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The Young Darwinian has been founded by Professor
Anthony Campbell and Dr Stephanie Matthews, to provide
an inspiring vehicle for school students, catalysing them
to carry out projects, and to publish their own work, ideas
and experiences. These experiences include natural
history and engineering observations, field trips, and
visits to museums, science centres, and companies. We
also want to hear of any entrepreneurial projects that
students have been involved with. Further aims are:
• To provide students with constructive feedback from

experts.
• To link students together internationally, and with

mentors.
• To help students with their career development.
• To give teachers and students ideas, to help them work

with the curriculum more creatively.
• To give teachers the opportunity to learn about student

projects in other schools and Universities.
• To enable students and teachers to learn how the

education system works in countries other than their
own.

• To give students access to mentors and information
about entrepreneurship, and the private sector, in
science and engineering.

Students, you can publish your project or article here in 
The Young Darwinian.

Contact us on info@theyoungdarwinian.com

Why Darwin?
Charles Darwin (1809-1882) was one of the greatest naturalists
of all time. His BIG idea of Natural Selection is the unifying
principle in biology and medicine. But his first love was
chemistry, having the nickname ‘Gas’ as a boy. But his
grandfather, Erasmus Darwin (1731-1802) was also a genius.
Erasmus lived in the 18th century, and was a polymath. He was
the best doctor in England, pioneered the use of plant extracts
to treat patients, was an experimental scientist and inventor,
supported major engineering projects, such as canal building,
and was an entrepreneur, helping to found the Industrial
Revolution. Amazingly, Erasmus was also one of the most
important poets at the end of the 18th century. It is this legacy
and inspiration of Charles and Erasmus that The Young
Darwinian takes forward in the 21st century. Curiosity is the key,
using all the skills of a naturalist that the Darwin’s taught us –
seeing, hearing, smelling, tasting, touching, and thinking.

The inspiration of curiosity
Curiosity is one of the greatest gifts evolution has given us as a
species. Wherever you are, whatever you are doing, there is
always something to be curious about. Curiosity is the starting
point for any scientific discovery and invention. But where
does this take us? Unless we can focus our minds on a clear
question, curiosity will be a frustration, rather than the
inspiration it should be. Have a look at the finches in Dr
Darwin’s Curiosity Shop. These are very famous in the story of
Charles Darwin. He discovered them during the Beagle visit to
the Galapagos Islands in the Pacific, off the coast of Ecuador.
When he got back home, a distinguished ornithologist, John
Gould, pointed out to Darwin how interesting there were. But
Darwin was then annoyed with himself, as he had not
recorded accurately from which island precisely he have
collected each specimen. Nevertheless, Darwin realised that
they were a great example of how Natural Selection was the
force driving the selection of the beaks most adapted to a
particular food supply. So could you design an experiment to
test this hypothesis, using observations on the birds in your
garden, or in a nearby park? Have a look at the article in this
issue on curiosity – Curiosity inspires, Discovery reveals - for
some ideas (see the article on page 24).

Free speech at University
Recent articles in the UK press have suggested that some
Universities are proposing to label, or even remove, books
from library shelves, so that they can protect students from
‘dangerous and wrong information’. These books may include
ones regarding Holocaust denial, creationism, other extreme
religious views, feminism, eugenics, and climate-change
scepticism. This policy appears to be one favoured by a
number of librarians, and could be extended to other
controversial book titles, though some Universities have
rejected this censorship policy. The Young Darwinian also
rejects it. Surely this is a major affront against free speech.
Students attend Universities to hear all the arguments for and
against controversial topics. Of course, terrorist, extreme
racist, or sexist texts should not be allowed, or even published.
But, tolerance means that you listen, even when you may
strongly disagree. A further worrying trend is the suggestion
that some lecturers have been telling their students how to
think about BREXIT, mainly to oppose it, and even mark down
essays that put a positive slant on it. Some students have
claimed that they are being pressurised to write essays with an
‘anti-BREXIT’ bias. Surely this is another contradiction against
free speech? For or against, all views must be fairly heard. Tell
us what you think by emailing us at
info@theyoungdarwinian.com. 
Read more at:
1. The Sunday Times, October 29th, 2017, page 10,

https://www.thetimes.co.uk/article/universities-may-censor-
student-reading-xwjdhc9bn

2. The Sunday Telegraph October 29th, 2017, page 4
https://www.pressreader.com/uk/the-sunday-
telegraph/20171029/281633895493253

3. ww.dailymail.co.uk/news/article-5029897/Students-fear-marked-
support-Brexit.html

“Be guided by Nature and do not
depart from it thinking you can do
better yourself. You will be
misguided, for truly art is hidden in
Nature and he who can draw it out
possesses it.”
Albrecht Dürer (1471 – 1528), one of the great figures of the Renaissance.

Above is the earliest picture of
Charles Darwin as a boy, 7 years
old, painting by Ellen Sharples
(1769–1849),
https://commons.wikimedia.org/
wiki/File:Charles_Darwin_1816.jpg

Above is Charles Darwin just after
he returned from The Beagle, aged
about 30. Painting by George
Richmond (1809–1896),
https://commons.wikimedia.org/
wiki/File:Charles_Darwin_by_G._Ri
chmond.png.

BREXIT means BREXIT?
On Thursday June 23rd, 2016, the British electorate voted in a referendum to

leave the European Union (EU). This was quite a surprise to everyone,
including the ‘leavers’. In the eighteen months that has followed, there

has been much confusion amongst politicians, business, and the
education sector, in the UK, and the EU, about what

exactly the British people voted for. Many of the
‘remainers’ are predicting disaster, with many

leaders in the Universities worried that they will
lose the valuable staff and students who come
from Europe. Some business leaders are also
predicting disaster. Yet, others tell us that there is
a great opportunity for the UK to go global. But,
there is no clear policy about what will happen to
the UK’s involvement in the hugely successful
Erasmus student exchange scheme, and major

European science projects, such as the Hadron
collider and CERN, the European space agency (ESA),

and the European Molecular Biology Laboratory
(EMBL). Whilst these are European projects, they are

essentially independent of the EU. In fact, only 22 countries, both EU
and non-EU, subscribe to CERN and ESA, and 20 to EMBL. So the UK

leaving the EU should not affect these initiatives, and the UK government has
already committed to continued support of Erasmus. However, it is clear that the EU

negotiators do not really understand why we voted to leave. The challenge now is to be positive, looking to a global future.
The UK does not want to loose the bright young scientists from the EU, but now looks forward to welcoming scientists,
engineers, mathematicians, and entrepreneurs, both students and fully qualified men and women, from all over the world.
The message to all school and University students is that the UK is open for business, and all students from any country.
The future is bright.

The student skills problem
We often hear in the news that industry in the UK, and
many other countries, is not satisfied with the skills being
offered by recently graduated students, and other job
applicants. As a student, are you happy with the skills you
obtained at school, College or University? There is a lot of
talk in the education sector about hard and soft skills.
Hard skills are defined as being quantifiable and testable.
They include - maths and numeracy, computer literacy,
scientific techniques, engineering, literacy, foreign
languages, statistics, computer software, such as word
processing and spreadsheets, the law, health and safety,
use of social media, and how to make a business plan. On
the other hand, soft skills are not easily quantifiable.
Though it may be possible to test them. They include -
people skills, social interactions, communication skills,
attitudes, personal characteristics, how quickly you can
learn, and personal and business management. Both hard
and soft skills are needed in virtually any job. But, are they
really being taught properly at school and University. I
think not. It is time for those who run the education sector
to wake up to the real world. The old fashioned idea that
education is simply about ‘stimulating students to think’ is
not good enough any more. Two of the UK’s greatest
naturalists, Charles Darwin and Alfred Russel Wallace,
taught us that the skills of the naturalist are invaluable
whatever you do – seeing, hearing, smelling, tasting,
touching and thinking. What do you think? How is it in
your country? Email us at info@theyoungdarwinian.com.
Read more at:
UK Government report: Life Sciences Industrial Strategy – A report
to the Government from the life sciences sector.
https://www.gov.uk/government/uploads/system/uploads/attach
ment_data/file/650447/LifeSciencesIndustrialStrategy_acc2.pdf
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Insects versus bacteria: 
which would you back?

Mosquitos are insects, and
can act as vectors carrying
malaria (a plasmodium
which is a protozoan), Zika
and Dengue fever (both
viruses), amongst other
horrible diseases. Malaria
alone leads to about half a
million deaths per year, and
economic devastation of
affected regions. But, a tiny
island in the South Pacific
has now been almost
cleared of the mosquito,

beaten by bacteria. Scientists discovered that when infected by the Wolbachia
bacteria, and a high proportion of them are, the mosquito eggs will not mature if the
male and female were harbouring different strains of the bacteria. Result – Bacteria
1, Insect nil.
Read more at:
Mosquitos meet their match in Tahiti. Nature, 548, pp17-18 (2017).

Science news
This is some of the latest scientific and medical advances. Let us
know what you have heard, or seen on the TV, newspapers or
Internet. And tell us what has inspired you. We will post it on
the web site. Email us at info@theyoungdarwinian.com.

Vitamin C strikes again
Vitamin C, or Ascorbic Acid, is an essential nutrient in the
human diet, which if severely lacking, leads to scurvy. Scientists
in Texas and Utah have shown that high levels of vitamin C in
the stem cells that become blood cells, leads to a reduction in
the risk of these cells developing leukaemia, by regulating their
number and activity. Furthermore, lack of vitamin C increases
the risk of leukaemia. The mechanism for this action is that
vitamin C acts as a cofactor for an enzyme
called TET2, which in turn effects the level
of oxidation of the methyl groups in
DNA, which then effect gene
expression. The advance that made
this study possible was better
isolation of the cells by combining
techniques called flow cytometry
with Liquid chromatography-Mass
spectrometry. Despite many studies
in humans, high doses of vitamin C
have not been shown to reduce overall
mortality, and there is conflicting evidence
in major studies of lung, prostate and
colorectal cancer risk and survival. Yet people with blood cell
malignancy have a much lower level of vitamin C in the blood.
Is this cause or consequence?
Read more at :
1. Miller and Ebert  Leukaemia: Vitamin C regulates stem cells and

cancer. Nature 549, 462–464 (28 September 2017)
doi:10.1038/nature23548.

2. Agathocleous, et al. Ascorbate regulates haematopoietic stem cell
function and leukaemogenesis. Nature 549, 476–481 (28
September 2017).

Can coconut oil help
you tan? Calling all
redheads.
Coconut oil is rich in palmitic acid, a 16
carbon saturated fatty acid, that has long
been reviled because of its dietary link
with cardiovascular disease. But now, the
binding of palmitic acid to the protein
MC1R may be a potential therapeutic target
to reduce metastasis in malignant melanoma,
a vicious skin cancer. MC1R is one of the family
of cell surface G protein-coupled receptors. Having a
version of this protein, which results in reduced or absent signalling capacity, is linked
with having red hair. This may be the reason why redheads don’t tan easily. It is also
thought to be why redheads have an increased risk of skin cancer. The idea goes that if
MC1R gets palmitoylated, that is more palmitic acid is incorporated into it, the activity of
the receptor can be regulated, making it less susceptible to cancer. There is more
production of the eumelanin (rather than the darker phaeomelanin), and more efficient
DNA repair. A group from Guangdong in China, Boston in the USA and Oxford in the UK
have collaborated, and using human melanoma cells, shown just this. So should we all
eat more palmitic acid? Not yet, scientists in Barcelona report that palmitic acid increases
metastatic activity of a different type of skin cancer. Watch this space. And palmitoylated,
isn’t that a great word?
Read more at:
1. Chen, S. et al. (20170 Palmitoylation-dependent activation of MC1R prevents melanogenesis

Nature 549, 399–403. 06 September 2017
2. Jackson & Patton (2017). Cell signalling: Red alert about lipid’s role in skin cancer. Nature

549, 337–339 (21 September 2017) doi:10.1038/nature23550.
3. Pascual etal. Targeting metastasis-initiating cells through the fatty acid receptor CD36

Nature 541, 41–45 (05 January 2017) doi:10.1038/nature20791.

How the
giraffe got
its long neck
The neck of a giraffe has
long been a controversy in
evolution. The distinguished
biologist Jean Baptiste de
Lamarcke, early in the 19th
century, argued that it
stretched its neck to reach and
eat high leaves, and this
stretching was inherited.
Rather, Alfred Russel Wallace
and Darwin argued that in any
population of the giraffe’s ancestors
there was a range of neck lengths.
Those with the longest got the most
food, and so had a better chance of
passing this on to their offspring –
Natural Selection. In 1949, Chapman
Pincher pointed out that giraffes also
had very long legs, and that the long
neck would help them drink water. But
fossil giraffes have been found with
long legs and short necks. Heat
regulation has been another idea,
supported recently by an argument that
the long neck enabled giraffes to tilt
their heads and necks towards the sun,
thereby exposing less skin to heat,
keeping them cooler in the arid
environment they live in. If you have
any ideas why giraffes have evolved
with long necks and legs then email us
at info@theyoungdarwinian.com.
Read more at:
1. Pincher, C. (1949). Nature 164, 29-30.
2. Mitchell, G. et al (2017). J. Arid. Environ.

145, 35-42, and Nature 549, 312; 2017.

Tiny camera developed to sit
on the back of a bee
Engineers at Bangor University in Wales are developing an
amazing camera that is so small it can sit on the back of a bee.
The key to this exciting development is that it does not need a
battery, as it used the energy from the bee for its electrical
supply. The camera will give vital new information about how
bees collect nectar. Bees are vital as the major pollinators of
fruit. But their numbers have dramatically declined in recent
years. Email us at info@theyoungdarwinian.com about your
sightings of bees. The project is being led by Dr Paul Cross, an
environment lecturer, and Dr Christiano Palego, a micro-
systems expert.

Bacterial sensitivity – thirty
hours to thirty minutes
When someone has a bacterial infection requiring antibiotic
treatment, the first antibiotic prescription is an educated
guess. It can take a few days to confirm that the antibiotic is
killing the bacteria. Scientists in Uppsala, Sweden, are working
on an exciting new method, where E. coli from urinary tract
infection has been accurately diagnosed to be sensitive or
resistant to nine antibiotics within 30 minutes. The rod shaped
coliform bacteria are trapped in ‘microfluidic chips’ and the
growth rate of individual cells monitored. This makes the
potential for patients to be accurately diagnosed and treated
at the point of care. Better for the patient and better for the
global problem of bacterial antibiotic resistance.
Read more at:
1. Baltekin et al (2017). Antibiotic susceptibility testing in less than 30

min using direct single-cell imaging. , Proc. Natl. Acad. Sci. USA,
2017, DOI: 10.1073/pnas.1708558114.

Princess and the pea – 
a Royal goes GM
Princess Anne, the Queen’s daughter and farmer, has shocked
some, by supporting genetically-modified (GM) crops, saying
they can be beneficial and she might grow them herself, if this
was allowed after BREXIT. She told the BBC, “Surely, if we’re
going to be better at producing food levels of the right value,
then we have to accept that genetic technology – whether you
call it modification or anything else – is going to be part of

that.” This appears to put her at loggerheads with her
brother Prince Charles, who is vehemently against GM
crops, and stopped the National Botanic Garden in Wales
from being involved with this technology. Environmental
groups such as Friends of the Earth are not happy with
this stance by the Princess, spokespeople saying that this
is a ‘dead horse’, and that GM farming causes major

environmental damage. But The Young Darwinian says’,
‘Good on you Princess’. The future for GM is bright. Tell us

what you think by emailing us at
info@theyoungdarwinian.com.

3D structure of three-protein
complex explains how nerves
fire in milliseconds
It is an incredible fact that we can move our arms and legs in
milliseconds because our nerves can fire within a sub-
millisecond timescale. The key to this is a very rapid rise in free
calcium at the nerve terminal, which triggers fusion of vesicles
containing neurotransmitter, which is then released. Zhou et al
have revealed the 3D structure of the complex at every nerve
terminal that does this. The complex is made of SNARE,
complexin and synaptotagmin, the latter being the protein that
binds calcium. This unlocks the SNARE complex, allowing
vesicles to fuse with the membrane, and release the
transmitter. At the nerve-muscle junction, acetylcholine is
released, which then triggers an action potential in the muscle.
This flows down the muscle fibre in milliseconds, generating a
large rise in free calcium in the muscle cell. This binds to
troponin C, which triggers contraction.
Read more at:
1. Zhou et al. (2017) Nature 548, 420-425. The primed SNARE-

complexin-synaptotagmin complex for neuronal exocytosis.
2. Campbell, A.K. (2015). Intracellular calcium. Chapter 7, pp 334 -341.

Wiley, Chichester, for an explanation of how calcium inside a nerve
terminal causes it to fire.

3. Campbell, A.K (2017). Fundamentals of intracellular calcium.
Chapter 7 pp 203-209. Wiley, Chichester.
wiley.com/go/campbell/calcium

Quark-Gluon
plasma
Scientists in New York at the RHIC
(Relativistic Heavy Ion Collider) caused
heavy gold nuclei, travelling close to the
speed of light, to collide. What was
produced was quark-gluon plasma, the
hottest, least viscous, fastest rotating
vortical matter ever produced. The
transition of this to hadrons was
fundamental to the events soon after
the Big Bang. The quark-gluon plasma
was predicted to act like a vortex, like
water going down a plug, and this has
now been observed. Another step
forward in our understanding of the
strong nuclear force. Captain Kirk would
be proud.
Read more at 
1. News and Views (2017). Nature 548, 34-35.
2. The STAR collaboration (2017). Nature 548,

62-65.
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Brittle stars are marine ophiuroids in the
phylum of Echinodermata, which also
includes sea urchins, sea cucumbers,
and starfish1. Brittle stars look like
starfish, and get their name because
their arms, typically five, are extremely
fragile, snapping off when touched. This
helps them escape predators. They
move along the seabed using these
flexible arms. The central body has a
mouth on its under surface (Figure 1),
enabling it to feed on organic matter and
small prey. Brittle stars can be found on
the seabed, under rocks, in coral reefs,
and in the holdfasts of seaweeds, such
as Laminaria. They are also known as
serpent stars, ophiuroid being derived
from the ancient Greek ӧφις = serpent.
Over 2,000 species are known
worldwide, more than half being found
in sea more than 200 metres deep.

Figure 1 The common brittle star Amphipholis
squamata

(a) Bright field (b) Its bioluminescence image in
pseudo colour, taken using a Photek photon-
counting camera. The scale of brightness is
black = no light, then blue, green, yellow, red,
and white, the latter being the brightest. Note
that only the underside of the arms emit light.
There is no light from the central body of the
animal. The best way to stimulate the
bioluminescence is to use 0.5M KCl.

Several coastal and deep-sea brittle
stars are bioluminescent2-4. The
common European brittle star
Amphipholis squamata (Figure 1) emits
blue light from its photophores on the
underside of the arms, there being
none in the central body of the animal.
Other species of luminous brittle stars
and starfish can emit green or yellow
light. Darwin and Wallace taught us that
it is wrong to ask what is the ‘function’
of a phenomenon like bioluminescence.
Thus, many brittle star species are not
bioluminescent, and have survived
quite happily for millions of years
(Figure 2). Rather, the question to ask is
‘what is the selective advantage of the
bioluminescence?’ In luminous brittle
stars, this is defence, and in mating
rituals. The bioluminescence is shown
on the front cover of this issue, a flash
being more dramatic, and scary, to a
predator, than a glow.

As with all bioluminescence, the light is
the result of an oxidative chemical
reaction. In brittle stars this occurs within
the photocyte cells in the under surface
of the arms4-7. A small organic molecule,
a luciferin, is oxidised by oxygen, the
reaction being catalyzed by a protein
luciferase. Such reactions have been well

Luminous brittle stars
show that a flash is
better than a glow
This is an explanation of the bioluminescence 
on the front cover of this issue

Anthony K Campbell MA, PhD, FLS, FLSW
School of Pharmacy and Pharmaceutical
Sciences, Cardiff University, King Edward
VIIth Avenue, Cardiff, CF10 3NB, UK
And Welston Court Science Centre,
Pembrokeshire, SA70 8PS, UK
Email: tony@theyoungdarwinian.com

studied in fireflies and glowworms,
luminous jellyfish, hydroids, sea pens,
and a number of other organisms. But
only a small amount of work has been
carried out on the chemiluminescent
reaction in brittle stars. A major problem
in studying this reaction in brittle stars
and starfish is that the light emission
does not survive freeze/thawing. It
appears that the luciferin is related to
coelenterazine (Figure 3), first discovered
in luminous jellyfish and hydroids, and
responsible for bioluminescence in eight
phyla in the biggest ecosystem on our
planet, the deep sea8. This has been
beautifully demonstrated in the filming
of ‘Blue Planet 2’.

Figure 2 A fossil brittle star
This was found in rock from the Jurassic period,
some 200 million years old, and is very similar to
the common brittle star Amphipholis squamata.

Figure 3 The coelenterazine light reaction
Coelenterazine was so named because it was
originally identified in luminous coelenterates
by the Nobel Laureate Osamu Shimomura4,5.
Ironically, coelenterates do not make their own
coelenterazine. Rather they obtain it through the
food chain. Only two groups of luminous
animals have so far been shown to make their
own coelenterazine – decapod shrimp and
copepods7,13.

How the photocyte cells are triggered to
emit light is not known. It is presumed
that a nerve net is involved, which can
be stimulated artificially by 0.5M
potassium chloride, as is the case with
many bioluminescent animals5,6. A rise
in free calcium inside cells is the
chemical switch for many phenomenon,
including nerves firing, muscle
contracting, secretion, egg fertilisation,
and many examples of
bioluminescence9. It is not known
whether intracellular calcium triggers
brittle star bioluminescence.

