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TECHNICAL COMMENT

Expected and Unexpected Properties
of Melanopsin Signaling

Howard M. Cooper "' and Ludovic S. Mure™"

INSERM, U846, Stem Cell and Brain Research Institute, Department of Chronobiology, Bron, France,
and "University of Lyon, Lyon I, Lyon, France

Since its discovery by Provencio et al. (1998), the
structural and functional homologies of melanopsin
with the rhabdomeric class of invertebrate photopig-
ments have been progressively confirmed. Rhabdo-
meric photopigments possess the property of
bistability and can thereby use light to drive both pho-
tosensory (bleaching) and photoisomerase (recovery)
functions, in strong contrast to the rods and cones of
vertebrates, which rely on light-independent mecha-
nisms in other cells for regeneration of the chro-
mophore. In 2005, studies in cells that heterologously
express melanopsin (Melyan et al., 2005; Panda et al.,
2005; Koyanagi et al., 2005) provided strong evidence
that melanopsin too displays bistability.

To ask whether bistability in vitro carries over to
in vivo physiological responses, we tested whether
prior stimulation with appropriate wavelengths
restores or increases circadian responsiveness com-
pared with a previous, identical light exposure
(Mure et al., 2007). Our results were consistent with
the prediction that, for bistable photopigments, the
relative proportions of melanopsin in the R and M
states (11-cis and all-trans-retinal bound forms,
respectively) can be manipulated by prior adapting
lights. In addition to defining the spectral, irradi-
ance, and duration dependence of the response, we
showed that mice that lack melanopsin retain the
phasic components originating from rods and cones
(Drouyer et al., 2007) but not light enhancement of
the response.

The interpretation that these results reflect the
bistable nature of the melanopsin photopigment
appear to be challenged by Mawad and Van Gelder
(2008), who failed to detect any photopotentiation in
postnatal retinas following previous exposure to long
wavelength light. Mawad and Van Gelder propose
several possible explanations for this discrepancy,
including interactions of rod and cone inputs with
melanopsin intrinsically photosensitive retinal gan-
glion cell (ipRGC) physiology, differences related to
developmental factors (postnatal versus adult), and
differences between their in vitro conditions and local
in vivo environment. They also suggest that our
observed augmentation due to long wavelength light
occurs downstream of the retinal ipRGC action poten-
tial, as suggested in their previous study (Zhu et al,,
2007). We suggest that another possible source of the
discrepant findings could be the use of short wave-
length (480 nm) test and reference lights of 10" pho-
tons/cm?/sec by Mawad and Van Gelder, which was
previously shown to cause saturation of the response
in both neonatal and adult retinas (Tu et al., 2005). In
general, it is difficult to drive a response higher than
saturation in either a bistable or ciliary photopigment
system. In our study in the mouse it was essential to
use irradiance values that elicited a 50% saturating
value for each type of response to measure either
increases or decreases in amplitude. This is consistent
with the “small but statistically significant enhance-
ment” observed by Mawad and Van Gelder (their
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Figure 5) at lower irradiances. It is also puzzling that,
despite the high irradiances used, many cells did not
show sustained responses to light and none displayed
a poststimulus persistent response, whereas in a previ-
ous study all ipRGCs showed robust and persistent
responses (Tu et al., 2005). The robust sustained and
persistent responses (similar to the invertebrate pro-
longed depolarization afterpotential response) are
hallmarks of the melanopsin ipRGC phenotype
(Berson et al., 2002; Dacey et al., 2005).

Mawad and Van Gelder’s conclusions from their
failure to find photopotentiation in ipRGCs
recorded in vitro are primarily discordant with
those of previous in vitro studies using heterolo-
gous expression of melanopsin (Melyan et al., 2005;
Panda et al., 2005; Koyanagi et al., 2005) rather than
with previous in vivo results. A previous study from
the Seattle group (Zhu et al., 2007) is in agreement
with ours (Mure et al., 2007) in concluding that light
can, under appropriate conditions, enhance (or pho-
topotentiate) pupil constriction and that this
response is melanopsin dependent (although they
disagree as to its basis in melanopsin bistablity, sug-
gesting instead a downstream effect). In our view,
the most parsimonious explanation, which can
account for the broadest range of relevant results,
although requiring further confirmation, is simply
that melanopsin bistability has functional conse-
quences both in vitro and in vivo.
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