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Abstract Salivary secretion displays day—night variations
that are controlled by the circadian clock. The central clock
in the suprachiasmatic nucleus (SCN) regulates daily
physiological thythms by prompting peripheral oscillators
to adjust to changing environments. Aquaporin 5 (Agp5) is
known to play a key role in salivary secretion, but the
association between Agp5 and the circadian rhythm is
poorly understood. The aim of our study was to evaluate
whether Agp5 expression in submandibular glands (SMGs)
is driven by the central clock in the SCN or by autonomous
oscillations. We observed circadian oscillations in the
activity of period circadian protein homolog 2 and luci-
ferase fusion protein (PER2::LUC) in cultured SMGs with
periodicity depending on core clock genes. A daily rhythm
was detected in the expression profiles of Agp5 in SMGs
in vivo. In cultured SMGs ex vivo, clock genes showed
distinct circadian rhythms, whereas Agp5 expression did
not. These data indicate that daily Agp5 expression in the
mouse SMG is driven by the central clock in the SCN.
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Introduction

Saliva is essential for the maintenance of oral homeostasis
[1, 2] and contains various enzymes and growth factors
[3, 4]. In humans, saliva is secreted from three major
glands, namely, the parotid glands, sublingual glands, and
submandibular glands (SMGs), as well as other minor
glands [5]. Saliva secretion is regulated by the autonomic
nervous system through different mechanisms. For exam-
ple, sympathetic stimulation greatly increases salivary
protein concentration while lowering the flow rate, while
parasympathetic stimulation triggers an abundant flow of
saliva with a lower protein concentration [6—8]. The flow
rate and components of unstimulated human saliva display
diurnal rhythms, with the secretory volume increasing
during the day in the active phase and decreasing at night
during the resting phase [9]. The concentrations of
epithelial growth factor and nerve growth factor [10], as
well as adrenergic receptor density [11], also show diurnal
rhythms in the SMGs of mice.

Previous studies have shown that aquaporins (AQPs)
play an important role in regulating water permeability in
salivary secretion. AQPs form a family of membrane water
channels that primarily function to transport water across
the plasma membrane. To date, 13 members of this family
(AQPO-AQP12) have been identified in mammals [12—14],
among which AQP1, AQP4, AQPS5, and AQPS are
expressed in the salivary glands [15]. Previous studies have
demonstrated that pilocarpine stimulation induces a 40%
increase in saliva release from AQPS null mice compared
with wild-type (WT) mice, although the secretion of
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proteins such as amylase was not affected [16, 17]. The
AQP5 is one of the major molecules related to saliva
secretion, and it has therefore been suggested that AQPS is
associated with the diurnal rhythms of unstimulated saliva
secretion.

The central circadian pacemaker, a cluster of hypothala-
mic neurons located in the suprachiasmatic nucleus (SCN) of
the hypothalamus, regulates various physiological functions
[18]. Circadian oscillators are also located in other brain
regions outside the SCN [19, 20], as well as in peripheral
tissues [21-23]. A hierarchical architecture in the circadian
system has been proposed in which each peripheral clock
oscillates with intrinsic circadian periodicities, with the SCN
synchronizing the timing of these peripheral oscillators via
neuronal and humoral pathways [24]. Studies have shown
that experimental isolation or blockade of the central clock
output interrupts circadian rhythms at various levels of
physiology, underscoring the importance of the SCN as a
circadian pacemaker [25-27].

The circadian oscillations in individual cells are com-
posed of interacting positive and negative transcriptional—
translational feedback loops (TTFLs) involving the
BMALI1-CLOCK transcriptional activator complex and
their target genes which are members of the period (Perl,
Per2, Per3) and cryptochrome (Cryl, Cry2) family of
circadian clock genes, respectively [24]. The correspond-
ing proteins (PER1, PER2, PER3 and CRY1 and CRY2)
act as negative regulators that suppress the activity of
BMALI1-CLOCK. Cryl and Cry2 have been found to be
required for normal circadian rhythms: Cryl™'~ Cry2~'~
mice exhibit arrhythmic behavior in constant darkness [28].
In the mouse SMG, expression of clock genes shows cir-
cadian variation in vivo [21, 29, 30], suggesting that the
SMG has an intrinsic molecular oscillation system. It has
also been speculated that this local molecular clock regu-
lates the circadian rhythm of saliva secretion [30].