So there is much to learn about these
fascinating animals, and how this
example of bioluminescence evolved.
Bioluminescent dinoflagellates were

the first entry in Darwin’s Beagle
zoology notebook10, and his Beagle
diaries record several spectacular
descriptions of other luminous species.
However, Darwin had a problem with
bioluminescence. He writes in Chapter
6 ‘Difficulties on theory’ in ‘On the
origin of species’11. ‘The luminous
insects provide an example analogous
to the organs of electric fishes.’ He
could not see how small change by
small change could lead, via Natural
Selection, to a completely new
phenomenon like this. Yet,
bioluminescence highlights one of the
most significant problems in
understanding how evolution occurred.

At the molecular level, the key question
is; ‘How did a new protein, such as an
enzyme, appear?’ DNA sequencing has
given us the sequences of hundreds of
proteins and their families, and shown
us their evolutionary relationships. But
none of this marvellous work explains
where the first protein of a family
came from. Coelenterazine
bioluminescence points the way! Just a
few amino acid mutations are
sufficient to establish a small pocket in
a protein, that will then catalyse a new
chemical reaction12, 13. Darwin would
have been delighted.

If you have any ideas or questions on
this amazing phenomenon, and its wow
factor, please email us at
info@theyoungdarwinian.com.
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Abstract
The snakelocks anemone Anemonia
viridis is fluorescent, whereas the
beadlet anemone (Actinia equina) is not.
The aim of this study was test whether
the selective advantage of the
fluorescence is to reduce warming of
the snakelocks anemone under bright
sunlight. The results showed that this
was the case, supporting the hypothesis
about why cnidarians have green, and
other, fluorescent proteins.

Background
The inspiration for our investigation has
its roots in Darwin’s theory of Natural
Selection. The fluorescence of a
snakelocks anemone under UV or visible
light is attributed to the green
fluorescent protein (GFP) in its tentacles
(Figure. 1). But to this day, we still do not
know the selective advantage of this
odd adaptation. Therefore, we decided
to conduct an experiment to test the
thermoregulatory hypothesis of this
fluorescence - in essence, to determine
the changes in temperature when
exposed to visible light.

Aim
The aim was to test whether the
snakelocks anemone (Anemonia viridis)
remains cooler than its common cousin,
the beadlet anemone (Actinia equina),
when subject to intense lighting for
extended periods of time.

Experiment
A field study conducted on Manorbier
beach, Pembrokeshire, UK allowed us to
collect samples of A. viridis and A. equina.
We used the A. equina as a control as it
does not exhibit fluorescence. The
apparatus is shown in Figure 2, with one
of the authors in Figure 3.

Method
1. Set up apparatus as shown in

diagram.
2. Place each species of anemone in

labelled dishes, and leave for 5
minutes to equilibrate to local
temperature (ca 20oC).

3. Place both anemones in a trough of
water, and measure distance from the
lamp to the top of anemone. Turn on
the light.

4. At 60s intervals, measure
temperature of each anemone and
water.

5. Rehydrate anemones every 120s to
prevent drying out, with the dropping
pipette.

6. Repeat experiment several times, and
average values to plot graph.

Figure 1. Anemonia viridis under visible light
(left) and UV light (right) 

Figure 2 The apparatus

Figure 3 Calum Wincott carrying out an
experiment on the snakelocks anenome

Karen Soh and Calum Wincott
Cardiff 6th Form College, Trinity Court, 
21-27 Newport Rd, Cardiff CF24 0AA, UK
Email of corresponding author:
calumwincott@csfc.education
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Results
Analysis
We plotted two graphs from the data
(Figure 4). The first was interesting.
Temperature differences between the
two anenomes were only a few degrees,
but were significant. To show the
contrast clearly, the temperatures as
variation from the water temperature
were plotted. This showed clearly how
much cooler the tentacles of A. viridis
remained in contrast to every other part.

Conclusions
Throughout all experiments, the
snakelocks tentacles, the main site of
GFP, remained the coolest in relation to
the environment around it. It is
proposed that this difference was
caused by fluorescence. Absorption of
UV or visible light by a non-fluorescent
molecule will cause the organism to
warm. But, if the molecule is
fluorescent, then the light will be re-
emitted, preventing the anemone
warming up. The visibly green colour of
the anemone has the greatest effect on
energy absorption, in the same way that
white t-shirts remain cooler on sunny
days. Further investigations on the
snakelocks are required to confirm this
hypothesis. But there was definitely an
effect on the organism’s
thermoregulation. The maintenance of
its homeostatic balance is necessary for
sustaining life and preventing the
denaturation of its intercellular proteins.

This phenomenon may explain why the
snakelocks’ tentacles are such a large
part of its anatomy, covering most of its
core. Thus the tentacles absorb most of
the light energy from the Sun,
preventing exposure to the core through
a rise in temperature. Another possible
benefit would be to prevent UV light
from penetrating and damaging the
organism when it is exposed to the Sun
for long periods during low tide. If this is
the case, however, how can the
common anemone (Actinia equina)
thrive without this adaptation? 

Our experiment used prolonged
exposure to visible light to receive data
of comparable magnitudes. The sea of
the Pembrokeshire coast in no way
reaches these extremes currently, so it is
not a true reflection of the anemone’s
natural habitat. However, these
anemones can be exposed to bright
sunlight at low tide. We can thus
ascertain that the snakelocks anemone
is a species that deviates from non-
fluorescent anemones, since we
observed a relationship between
temperature change and time of
exposure to visible light. The large
phylum Cnidaria (> 10,000 species world
wide) is largely unexplored. Our
discovery is but a single step into the
global environment of ecological
conservation and scientific applications.

Future prospects
Many hydroids, jellyfish, anemones and
corals are coloured, and express GFP
and other fluorescent molecules.
Further experiments are required on
both fluorescent and non-fluorescent
anemones and corals to confirm the
hypothesis that the selective advantage
of fluorescent molecules is to reduce
the warming of these organisms in
bright sunlight.

Impact
If our conclusions can be confirmed
then these have important
consequences for the effects of global
warming on coral reefs. This was a
project that inspired us to continue with
our science education.

Figure 4 Effect of light on the temperature of
snakelocks and beadlet anenomes
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Science News: Protons on a diet
The proton has just lost weight, which
is important because knowing the
mass of a proton is needed to analyse
atomic spectral data, not to mention
determining various fundamental
constants. Researchers in Germany
and Japan using a purpose built
Penning (electromagnetic) Trap and

ionised carbon as a reference, worked
out the mass to be 296 parts per
trillion lighter than previously thought.
The precision was 32 parts per trillion.
Quite amazing accuracy and precision.
Read more at:
1. Heiße, F. Köhler-Langes, et al. 2017.

Phys. Rev. Lett. 119, 033001 –
Published 18 July 2017
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Background
Glow-worms are beetles, with a tail that
glows in the dark. They can be found all
over the world. The British species has
the scientific name of Lampyris noctiluca
(Figure 1a). The female glow-worm has
two bars and two dots that glow (Figure
1b). It has no wings, so it cannot fly. It is
very soft. So it is important not to try and
pick it up, as it is easy to squash it. The
male (Figure 1a and c) can fly, however,
and has two tiny light emitting dots at the
end of its tail. It flashes these when
disturbed, as a warning. It tastes horrible!
These beetles produce a substance that
tastes bitter, as Darwin discovered. So
birds and frogs learn to leave them alone.
The female uses its light to attract the
male, so that it can mate. After mating
the female lays a lot of eggs, which glow
very faintly, and hatch out in two to three
weeks (Figure 1d). The larvae are tiny
when hatched. But, within a year or so,
they grow into a large larva (Figure 1e).
This then forms a pupa, which will hatch
out into an adult glow-worm. We kept
some larvae in a jar, and saw then
feeding on a snail (Figure 1e). They inject
a substance that stops the snail moving,
and also digests it, so the larva can suck
out the juice. To our eyes’ the light looks
green in colour. So I wanted to know if
this was the glow-worm’s favourite
colour. We found a large colony to study,
near my house in Pembrokeshire, in the
sand dunes by the sea.

Figure 1 What glow-worms look like: (a)
Female, male, and eggs; (b) Female
glowing, showing two bars and 2 dots at
the end of the tail; (c) A male displaying
and ready to fly; (d) Newly hatched larvae
next to a UK sixpence; (e) Mature larva
shown by the arrow, the other is another
European species Lamprohiza spledidula,
not found in the UK; (f) Newly hatched and
mature larvae digesting a snail.

Aim
The aim of my project was to discover
what was the favourite colour of a male
glow-worm.

Methods
Since the males can fly, I used light sticks
and light badges (Figure 2) to see which
ones attracted the males best. The light
sticks make light when you break open a
small phial inside them. We had ones
that made blue, green, and red light. We
also had some badges that were sticky,
so they could be stuck on to people’s
clothes. I came with my family, with
about 15 people glow-worm hunting at
11 o’clock at night, as part of a Darwin
Centre event (www.darwincentre.com).
We do this every year. It was a lovely
night, with no wind and no moon. We
were in the sand dunes at Freshwater
East in Pembrokeshire, in west Wales. 

Results
As we walked along the path, we saw
several female glow-worms glowing.
Then, someone shouted that he was
covered in small beetles. These were all
male glow-worms. The man was one of
the wardens of the Pembrokeshire
National Park, and had a red light badge
stuck on his jacket. The glow-worms
were on his badge and in his hair. It was
quite funny, and we all laughed.

As we walked on, people with the green
light sticks also attracted some males.
But those with blue ones had no males
on them at all.

Conclusions
I found out that the favourite colour of a
male glow-worm is red. They didn’t like

blue at all. But they
did like green a bit.
This was a surprise, as
the female glow-
worm emits green
light (Figure 1b). I
found males, which
look like little beetles,
near them.

I looked up about glow-
worms in nature books
we have at home.
These said that they
weren’t worms at all.
But really they were
beetles. So they have a
life cycle like all insects.
They start as an egg,

which hatches out a larva. This eats snails
and slugs. After a year or two the larva
forms a pupa, like caterpillars do. Then,
the pupa hatches out an adult glow-worm.
This is called an imago. The male flies, but
the female has no wings. I found out that
they have cousins in other countries that
flash, and are called fireflies. These can
emit green, yellow, orange or red light. In
South America there is a glow-worm called
a railroad worm, which has two red
headlights on its head, and eleven yellow-
green light organs on its body. But, in New
Zealand and Australia, there is a glow-
worm that is in fact a fly, and not a beetle
at all. I discovered that the light is

produced by a chemical reaction inside the
glow-worm’s cells. It is ‘burning without
fire’. The chemical reaction causes the
‘burning’ of a small molecule called a
luciferin, which, unlike a candle, produces
light instead of heat. The reaction needs
oxygen, and is activated by a protein called
a luciferase. Amazing isn’t it!

Impact – how it affected me
It was great fun. I look for glow-worms now
every year in July. One of the boys said,
‘Wow my first glow-worm’. We walked back
along the edge of the sea, and there were
tiny sparks of light, as we waved our feet
in the water. These were caused by tiny
microscopic creatures, that are half plant
and half animal, called dinoflagellates. I
am looking forward to next year to see if
my experiment with red, green and blue
light sticks can be repeated.

Acknowledgements
My dad, Professor Tony Campbell, helped
me to write this article. He has studied
glow-worms, and other animals that make
their own light, for many years. He says
it is called bioluminescence. I presented
this project through the Darwin Centre
in Pembrokeshire, Wales to the First
Minister of the Welsh Government, the
late Rhodri Morgan (Figure 3).

Figure 3 My project presented to the first
Minister of Wales, the late Rhodri Morgan.
He was very nice, and was interested in my
project. He asked me lots of questions.
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Figure 2 The light sticks

Abstract
Female glow-worms in Britain glow green
during late June, July and part of
August. The light attracts males, so that
they can mate. The aim of my project
was to discover whether green was
their favourite colour, or whether other
colours also attracted them. Surprisingly,
it was the red light sticks that were
most efficient at attracting the males.



                                                                                                                            The Young Darwinian     1514      The Young Darwinian

Issue 1 January 2018Issue 1 January 2018

Abstract 
People with lactose sensitivity (lactose
intolerance) are advised to avoid dairy
foods. This study shows that within the
range of dairy foods, some are tolerated
better than others. The severity and
number of symptoms correlated with
the amount of lactose present, and with
breath hydrogen production after
ingestion of the food.

Background
Lactose is the sugar in milk. It is a
disaccharide made from galactose and
glucose (Figure 1). Sensitivity to lactose is
caused by low levels of the enzyme
lactase in the small intestine, which leads
to incomplete digestion of the lactose.
When lactose reaches the large intestine
it is metabolized by the bacteria, some of
which lead to hydrogen gas production.
This can be detected in breath samples
after the ingestion of the food. It can lead
to gut symptoms that include bloating,
flatus, diarrhoe,a nausea ,and abdominal
pain. It can also cause headache, muscle
aching, itching, fatigue and heart racing
(tachycardia).

People with lactose sensitivity are
advised to avoid foods and drinks
containing lactose. These include those
made with milk and its products, but
also those with lactose powder added
during manufacture, and whey from
cheese production.

Aim
The aim of this study was to investigate
if all lactose containing foods caused the
same severity of symptoms. The foods
chosen were cows milk, a fruit yoghurt,
natural yoghurt, a cream cheese, and
mature cheddar cheese.

Methods 
Two subjects were tested, one known to
be lactose sensitive, and the other

known not to be lactose sensitive. The
foods chosen were eaten as a standard
portion. Both were female and aged 16
years.

The hydrogen was measured over 4 hours
and symptoms over 48 hours. The breath
hydrogen was measured using a Micro
Medical Hydrahale hand held meter,
which had been calibrated, measuring
hydrogen in breath over the range 0-
400ppm. The people being checked were
taught to use the meter in a standard
way. The food/drink challenges were
given a minimum of 5 days apart.

Two controls were used in this
experiment. The first was to test a
subject known to be able to ingest
lactose. The second was to use water as
one of the test foods/drinks. Any rise in
hydrogen or symptoms after water
could not be caused by lactose. 

The test food/drink containing different
amounts of lactose was taken at 9am
(time zero) after an overnight fast. Breath
samples were analysed at time zero, and
every half hour for 4 hours. A time sheet
covering every 30 minutes up to four

hours was designed to note down the
breath results and the symptoms. The
final number of symptoms present at 48
hours were also noted.

Results
In the subject thought to be sensitive to
lactose, ingestion of water and mature
cheddar cheese did not cause a rise in
breath hydrogen  (Figure 2). Of the other
test foods, the cream yoghurt resulted
in the highest breath hydrogen peaking
at 120 min. The milk and cream cheese
caused rises peaking at 90 and 120
minutes. The natural yoghurt caused a
small rise, peaking at 90 min. 

The scale of the breath hydrogen
production correlated with the amount
of lactose in the food. In the subject
thought not to be sensitive to lactose,
the breath hydrogen ranged from 2 to 6
ppm both during the
water and lactose
ingestion. There was
no correlation with
ingestion of lactose. 

Symptoms were noted at the same times
as the breath samples and whenever
they occurred over the next 48 hours and
the total number recorded. The
symptoms that the subject was asked to
look out for were: abdominal pain,
nausea, bloating, flatus, diarrhoea,
headache, muscle pain, inappropriate
fatigue, inappropriate fast heart rate, and
itching. In the subject with no lactose
sensitivity, ingestion of the foods and
drink did not cause a rise in breath
hydrogen. The symptoms reported by
the subject with no lactose sensitivity
were seen after ingestion of water,
therefore were not caused by the lactose.

In the subject with lactose sensitivity,
ingesting lactose led to a rise in breath
hydrogen, starting at 30 minutes and
lasting up to 4 hours. The amount of
lactose ingested correlated with the
amount of hydrogen produced. 

The number of symptoms recorded also
correlated with the amount of lactose

ingested in the subject with lactose
sensitivity. The symptoms recorded with
in the first four hours were of abdominal
pain and bloating. Between 4 hours and
48 hours the additional symptoms
recorded were inappropriate fatigue,
headache, muscle aching and diarrhoea.

Conclusions and Discovery
It is possible for the subject with lactose
sensitivity to ingest small amounts of
some dairy foods without risk of
symptoms. This study was only carried
out on two subjects, a case and a
control. This work needs to be repeated
and subjected to statistical analysis
before advice is given to other people
with lactose sensitivity. 

Scholarship
Lactose is milk sugar only found naturally
in large quantities in mammalian milk.
Undigested lactose in the large intestine
is digested by certain bacteria, which
then release hydrogen gas. The hydrogen
dissolves in the blood, and reaches the
lungs where it is exhaled. The bacterial
toxin hypothesis explains why the
hydrogen causes symptoms in the body
(systemic), as well as in the gut. It also
explains why some symptoms are delayed
up to 48 hours after the hydrogen has
gone, since the toxins are being formed.
In this case, the systemic symptoms were
fatigue, muscle aching and headache.
Many references state that the diagnosis
of lactose intolerance/ sensitivity is made
when a lactose challenge of 50g is given,
and the breath hydrogen reaches more
than 20ppm, within two hours of the
lowest level recorded. First, the subject in
the current study was symptomatic after
ingesting only 15g lactose. So maybe 50g
is too high a challenge. Secondly, two
hours may be too short a time to detect
the rise in hydrogen. Thirdly, symptom
analysis should be considered as
routinely part of the test. 

Impact
The impact on me was that I am keen to
develop a career as a medical researcher.
But, the main impact was on the subjects

who were investigated. People with
lactose sensitivity are told to avoid foods
and drinks classed as dairy. However
lactose has been naturally reduced in
some dairy foods. She now feels confident
to occasionally eat small amounts of real
yoghurt and mature cheese. She is keen to

do this to provide
a natural source of
calcium in her diet.
However it was
also important to
realise that foods
with added
lactose, often
called whey
powder, could
contain more
lactose than milk
itself.
The standard
medical test uses
50g lactose. The

subject ate a maximum of 15g of lactose
at one time, and this caused significant
symptoms. The amount of lactose given
for medical testing should be reduced. 
The latest research shows that someone
can be made lactose sensitive after
surgery and radiotherapy to the lower
abdomen. This is not widely known and
needs an education initiative.
Resources
This project was made possible by the
loan of the hydrogen breath meter. 
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Is all dairy food bad for
a person with lactose
sensitivity?

Figure 1. The effect of the food/drink on
peak breath hydrogen in the subject with
lactose sensitivity.

Figure 3 The number of symptoms recorded
within 48h after ingestion of various foods

Table 1 
Lactose content of test foods
Food or drink      Standard    Amount
                              portion        of lactose

Water                    One cup     0
                              of 250 ml

Cows milk            One cup     12.5g
                              of 250 ml

A creamy fruit     100g            15g
yoghurt

Natural yoghurt  100g            3g

Cream cheese    100g            7.5g

Mature cheese   100g            0.1g

Figure 2. The correlation of lactose content of
food with peak hydrogen in the subject with
lactose sensitivity.
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Background
Five years ago, I embarked on a science
project for the student CREST project
scheme entitled ‘Is Caffeine A Con?’
with great enthusiasm. The aim was
to find out more about the public’s
understanding of this drug, and to
test if it really did affect us.

I had four questions:
1) What was the public level of

knowledge of caffeine?
2) Could people taste the

difference between
caffeinated and
decaffeinated drinks?

3) Did caffeine affect
children?

4) Did caffeine affect
an animal model –
Daphnia?

The knowledge test
My first port of call
was a questionnaire to
probe the public’s
knowledge of the relative
caffeine content of
different foods and
beverages, and its effects on us.
Unsurprisingly, in reply to the
question, ‘Describe what you think the
substance caffeine does to the body?’ 20
of the 25 responses referred to its effect
as a ‘stimulant’ to ‘keep you awake’ or
‘alert’. So it seemed that the public were
aware of the documented effects of
caffeine. So far so good. However, it
quickly became interesting when I asked
which products contained caffeine, from
a list of 16 items, which included the
usual offenders of coffee and tea, as
well as some caffeine-less commodities,
such as butter and lemonade. Some
surprising results were that only 10 out
of 25 of respondents correctly assumed
that ‘hot chocolate’ contained caffeine,
and for the two products, ‘Cocoa
Crispies cereal’ and ‘chocolate cookies’,
only 9 out of 25 correctly assumed that
caffeine was present in each. Cocoa

beans naturally contain caffeine. So any
products containing cocoa should, in
theory, contain caffeine too. Albeit it
may be in very small amounts. The
suggested ignorance of hot chocolate’s
caffeine content could raise issues when
using hot chocolate as a bedtime drink
for children. Would parents still use it in
this way if they aware it contained the
stimulant?

The taste test
The respondents to the questionnaire
were also asked if they could tell
the difference
between

caffeinated
and decaffeinated
coffee, of which 18 out of 25
believed they could. So, of course, I
tested this by giving 10 people a cup of
caffeinated coffee and a cup of
decaffeinated coffee, and asked them to
distinguish between the two. The cups
of both coffee types (Figure 1 above)
were standardised by following the
same preparation method each time to
ensure a valid comparison. Double
blinding was also used in this
experiment to prevent bias, whereby
neither the taster nor the tester (myself)
knew which unlabelled coffee jar was
which. Where possible, 3 repeats were
carried out for the 10 individuals,

totalling 22 guesses, and 5 were correct.
22.7% guessed correctly. Yet 72% of

questionnaire respondents
believed they could tell

the difference – well
that doesn’t add

up!

