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IMPORTANT PROTEINS
Despite how well the “eye as camera” 
metaphor works, it’s probably time 
for an update. Modern cameras also 
have light meters, and Van Gelder’s 
research suggests that the non-visual 
role of the eye might be compared 
to a light meter, which cannot form 
images but can determine how 
bright the environment is. In a 
camera, that information helps the 
photographer determine how to set 
the shutter speed and whether to use 
a flash. In the eye, that information 
is used for much more.

“Brightness information is used 
in brain systems below the level of 
consciousness,” Van Gelder says. 
“These systems help synchronize 
your sleep/wake cycle, reset your 
internal body clock to jet lag if you 
travel across time zones, control the 
pupil of your eye and how it responds 
to light, and regulate the release of 
hormones such as melatonin.”

Part of the second system’s job 
is to protect vision by controlling 
the dilation and constriction of the 
pupil. But it also communicates with 

parts of the brain that don’t receive 
much input from the visual system. 
Whereas the visual system sends 
messages to the thalamus, the cells 
that perform the eye’s light meter 
function hook up with the hypo-
thalamus, an older part of the brain 
that’s involved with basic physiologic 
functions like eating and sleeping 
— and the circadian clock.

The retina’s primary visual sys-
tem consists of the rods and cones, 
which convert light signals into 
nerve impulses processed in the 

brain. The non-visual system in the 
retina relies on different kinds of 
cells called intrinsically photosensi-
tive retinal ganglion cells (ipRG 
cells). These cells don’t appear to 
be involved in vision, but they are 
directly light sensitive and play a 
crucial role in other functions. 

Photoreception in the retina 
begins with light striking a photo-
pigment molecule. Light induces a 
chemical change in the photopig-
ment, which then is amplified into a 
signal the photoreceptor cell uses to 
communicate. Van Gelder is one of 
several scientists who have worked 
to identify the photopigments that 
ipRG cells use.

In a study published last year in 
the journal Science, his team reported 
that a family of proteins called cryp-
tochromes is important in the pupil’s 
response to light in blind mice. 

“First, we showed that blind 
mice lacking cryptochrome lost 
about 99 percent of their light sen-
sitivity compared to mice that could 
see and about 90 percent of their 
light sensitivity compared to blind 
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Sight unseen Among three retinal 
layers, rods and cones perform the 
important work of visual perception, 
but another layer’s light-sensitive cells 
are also essential. These cells do not 
“see” in the classic sense, but they do 
perceive light, like a modern camera’s 
light meter —— this appears to set the 
body’s internal time clock, the circadian 
rhythm. Light- and, therefore, time-
sensitivity requires special proteins: 
melanopsin and cryptochrome.

“Brightness information 

is used in brain systems 

below the level of con-

sciousness. These systems 

help synchronize your 

sleep/wake cycle...”

RUSSELL VAN GELDER, MD, PHD
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