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Keeping Time

Geophysical Rhythms
Biological Rhythms

Biological Clock
Applications of Biotechnological Techniques
Nature of Science



New Zealand Scholarship

To use biological knowledge and thinking
skills to analyse the biological situation
presented and integrate ideas into a
coherent response




NCEA Level 3 AS’s:

3.1 — Ecological Niche
3.2 —Contemporary Biological Issue
3.3 — DNA and Gene Expression

3.4 — Animal Behaviour & Plant Responses

3.5 — Processes & Patterns of Evolution

3.6 — Applications of biotechnological
techniques

3.7 — Trends in Human Evolution
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Day-Night Cycle (23 hours 56 minutes)




Seasonal Cycle (365.35 Days)

degrees
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Tidal Cycle (12.4 Hours)

Earth Moon

Depends on currents/land masses






Diurnal
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Day-Night Rhythm




Day-Night Rhythm

Circadian



Seasonal Rhythm




Seasonal Rhythm

Circannual
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Circatidal



What controls these rhythms?









How do we know there is a
biological clock?




Absence of rhythmic environments?

Hatching Independence Departure

v ¥ v

Arrival & Incubation Brooding Creche stage
pairing period period chicks wandering in colony
Adoption
period
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Recording Animal Activity
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The Biological Clock




Location of the Clock

pineal gland

suprachiasmatic nuclei (SCN)




Ablation Experiments

Time (h)
12:00 24:00 12:00 24:00 12:00




Transplantation Experiments

SCN removed

SCN removed

Wild type Tau mutant
Free running Free running
period: 24 hours period: 22 hours



Cycles

140}

160

Ralph et al., (1990) Science

247(4945):975-8
Reprinted with permission from AAAS.



Molecular Basis for the Clock

Konopka and Benzer, 1971
(from Takahashi, 2004, JBR19(5) 339-347).



Molecular Basis for the Clock

£ wild Type flies 24 hour clock
Slow Clock 27 hour clock

N .

’ (period — long)

2 Fast Clock 19 hour clock

y (period — short)

P No Clock Arrhythmic

(period — zero)



The period Mutant
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Genetic Basis for the Clock
period RNA

[ 1]
period gene

timeless RNA



Human Biorhythms

lowest
body temperature

deepest

sleep high

. alertness
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Human circadian clock
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How light affects the clock in humans
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Sleep later
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Hard to get up on a Monday morning?
Easier by Thursday?

e Lightin evening on Friday

e No light Saturday morning

* Light in evening on Saturday

* No light in morning Sunday --- wake up Australia time
* Monday-morning hard to get up

* Light on Monday morning

e Light on Tuesday morning

* Light on Wed morning...



Sleep patterns and age
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Roenneberg et al., (2003) Current Biology
14: 1038-39. Reprinted with permission
from Elesvier







Sleep patterns and age

10 20 30 40 50 60 70 80 90
Age (years)
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Does anaesthesia
teal time?
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A reason NOT to use bees
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Time sense in bees




Circadian rhythms in behaviour




Clock Gene Expression in Bees
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How to anaesthetise bees



w
£
E
§
;
e
£
m




:
t
B
=
g
:




1. Effect of anaesthesia on the perception of time




Expected results

H|ve

6 hr anaesthesia
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A. Vanishing Bearings

a Control: 30min anaesthesia b Treatment: 6 hr anaesthesia

N
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B. Harmonic Radar
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A. Vanishing Bearings
b

N
Release site




Effect of anaesthesia on food anticipatory behaviour




Time tralmng

9.00 - 10.00am

6 hr anaesthesia

o S

9.00 - 10.00am

3.00 - 4.00pm
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Anaesthesia is a thief .=
of time. i

The effect persists for ¢
several days post- & - |
anaesthetic.

Is this because |t
stops the clock? |



1. Effect of anaesthesia on the clock

Anaesthesia
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Activity recording




Effect of anaesthesia on the clock

Time of day
0 8 16 0 8 16 0
| | | | |




Molecular analysis of clock gene expression

\\ i\
\\ "\&
A~ .
Sampling m N
Freezing m ~ ’

-
Brain dissection '\/

s

RNA extraction
RT-gPCR



Effect of general anaesthetic on clock gene expression

Pre Anaesthesia  Anaesthesia Post Anaesthesia

Relative
MRNA
levels

Al dom  7am 10am lpm 4pm 7pm 10pm lam 4am am 10am 1p

Time of Day
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The period of most circadian rhythms is
not exactly 24 hours.

Explain the need for the entrainment of
circadian rhythms and the role of
environmental cues in this process.



(i) Explain why people are affected by the change
in time that occurs when daylight saving starts
and finishes and why this is particularly difficult
for teenagers.

(ii)) Which end of daylight saving (April or
October) is more likely to have a negative effect
on teenagers and why?

(iii) Explain the quickest way for someone to
adjust to the new time at the start and end of
daylight saving.




Using your knowledge of the ability o
the bee to use the sun as a compass,
discuss the differences seen in the
results from the different treatments (in
Figure 5) and predict the results of
further treatments carried out using
different durations of anaesthesia.



Figure 7 shows the levels of mRNA
expression from the clock gene
cryptochrome. Use your knowledge of
gene expression and the regulation of
gene expression to discuss how clock
genes can act as a biological clock.






Sean P
Hutt Valley High School

Why is the human free running period (24.3 hrs)
longer than the actual 24 hr day length? Is there
any link to seasons?



kordia

people & technology as one




Steven X
Hutt Valley High School

Is there any evidence that human ancestors ever
hibernated, particularly during Ice age periods or
in polar regions?






Jenny Loader
Unlimited Paenga Tawhiti

This species of Kelp is unique because it floats by
a honeycomb like structure which is unique. It
prevents the kelp from being damaged by strong
waves. Is this further evidence that the kelp is

more likely to by dispersed by currents (because
it survives for a longer time)?
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people & technology as one




Jenny Loader
Unlimited Paenga Tawhiti

Some currents are warm or cool and rise and fall-
they also reverse in el nino/nina events. Would
these variables have a significant effect on the
dispersal patterns of the kelp?
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