The 
effect of

caffeine
on children

Now let’s move onto
the main experiment! Using a popular
supermarket own brand cola, and the
decaffeinated version as the control, I
tested the reaction time using a ruler
drop test (Figure 2)1, heart rate, and
balance (standing on one leg test) of 41
school children (26 were year 4, ages 8-9,
and 15 were year 1, ages 5-6) before and
20 minutes after consuming the cola.
Again, standardised methods and double
blinding were used, so that the stimulus
was prepared in exactly the same way
each time, and the tester didn’t know
whether they were administering the
stimulus or control. I kept the results for

Year 1 (aged 5-6 years) and Year 4 (aged
8-9 years) children separate, because age
differences could have an effect. I used p
values2 to determine whether the post
stimulus results had significantly
changed from the pre-stimulus results. I
concluded that the caffeinated cola
caused no difference in the year 1 and 4
subjects, whilst the decaffeinated cola
caused a change in pulse, balance and
reaction time in year 4 pupils. This was
an unexpected result to say the least!
The experiment was designed to show
whether, and how, caffeine affected the
children. Yet the decaffeinated cola
ended up having more of an impact on
the results of all 3 year 4 tests! I
immediately looked into the ingredients
of the two colas, to see if that would shed
any light on the bizarre outcome. The
two drinks contained the same
ingredients. But the company didn’t
provide the specific quantities on the
bottles or their website. I emailed them
asking about the concentration of two
sweeteners, Sucralose and Acesulfame K,
and natural flavourings, but only received
ambiguous and unhelpful replies.

The effect of caffeine on an animal
model, Daphnia
Dissatisfied, I decided to adapt the
experiment to suit a new type of subject:
Daphnia, small transparent crustaceans,
commonly called water fleas. Collected
from a local country park lake (Figure 3),
I used a microscope to observe the
activity of 5 Daphnia (Figure 4), and their

excretion rates per minute, before and
after adding the same caffeinated and
decaffeinated cola to the petri dish
solution. Both colas were added in a
dilution factor 1:25, because the Daphnia
died at any greater a concentration. The
activity rates of the Daphnia produced
subjective and qualitative data that was
difficult to analyse. I instead focused on
the excretion rates. From calculation of
the p values, I concluded that there were
no significant changes before and after
the caffeinated or decaffeinated cola
was added. Since Daphnia are
transparent, I could have developed this
investigation by using a microscope with
a camera attached to measure the
Daphnia’s heart rate before and after
adding the two colas. 

My conclusions at this stage were:

1) The public are aware of the
documented effects of caffeine but
there seems to be confusion
surrounding the presence of caffeine
in products containing cocoa, such as
hot chocolate.

2) Although many may think otherwise,
the majority of people cannot taste
the difference between caffeinated
and decaffeinated coffee.

3) Caffeinated cola doesn’t affect the
reaction time, balance, or heart rate of
5-6 and 8-9 year olds.

4) Decaffeinated cola does have a
statistically significant effect on the
reaction time, balance, and heart rate
of 8-9 year olds, but not on 5-6 year
olds.

5) The excretion rates of Daphnia are not
affected by caffeinated or
decaffeinated cola present in solution. 

Baffled by these results, my 14 year old
self was eager to reveal my findings to
the world, that caffeine does not produce
the effects we are all led to believe.

5 years on from this project, do I still
hold the same opinion and have I come
any closer to explaining these
interesting results? Read on to find out.

Five years later
Fast forward 5 years, have I been able to
find an explanation for these interesting
results? Can I now confidently tell you to
scrap caffeine, and that you should be
consuming decaffeinated cola instead
for better balance and reaction times?
Well, in short, no (sorry to disappoint).
During the 5 year hiatus, my analytical
and critical thinking skills developed
through continued school studies and
extra-curricular reading; I can now look
back at my project, and see that
accidental experimental error and
naivety may well (read: almost
definitely) have affected the results.

In this article I’m going to revisit my
project from a new perspective – what
could and should I have done differently?
In the hope that if and when you embark
on your own project, you will have
hopefully learnt from my mistakes.

The knowledge and taste test 
Let’s start with the questionnaire.
Unfortunately, a sample size of 25 is far
too small to consider the responses to
be representative of the public, and to
be used to make bold, generalised
statements. However this doesn’t mean
that you can’t analyse the responses to
give you an idea of public knowledge. A
larger sample size would have made my
questionnaire findings more
representative, and increased the level
of confidence in my findings.

Some questions were also too
ambiguous and general. For example,
when I asked which commodities
contained caffeine, ‘weight loss pills’ and
‘store-bought pancakes’ were on the list.
Perhaps some ‘weight loss pills’ contain
caffeine, whilst others don’t, and in
which store were these pancakes
bought? Different stores could have
different recipes that may or may not
involve caffeinated ingredients. Not
being very specific could have left the
responder unsure and uncertain on how
to answer the question. Being clear and
concise when addressing subjects within
a project is incredibly important. 

On to the next faux pas – and this I’m
reluctant to admit, but I must because
being scrupulously honest is incredibly
important in scientific research – you
can’t just cover up or change data
because it goes against your hypothesis!
As I have mentioned above, one
question was ranking food and drink in
order of caffeine content. I included ‘tea
brewed for 1 minute’ and ‘tea brewed for
5 minutes’ on the list, as I was under the
misinformed impression that a cup of
tea brewed for a shorter time contained
more caffeine3. I now realise that this is
not the case (simple diffusion will
explain this). Thus, when analysing the
results at the time, I gained an incorrect
impression of people’s knowledge,
thinking that they understood less about
caffeine than they did.

I would also like to refer back to my use
of standardised methods to ensure the
same set-up and conditions were always
present to give valid and comparable
results. At the time, I thought that I had
incorporated this concept into my
experiments when making the coffees
for the taste test experiment, as well as
the cola preparation and the testing of
reaction time, balance and pulse during
the school children experiment.
However, Iooking back I can now see
that this was not the case. For the taste
test, the final step in the method was
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‘Add the sugar and milk to both cups to
the subject’s preference, making sure
the same is added to both cups.’ Whilst
this would have allowed a valid
comparison for the taster, it prevented
comparisons between people and a
collation of results, because more or
less milk or sugar could have altered the
difficulty in distinguishing between the
caffeinated and decaffeinated coffee.
Also, the subjects were able to smell the
coffee, and smell plays an important
part in taste. Should I have limited the
experiment solely to taste involving
taste buds, (perhaps by the subjects
holding their nose)? Or was it right to
include smell since it does add to the
overall tasting experience in real life?

The tasting experiment only had a
sample size of 10, which is far too small
to reach any solid and convincing
conclusions. In addition, whilst I did try
to do 3 repeats per person, this didn’t
happen, so I ended up with an
inconsistent number of repeats
amongst the individuals.

The effects of caffeine on children
Moving on to the schoolchildren
experiment, which had the unusual
result of the decaffeinated cola
significantly affecting year 4 children
(pulse, balance, and reaction time), but
caffeinated cola having no such effect.
How could I now explain this? Especially
since the same set of experiments
carried out on the year 1 cohort had no
statistically significant effects for either
type of cola.

There are a few things to consider. First,
the sample sizes of 26 (year 4) and 15
(year 1) children were again far too
small to make conclusions of any
impact. For instance, when testing a new
drug, phase 34, where the drug has
passed the trials for side effects (phase
1 and 2), and the researchers are now
comparing it against an existing
treatment or placebo, involves several
thousand patients. 

Next, the actual tests used need to be
evaluated:

a)Taking a child’s pulse: it would make
sense that the year 1 and year 4
children may well have been nervous

the first time they had their pulse
taken by a stranger (pre stimulus).
Perhaps the second time round they
were more comfortable and familiar
with the situation, and therefore their
heart rate may have dropped (post
stimulus). Conversely, the 20 minute
break between pre and post stimulus
testing unfortunately involved the
school’s break time, where the
children are likely to have been
running about, raising their heart rate.
This could have caused an increased
heart rate to be measured post-
stimulus. It is important to remember
that the p-values for Year 4 children
only show that there was a statistically
significant difference between pre and
post stimulus pulse rate– not if it had
been raised or lowered.

b)Ruler drop test for reaction time and
standing on one leg for balance: for
both tests, the year 4 children’s post-
stimulus results changed significantly
(improved) in the decaffeinated cola
group, but not for the year 1 children
(for either cola). A possible reason for
this could be that being 3 years older,
the year 4 children had greater motor
skills and intuition to be able to
improve upon their reaction time and
balance with each attempt, thus
making it appear that the stimulus
had an effect. But can I explain why
this wasn’t the case with the year 4
caffeinated cola group? No… I will
leave that to you!

The effects of caffeine on Daphnia
In the final section, I would like to
discuss the Daphnia experiment. This
experiment was only intended to be
observational, just to see how the two
different diet colas might affect Daphnia.
A sample size of 5 Daphnia was far too
small, and additionally, 4 out of the 5
died when using the caffeinated
solution. They were replaced by other
Daphnia that were used for the
decaffeinated solution, which wouldn’t
allow for the results to be compared.
Measuring the ‘activity’ (how much they
wiggle in solution) was subjective, and
may well have come under experimenter
bias where I could have influenced the
results (intentional or not).

How do I now view my results?

1) The findings from my questionnaire
cannot be regarded as fully
representative of the public, but they
still provide a useful insight into the
general understanding of caffeine and
its effects.

2) I thought that my taste test
experiment proved that the public
cannot tell the difference between
caffeinated and decaffeinated coffee
but actually it only showed that some
people cannot.

3) From the schoolchildren experiment, I
had concluded that decaffeinated cola
has a greater effect on reaction time,
balance and heart rate than
caffeinated cola. I can now see that
this difference may all be down to
experimental error, and with sample
sizes too small to be able to warrant
any significance in the results.

The impact on me
Carrying out this project 5 years ago
instilled a love for research, and a deep-
rooted sense of curiosity that will
hopefully stay with me throughout my
career. To all the students out there,
pursue your interests with bag loads of
enthusiasm, there is no limit to what
you can achieve! Good luck!
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We would all like the world to be logical
and decisions to be rational. At the very
least, we think this should be true in
science and medicine. But is it?
We used to trust books as solid
repositories of evidence and truth. But
textbooks are out of date before they are
published. Like everything that has ever
been written, they can only represent the
knowledge and opinions of the authors,
which are determined by their education
and intelligence. Scientific papers may be
more up-to-date, but that does not
necessarily make them more reliable.
Authors tend to present their work in a
good light, the system of peer review is
imperfect, and decisions about publication
are prone to bias. Most medical papers
are likely to give false results, because
they report studies that were too small,
or that were imperfectly designed. The
Nobel laureate Peter Medawar, who was
recognised for his pioneering work on
the cellular basis of immunity, called the
scientific paper a fraud, because it
draws conclusions from limited
evidence that are always speculative.
In the age of the Internet, our problems
are confounded. We are surrounded by
so much information that it is
impossible to assimilate it. Even within a
narrow academic field, a specialist
cannot keep abreast of all the advances
in knowledge that relate to his or her
discipline. It was estimated in one
medical subspecialty that the random
chance that two physicians would read
the same scientific paper in any year
was no more than 1%. Experts in the
same subject can inhabit almost
separate intellectual worlds.
So should we despair? Is all knowledge
so relative that it is pointless even to try
to make sense of the world around us?
How can we know what to believe?
I would argue that we should celebrate
and embrace this challenge. Doubt and
uncertainty are the very essence of
science, not its antithesis. The fact that
we can question a hypothesis makes it
scientific – at least we can collect
evidence that refutes or supports the
proposition – unlike a political or
theological statement that is an assertion

that cannot be tested objectively. In
1934, the eminent philosopher of
science, Karl Popper, emphasised that
you can never prove something beyond
doubt. You can only disprove it.
Paradoxically, of course, if he is correct
then he too could be wrong – except that
he was referring to the empirical
sciences, rather than the humanities.
Take the example of our understanding of
the basic building blocks of the physical
world. In 1894, one physicist wrote that
‘it seems probable that most of the grand
underlying principles (relating to the
properties of matter) have been firmly
established’. But, then J.J. Thomson
discovered the electron in 1897, and
Ernest Rutherford, with his colleagues,
identified the nucleus and ‘split the atom’
in 1917. When they discovered the
proton, it was thought that they had
found the smallest indivisible units in
matter. But physicists since have revealed
ever smaller and more elementary
particles, from quarks to the Higgs boson.
Albert Einstein got it right when he said
that ‘quantum mechanics is not yet the
real thing’. Even now, we think that we
don’t know anything about 95% of the
universe, hidden from our sight as dark
matter and dark energy. This continuing
quest for ever more fundamental
understanding of quantum mechanics has
not prevented scientists from applying
our imperfect or provisional knowledge
for the benefit of humanity; a recent
spin-off from the Large Hadron collider
in CERN has been the development of
proton-beam radiotherapy.
Science is a shared endeavour and
reading and synthesising the scientific
and medical literature is now possible
only as a collective pursuit. Any scientists
or educators, who are not prepared to
acknowledge their ignorance and state
that they do not know the answer to
some question, cannot be trusted. All of
us should be humble, recognising our
intellectual limitations and biases, and
magnanimous in acknowledging the
contributions of others. The life of an
academic can be considered as a
process of refining one’s ignorance, and
converting ‘unknown unknowns’ into
‘known unknowns’, to paraphrase Donald

Rumsfeld. This can be rewarding –
changing one’s mind because of a difficult
question, a new discovery or an
unexpected insight is enjoyable. Pursuing
knowledge for its own sake – what
Abraham Flexner called the ‘unobstructed
pursuit of useless knowledge’ – should
be encouraged because no-one can
predict which fundamental research will
lead to important advances.
More than anything, each of us has a
personal responsibility. We need to
learn how to think and be critical, so
that we challenge everything that we
hear or read – including this article – to
test if it is compatible with what we
think we already know, and to decide if
we can accept the conclusions, at least
provisionally. Popper described this as
‘critical rationalism’. The true mark of a
great scientist may not be getting it
right, but asking the right questions.
Scientists and physicians need to be
perennially sceptical and scrupulously
honest, and then transparent in their
communications. The world might
indeed be a better and more rational
place if some of these values were
transferred into our political life too.
Suggestions for further reading
1. Du Sautoy, Marcus 2017. What we cannot

know. From consciousness to the
cosmos, the cutting edge of science
explained. 4th Estate, 2016. ISBN 978-0-
00-757659-3.

2. Flexner, Abraham 2017. The usefulness
of useless knowledge. With a companion
essay by Robbert Dijkgraaf. Princeton
University Press. ISBN 978-0-691-17476-1.

3. Fraser, A.G. and Dunstan, F.D. On the
impossibility of being expert. BMJ.
2010;341:c6815. http://www.bmj.com/
content/341/bmj.c6815.long.

4. Ioannidis, J.P. 2005. Why most published
research findings are false. PLoS Med.
2005;2:e124.
http://journals.plos.org/plosmedicine/arti
cle?id=10.1371/journal.pmed.0020124.

5. Medawar, Peter 1970. Advice to a Young
Scientist. Reprinted 1979 through the
Alfred P. Sloan Foundation series, Basic
Books USA. ISBN-10 0-465-0092-4; ISBN-
13 978-0-465-0092.

6. Popper, Karl 1959. The Logic of Scientific
Discovery. Taylor & Francis Ltd, Routledge
Classics 2002. ISBN 978-0-41-527844-7.

Science News: Nightmare Bacteria -
a wake up call
Infection with the bacteria Neisseria
gonorrhoeae causes the sexually
transmitted infection, gonorrhoea. A
global study just published by the
World Health Organisation showed that
these bacteria have become resistant
to the most powerful antibiotic
treatment available. 97% of countries
investigated had bacteria resistant to

ciprofloxacin, an antibiotic which acts
by inhibiting DNA gyrase, and 66% to
the last resort treatment, the
cephalosporins, which like penicillins
they disrupt the synthesis of the
bacterial cell wall. There are 78 million
cases among adults worldwide. This is a
real crisis. The search for novel
approaches to fight this infection is a
global priority,
(http://www.dndi.org/diseases-

projects/gardp/). But there must also
be strategies put in place to reduce new
antibiotic resistance, and for early
detection and screening of
asymptomatic cases. Work towards the
development of a vaccine is vital. A
combination of political will and
scientific brilliance and persistence is
needed urgently to avoid a catastrophe.
Read more at:
https://doi.org/10.1371/journal.pmed.1002
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The impossibility
of certainty
“ I beseech you... think 
it possible you may be
mistaken.” Oliver Cromwell, 1650
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This is the story of a young doctor who
experimented on himself, and died. He
was just 29 years old. Was he a scientific
hero, a martyr, or a fool?

The young man in question was William
Stark (1740 or 1741 - 1770). It was his
research that killed him. But he nearly
made a major discovery, which would
have saved thousands, if not millions of
lives. First, a description of his work,
then how he could have prevented his
untimely death, which hopefully could
not happen today.

His work
The year is 1769. William Stark was
working in London under John Hunter
(1728 – 1793), a distinguished surgeon
and scientist, who taught him the need
for careful observation and record
keeping. Stark was also influenced by
Benjamin Franklin, already a 63 year old
American legend in his own time. As a
scientist, Franklin is known for his
discoveries and theories regarding
electricity. As an inventor, perhaps his
best-known brainchild was the
lightening conductor. Unfortunately,
Franklin was also an advocate of a
puritanical lifestyle, and Stark’s wish to
please him, was I believe, the key to
Stark’s first mistake. Stark had a
preconceived idea of the result of his
research, wanting to show that eating a
restricted, monotonous diet lead to the

best of health and vitality. Each of his
experimental diets became more
restricted. It was visionary of him to link
diet with illness, as he had no concept of
protein, fat and carbohydrates. And
vitamins had yet been to be discovered.
Unfortunately, he killed himself with
scurvy, now known to be caused by a
deficiency of vitamin C (Figure 1).

Stark carried out 26 dietary experiments
on himself, each lasting from two to
twelve weeks. He recorded his results
meticulously, which luckily were
published for him after his death1,2, so
his work was not lost. His second
scientific mistake was that he didn’t
have a rigorous standardisation in his
experimental design. He didn’t leave
enough time between experiments, and
his design of a ‘control’ diet was lacking.
He restricted himself to certain foods in
each experimental diet period, ranging
from just bread and water to just meat,
then adding in or substituting, cheese,
honey or wine.

He probably realised he had scurvy
midway through his experiments,
because he developed weakness,
painful joints and bleeding gums. Then
comes his third mistake. He was not
aware of the published literature on this
subject, through lack of scholarship.
James Lind (1716 – 1794) was a Scottish
physician who had already, some 20
years earlier, published that citrus fruit
was a cure for scurvy. Lind’s famous
experiments are some of the very first
clinical trials relating to vitamin C. If
Stark, with his meticulous observations,
had been able to cure himself with
lemon juice, the scientific world would
have taken notice, and many lives would
have been saved. 

The treatment of scurvy by citrus fruit
had been known since the 13th century.
But the knowledge had been lost and
rediscovered many times. Shame they
didn’t have access to the Internet. An
estimated 2 million sailors died between
1500 and 1800 from scurvy.

Unfortunately, Stark took advice from
Sir John Pringle (1707 – 1782), who
believed that scurvy was caused by a
lack of ‘fixed air’ in the tissues, which
could be treated by making more air,
that was by drinking mixtures of malt
and wort (a liquid extracted during the
brewing of beer). This may have caused
more ‘internal air’, but made Stark feel
even worse, and it didn’t cure his scurvy.
Pringle’s other suggestion was to give up
salt. One of Stark’s last planned
experiments was to eat only fresh fruit
and vegetables, but he didn’t get round
to it. This was probably because it was
in February, and supplies would have
been limited. Furthermore, by then he
felt too ill.

The outcome
Stark almost found out the cause of the
devastating condition, scurvy, but died
of the disease instead, before he could
stumble on the answer. The disease was
horrible, and the treatments at that time
including being bled cupfuls of blood,
would hardly have made him feel better.
It was not until 1795 that the British
navy finally accepted that all sailors
needed citrus to prevent scurvy.

In fact, the symptoms of scurvy3 were
recognised over 2000 years ago by
Hippocrates (460 – 370 BC), the father of
modern medicine. But, the word scurvy
dates from the mid-sixteenth century,
around 1565, originating from the word
‘scurfy’ meaning flaky skin. But it wasn’t
until 1933 that the chemical, vitamin C, or
ascorbic acid, was eventually discovered
by Albert Szent-Györgyi (1893 -1986), a
Hungarian scientist4. He won the Nobel
Prize for this in 1937, and gave all his
winnings to the Finnish resistance in
1940 to help fight the Nazis. He himself
was a Hungarian resistance fighter,
whose bravery was breath-taking. He
spent the latter years of World War 2 on
the run from the Gestapo. Luckily for
science they didn’t catch him, as he went
on to many more significant discoveries.
Earlier he had been attracted to
Cambridge, England by one of the
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founders of biochemistry, Frederick
Gowland Hopkins. He then moved to the
United States. In 1947, he established the
Institute for Muscle Research at the
Marine Biological Laboratory in Woods
Hole, Massachusetts with financial
support from Hungarian businessman
Stephen Rath.

The moral
Is there a moral to Stark’s story? Yes! Plan
research properly, and don’t preconceive
the results of your experiments. Make sure
you are aware of the literature on your
subject. Plan appropriate controls, since
without these definitive conclusions
cannot be drawn. Risk assessments, health
and safety, and ethical approval are also
essential now. However, most importantly
in the 21st century, make sure you have
sufficient vitamin C in your diet (Figure 1).
Living on junk food, or fad diets, can lead
you, even today, to become a victim of
subclinical, even full-blown scurvy. An eight
year old child died from scurvy in 2011 in
the UK, and the subclinical vitamin C
deficiency is on the rise, causing effects on
the brain and other organs.