The aim of the study reported here was to determine
whether the circadian expression of Agp5, an important
molecule regulating water permeability in salivary secretion,
is driven by the master clock in the SCN or whether it is
regulated by the autonomous molecular clock in the SMG.
We examined expression levels of the clock genes Per2 and
Bmall, the clock-controlled gene Dbp, and Agp5 in the
SMGs of mice in vivo and compared the expression profiles
of these genes with those in isolated SMG cultures ex vivo.

Materials and methods
Ethics statement

This study was carried out in strict accordance with the
laws and notifications of the Japanese government. The
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protocol was approved by the Animal Care and Use
Committee at Osaka University (permission# AD-20-042).
All tissue sampling was performed with the animals under
anesthesia, and all efforts were made to minimize
suffering.

Animals

Knock-in mice expressing the PERIOD2::LUCIFERASE
fusion protein (PER2::LUC; [23]) and Cryl ==, CryZ_/_
and Cryl™"~Cry2™'~ mice [28] were used in this study.
PER2::LUC mice were purchased from the Jackson Lab-
oratory (Strain#006852; Bar Harbor, ME USA). Cryl =
and Cry2*™ mice were backcrossed with the C57BL/6J
Jms Slc strain for ten generations and bred with PER2::-
LUC mice carrying a PER2 fusion luciferase reporter.
These were intercrossed to generate Cryl ' ~and Cry2™'~
mice with a heterozygous Per2::Luc gene [20]. Animals
were housed in groups and kept under a light regimen of
12 h of light and 12 h of darkness [lights on at 0800 hours;
lights off at 2000 hours; lights off was defined as Zeitgeber
time (ZT) 12]. Food and water were available ad libitum.

Bright-field and bioluminescence imaging

Male 3-month-old heterozygous PER2::LUC mice were
euthanized by cervical dislocation at ZT 7. The SMG was
rapidly removed, placed in ice-cold Hank’s buffered salt
solution (HBSS) and then sliced into 50-pm thick sections
using a D.S.K LinearSlicer PRO 7 (Dosaka EM Co., Ltd,
Kyoto, Japan). SMG slices were placed onto MilliCell-CM
Culture Plate Inserts (PICM ORG 50; Millipore, Billerica,
MA) in a 35-mm plastic dish (1000-035; IWAKI, Tokyo,
Japan) containing 1.2 mL of recording medium [Dul-
becco’s Modified Eagle Medium (Life Technologies,
Carlsbad, CA) supplemented with 7.5% sodium bicarbon-
ate solution, 10 mM HEPES, 25 U/mL penicillin, 25 pg/
mL streptomycin, B27 supplement (Life Technologies),
and 0.1 mM luciferin]. Dishes were sealed with a gas-
permeable FEP film 25F (0803-18-16-11; TGK Co., Ltd.,
Tokyo, Japan) using silicone grease (G-40 M; Shin-Etsu
Chemical Co., Ltd., Tokyo, Japan). Bright-field images and
bioluminescence images were acquired according to pre-
viously reported procedures [31]. Briefly, images from
SMG slices were captured using an ImagEM Enhanced
EM-CCD camera (Hamamatsu Photonics, Hamamatsu,
Japan; frame rate 32 frames/s; EM gain 1200; objective
lens; UPlanSApo x 10, NA 0.40; Olympus, Tokyo, Japan)
in a light-tight 36.0 °C environmental chamber. The bio-
luminescence images were stored as consecutive 50-s
summed images every 1 min for 3 days, with recording
starting at ZT 12. Pseudocoloring was applied to
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PER2::LUC images using ImageJ software (http://image;j.
nih.gov/ij/).

Real-time monitoring of bioluminescence
in cultured SMGs

Male 2-3 month-old WT, Cryl - ~, and CryZ_/_ mice
carrying the PER2::LUC allele were euthanized by cervical
dislocation under anesthesia at ZT 12, and the SMG was
rapidly dissected, trimmed to 2-mm thickness, and pro-
cessed in the same manner as previously described [32].
SMG sections were maintained in the dark in an incubator
at 35 °C and continuously monitored with a photomulti-
plier tube (Hamamatsu Photonics K.K., Shizuoka, Japan)
for 7 days (n = 8 mice of each genotype). Biolumines-
cence data were analyzed as previously described [20, 33]
with a slight modification. Briefly, bioluminescence data
were determined by detrending (a 24-h moving average
was subtracted from the raw data) and smoothing (using a
3-h moving average) of the raw data. In this smoothed data,
the acrophase was determined as the highest point that
occurred between 18 and 42 h after the start of biolumi-
nescence recording. The period of PER2::LUC activity was
calculated by averaging the periods between each consec-
utive peak from the first four peaks of the smoothed data.

