
PHYSIOLOGICAL EFFECT OF LIGHT. 

 

 

The circadian system is much less sensitive to light than the visual system  

(30 times in hamster, even 1000 in humans, long signals are necessary). 

 

It responds to Δ light, not specific patterns. 

 

 

 

 

In mammals, eyes are essential for the circadian rhythm. Not in the other vertebrates (evolutionary 

reason?). 

 

Mammals: light receptor neurons different from cones and rods. 

 

1% of ganglion cells (specific) → RHT (retino-hypothalamic pathway) → SCN 

 

Opsin was initially found in certain ganglion cells of salmon’s retina. Subsequently, melanopsin 

was discovered in mammalian ganglion cells (distributed throughout the cell membrane). 

 

 

 

 

But rods and cones also have a role, probably important in low illumination and to sample 

different aspects of the visual scene. 

 

Experiments in mice: 

 

- Mice without cones/rods → entrainment by light 

 

- Normal mice with decreased melanopsin → attenuated response 

 

- Mice without cones/rods and with decreased melanopsin → no entrainment by light. 

 



INTRINSICALLY PHOTOSENSITIVE RETINAL GANGLION CELLS (ipRGCs). 

 

 

 

Summarized from Do and Yau, Physiol Rev 2010 and Do, Neuron 2019. 

 

 

 

a) Melanopsin (Fig. 2A): G-protein coupled receptor; 

                                          plasma membrane; 

                                          very low density (< 1000 times lower than for opsins in rods and cones) 

                                          strong response to a single photon 

 

 

b) Single-cell response (Fig. 2C):  depolarized cells (close to threshold),  

                                                         light-induced depolarization leads to A.P. firing. 

                                                         Mechanism different from rods and cones, more similar to the 

                                                                           invertebrates’ 

 

                                                        Melanopsin activates PLCβ4 by G-protein activation,  

                                                        which  leads to TrpC6-TrpC7 opening (non selective for cations)  

                                                                             

                                                        Messenger: uncertain (likely a PIP2 metabolite, but apparently 

                                                                                            not IP3).  

 

c) Sustained response (Fig. 2C, 8) 

    Integration of the light response during a long time. 

 

d) PACAP (pituitary adenylyl cyclase activating protein).  

                   Not found in classic retinal ganglion cells. 

                   Its receptor is expressed in the target neurons of ipRGCs. 

 

e) Target structures of ipRGC fibers. 

 

                  Hypothalamus: SCN (photoperiodic entrainment) and pre-optic area (VLPO, sleep). 

                  Thalamus: IGL (intergeniculate leaflet). 

                  Olivary pretectal nucleus: pupillary light reflex 

                  Ventral subparaventricular zone: vSPZ (negative masking in nocturnal animals) 

                   

                  And other target regions whose relation with ipRGCs is less well understood. 

                   

                   

 

f) Several cell types (M1, M2, M3, etc. Fig. 10): roles poorly understood (see Do, 2019). 

 

g) Postnatal development: Fig. 13 and comparison with SCN development. 
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Figure 3
System analysis of clocks. (a) Two theoretical models of temperature compensation of the circadian clock.
Steps A through E indicate the basic molecular reactions of circadian clock components. In the balanced
reaction theory, increasing kinetic parameters of some basic reactions (magenta) shorten period, and those of
other basic reactions (blue) lead to prolonging the period. These effects are offset so that the period is
sustained. In the robust reaction model, such as the cyanobacterial circadian clock, temperature
compensation of the circadian clock is caused by reactions of which kinetic parameters are independent
( green). (b) The temperature dependency of decay for the mPER2::LUC bioluminescence in mPer2Luc

mouse embryonic fibroblasts (MEFs). The degradation of the mPER2::LUC protein was monitored after
the addition of cycloheximide to MEFs. The time-course data of each sample were normalized to an
approximate function in which time point zero was 100%. Each value represents the mean ± SEM (standard
error of the mean) of the normalized data. The lines represent an approximated curve in which y = 100 at
time zero and y = 50 at the averaged half-life time. The blue dots and line indicate the data at 27◦C, green
indicates 32◦C, and magenta indicates 37◦C (N = 23). (c) Temperature compensation in the period length of
mPer2Luc MEFs. The graph indicates the mean ± SEM. The gray broken line indicates the approximated
line described by the equation y = 19.02 + 0.097x, and the Q10 value between 27◦C and 37◦C calculated
from the equation is 0.957. (d ) Temperature dependency of the �CKIε(wt) phosphorylation activity for the
βTrCP-peptide substrate. Assays were performed at 25◦C (blue) and 35◦C (magenta). Abbreviations:
�CKIε(wt), catalytic domain of wild-type (wt) casein kinase I epsilon (CKIε); Q10, the change in the rate of
a process caused by increasing the temperature by 10◦C; βTrCP, β-transducin repeats–containing protein.

To examine the biochemical foundation un-
derlying the observed temperature insensitiv-
ity, Isojima et al. (99) analyzed the phospho-
rylation activity of CKIε and CKIδ in vitro.
They used synthetic peptide substrate de-
rived from the putative β-transducin repeats–
containing protein (βTrCP)-binding region of
mouse PER2 and the catalytic domain of wild-
type CKIε, lacking the C-terminal regulatory

domain [�CKIε(wt)], to prevent the confusion
that could result from the autophosphorylation
of this regulatory domain and the subsequent
repression of CKIε kinase activity. This use of
the catalytic domain was also justified by evi-
dence that CKIε is kept in a dephosphorylated,
active state in vivo (105). Under this experimen-
tal condition, �CKIε(wt) phosphorylated the
peptide substrate at similar rates both at 25◦C
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