On February 23rd, 1770, William Stark
died, just 29 years old. So was he a hero,
martyr or fool? My vote goes for scientific
hero, what do you think? And Szent-
Györgyi? Definitely a hero, look him up4.

Tell us what you think by emailing us at
info@theyoungdarwinian.com
Read more at:
1. https://en.wikipedia.org/wiki/

William_Stark_(physician)
2. Smyth, James Carmichael 1788. The works

of the late William Stark … consisting of
clinical and anatomical observations, with
experiments dietetical and statical.

3. https://en.wikipedia.org/wiki/Scurvy.
4. https://en.wikipedia.org/wiki/

Albert_Szent-Györgyi.

Figure 1 Foods rich in vitamin C, with its
structure
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Science News: Breakthrough in the fight against malaria
There were about 300 million cases of malaria in the world in 2015, resulting in
about 700,000 deaths. An exciting study has been published which opens up a
possible new therapeutic approach to treatment. It is based on the clever
mechanism known as ‘Nutrient sensing’. An invading cell knows when the host is
well fed, and adapts to the environmental conditions by altering its gene expression,
leading to rapid growth and division. The protozoan responsible for malaria,
Plasmodium falciparum, when in the mammalian part of its life cycle, has been
shown to do just this. The protein that is the key to this regulation has been
discovered. It is called KIN, (a putative serine/threonine kinase), and this gives
researchers a new way to try to attenuate the parasite replication and virulence. It is
also important because there is a trend towards obesity in Malaria endemic regions,
and this correlates with an increase in the infection rates. Don’t worry, nobody was
purposely infected with malaria for this study, it was done in a mouse model.
Read more at:
1. Mancio-Silva L. et al. 2017. Nature 547 (7662):213-216. doi: 10.1038/nature23009. 

Epub 2017 Jul 5.

Science News: Genetic
disease - cure is a step
closer?
Altering the genome of a human
embryo. This is possibly the greatest
ethical challenge in medicine today.
Work has advanced in Sweden and the
UK to understand developmental
biology. In China, research has already
lead to altering disease related genes
in human embryos, which could
protect against HIV infection. The
latest research into changing the
genome and potentially preventing
hypertrophic cardiomyopathy was
carried out at the University of
Portland in the USA. The gene defect
leading to the condition, hypertrophic
cardiomyopathy, has been corrected

in viable human embryos. The disease
causes the heart muscle to thicken,
and can result in fit young athletes
suddenly collapsing. It is dominantly
inherited, so only one copy of the gene
is needed to lead to the disease. The
technique used was to edit the gene
that carries the mutation, MYBPC3.
The enzyme CAS9 was used to cut the
genome, then specifically designed
CRISPR components inserted. These
embryos were not implanted, but the
work, carried out in the USA, will give
hope to families carrying this mutant
gene, and other families known to
carry different gene defects. If it works
as designed, it would be amazing.
However caution is required as this
sort of technique could lead to
problems if the embryo was allowed

to develop into a baby. The first is the
possibility of making other
unintentional genetic changes, and the
second is if mosaics are made so
different embryonic cells contain
different sequences. The scientific
advance from the USA reduces the
chance of both these unwanted events
happening, thus bringing safer genetic
medicine a step closer.
Read more at
1. CRISPR fixes embryo error. Nature 548,

(03 August 2017) doi:10.1038/548007a.
2. Ma, H. et al. 2017. Nature

http://dx.doi.org/10.1038/nature23305.
3. Liang, P. et al. 2015. Gene editing

research in human embryos gains
momentum. Nature News 532,289-290.
Protein Cell 6, 363–372.

Curiosity inspires, discovert reveals

Why do Darwin’s finches have different shaped beaks?
Email your answer to info@theyoungdarwinian.com

and we will put them on the blog page
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Abstract
Bioluminescence, living light, has a wow
factor for young and old alike. This
article describes how this remarkable
phenomenon has been exploited to
excite student curiosity, a project funded
through the Wellcome Trust.

Aim
The main aim of the project was to
introduce participants to local examples
of marine and terrestrial bioluminescent
organisms, and then, to inspire them to
progress, to discover more about the
biochemistry behind their flashes and
glows. This also included raising
awareness of the medical applications
of marine fluorescence and

bioluminescence. Links were made to
key discoveries made from the on going
research of the Darwin Centre for
Biology and Medicine into
bioluminescent hydroids1,2. A further
aim was to improve the participant’s
skills, by using microscopy to enable
them to identify the different marine
species living in the Milford Haven
marina. They then established whether
these species were bioluminescent or
fluorescent, some species contained
green fluorescent protein (GFP).

Background 
The project was carried out through the
Darwin Centre, funded by the Wellcome
Trust. It focused on involving over 16’s
from local schools and Pembrokeshire
College (the Further Education College at
Haverfordwest) in the workshops. Some
participants were studying ‘A’ levels,
whilst others were vocational students.
All groups attended a marine discovery
workshop, which lasted 3 to 4 hours. As
part of this, they identified samples of
marine organisms collected from the
Milford Haven marina (Figure 1). Some
groups collected their samples from the
marina pontoons themselves, which
they really enjoyed. All specimens were
returned to their habitat at the end of
the workshop. The different species that
they identified were recorded onto a
database of marine life. Pupils used the
fluorescent microscope and
chemiluminometer to judge which of the
species were fluorescent or
bioluminescent. Many of the species
were also photographed under the
microscope using an integrated Sentech
camera. Each workshop was tailored to
meet the different syllabus requirements
of each group. We consulted individual
teachers bringing groups to the

workshops, concerning the exact
content they thought was needed.

Pupils were amazed to be observing
living creatures, which moved under the
microscope. Many were fascinated by
the different forms of microscopic life
(Figure 2), which live on the
bioluminescent hydroids living in the
marina. The students loved the
chemiluminescence demonstration
(Figure 3)3. Many participants then
attended follow up workshops to extract
photoprotein or DNA, and discuss
important developments in cutting edge
science. These included;

• Triggering the photoprotein with
calcium ions, and discusiing why some
proteins bind calcium, as part of the
universal calcium switches that
control all living cells4.

• GFP as a reporter gene, together with
GFP in genetic engineering. 

• The DNA sequence coding for
bioluminescent and fluorescent
proteins.

• The ethics of genetic engineering.
• Ethical dilemmas in genetic

counselling.

Some pupils carried out fieldwork at local
beaches to identify the marine species
present at different locations. Some of
this data was shared with international
scientists also working on
bioluminescence and fluorescence. The
species and location of jellyfish were
recorded, and reported via email to
Professor Steve Haddock in Monterey Bay,
USA. Brittle stars were photographed, and
their identification confirmed by Professor
Jerome Mallefet in Belgium (see article
above on brittle stars).

In July 2015 and 2016 we held glow-
worm hunts to appeal to a family
audience. These also included
information on the medical applications
of bioluminescence and fluorescence.
The glow-worm hunts were led by
Professor Anthony Campbell.

Some of the pupils attended marine
research days, where they had the
chance to be involved in bioluminescent
research. They then progressed to
carrying out their own research projects.

Achievements
44 workshops were held during the
project, and there were 317 participants.
The project commenced on the 30th
April 2015, and finished on 30th June,
2017. Eight Pembrokeshire schools were
involved in the workshops, as well as
over 16’s from a range of courses at
Pembrokeshire College. There were also
A level pupils from Cardiff High school
and Clifton College Bristol involved. Most
workshops were held at the Darwin
Centre’s research lab in Milford haven.
But some were at Professor Campbell’s
Welston Court Science Centre, where
they we also able to explore his
extensive natural history and evolution
library. Feedback from evaluation forms
showed that the vast majority of pupils
rated the value of the workshops as
excellent or good. Comments included
‘this made me want to learn even more
about bioluminescence and biomedical
science’; ‘thank you for providing this
fantastic opportunity’.

All pupils received a Darwin Centre
certificate for the work they had carried

out. A project summary day was held at
the Milford Haven Port Authority. This
included displays and presentations
from some of the project students
about the research they had carried out. 

Matthew Hickman, Programme Manager
for Informal Learning at the Wellcome
Trust in London, said: ‘Wellcome is
pleased to support projects like
Discovering Living Light, which help
young people to have more authentic
science experiences and put school-
based learning into a real-world context.’

Impact on pupils
Some of the pupils (Figure 4) have
included the work they carried out in
their personal statements when applying
for University. This particularly applied to
those who have carried out projects.
Many vocational pupils have commented
on how the workshops helped them with
their assignment work. Access to Higher
education in Biosciences students from
Pembrokeshire College responded to the
project with particular enthusiasm,
attending over 4 workshops each. These
included workshops on natural selection
and DNA, which were particularly relevant
to their syllabus. Many pupils benefitted
from being able to experience fieldwork
and lab work during the project. They
commented on how difficult it was to
gain appropriate practical experience for
their personal statements. Some of the
pupils were very interested in marine
biology, and some are now progressing to
study this at Bangor or Swansea
Universities. Presenting their research
work to a professional audience at the
project summary day developed their
skills and confidence. Project student
Wayne Hough is now starting a
biomedical science degree at Cardiff
Metropolitan University. Several project
students have also progressed to study
degrees at Bristol University. Some
extended diploma in health science
pupils used a project they carried out on
water analysis to gain specific criteria for
one of their course units. We were also
able to hold a workshop for a mixed
ability group from St David’s, Care in the
Community. Mepham, a ranger for the
Pembrokeshire National Park facilitated
this. These participants were amongst the

most enthusiastic of the whole project.
They made a video of the workshop, and
sent us many thank you cards.

Impact on the Darwin centre
The Discovering living light project has
enabled us to share the findings of our
bioluminescent research with a far
larger audience. The results from pupils’
experiments support some of our
previous research findings, but have
also provided new data, which may
contribute to future publications. This
relates to the use of fluorescence and
bioluminescence as a definitive
taxonomical tool. The generous support
of the Wellcome Trust has enabled us to
purchase key equipment for the pupils
to use. The project has also
strengthened our links with local
schools, Pembrokeshire College, and the
Milford Haven Port Authority. 

Impact on the Project Manager 
Dr Valerie Morse
The project has enabled me to act as a
mentor for students interested in
scientific research, and to introduce a
range of cutting- edge science themes to
a wide range of young people, some of
whom will be the scientists of tomorrow.
The achievements of the pupils has
given me a great sense of satisfaction
and renewed enthusiasm for my own
research. I particularly enjoyed
discussing with them how to write
scientific reports, and produce
presentations on their project work. For
more information about the ‘Discovering
Living Light’ project, please visit
http://darwincentre.com/research.
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‘I keep six honest men
(They taught me all I know);
Their names are What and
Why and When
And How and Where and Who.’
Rudyard Kipling, Just So Stories (1902)

The beginning
Curiosity lies at the heart of our
civilisation1. It fires the imagination, and
creativity. In fact, without the
discoveries and inventions arising from
curiosity, there would be no civilisation.
Curiosity about water, fire, plants,
animals, the sky, and everything around
us, triggered the first humans to
produce the food they needed, new
ways of cooking it, as well as materials
and machines that enabled them to
move objects, and defend themselves
against attack or environmental
change. The ability to select and
develop crops, fruit, and domesticated
animals were founded on curiosity
about the diversity seen in Nature, and
then a realisation this could be
exploited by focussed management.

Curiosity is one of the greatest gifts
evolution has given us as a species. It is
what singles us out from other animals.
Yet it has been argued animals can
actually be curious2. Many animals
explore, in order to find food, to find a
nesting site, for security, or to
hibernate during winter. But, is this real
curiosity? I would argue, no. There is a
major difference between this animal
behaviour and human curiosity. When
humans explore, this triggers curiosity.
This then raises questions – what, why,
how etc. These questions then lead to
discoveries. Curiosity inspires,
discovery reveals. Animals do not
follow this path.

In fact, wherever you are, whatever you
are doing, there is always something to
be curious about. Over 2 million years
ago humans became curious about
rocks, and what you could do with

them. The first tools were invented.
This was soon followed by curiosity
about fire. How a fire could be started
using wood or flints. How it could
provide warmth at night, and be used
to cook food, changing our diets
forever. Yet, less than 10,000 years ago,
a strange discovery was made. Milk
carried in the stomach of a sheep or
camel would curdle. Separating the
solid curd from the liquid whey
produced the first cheese. Dairying had
begun. Rennet, a complex of enzymes
from the stomachs of ruminant
mammals, is still used today in cheese
making. Soon after this discovery,
people in the near East became curious
about a brownish colour they found in
some rocks. This was metallic copper,
which they extracted using fire,
allowing them to make utensils and
weapons. The Romans obtained their
copper from Cyprus, cyprium, which
was corrupted to cuprum, leading to
the chemical symbol Cu. Rocks, based
on iron ore surrounding a fire,
curiously, produced a silvery metal
after the embers had died down.
Carbon from the charcoal had reduced
the Fe2O3 to Fe. The Iron Age had
begun. At this time, a few thousand
years ago, humans had only just learnt
how to develop, and exploit, their
invention of the wheel.

Curiosity leads the evolution of
Western civilisation
The Greeks - Euclid, Pythagoras and
Archimedes - some 600 and 200 BC,
had an insatiable curiosity about
shapes, pioneering the mathematical
basis of geometry. This led to the
remarkable discovery of π. But is the
only reason we know that the
circumference of every circle is 2πr, and
its area is πr2, is because our teacher
told us? How did the Greeks work this
out? And why is the circumference of
an Egyptian pyramid divided by its
height equal to 2π? Archimedes was
curious about how you could prove a
King’s crown was made entirely of gold.

This led to a fundamental discovery of
how ships float. Amazingly, it was not
until the 16th century, that the modern
equals sign in mathematics was
invented, by a Welshman, Robert
Recorde (1512 – 1558). In 1567, he
wrote: ‘to avoid the tedious repetition of
these words: "is equal to", I will set (as I
do often in work use) a pair of parallels,
or Gemowe lines, of one length (thus =),
because no two things can be more
equal’. Curiosity about the internal
structure of animals led other Greeks,
such as Hippocrates and Aristotle, two
and half thousand years ago, to found
the science of anatomy. Further afield,
at the same time, the Chinese were
puzzled about why bodies on a
battlefield, a few nights after the battle,
glowed in the dark. A similar glow is
often seen on dead fish. This
bioluminescence turned out to be
caused by luminous bacteria. Curiosity
about this led, only 50 years ago, to one
of the most important discoveries in
microbiology – quorum sensing.
Quorum sensing occurs when an
organism responds to a stimulus
generated by a population of living
organisms. In the case of luminous
bacteria, each tiny microbe releases a
small amount of the stimulus
compound. This builds up in the
surrounding fluid. Once the
concentration of the stimulus is
sufficient to switch on the whole
population of cells, a Rubicon is
crossed. So the colony glows.

Yet it was not until the seventeenth
century that curiosity was rekindled. For
centuries, curiosity was often regarded
as a sin2. Adam’s sin in the Garden of
Eden was not that he wanted sex, but
that he was too curious about it!
Humans had wondered what was in
stars. And, in 1633, Galileo (1564 – 1642)
was put under house arrest for nearly
ten years after his ‘Inquisition’. He was
just too curious about the ‘heavens’.
Inventing the first really useful
telescope, he proved that the Earth did

indeed go round the sun. Heresy!!
Galileo was also curious about how to
determine one’s exact location in
longitude. He discovered he could use
the moons of Saturn to work this out.

Fortunately for us, the curiosity of the
first scientists and engineers in the
seventeenth and eighteenth centuries
was just too powerful. Antonie Philips
van Leeuwenhoek (1632 – 1727)
invented microscopy, discovering the
most amazing things in pond and drain
water, and even human sperm. His
‘animalcules’ (‘tiny animals’) were the
first micro-organisms to be described.
And, it was Robert Hooke who first used
the word ‘cell’ to describe plant cells,
that he saw in his microscope as being
like a bee’s honeycomb. The Royal
Society, founded in 1660, brought
amazing scientists and polymaths
together. Hooke (1635 -1703), Boyle
(1627 – 1691), and Newton (1643 –
1727) could now focus their curiosity,
and argue amongst themselves
whether they really had got it right.
Boyle was very curious about gases,
inventing an air pump, and discovering
the relationship between pressure and
volume of a gas – Boyle’s law. Newton,
on the other hand, was curious about
how a rainbow formed, how sunlight
was reflected off a lake, and why a
straight stick looked bent when it was
immersed in water. John Constable
(1736 – 1837) missed this, when
painting the cartwheel sitting in water in
his famous ‘Hay Wain’. Newton focussed
his questions by carrying out some very
imaginative experiments, measuring
accurately the path of light beams, and
the different colours produced by a
prism. Eureka! He had discovered the
laws of reflection and refraction, and
the fact that the refractive index of each
colour is different, as sunlight passes
through a raindrop. But how fast does
light travel? Can it really flash around
the Earth seven times a second. And
why is it that the planet Mercury can be
seen, even when it is actually behind
the sun? Yes, as Einstein (1879 – 1955)
discovered, light can be bent by gravity.
But is light a wave or particle? We still
haven’t sorted out the answer to this
question properly.

From the 16th century onwards,
explorers from Europe sailed all over
the globe, curious about what they
would find in far off lands. Christopher
Columbus to the Americas, Francis
Drake around the world, Walter
Rayleigh to South America, Joseph
Banks and James Cook on The
Endeavour to Australia, Alexander
Humboldt to Latin America, Charles
Darwin on the Beagle, and Alfred Russel

Wallace to the Amazon and the Malay
Archipelego. These were just a few, who
brought back extraordinary plants and
animals for their fellow Europeans to
marvel at. Many of these changed the
diet and life style of our civilisation.

The 18th century was the Age of
Enlightenment, full of musical, artist,
literary, and scientific geniuses. Carl
Linnaeus (1707 – 1778), in Uppsala
Sweden, gave us a binomial system for
classifying all living organisms, the
foundation of taxonomy. Carl Scheele
(1742 – 1781), in Sweden, and Joseph
Priestley (1733 – 1804), in England,
discovered a gas, named by Antoine-
Laurent de Lavoisier in France as
oxygène, just before he had his head
chopped off! And Henry Cavendish
(1731 – 1810) in England discovered
that water was H20. An unsung hero
was Erasmus Darwin (1731 – 1802), one
of Charles’ grandfathers, and the best
doctor in England. Erasmus was truly a
polymath and genius, ever curious -
about how clouds form, how the
lightening conductor worked, that his
friend Benjamin Franklin in the US had
invented, what substances could be
extracted from plants to treat the sick,
and how life came exist at all. Yet he
also saw that the discoveries of science,
and the inventions of engineering,
could benefit millions of people, if only
their huge commercial potential could
be realised. The Lunar Society, he
founded in the English Midlands,
catalysed the Industrial Revolution in
Britain. Being able to find your way
home by moonlight, after a few drinks,
was not the only achievement of this
group! It was here James Watt enthused
Matthew Bolton about his steam
engine, which then came into the first
British factory. Thus, entrepreneurship
has been a vital part of the curiosity
story, without which millions of people
could never have benefited from the
discoveries and inventions arising from
science and engineering.

By the mid nineteenth century scientific
curiosity was rampant. Humphry Davy
(1778 – 1829) had the idea that atoms,
in what we now call salts, could be
separated using electricity. This led to
him discovering potassium, sodium,
calcium, and several other elements.
On the other hand, his protégé, Michael
Faraday, noticed a small flick of a
needle on a meter, when he pulled a
magnet out from inside a coil of wire.
This led to the invention of the dynamo
and electric motor, and then the light
bulb. What would civilisation have done
without these? The prediction of radio
waves by Maxwell (1831 – 1879),
followed in 1887 by their discovery by

Hertz (1857 – 1894), has revolutionised
communication. Louis Pasteur (1822 –
1895) is perhaps most famous for his
discoveries about the fermentation of
yeast and bacteria, leading to
pasteurization, and the principles of
vaccination. Yet his curiosity about
tartaric acid crystals on a wine cork, led
to one of the most significant chemical
discoveries in the nineteenth century.
Molecules can be handed. They can
have a mirror image. DNA uses right-
handed sugars, and proteins left
handed amino acids. Without this
handedness, life would not exist.

The word ‘biology’ was first used in the
modern sense by a French scientist –
Jean-Baptiste de Lamarck (1744 –
1829)3. He believed in evolution, but got
it slightly wrong. He was curious about
how giraffes got their long necks. He
thought they got them by stretching up
to high food, and this stretching was
inherited by their offspring – the
inheritance of acquired characteristics.
A nice idea, but it was wrong. Instead,
as Darwin and Wallace argued, the
ancestors of giraffes had a range of
neck lengths. The longer the neck, the
better the food supply, and the more
likely they were to survive to produce
offspring, which would inherit this
height characteristic. More recently
another proposal is that the long neck
and legs enables giraffes to protect
themselves better from heating by the
sun (see Science News above). The
animals Darwin found in the Galapagos
archipelago gave him a eureka moment
back home. The now-famous Galapagos
finches aroused his curiosity (Figure 1).

Curiosity inspires, discovery reveals
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Figure 1. Why do these finches have different
shaped beaks?