SMG tissue collection at six time points

For in vivo experiments, male and female 2- to 9-month-
old WT and Cryl™"~ Cry2™'~ mice were euthanized by
cervical dislocation under anesthesia, and SMGs were
rapidly dissected at six different time points: ZT 4, 8, 12,
16, 20, and 24 (n = 6 mice per time point for WT and
n =4 mice per time point for Cry/™'~ Cry2™'~; equal
numbers of male and female mice were used for each
group). SMG tissue was kept in a freezer at —80 °C with
TRIzol reagent (Life Technologies) until later use.

Preparation of SMG cultures at ZT 0 and ZT 12

For ex vivo experiments, male 2—3 month-old PER2::LUC
mice were euthanized by cervical dislocation under anes-
thesia at ZT 0 or 12, and SMGs were rapidly placed in
chilled HBSS and dissected into approximately 24 sections.
Sections were equally divided into six dishes, which were
maintained in the dark in an incubator at 35 °C. Sectioned
SMGs were collected at 8, 12, 16, 20, 24, and 28 h after
each preparation at ZT 0 or ZT 12 (n = 4-6); collection of
samples of the ZT 0O preparation were started at the pro-
jected ZT 8 and that of samples of the ZT 12 preparation at
the projected ZT 20. SMG tissue was kept in a freezer at

—80 °C with TRIzol reagent (Life Technologies) until later
use.

RNA isolation and real-time quantitative RT-PCR

Total RNA was isolated from the SMG using TRIzol
reagent and a PureLink RNA Mini kit (Life Technologies)
and reverse-transcribed using a PrimeScript RT Reagent kit
(TaKaRa BIO Inc.; Otsu, Shiga, Japan) according to the
manufacturers’ instructions. Quantitative PCR analysis of
the individual cDNAs was performed using the iQ SYBR
Green Supermix (Bio-Rad, Hercules, CA). PCR cycling
was performed for 40 cycles (at 95 °C for 10 s and 55 °C
for 30 s) using a MyiQ Single Color Real-Time PCR
Detection System (Bio-Rad) and the following PCR pri-
mers: Actb (FW: 5'-ctettttecagecttectte-3/, RV: 5'-atcte-
cttetgeatectgte-3'); Per2 (FW: 5-
ccagaggaactagectataagaacca-3’, RV:  5'-gaactcgcacttc-
cttttcagg-3’' [26]); Bmall (FW: 5'-cagtgccactgactaccaa-
gaaa-3’, RV: 5'-cctcccaagceattettgatce-3' [26]; Dbp (FW: 5'-
aggaactgaagcctcaaccaate-3’, RV: 5'-ctccggctecagtacttctcat-
3’ [26]); Agp5 (FW: 5'-ggccctettaataggcaacc-3’, RV: 5'-
ttgcctggtgttgtgttgtt-3' [25]).

Quantitative reverse transcriptase (RT)-PCR results
were normalized to Actb mRNA levels, and a relative
quantification of mRNA was determined using the ACT
method. The CT value of target genes was subtracted from
that of Actb at each time point using the following formula:

ACT = CT target gene — CTActb.

27T indicated the relative expression level of the

target gene mRNA, normalized to the mean value of the
mRNA level in WT mice, with levels expressed as the
relative intensity at each point.

Statistics

For the bioluminescence analyses, one-way analysis of
variance (ANOVA) was used to compare the period length
and the first peak phase of PER2::LUC activity in the
SMGs of WT, Cryl~'~, and Cry2~'~ mice. For mRNA
expression profile analysis, one-way ANOVA was used to
detect the difference in the time-dependent expression
levels of each gene.

Results

Localization of PER2::LUC activity in the mouse
SMG

To localize the molecular clock component in the mouse
SMG, we first obtained bioluminescence images of
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PER2::LUC activity in this region. Bright-field images
revealed the acinus of the SMG and delineated lumens of
the associated ducts (Fig. la). PER2 expression was
strongly detected in acinar cells and showed robust fluc-
tuation in acini. The circadian change in PER2::LUC
activity was also observed in an SMG slice (Fig. 1b).

