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Lesson One
Biological Clock’

Karl C. Hammer

People who have to get up at a certain time in the morning of-
ten awaken just before the alarm goes off®. A biological clock seems
to tick off the nighttime hours and “ring” an alarm in the brain to
start the waking process.

With the possible exception of viruses and bacteria, every form
of life seems to have an internal means of measuring time. These in-
ternal “clocks” do not require the intricate action of muscles or ner-
vous systems since they are found in most one—celled plants and ani-
mals. They are probably “wound” by basic hiochemical events with-
in the cells’.

Why do living things need biological clocks? One reason is that
such clocks regulate the sequence of tissue and vrgan formation dur-
ing the development of many kinds of life. A plant that produced
flowers before it grew roots would die. A newly born baby with
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teeth but no stomach would starve. Another reason is that biclogi-

cal clocks synchronize the natural rhythms the times of actvity

and rest of both diurnal {daytime) and nocturnal (nighttime)
animels to ensure that peak activity* occurs when food or prey is
available, Whether the biological clock within an crganism is a sin-
gle master thythin® or a myriad of associated rhythms is not yet

known.
Clocklike Rhythms in Nature

The rhythmic activity of most living things at certain times of
the day and night offers strong support for the existence of biologi-
cal clocks. When scientists first studied these rhythms, they dealt
mainly with sleep movements, the rhythmic leaf movements of
plants. Many plants go through® a rhythmic daily cycle— their
leaves are extended during the day and droop or are folded at night,
When such plants were kept under labaratory conditions of constant
darkness or low intensity light, the sleep movements continued for
days. Under these conditions, however, the frequency, or time re-
quired to complete a cycle, of the rhythm was not exactly 24 hours.
Afterward it was learned that the daily rhythms of many living
things continved when they were subjected 1o similer laboratory
conditions, For most organisms. the frequency of the persistent
thythm varied from 23 1o 27 hours. Since these rhythms had & fre-
quency not exactly 24 hours long, they were called circadian
rthythms, from the Latin words cirea, meaning “about,” and dies,
meaning “daily. ”

Circadian rhythms were known to naturalists centuries ago.
The great 18th-century Swedish botanist Carolus Linnaeus grew o
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garden that told time. He planted flowers that opened or closed
their blossoms an hour apart around the cloek’,

Mice have exhibited circadian rhythms under constant laborato-
ry conditions. Normally, these nocturnal animals begin running on
an exercise wheel in their cage at about dusk and then run intermit-
tently throughout the night. During the day they sleep. When their
cages are darkened and temperature is held constant, they maintain
this circadian pattern in the laboratory, often week after week.

Colonies of the microscopic alga Gonyaulax polyedra illuminate
ocean waves at certain times of the year. The algae are luminescent
at night, especially if the water is agitated, and relatively nonlumi-
nescent during the day. Under constantly dark laboratory condi-
tions, this circadian rhythm of luminescence and nonluminescence
continues, It seems probable that almoest all forms of life would dis-
play circadian patterns in the laboratory if similarly tested.

Characteristics of Circadian Rhythms

Certain similarities can he found in the circadian rhythms of
most organisms. For one, freqguencies are so precise that the start of
each daily activity can often be predicted almost to the minute. In
additien, circadian rhythms will eatrair., or adjust to, an artificial
light-dark cycle if the imposed cycle does not vary too much from a
24-hour length. If a test animal is exposed to 11 hours of light and
11 hours of dark in each cycle, its rhythm will entrain to the 22-
hour eycle; if it is exposed to 13 hours of light and 13 hours of
dark, its thythm will adjust to the 26-hour cycle. In ali the cases
studied, however, the imposed cycle has never had a carry-over ef-
fect. It has been found that even though an organism has been sub-
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jected to artificial cycles for weeks, the regular circadian thythm re-
turns when the artificial one is removed.

A single exposure to light during an extended dark period may
phase-shift any circadian rhythm. Because of the exposure, the
rhythm may reach its peak at a different time of day. For example,
a test mouse on a 26-hour cycle in a dark laboratory may begin run-
ning its exercise wheel at 10 PM on a specific evening. But if a light
is turned on briefly afterward, the mouse may start ruaning the
wheel again at about 10 PM on the following night. This is a phase-
shift of the circadian rhythm because ordinarily the running activity
should begin at 11 PM the following night. However, the frequen-
cy of the rhythm does not change. A 26-hour cycle will remain a
26-hour cycle.

Circadian rhythm frequencies are not affected by temperature.
This is true not only for warm-bElooded animals but also for cold-
blooded animals and plants, whose temperatures change with the
surroundings. At cold and hot temperatures alike, circadian
rhythms maintain the same {requency.

If circadian rhythms are the basis of biological clocks, they cer-
tainly have distinct advantages as timepieces. Through their en-
trainment feature, circadian clocks would adjust daily to the natural
24-hour cycle of Earth rotation, regardless of the rhythm's natural
frequency, Through their phase-shift feature, the clocks in travel-
ers who jet across many time zones® would adjust within days to
new light-dark cycles. Since such clocks are temperature-compen-
sated, they would not be affected by wide-ranging temperature

changes.