Each beak is adapted to a particular type of
food, e.g. small insects or a type of seed.
Darwin brought these back from the
Galapagos. But, it wasn’t until an expert
ornithologist John Gould pointed out their
uniqueness from each island, that Darwin
realised how important they were to his big
idea of Natural Selection. Peter and Rosemary
Grant have shown, over 25 years working in
the Galapagos, that Natural Selection is still
working today on these beaks.
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Curiosity in the modern era
In spite of Darwin and Wallace, and
their amazing discovery of Natural
Selection, the unifying principle in
biology, the nineteenth century was
actually dominated by discoveries and
inventions from curiosity about physics
and chemistry. William Thomson, who
became Lord Kelvin (1824 – 1907),
realised there were three fundamental
laws about energy – thermodynamics -
and that you could never get enough
energy to go below -273.15°C, his
absolute zero. Ohm (1789 -1854)
obtained his PhD on one page, from
curiosity about the relationship
between the voltage across a wire and
the current through it. And, Henri
Becquerel (1852 – 1908) discovered
radioactivity, as a result of curiosity
about why a photographic plate was
apparently exposed to light from a
radiation that could pass through
solids. Throughout the nineteenth
century curiosity about rocks, and the
landscape, led to the science of
geology, forming the basis of
understanding how our planet evolved,
and could be exploited. Mary Anning
(1799 – 1847) exploded the Victorians’
curiosity with the dinosaur bones she
collected for Londoners from the blue
lias in the cliffs of Lyme Regis in Dorset.
And a curiosity about the chemistry of
carbon led to the age of biochemistry
in the twentieth century, showing that
life was not dependent on a mythical
‘vital force’. All animals, plants and
microbes were simply chemical
machines. The nineteenth century also
saw a revolution in engineering,
pioneered by engineers, such as Robert
Stephenson (1803 -1908) and Isambard
Kingdom Brunel (1806 – 1859),
triggered by the curiosity of ‘would it
really work’? We saw the origin of the
railway, the internal combustion
engine, the beginnings of air flight, and
steam ships.

The 20th century was an incredible
success story for scientific curiosity,
and the exploitation of the discoveries
and inventions arising from it – planes,
cars, antibiotics, genetic engineering,
amazing medical diagnostics and
surgical techniques, computers, the
Hadron collider, and engineering feats
– bridges, roads, and space travel - are
just a few. All of these began with
curiosity. In 1944, Avery and co-
workers, in New York, were curious
about how a harmless bacterium could
become a human pathogen by
something transferred into it. This
turned out to be DNA. They had
discovered the universal molecule of
inheritance. What was the genetic code

within it, and how did it reproduce
itself? The DNA revolution had begun!

Much of 20th century curiosity was for
human good. But, sadly, the 20th
century was also an era of much death
from wars, fuelled by scientific invention.
Now, in the 21st century, curiosity and
imagination continue to inspire. Where
would we be without curiosity about the
physics and chemistry of silicon, leading
to its brilliant exploitation by Bill Gates,
Steve Jobs, Mark Zuckerberg, and Jeff
Bezos who built Microsoft, Apple,
Facebook, and Amazon? Indeed, where
would we be without the Internet,
invented by Tim Berners-Lee, and those
who have inspired us to exploit it, such
as Larry Page and Sergey Brin, founders
of Google, Jerry Yang and David Filo,
founders of Yahoo, and Jimmy Wales
and Larry Sanger, founders of Wikipedia.
What’s more, this century has already
seen amazing scientific discoveries, such
as the Higgs Boson, medical
breakthroughs in cancer, and space
exploration. Yet, we still have so much to
learn about our natural environment,
the Universe, and ourselves.

My curiosity
My own curiosity began in the
mountains and on the beaches in
North Wales. Why did some of the
rocks in the Snowdonia mountains
have scratch marks on them (Figure 2)?
Why did the shells I collected on the
Anglesey seashore have different
shapes - helical, circular, spiral, flat,
long, short, single, or bivalve? And why
did the herring gulls, that flew off as I
walked down the beach, have a red
spot on their lower mandible? The
Dutch biologist Niko Tinbergen (1907 –
1988) had already solved this. The red

spot is the target for the chick in the
nest, causing the adult to disgorge food
when the chick’s beak hits the spot.
Tinbergen won the Nobel Prize in 1973
for this fundamental discovery about
animal behaviour.

Then, wow, my first glow-worm! I had
discovered bioluminescence – the
emission of visible light from living

organisms3. Was it physical, as Newton
believed, or was it chemical? If it was
chemical, as I believed, was there a
commonality in the luminous animals
that lived in the sea, the biggest
ecosystem on our planet? There are
some extraordinary animals in the
deep sea, arousing curiosity. Why, for
example, are many of the shrimp that
live there red (Figure 3)?

I was working in the medical school in
Cardiff, at the time. What on earth had
these luminous animals to do with
understanding disease, or developing
new diagnostic tests? I soon realised
that a flash was better than a glow. This
led me, with colleagues, to develop
tests for cancer proteins, bacterial and
viral infection, hormones, vitamins,
drugs and many other substances in
the blood, that were diagnostic of
specific diseases. These tests are now
used each year in several hundred
million clinical tests worldwide, and
created a multi-billion dollar market. In

fact, amazingly, curiosity about fireflies
and luminous jellyfish has created
three individual billion dollar markets,
with employment for thousands of
scientists and ancillary workers
worldwide. A further question that has
dominated my research concerned the
biology of calcium, not its familiar use
in bones, teeth and shells, but its role
inside cells. All cells do something
when stimulated. A leg moves, a heart
beats, a nerve fires, an insulin cell
secretes, a sperm fertilises an egg, a
jellyfish flashes, and a cell divides,
defends itself or dies. All these cellular
events are triggered by an external
agent. But, what is the signal inside the
cell that mediates this? Could it really
be a simple cation – Ca2+? The only way
to satisfy this curiosity question was to
measure the free Ca2+ inside living cells,
and ideally in whole, live animals,
plants, and microbes4. Quite a
challenge! I, and others, developed a
way of doing this, using, first the
protein, and then the DNA, from a
luminous jellyfish. The light emitted
from the live cells went up when the
free Ca2+ went up, and down when the

Ca2+ returned to normal. This universal
chemical switch, inside cells, has
revolutionised our understanding of
how life is turned on and off, and is the
basis for understanding many
diseases, and drugs to treat them. Yet it
all started with curiosity about how a
jellyfish flashes when you touch it.

Conclusions and The Young
Darwinian
So this is a brief history of human time.
Arguably, the most precious thing we
have in our lives is what we do with our
time. Following curiosity is a really
good use of it. This article is just a skim
through the curiosity of Homo sapiens
over the last 3 million years5. But, I
hope it will stimulate your curiosity, the
starting point for any science project,
and at the heart of The Young
Darwinian. Let us know what you are
curious about. Email me at
tony@theyoungdarwinian.com. We will
develop this through Dr Darwin’s
Curiosity shop (see
www.theyoungdarwinian.com), and
catalyse the development of the skills
of the naturalist in the spirit of Darwin

– seeing, hearing, touching, smelling,
tasting, and thinking. Let us know how
much the curriculum in your country
excites your curiosity. By the way, what
is so special about the chemistry and
physics of silicon that has
revolutionised our lives?

As Charles Darwin’s grandfather,
Erasmus Darwin, once wrote over 200
years ago ‘A fool is a person who has
never done an experiment in their life.’

Bon chance and bon appétit.
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Figure 2. Why are there scratch marks on a
rock on Snowdonia?

Darwin visited Idwal on his tour of North
Wales, in August 1831, with his Cambridge
mentor Adam Sedgwick. But he got it wrong. At
that time, Darwin did not believe Idwal was
glacial. But the Beagle voyage made Darwin an
expert geologist. So he returned to Idwal, and
realised that, in fact, it had been shaped by
glaciers thousands of years ago, as shown by
the scratch marks.

Figure 3. Why is this shrimp red?

In fact it is not red at all. It lives 1000 metres
below the surface of the sea. Here the only light
is blue, from bioluminescence. Shine blue light
on what we see as a red object, and it will be
black. So this is Nature’s deep-sea black
pigment. Unfortunately for these shrimp, there
is a group of deep-sea fish – dragon fish - that
have a large red-emitting light organ below each
eye. Their eyes can see red light, but the shrimp
cannot. So these fish have an invisible torch to
light up their prey.

Hey, clever dick! 
What’s the selective

advantage of
laughter?

Dr Niwrad’s
Laughter Lab

Email us your jokes to: 
info@theyoungdarwinian.com

Humans are a lot older than we thought
Research published in Nature has over turned what we
have believed for years were the origins of our own
species. Until now Homo sapiens was supposed to have
appeared some 200,000 years ago in the southern part of
Africa. But now, skulls at least 300,000 years old, examined
recently from Morocco, were found to be very similar in
shape to present day human skulls. So the idea now is that
we evolved simultaneously with Neanderthals over at least
400,000 years.
Read more at:
1. Hublin et al. 2017. New fossils from Jebel Irhoud, Morocco and

the pan-African origin of Homo sapiens. Nature 546, 289-292.
2. Richter et al 2017. The age of the hominin fossils from Jebel

Irhoud, Morocco, and the origins of the Middle Stone Age.
Nature 546, 293-296.

Curiosity inspires, discovert reveals

I’m dying 
to know the

answer to that!

Who invented the equals sign in mathematics, 
and who discovered π?

How do you know that the circumference of every circle is 
2πr, and its area πr2? The answer is not ‘My teacher told me’!

Email your answer to info@theyoungdarwinian.com

and we will put them on the blog page
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As the Starship Enterprise power surged
to warp power, and set off to where ‘no
man has been before’, in the sick bay,
with Mr Spock looking on, Dr ‘Bones’
McCoy diagnosed, and treated, the near
fatally wounded Captain Kirk with his
trusty hand held Tricorder. 

23rd century science fiction, but the
writers in the 1960’s were imaginative,
visionary and prophetic1. Take the Star
trek communicator, for example. This
was a great idea, but actually not as good
as my smart phone. The computer was
powerful, yet did not connect to an
‘internet’. This was too far fetched. The
power source for the warp drive involved
mixing matter with anti matter (frozen
anti hydrogen), and dilithium crystals.
The antimatter has in fact been made,
albeit in microscopic amounts. But,
unfortunately dilithium hasn’t been
discovered yet. The ‘ion drive impulse
engines’ have materialised as ‘Hall
Thrusters’, which can propel rockets
within our solar system. The engineered
androids and the deflector shield no
longer seem impossible. I await with
much anticipation the invention of the
warp travel and the transporter (Beam
me up Scotty). And the tricorder, how has
this progressed in the last forty years?

The original 23rd century Tricorder2,
short for Tri-functional recorder, was
able to visualise inside solid objects,
make amazing medical diagnoses, and
even treat life-threatening wounds.
Today, we routinely use imaging inside
the human body based on Nuclear

Magnetic Resonance with excellent
resolution (MRI = Magnetic Resonance
Imaging), undreamt of just 40 years ago.
But another discovery, being developed
at Imperial College London, is still hard
to fathom. There the scientists are
diagnosing people with oesophageal
and stomach cancer, just by analysing
their breath3. Similar methodology is
being developed to detect if someone
has TB infection in the lung. They are
doing this by measuring the amount of
certain small organic acids and
molecules: butyric, pentanoic and
hexanoic acids, butanal and decanal.
The technique is called selected ion
flow-tube mass spectrometry (SIFT-MS),
and the pattern of results in a breath
sample can be related to the cancer or
infection. Now that will be an amazing
advance if it is developed and gets into
medical practice. Captain Kirk and 
Dr McCoy would be proud!! Breath
testing is now routine by measuring
hydrogen to diagnose lactose
intolerance4 (see lactose sensitivity
project page 14). It is also used as a
road-side test for alcohol in the breath
of a drink driver.

Imagine my delight when I came across
a real life, real time Tricorder project,
inspired by the Star Trek vision. The X
Prize Foundation, sponsored by
Qualcomm, offered ten million US
dollars in prize money, (7 million first
prize, 2 million second, and one million
third prize) to come up with a 21st
century Tricorder5. It had to be non
invasive, portable, weigh less than 2.3kg,
and be able to diagnose over 12 medical
conditions, including HIV, whooping
cough, high blood pressure, glandular
fever, shingles, melanoma and
osteoporosis.  Wow!!!

Ten companies were shortlisted. The
research going into this is immense. This
was so motivational for these
companies. Even if they didn’t win, it
created valuable research and
equipment. The power of this
inducement prize competition was huge. 

See Science news 
Read more at:
1. https://www.nasa.gov/topics/technology

/features/star_trek.html
2. https://en.wikipedia.org/wiki/Tricorder
3. https://www.eurekalert.org/pub_

releases/2017-01/eeco-btc012717.php
4. Waud, J. P., Matthews, S. B. & Campbell, A.

K. 2008. Measurement of breath
hydrogen and methane, together with
lactase genotype, defines the current
best practice for investigation of lactose
sensitivity. Annals of Clinical
Biochemistry, 45, 50-58.

5. https://en.wikipedia.org/wiki/
Tricorder_X_Prize

Star trek science
comes alive

Stephanie B
Matthews

Welston Court
Science Centre
SA70 8PS
Pembrokeshire
UK

Congratulations
Professor Hawkings
The cosmologist, Stephen Hawking has
given a lecture in Cambridge, UK, to
celebrate his reaching 75 years of age.
Asked what his greatest achievement
was, he replied, ‘showing that black
holes weren’t entirely black’. His theories
on black holes and the origin of the
Universe have transformed our
understanding of the cosmos. Asked
what his blue sky wish for a scientific
discovery would be, it was to discover a
cure for motor neurone disease, or at
least a way to stop the disease
progressing. Professor Hawking has had
this disease for most of his adult life,
which has impaired his ability to move
and speak. Professor Hawking's 1966
thesis ‘Properties of expanding
universes’ was made available free for
the first time on the publications section
of the Cambridge University's website.
But take care, thousands of people tried
to do this when it was initially available.
It crashed the website!
Read more at:
1. http://www.hawking.org.uk.
2. http://www.fisica.net/relatividade/stephen

_hawking_a_brief_history_of_time.pdf.
3. http://www.bbc.co.uk/news/uk-england-

cambridgeshire-41721585/

image: http://starchild.gsfc.nasa.gov/Images/
StarChild/scientists/hawking.jpg

More science news...
So is chocolate good for you?
Not all research gives clear-cut answers,
but gives enough evidence to
make further study
worthwhile. This is the
case of eating chocolate!
Two recent publications
review evidence that the polyphenols in
cocoa have positive cardiovascular benefits, and
also help general cognition, attention, processing speed, and
working memory. The interest is in the flavonoids, mainly the flavanols
subclass in the form of epicatechin and catechin. Of interest to students, the
flavonoids also appear to exert a protective role on cognitive performance,
specifically that impaired by sleep loss. But caution is required in the interpretation of
levels in the chocolate, as the results obtained by colorimetric methods were 5–7
times higher for the same type of product than results obtained by high performance
liquid chromatography (HPLC).
Read more at:
1. Front. Immunol., 09 June 2017 https://doi.org/10.3389/fimmu.2017.00677.
2. Front. Nutr., 16 May 2017 https://doi.org/10.3389/fnut.2017.00019.

How to kill plankton with a gun
Scientists off the coast of Tasmania have killed the
zooplankton, including krill larvae and copepods,
using a gun, not one that shoots bullets, but an
airgun that produces waves of acoustic
energy. These powerful waves are used to
search for oil and mineral deposits under
the seabed, and are known to affect the
animals at the top of the food chain
like the whales. But the latest
research shows something more
sinister. They are killing the animals
at the start of the food chain.
These airguns, pulled behind ships,
are fired in repeat pulses, every
ten seconds, continuously for days
on end. The US federal agencies
have been asked to allow the
seismic surveys off the whole east
coast of the USA. Ecological
madness?
Read more at:
McCauley,R. et al. 2017. Nature Ecol. 
Evol. 1, 0195.

The StarTrek Tricorder comes to life
An amazing prize of $2.6 million has been won by a team in Pennsylvania led by two
brothers, one an emergency medicine physician and the other a network engineer.
They designed a mobile diagnostic device, inspired by a twenty third century
creation, yet born in the 1960’s. The company, aptly named Final Frontier Medical
Devices, created DxtER, or Dexter, an artificial intelligence engine with non-invasive
sensors that together can help diagnose 13 medical conditions. And all this in a light
hand held mobile machine. Amazing technology, well done! This is awarded by the
XPRIZE and Qualcomm Foundation.
Read more at: 
http://tricorder.xprize.org/teams/final-frontier-medical-devices
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Why be a STEM Ambassador?
Sian Ashton

See Science/Gweld Gwyddoniaeth, 
8 St Andrew's Crescent, CF10 3DD,
Cardiff, UK

http://www.see-science.co.uk

Sian Ashton works at See Science
Ltd. See Science is the contract
holder for the STEM Ambassador
Hub in Wales. She coordinates the
STEM Ambassador programme
throughout Wales. It has been an
outstanding success. She began her
curiosity about science by studying
chemistry at Cardiff Metropolitan
University, followed by working in
industry at Amersham
International (now GE Healthcare).
STEM Ambassadors are volunteers
from a broad range of jobs and
backgrounds, who are passionate
about inspiring young people to
pursue science, technology,
engineering and mathematics (STEM)

studies and careers. With a
community of over 30,000 volunteers,
they are an important and exciting,
free of charge-resource for learners,
teachers, youth and community
groups, and other individuals working
with young people across the UK.

As professionals and specialists in
their field, STEM Ambassadors bring
real-life industry experience into
context and enrich young people’s
knowledge of the breadth of STEM-
related careers, and opportunities
available. They get involved in a variety
of activities both in and outside of the
classroom, including STEM Club
activities, speed networking,
mentoring, and large festivals and

fairs, as well as helping to develop
resources or other forms of support.
Evidence shows that 90% of young
people who engage with STEM
Ambassadors say that it increases
their engagement with STEM, helping
them to make informed decisions
about their future careers.

As part of the National STEM Learning
Network, the STEM Ambassadors
programme is working to make a
difference in STEM education and
address the UK’s skills gap. Together,
we can help those working directly
with young people to deliver activities
that they may not have the
experience, ability or capacity to
deliver. Anyone who is over the age of
17, uses STEM skills, and is willing and
able to excite young people about
STEM subjects, can apply to become a
STEM Ambassador.

Simply register at:
https://www.stem.org.uk/stem-
ambassadors/schools-and-colleges to
request a STEM Ambassador to help
inspire the young people you work
with. Alternatively, you can volunteer
yourself by signing up for your first
activity, and start making an impact
today!
https://db.stemnet.org.uk/register

Why you should
consider a
CREST Award
By Llinos Misra

See Science Gweld Gwyddoniaeth, 8 St
Andrew's Crescent, Cardiff, CF10 3DD, UK

Llinos Misra (llinos.misra@sse-
science.co.uk) joined the team at their
Cardiff office in January 2017. She is
managing the CREST Awards across
Wales. Llinos has a varied background
having worked in the chemical
industry, in schools and in science
communication. She graduated in 1990
with a degree in Chemical Engineering
and worked as an engineer for 5 years
before gaining a PGCE in secondary
maths. She then worked across the
education sector, including in
secondary and primary schools as well
as teaching Basic Skills to adults. Most
recently, Llinos spent 8 years working
at a leading science centre where she
was involved in the delivery of a wide
range of educational programmes for
school and public audiences of all
ages. For the last 3 years she helped
develop new shows and workshops,
trained others in delivering these and
regularly communicated with
teachers on how to link them to their
classroom activities.
What is CREST?
CREST is a UK award scheme for 11-19
year olds and involves STEM project work.
The scheme was set up over 30 years
ago, through Lord Sainsbury, Minister for
Science, with funding from Astra Zeneca.
Since then, the CREST programme has
gone from strength to strength, with over
30,000 young people every year now
achieving awards. The CREST scheme is
managed nationally by the British Science
Association (http://www.crestawards.org),
and supported by the Department for
Business, Energy & Industrial Strategy,
URENCO and the Bill & Melinda Gates
Foundation.

There are many levels of CREST awards:
• Star and SuperStar Awards are for

primary aged children.

• Discovery Awards are typically for 11
to 14 year olds, require 5 hours of
work and offer a first introduction to
STEM project work.

• Bronze Awards are aimed at 11 to 14
year olds, and require around 10
hours of project work.

• Silver Awards are aimed at 14 to 16
year olds, and require around 30
hours of project work. 

• Gold Awards are aimed at 16 to 19
year olds, and require around 70
hours of project work.

What do I have to do to get a 
CREST Award?
CREST Awards are flexible as students
can work individually on a project or
work in a group (Figure 1). There is also
huge flexibility in the project itself, as it
can be based on any topic that interests
the student(s). The most important
thing is that there is an element of
investigation and exploration, and that
the project sets out to answer a
question, or solve a problem.

Here are a variety of weird and wonderful
CREST project titles carried out by
students over the 30 years of CREST.
• Can hamsters be trained to use a

potty?
• How does a slinky defy gravity?
• What materials do bubbles bounce

best on?
• Does time fly if you’re having fun?
• Can girls find Wally faster than boys?
• Can you taste the flavour of skittles

whilst blindfolded?
• Is there a science behind baby-

holding?
• Is a snail just a slug with a shell?

Alternatively, there are downloadable
resources on the CREST website giving
plenty of project ideas http://www.
crestawards.org/project-resources/.

