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Circadian rhythm is controlled by hormonal oscillations governing the physiology of all living
organisms. In mammals, the main function of the pineal gland is to transform the circadian rhythm
generated in the hypothalamic suprachiasmatic nucleus into rhythmic signals of circulating melatonin
characterized by a largely nocturnal increase that closely reflects the duration of night time. The pineal
gland has lost direct photosensitivity, but responds to light via multi-synaptic pathways that include
a subset of retinal ganglion cells. Rhythmic control is achieved through a tight coupling between envi-
ronmental lighting and arylalkylamine-N-acetyltransferase (AANAT) expression, which is the rhythm-
controlling enzyme in melatonin synthesis. Previous studies on the nocturnal expression of AANAT
protein have described transcriptional, post-transcriptional, and post-translational regulatory mechanisms.
Molecular mechanisms for dependent AANAT expression provide novel aspects for melatonin’s circa-
dian rhythmicity. Extensive animal research has linked pineal melatonin for the expression of seasonal
rhythmicity in many mammalian species to the modulation of circadian rhythms and to sleep
regulation. It has value in treating various circadian rhythm disorders, such as jet lag or shift-work
sleep disorders. Melatonin, also, in a broad range of effects with a significant regulation influences
many of the body’s physiological functions. In addition, this hormone is known to influence re-
productive, cardiovascular, and immunological regulation as well as psychiatric disorders.
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Fig. 1. Maximum percentage suppression of melatonin by light
of different intensities: Regressed intensity - response
curve. (Modified from: Mclntyre [45].)
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Fig. 2. Biosynthesis of melatonin. (A) Chemical structure and synthesis of melatonin. (Modified from: Arendt [1].) (B) Adrenergic
regulation of melatonin biosynthesis in a pineal gland cell. (Modified from: Takahashi [60].) AC, adenylate cyclase; G, G
protein; PKC, protein kinase C; NAT, N-acetyltransferase; HIOMT, hydroxyindole-O-methyltransferas.
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Fig. 3. The role of histone modifications on norepinephrine (NE) stimulated Aanat transcription. (A) In the rat pineal gland, NE
stimulates AANAT transcription by cAMP response element-binding protein (CREB). (Modified from: Price DM [51].)
Phosphorylated CREB (pCREB) then induces Aanat tran- scription by interacting with the cAMP response element (CRE)
on the promoter of Aanat. Also depicted is the recent finding that the NE/cAMP/ Protein kinase A (PKA) pathway also
causes histone phosphorylation by activating Aurora C, an established histone kinase. It is proposed that histone phosphor-
ylation may initiate a series of histone modifications that promote basal transcriptional machinery assembly which impact
on the transcription of Aanat. (B) Role of salt-inducible kinase-1 (Sikl) in regulating Aanat transcription. (Modified from:
Takemori H [31].) The phosphorylation of CREB by the NE/PKA signaling pathway, besides stimulating Aanat transcription,
also induces the transcription of Sikl gene through interacting with CRE on its promoter. The product of the Sikl gene,
SIK1, can suppress the transcription of Aanat gene by coactivator of CREB, transducer of regulated CREB protein 2 (TORC2).
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Fig. 4. The nightly phase of active melatonin (MT) secretion all expanded when the duration of night was lengthened from 8 (top)
to 14 h (bottom). (Modified from: Wehr TA [66].) The dark phase of each photoperiod schedule is indicated by a open
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