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which leads to a decrease in AANAT protein levels as well as a modest decrease in AANAT 

transcription [2, 3, 12, 17, 20, 21].  

 In the chick, norepinephrine (NE) also effects an acute inhibition of melatonin 

biosynthesis through a reduction in intracellular cAMP levels [6, 22].  Similarly, daily light 

and/or NE administration decreases damping of the rhythm of melatonin release via a cAMP-

dependent pathway [23, 24].  Thus, it appears that light and NE influence pineal output in 

multiple ways through a common signal transduction pathway.  NE does not, however, exert any 

phase-shifting effects on melatonin biosynthesis rhythms, and therefore sympathetic input, unlike 

light, does not serve as a Zeitgeber for the chicken pineal clock [2].  The cellular pathway(s) 

underlying phase shifting of the pineal oscillator does not involve cAMP signal transduction [2, 

3, 20], and remains unresolved at this time. 

The molecular basis of the circadian clock mechanism itself is poorly understood in birds, 

although avian orthologs of most canonical clock genes (i.e., genes thought to comprise the 

molecular oscillator in mammalian clocks) have been isolated, cloned and characterized [25, 26]. 

However, the dynamic interactions of these genes and their products have not been 

systematically studied in as much detail as it has been in mammals.  In mammals, the clock 

mechanism is thought to consist of interlocking feedback loops of “positive” and “negative” 

clock gene elements, which are regulated at the transcriptional and translational levels, as has 

been elegantly demonstrated in Drosophila and other model systems [27-30].  It is unknown 

which components of this system are functionally conserved in avian species. 

Previously, our laboratory has utilized high-density cDNA microarray technology to 

obtain a transcriptional circadian profile of approximately 8,000 pineal-specific chick cDNAs 

expressed in vivo within the pineal gland and retina [25, 26].  This research has revealed a 
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Using the ANOVA-based statistical analysis for the DD data set, we found that a total of 

108 (1.3%) transcripts, including 47 unique, classified genes and 54 unidentified transcripts 

exhibited a 1.5-fold amplitude rhythm (additional file 2).  17 out of 47 of the classified genes did 

not pass the t-test filter.  Only 22 total transcripts passed our ANOVA-based screen at the 2-fold 

level, with 11 unique, classified genes and 10 unknown transcripts.  However, 15 out of the 

combined 25 classified genes within these two gene lists were mutually exclusive.  Overall, our 

pineal cultures showed a large reduction in the number and amplitude of rhythmic transcripts 

compared to what has been observed in vivo (Fig. 2).  In spite of this result, the amplitude of the 

melatonin secretion rhythm was robust and comparable to that observed in serum of chicken in 

vivo [32].     

 

Rhythmic functional gene groups 

Genes that exhibited 1.5-fold rhythmic expression in LD or DD were classified into one 

of twenty-one different functional categories using the same schema published previously in our 

laboratory [25, 26].  This type of analysis permits a comparison of pineal transcriptome 

regulation in vivo and in vitro.  We performed this analysis on the data set from the t-test based 

analysis, reasoning that the larger data set would minimize the possibility of sampling error.  In 

both LD and DD, the functional groups exhibiting the largest degree of circadian regulation were 

those associated with protein modification, intermediary metabolism, stress-response/immune 

function, cellular signaling, transport, and ribosomal proteins/translation (Fig. 3; additional file 

3). 
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