How will a CREST Award benefit me 
in the future?
Students who have completed CREST
Awards have said that one of the best
things about the project was the real-life
experience they gained of ‘being a
scientist’, working on a real STEM
project. CREST Award projects help to
develop curiosity, creativity, teamwork
and time management – valuable skills
whatever career path students may
choose. They can also help boost exam
grades, particularly in STEM subjects and
can give an insight into STEM careers. 
Achieving a CREST Award helps students
stand out from the crowd. When they are
applying for university, an apprenticeship,
or a job, they can use CREST to enhance
their application – CREST Awards are well
regarded, high-quality, and a tangible
recognition of success.
• CREST Awards can be used together

with a range of other activities, to
maximise the recognition, and reward
for the effort students put in.

• Count it towards Duke of Edinburgh’s
Award Skills section at Bronze, Silver
and Gold levels

• Achieve a CREST Gold Award for
Extended Project Qualification (EPQ)
work in science, technology,
engineering or maths

• Use a CREST project to enter a
national competition such as the Big
Bang Competition

• Children’s University: a CREST Award is
validated towards the Children’s
University Passport to Learning

So, what will YOUR project be? Email us at
info@theyoungdarwinian.com if you want
help in how to choose, plan, carry out, or
write up a project. If you have completed
a CREST project, please think of sending it
to The Young Darwinian for publication.
Good luck, and keep curious.
For more information go to:
http://www.crestawards.org/

Students carrying out research projects. 
Why not join them?

Inspiring you to carry out projects and publish your own
work, ideas and experiences

Figure. 1 Examples of students carrying out
CREST project
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and visa requirements, and a lot more. QS have offices
throughout the world: London, Paris, Bucharest, Stuttgart,
Mumbai and Singapore, and a multi-cultural employee base,
where there are 26 languages spoken.

The ‘overall’ top 25 universities from QS are shown on the
map, which are also in the top 25 for science, engineering,
medicine, and technology (see map). There is a lot of
agreement with the Times Higher Education list. In addition to
the ‘overall best’, universities are also ranked for specific
disciplines by both QS and THE in separate lists, QS - Natural
Sciences, Engineering and Technology, Life sciences and
Medicine, and for THE - Physical sciences (physics,
mathematics, chemistry, earth science, astronomy), 

Life sciences and
Medicine, Engineering

and Technology.
Remember, the top 25

universities are just 0.125% of
the total number of higher

education institutions in the world.

Go and have a look. The world is an
exciting place.
‘Education is the most powerful weapon which you can use
to change the world’. Nelson Mandela

Best cities for international students to study
But it’s not just WHAT you learn, it’s also WHERE you study. QS
have produced a list of the worlds Best Student Cities for 2017.

The criteria are calculated from six categories:
University rankings: how many Universities are there in this
city, and how good is the overall ranking of these Universities.

Student mix: What proportion of the city population are
students, and how many of these are international. Evidence
of tolerance and inclusion is taken from a score based on the
Social Progress Index (www.socialprogressimperative.org).

When you are in school, and you know that
you want to have a career in science,
engineering or technology, the future is
very exciting. But making the right choices
of subjects to study at school, and then
which universities to apply to, can be quite
scary and daunting.
The first message here is ‘Aim high’. The fact that you are
reading this article shows that you are curious, and motivated.

‘I would encourage you to set really high goals. Set goals
that, when you set them, you think they're impossible.
But then every day you can work towards them,
and anything is possible, so keep working hard
and follow your dreams.’ Katie Ledecky

Katie Ledecky from
the USA is five-times
Olympic gold
medalist and 14-
times world
champion, the most
in history for a
female swimmer.

The second message is ‘Aim wide’. Don’t
be constrained by thinking you have to go
to your local University. The right one for
you may be in a different town, country, or
even a different continent.

When you start thinking about Universities, there
are many sources of information. Each University
has it’s own website, with the individual courses
described. But how and where do you start? How do
you compare them? Which one is right for you? There are
many organisations that rank Universities, but what does this
mean? What criteria are they being ranked for? To start your
fact-finding research, visit these two websites.

Quacquarelli Symonds (QS) World University Rankings
QS are a global higher education publishing and marketing
company; http://www.qs.com,
https://www.topuniversities.com/university-rankings

Times Higher Education
https://www.timeshighereducation.com/student/best-
universities/best-universities-world

They give information about ‘best’ universities for science
(Figure 1). They are respected organisations, producing annual
ranking lists, which can be about whole universities, or refined
to subject areas. Two other useful websites are:

1.http://cwur.org

2.http://www.telegraph.co.uk/ education/universityeducation
/9584155/University-rankings-which-world-university -
rankings-should-we-trust.html

The information is free to view, and whilst using subtly
different criteria to score each university or course, each web
site arrives at almost the same conclusions.

The main criteria for ranking as a top University, or specific
subjects, are:

• Teaching
• Quality of research
• Knowledge transfer
• International outlook
• Overall reputation.

The ranking lists contain the top 1000 universities. But, there
are more than 20,000 higher education institutions in the
world. So even making the list is an achievement. Remember,
some University rankings (not quoted here) are based on
student satisfaction only. This is important, but may not be the
best guide to an inspiring course for you.

Best universities for
students to study

science
The results for Science-related

courses show a dominance of
American Institutions. Yet, about

half of the top 200 Universities are
in Europe, with the UK, Netherlands,

and Germany being most represented.
A recent trend is the rise of the Chinese

universities.

But, the web sites offer more than
rankings. For example, The Times Higher

Education (THE) site is also a source of information about how
the global higher education sector is changing. They have
weekly editorials on current issues, which are insightful and
useful. Their rankings are respected by the education sector,
and are audited before publication.

QS gives practical and useful information for students about
different countries: whether you can apply, and, if you are
eligible, how to go about it. It also details the documentation

Aim high, think wide a guide to the best universities in the world
Top Universities for science-related subjects are marked on the
map as numbered circles They were in the overall top 25 in 2018
lists from QS World University Rankings and are listed here in
numerical order.
1. Massachusetts Institute of Technology                      USA
2. Stanford University                                                        USA
3. Harvard University                                                         USA
4. California Institute of Technology                               USA
5. University of Cambridge                                               UK
6. University of Oxford                                                      UK
7. University College London                                           UK
8. Imperial College London                                              UK
9. University of Chicago                                                    USA
10. Swiss Federal Institute of Technology Zurich          Switzerland 
11. Nanyang Technological University                            Singapore
12. École Polytechnique Fédérale de Lausanne           Switzerland
13. Princeton University                                                    USA
14. Cornell University                                                        USA
15. National University of Singapore                              Singapore
16. Yale University                                                              USA
17. Johns Hopkins University                                           USA
18. Colombia University                                                    USA
19. University of Pennsylvania                                         USA
20. Australian National University                                   Australia
21. Duke University                                                            USA
22. University of Michigan                                                USA
23. Kings College London                                                 UK
24. University of Edinburgh                                              UK
25. Tsinghua University                                                     China

4 Universities that made the top 25 in one or more of the science
subject specific categories, but did not make the list for the
overall best universities, are shown as dots on the map, and are
listed here in alphabetical order.
Carnegie Mellon University                                              USA
Delft University of Technology                                         Netherlands 
École Normale Supérieure                                               France
Georgia Institute of Technology                                      USA
Karolinska Institutet                                                          Sweden
Korea Advanced Institute of Science and Technology    South Korea
Kyoto University                                                                 Japan
National Taiwan University                                               Taiwan
Northwestern University                                                  USA
Peking University                                                               China
Politecnico di Milano                                                         Italy
Seoul National University                                                 South Korea
Shanghai Jiao Tong University                                          China 
Technical University of Munich                                        Germany
Tokyo Institute of Technology                                          Japan
University of British Columbia                                         Canada
University of California, Berkley                                      USA
University of California, Los Angeles                              USA
University of California, San Diego                                 USA
University of California, San Francisco                           USA
University of Hong Kong                                                   Hong Kong
University of Illinois at Urbana-Champaign                   USA
University of Melbourne                                                   Australia
University of Sydney                                                          Australia
University of Tokyo                                                            Japan
University of Toronto                                                         Canada 
University of Washington                                                 USA
University of California, Santa Barbara                          USA
University of Texas at Austin                                            USA
Wageningen University                                                     Netherlands

Best student cities
But it’s not just what you learn, it’s also where you study. QS have
produced a list of the worlds Best Student Cities.

Montreal: This scored
highly and made first place
due to low cost of living
and friendliness.

Boston: Great
student
experience but
very high US
tuition fees.

London:
Remains a very
popular
destination
despite high
accommodation
costs.

Berlin: A vibrant city, and
the public Universities are
free making this
destination the most
affordable in the top 10.

Seoul: Seven per cent of
students are international
here, and is highly marked
by students for friendliness
and facilities.

Melbourne: 
The Australian
friendliness shines
through.

Tokyo: Expensive
but great food
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Science in Health-Live March 2017
The Science and Health-Live Open day is an inspiring event
held each year at the Medical School of Cardiff University.
It has been running now for over 20 years, and attracts
around 800 school students and teachers from all over
Wales and England. Some 150 members of staff from PhD
students and administrators up to Professors are involved,
from seven Schools within the College of Biomedical and
Life Sciences, at the University – Biosciences, Dentistry,
Medicine, Healthcare Sciences, Optometry and Vision
Sciences, Pharmacy and Pharmaceutical Sciences, and
Psychology. It is organised by the PUSH (Public
Understanding of Science and Health) group of Cardiff
University, chaired by Dr James Matthews. The students
experience a laboratory tour and demonstrations, such as
live cell imaging, microscopy, and genetics (see photos).
There are also short talks, an entertaining musical
presentation, an exhibition, a quiz, and information about
careers in medicine and related disciplines.

Here are some insights into the event based on comments
from students and teachers. If you have been to such an
event in your country, please tell us about your
experience, and email us at info@theyoungdarwinian.com.

Students - general comments
• ‘It has inspired me to realise that a medical course

potentially allows me to continue to be curious about
the science subjects that I’m interested in.’ 

• ‘It has shown me the possibilities! I also did not think I
had the right qualifications but you helped me find a
way around it’

• ‘Learnt a lot about tips for applying to university.’
• ‘It showed me lots of jobs in health sector that don’t

actually involve being a medical doctor-I’m squeamish
but still want to help people!’

• ‘The day gave me an insight into the depth of medicine
and how far we still have to go in regards to medical
research.’

• Very interesting and informative event. Thoroughly
enjoyed it.’

Desirability: This includes scores based on personal safety
and pollution. It also looks at local corruption, as students
must be confident that their fees are used in the right way.

Employment issues: Scores come from employers identifying
Universities that produce the best graduates, and also from
World Bank figures on youth employment in that country.

Affordability: This is so important, and the scores combine
tuition fee levels with the local cost of living including
accommodation.

The Student view: The most important of all. Student
satisfaction includes friendliness, inclusion, transport ease,
nightlife, cultural opportunities, affordability, and graduate
employment.

For the first time, since the rankings appeared in 2012, Paris
has been toppled from the top by Montreal. Montreal climbed
six places, due to its friendliness, and has the lowest cost of
living in the top ten. Paris has suffered from a reduction in
desirability, possibly due a drop in affordability. Not all
University cities are in this list. The minimum requirement is to
have at least two universities capable of featuring in the QS
World rankings (which ranks 1000 Universities), and to have a
population of at least 250,000 people in the metropolitan area.
This criteria helps Boston, since, whilst Massachusetts Institute
of Technology (MIT) and Harvard University are over the river
in Cambridge MA, they are still included. Boston is an amazing
city for students, but is pulled down the rankings by the high
tuition fees.

Remember also that there are University rankings on research
excellence. The UK has a Research Excellence Framework (REF)
assessment every five years or so, which scores the quality of
research output and impact. This may be important if you are
looking for a future career in research.

Let us know what your dreams are. Tell us how you decided on
a University and a course. Let us know if we can help you. Go
on an Open Day. Find former students from your school who
have chosen a particular University, and ask them why. Be
curious! This is the key to finding the right University for you.

Email me at stephanie@theyoungdarwinian.com

Stephanie B
Matthews

Welston Court
Science Centre
Pembrokeshire
SA70 8PS UK

Students experiencing inspiring items
at a Science in Health Open Day

• ‘The event has cemented my choice to apply to study
science.’

• ‘The animal testing lecture, being vegan it was interesting to
see the situational reasoning behind animal testing. It would
be nice to see more of an ethical debate about it though.’

• ‘Showed me how interesting science really is.’
• ‘There’s a lot more to medicine than I thought.’
• I want to study medicine at university and I am considering

Cardiff more than before.’

Students- best part of day
• ‘The whole event was a great experience and I enjoyed

every single part of it’.
• ‘The sound of music in medicine I found very interesting.’
• ‘The exhibitions because they were interactive, informative

and interesting.’
• ‘The live text polling because it allowed people to have an

input-especially good for those who are not confident in
asking questions in front of many people.’

• ‘I really found the talks (GP and Parkinson’s Disease) to be
very inspiring and they gave me a brilliant insight into
different routes you can take in medicine. Those who gave
the talks were very enthusiastic and made me very excited
to pursue a career in medicine.’

• ‘The Young Darwinian exhibition gave me inspiration.’
• ‘The tours because it showed us what people do whilst

working.’
• ‘Science of music was unique and something different to

the rest of the event.’
• ‘The exhibitions allowed me an insight into the different

sections of medicine and where it can lead you.’
• ‘I found the questions and answers at the end really 

helpful and made getting into med school seem less
abstract and complex.’

Teachers -
general
comments
• ‘Thanks for a

great day. The students were
buzzing. The staff enjoyed it too!’

• ‘The "stretch" of the talks (Telomere Biology and
Pharmacology) for the more able students was good; mine
were taking copious notes. The exhibitions went down well
and the tours inspired all. Please pass on our thanks and
appreciation to your team. It is well worth your considerable
efforts in inspiring our future scientists and medics.’

• ‘All contributors were enthusiastic, helpful and
approachable.’

Teachers- best part of day
• ‘Seeing variety of careers available.’
• ‘Tour of labs was informative and interesting. Very enjoyable.

Thoroughly enjoyed the day again this year. Found the short
talks an excellent addition.

• Live text polling was very good use of modern technology.
• ‘Pupils getting hands on experience of different medical and

biomedical techniques during exhibitions. Pupils get to
interact with healthcare professionals and get a sense of
working laboratories.”

• ‘Interactive exhibitions-students able to experience hands-on
approach to a variety of medical areas.’

• ‘Q&A-thought way of texted questions worked really well.’

See the web site for further information and other activities
such as the Public lecture series and work experience
opportunities organised by the PUSH group.

https://www.cardiff.ac.uk/medicine/about-us/engagement
/public-understanding-of-science-in-health-push

Student
experience

Curiosity inspires, discovert reveals

Why is the jellyfish green, and how has 
this revolutionised biomedicine?

Email your answer to info@theyoungdarwinian.com 
and we will put them on the blog page
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The articles here illustrate how diverse
and inspiring curiosity can be, and how
it stimulated these people to become
professional scientists or engineers.

Dr Chiara Pazzagli
Curious researcher in biomedicine and
drug discovery

Ten questions
1. What made you curious when
you were young, and did you
have any heroes who influenced
you? For example, is there a

person, place, event, or
moment that influenced 

or changed your way 
of thinking?
With my family, we used
to lie down in the garden
watching falling stars
during the warm
summer nights in
Tuscany, and I used to
be stunned by the
vastness of the sky

and those sparkling
stars. Also, one day - I was

12 back then - my dad came
back from work, bringing with
him petri dishes. My sister
and I were allowed to put
our hands in them, just for
fun. The following morning,
my dad brought the
dishes back from the lab,
where they incubated for
two weeks. He let us
watch what developed
on the medium of the

dishes – different bacteria and
fungus. Everything that was on

our dirty hand, invisible to the
naked eye, was now

displayed in colorful
patterns. All those

mysteries of the infinitive
big, and the infinitive small,

fascinated me. I think
developed my interest in

Nature back then.

My parents are my heroes. They are
both passionate scientists, and my
sister and I grew up in an environment
surrounded by science. My parents
exposed me to many interesting and
knowledgeable people, as well as
interesting places. They opened my
mind to the world, and they taught me
to explore every path with freedom,
passion and curiosity. 

2.When and why did you decide to
choose science as a career,
particularly what or who inspired
you? Did you have any family
connections to careers in science?
Even though I was surrounded by
science, I was no good at maths,
physics or chemistry at school. When I
finished college I didn’t want to study
science at all, but rather become a
journalist or a psychologist. I tried
different faculties, which were all
uninteresting to me. One day I
attended by chance, with a friend, a
biology lesson at the University, where
a passionate Professor stated that ‘a
cell is the smallest entity capable of its
own life, and you can think of it as the
smallest, but infinitive, Universe’. At
this exact moment I realized I was in
the right place, ready and curious to
learn more about Nature.

3.Where did you grow up, and what
was your educational path?
I grew up in the beautiful city of
Florence, in Italy. I carried out my
university studies there too, becoming
a scientist in 2011, with a thesis based
on rare diseases. During my studies I
went on a summer exchange to
Washington DC, at the National
Institute of Health, where I performed
my first research as a scientist. I then
moved to Germany for my PhD, where
I defended my thesis in Molecular
Medicine in 2014.

4.How has your career developed
after university, and how was
it funded?
During my final years at the University I
realized I wanted to carry out research
into Rare Diseases, being affected by
one myself. I wanted to commit to a
topic that was poorly explored, to
contribute meaningfully to science, and
to help patients. My journey to achieve
my dream brought me to Germany,
where my research, conferences and
travel exchanges were mainly funded
by the Excellence Programs SGBM and
the DFG, the German Research
foundation, or by other awards that I
achieved. Finally, in 2015, I landed at
Novartis in Basel, where I am
collaborating with international teams
and experts to develop new treatments
for patients with rare diseases, or
other unmet medical needs.

5.Have you had any break-though
moments in your research? If so
what were they, and how did they
affect your development?
My initial experiments were a mess.
Very few worked, and I had to spend
several nights and weekends in the
lab. Also, being far from home, and
immersed in an entirely new cultural
setting, making new friends, and
providing good performance in my
research, was not always easy. But I
worked hard, and became more
skilled with time. The support of my
family and new friends kept my
motivation high. I have learned a lot
from all those stressful times, which
turned into great positive changes.
They’ve taught me a lot, and made me
stronger. Finally, in 2017, I had my
research published in an important
journal, with one of my fluorescent
cells on the cover page! 

6.What do you regard as your most
important discoveries and
inventions, and why?
I think my most important discoveries
were achieved by observing living cells
under the microscope, recording them
in time-lapse while they moved into a
petri dish. I discovered that some cells
prefer to adhere and move on special
substrates, and they can even acquire
the ability to walk and jump, one on top
of the other if they are missing some
anchoring proteins. (Pazzagli, C., et al.,
2017. Absence of the Integrin α3 Subunit
Induces an Activated Phenotype in Human
Keratinocytes. J Invest Dermatol.
137(6):1387-1391. DOI: 10.1016/j.jid.
2017.01.018. Epub 2017 Feb 3.)

7.Can you think of anything that
could have done better, and do you
have any regrets?
Actually, I don’t have major regrets.
Working in the field of rare diseases,
which I really like, is very stimulating to
me. But I also find it very challenging, as
the topic is poorly explored, and there
are not many knowledgeable scientists
that can support you. They are also
rare! Thus, such research leaves a lot of
space for creativity and imagination. But
it can also bring you to a halt, and a bit
of isolation. I would have liked to discuss
my research with a broader team of
scientists, and brainstorm how we
could apply the discoveries to patients.

8.What other stories do you have
about your curious life, including
any entrepreneurial and commercial
activities, and your other interests?
I recently met some surgeons in
Austria, to align the medical procedures
needed for a clinical trial. During my
visit to the hospital, I was very
surprised to meet them in the autopsy
room, and even more surprised when I
was asked to hold a leg from a cadaver

to help the surgery! Even if this meeting
was very successful, and relevant for
the trial, I have to say it was quite an
unusual experience, which I am not
looking forward to repeat.

9. List six key publications (not
necessarily yours), and explain why
you have chosen them.

a)Saiki, R.K. et al. 1988. Primer-directed
enzymatic amplification of DNA with a
thermostable DNA polymerase. Science
239 (4839),487-491. The PCR
(polymerase chain reaction) is a very
special technique that allows you to
make an enormous number of copies
DNA extracted from the organism's
cells. PCR is one of the ‘Eureka’
discoveries, as it is very simple, and is
used for so many things, such as
paternity testing, screening for genetic
disorders, criminal investigations, or
to identify cancers and pathogens.

b)Herb, B.R. 2014. Epigenetics as an
answer to Darwin's ‘special difficulty’.
Front Genet. 5, 321. DOI:
10.3389/fgene.2014.00321. Organisms
with the same genome can respond
differently to their environment, and
develop different phenotypes. This
phenomenon is called epigenetic, and
allows organisms to respond
successfully to evolution and survival
hurdles. The authors describe what
happens to honey bee’s larvae during
their development. All larvae are
genetically the same. However if a larva
is fed with the royal jelly it turns into a
queen, able to reproduce. If not, the
larvae become sterile workers. So food
is able to interfere with the differential
development of reproductive organs!

c) Abbott, B.P. et al. 2017. (LIGO Scientific
Collaboration and Virgo Collaboration).
GW170817: Observation of Gravitational
Waves from a Binary Neutron Star
Inspiral. Phys. Rev. Lett. 119, 161101 –
16. This publication is an example of
international teamwork, and a massive
effort from scientists from all over the
world. For the first time in history, after
many years of difficult research and
experimental limitations, they could
detect gravitational waves originating
in the space from two merging stars.

d)Wilmut, I. 2013. A tribute to Keith
Campbell: the birth of the first clone of
an adult vertebrate, ‘Dolly’ the sheep.
Cell Reprogram. 5,339-43. DOI:
10.1089/cell.2013.ed01. Epub 2013
Sep 10. Dolly was the first sheep
cloned from her mother. Cloning is
the process by which an exact,
identical copy of the original can be
made in vitro. In fact, Dolly the sheep
was the identical sister of her own
mother, and Dolly doesn’t have a
father! She was born from the process
of nuclear transfer, and represents a
breakthrough for many scientists.

e)Mascalchi, M. et al. 2017. Circulating
tumor cells and microemboli can
differentiate malignant and benign
pulmonary lesions. J Cancer. 8(12):2223-
2230. DOI: 10.7150/jca.18418.
eCollection 2017. A liquid biopsy is the
sampling and analysis of blood. This
technique is mainly used as a
diagnostic and monitoring tool for
diseases such as cancer, with the
added benefit of being largely non-
invasive. This procedure can thus be
performed more frequently, to
monitor relapse or the efficiency of
cancer treatments over time.