Circadian rhythms of PER2::LUC activity
in the SMG were associated with mouse genotype

The circadian rhythms of PER2::LUC activity were
examined to determine whether the molecular clock also
oscillates in cultured SMG ex vivo. PER2::LUC activity in
the SMGs of WT and Cry2~'~ mice was robustly rhythmic
and persisted for >5 days (Fig. 2a, left and right graphs),
while that in the SMGs of Cryl ™'~ mice showed a similar
circadian rhythmicity but with a more rapid dampening of
the rhythm (Fig. 2a, middle graph). The SMG of each
genotype had its own characteristic period (Fig. 2b) and
phase (Fig. 2c). The average period of Cryl~'~ SMGs
[mean + standard deviation (SD) 20.3 £ 0.4 h) was sig-
nificantly shorter than that of WT SMGs (23.0 & 0.8 h),
while that of Cry2~~ SMGs (25.1 + 0.8 h) was signifi-
cantly longer (Fig. 2b; one-way ANOVA, p < 0.01). The
first peak after culturing was at 29.9 + 0.8 h in WT SMGs,
239+ 1.2h in Cryl™~ SMGs, and 37.9 + 3.4 h in
Cry2™'~ SMGs (Fig. 2c). The differences in peak phase
showed statistical significance (one-way ANOVA,
p < 0.01).

Daily fluctuations in Per2, Bmall, Dbp, and Agp5
mRNA levels in the SMG were disrupted in Cryl ™/~

Cry2™'~ mice

To investigate whether the expression of the major clock
genes Per2 and Bmall and the clock-controlled gene Dbp

A

Low High

Fig. 1 Abundant expression of the PERIOD2::LUCIFERASE fusion
protein (PER2:LUC) in the acinus of the submandibular gland
(SMG) except for the ductal lumens. a, b Representative bright-field
(a) and bioluminescence (b) images at the first trough (lef?), first peak
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oscillates in the SMG, we measured the expression levels
of these genes throughout the day by quantitative RT-PCR
using samples collected in vivo. Because no differences
were observed with regard to the sex of the mice, we
analyzed data with mixed samples that included equal
numbers of male and female mice for each time point. Per2
mRNA in the SMG of WT mice showed diurnal variation
(Fig. 3a, left graph; one-way ANOVA, p < 0.001), as did
Bmall and Dbp mRNA (Fig. 3b, c, left graph; one-way
ANOVA, Bmall: p < 0.001; Dbp: p < 0.001). In contrast,
the expression of Per2, Bmall, and Dbp mRNA in the
SMG of Cryl™"~ Cry2™'~ mice did not show significant
variations (Fig. 3a—c, right graph; one-way ANOVA, Per2:
p = 0.800; Bmall: p = 0.822; Dbp: p = 0.307). Com-
pared with rhythms in WT mice, the expression levels of
Per2 and Dbp mRNA were highly consistent throughout
the day in Cry/™~ Cry2™~ mice while, in contrast, the
expression of Bmall mRNA was depressed throughout the
day in Cryl™"~ Cry2™"~ mice. We also examined the
diurnal variation of Agp5 mRNA expression in the SMG of
WT and Cryl™'~ Cry2™"~ mice in vivo and observed that
Agp5 mRNA expression in the SMG of WT mice showed
diurnal variations (Fig. 3d, left graph; one-way ANOVA,
p = 0.037), but did not vary in the SMG of Cryl™'~
Cry2™'~ mice (Fig. 3d, right graph; one-way ANOVA,
p = 0.994).

