 
in rods

• It consists of the  
transmembrane 
protein (GPCR) 
called opsin and 
light sensitive 
moiety called  
retinal (the 
aldehyde form of 
Vitamin A)
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Retinal Binding to Opsin 
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Iodopsin

• Iodopsin is the visual pigment in cones consisting 
of cone opsin protein (photopsin) and the same 
light sensitive moiety: retinal

• 3 different types of iodopsins and consequently 3 
different types of cone cells (which give us color 
vision):

1. L cones (photopsin I + retinal)       red light,  560nm
2. M cones (photopsin II + retinal)       green light, 530nm
3. S cones (photopsin III + retinal)       blue light, 420nm 
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3 Different Cones 
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Phototransduction 

• Phototransduction is the process by which the 
light detected by photoreceptor cells in the retina 
is converted into electrical (or cellular) signals. 
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Phototransduction 



Phototransduction 

• Phototransduction is the process by which the 
light detected by photoreceptor cells in the retina 
is converted into electrical (or cellular) signals. 

• These are transmitted as nerve impulses back 
through layers of retina to optic nerve fibers

• The optic nerve carries the information to the 
brain to be processed there 

• What is the molecular mechanism involved in 
visual cycle  and how does the absorbed light 
create a response ?



Phototransduction Cascade 

• In the absence of light, the photoreceptor 
cell is in the depolarized state with 
membrane potential of -40 mV. This 
depends on: 

1. Non-gated K+ channel: outflux of K+

(ongoing outward K+ current)
3. cGMP-gated Na+ channel: influx of Na+

(inward Na+ current known as dark    
current)

3. Na+- K+  pump: it is an active transport 
requires ATP (to transfer 3 Na+ out and     
2 K+  in)
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Phototransduction Cascade  

• In darkness, rhodopsin 
is inactive and cGMP 
level is high thus Na+

channels are open.
• The neurotransmitter 

molecules are released 
from synaptic terminal of 
photoreceptor cell. 



Phototransduction Cascade  

• In presence of light,  a series of 
changes occur within rhodopsin
which activate a downstream 
signaling cascade resulting in the 
closure of Na+ channels. Indeed,  
rhodopsin dissociates, the activated 
opsin decreases cGMP which in 
turn closes Na+ channels and 
hyperpolarizes the cell. 
Consequently, less neurotransmitter 
molecules are released.   



Photoisomerization of retinal 
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G-protein signaling pathway
• The activated rhodopsin (R*) binds to and activates the 

heterotrimeric G-protein “transducin” by exchanging its 
GDP with GTP

• The α-subunit of transducin bound to GTP (the activated 
transducin, G*) dissociates from its β and γ subunits

• G* binds to the inhibitory γ subunits of phosphodiesterase 
enzyme (PDE) activating its two catalytic subunits: α and 
β. The activated PDE converts cGMP to GMP so reduces 
the cGMP level and consequently the closure of Na+

channels. Thus, the membrane is hyperpolarized and the 
rate of neurotransmitters release is reduced

• Normally, Guanylyl cyclase (GC) enzyme synthesizes 
cGMP from GTP.  So cGMP is the second messenger in 
phototransduction cascade #part 1.