10. What advice would you give a
curious young mind? Imagine your
ten year old self, if you started
again! Is there a big unanswered
question today?
Science is very exciting, and offers a
wide and interdisciplinary area to
work in. It has many unexplored
topics to be investigated, many
innovative technologies to use and
implement. There’s space for
everyone. However, I think it’s
important to acknowledge that
sometimes there’s a lot of
competition and poor collaboration
between scientists. Don’t let them
obstacle your curiosity, or push you
away from your dreams and scientific
interests. Take your risks and follow
your path with integrity and by
seeking for collaboration.

Be curious!

Curious
people

Age: 35 years
Novartis Institutes for BioMedical
Research - NIBR
Translational Medicine
Novartis Campus WSJ-386.12.48.29
CH-4056 Basel Switzerland
Email: chiara.pz@gmail.com

Key words:
falling stars,
cells,
labyrinths

Curiosity inspires, discovert reveals

Why is this shrimp red?

Email your answer to
info@theyoungdarwinian.com and 
we will put them on the blog page
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Dr Thankiah Sudhaharan
Curious researcher in biomedicine

How did you discover that you were a
scientist, engineer or mathematician?
Ten key questions
1. What made you curious when you

were young, and did you have any
heroes who influenced you? For
example, is there a person, place,
event or moment that influenced
or changed your way of thinking?
Scientists are my heroes, and fireflies
have influenced my life and my career
path. As a growing child, I grew up
amongst nature, a lovely environment
where interaction with nature was daily
part of my life. When I was in primary
school, I used to visit our agricultural
field, where we had a banana
plantation, coconut, and paddy. During
one such visit, I went with my mum to
my grandma's place. Due to the lack of
public transport, it involved a lot of
walking. Since, there were no fixed
paths, and they were quite forested,
we occasionally heard small animals
and birds in the background while
walking. On that day during dusk, I saw
tiny lights sparkling around the bushes,
which started to fly towards us. I was
fascinated, as that was my first
encounter with such a thing. It was
intriguing to watch the light flutter, and
generated curiosity within me. I
immediately asked my mum. She
replied, they are ‘min-mini’ (the Tamil
name of ‘Firefly’), the meaning of the
Tamil name is ‘glittering’ in my native
language. This incident was stuck in my
sub-conscious mind and followed the
rest of my life. 

2. When and why did you decide to
choose science/maths/engineering
as a career, particularly what or
who inspired you? Did you have any
family connections to STEM careers?

My father was a school teacher, and
both my brothers are masters in
biology in their respective
specialisations. I was interested in
learning Chemistry for my
undergraduate  studies, as I was
heavily influenced by my high school
chemistry teacher. He used to explain
the principles through examples
around us. His teaching was very
unique to me.

3. Where did you grow up, and what
was your educational path?
I grew up in small town of the
southern tip of Indian sub-continent,
Kanyakumari. I completed my
schooling and undergraduate studies
in my native place, and then moved to
neighbouring state capital Kerala for
my masters in Analytical Chemistry,
where I learned more about how
Chemistry was applied for the analysis
of drugs to food materials. This was
an important period of my life, as I
had transitioned into a city lifestyle.

4. How has your career developed after
university, and how was it funded?
After completing my masters, I moved
to a different city called Hyderabad for
my first job. I joined India's prestigious
Bhabha Atomic Research Centre’s
(BARC) regional research laboratory,
which was based in another central
elite research institute in India for
Biology, called Centre for Cellular and
Molecular biology (CCMB). This
environment gave me the complete
exposure to science and research.
While working in BARC, I registered for
my PhD with Professor A. RamReddy,
in the Chemistry department at the
nearby Osmania University. All my
research was funded by the research
institutes, and both were the most
prestigious research institutes in India,
for which I’m forever grateful.

5. Have you had any break-though
moments in your research, if so
what were they and how did they
affect your development?
By now research had become my daily
routine. The firefly had once again
returned to my life, as in the name of
the laboratory where I worked. It was
called ‘JONAKI’ meaning ‘Firefly’ in one
of the regional languages (Bengali) in
India. Part of my work was estimating
the specific activity of 32P (radioactive)
labelled ATP nucleotide using firefly
luciferin-luciferase kit. The radioactive
labelled nucelotides were synthesized
in our laboratory, hence the laboratory
was named after ‘Firefly’. Further, I
extended this method to estimate
other nucleotides, after doing some
research in the laboratory, as we had
the ATP kits available. 

During this period, I visited the library
after my office hours to read newly
arrived journals on a daily basis, and
borrow books of my interest. One day,
while doing so, I noticed on a
bookshelf the cover of a book which
had firefly images. The book was
written by Professor Anthony Campbell
and was entitled ‘Chemiluminescence:
Principles and Applications in Biology
and Medicine’. I would say this was the
break-through moment in my research
life, as I had been fascinated by fireflies
since my school days. I borrowed this
book, and read it completely. The book
generated more and more curiosity
within me on understanding further
about bioluminescent species. The
book increased my quest for
knowledge in this field, and I wanted to
register for a PhD with the
international Bioluminescence expert
Professor Anthony Campbell. At the
same time, I was bit reluctant to leave
my current job, as it was permanent.
So, I delayed my dream to work with
Professor Campbell until I began my
postdoctoral studies. Then I was
looking for a supervisor, who has
interest in firefly bioluminescence in
India. Fortunately, I found Professor A.
RamReddy, who had agreed to take me
on for PhD registration in his group .
My thesis was the first PhD on
Bioluminescence field in India on the
biochemical aspects. My thesis was
never returned back to University by
the thesis examiners, as it was the first
in the field there. My thesis was titled
‘Bioluminescence studies of few
Biomolecules’/. After this Professor A.
RamReddy also included
chemiluminescence in the
undergraduate curriculum of
Osmaninia University.

6. What do you regard as your most
important discoveries and
inventions, and why?
I would rate my first research
publication is very important to me, as
it opened up a new area of research
showing ‘Firefly luciferase was acting
as a mu-opioid receptor model’, since
firefly luciferase was having
interaction with analgesics. This work
was published in the ‘Biochemistry’
journal of American Chemical Society. 

7. Can you think of anything that
could have done better, and do you
have any regrets?
In science there will be always ups and
downs, and we have to learn to cope
up with these, whatever hard work we
do. Ultimately this is measured by
output in the form of publications, and
products or patents, especially in
recent times. This kind of expectation
will be in a different form for other

disciplines. I could have done chemical
engineering instead of science. But I
am sure, I would have lost interest in
that after sometime, as my curiosity
was always pushing me to know new
things in life. I am happy to be in
science, as it is my passion and I am
doing what I most like to do. Most
importantly, this passion gives me new
information in my every day life
without repeating the already known
facts. I can say I have no regrets in
continuing my passion of science.

8. What other stories do you have
about your curious life, including
any entrepreneurial and
commercial activities, and your
other interests?
From childhood I was interested in
gardening, I did lot of gardening work
at home back then. I am still keen to
develop some technology based on
bioluminescence, so that it becomes
part of life. Though currently I do
more applied work on fluorescent
proteins and microscopy. As part of
my passion, I did my Post-doctoral
work at Professor Campbell’s lab at
Heath Park, Cardiff, UK. There I was
involved in the development of
‘Rainbow Proteins’, which gave me a
chance to work with many
bioluminescent and fluorescent
proteins. During my stay at Cardiff,
Professor Campbell arranged one
night for glow-worm hunting along
with school kids, which gave a chance
for my kids also to take part in
curiosity developments. In fact, upon
my return back to India from Cardiff, I
arranged many such trips on the
outskirts of the city where I lived, to
collect fireflies, which resulted in 
first publication of ‘Indian firefly
luciferase’ extraction. Even today the
fireflies we collected are still stored in
-80oC freezer.

9. List six key publications (not
necessarily yours), and explain why
you have chosen them?

1.Muthukumaran, T., KrishnaMurthy,
N,V., Sivaprasad, N. and Sudhaharan,
Thankiah 2013. Isolation and
characterization of luciferase from
Indian firefly, Luciola praeusta;
Luminescence January 31.

2.Sudhaharan, Thankiah & Reddy, A
Ram 1999. A bifunctional luminogenic
substrate for two luminescent
enzymes: Firefly luciferase and
horseradish peroxidase. Anal.
Biochem. 271, 159-167

3.Sudhaharan, Thankiah & Ram Reddy,
A. 1998. Opiate analgesics dual role in
firefly luciferase activity. Biochemistry
37, 4451- 4458.

4.Waud, J.P., Bemudez-Fajardo, A.,
Sudhaharan, Thankiah, Trimby, A.R.,
Jeffery, J., Jones, A. & Campbell, A.K.
2001. Measurement of proteases
using chemiluminescence resonance
energy transfer (CRET): Chimeras
between GFP and aequorin. Biochem
J. 357, 687-697.

5.Sudhaharan, Thankiah & Ram Reddy,
Annadi 2002. A chapter titled ‘Assay of
diversified niomolecules with a
luminogenic conjugate substrate: 5-
(5’azoluciferinyl)-2,3-dihydro-1,4-
phthalazinedione’, Chapter 8, in the
book entitled ‘Luminescence
biotechnology: instruments and
applications’, edited by Knox Van
Dyke, Christopher Van Dyke and Karen
Woodfork, CRC Press, USA.

6.Liu, P.*, Sudhaharan, Thankiah*, Koh,
R.M.L., Hwang, L.C., Ahmed, S.,
Maruyama, I.N., & Wohland, T. 2007.
Investigation of the dimerization of
proteins from the epidermal growth
factor receptor family by single
wavelength fluorescence cross-
correlation spectroscopy. Biophys J.
93, 684-98.

I have chosen a few of my publications
though all are my favourite ones. The
first one is the publication of my early
years curiosity, and the rest are
testing new ideas. 

10. What advice would you give a
curious young mind? Imagine your
ten year old self, if you started
again! Is there a big unanswered
question today?
I strongly believe nature has many
unexplored things in it. Curiosity is the
one thing driving today’s world. We
should know how to ask the right
question, and that knowledge can be
applied to other things. One simple
example is the jelly-fish which has one
fluorescent protein and one
chemiluminescent protein. As long
both are together, its emission is in
longer wavelength. But, if we remove
the fluorescent protein, GFP, then the
emission shifts to a shorter
wavelength. That means there is kind
of resonance energy transfer
happening, meaning the
chemiluminescent protein is giving its
energy to fluorescent protein, GFP, in
jelly-fish. After understanding this
principle, scientists have started to
apply this principle to many cell
biology applications. Given a chance
with funding support, I would spend
my life investigating the origin of
bioluminescent species. Though such
investigation is going on, I think it is
still inconclusive, and has more
potential to explore.

Age: 52
Institute of Medical Biology, Agency for
Science, Technology and Research
(A*STAR)Singapore
Sudha grew up in India, but now works in
Singapore. He has had an insatiable
curiosity, and passion for science, since
he was a small boy.
Email: sudhaharan.thankiah@imb.a-
star.edu.sg

Key words:
bioluminescence,
firefly,
fluorescence

By Mike Lewinski from Tres Piedras, NM,
United States (Lupines and Fireflies No. 3)
(http://creativecommons.org/licenses/by/2.0)],
via Wikimedia Commons

Curious
people
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Professor Bill Ward
Curious biochemist, Rütger’s
University, New Jersey, USA
Age: 75

Professor WW Ward has recently retired
from Rütger’s University, New Jersey,
USA (http://dbm.rutgers.edu/
pages/William_Ward.html). He has
studied bioluminescence for over 40
years, and was a pioneer in purifying
and characterizing the green fluorescent
protein from the bioluminescent jellyfish
Aequorea, and the sea pansy Renilla. He
began this work with Howard Seliger at

the John’s Hopkins University, Baltimore,
Maryland, characterizing the Ca2+-
activated photoproteins from two
ctenophores, Mnemiopis and Beröe. He
then moved to Milton Cormier’s lab at
the Department of Biochemistry,
University of Georgia, Athens, Georgia,
USA, where he made an extensive study
of GFP, without which the Nobel Prize
for Chemistry in 2008 to Shimomura,
Tsien and Chalfie could not have been
awarded. Bill then moved to Rütger’s,
where he uniquely developed GFP as an
educational tool. He is a member of the
Editorial and Advisory Board of The
Young Darwinian. Here is his take on
curiosity during his early days, and later
in life.

I am a bit “CURIOUS” about what to
write - what sorts of ideas, in general.
Since this curiosity story is directed at
young people, I think I would like to talk
about my early life - pre-teen and
teenage experiences, and beyond. There
was plenty of curiosity in my early life. In
this essay, I would like to make things

highly personal. I hope this is
appropriate. Much of my early curiosity
was not scientific, but it WAS very
creative. I had more hobbies than
anyone I knew, most of the hobbies very
unusual, very creative, and very time
consuming. These early ‘intellectual’
explorations were in the areas of arts,
crafts, and, then, many years later,
music. Especially instrumental in my
entry into the world of experimental
science was my early experience with
design (of crafts in particular). I will give
you a couple of examples.

While, as a high school freshman, I did
very well in Latin I. But, over the
summer months I forgot everything I
had learned. So, right away, as a
sophomore, I had trouble with Latin II.
Rather than fight this, I came up with
two creative ideas.

First, our Latin teacher gave the
students credit for translating, orally,
lines from the book. I came up with a
clever way to appear that I really knew

Latin. So, every night I would identify the
most difficult passage - the harder the
better. I wanted to be the only student
to volunteer to translate that sentence.
So, I studied that translation and no
other one. As I was the only person to
volunteer for that sentence, I stood out
as the best student in the class.
Everyone else chose an easier sentence,
or did not bother to study at all. Clearly,
I was always the best prepared., and I
was always prepared to translate the
hardest sentence. There was NO
competition. Nobody raised a hand to
translate this sentence. For the whole
year, nobody caught on, including our
teacher. I always appeared to be the
best student, and again, I got an A. I
never thought this was cheating. I just
thought it was clever.

Secondly, since I had developed a lot of
skills in artistic, creative design -from a
very early age - I came up with an
extraordinary extra credit project that
nobody else in the school would (or
could) do-also in Latin class. I built tiny
working models (about 3 to 6 inches in
size) of nearly every weapon pictured in
the Latin book - cross bows, catapults,
chariots, etc. It took weeks and weeks to
build 15 or 20 models. I even used a tiny
strip of leather cut from my father’s old
wallet as the driving force (spring) of the
catapult. I much preferred this
construction project to studying and
memorizing Latin. All I needed for
inspiration was to see the illustrations of
these weapons in the Latin book. I used
no other resources, except stuff I found
around the house.

In 4th grade, a kid came into school with
a relief map created with a flour and salt
kind of mortar or plaster. His was a very
poorly executed project. Immediately, I
knew that I could do a much better job.
So, at home, I experimented with the
composition of the material, until I had
that part perfected. Then I learned how
to make rivers, lakes, mountains, and
valleys, and how to use food colouring
to delineate individual states in the US. I
even learned how to make my own
tracing paper, by ironing Crisco-covered
paper. This is similar to how early
colonists made semi-transparent
window ‘glass’. Later, I expanded the
project to parts of the rest of the world. I
must have made 30 such maps over the
years. It took weeks to make the maps,
but it gave me immense pleasure to be
doing something that I know nobody
else could (or would) do.

In humanities, in college, our professor
was teaching us about ancient Greece.
She wanted us to identify, in a quiz, the
features of the Acropolis, pictured in the
textbook. But, in those days, there was
no such thing as a Xerox machine.
Making multiple copies of a picture from

a textbook meant drawing the picture
first, and then running off multiple
copies of the drawing with a stencil
machine or mimeograph machine.
Somebody in class needed to draw the
picture. The teacher admitted that she
could not draw, so she asked the class if
there was anybody who could draw this
picture. Nobody volunteered. After a
minute or two of silence, I raised my
hand, meekly, to say that I liked to draw.
This was not really truthful. I did not
know how to draw something as
complex as the Acropolis, but I knew
that I was willing to try. She said, ‘OK,
you are it’.

Well, drawing the Acropolis was much
more difficult than I thought it would be.
The viewing angle in the book was mid-
way through the Acropolis hill. Buildings
above the plain of view appeared as
trapezoids, wider at the base and
narrow at the top. The opposite was
true for buildings below the plain of
view. I had a devil of a time with
perception, and with the details of
buildings and statues. Everything was so
intricate. Finally, I got it done, and it was
magnificent. At quiz time, she passed
out the mimeographed copies for us to
identify 10 marked objects in the
duplicated drawing. I, of all people, got
two wrong - 80%. So intent was I with
the drawing that I did not memorize the
structures. I got a B or a C on the quiz. I
don’t remember which, but it was surely
not an A. On top of that humiliation, I
got no credit for drawing the picture.
But, I did not give a damn. I had done
something creative that no other
student was willing to tackle.

Now, in the field of biochemistry, my
motivation is working creatively. I love to
design experiments, even if the
experiments, themselves, fail. I love the
challenge. I really don’t care that I am
not a walking encyclopedia of
knowledge - and by no means am I even
a little book of knowledge. I just like to
create excellent approaches to
experiments. And I get great satisfaction
from carrying out the experiments I
design. Ironically, while I have done
creative projects all my life, I never
thought, years ago, that I was preparing
myself to become a biochemist, a
researcher, or a professor. I just went in
the direction that gave me pleasure and
a measure of self-worth.

Now, at my ripe old age, I am being
drawn to the arts. With GREAT
trepidation, I began singing in a little
Unitarian church chorus at age 42. I had
to be arm-twisted many, many times,
before I consented (reluctantly). Never
before had I sung in public, and I had
received no lessons in music - not a
minute of training. I was really nervous.
But I grew to like the experience and,

slowly, I began to develop some skills.
Now, aged 75, I am singing in a
sophisticated classical chorus, and
taking weekly voice lessons from an
opera singer. I have been singing and
training intensively for the past 8 years. I
have to say that it is strange to see a 10-
year old leave my tutor’s house, as I
arrive, and to see another little kid
arrive after I finish my lesson. But,
despite this bit of humiliation, I am
really progressing. In fact, our chorus
has become sufficiently skilled to be
invited to sing, just this past June, the
Mozart Requiem in a giant cathedral in
Vienna - the thrill of a lifetime.

I hope this story is an inspiration to the
kids who will be reading ‘The Young
Darwinian’. I really think this is the most
valuable lesson I can impart. I hope you
agree that it can be helpful.

Editor’s note: This article emphasizes
that curious people are curious about
everything. What about you? Email us
info@theyoungdarwinian.com
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Curious
people
By Tim Sneddon from Perth, AUSTRALIA
(Moon Jellyfish) [CC BY-SA 2.0
(https://creativecommons.org/licenses/by-
sa/2.0)], via Wikimedia Commons
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Professor Osamu Shimomura
Nobel Laureate
Curious researcher in
bioluminescence
Age 89

Osamu Shimomura has dedicated his
life to the study of bioluminescence, and
in particular, one luminous jelly fish,
Aequorea victoria (Figure 1)1. He
discovered how this jellyfish produces
green light, through two proteins,
aequorin and the green fluorescent
protein (GFP)2,3,4. His pioneering work,
quite surprisingly, has revolutionised cell
biology, biomedical research, and drug
discovery, and created at least one
billion dollar market. Aequorin is
triggered to produce light when it binds
calcium (Ca2+). This means that by
expressing its DNA in live cells, and even
intact organisms, the concentration of
free Ca2+ can be monitored and imaged.
Since Ca2+ is a universal chemical switch
in all animal, plant, and many microbial

cells5,6, this means
that a fundamental
property of all life can
be studied while the
cell or organism
remains alive. In
contrast, whenever
the DNA coding for
GFP, or a range of
mutants or its
relatives, genetically
engineered, are
expressed in a cell,
the cell becomes
fluorescent. So a
cancer cell can be
seen sloughing off a
tumour and
relocating to form a
metastasis. Even
organelles, such as
mitochondria and the
endoplasmic
reticulum, and
molecules, can be

tagged with GFP, to be seen moving
about in the cell. In 2008, Shimomura
was awarded the Nobel Prize for
Chemistry7, with two other American
scientists, Roger Tsien and Martin
Chalfie.

Shimomura was born in Japan in 1928.
He recounts an extraordinary story from
his teens. He lived with his family in the
town of Isahaya, where he went to
school. But, he also had to work in a
factory that repaired aeroplane engines.
On 9th August, 1945, while sitting at his
work stool, there was a flash of light,
which temporarily blinded him and his
colleagues, followed by a huge
explosion. The atomic bomb had been
dropped on the neighbouring town of
Nagasaki! Amazingly he survived.

