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Have you ever noticed that you feel awake when it is light outside,
but sleepy when it is dark? Our bodies know to get up in the morning
and go to sleep at night because of our circadian rhythms. Circadian
rhythms, also known as internal clocks, control important bodily
processes to help you know when you are hungry, thirsty, and sleepy.
These clocks are present in every living thing (even bacteria!). They
can cycle over a day, but also on a longer time scale. Circannual
rhythms, for example, keep a schedule that stretches over 365 days.
These longer rhythms are most visible in spring and winter, when you
see tulips flowering, bears hibernating, or birds migrating. Our genes
(units of information passed down from our parents) and cues from
the environment, like light, temperature, food, or stress, all affect our
internal clocks.
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Figure 1

An example of an
internal clock on a 24-h
time scale. At certain
times throughout the
day your body behaves
or feels differently. For
example, between
10:00 and 12:00 you
may feel focused and
energetic, but between
14:00 (2:00 p.m.) and
16:00 (4:00 p.m.) you
may feel like it is time
to take a nap. Internal
clocks can also take
place on a 365-day
time scale

(not pictured).

CIRCADIAN
RHYTHM

A 24-h internal clock
set by a combination of
genes and environment
that cycles through
bodily processes on a
daily basis.

CIRCANNUAL
RHYTHM

A 365-day internal
clock set by a
combination of genes
and environment that
cycles through
behavioral and bodily
processes, such as
hibernation, on a
yearly basis.

GENE

A section of DNA that is
passed down from our
parents and acts as the
code to produce small
molecules, called
proteins, that carry out
specific jobs around
the body.
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INTRODUCTION

The way your body feels and behaves changes throughout the day
and throughout each year. Our daily changes are due to circadian
rhythms and our yearly changes are due to circannual rhythms. These
rhythms, also known as our internal clocks, keep time by tracking
changes in our surroundings. Changes include yearly variations
in temperature or daily changes in light levels. Thanks to these
environmental cues, our internal clocks can determine whether we
feel awake, tired, hungry, or sad (Figure 1). If we did not have
these internal clocks, we would not feel the right things at the
right times. For instance, if you did not feel tired at night, then you
would probably not go to bed. This would be bad for your health,
because your brain would not have the rest it needs to function
properly. Circannual rhythms, internal clocks that run over a year, also
influence bodily processes that we are not even aware of. This can
include how we digest our meals and break down food into nutrients
and energy.

WHAT MAKES UP THE INTERNAL CLOCK?

Our daily internal clocks are controlled by genes, which are small
units of DNA passed down from our parents [1]. These genes contain
the code to produce proteins—molecules in the body that carry out
specific jobs. Some of the genes that control our internal clocks
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Figure 2

Our internal clocks are
controlled by genes
that produces proteins
called activators and
suppressors. (A) Some
activators need to bind
to each other before
they can bind to a gene
and turn it on. (B)
Suppressors come
between the activators
and the gene to
prevent them from
turning the gene on.

ACTIVATOR

Protein(s) that bind to a
gene to turn it on;
sometimes, the
activators can only bind
to a gene after they
bind to each other (like
in our internal clocks).

SUPPRESSOR

Protein(s) that work to
turn a process off by
either binding to a gene
directly, or preventing
activators from binding
to the gene (like in our
internal clocks).
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produce proteins called “activators” and others produce proteins
called “suppressors.” Activators are proteins that turn a gene on,
whereas suppressors are proteins that turn a gene off (Figure 2). In
our daily internal clocks we need two activators to bind together
to turn on a gene (Figure 2A). This gene is usually turned on in the
morning. Once this gene is turned on, lots of different proteins are
made, including the two suppressors [1]. When there are lots of these
suppressor proteins being made, we typically feel energetic and lively!
Throughout the day, the concentration of these suppressor proteins
increases in our bodies. By the evening, enough suppressor proteins
are made to block the activators and turn off the gene (Figure 2B)
[1]. While you sleep, the suppressors in the bloodstream break down
[1]. During this breakdown, which occurs at nighttime, we feel tired
and sleepy. Another protein is also produced during the nighttime—a
protein called "melatonin”—that helps to keep our circadian clocks on
time [1]. Once the suppressors have completely broken down, the
activators are no longer prevented from binding together or to the
gene, and the cycle repeats itself (Figure 3).

WHAT ROLE DO CIRCADIAN RHYTHMS PLAY IN HUMAN
HEALTH?