Circadian rhythms were detected in the expression
of Per2, Bmall, and Dbp mRNA,
but not in that of Agp5 mRNA in cultured SMGs

The SMGs of WT mice were cultured and the tissue col-
lected at projected ZT 0, 4, 8, 12, 16 and 20. Expression of
Per2, Bmall, and Dbp mRNA showed circadian rhythm-
associated variations (Fig. 4a—c; one-way ANOVA, Per2:
p <0.001; Bmall: p <0.001; Dbp: p <0.001). The

(middle), and second trough (right) in the SMG of a PER2::LUC
mouse. Scale bar 250 pm, pseudocolor bar relative intensity of
PER2::LUC activity
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Fig. 2 Circadian rhythms in PER2::LUC in cultured SMGs of wild-
type (WT), Cryl~'~, and Cry2™'~ mice ex vivo. a Representative
bioluminescence oscillations showing PER2:LUC activity in the
SMG of WT (leff), Cryl™'~ (middle), and Cry2~'~ (right) mice.
Hours, starting from the time when tissues were cultured, are
displayed on the X-axis. Serial de-trended bioluminescence counts are

expression profiles of Agp5 mRNA from ZT 0 and ZT 12
preparations showed a two-peak variation along a 24-h
time course (Fig. 4d). However, individual plots did not
show any circadian fluctuations although they revealed a
steady shrinking over time regardless of preparation time
(Fig. 4e, f; one-way ANOVA, ZT 0: p < 0.001; ZT 12:
p < 0.001).

Discussion

We observed that the rhythms of the major clock genes
Per2 and Bmall and the clock-controlled gene Dbp oscil-
late in SMGs collected both in vivo and ex vivo in a
manner dependent on the expression of Cryl and Cry2.
These results were confirmed by bioluminescence record-
ings of PER2::LUC activity. Moreover, the circadian and

Time after culturing (hours)

plotted for 5 days. b Circadian periods of PER2::LUC rhythms in the
SMG of each genotype. ¢ The first peak phase of PER2::LUC rhythms
in the SMG of each genotype. All values are the mean =+ standard
deviation (n = 8 in each genotype). * P < 0.01 (vs. WT, Scheffé post
hoc test)

diurnal rhythms of these clock genes were associated with
the phenotype of Cryl ™=, Cry2™'~, and Cryl ™'~ Cry2™'~
mice. These data support the hypothesis that the SMG has
self-sustaining oscillators driven by the molecular clock.
We also observed rhythmic expression of AgpS5 mRNA
in vivo, but not ex vivo. The observation that the circadian
rhythmicity of Agp5 mRNA expression disappeared in
cultured SMGs suggests that its thythm within the SMG is
predominantly driven by the master clock in the SCN via
several pathways. These potentially include the circadian
rhythms in the autonomic nervous system governed by the
SCN [34] and indirectly through feeding rhythms that
accompany metabolic changes and mechanical stimuli
[21].

In mammals, the existence of a tissue-autonomous
peripheral clock was proposed based on the circadian
rhythm in the biological response of mouse adrenal glands
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ex vivo [35]. Cultured hamster retinas that exhibited cir-
cadian rhythms of melatonin synthesis in vitro with periods
dependent on circadian genotypes provided direct evidence
for these peripheral clocks [36]. Cryl ™'~ and Cry2™'~ mice
exhibit a shorter and longer free-running period, respec-
tively, than WT mice [28]. Furthermore, Cryl ™'~ Cry2™'~
mice, which lack a circadian clock, show arrhythmic
behavior, physiology, and metabolism [28, 37]. In the
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present study, we examined PER2::LUC rhythms in the
SMG of WT, Cryl~'~, and Cry2~~ mice and compared
period lengths. We observed that the circadian rhythms in
the SMG were altered in Cryl ™'~ and Cry2~'~ mice.
Compared with WT mice, the period length was shorter in
Cryl™"~ mice, while the period was longer in Cry2~'~
mice. These data are consistent with the behavioral phe-
notypes of Cryl~'~ and Cry2~'~ mice, as well as with the
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Fig. 4 Circadian expression profiles of Per2, Bmall, Dbp, and Agp5
mRNA in cultured SMGs ex vivo. a—¢ Per2 (a), Bmall (b), and Dbp
(c) mRNA expression levels in SMG cultures prepared at ZT O (gray
column) and ZT 12 (black column). Samples at ZT 8, 12, and 16 were
collected from a ZT O preparation, and samples from ZT 20, 24, and 4

results of a previous study that described PER2::LUC
rhythms in SCN explants from Cry/ ™'~ and Cry2~'~ mice
[20, 38]. We observed robust PER2::LUC activity in the
acini of the SMG. The localization of the expression of
clock genes was consistent with a previous study that
reported the expression of these genes in the three major
types of salivary glands [30]. Furthermore, previous studies
demonstrated that AQPS expression is localized in acinar
cells in human, rat, and mouse salivary glands. These
findings suggest that salivation is related to the molecular
clock composed of clock genes [15, 39, 40].