Biokogical Clocks and the Seasons

Plants and animals in the temperate zones respond in various
ways to the amount of daylight in 24-hour periods. This response to
day length is called photo periodism. It controls many activities, a-
mong them the migration of birds, the hibernation of animals, and
the flowering of plants, The ability to respond to day length is
linked to an endogenous, or inner, light-sensitive circadian rhythm.

In the temperate zones, day lengths during the natural 24-hour
cycle vary with the seasons. In winter and spring, the period of
light lengthens; in summer and autumn, it shortens, Organisms in
these zones undergo alternate 12-hour phases of light sensitivity.
During one 12-hour phase, decreasing exposure to light induces a
shori-day reaction. For example, deciduous trees under the influ-
ence of the shorter days of autumn drop their leaves. During the
other 12-hour phase, increasing exposure to light induces a long-day
reaction. Deciduous trees grow leaves again during the lengthening
days of spring. Although this description has heen greatly simpli-
fied, it indicates that through their sensitivity 10 changes in the du-
ration of light, living things can measure day length to determine
the season and the time spans within a season.

The relationship of this “time sense” to circadian rhythms is
easily demonstrated. Florists, for example. often “trick” green-
house plants into producing blossoms out of season by exposing
them to unsessonal periods of artificial light®.

Some scientists are not certain that the biological clock of any
organism is completely endogencus. They think that even under the
most constant laboratory conditions living things are aware of the
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Earth's rotation and that this has an effect on the “balance wheel”
of their clocks. However, many scientists believe that such geo-
physical factors are not essential to the functioning of biclogical

clocks and that the clocks are probably endogencus.
Biological Clocks in Humans

Most, if not all, organisms have more than one circadian
rhythm. Human circadian rhythms include the wake-sleep cycle,
glandular secretion, the highs and lows in body temperature, and
the excretion of urine. Many studies of persons who have lived for a
time in Arctic regions, where there is continual daylight in sum-
mer , have confirmed the existence of these rhythms. Confirmation
has also been provided by experimental studies, such as made of
persons living in caves under artificial conditions.

Circadian thythms are known to rephase when a person flies
across many time zones in a day. On reaching their destinations,
travelers are under new local rimes, and it takes a few days for their
hodies to adjust to the new day-night patterns, This phenomenon is
commonly called jet lag. Frequent shifts in circadian patterns, as
when a person takes several transatlantic flights in a month, can
lead to mental and physical fatigue. Studies of airline pilots and
flight attendants who often travel across many time zones revealed
that some of the subjects’ body functions became irregular. Other
studies have shown that the human hody can learn to function in cy-
cles ranging from 18 to 28 hours. Any variance greater or less than
this, however, usually causes the body to revert 1o a 24-hour cycle.

In outer space, daylight patterns are not consistent, Astro-
nauts first encounter rapid changes in the day-night cycle while or-
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biting the Earth; farther out, there is constant blackness. To avoid
disrupting their natural circadian rhythms, astronauts follow regi-
mented cycles estahlished to simulate the 24-hour day. Scientists are
conducting studies to research what effect future spaceflights will
have on astronauts compelled to live for a long time under artificial
conditions.

(From Cempten’s Interactive Encyclopedia)
New Words

intricate adj. conteining many detailed parts and thus difficult to
understand  $5 57 M 2=

wind v. to make {some machine) go by turning some part of it b
B-i&

synchronize v. to cause to happen at the same speed  F[E 5 ; ¥ 1&
Bt —3

myriad n, a great and varied number ¥ A ®

droop v. to hang or bend downwards 5 ; T &

subject v. to cause to be controlled or ruled MR --AHER, 2
XEF

persistent adj. continuing to exist, or appear for a long time  ##&¢
f#

circadian adj. HEHHEH

naturalist n. a student of natural history,esp. a field biologist 1#
P

blossom n. the flower of a seed plant 75

intermittent adj. happening then stopping , then happening again,
with pauses in between , not continuous Bt ¥ HHEERY

intermittently adwv. i B 5



colony n. a group of the same kind of animals or plants living in
close association BFHE ;B

alga n. any of various chiefly aquatic, eukaryotic, photosynthetic
organisms, ranging in size from single-celled forms to the giant
kelp

Luminescent adj. transmitting, producing or yielding light % Ft#

agitate v, to move the surface of a liquid about HEENGEMA)

imposed adj. to be established or applied as compulsory JRANAY

carry-over adj. MBI —HTBUELCUTENE SR E T 00, B8 T 3K
B

timepiece n. BT (3E6h. 38D

photo periodism JtEPRR, KB

endogenous adj. caused by factors inside the organism or systern
Sk

underge v. to go through; experience #7

alternate adj, happening or following in turns; succeeding each
other continuously TR ;WA e. g.  alternate seasons of the
year

deciduous adj. sheddihg or losing foliage at the end of the growing
season BAEHE Y

induce v. to cause or produce B BE

span n. a length of time over which something continues ar works
well —BRET[E

glandular secretion [ 7 i

confirm v. to support , make certain ar give proof of FF—3iER

jet lag a temporary disruption of bodily thythms caused by high-
speed travel across several time zones typically in a jet aircraft ¥
B ERR TR BRI (B E)
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