Circadian rhythms are essential for human health, and problems can
occur when environmental cues set the wrong time on our internal
clocks. A common clock disruption is the use of technology with
artificial light at night. For example, light from a tablet or a phone
screen can disrupt our daily clock. Melatonin, the protein that keeps
our clock genes in check, is influenced by exposure to light [1]. In
darkness, our bodies get the signal to start producing large amounts
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The complete cycle of
how the genes interact
in our internal clocks
over a 24-h time
period. During the day,
the activators bind to
each other and turn on
genes involved in our
internal clocks. These
genes produce
suppressors. At this
time, our melatonin
levels are low, and we
feel awake. Throughout
the day, the number of
suppressors in the body
grows. During the
night, the large number
of suppressors works to
break apart the
activators and turn off
the genes before
breaking down
themselves. At
nighttime, our
melatonin levels are
high, and we

feel sleepy.
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The suppressors start to degrade over time,
eventually allowing the activators to
combine again

The suppressors break apart the two
activators, turning off the gene

of melatonin, making us sleepy and ready for bed. However, we
do not produce a lot of melatonin when exposed to light. Light
from our phones can trick our bodies into thinking it is still daytime,
making it harder to fall asleep and making us more tired in the
morning. Interestingly, only certain colors of light act as signals to
start melatonin production. In particular, light waves with shorter
wavelengths, such as purple or blue light, effectively stop melatonin
production [2]. By filtering out this blue light using blue-blocking
glasses or apps on a phone or tablet, the brain does not get the
message to stop producing melatonin and we will not experience the
negative effects of artificial light at night [2].

Another way we can disrupt our internal clocks is by not getting
enough sleep at night or sleeping during the day. Things, such as
taking an airplane to a new time zone or setting our alarms too
early can disrupt our circadian rhythms. Sleeping too little leads
to well-known problems such as: lack of concentration, difficulty
learning, and slowed reaction times [1]. You may have also noticed
that after a bad night'’s sleep you are grumpy, feel sadder, or may have
trouble communicating with the people around you [1]. Disrupting the
natural rhythm of our internal clocks can even lead to poor digestion,
heart problems, weight gain, and a weakened immune system [1].
For instance, scientists discovered that individuals not getting enough
sleep at night had immune systems that produced infection-fighting
proteins at the wrong time of day—meaning these proteins were not
available during actual times of infection [3]. However, scientists also
discovered that with a consistent full 8 h of sleep for at least 5 days,
their immune systems went back to normal [4].
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WHAT ABOUT CIRCANNUAL RHYTHMS?

As we mentioned before, circannual rhythms are just like circadian
rhythms in that they rhythmically control our bodily processes, but
instead of keeping time on a daily scale, circannual clocks run on a
yearly scale. We see evidence of circannual clocks working in humans.
When seasons change, we see a change in our mood and how our
bodies digest the foods we eat [1]. These changes are thought to be
due to melatonin, the same protein that helps us sleep at night. Our
bodies produce melatonin when it is dark outside, so we produce more
melatonin during the winter when days are shorter [1]. When built up to
high concentrations in the blood, melatonin sends our bodies at least
two different messages: (i) itis time for bed, and (ii) stop breaking down
sugar [1]. So the increase in melatonin means we feel more tired in
the winter and our appetites increase because we cannot break down
sugar into energy as easily.

We see many more striking examples of circannual clocks in nature.
For example, when tulips sense the coming spring and start to grow
up through the ground, or when bears sense the coming winter and go
into hibernation. Without circannual clocks, a tulip might bloom in the
winter or a bear might not hibernate. As a result, the tulip would freeze
and the bear would starve. How do the circannual clocks work? The
organisms use cues, such as temperature and daylight, to determine
the season. For instance, tulips (as well as other seasonal flowering
plants) use exposure to cold and length of daylight to estimate the
best time for flowering [5]. After a bulb has been exposed to the cold
of winter and it senses the increasing temperature or daylight length
associated with spring, it knows that it is the best time for flowering.
Brown bears use temperature as a cue for hibernation—when the
temperature drops below 0°C (32°F) a bear enters its den. When the
temperature rises above 0°C the bear wakes up and leaves its den [6].
But what if these external cues start to shift over time, which may
happen under climate change?

The rising temperatures associated with rapid climate change may
confuse organisms’ circannual rhythms, making them unable to
properly time processes, such as hibernation or flowering. Bears may
wake up too early or never hibernate! Migration in birds is another
process that may be affected by rapid climate change. Many bird
species use a combination of changing daylight length, temperature,
and rainfall to determine when they should start their migration [7].
Migrating birds leave a breeding ground for warmer climates—this
allows them to avoid the harsh winter weather and the poor food
supplies that accompany it. They then return to breeding grounds in
the following spring, when the weather improves and food is available
again. Unfortunately, warmer temperatures may mean that a mismatch
occurs between food abundance or weather conditions and the birds’
movement. For example, if spring begins earlier and birds cannot
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adjust their migration, they will arrive at the wrong time and less food
will be available [7].

CONCLUSION

Our internal clocks are vitally important for making sure our bodies are
functioning normally. These clocks are present in all animals to help
them stay alive. Internal clocks help our bodies to manage behaviors
and bodily processes most efficiently. So, the next time you feel sleepy,
hungry, or thirsty; remember that these feelings are not due to chance,
but due to your circadian and circannual rhythms.
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