The mRNA expression profiles of Per2, Bmall, and Dbp
from in vivo experiments in the SMG showed daily
rhythms. The rhythms of Per2 and Bmall mRNA expres-
sion were anti-phase with respect to each other. In contrast,
the expression profiles in the SMGs of Cryl™'~ Cry2™'~
mice did not show rhythmicity, with Per2 mRNA expres-
sed at consistently high levels and Bmall mRNA expressed
at consistently low levels throughout the day. These results
are consistent with a previous study examining those
expression profiles in the adrenal glands of Cryl™'~
CryZ_/ ~ mice [37]. Furthermore, we examined the
expression profiles of Per2 and Bmall in cultured SMGs
ex vivo, which were isolated from, and not affected by,
autonomic innervation or variations in body temperature

Time (projected ZT)

Time (projected ZT)

were collected from a ZT 12 preparation. d—f Agp5 mRNA expression
levels in samples (d) prepared at ZT O (e) and ZT 12 (f). Samples
were collected at the projected ZTs described on each chart. Data are
shown as mean &= SEM (n =5 mice per time point in ZT 0
preparation and n = 6 mice per time point in ZT 12 preparation)

and feeding. In the ex vivo experiments, the mRNA
expression profiles of Per2 and Bmall also showed circa-
dian rhythms and were anti-phase with respect to each
other. These results indicate that cultured SMGs remained
healthy throughout the sampling course of our study. Dbp
is a clock-controlled gene containing an E-box motif in the
promoter region, and its expression shows circadian
rhythms through E-box regulation [41]. In the present
study, expression of Dbp mRNA in the SMGs of WT mice
showed circadian rhythms in samples collected both
in vivo and ex vivo. In contrast, in the SMGs of Cryl =
Cry2~'~ mice, Dbp mRNA was expressed at consistently
high levels throughout the day. These results reveal that the
expression of Dbp in the SMG is dependent on E-box
regulation. Taken together, these results suggest that the
SMG has self-sustaining oscillators driven by TTFLs.
Previous studies have demonstrated that AQPS plays an
important role in water permeability in the salivary glands
[16, 42]. In our study, expression of Agp5 mRNA in the
SMG of WT mice showed significant daily variation
in vivo, and its acrophase was observed at midnight (ZT
16) during the active phase in mice. In the SMGs of
Cryl™~ Cry2™'~ mice, Agp5 mRNA was expressed at
intermediate levels throughout the day. These results
indicate that the expression of Agp5 is affected by the
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circadian system. However, Agp5 mRNA did not show any
circadian fluctuation in ex vivo experiments, indicating that
in cultured SMGs, expression of AgpS mRNA was no
longer predominantly regulated by cell-autonomous oscil-
lations. Therefore, exhaustive analysis in salivary glands
may provide the important information for the circadian
regulation of Agp5 in vivo [43]. In contrast to the decline of
Agp5 rhythmicity in cultured SMGs, in vitro circadian
rhythms were reported for melatonin synthesis in the retina
[36] and reactivity to adrenocorticotropic hormone in the
adrenal glands [35], which could be under the control of
cell-autonomous oscillations. In a study conducted in
sympathectomized rats, the phase of Perl expression in
denervated SMG entrained robustly to the feeding sched-
ule, although with an intact SMG, the phase mostly
entrained to light-dark cycle information via the autonomic
nervous system [44]. On the other hand, the results from a
previous study suggest that the circadian variation in mucin
secretion from respiratory submucosal glands is under the
control of the SCN via vagal nerve [45]. Taken together,
these results indicate that the daily rhythm of Agp5
expression is predominantly controlled by the central clock
in the SCN via the autonomic pathway, feeding, and other
entrainment factors under normal conditions, whereas
denervated and/or isolated conditions, such as ex vivo
culture conditions, lead to a decline in rhythmicity.

In summary, our study demonstrates that the mouse
SMG contains self-sustaining circadian oscillators driven
by TTFLs. Although the circadian expression of Agp5 has
been proposed to be directly regulated by TTFLs [30], our
ex vivo data suggest that it is predominantly driven by the
master clock in the SCN via the autonomic nervous system.
Further studies are necessary to elucidate the regulatory
mechanisms that control the circadian expression of func-
tional molecules in the SMG.
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