After graduating at Nagasaki Pharmacy
School in 1951, in 1955 he began his
first experiments with bioluminescence,
in the laboratory of Professor
Yoshimasa Hirata (1915 – 2000) at
Nagoya University. The aim was to
isolate the luciferin from the sea firefly,
the marine ostracod Cypridina, now
called Vargula. Then, after an invitation
from Frank Johnson, another
bioluminescence enthusiast in the USA,
Shimomura moved to Princeton, USA.
Johnson introduced him to the
bioluminescent jellyfish Aequorea,
explaining that the chemical reaction
causing the light had yet to be revealed.
So, in June 1961, they both headed for
Friday Harbor, the famous marine
laboratory on the west coast of the
United States, where Aequorea were
plentiful. At that time the dogma on
bioluminescence, discovered by Dubois
in 1887, and propagated by Newton
Harvey at Princeton, was that it was
caused by the oxidation of a small
molecule, generically known as a
luciferin, the reaction being catalysed by
a protein known generically as
luciferase. This had turned out to be the
case with fireflies and the ostracod
Cypridina. But, once Shimomura tried to
extract a luciferin and luciferase from
the jellyfish, it did not work! He tried
extracting these in various ways,
including different pH’s. Something
seemed to work a bit, but it was not
convincing. Ready to finish for the day,
and meet up with Johnson in the bar, he
threw the remains of his jellyfish
extracts into the sink. To his surprise,
and delight, they resulted in a bright
blue flash of light! Realising there was
seawater in the sink, he then tried the
various salts that make up sea water. He
soon discovered that is was calcium that
triggered the light emission.

Taking a large amount of crude Aequorea
extract back to Princeton, in September
1962, he succeeded in purifying the
protein that caused the light emission.
He called this aequorin, naming it a
photoprotein, as he discovered that the
‘luciferin’ was tightly bound to the
protein, with oxygen. All you had to do
was add calcium, and this triggered the
chemiluminescent reaction at the
protein’s active centre. But, it only
happened once, unlike the turnover of a
luciferase, which produces a photon
every time the luciferin is oxidised.
During the purification of aequorin, he
found that there was a green protein
that came with it, perhaps a bit of a
nuisance at first. He managed,
eventually, to separate the two. The
green protein turned out to be
fluorescent, and was found in several
luminous jellyfish and hydroids. Thus,
Jim Morin, in his study of Obelia, named
it the green fluorescent protein8. All it

does is shift the light emission from blue
to green. Yet, this apparently obscure
effect has revolutionised biomedical
research and drug discovery.

During the years that followed,
Shimomura studied many other
bioluminescent animals1, such as the
freshwater limpet Latia and the fireflies,
really flies, in New Zealand, the marine
worm Chaetopterus, the decapod shrimp
Meganyctiphanes, that forms the krill the
some whales eat, the firefly squid
Watasenia, the scale worm Acholöe with
Marie-Tèrése Nicolas and Jean Marie
Bassot, the luminous millipede
Luminodesmus, and the brittle star
Ophiopsila, and the puzzle of luminous
mushrooms and other fungi.

In 1979, he, with others, finally
discovered the precise structure of the
chromophore in GFP, formed by
cyclisation of three of its amino acids -
serine, tyrosine and glycine at positions
65, 66, and 67 in the protein. This was
similar to the cyclisation of
phenylalanine, tyrosine and tyrosine in
the formation of coelenterazine, the
‘luciferin’ bound tightly in the
photoproteins aequorin and obelin.
Shimomura named the lumiphore in
these proteins coelenterazine, having
discovered it in coelenterates (Phyla
Cnidaria and Ctenophora). But,
ironically, these organisms do not make
coelenterazine. Aequorea at the
Monterey aquarium, and Obelia or Clytia
cultures, are not luminous unless fed
coelenterazine. Only two groups of
organisms have so far been discovered
that synthesise coelenterazine de novo –
decapod shrimp and copepods. In fact,
it turns out that coelenterazine is
responsible for the majority of
bioluminescence in the sea, being
found in at least eight phyla9,10,11.
Interestingly, many non-luminous
organisms also contain coelenterazine.
As we all know fish do not eat apples!
Vitamin C from fruit, and other sources,
is required to protect us against oxygen
toxicity. Coelenterazine is an excellent
scavenger of toxic oxygen species, and
so appears to be the vitamin C of many
marine species.

In 1981, Shimomura moved to the
marine laboratory at Wood’s Hole, at
Cape Cod, Massachusetts, on the east
coast of the USA, where he worked until
his formal retirement in 2002. He and
his wife Akemi live in Falmouth, not far
from Wood’s Hole, still carrying out
some chemistry in his garage.

This inspiring story is a wonderful
example of how curiosity, asking the key
questions, and carrying out the key
experiments, can, quite surprisingly lead
to major scientific breakthroughs. Long
may this continue. Darwin was one of

the first to describe the green
bioluminescence of a jelly fish Clytia, in
his Beagle zoology notebook. In fact, the
first two entries are dinoflagellates off
Tenerife. But he had a problem,
highlighted in Chapter 6 of ‘On the
Origin of Species – Difficulties on
Theory’12. He could not see how small
change by small change could lead to a
completely new phenomenon. In fact, all
you need is 3-4 amino acids to create
the necessary solvent cage for a new
enzymatic reaction12,13.

Was Shimomura’s ground breaking work
serendipitous? Good luck favours the
brave, but also the observant.
Shimomura tells us that his ground
breaking work depended on guidance
from his three mentors, some accidental
happenings, the assistance of many
people, the incredible development of
science and techniques over his 60 year
career, and humbly, his own efforts. As
Bertram Russell (1872–1970), once
wrote: ‘In art nothing worth doing can
be done without genius; in science even
a very moderate capacity can contribute
to a supreme achievement.’ I would
prefer to change ‘very moderate’ to
‘collaborative. The story of GFP involves
seminal contributions from many
others, not the least from Milt Cormier’s
lab in Athens, Georgia, famous for its
work on bioluminescence, and where
Bill Ward carried out crucial work on
GFP purification from Aequorea and the
sea pansy Renilla, defining carefully
many of GFP’s key properties14,15. And it
was Doug Prasher, from Milt Cormier’s
lab, who actually cloned the DNA coding
for GFP16. Also Cormier’s lab was one of
the first to clone the DNA coding for
aequorin. While I was on a lecture tour
in the US in 1985, Milt showed me the
aequorin protein sequence, not yet
published, telling me ‘its only
biochemistry Tony’. This stimulated me
to start work on genetic engineering of
bioluminescence.

Osamu Shimomura’s story has much to
inspire the next generation.
Bioluminescence and fluorescence has
proved to be a wonderful educational
tool17. Something we have exploited in
the Darwin Centre in Wales
(www.darwincentre.com and see article
by Valerie Morse in this issue). As the
sixteenth century pioneer of the
Renaissance, Albrecht Dürer (1471–
1528), wrote:

‘Be guided by Nature, and do not depart
from it thinking you can do better yourself.
You will be misguided, for truly art is
hidden in Nature, and he who can draw it
out possesses it.’
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Figure 1 The luminous jelly fish and hydroid
Aequorea and Obelia

(a) Aequorea victoria courtesy of Professor
Steve Haddock; (b) Medusa aequorea, first
described by Peter Forskål in 1775/1776, a pupil
of Linnaeus; (c) The hydroid Obelia geniculata,
courtesy of Welston Court Science Centre; (d)
The jelly fish Obelia showing the photocytes
through their GFP. 
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Fundamentals of 
intracellular calcium
Anthony K Campbell
ISBN 978-1-118-94187-4 464 pages

About this book
‘All true biologists
deserve the coveted
name of naturalist.
The touchstone of
the naturalist is his
abiding interest in
Nature in all its
aspects.’
Frederick
Gowland
Hopkins (1936),

Presidential lecturer to the London
Natural History Society. He was the
founder of British biochemistry.
This comprehensive book reveals the
evidence for intracellular calcium as a
universal switch in all animal, plant,
fungal, and microbial cells. It shows how
the components required for calcium
signalling are named and classified;
covers the technology that has been
developed to study intracellular calcium;
describes how calcium is regulated inside
cells, and how it works to trigger an
event; explains the role of intracellular
calcium in disease, cell injury, and cell
death; reveals how many drugs work
through the calcium signalling system;
and demonstrates how intracellular
calcium is involved in the action of many
natural toxins. The book also illustrates
how the intracellular calcium signalling
system has evolved over millions of
years, showing why it was crucial to the
origin of life. Additionally, the book
promotes the importance of the
molecular variation upon which the
intracellular calcium signalling system
depends, and critically Natural Selection
revealed by Darwin and Wallace.
Featuring more than 100 figures
(including detailed chemical structures,
as well as pictures of key pioneers in the
field), a bibliography of some 1000
references, and a detailed subject index,
this definitive work provides a unique
source of scholarship for teachers and
researchers in the biomedical sciences
and beyond. The book emphasizes two
key scientific principles - the first to show
how intracellular Ca2+ acts as a switch, to
activate a wide range of cellular events,
and the second demonstrating how an
analogue mechanism can be
superimposed on such a process.
‘Fundamentals of intracellular calcium’
is an all-important text for post-
graduate students and researchers
working in biomedicine and
biochemistry. It is also essential for
undergraduate lecturers, and their
students, in physiology, medicine,
pharmacy, and the biosciences.

Professor Anthony Trewavas FRS,
University of Edinburgh, Scotland, UK
The regulation of cellular calcium is
fundamental and pivotal to virtually all life
on this planet. This magnificent text,
beautifully illustrated, describes in detail
how animal, plant, fungal, and bacterial
cells use calcium as the central interpreter
of signals that arrive outside the cell,
leading eventually to adaptive responses.
Any one gripped by the mystery and
complexity of cellular behaviour, and how
they react to so many different signals, will
need to source this text, since cytoplasmic
calcium is the key to so many of them.
How cells master that complexity is the
excitement that underpins this challenging
field of research.

Professor Erik Gylfe, University of
Uppsala, Sweden
What is used for building houses and
infrastructure, triggers light emission in
luminous animals, determines every
thought that crosses your mind, initiates
every heart beat and muscle contraction,
starts secretion of hormones and fluids, is
involved in most other cellular processes,
including cell birth and death as well as
numerous diseases? It is the metal
calcium, the 5th most common element on
earth. Professor Anthony Campbell
provides us with a thrilling story about
calcium, its discovery and natural history,
and why calcium was favoured by
evolution for so many functions. Although
the human body contains more than a kg
of calcium, most of which is in the
skeleton, the concentrations of calcium
that have all the exciting functions inside
cells are extremely low, and correspond to
one or two table salt grain-sized pieces of
calcium shared among all cells in the
body. Find out how that is possible in
‘Fundamentals of intracellular calcium’.

Professor Ken Wann, Cardiff
University, Wales, UK
It takes a brave person to attempt to do
justice to a topic as vast as ‘Intracellular
Ca2+’, but Professor Campbell steps up to
the plate, and delivers on this with his
inimitable enthusiasm, fun loving
approach, and rigour. The result is a clear
exposition, with an entertaining mix of
engaging historical perspective,
comprehensive measurements and data,
and ‘doffs his hat’ throughout to Natural
Selection and selective advantage. The
author’s enthusiasm for the subject shines
through, and in the spirit of the Darwin
Centre (which he founded) the content
should evoke curiosity, and hence both
inspire and delight. How do you sum up a
book or topic such as this? The author
does so in his inimitable entertaining
fashion, drawing on years of his own
scientific investigations, and a personal
mission around communication and
public engagement.

Two book reviews
By Seren Marsh, Medical student at
Oxford University
Two STEM books I’ve
recently read and
would recommend
are Bad Science by
Ben Goldacre and
Life at the Extremes
by Frances Ashcroft.

Bad Science, Ben
Goldacre 
Fourth Estate 2008
and Harper Collins
ISBN 978-0-00-724019-7
https://en.wikipedia.org/wiki/
Bad_Science_(book)
15 Chapters 338 pages

A must-read. This book takes the reader
on an entertaining and eye-opening tour
of the lies, frauds and dodgy use of
data, unfortunately present within the
world of science and medicine today.
Covering (or should I say uncovering)
everything from homeopathy and the
‘latest superfood’ myths to awry trials
and mislead advertising, it equips the
reader with the tools and awareness
needed to see through such nonsense
and deceit themselves. Themes and
topics include: science and medicine,
pseudoscience, critical thinking, autism
and MMR link, placebo effect,
misleading statistics. It is British A 
level standard.

Life at the Extremes, Frances
Ashcroft
Harper Collins 2001
ISBN 0 00 255946 3 352 pages
http://www.bmj.com/content
/322/7283/437.1

Ever wondered what
the bends are and
why they’re caused?
Or how
weightlessness
affects astronauts?
Or why penguins
don’t suffer from
hypothermia? This
book investigates
the fascinating
science behind the
survival,
adaptation (and
demise) of humans at every extreme -
temperature, depth, speed, altitude, and
even space. Each extreme is
encountered in its own section,
alongside personal experiences and
explanations for why we don’t see the
native animals also struggling in that
particular environment. Themes and
topics include: physiology and
adaptation, survival, exploration,
animals and nature. It is British A 
level standard.

More science news...

The amazing heroine bite of the
small, Pacific fang-blenny reef fish,
Meiacanthus nigrolineatus.
This is an amazing story about a small fish. When it bites, you
can’t feel it. This is because it makes a toxin like heroin. Quite a
fix! Many marine animals make extraordinary toxins – jellyfish,
snails, octopus, and fish for example. Tetrodotoxin, made by
bacteria that grow in puffer fish and some octopus, is one of
the most potent toxins known. It stops nerves working. Then,
there are the Conus sea snails that have a harpoon which
spears prey or predators with toxin. One of these has even
been use to develop a drug for use in humans. Nature knows
best, as Darwin and Wallace told us.
Read more at:
http://DOI: http://dx.doi.org/10.1016/j.cub.2017.02.067.

Figure legend
This is an artist’s concept of Cassini during the Saturn Orbit Insertion (SOI)
maneuver, just after the main engine has begun firing.
https://commons.wikimedia.org/wiki/File:Cassini_Saturn_Orbit_Insertion.jpg

The NASA space probe Cassini sends back amazing information
about one of Saturn’s moons.

Cassini was launched from Earth 20 years ago in 1997, and has
been orbiting Saturn for the last 13 years. It has recently
discovered that one small moon – Enceladus – is releasing
hydrogen gas from an underwater volcanic vent. This could
provide energy for microbial life. If this were happening, then it
would add evidence for the Panspermia hypothesis that life on
Earth, in fact, originated somewhere else.
Read more at:
1. Waite et al. 2017. Cassini Finds Molecular Hydrogen in the

Enceladus Plume: Evidence for Hydrothermal Processes. Science
vol. 356, 155 – 159, April 14th. https//DOI:
10.1126/science.aai8703.

2. https://phys.org/news/2017-04-scientists-evidence-habitable-
region-saturn.html#jCp.

Memories are not what they used to be
Some elegant research fundamentally changes the theories of memory formation,
and its long-term storage. Until now, it has been thought that memory of an
experience is formed in our short-term memory in the hippocampus of the brain,
and then gradually transferred to the cortex for long-term storage. Recent research
shows this is not so. A stimulus was given as a small electric shock, provoking a ‘fear’
memory. The cells stored this memory in the brain via engrams, formed in the cortex
at the same time as in the hippocampus, maturing over the next few weeks. This
memory developed, and was retained, in the amygdala. The amygdala is one of two
almond-shaped groups of nuclei located deep and medially within the temporal
lobes of the brain. It processes memory, decision-making, and emotional reactions.
This research was carried out on mice. But it is predicted that the same mechanisms
are happening in the human brain. The potential consequences of this discovery for
people with post-traumatic amnesia, and short-term memory loss, are very exciting.
Read more at:

Takashi Kitamura et al. 2017. Engrams and circuits crucial for systems consolidation of a
memory. Science 356, Issue 6333, pp. 73-78. DOI: 10.1126/science.aam6808.

A chimpanzee brain at the Science Museum London, similar in structure to the human brain.
https://commons.wikimedia.org/wiki/File:Chimp_Brain_in_a_jar.jpg by Gaetan Lee.
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The challenge
is to complete
this within 30
minutes. Let
us know how
you get on.
The fastest
times will be
published on
the website.
Design your
own Science
crossword for
the next
edition 

Clues 
Down

1 Links apple to solar system
2 A negative gas that relaxes smooth muscle
3 Correct without potassium carries Lymes
4 Emotive brain
5 Internet connector
6 Blood test without and in Europe
7 Forensic death
9 Relative scientist
10 Electron loss
13 Indivisible number
17 Make fat disappear
18 Rare gas
20 Evolution from a hypothesis
22 Swiss collider
23 Infectious postulates
24 Infectious mycobacterium
25 Protein from Greek mythology
26 Pituitary hormone
27 Addition
28 Metal or poisonous gas
29 Electronic charge
33 Flavine adenine dinucleotide
35 First number
36 Animal doctor
39 Standardised units
40 Radioactive potassium

Across
3 The element without hydrogen
8 Lord Kelvins absolute
10 Greek constant
11 Elemental political union
12 Brainy seahorse
14 Short three
15 Entrepreneur action
16 Dr McCoy’s amazing diagnoser 
19 Saturn space probe
21 Hydrogen minus an electron
24 Logo protection
27 Heavy element
28 Theory in a mess, or is it?
29 Government protection 
30 Essential experimental group
31 Find that publication
32 Sleepy action
33 Movement through vessel
34 Equation cracked
37 Greek website
38 Darwin’s grandfather
41 Petri’s invention
42 Fourth Greek letter

For the answers please visit the web site at:
www.theyoungdarwinian.com/journal\

Personal water
A truly life changing invention has been developed between
scientists at MIT (Massachusetts Institute of Technology,
Cambridge MA) and the University of California at Berkeley. They
have made a ‘machine’ that has no moving parts. It requires only
solar heat to run, and can extract water of drinking quality from
arid desert air. Since the world is getting hotter, and the
population is increasing, this is a very timely invention. The clever
part was invented 20 years ago by a professor of chemistry,
Omar Yaghi. The mechanism that absorbs the water is called a
MOF – metal-organic framework. This has a sponge like
consistency, and by changing the metal and organic component
can be made hydrophilic. By painting the surface black to absorb
the solar heat, and keeping the other side, away from the sun, at
ambient temperature, the water vapour formed is driven to drip
into a collecting vessel. It takes a MOF of about a kilogram to
produce enough water for one person for a day. Personal water!

Read more at:
Hyunho, K. et al. 2017. Water harvesting from air with metal-
organic frameworks powered by natural sunlight. Science 13
April eaam8743;. DOI: 10.1126/science.aam8743.

Do the beaks of small birds
evolve from nut feeders?
There has been a recent report in the US journal Science that
the beaks of small birds, such as tits in the UK, are growing
bigger than their European cousins. The study was based on a
study of great tits over 40 years in the mixed woodland
Wytham Woods in the UK, and owned by Oxford University,
and Oosterhoutn in the southern province of North Brabant,
and Veluwe, the forest-rich ridge of hills in the province of
Gelderland in the Netherlands. The DNA from over 3000 birds
was compared to look for differences in the sequence of
particular genes, such as those known to be similar to ones
that control the shape of the human face. In the UK, birds with
gene variants that cause longer beaks turned out to feed more
on nut and seed feeders, than those in the Netherlands. So are
evolution and natural selection at work here? 

The habit of putting nut and seed feeders in the garden to
attract birds is apparently more common in the UK than in
other countries. Thus, a bigger and longer beak has a selective
advantage as it enables the bird to have a better chance of
getting food from these feeders. The authors argue that these
results are in line with the famous Galapagos finches
uncovered by Darwin on Beagle, and the amazing study of
Peter and Rosemary Grant in the Galapagos over 30 years.
Some years ago a study on crossbill beaks in Canada claimed
to show a similar effect of natural selection on beak size. But
what is the real evidence to support this hypothesis? It is a
mistaken idea to assume that all such adaptations are
developed as a result of small change by small change and
natural selection. In many animals and plants that the
particular use of an organ, such as a beak, stimulates
hormones and growth factors, which are the actual cause of
the effect. The study reported here was based on gene
analysis. So selective advantage of longer tit beaks should be
inheritable? Darwin RIP!
Read more at:
1. Elizabeth Pennisi 2015. Evolution. How birds got their beaks.

Science. Vol.348 (6236), p.744-744.
2. Constance Holden 2008. Smart Birds Lend a Beak for Food.

Science 28 Mar 319, Issue 5871, pp. 1746. DOI:
10.1126/science.319.5871.1746a

3. Peter and Rosemary Grant 2002. Unpredictable evolution in a 30-
year study of Darwin's finches. Science 296 (5568), p.707-711.

Dr Niwrad’s
Laughter Lab

Two neutrons go into a bar. 
Neutron 1 says to the other, sadly, 

‘I’ve lost an electron’. Neutron 2 replies, 
‘Are you sure?’ Neutron 2 responds, 

‘Yes, I’m positive!

Three logicians walk into 
a bar. The bartender says, ‘Do you all 

want something to drink?’ The first logician
says, ‘I don't know’. The second logician 

says, ‘I don't know. The third 
logician says, ‘Yes!’

Helium walks into a bar 
and the bartender says, ‘Sorry, 
we don't serve noble gases.’ 

He doesn't react.

Pavlov's sitting in the pub 
when his phone rings. ‘Damn,’ 

he says, ‘I forgot to feed 
the dog!’

Never trust an atom. 
They make up everything.

Oxygen and Potassium 
went on a date. 

It went OK.
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